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Abstrat

Two deades ago, the �rst evidene of planets orbiting stars other than our Sun

opened a new �eld of astronomy and astrophysis. Today, more than 850 suh

extrasolar planets are known, and their detetions have revealed a wide diversity

regarding, e.g., the planetary size, mass, density, or orbital distane. As a result,

more and more intriguing sienti� questions an now be investigated quantitatively,

while all previous knowledge was solely based upon our Solar System.

The spae mission CoRoT suessfully applies the transit method to �nd new

planets; it is supported, e.g., by the two Berlin Exoplanet Searh Telesopes (BEST

and BEST II) with ground-based photometri observations.

The main aim of this thesis is to searh for new exoplanets. Within this work, the

�rst BEST II transit survey was planned, realized, and analyzed sienti�ally: During

138 nights in 2009/2010, three target �elds were monitored. Optimizations of their

seletion, observations, the data pipeline, and transit searh improved the expeted

detetion yield signi�antly ompared to previous BEST II surveys, and simulations

suggest a reasonable hane for a detetion. The sensitivity of the optimized BEST II

system is ompetitive with leading ground-based surveys suh as SuperWASP.

Furthermore, this work aims to probe the potential for transit searh from Antar-

tia. While previous studies indiate exellent onditions, it was yet to be shown

whether a real transit survey an bene�t from these in pratie. In this work, �rst

data from the ASTEP400 telesope (Dome C) were analyzed, and parallel observa-

tions were obtained with BEST II (Chile) for a diret omparison. These show that

ASTEP400 ahieves sub-mmag preision on favorable nights, but systemati e�ets

still limit the overall photometri quality. However, within two weeks, ASTEP yields

an observational overage of planetary transits that is omparable to a whole sea-

son in Chile. An optimal performane is ahieved when data from both sites are

ombined, whih inreases the detetion yield by up to ∼ 30%.

Overall, 256,026 low-noise light urves have been analyzed for transiting planets.

Using state-of-the-art proedures for detetion and false alarm exlusion, 20 high-

quality �hot Jupiter� andidates were identi�ed (14 in BEST II, four in ASTEP, and

two in ombined time series). Eleven host stars were haraterized spetrosopially,

and radial veloity analyses were proposed to eventually on�rm the planetary na-

ture and derive masses of the two best andidates. These are important �ndings

sine they orbit early F-type dwarf stars, whih are expeted to host giant exoplan-

ets more frequently than later types, but very few suh systems are urrently known.

In addition, photometri data allow the study of stellar variability. New detetions

enable new and/or more detailed astrophysial studies (e.g., stellar interior models).

This thesis presents a new method to derease the false alarm rate in variable star

searhes signi�antly. It was reently published (Fruth et al. 2012) and applied

suessfully to �ve BEST II data sets: Out of 329,660 light urves analyzed here,

2,791 new and 806 suspeted variable stars were found and lassi�ed, thus inreasing

the yield of BEST/BEST II by 258%. Where possible, the results were ompared with

other surveys suh as CoRoT, and were found to be in exellent overall agreement.
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Zusammenfassung

Während vor etwa zwanzig Jahren der erste Planet auÿerhalb des Sonnensystems

nahgewiesen wurde, so sind mittlerweile mehr als 850 solher extrasolaren Planeten

bekannt. Sie untersheiden sih z.B. hinsihtlih ihrer Radien, Massen, Dihten und

Bahneigenshaften sowohl untereinander als auh von den bisher bekannten Beglei-

tern unserer Sonne und ermöglihen nun die quantitative Untersuhung einer Vielzahl

alter und neuer wissenshaftliher Fragestellungen.

Die Weltraummission CoRoT suht mithilfe der Transitmethode nah extrasolaren

Planeten. Sie wird u.a. von den beiden �Berlin Exoplanet Searh Telesopes� (BEST

und BEST II) mit bodengebundenen photometrishen Beobahtungen unterstützt.

Die Suhe nah Exoplaneten stellt auh das primäre Ziel dieser Dissertation dar.

In einer eigens geplanten BEST II Transitsuhkampagne wurden drei Sternfelder

2009/2010 insgesamt 138 Nähte lang beobahtet. Im Vergleih zu vorangegangenen

BEST II Studien steigerten Verbesserungen in der Feldauswahl, der Datenauswer-

tung, sowie des Beobahtungsumfangs die Leistungsfähigkeit des Systems erheblih.

Simulationen zeigen, dass die Emp�ndlihkeit von BEST II vergleihbar mit führen-

den Projekten wie SuperWASP und eine erste Planetenentdekung realistish ist.

Einen weiteren Shwerpunkt bildet eine Studie zu den Bedingungen der Transit-

suhe in der Antarktis. In dieser Arbeit wurden erste Daten des ASTEP400 Tele-

skops (Dome C) analysiert und mit BEST II (Chile) verglihen. Die Analyse zeigt,

dass ASTEP in einzelnen Nähten sub-mmag Präzision erzielt, aber systematishe

Effekte die photometrishe Genauigkeit über die gesamte Kampagne limitieren. Die

Polarnaht bewirkt während eines zweiwöhigen Beobahtungszeitraums eine gute

Abdekung kurzperiodisher Planeten, die in Chile nur während einer kompletten

Saison erzielt wird. Optimal ist eine Kombination beider Standorte, wodurh bis

zu ∼ 30% mehr Entdekungen erzielt werden können.

Insgesamt wurden 256.026 hohpräzise Lihtkurven auf extrasolare Transitplane-

ten untersuht. Mithilfe aktueller Tehniken zur Detektion konnten 20 sehr gute

�heiÿe Jupiter� Kandidaten (14 in BEST II, vier in ASTEP und zwei in kombinierten

Daten) identi�ziert und von falsh-positiven Signalen abgegrenzt werden. Elf Sterne

wurden bereits spektroskopish klassi�ziert, und die besten zwei Kandidaten wurden

für Nahfolgebeobahtungen vorgeshlagen, um ihre Masse zu bestimmen und den

Planetenstatus zu bestätigen bzw. zu widerlegen. Dies sind wihtige Entdekungen,

da die Sterne frühe F-Zwerge sind: Bei diesen erwartet man häu�ger Riesenplaneten

als bei sonnenähnlihen Sternen, kennt aber bisher nur sehr wenige solher Systeme.

Photometrishe Zeitreihen werden zudem auf Variabilität untersuht, da die Ent-

dekung variabler Sterne neue bzw. genauere astrophysikalishe Studien ermögliht.

Diese Arbeit präsentiert eine Methode, die die Suhe nah variablen Sternen in photo-

metrishen Daten signi�kant verbessert. Sie wurde bereits verö�entliht (Fruth et al.

2012) und erfolgreih auf fünf BEST II Datensätze angewandt: In 329.660 Lihtkur-

ven wurden 2.791 variable und 806 mutmaÿlih variable Sterne entdekt und klassi�-

ziert, wodurh die Anzahl der mit BEST/BEST II identi�zierten Variablen um 258%

ansteigt. Die Ergebnisse stimmen sehr gut mit vergleihbaren Studien überein.
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Part I

Introdution





1 Bakground and Purpose

Niolaus Copernius dramatially hanged our world view through the publiation

of his book �De Revolutionibus Orbium Coelestium� in 1543. Loating the Earth

in an orbit around our Sun instead of being the enter of the Universe not only

laid the foundation for modern astronomy, but also triggered a rethinking of age-old

philosophial and religious dogmas. For example, the Italian philosopher Giordano

Bruno was inspired by the new Copernian system and extrapolated it: He laimed

that our Sun was only another star and that the Universe onsisted of an in�nite

number of solar systems.

The existene of suh distant worlds, extrasolar planets, has been long debated

sine. However, immense tehnial di�ulties hinder their disovery, and although

important detetion methods were �rst envisioned by Struve (1952), they ould only

reently be applied suessfully. In 1992, Wolszzan and Frail found two extrasolar

planets around the neutron star PSR1257+12 in a rather peuliar environment, being

bathed in high-energy pulsar radiation. Shortly after, the uniqueness of our own Solar

System was �nally disproven through the detetion of a planet orbiting another Sun-

like star, 51 Peg (Mayor and Queloz 1995).

These �rst detetions initiated an enormous researh e�ort from various disiplines.

Meanwhile, more than 850 on�rmed extrasolar planets

1

ontinuously improve our

knowledge in this young �eld, e.g., to learn about their omposition, formation,

and evolution. Sine, however, the diversity of the planets found is huge, their

lassi�ation into ategories � e.g., analogous to the pioneering work of Hertzsprung

and Russell for stars � is only about to start. Moreover, �rst planetary abundane

estimations strongly imply that our present detetions only mark the very tip of the

ieberg. If at least 5�10% of all solar-type stars harbour massive planets (Perryman

2011), and 1�3% have Earth analog planets (Catanzarite and Shao 2011), we an

expet billions of planetary systems just in our own Galaxy, the Milky Way.

Could life have evolved on one of these systems? A ommon onlusion drawn

from the astronomial ount estimations is that extraterrestrial life is likely to exist,

but the �nal proof is still beyond reah for present-day instrumentations. However,

the question as to whether our world is unique remains today as intriguing as it was

in the 16th entury.

This hapter gives a brief overview about the sienti� topis overed in the fol-

lowing thesis. Setion 1.1 introdues the researh �eld of extrasolar planets and

highlights some of the most important disoveries. It is followed by a short intro-

dution to stellar variability in Setion 1.2 and a brief motivation for astronomial

researh from Antartia in Setion 1.3. Finally, Setion 1.4 outlines the purpose

and struture of this work.

1

See, e.g., www.exoplanet.eu (desribed by Shneider et al. 2011)
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1 Bakground and Purpose

1.1 Extrasolar Planets

Diversity

The detetions of extrasolar planets have revealed a wide diversity of systems. For

example, both their orbital distanes and planetary masses vary over several orders

of magnitude (Figure 1.1). Con�rmed planets range in size from Earth up to giants

that are muh larger than Jupiter. Some have orbital periods of a few hours, i.e.,

they are loated very lose to their star in an extremely hot environment, while the

most distant reeive only little starlight and require up to a thousand years for one

revolution. A detailed desription how exoplanets are being deteted will be given

in Chapter 2.

Figure 1.1: Detetion ranges of di�erent methods to �nd extrasolar planets. The masses and semi-

major axes are shown for planets found by the radial veloity method (blue, M sin i), mirolensing
(orange) and diret imaging (green). Transiting planets are marked red, regardless if they were

initially found using the transit method. The positions of the Solar System bodies Earth, Neptune,

Saturn and Jupiter are shown for omparison (with sizes not to sale). Exoplanet data are from

www.exoplanet.eu (Shneider et al. 2011), as of 19th November 2012. For a desription of detetion

methods, see Chapter 2.

Most intriguingly, many of the planets found so far are not at all similar to those

in our Solar System (for a reent overview, see, e.g., Perryman 2011): Large numbers

of exoplanets have rather elliptial orbits, high masses, and/or they are found in very

lose orbits, i.e., loser than Merury to the Sun. Furthermore, the orbital plane is

often highly inlined towards the equatorial plane of the star, and some exoplanets

even orbit in the opposite diretion ompared to the stellar spin. A large variety is

also found regarding the host stars, whih inlude main sequene stars, giants, stars

of low and high metalliity, pulsars, white dwarfs and multiple stars.

While single planets have been deteted in most ases, systems with up to seven

bodies have been reported (HD10180; Lovis et al. 2011). In fat, multiple systems

2



1.1 Extrasolar Planets

with small planets are expeted to be very ommon: In a sample of 170 andidate

systems with no planet larger than Neptune, Latham et al. (2011) reently found 78%

to be omposed of more than one planet.

De�nition

As the number of high-mass planets and low-mass stars grows, the distintion be-

tween both populations requires a de�nition of what should be onsidered a planet.

The IAU Working Group on Extrasolar Planets gives the following reommendation

(IAU 2003):

Objets with true masses below the limiting mass for thermonulear fusion

of deuterium (urrently alulated to be 13 Jupiter masses for objets

of solar metalliity) that orbit stars or stellar remnants are �planets�

(no matter how they formed). The minimum mass/size required for an

extrasolar objet to be onsidered a planet should be the same as that used

in our Solar System.

Towards the lower boundary, a planet is thus required to (a) have su�ient mass

for its self-gravity to overome rigid body fores so that it assumes a hydrostati

equilibrium (nearly round) shape, and (b) have leared the neighborhood around its

orbit (analogous to Solar System planets, IAU 2006).

Bodies above 13 Jupiter masses (MJ) are onsidered stars or sub-stellar objets,

depending on their mass: Stars must be able to sustain a stable hydrogen fusion,

whih is generally the ase for masses above∼ 75�90MJ , depending on the metalliity

(Burrows et al. 2001). Objets in the intermediate mass range, i.e., within 13MJ .

M . 75MJ , are typially denoted as brown dwarfs. Their mass is insu�ient to

raise the ore density high enough to initiate hydrogen burning, but still allows for

some nulear reations with lower threshold temperatures, e.g., the fusion of lithium

or deuterium. However, the distintion between planets and brown dwarfs is still

ambiguous, beause both mass distributions overlap (see, e.g., Bara�e et al. 2010;

Spiegel et al. 2011). Shneider et al. (2011) therefore onluded that the mass alone

is likely not su�ient to deide about the nature of an objet in this regime. Finally,

more detetions of intermediate bodies like CoRoT-3b (22MJ , Deleuil et al. 2008)

are needed for a better understanding of this boundary.

Formation and Evolution

When stars are born through the ollapse of a moleular loud, remaining dust

and gas forms an aretion disk. The most widely aepted model for the forma-

tion of terrestrial planets assumes that a gradual agglomeration of small grains to

roks, planetesimals and protoplanets an �nally build up large planetary bodies.

Even though this solar nebula theory was �rst suggested some enturies ago, the

detetion of extrasolar planets enables today's models to be onstrained statistially

by omparing theoretial preditions with observational data (e.g., Mordasini et al.

2009a, b, 2012; Alibert et al. 2011). Though many details of the formation and evo-

lution of planetary systems are now known, some proesses are not well understood.

For example, the mehanisms that are responsible for the growth of m-sized parti-

les to planetesimals of a. 1 km diameter are rather unlear (e.g., Papaloizou and

Terquem 2006).
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The formation and evolution of giant planets like Jupiter or Saturn is also subjet

to ongoing researh. Two senarios are mainly being onsidered: The ore aretion

model assumes that these �rst grow in the same way as terrestrial planets to sizes

of 5�10M⊕ (Kennedy and Kenyon 2008) and then gravitationally bind large gas

envelopes, whereas the disk instability model assumes that giant planets form diretly

via gravitational instabilities in the protoplanetary disk (for a reent overview, see,

e.g., D'Angelo et al. 2010).

In both senarios, giant planets are expeted to form at rather large orbital dis-

tanes. For example, the favored ore aretion model onstrains the range of giant

planet formation to beyond the snow line at about 6 au (Kennedy and Kenyon 2008),

where ie allows to build large ores, but to within ∼ 50 au (Ra�kov 2011), as ore

formation is onsidered too slow at larger orbital distanes for binding large gas

envelopes before the protoplanetary disk dissipates.

As many giant exoplanets have been deteted well below and above this range

(f. Figure 1.1), they are onsidered to have migrated from their initial orbit in- or

outward. Proposed auses for migration inlude tidal interations with gas in the

protoplanetary disk (type I�III migration; see, e.g., Papaloizou and Terquem 2006),

sattering with other planets or planetesimals (Nagasawa et al. 2008; Raymond et al.

2010), and perturbations by a distant ompanion star together with tidal frition

(Fabryky and Tremaine 2007). The same proesses are invoked to explain the

large frequeny of planets with high eentriities and inlinations (e.g., Morton and

Johnson 2011), but more detetions are required to identify the dominant mehanism.

Internal Composition

Planets in our Solar System an be probed in situ to learn about their internal om-

position, whih is not possible for extrasolar planets. However, the knowledge of

some basi planetary parameters usually su�es for a �rst assessment of their main

onstituents. Important in this respet are transiting exoplanets, for whih both

the radius and the mass, and, thus, the mean density an be determined (see Se-

tion 2.2). These measurements an be ompared with the mass-radius relationship of

theoretial preditions, and hene distinguish between di�erent possible ompositions

(Figure 1.2a).

Four basi planetary types are known in the Solar System, namely: (a) terrestrial

planets with a dense iron ore and a roky mantle (Merury, Venus, Earth, and

Mars), (b) dwarf planets made of rok and ie (e.g., Pluto and Eris), () gas giants

with huge envelopes of hydrogen and helium (Jupiter and Saturn), and (d) giants

largely made of ie (Uranus and Neptune). Planets of these types are probably

very ommon in extrasolar systems, assuming their aretion disks show similar

elemental abundanes (Lodders 2010). However, disoveries are also revealing exoti

planets unlike any Solar System body, e.g., the �super-Earth� exoplanet GJ 1214b

(e.g., Charbonneau et al. 2009; Rogers and Seager 2010; de Mooij et al. 2012).

So far, most planets found are of Jupiter-type, whih is largely due to detetion

biases (see Chapter 2). However, these planets exhibit a large diversity, and most

detetions have atually raised more questions than they have answered. In parti-

ular, hot Jupiters, i.e., giant planets in very lose orbits (with periods p . 5days),
are enountered with densities ranging from ρ = 0.16 to 26 g/m3

(Kethum et al.

2011). This large range annot be fully explained by standard planetary models:
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1.1 Extrasolar Planets

(a) (b)

Figure 1.2: (a) Mass and radius of an exoplanet are used to onstrain its interior omposition by

omparing the measurements with models for di�erent bulk onstituents. (Adapted by permission

from Mamillan Publishers Ltd: Nature (Sasselov 2008), opyright 2008.) (b) Observations have

revealed a partiularly large variety of giant planets. (Figure from Protostars and Planets V edited

by Bo Reipurth, David Jewitt, and Klaus Keil (Charbonneau et al. 2007). © 2007 The Arizona

Board of Regents. Reprinted by permission of the University of Arizona Press.)

While dense objets suh as HD149026 b (Figure 1.2b, Sato et al. 2005) are onsid-

ered small due to an enrihment of heavy elements in the ore (Burrows et al. 2007),

an explanation of the anomalous in�ation of planets like HD209458 b (Figure 1.2b,

Charbonneau et al. 2000) remains an open sienti� question (e.g., Bodenheimer

et al. 2001; Guillot 2005; Winn and Holman 2005; Burrows et al. 2007; Bara�e et al.

2010; Batygin and Stevenson 2010; Fortney and Nettelmann 2010; Laughlin et al.

2011). A statistially signi�ant sample of well-haraterized hot Jupiters with low

densities is thus required in order to better understand these objets.

Astrobiology, Habitability, and the Searh for Life

Astrobiology enompasses the study of the origin, evolution, distribution, and future

of life in the Universe. In addition to the pratial searh for life within the Solar

System and beyond, this interdisiplinary �eld also addresses fundamental topis

suh as the de�nition of life (e.g., Benner 2010; Tirard et al. 2010).

Although the fat that life formed early on Earth suggests that abiogenesis is an

e�etive proess, further evidene for life is �nally required to rule out that our

world is a rare exeption (Spiegel and Turner 2011). For arbon-based life as we

know it, biologists onsider the presene of water a prime neessity (e.g., Owen 1980;

Brak 1993). The onept of habitability follows this assumption by investigating
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Figure 1.3: Habitable zone as a funtion of orbital distane and stellar mass � some planets of

Gliese 581 and the Solar System are shown as an example. (Figure 3 from Selsis et al. (2007),

reprodued with permission, opyright ESO.)

environments that an sustain liquid water for a long time; a irumstellar region

that meets this requirement is aordingly termed the habitable zone. Whether a

given planet is onsidered habitable or not is largely determined by the stellar �ux it

reeives, i.e., the stellar type and its semi-major axis (Figure 1.3), but also depends

on its eentriity, rotation, other heat soures, and atmospheri properties.

Thus, the searh for life motivates large e�orts that are urrently being undertaken

in order to detet terrestrial planets in the habitable zone of a distant star. One suh

worlds are known, a entral goal is to analyze their atmospheres spetrosopially and

to searh for biomarkers, i.e., moleules that are onsidered to arise from biologial

ativity. Important examples are O2, O3, and N2O (e.g., Kaltenegger and Traub

2009; Pallé et al. 2009; Rauer et al. 2011).

Although some super-Earths, i.e., planets with masses up to ∼ 10M⊕, have been
found in or very lose to the habitable zone (e.g., GJ 667C  with 4.5M⊕, Anglada-
Esudé et al. 2012), a thorough haraterization of suh small planets will only be

in reah of future spae instrumentation suh as the JWST (Gardner et al. 2006) or

EChO (Tinetti et al. 2012).

1.2 Variable Stars

The luminosity of all stars varies throughout their lifetime. While the hange is

typially slow for main sequene stars, evolved stars an undergo unstable phases

with rapid and large brightness variations, e.g., due to expansion and ontration of

their outer layers. Therefore, a ommonly adopted de�nition suggests that �a star is

alled variable when its brightness or olour variations are detetible on time sales of

the order of the mean life time of man� (Sterken and Jashek 1996). Suh variations

may be periodi, semi-periodi, irregular, or haoti, and the timesales an range

from seonds up to more than a entury.

Figure 1.4 shows some types of variability that are regularly enountered at dif-

ferent evolutionary stages in the Hertzsprung-Russell diagram. These are typially

intrinsi, i.e., due to physial proesses in the stellar atmosphere, eruptions, or gen-
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Figure 1.4: Shematial Hertzsprung-Russell diagram with loations of some typial variable stars

(Karttunen et al. 2007, Figure 13.2). Shown are absolute magnitudes vs. spetral lasses. Most

stars � inluding the Sun � are found on the main sequene, where they spend most of their lifetime.

(Reprodued with permission of Ursa Astronomial Assoiation.)

eral stellar ativity. In ontrast to that, extrinsi variability an either be aused by

rotation (e.g., spots) or by two or more stars orbiting eah other. In the latter ase,

variability is enountered beause the objets obsure eah other in elipses and/or

have tidally distorted surfaes.

Variability an be deteted by monitoring the stellar brightness over time. The

resulting light urves reveal harateristi shapes, amplitudes and periodiity for dif-

ferent types of variable stars and thus allow a �rst lassi�ation. To gain a better un-

derstanding of the origin of variability, the photometri data are often omplemented

with spetrosopi measurements whih yield spetral types, luminosity lasses, and

hemial ompositions of the targeted objets.

Variable stars are ruial for addressing fundamental astrophysial questions (for a

reent overview, see, e.g., Eyer and Mowlavi 2008; Walkowiz et al. 2009). In parti-

ular, the period-luminosity relation of Cepheids makes them to important �standard

andles� for determining Galati and extragalati distanes (e.g., Majaess et al.

2009). Furthermore, elipsing binaries are essential to astronomy, beause they al-

low an aurate determination of stellar parameters suh as mass, radius, luminosity,

or temperature, as well as to study internal and external proesses of stars, their

omposition, internal struture, and evolution (e.g., Ribas 2006).

A dramati inrease in the detetion rate of variable stars has been ahieved

through the advent of harge-oupled devies (CCDs) and the apability for au-

tomated data proessing with modern omputers. Large ground-based photometri

surveys like MACHO (Alok et al. 2000), EROS (Derue et al. 2002), ASAS (Pojman-

ski 2002), OGLE (Soszy«ski et al. 2008), and the spae missions CoRoT (Setion 3.1)
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and Kepler (Boruki et al. 2010) together monitor millions of stars. Even though

many of these projets have a di�erent sienti� fous, their light urves are om-

monly searhed for variable stars whih are olleted in large atalogs suh as the

General Catalogue of Variable Stars (GCVS; Samus et al. 2009) or the Variable Star

Index (VSX; Watson et al. 2006).

1.3 Antartia � the Best Plae for Astronomy?

To obtain a better understanding of our Universe, astronomers have onstantly

sought to improve their observing onditions. While the limiting fators an be many

and diverse, the seletion of an observing site partiularly impats the quality of the

astronomial data reorded. Among the most important onstraints are the fration

of lear skies, the level of astronomial seeing and sintillation, the aessibility of a

large spetral range, and a low sky brightness due to emission, sattered light, and

light pollution. In partiular, an exellent observing site is of key importane for

deteting and haraterizing extrasolar planets.

Best onditions are generally ahieved high above the atmosphere, i.e., using air-

borne or spae observatories. However, suh projets are limited by extensive osts,

and tehnial onsiderations impose further onstraints. For instane, very large tele-

sope apertures (d>10m) an today only be realized on ground, and the possibilities

for instrument maintenane and upgrades are very limited in spae. Therefore, the

searh for exellent observational sites on ground is being pursued with unwaned in-

terest. Over the last few deades, high-altitude sites suh as in the Chilean Ataama

desert or the mountain tops of Hawaii have generally been reognized to provide the

best observing onditions for large ground-based observatories.

Antartia is the highest, driest and oldest ontinent on Earth. Figure 1.5 shows

a topographi map of the ontinent with some loations of urrent and planned

astronomial instrumentation. The extreme Antarti environment yields a number

of very favorable onditions for astronomy:

� The polar night allows for observations with a very high duty yle. This is

partiularly bene�ial for observations that rely on ontinuous time series, e.g.,

transit searh (Caldwell et al. 2004; Pont and Bouhy 2005; Fruth 2008; Rauer

et al. 2008a, b; Crouzet et al. 2010; Rauer and Deeg 2010) or asteroseismology

(Gre et al. 1980; Mosser and Aristidi 2007; Mosser et al. 2009; Damé et al.

2010).

� The lear sky fration in Antartia is omparable to exellent temperate

sites or better. While the South Pole is overed by louds about half of the

time (Town et al. 2007), sites on the Antarti plateau experiene a signi�antly

larger number of good nights (e.g., Saunders et al. 2009). For Dome C, di�erent

projets have measured a very good fration of a. 75�90% photometri nights

during winter (Ashley et al. 2004, 2005; Mosser and Aristidi 2007; Moore et al.

2008; Crouzet et al. 2010), while Wang et al. (2011) reported for Dome A

remarkable onditions of 96% lear skies during winter 2008.
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Figure 1.5: Map of Antartia (Yang et al. 2009, Figure 1). (Reprodued with permission of the

University of Chiago Press; opyright Australian Antarti Data Center.)

� Average winter temperatures of around −60◦ and a largely redued aerosol on-

tent aount for a low sky bakground, espeially in the mid and far infrared.

For wavelengths λ ≈ 2�30 µm, the Antarti sky is found to be about 10�50

times darker ompared to the best temperate sites (Ashley et al. 1996; Nguyen

et al. 1996; Smith and Harper 1998; Phillips et al. 1999; Lawrene 2004), thus

yielding a signi�ant inrease in sensitivity for bakground-limited infrared ob-

servations.

� An extreme dryness leads to a signi�antly inreased transmittivity of

the Antarti atmosphere. While the atmosphere above normal observing

sites suh as Siding Springs (Australia) or Kitt Peak (USA) typially ontains

about 1 m of preipitable water vapor, the most arid temperate plaes like the

Chajnantor plateau (Chile) an oasionally experiene levels as low as 300 µm

(Burton 2010). In Antartia, however, suh small amounts of water vapor

are regularly enountered: For example, Dome A shows values below 100 µm

during 25% of the winter (Yang et al. 2010). Beause the absorption of water

is strongly redued, the Antarti atmosphere beomes transparent for a num-

ber of important infrared and sub-mm wavelength ranges that are inaessible

from any other site on Earth (Lawrene 2004; Yang et al. 2010).

� Light from distant soures is refrated when it passes through the Earth's at-

mosphere. Turbulenes in the air ause temporal variations in the refrative

index, whih yield an angular widening of the inident light (seeing) and inten-

sity variations (sintillation). In most of Antartia, the atmospheri turbu-

lene is on�ned to a thin boundary layer (Swain and Gallée 2006). It extends

on average 200�300m above the South Pole (Marks et al. 1999; Travouillon

et al. 2003), about 25m at Dome C (Aristidi et al. 2009), and only 14m at

9



1 Bakground and Purpose

Dome A (Bonner et al. 2010). Above this layer, the average seeing is with∼ 0.3′′

about 2�3 times smaller than at the best temperate sites (Lawrene et al. 2004;

Aristidi et al. 2009; Giordano et al. 2012). Beause the path between turbulent

ells and the telesope is short, sintillation noise is also � even for observa-

tions from the ground � signi�antly redued: Kenyon et al. (2006) measured

a gain of fator 2�4 ompared to Chilean sites for Dome C. Furthermore, both

adaptive optis and interferometry bene�t from a large isoplanati angle and a

long oherene time above the thin ground layer (Lawrene et al. 2004, 2008;

Storey 2004).

While a number of projets have initially favored the South Pole largely due to

the available infrastruture, a more reent development fouses on sites at the East

Antarti plateau (Gillingham 1991; for a review on astronomy from Antartia, see

Indermuehle et al. 2005; Burton 2010). All summits of the Antarti plateau, i.e.,

Dome A, Dome C, and Dome F (Figure 1.5) are onsidered to provide an outstanding

environment for astronomy (for a omparison, see Saunders et al. 2009). They are

partiularly interesting for astronomial researh at high angular resolution in the

near infrared and sub-mm, whih ould largely bene�t both from the unequaled

atmospheri transmission in this spetral range and the exeptional seeing.

However, the infrastrutural development and knowledge about site onditions

di�ers largely. Dome C is best haraterized through site testing, and the Frenh-

Italian Conordia station (Candidi and Lori 2003) allows for year-round attendane

of sientists sine 2005. Dome A is less aessible, and was only �rst visited in

2004. Meanwhile, however, a number of measurements have been performed (Yang

et al. 2009, 2010; Bonner et al. 2010; Zhou et al. 2010; Wang et al. 2011; Sims

et al. 2012a, b), a station has been ereted, and the Chinese Center for Antarti

Astronomy has ambitious plans for large-sale telesopes (Cui 2010). Dome F is

urrently least studied among these summits, but is also being onsidered for future

astronomial failities (Ihikawa 2010).

1.4 About this Study

This thesis has been prepared at the Institute of Planetary Researh, whih is part

of the German Aerospae Center (DLR), Berlin. Its department Extrasolar Planets

and Atmospheres

2

fouses on the searh and haraterization of extrasolar planetary

systems and atmosphere modeling of planets in and out of the Solar System.

The department's partiipation in the CoRoT spae mission (Setion 3.1) forms

an integral part for its work on extrasolar planets. Through areful analysis of the

satellite data, new planets are found using the transit method (Setion 2.2) and

haraterized. CoRoT has made invaluable ontributions to the �eld of extrasolar

planets, i.e., by �nding small objets suh as the �rst deteted terrestrial exoplanet

CoRoT-7b.

In addition, the department operates two ground-based telesopes that support the

follow-up proess of the CoRoT mission: The Berlin Exoplanet Searh Telesopes

BEST and BEST II (Setion 3.2); they are used to on�rm or rejet planetary

andidates from the satellite (Deeg et al. 2009). BEST is loated in Frane, while

BEST II resides in the Chilean Ataama. Both are operated remotely.

2

http://www.dlr.de/aesp
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1.4.1 Purpose

This thesis addresses the following sienti� questions:

� Transit Searh with BEST II

Small telesopes suh as BEST II an also be used to searh for extrasolar

planets. During long-term monitoring of CoRoT target �elds, BEST II has

already shown its potential to obtain a photometri preision better than 1%

together with a long duty yle (Kabath 2009). It should thus be apable of

deteting planets of Jupiter size, whih an help to understand some important

questions in exoplanet researh. For example, di�erent migration theories have

been put forward to explain the large population of systems in orbits that are

eentri and/or highly inlined towards the stellar equatorial plane (see also

Setion 1.1), but more planets are required to �nally identify the dominant

mehanism (Morton and Johnson 2011). In a similar way, more in�ated hot

Jupiters are required to deide statistially between theories that are onsidered

to explain their low densities (Laughlin et al. 2011).

The detetion of more suh planets using a dediated transit searh program

with BEST II is the main fous of this thesis.

� Transit Searh from Antartia

The East Antarti Plateau is onsidered a prime site for transit searh and

has been investigated through site testing and theoretial omparisons (Se-

tion 1.3). In partiular, joint observations of Dome C together with a mid-

latitude site suh as in Chile imply a theoretial advantage for transit searhes

(Fruth 2008; Rauer et al. 2008b). Sine 2010, the ASTEP400 telesope (Se-

tion 3.3) operates as the �rst full exoplanet survey from Antartia at Dome C.

The thesis aims to probe the potential for transit searh under real onditions

through an analysis of �rst ASTEP400 data, to ompare the results with Chile,

and to investigate the feasibility of deteting extrasolar planets using a network

of telesopes.

� Variable Star Detetions

The analysis of stellar variability omplements photometri surveys suh as

BEST, CoRoT, or ASTEP. Detetions are generally announed in large ata-

logs so that they an be investigated further by an interested sienti� om-

munity. With BEST and BEST II, previously unknown variability has been

reported for almost one thousand ases (Karo� et al. 2007; Kabath et al.

2007, 2008, 2009a, b; Pasternaki et al. 2011). However, the methods used

to analyze photometri data sets are known to be strongly a�eted by system-

ati trends that are present in ground-based observations (see, e.g., Pepper and

Burke 2006; Karo� et al. 2007; Kabath et al. 2009a; Hartman et al. 2011a).

Suh e�ets generally lead to a higher ranking of non-variable stars, whih

in turn inreases both the number of false alarms and the number of missed

detetions.

The thesis aims to inrease the yield of variable star searhes through a better

treatment of systemati variability.
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1.4.2 Struture

The thesis is strutured into three main parts, whih are outlined brie�y in the

following text.

I. Introdution

The �rst part gives an introdution to the topis overed. It inludes this hapter,

whih states the sienti� bakground and the motivation for the presented work.

The following Chapter 2 explains important methods of deteting extrasolar planets,

inluding the transit method. The latter is used by all projets that are relevant

for this thesis, namely CoRoT, BEST/BEST II and ASTEP. These projets are

desribed in Chapter 3, whih onludes the introdution.

II. Observations and Methods

The seond part fouses on the observations and methods that are used to obtain

sienti� results, and improvements that were ahieved in the framework of this

thesis. Topis overed inlude the whole proess of data aquisition, i.e., from target

�eld seletion through telesope operations and observations to photometri data

redution, and the methods for sienti� analysis of the light urves obtained.

Chapter 4 �rst gives an updated summary of the BEST II observing strategy,

inluding the �rst dediated transit searh that was performed with the instrument

on three target �elds (F17�F19) during 2009/2010, an evaluation of the photometri

quality of BEST II, and the expeted number of planet detetions. Chapter 5 then

gives a desription of the photometri pipeline, i.e., the set of routines that are used

to onstrut light urves from raw observational data.

The last two hapters of this part deal with the sienti� data analysis of light

urves. Chapter 6 desribes the adaptation and validation of a transit searh pro-

edure for BEST II. Chapter 7 presents the method to searh for variable stars in

photometri data sets, inluding an improved proedure to aount for systemati

variability.

III. Sienti� Results

The last part presents the sienti� results. Chapter 8 presents a large number of

planetary andidates that were found in the analyzed target �elds F17�F19, inlud-

ing a thorough desription of the tests and follow-up observations that have been

performed to exlude false positive signals. Chapter 9 summarizes the orrespond-

ing results of a searh for stellar variability in these �elds, and additional BEST II

�ndings that were obtained via a reanalysis of the CoRoT target �eld LRa02; these

are presented together in a large variable star atalog in Appendix E.

The analysis of the �rst photometri time series obtained with the ASTEP400

telesope is the subjet of Chapter 10. It ontains an outline of observations and

transit searh performed on two target �elds together with BEST II, ompares the

photometri quality and detetion yield, and disusses the advantages and di�ulties

of suh a joint ampaign.

Finally, Chapter 11 summarizes the thesis, disusses its results and gives an outlook

to future work.

12



2 Detetion Methods

Diret vs. Indiret Methods

In our Solar System, all planets an be observed diretly, and their re�eted and

emitted light ontains a plethora of information. For example, a view of the surfae

of Mars gives hints on its omposition, and Venus' atmosphere an be deiphered

through spetrosopy. Unfortunately, it is substantially more di�ult to obtain diret

measurements for extrasolar planets mainly beause:

� The orbital separation between a star and its planet is vanishingly small om-

pared to their mutual distane to us. Thus, their apparent angular separation

on the sky is usually well below the resolving power of any present-day observa-

tory. For example, a planet in an Earth-like orbit around our losest neighbor,

the star αCenC (4.22 light years away), would be plaed at a small angular

distane of 0.8′′ from its host star and ould thus only be resolved by a few of

the largest failities on Earth or from spae.

� The ontrast ratio between stars and planets is immense. In the optial, stars

typially outshine their planetary ompanions by a fator of ∼ 108�1010 (for

orbital distanes of 0.2�15 au and masses from 0.5�8MJ , Burrows et al. 2004).

Together, these boundary onditions plae onsiderable limitations on the diret

detetion and haraterization of exoplanets. Only a few observationally favorable

massive planets in large orbital distanes have been observed diretly (for a reent

review, see Kalas 2011), and the diret measurement of Earth-like planets will not

be possible using any urrently available or planned faility (Angel 2003).

The majority of extrasolar planets known today has thus been deteted using

indiret methods. Several tehniques have been developed to infer the existene of

a planetary ompanion through observations of its host star. Figure 1.1 gives an

overview of exoplanetary masses and orbital distanes � they range from Earth-sized

bodies up to the lower boundary of stars, and from orbits lasting only a few hours up

to a thousand years. Depending on the underlying physial priniples and tehnial

limitations, eah method is targeting a slightly di�erent type of planetary systems

and thus likewise important towards an overall piture of exoplanets.

Sine this work fouses on the transit method, this tehnique will be desribed in

more detail in Setion 2.2. It is preeded by an introdution to the radial veloity

method in Setion 2.1, whih is omplementary to the transit method and thus of

likewise importane for this thesis. Other indiret methods will be mentioned brie�y

at the end of this hapter in Setion 2.3. For a reent in-depth overview of all

methods and their �ndings, see, e.g., Perryman (2011).

2.1 Radial Veloity Method

Any two gravitationally bound bodies revolve in elliptial orbits (Figure 2.1a). The

enter of mass oinides with the fous of eah ellipse, and the relative dimension of

13



2 Detetion Methods

(a) (b)

Figure 2.1: (a) Motion of two bodies orbiting eah other due to their mutual gravitational attra-

tion (Perryman 2011, Figure 2.3). (Reprodued with permission of Cambridge University Press.)

(b) First RV measurement of an exoplanet (51Peg b; Mayor and Queloz 1995). (Adapted by per-

mission from Mamillan Publishers Ltd: Nature (Mayor and Queloz 1995), opyright 1995.)

both orbits is determined by the inverse mass ratio, i.e., a⋆/ap =Mp/M⋆. In plane-

tary systems, the mass of the star (M⋆) is muh larger than that of the planet (Mp),

whih is why the stellar orbit a⋆ ≪ ap an often be negleted.

However, the small stellar movement around the baryenter an be used to in-

diretly infer the existene of a planet. The radial veloity (RV) method uses the

Doppler e�et to detet tiny motions of a star in the diretion towards or away from

the observer. By omparing the distortion ∆λ of absorption lines in the stellar spe-

trum ompared to their referene wavelength λ0, it is possible to measure the radial

veloity vr of the star through
vr
c

=
∆λ

λ0
. (2.1)

The presene of a seondary objet an then be dedued from a periodi variation

of vr in time. Furthermore, the amplitude of vr(t) yields information about its

mass, whereas orbital parameters suh as the eentriity an be derived from the

shape. The variation is largest if the orbital plane is parallel to the line of sight

(inlination i = 90◦), and zero if it is perpendiular to it (i = 0). More preisely, the

radial veloity an theoretially be desribed through

vr(t) = K [cos(ω + ν(t)) + e cosω] , (2.2)

whereby K is the semi-amplitude of variation, e the eentriity, and ω the argu-

ment of periastron. The true anomaly ν(t) spei�es the angle between baryenter,

periastron and the urrent orbital position of the star at time t and an be alu-

lated if the orbital period p, eentriity e, and the time of periastron passage tp are
known. Fitting Equation (2.2) to the measurement data vr(t) thus yields the �ve

parameters p, e, tp, ω, and K.

Using Kepler's third law, it is possible to derive further physial parameters

from K. First, the planetary mass Mp an be aessed by (Cumming et al. 1999)

K =

(
2πG

p

)1/3 Mp sin i

(Mp +M⋆)2/3
· 1√

1− e2
, (2.3)

if the stellar massM⋆ an be approximated appropriately, e.g., through spetrosopi

haraterization or asteroseismology. Note that beause the inlination i annot be

14



2.1 Radial Veloity Method

Table 2.1: Planetary parameters (semi-major axis ap, orbital period p, mass Mp) and resulting

stellar movement (semi-major axis a⋆, RV semi-amplitude K) for some Solar System bodies and

the �rst RV exoplanet 51Peg b.

Planet ap [au℄ p [yr℄ Mp [M⋆℄ a⋆ [r⋆℄ K [m/s℄

Merury 0.387 0.241 1.7 · 10−7 1.38 · 10−5
0.00812

Earth 1 1 3.0 · 10−6 6.45 · 10−4
0.0894

Jupiter 5.2 11.9 9.6 · 10−4
1.07 12.5

Neptune 30.1 164 5.2 · 10−5
0.335 0.284

51 Peg b 0.0567 0.0116 4.0 · 10−4 3.79 · 10−3
59

Notes. The semi-amplitude K of the RV urve vr(t) was alulated using Equation (2.4) and assuming

an edge-on observer, i.e., i = 90◦, for the Solar System planets. Parameters are taken from Karttunen

et al. (2007) for the Solar System, and from Mayor and Queloz (1995) and Poppenhäger et al. (2009) for

51 Peg b. For the latter, values orrespond to {ap,Mp, a⋆} · sin i.

determined with the RV method, Mp annot be alulated diretly; instead, Mp sin i
only yields a lower limit for the mass of a planet. Seond, the semi-major axis a⋆
an be obtained from the semi-amplitude K using (e.g., Perryman 2011)

K =
2π

p
· a⋆ sin i√

1− e2
. (2.4)

Figure 2.1b shows the RV urve of 51Peg that lead to the �rst detetion of an exo-

planet around a Sun-like star (Mayor and Queloz 1995). Although the method had

already been applied suessfully to binary stars, an improved experimental preision

then allowed for the �rst time to measure the muh smaller signal of a planetary

ompanion. While stars are typially orbiting eah other at a few km/s, 51Peg �

with a minimum mass of Mp sin i = 0.47MJ � showed an RV semi-amplitude K
of only 59m/s. For omparison, Table 2.1 shows how muh the Sun moves due to

planetary orbits. Jupiter, the largest planet in the Solar System, shifts the Sun-

Jupiter baryenter to slightly above the Solar surfae and auses a maximum RV

amplitude of 12.5m/s.

As follows immediately from Equation (2.3), the RV method is most sensitive to

large bodies in tight orbits. Therefore, the �rst deteted exoplanets belong to the

lass of so-alled hot Jupiters.

Instrumental Preision

State-of-the-art RV spetrographs suh as HARPS (Mayor et al. 2003) today ahieve

preisions slightly below 1m/s (Lovis et al. 2008), whih is su�ient to detet Earth-

sized planets at very short orbital distanes, or slightly larger bodies � so-alled

Super-Earths (Mp ≈ 1�10M⊕) � with orbital periods of up to about 100 days (e.g.,

the planetary system HD20794, Pepe et al. 2011; see also Figure 1.1). With a signal

of 51 m/s, the most reent detetion of an Earth-sized planet around the nearby

star αCenB (p = 3.236days, Mp sin i = 1.13M⊕, Dumusque et al. 2012) sets the

urrent benhmark for RV detetions.

Earth itself would ause an RV signal of 9 m/s and is therefore still below the

detetion threshold of present instruments. However, Pepe and Lovis (2008) expet

an improvement to 20�30 m/s in the near future, and laim that Earth-like planets

will be in reah by next-generation failities suh as the E-ELT with an aimed-for

preision of 5�10 m/s.
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2 Detetion Methods

Constraints of the Method

With 497 deteted exoplanets (Shneider et al. 2011, as of 21th November 2012),

the RV tehnique is the most suessful detetion method to date. However, it

involves some important observational onstraints: First, the ahievable preision

strongly depends on the luminosity of the target star (e.g., Bouhy et al. 2001),

making it partiularly di�ult to detet or on�rm exoplanets around stars fainter

than V ≈ 15mag. Seond, RV measurements are a�eted by various types of addi-

tional noise: The star itself an generate a jitter through magneti ativity, rotation,

or pulsation that might well exeed the signal imposed by a planetary ompanion.

On the one hand, this leads to a sample of RV planets that is biased against very

young and ative stars. On the other hand, the smaller a planet, the more di�ult it

gets to disentangle its signal from the stellar jitter (e.g., requiring intensive ativity

monitoring, Boisse et al. 2011).

2.2 Transit Method

Transiting extrasolar planets periodially elipse their host stars as seen from Earth

(Figure 2.2). While passing the stellar disk, they ause a temporary derease of the

stellar �ux that an be measured. The transit method uses long-term photometri

observations to detet this harateristi signal and infer the existene of a planetary

ompanion.

Star

Planet

B
ri
g

h
tn

e
s
s

Timet1 t2 t3 t4

T14

T23

Figure 2.2: The transit method. When a distant planet is rossing the line-of-sight towards us,

four important events an be observed during the primary elipse: The beginning of the transit (t1),
the moment at whih the planet is �rst (t2) and last (t3) ompletely in front of the star, and when it
�nally unovers the stellar disk (t4). The time ranges [t1, t2] and [t3, t4] are alled ingress and egress

phases, respetively. The omplete time in transit is denoted by T14 = t4 − t1, while T23 = t3 − t2
denotes the duration of the lower part of the transit.

Observables

An analysis of the light urve, i.e., the stellar �ux f(t) as a funtion of time, allows

the diret measurement of the orbital period p. It is determined by the time between

adjaent transits and thus requires the observation of at least two suh events. More

reorded transits help to improve the measurement error of p (see also Setion 8.2)

or an be used to detet a third body in the system (see later in this setion).

Further observables an be dedued from the shape of the light urve during elipse.

Under the simplifying assumption that the stellar luminosity is uniformly distributed
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2.2 Transit Method

over its disk (i.e., negleting limb darkening), transits have a trapezoidal pro�le,

whih an thus be desribed using the depth δF , the total duration T14, and the

duration of the �at part T23 (see Figure 2.2). Thereby, the depth is simply de-

�ned as the relative di�erene between the stellar �ux before/after (f
out

) and during

transit (f
in

), i.e.,

δF =
f
out

− f
in

f
out

. (2.5)

Physial Parameters

The four observables p, δF , T14, and T23 an be used to derive physial quantities.

Seager and Mallén-Ornelas (2003) showed that a unique solution an be obtained

for transiting planets in irular orbits under the assumptions that the light urve

is not ontaminated by light from a third objet, limb darkening is negligible, and

that Mp ≪M⋆. First, the �ux derease during transit is determined by the ratio of

planetary to stellar disk, and the radius ratio an be approximated through

rp
r⋆

≈
√
δF . (2.6)

Seond, the impat parameter b, i.e., the projeted distane between planet and

stellar enter during mid-transit, is given by

b ≡ a

r⋆
cos i =

{
(1−

√
δF )2 −

[
sin2(πT23/p)/ sin

2(πT14/p)
]
(1 +

√
δF )2

1−
[
sin2(πT23/p)/ sin

2(πT14/p)
]

}1/2

.

(2.7)

Third, the semi-major axis a an be alulated in units of stellar radii r⋆,

a

r⋆
=

{
(1 +

√
δF )2 − b2

[
1− sin2(πT14/p)

]

sin2(πT14/p)

}1/2

, (2.8)

whih in turn yields the fourth quantity, the stellar density

ρ⋆
ρ⊙

≡ M⋆/M⊙
(r⋆/r⊙)3

=
4π2

Gp2

(
a

r⋆

)3

. (2.9)

The approximation r⋆ ≪ a an be used to further simplify Equations (2.7)�(2.9), for

example

ρ⋆
ρ⊙

=
32

Gπ
p · δF 3/4

(
T 2
14 − T 2

23

)3/2 . (2.10)

With an additional stellar mass-radius relation r⋆ = kMx
⋆ , the physial quanti-

ties a, rp, r⋆, and i an be disentangled (Seager and Mallén-Ornelas 2003, Equa-

tions (10)�(14)).

The parameters from Equations (2.6)�(2.10) represent to a good �rst-order approx-

imation the real physial parameters. These an be used, for example, to identify

massive ompanions whih might be less interesting to follow up. However, the as-

sumptions made are often over-simpli�ations, and a more preise light urve �tting

is obtained by inluding the e�ets of limb darkening and eentri orbits. This �rst

requires a model to desribe the light urve theoretially as a funtion of the physial

parameters, e.g., using the formulation of Mandel and Agol (2002). In a seond step,

all parameters are varied numerially within physially meaningful ranges in order

to obtain the best agreement between modeled and measured stellar �ux.
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Complementarity to the Radial Veloity Method

Sine transiting exoplanets are orbiting in a plane that is almost parallel to the

line of sight (i ≈ 90◦), both the stellar re�ex motion and the RV amplitude are

lose to maximal (Equation (2.3)). Provided it an be measured with su�ient

preision, additional RV data bring two important advantages. First, the planet is

then on�rmed with an independent method. Seond, the planetary mass Mp an

be determined exatly by ombining the inlination i from the transit light urve

with the mass estimation Mp sin i from the RV method. Thus, together with the

radius rp, the ombination of both methods yields the density of extrasolar planets.

This enables an initial haraterization, e.g., to distinguish between gas and roky

planets. Suh information is only available for transiting planets to date.

Disoveries

The �rst extrasolar transits were observed independently by Henry et al. (2000) and

Charbonneau et al. (2000) for the planet HD209458 b that was previously known

from RV measurements. Two years later, Udalski et al. (2002b) reported the �rst

planet disovered by the transit method. Today, we know 234 transiting extrasolar

systems with a total of 289 planets

1

, having orbital periods as short as 11 hours

(Kepler-42; Muirhead et al. 2012) up to 303 days (Kepler-47; Orosz et al. 2012)

and radii between 0.57 r⊕ (Kepler-42d; Muirhead et al. 2012) and 2.0 rJ (HAT-P-32b;

Hartman et al. 2011b).

Detetion Probability

The probability to detet a transiting exoplanet is onstrained by a number of fators,

inluding the number of stars surveyed, the ahievable photometri preision, the

geometri probability for a favorable orbital alignment, and the observational time

series. Beatty and Gaudi (2008) derived a general formalism to predit the detetion

yield N
det

based on the parameters of a given survey. They de�ne (Equation (1))

d6N
det

drp dp dM⋆ dr dl db
= ρ⋆(r, l, b) r

2 cos b
dn

dM⋆

df(rp, p)

drp dp
· p

det

(M⋆, r, rp, p), (2.11)

whereby r, l, and b speify galati oordinates,

dn
dM⋆

the present day mass funtion,

and

df(rp,p)
drp dp the probability that a star will possess a planet of radius rp and orbital

period p. The funtion p
det

desribes the probability that a planetary system around

a star of mass M⋆ at distane r presents a detetable transit. It omprises the

probability pg for a transit geometry, observational overage p
win

of the transit, and

the probability p
S/N

of a su�ient signal-to-noise ratio (SNR), i.e.,

p
det

(M⋆, r, rp, p) = p
S/N

(M⋆, r, rp, p) · pg(p) · pwin(p) . (2.12)

The geometri probability for observing a transit is given by (e.g., Barnes 2007,

Equation (8))

pg(a(p)) =
r⋆ + rp

a · (1− e2)
, (2.13)

1

www.exoplanet.eu (Shneider et al. 2011), as of 21th November 2012
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2.2 Transit Method

Table 2.2: Transit method harateristis � the Solar System as a showase (after Titz-Weider

2006).

Planet a [au℄ p [yr℄ rp [r⊕℄ δF [%℄ T14 [h℄ pg [%℄

Merury 0.39 0.24 0.38 0.0012 8.1 1.2

Venus 0.72 0.62 0.95 0.0075 11 0.64

Earth 1.0 1.0 1.0 0.0084 13 0.47

Mars 1.5 1.9 0.53 0.0024 16 0.31

Jupiter 5.2 12 11 1.0 30 0.089

Saturn 9.6 30 9.4 0.75 40 0.048

Uranus 19 85 4.0 0.14 57 0.024

Neptune 30 165 3.9 0.12 71 0.015

Notes. In addition to the orbital period p, the semi-major axis a, and the planetary radius rp, the
relative derease in solar �ux δF , the total transit duration T14, and the geometri probability pg
(Equation (2.13)) are given for eah planet.

whereby a indiates the planet's semi-major axis, e its eentriity, and r⋆ and rp
the stellar and planetary radius, respetively. The proportionality to 1/a auses the

transit method to be most sensitive to lose-in planets, for whih pg an reah values

larger than 10% (see, e.g., Kane and vonBraun 2009, Table 1). For omparison,

Table 2.2 lists the geometri probability to see a Solar System planet transiting

if observed from a random diretion. While Merury has a probability of 1.2%,

Earth ould only be seen in transit from 0.47% of all possible viewing angles. In

order to ounter suh relatively small hanes, transit searhes ommonly target

very large (N⋆ ≫ 104) stellar samples.

Typially, a transit detetion requires the observation of at least three transit

events (Rauer and Erikson 2007). From ground, the diurnal yle limits the orbital

overage p
win

to periods of up to a few weeks; however, it an be inreased signif-

iantly through observations with networks, or from spae (see, e.g., Rauer et al.

2008a; von Braun et al. 2009).

Photometri Preision and Current Detetion Limits

The derease in �ux that is to be measured by the transit method is typially in

the range δF . 1%. Table 2.2 gives δF in the Solar System: Jupiter, the largest

planet, would oult about 1% of the solar disk if transiting � a signal that is well

detetable with urrent tehnology. The signals of Neptune and Uranus (δF ≈ 0.1%)

are at the limit of present ground-based instrumentation (e.g., the 60 m TRAPPIST

telesope with a photometri error of ∼ 0.1%, Gillon et al. 2012), but an be quite

easily deteted from spae. Transits of Earth-sized planets ause only a tiny derease

of about 0.01% in the stellar �ux and are thus the exlusive domain of spae-based

observatories suh as CoRoT and Kepler. Their preision enabled the �rst detetion

of a terrestrial planet (Corot-7b; Léger et al. 2009; Queloz et al. 2009; Hatzes et al.

2011) and has today reahed a level that is su�ient to measure transit signals of

Earth-sized extrasolar planets around Sun-like stars (Kepler-20e with 0.868 r⊕ and

Kepler-20f with 1.03 r⊕; Fressin et al. 2012).

Sine the transit signal is determined by the radius ratio of planet to star (Equa-

tion (2.6)), the stellar size also onstrains the detetability of a transit. On the one

hand, large early-type stars signi�antly ompliate the transit detetion, and the

vast size of giants makes it � at least for now � impossible to measure planetary

transits for suh stars. On the other hand, the smaller size of late-type stars fail-
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itates the detetion of transit signals. Thus, the detetion limit is shifted towards

smaller planets for M-type stars (e.g., GJ 1214b, a 2.68 r⊕ small planet deteted from

ground; Charbonneau et al. 2009), whih are expeted to show transit depths of up

to 7% (Haghighipour et al. 2010).

Another ompliation arises from intrinsi stellar variability, e.g., due to the ro-

tation of spots. At least for small planets, the orresponding variation is typially

larger than the transit signal itself (Alapini and Aigrain 2009). Espeially for the

detetion of Earth-sized planets with spae-based surveys, several tehniques have

thus been set up to �lter stellar variation (e.g., Aigrain et al. 2004; Bonomo and

Lanza 2008; Bonomo et al. 2009).

False Alarms

A small periodi derease in the stellar �ux an have various auses other than a

planetary transit. First, instrumental e�ets an indue systemati trends into the

light urve that an be mistaken as a transit. However, suh false alarms an usually

be identi�ed relatively easily by areful analysis of the photometri time series alone.

Seond, ertain stellar on�gurations an also mimi a planetary transit � Figure 2.3

shows some prevalent ases. Most ommonly, binary stars are mistaken for planetary

transits beause the elipse an be grazing (a), a large primary (e.g., a giant star) an

yield a small radius ratio (b), or the target PSF an be diluted with third light from

an unresolved bakground binary (d). Less frequently, spots an mimi a transit-like

signal ().

(a) (b) () (d)

Figure 2.3: Common auses for false alarms in transit searhes: (a) Grazing elipses, (b) small

stellar ompanions, () star spots and (d) bakground elipsing binaries. (Copyright R. Titz-Weider,

reprinted with permission (see also Titz-Weider 2006).)

Unfortunately, the number of astrophysial false positives is generally muh higher

than the �nal number of detetions. Reent studies have shown that one on�rmed

planet is only ontained in a sample of approximately 10�20 andidates that re-

quire follow-up observations (e.g., Brown 2003; Pont et al. 2005; Alonso et al. 2007;

Almenara et al. 2009; Evans and Sakett 2010; Carone et al. 2012).

Astrophysial false positives often pose a signi�ant hallenge to the transit method

and frequently require additional observations to be solved without ambiguity. How-

ever, the apaity of suitable failities to perform suh observations is regularly out-

numbered by the number of andidates. Therefore, all suessful transit surveys have

developed extensive strategies to exlude false positives (see, e.g., SuperWASP �

Collier Cameron et al. 2007; Kane et al. 2008; OGLE � Pont et al. 2005; CoRoT �

Cabrera et al. 2009; Deeg et al. 2009; Moutou et al. 2009). After areful light urve

analysis, these generally aim for a andidate prioritization, whih is used to shed-

ule further observations with inreasing order of omplexity. The follow-up proess
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inludes photometry at higher angular resolution to exlude bakground elipsing

binaries with a higher on�dene and an initial spetral lassi�ation whih allows

rejetion of large host stars. For the andidates presented in this work, these proe-

dures are desribed in detail in Chapter 8. If all tests are passed suessfully, then

RV measurements are obtained for the best and most interesting andidates in order

to �nally on�rm the planetary nature and to determine the planetary mass.

Additional Charaterization for Transiting Exoplanets

In addition to the important density estimation, transiting planets uniquely provide

a multitude of additional haraterization possibilities whih are not available for

other planets. Most importantly, the oultations allow the disentanglement of the

planetary signal from the starlight and, thus, a spetrum of the planet an be ob-

tained (e.g., Burrows et al. 2008). Its analysis an yield important information about

the planet, suh as its atmospheri temperature or omposition.

Further examples inlude the measurement of the angle between the stellar rotation

axis and the orbit using the Rossiter-MLaughlin e�et (e.g., Triaud et al. 2010), or

the possibility to detet additional bodies in the system through Transit Timing

Variations (TTV; see, e.g., Heyl and Gladman 2007).

Therefore, despite the hallenges of the method suh as its need for a rare geometri

alignment, the searh for transiting systems is ontinuing with unwaning interest.

2.3 Other Indiret Methods

Astrometry

The measurement of elestial positions is termed astrometry. If a star has a planet, it

revolves periodially around the ommon baryenter (Figure 2.1). Astrometry aims

to detet this movement by obtaining preise positions during di�erent phases of the

orbit. In omparison to the RV method (Setion 2.1), astrometry also probes the

stellar re�ex motion, but perpendiular to the line of sight. With measurements in

the two angular dimensions, it is � in ontrast to the RV method � in priniple able

to determine the orbital inlination and planetary mass.

The astrometri signature is given by Perryman (2011) as

α ∼=
(
Mp

M⋆

)( a

1 au

)( d

1p

)−1

arse, (2.14)

whereby a is the planetary semi-major axis, and d denotes the distane to the star in
parse. The value α is the stellar semi-major axis projeted onto the elestial sphere,

i.e., it determines the maximum signal (for inlination i = 0) that an be expeted

in astrometri measurements for a given star-planet on�guration.

As Equation (2.14) shows, the astrometri method is most sensitive to heavy plan-

ets in large orbits around nearby stars. However, the amplitude is typially very

low (α≪ 1′′/1000 ≡ 1mas) for urrently known exoplanets. As an example, the Sun

shows an apparent angular orbit of α = 0.5mas when seen from 10 p distane.

Sine the ahievable preision is only starting to enter this range, no on�dent

extrasolar planet detetion has been announed via astrometry up to now. With

a preision of ∼ 1mas, the Hipparos mission (ESA 1997) and the Fine Guidane
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Sensor on the Hubble Spae Telesope (HST; Bradley et al. 1991; Benedit et al.

1994) provide the most aurate astrometry available to date. The latter has been

used suessfully for dediated observations of exoplanets, yielding either a on-

�rmation of the planetary nature (e.g., GJ 876b, a 1.89MJ planet with a signal

of α = (0.25 ± 0.06)mas; Benedit et al. 2002), or a rejetion beause the seondary

objet is too heavy to be a planet (e.g., the brown dwarf ompanion to HD136118;

Martioli et al. 2010). A breakthrough ould ome with the next-generation spae

mission Gaia (Perryman et al. 2001; Lindegren 2010): With an astrometri prei-

sion of 8µas, it is expeted to �nd several thousands of giant planets with orbital

separations up to 3�4 au within 200 p distane (Casertano et al. 2008).

Mirolensing

The mirolensing method uses an e�et of general relativity to detet extrasolar

planets. Sine matter hanges the geometry of spaetime, light passing a massive

body is de�eted. In astronomy, this phenomenon an be observed if two objets

are aligned almost perfetly along the line of sight. The light of the bakground

objet (soure) an then be ampli�ed through the gravitational perturbation of the

foreground objet (lens). The e�et is alled mirolensing if both objets annot be

spatially resolved, but only be deteted indiretly through the magni�ation.

Sine the on�guration of soure, lens, and observer hanges due to their relative

motion, the magni�ation event an be sampled with photometri time series. The

areful analysis of the light urve thereby forms the basi priniple for deteting

extrasolar planets: If a planet is aompanying the foreground star, it an ause

additional lensing events (see, e.g., Wambsganss 2011).

Searh projets monitor a very large number of stars and fous on dense regions

in the sky, e.g., the galati bulge, beause the probability for observing a single

mirolensing event is in the order of 10−8
(Perryman 2011). The neessity to over

a lensing event as ontinuously as possible by photometri measurements sets fur-

ther observational onstraints. However, the two large mirolensing surveys MOA

(Abe et al. 1997) and OGLE (Udalski 2003) have meanwhile deteted a total of 16

extrasolar planets.

2

Main limitations of the method are that the observed systems are typially rather

distant (few kp), and the uniqueness of the geometry does not allow for any addi-

tional measurements. In spite of that, mirolensing surveys exhibit several advan-

tages over other methods: Mirolensing an more easily detet small planets (Earth

mass and below), or so-alled ��oating planets� whih are not bound to any star

(Sumi et al. 2011). Furthermore, the method is most sensitive to orbital distanes

of 0.6�1.6 au, i.e., inluding the interesting habitable zone of main sequene stars. It

is also not biased towards a partiular type of host star, so that the surveyed stellar

sample an usually be onsidered more representative ompared to other methods

(e.g., Gould et al. 2010). However, the statistis drawn from mirolensing surveys

� suh as the reent analysis of planetary abundane by Cassan et al. (2012) � still

involve rather large unertainties due to the small number of deteted planets.

2

www.exoplanet.eu (Shneider et al. 2011), state of 21th November 2012
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3 Transit Searh Projets

Sine the �rst disovery of an extrasolar planet, numerous projets have been set up

for deteting transiting planetary systems using large photometri surveys.

Ground-based projets have mainly developed two di�erent strategies to meet

the requirements of monitoring as many stars as possible with a high photometri

preision. One is to survey bright stars in relatively large �elds of ∼ 50 deg

2
(e.g.,

SuperWASP, Pollao et al. 2006; HAT, Bakos et al. 2002, 2004; XO, MCullough

et al. 2005), while the other aims to monitor fainter stars in small �elds of ∼ 1 deg

2

(e.g., OGLE, Udalski et al. 2002a; Lupus, Bayliss et al. 2009). Projets targeting

large �elds have been more suessful in planet detetions. In partiular, they sur-

vey brighter host stars whih enable better follow-up on�rmation and planetary

haraterization.

Figure 3.1: Transit searh with BEST II in the southern sky.

Transit searhes from spae generally yield superior results to ground-based projets

for two main reasons. First, the absene of atmospheri disturbanes inreases the

ahievable photometri preision and thus allows the detetion of signi�antly smaller

planets. Seond, observations from spae an yield largely uninterrupted time series,

so that the range of deteted planets is extended towards larger orbits.

A �rst transit searh from spae was performed using the HST for seven days

in 2004 (Sahu et al. 2006). Two years later, CoRoT was launhed as the �rst

spae mission with transit searh as one of its prime sienti� objetives. In 2009,

CoRoT was followed by a seond-generation transit searh mission, the Kepler spae-
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3 Transit Searh Projets

raft (Boruki et al. 2010). Several additional spae missions are urrently being

planned and proposed. They fous in partiular on the detetion and harater-

ization of small planets around bright targets (e.g., PLATO, Catala 2009; TESS,

Deming et al. 2009; THESIS, Swain et al. 2010; EChO, Tinetti et al. 2012).

This hapter introdues three transit searh projets that are overed in this the-

sis, namely CoRoT (Setion 3.1), BEST/BEST II (Setion 3.2), and ASTEP (Se-

tion 3.3). For a omprehensive overview of past, present, and future transit searh

projets, see, e.g., Perryman (2011).

3.1 CoRoT

The CoRoT spae mission (Baglin et al. 2006) has two main sienti� objetives: To

measure the osillations of stars (termed asteroseismology), and to searh for transit-

ing extrasolar planets. It is led by the Frenh Spae Ageny (CNES) in ollaboration

with several international partners, inluding DLR.

CoRoT was launhed on 27th Deember 2006 into a polar orbit, whih onstrains

the observations to two large �eyes� in the sky. Fields are either monitored in Long

Runs (LR, 60�150 days) or Short Runs (SR, 20�60 days). The nominal duration of

CoRoT was 2.5 years, but the mission has already been extended twie; it is now

foreseen to operate until 2015. By 30th April 2012, 155,303 stars have been observed

in 23 �elds.

The telesope has an aperture of 27 m, overs a FOV of 2◦.70 × 3◦.05, and is

equipped with four 2k× 2k Pixel CCDs (two for asteroseismology and two for tran-

sit searh) to perform high-preision photometri measurements at optial wave-

lengths (Bodin 2006). Sine Marh 2009, only one CCD is operational in eah siene

topi. In the exoplanet hannel, starlight passes a bi-prism so that light urves are

obtained in three di�erent spetral bands. This additional olor information an be

used to distinguish the nearly ahromati transit signal from olor-dependent stellar

�utuations (Barge et al. 2006).

So far, the sienti� results of the CoRoT mission have already made an invaluable

ontribution to both of its main �elds of researh:

In asteroseismology, CoRoT an measure stellar osillations on the ppm level.

For the �rst time, this allowed the preise haraterization of solar-type osillations

on stars other than the Sun (e.g., Appourhaux et al. 2008; Mihel et al. 2008). It also

initiated extensive researh through its apability to study di�erent types of stars,

e.g., red giants (e.g., De Ridder et al. 2009; Baudin et al. 2011), massive stars (e.g.,

Belkaem et al. 2009; Degroote et al. 2010a, b), or δ Suti pulsators (e.g., Poretti

et al. 2009, 2010). Furthermore, an asteroseismi analysis of stars aompanied by a

planet yielded improved parameters for both the host star and its ompanion in two

ases (HD46375, Gaulme et al. 2010; HD52265, Ballot et al. 2011).

In the exoplanet �eld, CoRoT has disovered 26 on�rmed transiting planets to

date (two of them deteted by RV follow-up) and one brown dwarf. These inlude

some very interesting objets whih have been subjet to extensive further hara-

terization and theoretial studies. For example, the ultradense planet CoRoT-20b

(rp = 0.84 rJ , Mp = 4.24MJ , Deleuil et al. 2012) is urrently hallenging planetary
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3.2 Berlin Exoplanet Searh Telesopes (BEST/BEST II)

formation models. With a small radius of rp = (1.68 ± 0.09) r⊕, CoRoT-7b was the

�rst transiting Super-Earth and set a new benhmark for photometri detetions

(Léger et al. 2009; Queloz et al. 2009; Hatzes et al. 2011).

Furthermore, CoRoT's preision proved to be su�ient to measure seondary elipses

and phase variations in the optial (Alonso et al. 2009; Snellen et al. 2009), whih

an be used to onstrain the planetary albedo and heat distribution. The long duty

yle and photometri preision ahievable from spae also allowed the detetion of

transiting planets with very long orbital periods (CoRoT-9b with 95 days, Deeg et al.

2010), and planets around very ative stars like CoRoT-2 (Alonso et al. 2008). The

areful analysis of suh light urves annot only yield valuable information about

the planet itself, but also about its interation with the star (for a reent review,

see Lanza 2011) and the stellar surfae (e.g., Fröhlih et al. 2009; Wolter et al. 2009;

Huber et al. 2010; Silva-Valio et al. 2010).

3.2 Berlin Exoplanet Searh Telesopes (BEST/BEST II)

The Berlin Exoplanet Searh Telesopes BEST (Rauer et al. 2004) and BEST II

are two small aperture telesopes that are operated by the Institute of Planetary

Researh at DLR Berlin. The spei�ations of both are summarized in Table 3.1.

Their primary siene objetive is to support CoRoT (Setion 3.1) by harateriz-

ing the stellar variability in its target �elds. Although the spae mission provides a

muh better photometri preision, the on�rmation of planetary andidates gener-

ally requires additional measurements from ground. In partiular, the relatively large

CoRoT PSF of 35′′×23′′ (Deeg et al. 2009) an inlude unresolved bakground stars

that are the most ommon soure for false positive detetions (see also Setion 2.2).

BEST II an solve some of these ases through separating the light of individual

objets. Both BEST telesopes are part of a broad e�ort of photometri follow-up

for CoRoT planetary andidates as desribed by Deeg et al. (2009).

Until August 2011, BEST and BEST II light urves have been analyzed as part of

the follow-up proess of 253 CoRoT planetary andidates (109 with BEST and 144

with BEST II; Titz-Weider, DLR internal report 2011). Out of these, eight ould

Table 3.1: Tehnial spei�ations of BEST and BEST II.

BEST BEST II

Main Telesope Guider Main Telesope Guider

Telesope Shmidt-Cassegrain Lihtenkneker Takahashi BRC-250 TEC APO 140 ED

� Aperture 195mm 90mm 250mm 140mm

� Foal Ratio f/2.7 f/10 f/5 f/7

Instrument Apogee AP 10 SBIG ST-4

1)
FLI IMG-16801E2 SBIG ST-1603 ME

2)
FLI PL16801-1

� CCD Size 2048× 2048 192× 164 4096× 4096 1530 × 1020
� Pixel Size 14 µm × 14 µm 14 µm × 16 µm 9 µm × 9 µm 9 µm × 9 µm

� Pixel Sale 5

′′.5/Px 1

′′.4�1′′.6/Px 1

′′.5/Px 1

′′.9/Px
� Field of View 3◦.1× 3◦.1 4′.5× 4′.5 1◦.7× 1◦.7 0◦.8× 0◦.5
Mount M100B German equatorial GM4000 German equatorial (10miron)

Loation Observatoire de Haute-Provene Observatorio Cerro Armazones

E05

◦42′44′′ N43◦55′54′′ (650m) W70

◦11′35′′ S24◦35′24′′ (2840m)

1) until 07/2011
2) from 08/2011

� For details on the main BEST II instrument, see also Appendix A.1.
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be rejeted beause they were found to be ontaminated by a lose elipsing binary

or variable star. For two andidates, the small signal was on�rmed on target. The

rest either showed no ontamination within the angular and photometri resolution

of BEST/BEST II or were not observed during expeted transit times (in partiular

when measurements had been obtained prior to the satellite). Furthermore, transits

of the two planets CoRoT-1b and CoRoT-2b were observed by BEST before CoRoT

deteted them (Rauer et al. 2010). Although the limited duty yle of BEST was not

su�ient to diretly detet them in the data, the light urves were readily available

to on�rm the detetion.

In addition, eah BEST/BEST II data set is analyzed for stellar variability. In

total, more than 300,000 light urves have already been investigated (not inluding

this work; see Chapter 9 and Table 9.5 for a omparison). The results are regularly

announed to the sienti� ommunity and have led to the detetion of several hun-

dred variable stars (Karo� et al. 2007; Kabath et al. 2007, 2008, 2009a, b; Pasternaki

et al. 2011).

BEST

The �rst BEST system was installed at the Thüringer Landessternwarte Tauten-

burg (TLS), Germany, in 2002. In 2004, it was moved to the Observatoire de Haute-

Provene (OHP) in Frane with improved weather onditions in order to inrease the

observational duty yle. While the ommissioning phase in Tautenburg foused on

transit searh (Rauer et al. 2004; Voss 2006), the observation of CoRoT �elds was

started at OHP (Kabath 2009).

BEST is desribed in detail by Rauer et al. (2004) and Voss (2006). It onsists of

a 19.5 m aperture Shmidt telesope and a small refrator for guiding. The main

instrument omprises a CCD with 2k×2k Pixel that overs a FOV of 3◦.1 × 3◦.1,
resulting in a sale of 5′′.5/Px. An observer an operate the system from Berlin.

BEST II

A seond telesope, BEST II (Figure 3.1), was installed in the Chilean Ataama

desert in 2007. It is loated at the Observatorio Cerro Armazones (OCA, Figure 3.2),

whih is operated by the Astronomial Institute of the Ruhr-Universität Bohum.

The OCA is loated 22 km away from the large ESO (European Southern Observa-

tory) failities at Cerro Paranal, and in the immediate viinity to Cerro Armazones.

The latter has reently been seleted in an extensive site testing ampaign for the

future 40m-lass European Extremely Large Telesope (E-ELT, ESO 2010).

The Chilean loation has muh more favorable onditions for �nding extrasolar

planets ompared to BEST. First, the duty yle is signi�antly inreased and thus

allows for a better time overage: Disregarding tehnial or planned downtime, ob-

servations with BEST II yielded a duty yle of 66% in the period from 2009�2012

(see Setion 4.1), while BEST typially reahed a value of 40% (Kabath 2009). Se-

ond, the photometri onditions in the Chilean desert are exellent, allowing mmag-

preision over a whole observing season (see Setion 4.3).
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Figure 3.2: BEST II in the Chilean Ataama. The Observatorio Cerro Armazones sits on the

smaller mountain on the left (Cerro Murphy, 2840m), while Cerro Armazones rises 3060m high in

the bakground. The baseamp failities an be seen at the lower right orner of the piture.

(a) First generation (until July 2011) (b) Seond generation (sine August 2011)

Figure 3.3: Main BEST II instrumentation.

BEST II onsists of a 25 m-aperture Baker-Rithey-Chrétien re�etor and a 14 m-

aperture guiding refrator. The main instrument is a 4k×4k CCD by Finger Lakes

Instrumentation with a pixel sale of 1′′.5/Px and a FOV of 1◦.7 × 1◦.7 (Table 3.1).

The system and its implementation phase are desribed in detail by Kabath (2009).

The instrumentation was hanged by myself during a maintenane visit from 19th

July to 4th August 2011 (Figure 3.3): While BEST II observed without �lter and

a �xed foal length in its initial setup, the new instrument ontains a CCD with a

shorter readout time, a �ve-position �lter wheel (FLI CFW-4-5) and a fous unit (FLI

ATLAS). The tehnial performane of the new instrument and the advantages for

sienti� observations are desribed in Appendix A.1; however, all data and results

presented in this thesis have been obtained with the original amera.

The pointing stability of the telesope is very good, i.e., stars lose to the edge

of the FOV are also overed well over a whole observing season. Within this work,

it was be optimized from an initial variation of several ar minutes (286Px ≡ 7′.15)
down to ∼ 10�15′′. The pointing improvement is desribed in Appendix A.2.
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Observations are performed in a roboti mode and require a minimum of user

interation. It is limited to the preparation of an observing sript, the assessment

of the loal weather situation using foreasts from Paranal and life data from an

on-site weather station, and a remotely ontrolled opening and losing of the roof.

The system is very stable and usually requires only one or two maintenane visits

per year. Due to a small ommuniation bandwidth, suh visits were also neessary

to transport the observational data on hard disks to Europe. This situation hanged

with the establishing of a �ber link onnetion in Otober 2010, after whih all data

an be transfered through the network. An overview of the observations obtained

with BEST II will be presented in Chapter 4.

3.3 ASTEP

The Antarti Searh for Transiting ExoPlanets (ASTEP) projet omprises two

small telesopes at Dome C, Antartia. Its main sienti� objetives are �rst, to

assess the photometri quality of Dome C and seond, to searh for transiting plan-

ets (Fressin et al. 2006; for the motivation to perform astronomy from Antartia,

see also Setion 1.3). It is operated by an international onsortium under the re-

sponsibility of the Observatoire de la C�te d'Azur and the Laboratoire Universitaire

d'Astrophysique de Nie. Figure 3.4 shows the two ASTEP telesopes in Antartia.

Figure 3.4: ASTEP at Dome C, Antartia. The dome in the foreground houses ASTEP400, while

the small box to its left ontains its smaller predeessor ASTEP South. Further AstroConordia

instruments are operated from the two wooden mounts on the left, while the Conordia station itself

an be seen in the bakground on the right. (Copyright E. Aristidi (winterover 2011); reprinted

with permission.)

ASTEP South

ASTEP South (Crouzet et al. 2010) is a small telesope with an aperture of 10 m

that has been operating at Dome C sine 2008. Its design is as simple as possible

without moving parts. It is maintained in a thermalized enlosure on a �xed mount

and onstantly points at the South Pole. The instrument is a 4k×4k Pixel CCD (FLI

ProLine 16801, i.e., the same as the new amera for BEST II) that overs a FOV
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of 3◦.88 × 3◦.88 with an angular resolution of 3′′.41/Px. A long pass �lter is used to

exlude wavelengths λ . 600nm.

A preliminary analysis of the data set from winter 2008 yielded initial insights

into the photometri quality of Dome C. Crouzet et al. (2010) showed that the Sun

a�ets the photometri measurements if it rises higher than −13◦ above the horizon,
and that in�uenes due to the Moon or aurorae are negligible. Exellent weather

onditions were reported for 56�68% of the winter time, whih yields a signi�antly

inreased detetion e�ieny estimate ompared to temperate sites suh as La Silla.

The detailed analysis of the ASTEP South observations inluding the searh for

transiting planets is ongoing (Crouzet et al. 2012).

Figure 3.5: The ASTEP400 telesope overed with ie after a period of high humidity.

(Copyright D. Mekarnia (winterover 2011); reprinted with permission.)

ASTEP 400

ASTEP400 (Fressin et al. 2006; Daban et al. 2010; Crouzet et al. 2011) is at the heart

of the projet. It has an aperture of 40 m and is being operated on an Astrophysis

AP3600 mount that was modi�ed to operate down to −80◦C (Figure 3.5). In order

to stabilize the optial path and to allow for all eletroni devies to operate properly,

all foal instrumentation is kept in a thermalized enlosure (Figure 3.6). It ontains

two CCDs, orretion lenses, and a dihroi mirror. The latter is used to forward the

blue part (λ . 550nm) of the light beam to the guiding amera (SBIG ST402M),

while the red part (λ & 550nm) is re�eted to the main fous with the siene

amera. It is the same instrument as used for ASTEP South and BEST II (FLI

ProLine 16801). The 4k × 4k Pixel CCD overs a FOV of 1◦.0× 1◦.0, thus providing
an angular resolution of 0′′.9/Px.
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Figure 3.6: Foal box of ASTEP400, ontaining the two CCDs. (Copyright Daban et al. (2010);

reprinted with permission of the authors.)

The ASTEP400 telesope was installed at Dome C during the summer ampaign

2009/2010 and ahieved �rst astronomial light on 25th Marh 2010. While the

�rst half of the winter 2010 was interrupted by some tehnial problems with the

mount/guiding and iing on the main mirror, observations ran rather smoothly dur-

ing the seond half (June to September). The sienti� program of the �rst season

onsisted mainly of

� ontinuous monitoring of �ve subsequent target �elds (ASTEP-Exo1�Exo5)

whih had been seleted for transit searh and

� long time series observations of the two transiting planets WASP-18b and

WASP-19b.

The above was omplemented by shorter observations of four M dwarfs for transit

searh and the follow-up of a few mirolensing alerts. The seond season in 2011 fo-

used on ten target �elds for transit searh (inluding the ASTEP-Exo5 �eld already

observed in 2010), whih were monitored for periods between 3 and 15 days (Aristidi

and Mekarnia 2011).

Sine the amount of data aquired exeeds the ommuniation bandwidth of the

Conordia base (e.g., 7.5TB of ASTEP400 data in 2011 ompared to a bandwidth

of 1MB per day and sientist), the bulk of data must be transported to Europe on

hard disk. Thus, the full data analysis typially starts at least half a year after the

observations.

In 2010, two of the ASTEP target �elds and the planet WASP-18b were observed

with ASTEP400 and BEST II together. These data were analyzed within this work

in order to ompare the two sites regarding the potential for transit searh and to

assess the feasibility of suh joint observations. The data redution and sienti�

analysis will be presented in Chapter 10.
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4 BEST II Observations

This hapter desribes the urrent observing strategy of BEST II and haraterizes

new target �elds that were seleted and monitored for transit searh.

The �rst Setion 4.1 gives an overview of the data obtained with BEST II from

2007�2011. This inludes observations that were taken expliitly for the purposes

of this work (suh as transit searh or joint observations with ASTEP), as well as

measurements obtained in other ontexts (suh as observations of known planets).

While the telesope maintenane and planning of observations formed an integral

part of this work, observations themselves have been distributed equally amongst a

team of observers

1

.

Figure 4.1: First light of the new BEST II amera with �lters (see tehnial desription in Se-

tion 3.2 and Appendix A.1). The image shows a olor-omposite of the Lagoon nebula (M8), a

giant interstellar loud in Sagittarius. It is staked from 44 individual frames taken in B, V and R
�lters during the nights of 25th and 29th July 2011. The total exposure time is 382 s.

Setion 4.2 introdues the BEST II target �elds F17�F19 that have been seleted

and observed for the purpose of transit searh. These are haraterized further

onerning their photometri quality (Setion 4.3) and the expeted detetion yield

of transiting planets (Setion 4.4). Finally, Setion 4.5 summarizes this hapter.

1

J. Cabrera, Sz. Csizmadia, P. Eigmüller (sine August 2011), T. Fruth, P. Kabath (until June

2009), and T. Pasternaki
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4.1 Overview

BEST II was built to support the CoRoT mission with ground-based observations

(see Setion 3.2), whih is why the observing strategy is strongly foused on CoRoT

target �elds. However, sine there exists a reasonable amount of time between CoRoT

observations, the BEST II shedule an be assigned additional sienti� targets.

The BEST II projet obtained sienti� data during more than 500 nights within

its �rst �ve years of operation, i.e., from 2007 to 2011. Observations have been

performed about every seond night when the system is fully operational (Figure 4.2).

However, larger tehnial problems suh as the breakdown of the main PC in summer

2008 or of the uninterruptible power supply in winter 2010/11 required maintenane

visits and therefore aused longer observing breaks.

Figure 4.2: Number of nights observed with BEST II (per month).

Figure 4.3: Usage of BEST II, ompiled from manual entries in the observer's log for 1,051 on-

seutive nights (21/04/2009 to 30/04/2012). The onditions are assessed on a nightly basis by the

observer; normally exluded are three nights around full Moon, nights with louds visible at the

loal sky at dusk, or with wind speeds larger than 15m/s.

Sine early 2009, an improved nightly log is kept that inludes both the observed

target �elds as well as information about nights in whih no observations ould be

obtained. In average, BEST II aquired data in about every third night within this

period. As an be seen in Figure 4.3, tehnial problems are the dominant reason for

not observing. Thereafter, the main environmental limitations are given by strong

winds and louds, together preventing observations for about two months per year

in total.
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Table 4.1: Field observations obtained with BEST II during the years 2007�2011

Field

Coordinates (J2000.0)

Season

#Nights

∆T
#Fra- #Stars

α δ obs./phot. mes Total σ≤0.01

LR02ax† 18h41m02s +07◦12′54′′ 16/07/07�21/08/07 20 / 20 240 s 373 43,616 660

LR02by† 18h43m33s +05◦59′53′′ 16/07/07�21/08/07 17 / 17 240 s 232 54,603 2,130

LRa02a (v5) 06h50m46s +03◦59′31′′ 29/11/07�28/02/08 41 / 41 240 s 765 44,124 2,512

LRa02b (v4) 06h51m14s +05◦26′16′′ 29/11/07�28/02/08 40 / 40 240 s 759 76,466 3,004

SRa01a 06h40m27s +09◦40′00′′ 06/12/08�10/02/09 50 / 48 120 s 1,384 41,119 628

SRa01b 06h40m38s +08◦21′00′′ 06/12/08�10/02/09 47 / 45 120 s 1,183 54,522 668

SR02 18h59m47s −03◦08′12′′ 04/05/09�27/07/09 32 / 32 120 s 1,288 86,944 3,751

F17 14h24m29s −54◦07′20′′ 20/04/09�22/07/09 40 / 39 120 s 2,259 68,317 3,700

F18 22h52m00s −44◦12′00′′ 19/08/09�27/10/09 28 / 27 120 s 2,266 13,551 448

F19 (v2) 16h26m00s −56◦12′00′′ 24/03/10�21/09/10 70 / 62 300 s 2,855 127,202 11,681

ASTEP-Exo2 16h04m32s −65◦50′35′′ 29/07/10�04/08/10 6 / 6 120 s 391 90,330 8,229

ASTEP-Exo3 15h46m11s −64◦53′33′′ 05/08/10�21/08/10 11 / 11 10 s 360 29,225 206

12 / 12 90 s 437 134,222 6,436

†
Due to pointing problems, �eld LR02 was split into several sub�elds. LR02ax and LR02by refer to the largest

overlap area of individual frames for eah of the two diretions (see Fruth (2008) for details).

Notes. Shown are the enter oordinates, the time range between the �rst and last observing night,

the number of observed/photometri nights within this range, the exposure time ∆T , the number of

aquired frames, and the number of total/low-noise light urves for eah target �eld.

Field observations obtained with BEST II sine its ommissioning in 2007 until the

end of 2011 are shown in Table 4.1. The four most important sienti� projets are

the follow-up observations of CoRoT, the planet surveys on BEST II target �elds,

joint observations with the ASTEP projet, and the observations of known transiting

planets, whih are all brie�y desribed in the following text.

� CoRoT

The mode of ground-based support hanged for BEST/BEST II as the CoRoT

mission evolved. During the initial phase of the projet, most target �elds

were seleted well in advane of the CoRoT observations. Hene, the strategy

of BEST and BEST II was to observe the CoRoT �elds at least one year before

the satellite's pointings. The data were analyzed and ould immediately be

heked for andidates one the �rst satellite observations beame available.

Furthermore, atalogs of stellar variability were published for several CoRoT

�elds based upon BEST/BEST II observations (Karo� et al. 2007; Kabath

et al. 2007, 2008, 2009a, b).

Sine 2009/2010, the oordinates of target �elds are seleted on a shorter notie,

so that they ould not be observed with BEST II prior to the satellite. Pho-

tometri measurements are thus sheduled immediately after CoRoT raises an

alarm on an individual target. Suh observations usually over the full elipse

event as indiated by CoRoT, plus a reasonable period of time before and after.

Altogether, BEST II forms a valuable part of the CoRoT follow-up proess

(Deeg et al. 2009). In addition to the rejetion of several transit andidates

before they would have been observed spetrosopially (see summary in Se-

tion 3.2), BEST II data helped in the on�rmation proess of the planets

CoRoT-17b (Csizmadia et al. 2011) and CoRoT-24b (Alonso et al. 2012).

� BEST II Field Survey

Sine, by 2009 the hanged BEST II observing strategy of CoRoT targets in-

reased the number of otherwise alloatable nights signi�antly, it was deided
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to perform an additional transit survey. The three �elds F17�F19 seleted

within this work have been observed for a total of 138 nights in 2009/2010.

� ASTEP

The purpose of joint BEST II observations with the ASTEP projet is to

ompare the photometri quality of these two exellent sites and to extend

the phase overage of transit searhes. The planet WASP-18b and two �elds

seleted by the ASTEP team for transit searh have been observed by BEST II

for a total of 37 nights in 2010.

� Known Transits

Known transiting exoplanets are observed with BEST II for the following rea-

sons: First, the performane of the whole system an be judged by evaluating

the quality of a real transit light urve, and its limitations � e.g., the observ-

able magnitude range � an be assessed. Seond, deviations from the predited

transit timings ould be measured and then be used to draw onlusions about

a possible third ompanion in the system (e.g., Agol et al. 2005; Holman and

Murray 2005). Third, from observations in di�erent �lters, the planetary pa-

rameters an be improved (e.g., Knutson et al. 2007), and onlusions an

be drawn about the host star's atmosphere from the shape of the transit in

di�erent olors (e.g., Howarth 2011).

Similar to the CoRoT on/o� observations, a full transit is usually observed

together with a few hours spend on the target before and after the predited

event. Meanwhile, BEST II has aquired a large photometri data set on suh

planets; a �rst analysis regarding their transit timing variations has reently

been presented by Stilz (2012).

This thesis fouses on the BEST II transit survey and joint observations with ASTEP.

The seletion of BEST II target �elds was solely obtained in the framework of this

thesis and is desribed together with the observations and their photometri quality

in Setions 4.2 and 4.3. A omparison of BEST II observations with ASTEP data is

presented in Chapter 10.

4.2 BEST II Target Fields F17�F19

4.2.1 Seletion

The proess of target �eld seletion evolved during the lifetime of the BEST/BEST II

projet. For BEST, 16 target �elds, F1�F16, were proposed by Voss (2006), from

whih F2, F8, and F15 were observed extensively from both the TLS and OHP.

The �elds are separated in right asension suh that at least one is well observable

during eah season. They have been seleted manually with the aid of star ounts

from the SIMBAD database and heked not to ontain a large number of galaxies.

Sine they were also required to ulminate lose to zenith, the resulting delinations

of δ = 50◦ ± 2◦ make them unsuitable for observations from Chile.
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4.2 BEST II Target Fields F17�F19

In this work, a quantitative �eld seletion was implemented to provide targets for

the new transit survey with BEST II. Albeit devised for BEST II, the observing site

and instrumental on�guration enter the simulation only as parameters, so that it

ould easily be adapted to other projets.

For ground-based surveys, the detetion e�ieny of transit searhes is espeially

sensitive to the following three riteria:

� Duty Cyle. The amount of time that a target �eld is visible on the night sky

sets the astronomial limit on the duty yle. Together with target-independent

issues suh as bad weather or tehnial problems, it de�nes the window funtion

of any observational ampaign.

� Photometri Quality. Transits an only be deteted in high-preision pho-

tometri time series. For bright stars, one of the main error soures is atmo-

spheri extintion. As the sky position of a target determines its time-varying

airmass X, di�erent �elds show di�erent photometri quality.

� Number of dwarf stars. The number of observed stars should be maximized

in order to yield a high detetion probability (f. Equation (2.11)). However,

more overlapping PSFs inrease the number of false positive transit signals in

very dense target �elds (depending on the spatial resolution), whih must be

balaned against the need for quantity. Furthermore, planets transiting large

stars � suh as giants and early-type dwarfs � produe a very small signal

that is not detetable by ground-based surveys, so that these are usually not

onsidered suitable targets.

The simulation used in the following aims at a quantitative assessment of these

three parameters: After the observing time T1, photometri quality (through mean

airmass X) and number N
st

of suitable dwarf stars are estimated, they are weighted

against eah other in order to ompare a single quantity Θ
(
T1,X,Nst

)
for di�erent

pointings. The proedure is desribed in detail in Appendix B.

The seletion itself is subjet to some input parameters; most important are the

observing site and the time range for whih observations should be obtained. A

ommon example would be to �nd the optimal target �eld for an upoming observing

season at a given site. This then translates into the task of �nding the �eld longest

observable but with the smallest airmass within the given period of time and with

a maximum number of suitable target stars.

F17 and F18

A �rst transit survey was planned for BEST II in 2009. Sine unalloated time

was available at rather short notie, the �rst two target �elds had to be seleted

using already available proedures. For that, the times of planned observations

(April/May for F17 and August/September for F18) were used to alulate possible

observing times and mean airmasses for �elds throughout the sky. The resulting map

of weighted observing times Θ
(
T1,X, 1

)
(see Figure 4.4) was then used to onstrain

the oordinate ranges to �elds visible longest during these periods with a minimum

average airmass. F17 and F18 were then seleted in a similar way as in Voss (2006):

A star atalog was reviewed around the maxima of Figure 4.4 in order to exlude
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(a) F17 (01/04�31/05/2009) (b) F18 (05/08�04/10/2009)

Figure 4.4: Weighted observing time Θ
(
T1, X, 1

)
for two planned seasons of �eld observations

in 2009 (Equation (B.7) without the dependene on stellar density, i.e., with N
st

= 1).

pointings with very bright stars (V < 6mag) or a large number of ontaminating

objets suh as nebulae or galaxies. After a night of test observations, the �eld

oordinates were then �xed (Table 4.1).

F19

After the �rst observations of F17 and F18 had been redued, it was reognized that

both �elds di�ered signi�antly in the numbers of stars suitable for transit searh.

Although the photometri quality is well omparable, only 448 stars were reorded

in F18 with a preision better than 1%, ompared to 3,700 in F17 (Table 4.1). This

di�erene of almost one order of magnitude raised the need for a more quantitative

onsideration of stellar densities for the BEST II �eld seletion.

Thus, the simulation of duty yle and airmasses was omplemented by inluding

an approximation of the number of suitable target stars for the BEST II transit

searh (Appendix B.2). This simulation was �rst used to selet a new �eld for

an observing season lasting from Marh to August 2010. Figure 4.5 illustrates the

seletion proess: First, the number of suitable target stars (Figure 4.5a) was es-

timated for eah diretion in the sky from the target ount in the Besançon input

atalog by subtrating ontaminated stars (Figure 4.5b). Seond, observing times

were weighted against the mean airmass of possible �elds (Figure 4.5) and ombined

with the suitable target ount (Figure 4.5a) to the weighting funtion Θ
(
T1,X,Nst

)

(Equation (B.7), Figure 4.6d). Third, this map was searhed for maxima indiating

well observable �elds with a large number of target stars. Sine signi�ant observing

time was available for the beginning of the planned season, the expanded area shown

in Figure 4.5e was favored over regions with similar values of Θ but with higher right

asension. Fourth, all loal maxima in Figure 4.5e were reviewed using a real star

atalog. The same rejetion riteria as already applied for �elds F1�F18 (i.e., no

bright stars, few nebulae or galaxies) left two promising pointings (white squares in

Figure 4.5e) whih were subjet to test observations with BEST II. Finally, F19 was

seleted beause a �rst ount yielded about 10% more stars than in the seond test

�eld.
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(a) Suitable targets N
st

(α, δ) (b) Contaminated targets N
t

(α, δ)

() Weighted observing time Θ
(
T1, X, 1

)
(d) Weighting funtion Θ

(
T1, X,N

st

)

(e) Weighting funtion Θ
(
T1, X,N

st

)
(Equation (B.7)), region of interest

Figure 4.5: Results of BEST II target �eld simulations (see Appendix B) for seletion of F19.

The small upper plots (a�d) show the numbers of suitable and ontaminated stars, as well as

the weighted observing time and the �nal weighting funtion Θ for the whole sky in the period

24/03�10/08/2010. The surrounding of F19 is marked with a white polygon in Figures (a�d); the

same area is shown expanded in (e) for the main result Θ. The two white boxes in (e) refer to two

seleted target �eld pointings; one of them was �nally observed as F19.
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(a) 2009 (b) 2010

Figure 4.6: BEST II �eld observations during Chilean winters 2009 and 2010. Times of obser-

vations are shown for the �elds F17 (green), F18 (blue), and F19 (violet). For omparison, gray

areas indiate the maximum astronomial visibility b (Equation (B.3), i.e., target �eld 30◦ above

the horizon, Sun below −8◦, et.) of eah respetive �eld.

Figure 4.7: Orbital phase overage of three or more transits for the window funtions of F17, F18,

and F19 (from real observations in 2009 and 2010, see Figure 4.6).
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4.3 Photometri Quality

4.2.2 Observations

All three seleted �elds were observed with BEST II (Table 4.1): F17 from April to

July 2009 for 40 nights, F18 from August to Otober 2009 for 28 nights, and F19

from Marh to September 2010 for 70 nights.

Periods of observations are shown and ompared with the theoretial observability

in Figure 4.6. During phases of a few weeks, eah of the �elds was observed al-

most ontinuously when visible in the night sky. However, interruptions due to bad

weather, full Moon and higher priority targets are also learly visible during large

parts of eah observing run.

The real observing times an be used to estimate the orbital phase overage of

transit events. Figure 4.7 shows the probability p
3

(p) to over at least three transits
as a funtion of the assumed orbital period p for eah of the three data sets. As

expeted for ground-based surveys, a reasonable hane to over three or more events

is only ahieved for lose-in planets, i.e., for periods of less than about 10 days. The

two �elds F17 and F18 show a similar probability, overing orbits up to 1�2 days

ompletely. However, the overage is signi�antly improved for F19: Due to its

signi�antly larger window funtion, periods up to about 3�4 days are overed well.

4.2.3 Number of Stars

An important di�erene between the three �elds is enountered in the number of

observed stars (Table 4.1): The F18 data set ontains only about 13,500 light

urves, whereas F17 has a. 68,000, and measurements have been obtained for more

than 127,000 stars in F19 (for the latter, the �ux threshold f
min

(Setion 5.2.1) was

raised in order to fous the redution on bright targets in this rowded �eld). Most

important is the number of high-preision light urves: The number of stars having

standard deviations σ ≤ 0.01mag is for F19 with 11,681 stars 3.2 times higher than

for F17, and strongly inreased by a fator 26 ompared to F18.

4.3 Photometri Quality

The proedures of photometri data redution will be the subjet of Chapter 5,

and the redution of �elds F17�F19 will be desribed together with the searh for

transiting planets in Chapter 8. In this Setion 4.3 and the next Setion 4.4, the

photometri quality of BEST II is disussed in a more general ontext.

The photometri variation of a single light urve i an be desribed with its stan-

dard deviation σi. Stellar variability adds to σi, so the value only yields a lower

boundary for the photometri noise, but the whole set {σi} an provide an estimate

of the overall noise level. Furthermore, the photometri quality of light urves largely

depends on the stellar �ux f , whih is why it is often investigated in a brightness-σ
diagram. Figure 4.8 shows suh an rms plot for the largest data set of this work.

The noise level is governed by three fators. First, errors due to systemati e�ets

or atmospheri sintillation are proportional to f and yield a onstant relative noise

level σr. Seond, the signal itself is produed by photons arriving at random and
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Figure 4.8: Light urve standard deviation σi vs. median stellar magnitudes m̃i for all stars i in
the BEST II data set F19. The solid red line shows the �t obtained with Equation (4.1), while

the dashed lines show the individual noise fators σr = onst (orange), σ
phot

∝ 1/
√
f (green),

and σ
bg

∝ 1/f (blue). The �t yields σr = 3.23mmag and ∆f
bg

= 26.5ADU.

thus follows a Poisson distribution, i.e., the orresponding photon noise σ
phot

is

proportional to 1/
√
f . Third, unertainties in the bakground �ux level estimation

and noise from the alibration proess (Equation (5.2)) add up to a onstant absolute

error ∆f
bg

in eah pixel, thus yielding a relative noise omponent σ
bg

∝ 1/f . The

ombined relative photometri error σ an be desribed analytially (after Newberry

1991, Equation (12)):

σ ≈

√√√√σ2r +
1

g · f + nap⋆

(
1 +

1

nap
sky

)
·
(
∆f

bg

f

)2

, (4.1)

whereby ∆f
bg

and the stellar �ux f are given in ADU, g denotes the CCD gain

fator, and nap⋆ and nap
sky

speify the number of pixels in the stellar aperture and the

bakground annulus (Setion 5.2), respetively. (The onversion of σ and σr to the

magnitude sale an be obtained via σ[mag℄ = 1.0857 · σ.)
Equation (4.1) was used to �t the lower boundary of the rms plots for all data sets

redued in this work (see example in Figure 4.8). The �t yields an estimate for the

systemati noise σr and the onstant term ∆f
bg

� these results are summarized in

Table 4.2 (f. Table 10.3 for ASTEP data).

The noise omponent σr readily yields a �rst haraterization of the photometri

quality of a given data set. For the �elds F17�F19 whih have been observed and

redued in the framework of this thesis, BEST II reahes a minimum overall noise

level of σr ≈ 3mmag (Table 4.2), whih underlines the quality of the Chilean site to

enable a very high photometri stability over a whole observing season.

However, of similar importane for the detetion e�ieny of photometri surveys
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Table 4.2: Photometri noise levels determined by �tting Equation (4.1) to rms plots (σ, m̃) of
BEST II analyzed in this work.

Field σr ∆f
bg

LRa02a 5.08mmag 21.9 ADU

LRa02b 6.99mmag 22.5 ADU

F17 2.77mmag 15.7 ADU

F18 3.14mmag 14.2 ADU

F19 3.23mmag 26.5 ADU

are the time sales at whih this systemati noise is enountered. For example, the

value σr will be assessed on a nightly basis in Chapter 10 for a site omparison be-

tween Dome C and Chile. For deteting extrasolar planets, however, the amount of

systemati noise within the duration of a transit (i.e., a few hours for hot Jupiters) is

ritial. Kabath (2009) applied the method of Pont et al. (2006) to BEST II obser-

vations and found that about half the overall systemati noise σr was also present at
a typial transit time sale (2�4mmag at 2.5 hours ompared to σr = 6�9mmag in

the �rst redution of the LRa02 �eld). Within this work, the transit detetion yield

is estimated diretly from the photometri noise budget of eah analyzed data set.

4.4 Expeted Detetion Yield of BEST II

Given its high photometri quality, BEST II should be able to �nd transits of Jupiter-

sized planets (having signals of δF ≈ 1%) with a su�ient signal-to-noise ratio. In

addition, the suess of transit searh is onstrained by the stellar and planetary

population in a given �eld, the geometri transit probability, and the observational

duty yle (see Setion 2.2).

This setion presents all relevant harateristis for the �elds investigated in this

work, aiming at an estimation of the detetion yield of BEST II. The idea is to identify

fators that are important for its e�ieny through the omparison of di�erent �elds,

so that the observing strategy an possibly be optimized. Finally, the estimates of

this setion will be ompared with atual �ndings in Setion 8.4.

Model and Assumptions

The following model for estimating the detetion yield builds on the theoretial

framework of Beatty and Gaudi (2008), but uses some simplifying assumptions.

First, the alulation of N
det

(using Equation (2.11)) an be simpli�ed by assum-

ing a single planetary radius of interest (rp ≡ rp0), and by negleting the period

dependeny of the probability p
S/N

for a system to show a detetable transit, i.e.,

p
S/N

(M⋆, r, rp, p) ≈ p
S/N

(M⋆, r) · δ(rp0). (4.2)

The latter assumption an be made sine the number of transits overed with BEST II

observations is typially onstrained to a small range of ∼ 2�4 events, so that av-

eraging individual transits does not yield a signi�ant di�erene in the detetion

sensitivity within the relevant period range (in ontrast to spae missions; f. the

detetion of CoRoT-7b based on 153 individual transits, Léger et al. 2009).
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Seond, the probability df(p)/dp that a star possesses a planet of radius rp0 is

approximately onstant if the period range [p0, p1] is small (e.g., for hot Jupiters).

Thus, it an be estimated with a mean value fp0, i.e.,

fp0 =

∫ p1

p0

df(p)

dp
dp ≈ (p1 − p0) ·

df(p)

dp
. (4.3)

Finally, integration of Equation (2.11) yields

N
det

= N
S/N

· fp0 · ft, (4.4)

whereby

N
S/N

=

∫∫∫∫
ρ⋆(r, l, b) r

2 cos b
dn

dM⋆
· p

S/N

(M⋆, r) dr dl db dM⋆ (4.5)

desribes the number of stars in the �eld with a su�ient SNR to detet a transit,

and the timing fator

ft =
1

p1 − p0

∫ p1

p0

pg(p) · pwin(p) dp (4.6)

enompasses the observational overage p
win

(p) folded with the geometri probabil-

ity pg(p). The latter is alulated using Equation (2.13), Kepler's third law, and the

approximations e = 0, r⋆ = r⊙, M⋆ ≫Mp, and r⋆ ≫ rp, thus yielding

pg(p) ≈
r⊙ + rp0

p2/3
(4.7)

(with p in years, r⊙ and rp0 in astronomial units).

Simulations and Parameters

The alulation of N
S/N

(Equation (4.5)) requires more knowledge than is usually

available a priori: Sine the stellar radii determine the transit depth (Equation (2.6)),

any omparison between the ahieved preision and the preision that is atually

neessary for transit detetion requires information about the stellar population in

a given �eld. The modeling of stellar �elds and its link to observational data now

presented follows the approah of Bayliss and Sakett (2011).

First, the Besançon model of the Galaxy (Robin et al. 2003) is used to assess

the stellar ontent of target �elds. For eah pointing, stars are simulated within

the magnitude range R ∈ [10, 17], and the results are ompared and adjusted to

atalog data: Stars are assigned to bins of 0.1mag within 10 ≤ R ≤ 14.5, and the

total number di�erene between model and star atalog is minimized by varying

the Besançon input parameter av for interstellar extintion in steps of 0.1mag/kp

(Figure 4.9a). For all �elds investigated in this work, the R band of the GSC2.2

atalog (Lasker et al. 2008) showed the best agreement with the Besançon results

from a group of several atalogs tested (e.g., UCAC3, USNO-A2, NOMAD; for a

diret omparison with GSC2.2, see also Reylé et al. (2010); Crouzet et al. (2010)

use the same ombination in a very similar ontext).
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(a) Besançon and GSC2.2 (b) Besançon and BEST II

Figure 4.9: Comparison between stellar magnitudes of BEST II, GSC2.2, and the Besançon model

of the Galaxy; example for �eld F19. Both graphs show star ounts within bins of 0.1mag.

(a) Besançon (gray and red, msim

i ) and GSC2.2 magnitudes (blak, mat

i ). The total di�erene

within 10 ≤ R ≤ 14.5 is alulated for varying interstellar extintions av (di�erent gray lines), and

the Besançon atalog with the minimum value is �nally seleted (red). (b) Besançon (red ; as in (a))

and BEST II magnitudes. For BEST II, the plot shows m̃i (dotted) and shifted magnitudes m̃i+δm,

the latter both for all stars (dashed) and a subset that is used to model the rms distribution (solid).

Seond, eah BEST II star is mathed with the GSC2.2 atalog (within 2′′ radius),
and the median di�erene δm between BEST II magnitudes and the GSC2.2 R band

is alulated (f. Equation (5.20)). Sine the same atalog as in the �rst step is used,

shifted BEST II magnitudes m̃i+δmmath the Besançon atalog reasonably well (see

example in Figure 4.9b), and the stellar ontent an be ompared homogeneously.

Third, eah simulated star i is assigned a photometri noise level σsimi that is

typial for its magnitude msim

i in the given data set. For that, eah light urve is

binned to a typial transit time sale of 30 minutes, and the orresponding stan-

dard deviation σbin is alulated. The noise σsimi is then determined as a random

value following the σbin-distribution of all BEST II stars with similar brightness, i.e.,

having

∣∣m̃i + δm−msim

i

∣∣ ≤ 0.04mag. In order to limit the e�et of rowding and

other systemati fators, only stars whih di�er by less than 0.5mag from their or-

responding atalog magnitude (i.e., with

∣∣m̃i + δm−mat

i

∣∣ < 0.5mag) are inluded

in the determination of σsimi .

With σsimi at hand, it is possible to estimate if the photometri preision of star i
allows the detetion of the transit of a Jupiter-sized planet. In the following,

σsimi ≤ c · δF with δF ≡
(
rJ
r⋆

)2

(4.8)

is used as a simple riterion for su�ient SNR. As in Equation (4.2), the period

dependeny on the detetion threshold is onsidered small. In Setion 6.2.3, the

validity of Equation (4.8) will be disussed using a test with arti�ial transit signals

in BEST II data, and the onstant c will be approximated (Equation (6.10)). Note

that sine both σsimi and c refer to photometri data binned to 30 minutes, the

simulation also enables omparing the detetion yield between data sets that are

obtained with a di�erent time sampling.
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The stellar radii r⋆ for δF in Equation (4.8) are derived from the masses M⋆

(Besançon output) using the power law (Cox 2000)

log10 (r⋆/r⊙) = 0.917 log10 (M⋆/M⊙)− 0.020 (4.9)

for the main sequene. Other luminosity lasses are disregarded for possible dete-

tions, as planetary transits for these are generally well below the threshold of the

surveys investigated in this work. The simulation is repeated �ve times for eah star

and yields N
S/N

= f
S/N

·N⋆, i.e., the number of dwarf stars for whih Equation (4.8)

holds, whereby N⋆ denotes the total ount of simulated Besançon stars.

Fourth, ft is alulated using Equations (4.6) and (4.7) within the period range

of p ∈ [1, 10] days that is relevant for BEST II. The observational overage is alu-

lated for three or more transits, i.e., p
win

≡ p
3

as desribed in Setion 4.2.2. The

validity of this assumption will be addressed in Setion 6.3 using arti�ial transit

signals.

Finally, the probability fp0 for stars to host a planet is taken from the literature

for hot Jupiters, i.e., for the same period range and planetary radius as before.

Depending on the probed stellar populations and detetion limits, values vary for

di�erent surveys (see Table 6 by Bayliss and Sakett (2011) for a reent overview).

For omparison, two values are used for the alulation of N
det

: Bayliss and Sakett

(2011) �nd the rather low value of f
(1)
p0 = 0.10% (rp0 = 1.1 rJ , p ∈ [1, 10] days)

from the SuperLupus survey, a transit searh similar to BEST II. Larger values are

found in RV surveys, of whih f
(2)
p0 = 0.43% (M⋆ = MJ , p < 11.5days; Cumming

et al. 2008) from the Kek Planet Searh is used as a seond referene value for

omparison. Note that the latter value agrees with the ourane rate as determined

by the two transit surveys from spae, whih both found 0.4% for hot Jupiters with

periods of p < 10days (CoRoT withMp = 0.45�2.5MJ , Guenther et al. 2012; Kepler

with rp = 8�32 r⊕, Howard et al. 2012).

Results

The results of the BEST II detetion yield simulations are summarized in Table 4.3.

In addition to the expeted number of detetions for eah target �eld investigated

in this work, it shows the number of simulated stars, the number of stars with a

su�ient SNR to �nd transits, and the time overage ombined with the geometri

probability (ft; Equation (4.6)).

The quantitative estimation of N
det

now allows to address the question how many

planets are expeted to be found, and whih parameters plae the most important

onstraints upon the detetion e�ieny:

Target �eld F19 shows a reasonable hane to �nd a transiting planet. Having

by far the highest number of light urves with su�ient SNR (N
S/N

= 2,058, i.e.,
more than F17 and F18 together), 0.14�0.62 planets are expeted to be found in this
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4.4 Expeted Detetion Yield of BEST II

Table 4.3: Expeted number of hot Jupiter detetions in BEST II target �elds.

Field av [mag/kp℄ N⋆ N
S/N

f
S/N

ft N
(1)
det

N
(2)
det

F17 2.7 39,514 1,103 2.79% 4.65% 0.05 0.22

F18 0.8 2,508 886 35.32% 4.19% 0.04 0.16

F19 1.1 113,635 2,058 1.81% 7.02% 0.14 0.62

LRa02a (v1) 1.4 24,530 161 0.66% 4.74% 0.01 0.03

LRa02a (v5) 1.4 24,530 657 2.68% 4.74% 0.03 0.13

LRa02b (v1) 1.0 24,606 278 1.13% 4.74% 0.01 0.06

LRa02b (v4) 1.0 24,606 516 2.10% 4.74% 0.02 0.11

Notes. Stellar populations have been simulated using the Besançon model of the Galaxy. The interstellar

extintion av has been adjusted for eah �eld suh that the star ounts resample the BEST II observations

(see example in Figure 4.9a). N⋆ gives the total ount of modeled stars (R ∈ [10, 17]) within the FOV,

whereas N
S/N

gives the number of stars that show transit depths δF ≥ σbini /0.64 (f. Equations (6.10)

and (4.8) with rp ≡ rJ ), and f
S/N

gives the ratio N
S/N

/N⋆. The geometri probability is ombined with

the orbital overage to the parameter ft (Equation (4.6)). The expeted detetion yield N
det

is given

for f
(1)
p0 = 0.10% (Bayliss and Sakett 2011) and f

(2)
p0 = 0.43% (Cumming et al. 2008), respetively.

�eld. In addition, the high duty yle of F19 yields a fator of ft = 7% for short-

period planets, while the same value only reahes 4.2�4.7% for all other investigated

�elds. A transit detetion in the other two �elds seems rather unlikely, showing

a detetion yield of 0.05�0.22 planets in F17, and 0.04�0.16 in F18, respetively.

Thus, the di�erenes in the estimated detetion yield between �elds F17�F19 are in

good agreement with the qualitative di�erenes already identi�ed in Setion 4.2.2

regarding the time overage and number of high-preision light urves.

The two BEST II target �elds within the CoRoT pointing LRa02, whih have

been reanalyzed for variable star searh in the framework of this thesis (Chapter 7),

show with N
det

= 0.05�0.24 a ombined yield that is omparable to the F17 �eld.

For omparison, the detetion yield has also been alulated for the initial version

of these data sets (v1), for whih N
det

is 2�4 times smaller than with the latest

redutions. The di�erenes are largely due to pipeline improvements, whih will be

desribed in the next hapter (e.g., the new frame quality riterion, see Setion 5.2.2

and Figure 5.7). The improved quality ould motivate a seond transit searh in this

�eld, whih has not been performed in this work.

Overall, 0.28�1.14 detetable transiting planets are expeted in 329,660 light urves

within �ve BEST II target �elds (F17�F19 and LRa02a/b, see Tables 4.1 and 4.3),

thus orresponding to one detetion in 290,000�1,200,000 stars surveyed. For om-

parison, the most suessful transit survey from ground, SuperWASP, reported 70

planets from an analysis of 30 million light urves (Norton et al. 2011), orresponding

to one detetion per 430,000 stars. Thus, the relative detetion yield is well ompa-

rable, whih indiates that both the photometri quality as well as the observational

overage of BEST II are highly ompetitive. In ontrast to that, the overall number

of stars surveyed learly auses a signi�ant di�erene in the detetion yield, sine

SuperWASP aquired 91 times more light urves than BEST II. Together with the

atual �ndings of this work, Chapter 11 disusses this issue in the perspetive of

future transit surveys with BEST II .
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4 BEST II Observations

4.5 Summary

Sine its ommissioning in 2007, BEST II observed approximately every third night.

The observations foused on the follow-up of CoRoT planetary andidates, and were

omplemented sine 2009 with a transit survey on three �elds, joint observations with

the ASTEP projet, and monitoring of known transiting planets. This work fouses

on the planning, onduting, redution, and analysis of observations for transit searh

and for omparison with ASTEP. The latter are overed together with observations

from Antartia in Chapter 10.

To perform a dediated transit searh with BEST II, a new observing strategy

was implemented. Most importantly, this inluded the seletion of suitable target

�elds. The �rst two �elds, F17 and F18, were seleted to be observable longest

at low airmasses within a given period of time using proedures of Rauer et al.

(2008a, b) and Fruth (2008). For the seletion of the third �eld, F19, the method

was omplemented by a simulation of the expeted number of suitable target stars.

F17 was observed for 40 nights between 20th April and 22nd July 2009, F18

for 28 nights between 19th August and 27th Otober 2009, and F19 for 70 nights

from 24th Marh to 21st September 2010. The time series of the �rst two �elds

provide a full phase overage for three transit events up to orbital periods of 1�2 days,

while F19 overs up to 3�4 days well. The photometri quality of all three data sets

is exellent, showing a low systemati error of σr ≈ 3mmag over the whole observing

ampaign. However, there are large di�erenes regarding the number of stars and

low-noise light urves: F19 ontains 127,202 light urves (11,681 with σ ≤ 0.01mag),

F17 68,317 (3,700), and F18 only 13,551 (448).

Both the better orbital phase overage as well as the large number of high-preision

light urves imply a learly improved probability to �nd transits in �eld F19 om-

pared to F17 and F18. A simulation of the stellar population was used, together

with literature values for the fration of stars hosting a planet, to estimate how

many hot Jupiters ould be deteted within eah of these three data sets. The

estimate yields 0.05�0.22 planets in F17, 0.04�0.16 in F18, and 0.14�0.62 in F19

(i.e., 0.23�1.00 planets in total). The di�erenes are dominated by the unequal stel-

lar densities in eah pointing; however, the better duty yle for F19 also inreases

the expeted detetion yield by about a fator 1.6 ompared to F17 and F18. While

the phase overage of F17 and F18 was limited by observational onstraints, the sig-

ni�ant di�erene in the number of low-noise light urves was ahieved by swithing

to a quantitative �eld seletion inluding the simulation of suitable target stars. The

latter is thus onsidered a mandatory riterion to reah the aims of this thesis.

The results of transit searh in �elds F17�F19 will be desribed in Chapter 8; an

analysis of stellar variability in BEST II �elds is overed in Chapter 9.
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5 Data Redution

Photometri data obtained with a telesope require a number of operations before

the measurements an be interpreted sienti�ally. The data sets usually omprise

a number of raw sienti� images taken with a digital amera. In a �rst step, the

alibration, instrumental e�ets are removed with the aid of alibration images that

have to be reorded together with the observations. The seond step, the photometry,

omprises the identi�ation of stars in the �eld and the alulation of their �ux as a

funtion of time, i.e., it yields a light urve for eah star. Finally, the last step, the

sienti� analysis, invokes the investigation of the light urves obtained. A shemati

overview is shown in Figure 5.1.

Figure 5.1: Shemati overview of the data �ow from observations to sienti� results. Calibration

and photometry are summarized under the term data redution, while the whole hain is alled the

photometri pipeline. Details on the data redution an be found in Figure 5.2 (alibration) and

Figure 5.4 (photometry). An overview on the analysis of transit planets is given in Figure 8.1.

Sine the two proesses of alibration and photometry together yield the proessed

light urves, they are often summarized under the term data redution. The whole

set of programs for photometri data analysis, i.e., from raw images to sienti�

results, is alled the pipeline. The term is based on the fat that huge astronomial

data sets require a well automated approah to mass data proessing.

This hapter desribes the data redution proedures whih were used to obtain

the results in this work. They are part of the DLR photometri pipeline, whih

has already been used to analyze various BEST/BEST II data sets (Rauer et al.

2004, 2010; Voss 2006; Kabath et al. 2007, 2008, 2009a, b; Karo� et al. 2007; Wiese

2007; Fruth 2008; Kabath 2009; Pasternaki 2009; Pilello 2010; Shulze 2010; Paster-

naki et al. 2011). It is largely written in IDL (Interative Data Language) and

desribed in detail by Fruth et al. (2011).

The pipeline has onstantly been improved onerning both the quality of the

redution and the level of automation. Likewise, some major parts had to be adapted

in order to reah the sienti� objetives of this work. For example, the pipeline was

modi�ed to be independent of projets or platforms, whih was partiularly neessary

to redue ASTEP data.

In the following, the proedures for alibration (Setion 5.1) and photometri re-

dution (Setion 5.2) are outlined brie�y. Setion 5.3 summarizes this hapter with

a fous on the pipeline improvements that were implemented in the framework of

this thesis. The sienti� analysis part is then overed in Chapters 6 and 7.
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5 Data Redution

5.1 Calibration

In astronomy, predominantly CCDs are used for observations. Inident photons pro-

due harges on a two-dimensional array of small semi-ondutor apaitors (pixels)

whih are transported, eletronially read out and onverted into Analog-to-Digital

Units (ADU). However, the �nal reading of an individual pixel onsists not only of

a value proportional to the inident �ux, but also inludes omponents whih are

aused by the aquisition proess. In order to retrieve the photometri signal itself,

these instrumental e�ets are removed during the alibration phase.

Bias

For readout, eah CCD pixel is o�set by a onstant voltage in order to avoid negative

digital values. Therefore, all measurements ontain a bias level NB that must be

subtrated, and an assoiated readout noise σB . The bias level may vary with time

and/or during the readout proess (the latter resulting in small strutures aross the

frame). It an be determined by obtaining frames with integration time ∆T = 0.

Dark

Eletroni harges in the CCD are not only generated by photons, but also by thermal

agitation. The additional dark urrent ND is read out together with the signal and

beomes part of the measurement. It an be aessed by subtrating the bias level NB

from dark frames. These are taken with the same integration time and temperature

as sienti� frames, but without light falling on the CCD.

Flat

If the same star is observed at di�erent positions on the CCD, it an appear to have a

di�erent brightness. Instrumental auses for this inlude optial e�ets and di�erent

pixel sensitivities. They an be determined by observing a uniformly illuminated area

in a sequene of �at �elds and be redued via dividing eah pixel by the normalized

�at �eld ount η
�at

.

Proedure

The raw measurement

N
raw

= η
�at

·N
phot

+NB +ND (5.1)

omprises the photometri signal N
phot

, the bias level NB , the dark urrent ND

and the sensitivity variations η
�at

. In order to retrieve N
phot

, bias and dark frames

are olleted to determine and subtrat NB and ND from N
raw

, and �at �elds are

obtained to divide the dark- and bias-subtrated frames by η
�at

. For the present

pipeline setup, the error of the redued signal is given by

σ2
al

= σ2
phot

+ σ2
�at

·
N2
phot

η2
�at

(
1 +

1

n
�at

)
+ σ2

D

·
(
1 +

1

n
D

)

+ σ2
B

·
(
1 +

1

n
B

)(
2 +

1

n
D

+
N2
phot

η2
�at

(
1 +

1

n
�at

))
.

(5.2)
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5.1 Calibration

Figure 5.2: Shemati overview of the data alibration. Calibration images are ombined into

master frames, whih are used to remove instrumental e�ets from eah sienti� image. Temporary

frames are indiated with dashed boxes.

Thereby, σ
phot

denotes the noise omponent of the signal N
phot

itself, and σB , σD,
and σ

�at

give the orresponding unertainties in a single alibration frame. A number

of nB , nD, and n
�at

alibration images are averaged to master frames in order to

derease the errors that are introdued by these operations. Samples are typially

hosen in the range of n ≈ 10�20 as a ompromise between noise improvement and

loss of observing time. Figure 5.2 summarizes the proedure shematially.

Implementation

The building of master frames and the implementation of Equation (5.1) are straight-

forward. However, the alibration does fae some hallenges, suh as the treatment

of outlier frames and an e�etive proessing of a large amount of data.

Note that before this work, eah BEST II night typially overed a single target

�eld, and the alibration started one all observations onluded. However, a hanged

observing strategy (see Setion 4.1) aused several �elds to be observed within one

night, in whih some had to be redued immediately. As part of this thesis, the

alibration part of the pipeline was rereated in order to adapt to the new mode

of observations. The aim was to enfore a standard alibration sheme that ould

be exeuted on-site diretly after the observations, and whih is independent of the

target �elds observed.

The new implementation follows a semi-automati approah. Its idea is that all

relevant information on the quality of individual images is olleted and presented in

a ondensed form to the observer, reviewing the observations on a nightly basis. It

inludes an automati preseletion of suitable frames that an quikly be on�rmed

or adjusted before the alibration is started.

The new program CAL_WIZARD provides the framework to operate the alibration

and to trak its progress on individual nights through status �ags. It starts with

raw instrumental data (0 status) whih are �rst dupliated (1), and ontinues

through the olletion of additional information on individual frames (2), the manual

review (3) and the automati alibration itself (4) down to ompletion by deleting

all temporary data (5).
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5 Data Redution

Figure 5.3: The program FITS_VIEWER � an interfae to quikly assess the image quality during

alibration. The small three panels on the upper left an be adjusted to show any image parameter;

in this example, the mean, standard deviation and the airmass are eah plotted vs. the frame index.

Outliers are marked in red and an be quikly (de)seleted in any plot. The tree on the lower left

shows all frames sorted by ategory and target; it an be used to browse through the night's data.

The panel on the right summarizes information about a seleted frame, inluding its exposure time,

�lter, readout mode, and a thumbnail image.

For the third step (3), the program FITS_VIEWER provides a user-friendly interfae

to review the quality of individual frames (Figure 5.3). It works on a small meta

�le that is produed by reading all images in a given night automatially. Standard

parameters inlude the mean, standard deviation, type, �lter, exposure time and

readout mode of eah frame. By setting on�guration parameters, they an easily be

omplemented with projet-spei� data from the image headers, e.g., the airmass,

CCD temperature, or fous position. In addition, a small thumbnail image is stored.

FITS_VIEWER groups all frames into meaningful ategories (i.e., same image type,

readout mode, et.). For eah group, all available parameters an be reviewed as a

funtion of frame index or time in order to identify outliers. Thereby, the frame mean

and standard deviation are used for an automati preseletion (using 3σ-lipping).
Outliers marked by these riteria are deseleted, but the observer makes the �nal

deision, i.e., as to whih alibration frames are used to build the master frames.

A �rst assessment of sienti� images is also possible: Already at this stage, some

50



5.2 Photometry

problems suh as louds or bad guiding an easily be identi�ed to exlude bad frames.

Improvements

The most important improvements of the new alibration method, as implemented

by this thesis, are:

� Projet-independent alibration. The alibration works with standard

parameters from the image header. Projet-dependent parameters are stored

in a separate on�guration �le and an be quikly adjusted.

� Possibility for on-site alibration. The meta �le ontaining information on

all frames is small and an be transfered with small bandwidths. The proedure

was implemented and used suessfully in 2010/2011 for the on-site alibration

of BEST II images; it helped partiularly to derease the response time for

CoRoT follow-up observations (sine 2012, all raw data is transfered through

the new �ber link and the alibration is performed in Berlin).

� Improved quality ontrol. A better quality assessment is ahieved due to

the ondensed presentation of many available parameters. Therefore, problems

with the observations are enountered more easily and an be aounted for

immediately.

� Swith from target to nightly alibration. Earlier versions of the pipeline

needed all nights of an observing run for alibration. With a hanged observing

strategy of BEST II, di�erent observing runs often overlap, and several targets

are observed within the same night. Therefore, the alibration proedures were

adjusted to work on a nightly basis, i.e., independent of the observed target

�elds.

5.2 Photometry

The photometri part of the pipeline extrats the �ux of all stars in a target �eld

from individual images, ombines the measurements into light urves and leans

them from systemati e�ets. An overview of the most important proedures and

temporary data produts is shown in Figure 5.4.

5.2.1 From Calibrated Images to Raw Light Curves

Image Alignment

A prerequisite for the following proedures is that all sienti� images are aligned to a

ommon oordinate system. Sine the telesope pointing is usually not stable enough

to keep stars on the same pixel (for BEST II pointing auray, see Setion A.2), an

automati proedure is required for adjustment.

The image alignment for the DLR pipeline has been implemented and desribed

by Pasternaki (2009). First, it obtains the positions of all stars in eah alibrated

siene frame using the Soure-Extrator program (Bertin and Arnouts 1996). In a
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5 Data Redution

Figure 5.4: Shemati overview of the photometri part of the pipeline. It starts with alibrated

frames (see Setion 5.1 and Figure 5.2) and yields a light urve for eah star in the �eld. In a �rst

step, all images are aligned to a ommon oordinate system. Seond, a referene frame is staked

from the images with the best seeing and subtrated from eah image. Third, stars are loated on

the referene image and their �ux is integrated for both the referene and eah subtrated image.

Finally, the initial light urves are orreted for extintion and systemati e�ets, and CCD positions

are mathed with a atalog for astrometri oordinates and to transfer instrumental magnitudes

into a standard photometri system.

seond step, these positions are used to �nd a transformation to a referene oordi-

nate system with the routine grmath (Pál and Bakos 2006). Third, all frames are

interpolated to this referene grid.

Image Subtration

The DLR pipeline uses image subtration and is thus optimized for rowded �eld

photometry (Karo� et al. 2007). By subtrating the aligned frames from a referene

image, onstant �eld stars vanish and brightness variations an be measured with

higher preision (Figure 5.5).

To obtain subtrated images, the ISIS pakage is used (Alard and Lupton 1998;

Alard 2000). It involves three steps: First, a referene image Ref(x, y) is reated

by averaging some 10�20 images with the best seeing in a data set. Seond, the

referene frame is �tted to eah image Ij(x, y) by determining the optimum Kernel

that minimizes the expression

∑

x,y

[Ref(x, y)⊗Kernel − Ij(x, y)]
2 . (5.3)

Third, eah subtrated frame Sj(x, y) is alulated as

Sj(x, y) = Ref(x, y)⊗Kernel− Ij(x, y). (5.4)

The seletion of images that are staked to the ISIS referene frame was done

manually in previous versions of the pipeline. In the framework of this thesis, an au-

tomati riterion was introdued to make the seletion faster and more reliable, whih

operates as follows: In order to maximize the overlap area, the program BESTREF �rst

exludes frames that were shifted by more than Nmax

shift

pixels to the ommon oor-

dinate system (default Nmax

shift

= 5Px). It then uses the mean PSF width σfwhmj and
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5.2 Photometry

Figure 5.5: Priniple of image subtration. The left image shows a small area of a BEST II referene

frame Ref(x, y), the right image the same area but for a subtrated frame Sj(x, y). Measurements

are obtained for eah star as the sum of all pixels in a �xed radius aperture (indiated in red and

orange, the latter for the bakground �ux). Beause the �ux of most stars remains largely onstant

(i.e., they vanish in the subtrated images), relative hanges an be measured more aurately using

this method, espeially on rowded �elds.

the number of bright stars Nbs

j in eah frame j to assess its seeing, i.e., all frames

are sorted by the quantity

qrefj = Nbs

j /σ
fwhm

j , (5.5)

and frames with the largest value of qrefj are preseleted for the referene frame.

Considering the ombination of both parameters turned out to be more robust than

one of them alone. This proedure was suessfully applied to many data sets.

Aperture Photometry

Simple unit-weight aperture photometry is used to obtain stellar �uxes in the ref-

erene frame and all subtrated images (for a disussion of PSF-weighted vs. unit-

weighted aperture photometry for BEST, see Karo� et al. 2007).

To measure integrated �uxes, stars must �rst be identi�ed in the referene image;

the IDL routine FIND (Landsman 1993) is used to identify the (x, y) positions of all
stars. It exludes stars whose PSF strongly deviates from a Gaussian shape and that

have �uxes fi below a threshold parameter f
min

. The latter is usually hosen lose

to the photometri noise limit with the help of the PRE_PHOT program (Fruth 2008).

In a seond step, a irular aperture Ai with radius r
ap

is plaed around the CCD

enter oordinates (x, y)i of eah star i in the referene frame. The �ux of all pixels

ontained within is added to

fi,ref =
∑

(x,y)∈Ai

(
Ref(x, y)−Nbg

i

)
, (5.6)

whereby Nbg

i denotes the bakground �ux per pixel. The latter is determined through

an iteration in the annulus r
ap

< r ≤ r
sky

around the stellar aperture (Karo� 2008).

The radii r
ap

and r
sky

must be hosen suh that the PSFs are fully overed by the
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5 Data Redution

aperture, yet keeping the overlap with neighboring stars small. For BEST II, the

default values are r
ap

= 5Px and r
sky

= 20Px.

The same proess is repeated on all subtrated images to obtain measurements for

all times tj and stars i, i.e.,

fij = fi,ref −
∑

(x,y)∈Ai

(
Sj(x, y)−Nbg

ij

)
, (5.7)

with Nbg

ij denoting the orresponding bakground estimation for the aperture in the

subtrated frame Sj . Finally, �uxes are onverted into magnitudes by

mij = 25 − 2.5 · log10 (fij) . (5.8)

Note that the hoie of the zero-point m = 25 is arbitrary beause the magni-

tude sale is adjusted later via ross-orrelation with a atalog (Setion 5.2.3, Equa-

tion (5.21)).

5.2.2 Light Curve Cleaning

The raw light urves that are obtained by image subtration and aperture photom-

etry an still ontain outliers and systemati e�ets. Thus, a number of additional

proedures are inluded in the pipeline to remove them as well as possible.

Extintion Corretion

Stars appear fainter when observed from the ground due to sattering and absorption

of light in the atmosphere. The apparent magnitude m depends on the airmass X
at whih a star is observed and its olor index C as follows (Hardie 1962)

m = m0 + k′X + k′′CX, (5.9)

where m0 denotes the magnitude outside the atmosphere and k′ and k′′ are �rst and
seond order extintion oe�ients (k′ ≫ k′′).

In the DLR pipeline, a �rst extintion orretion is impliitly obtained through

the subtration of the di�erential bakground �ux Nbg

ij in Equation (5.7). A seond

orretion is applied by the program ZEROOFFSET. It alulates for eah frame j and
a subset of stars i the median deviation

δmj = median
i

(mij − m̃i) (5.10)

from the median magnitude m̃i and subtrats it from all measurements, i.e.,

m′
ij = mij − δmj . (5.11)

The alulation of δmj in Equation (5.10) is typially obtained using several thousand

stars whih have the lowest standard deviation in a data set. As suh, it is equivalent

to the alulation of a omparison star. The orretions δmj are typially in the order

of a few mmag for BEST II, but an inrease the photometri preision in partiular

for bright stars signi�antly.
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5.2 Photometry

SysRem

The orretions disussed so far suessfully resolve average trends and are sensitive

to globally a�eted sienti� images. However, systematis an remain in subsets of

light urves. Suh e�ets may be assoiated with, e.g., olor-dependent extintion

(Equation (5.9)), PSF hanges due to a variation of temperature and/or seeing, or

other instrumental e�ets.

Detrending algorithms aim at the detetion and removal of suh residual systemati

e�ets. The most important in the ontext of photometri measurements are the

Trend Filtering Algorithm (TFA; Kovás et al. 2005) and SysRem (Tamuz et al.

2005). These do not require any prior knowledge regarding the origin of systematis;

instead, they simply identify trends whih are ommonly enountered in a set of light

urves.

The SysRem algorithm is used for detrending in the DLR pipeline. Its basi idea

is to �nd oe�ients ci for eah star i and aj for eah frame j that minimize the

expression

∑

ij

(rij − ciaj)
2

∆m2
ij

, (5.12)

whereby rij = m′
ij −mi are the mean-subtrated stellar magnitudes and ∆mij the

orresponding unertainties. The oe�ients are used to subtrat systemati trends,

i.e., the orretion

r
(1)
ij = rij − ciaj (5.13)

is applied to the data. The whole proedure an be repeated with the orreted

data set to �nd higher order e�ets, i.e., new vetors (c
(2,3,...)
i ) and (a

(2,3,...)
j ). Finally,

leaned light urves are obtained by

m′′
ij = mi + r

(n
sys

)
ij , (5.14)

whereby n
sys

denotes the number of SysRem iterations. It must be hosen arefully

so that physial variability is not removed; most important riteria in this respet

are the fration of light urves whih have been improved by the k-th iteration, and

a visual inspetion of the orresponding frame vetor (a
(k)
j ).

The pipeline implementation of the SysRem algorithm was initially adapted and

applied suessfully to BEST data (Wiese 2007; Pasternaki 2009). It was tested as

well on the �rst BEST II data sets, but showed only minimal improvements (Ka-

bath 2009). The main problem was that the algorithm often removed real variability

instead of systematis already during the �rst few iterations. While this e�et was

also enountered with BEST, it only ourred at later iteration steps due to generally

larger systemati trends in the data. A seond, more tehnial hallenge was expe-

riened with the most reent BEST II and ASTEP data sets. Sine these inlude

both a large number of frames and stars, the matries (rij) exeeded the memory

apaity of IDL.

A solution to both problems was found in the framework of this thesis by ap-

plying two limits. First, faint stars with mi > mmax

sys

are ompletely exluded from

detrending, beause their intrinsi photon noise is typially muh larger than any
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5 Data Redution

(a) First set of SysRem oe�ients � left plot (j, a
(1)
j ), right plot (mi, c

(1)
i )

(b) RMS plots before (left) and after SysRem (right)

() Di�erenes in the number of light urves (after minus before SysRem), in bins of 0.1 log10(σ)

(d) Relative RMS hange through SysRem, shown as a funtion of magnitude (left) and σ (right)

Figure 5.6: Photometri improvement through the SysRem algorithm � example of the BEST II

data set F19. Five SysRem runs have been applied to detrend the light urves (n
sys

= 5, f. Se-
tion 6.2). Stars that were used for the alulation of the SysRem oe�ients (ci) and (aj) (Equa-
tion (5.12)) are marked green (σmax

sys

= 1%), while red data points orrespond to stars that

were only orreted by the algorithm (Equation (5.13)). Completely exluded stars are shaded

gray (mmax

sys

= 15).
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5.2 Photometry

systemati trend. Through this limit, the size of all investigated data sets ould be

su�iently dereased in order to apply the algorithm. Seond, systemati e�ets are

only determined on a subset

S sys

⋆ = {i | σi ≤ σmax

sys

} (5.15)

of low-noise light urves. These are then used to detrend bright stars, i.e., all light

urves with mi ≤ mmax

sys

. With the assumption that residual systemati e�ets are

muh smaller than stellar variability, a limit in the order of σmax

sys

= 1% an be used

to exlude most variable stars from the alulation of (ci) and (aj).

Figure 5.6 shows an example for the appliation of SysRem. The large BEST II

data set F19 was detrended by �ve iterations (see Setion 6.2 for a disussion on n
sys

in this �eld). The oe�ients (c
(1)
i ) and (a

(1)
j ) of the �rst e�et are displayed in

Figure 5.6a and show how SysRem an remove residual trends that are not identi�ed

through frame averaging; depending on the stellar oe�ient ci, the vetor (aj) is
either subtrated or added to light urve i. The left panel of Figure 5.6b shows the

new limits for the SysRem implementation in a (mi, σi) plot: Green stars are used for
the alulation, green and red stars are detrended, and gray stars are not inluded at

all. The improvement of photometri preision is signi�ant � Figure 5.6 gives the

relative hange of star ounts in bins for di�erent noise levels. In partiular, it shows

a large inrease of light urves with mmag preision, whih is espeially important for

the searh of transit signals with amplitudes of δF ≈ 1%. Finally, a omparison of the

noise levels σ
before

and σ
after

is given in Figure 5.6d as a funtion of the magnitude mi

and the initial standard deviation σ
before

. In addition to the lear overall inrease

of photometri quality, it shows that the new distintion into two groups of stars

works very well: Although the SysRem oe�ients have only been determined on

the (green) subset S sys

⋆ of low-noise stars, they an be applied suessfully to remove

systemati e�ets from the (red) remainder of stars with σi > σmax

sys

but mi ≤ mmax

sys

.

The in�uene of the adapted SysRem algorithm on the BEST II transit searh

performane will be studied in Setion 6.2.

Frame Quality

Poor sienti� images an be enountered for various reasons, e.g., bad guiding, or

thin irrus louds. If they have not been sorted in previous steps of the pipeline, they

an yield outliers in the light urves of many stars. As suh, even a few bad frames

an signi�antly a�et a sienti� analysis suh as the searh for transit signals. To

rejet them automatially, a riterion for the frame quality has been implemented in

the framework of this thesis.

A frame j is onsidered �bad� if many data points m′′
ij deviate from their respetive

stellar mean magnitude mi. In order to be more sensitive to low-noise light urves,

these deviations are weighted with the stellar standard deviation σi. Quantitatively,
this orresponds to de�ning a frame quality parameter

γj =
1

N fq

⋆

∑

i∈Sfq⋆

(
m′′

ij −mi

)2

σ2i
, (5.16)
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5 Data Redution

(a) Cuto� riteria for bad frames: Frame quality γj , mean σfqk and improvement δσk

(b) RMS plots before removing frames with high γj values

() RMS plots after removing frames with high γj values

(d) Di�erenes in the number of light urves (after minus before removing bad frames)

Figure 5.7: Exlusion of bad frames using the frame quality parameter γj (Equation (5.16)) for the
data sets LRa02a (left panels) and LRa02b (right). (a) shows the quality parameter γj , the mean
standard deviation σfqk and its relative improvement δσk, starting with the worst frame (i.e, sorted

in desending order of γj). (b/) plots the light urve's standard deviation σ vs. stellar magnitudes

before/after removal of bad frames. (d) shows the distribution of star ount di�erene after minus

before in bins of photometri noise (bins are 0.1 log10(σ) wide).
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5.2 Photometry

whereby Sfq⋆ denotes a subset of N fq

⋆ stars that are taken into aount for the alu-

lation of γj . Typially, these are the brightest stars whih show small photometri

noise (the brightest 10% are used by default). Independently from this work, Bayliss

and Sakett (2011) reently presented an almost idential parameter that is used to

exlude bad frames from SuperLupus (Bayliss et al. 2009) data.

Ideally, outliers are identi�ed by rejeting the null hypothesis of pure noise with

high statistial on�dene, i.e., by omparing the real distribution of γj with a the-

oretial expetation. Unfortunately, extensive tests to model the distribution of γj
failed beause the required assumption of Gaussian noise was not valid for the tested

BEST II data.

Therefore, manual uts are applied to distinguish between good and bad frames.

The pipeline inludes two options: The �rst is to set a limit γ
max

whih exludes all

frames with γj > γ
max

. The seond uses a relative improvement of the photometri

preision as a riterion. For that, the mean standard deviation σfqk

σfqk =
1

N fq

⋆

∑

i∈Sfq⋆

σik (5.17)

is alulated for the brightest N fq

⋆ stars as a funtion of k. The parameter k denotes

the number of bad frames sorted in desending order of γj . Likewise, σik gives the

standard deviation of light urve i without the k worst frames. The quantity

δσk =
σfqk−1 − σfqk

σfqk−1

(5.18)

is �nally used to evaluate the improvement of the photometri quality. It gives the

relative photometri noise improvement by removal of the k-th frame. Low values of

δσk and/or a sharp drop in the (k, δσk) diagram an be used to distinguish outliers

from normal images. In this seond option, the number of removed frames k
fq

is then

de�ned through a limit δσ
limit

suh that

δσk
fq

> δσ
limit

> δσk
fq

+1 . (5.19)

As an example, Figure 5.7 shows the frame quality proedure at work on the

BEST II data set LRa02. The uppermost panel, Figure 5.7a, shows the quality

parameter γj , followed by the mean standard deviation σfqk , and �nally its relative

improvement δσk as a funtion of the parameter k (i.e., starting with the worst

frame). In this example, a limit of δσ
limit

= 0.01 works well to separate outliers.

It exludes �ve frames in LRa02a and seven in LRa02b. Although the number of

outliers is relatively small, the improvement of the photometri quality is remarkable:

Figures 5.7b and 5.7 show the standard deviations and magnitudes of all stars, before

and after the removal, respetively. While many light urves showed large noise

levels of σ ≫ 10% even for bright stars before, the proedure yields a signi�ant

derease. In partiular, the number of stars with σ < 1% inreases by a fator of

four (from 1,204 to 4,758, both data sets). Figure 5.7d shows the relative hange

before/after as a funtion of the initial photometri noise.
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5.2.3 Catalog Math

In a last step, all stars are mathed with an astrometri atalog. This proedure

has two aims: To assign equatorial oordinates (α, δ) to eah star and to adjust the

instrumental magnitudes to a standard magnitude system. The latter yields best

results if the atalog system mathes the photometri response of the instrument

well.

Astrometry

The pipeline program HATASTROMETRY �rst retrieves the astrometri positions (α, δ)
for all atalog stars around a given pointing oordinate. Therefore, the atalog is

hosen to losely math both the instrumental resolution and magnitude range; for

BEST II, optimal results are obtained with USNO-A2.0 (Monet 1998) and UCAC3

(Zaharias et al. 2010). The subroutine grmath is then used to �nd the transfor-

mation between CCD (x, y) and equatorial (α, δ) oordinates, while grtrans �nally

applies it to all stars in the data set (both by Pál and Bakos 2006).

Magnitude Adjustment

Typially more than 90% of all light urves an be mathed with a atalog star. For

this subset S at

⋆ it is possible to ompare the median instrumental magnitude m̃i

with a orresponding atalog value mat

i . In order to obtain a brightness alibration,

the median di�erene

δm = median
i∈S at

⋆

(mat

i − m̃i) (5.20)

is used to shift the whole magnitude range, i.e.,

m′′′
ij = m′′

ij + δm. (5.21)

The goodness of this alibration largely depends on how well the spetral range of

the observation mathes the atalog. For BEST II, a good agreement is reahed with

the R band of USNO-A2.0 or UCAC3 (f. Figure A.2). However, in this approah the

di�erent photometri systems usually yield an average alibration auray of only

about 0.5 mag. Therefore, absolute photometri magnitudes obtained in this way

are only used as an estimation. In ontrast, only relative brightness variations are

important for deteting transiting extrasolar planets and stellar variability, whih

is the sienti� fous of photometri surveys like BEST II. In fat, these an be

measured to a muh higher preision: For example, BEST II reahes a noise level

of 2�3mmag for the brightest stars in a �eld over a whole observing season (see

Setion 4.3).
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5.3 Summary

5.3 Summary

The DLR photometri pipeline is used to redue the data sets presented in this work:

Calibration proedures remove instrumental e�ets from raw images, the proessed

frames are aligned and subtrated, and unit-weight aperture photometry is applied to

extrat light urves for stars within the FOV. The photometri noise level is improved

further through orretions of atmospheri extintion and systemati e�ets, as well

as the removal of outliers. Finally, a atalog math yields equatorial oordinates for

eah star and an adjustment of instrumental magnitudes.

The desribed pipeline has been used within the BEST/BEST II projet before

(Rauer et al. 2004, 2010; Voss 2006; Kabath et al. 2007, 2008, 2009a, b; Karo� et al.

2007; Wiese 2007; Fruth 2008; Kabath 2009; Pasternaki 2009; Pilello 2010; Shulze

2010; Pasternaki et al. 2011) and is onstantly being improved. In order to ahieve

the aims of this thesis, various hanges have been applied to the pipeline. While

being too numerous to be listed individually, they an broadly be assigned to the

following improvements:

Platform- and projet-independent. The pipeline has been developed further

to redue data of projets other than BEST/BEST II and to run �exibly on di�erent

systems. All projet- or system-dependent parameters are stored in on�guration

�les whih an easily be adjusted. For this work, these hanges were partiularly

neessary to redue ASTEP data (Chapter 10). However, the improved pipeline

has also been applied suessfully by other projets, e.g., to redue data from the

Tautenburg Exoplanet Searh Telesope (TEST, Eigmüller and Eislö�el 2009), the

Variable Young Stellar Objet Survey (VYSOS6, Buda 2011), or a prototype of the

Next Generation Transit Survey (NGTS, Chazelas et al. 2012).

Photometri quality. The photometri quality ould be improved through an

automati identi�ation of bad frames and the adaptation of the SysRem detrending

algorithm to BEST II and ASTEP. SysRem is espeially important to reveal the

small signals of transiting planets (see Chapter 6).

CoRoT follow-up. Delays in the analysis of BEST II follow-up observations

ould signi�antly be redued. A new and lear proedure is used for alibration on

a nightly basis, i.e., immediately after observing, and if neessary on-site.

Semi-automati approah. Where possible, repetitive manual interation is

avoided. The pipeline is designed to instead use valuable manpower for a quality as-

sessment of automatially generated results, thus yielding a more onsistent and/or

better photometri quality. Examples inlude the new alibration proedures, the

automati seletion of referene frames, and the rejetion of bad images.

Within this work, the improved pipeline has been used to redue eight BEST II and

three ASTEP400 data sets (see Appendix D for details). The sienti� results are

presented in Part III: BEST II light urves are analyzed in Chapter 8 for transiting

planets, and for stellar variability in Chapter 9. Joint observations of ASTEP and

BEST II are presented in Chapter 10.
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6 Transit Searh � Desription and

Validation

Many algorithms that are used for periodiity searh in photometri time series try

to �t the light urve with a set of orthogonal funtions. For example, the Analy-

sis of Variane algorithm (Shwarzenberg-Czerny 1996), used to haraterize stellar

variability in BEST II data sets (see Chapter 7), is based upon Fourier series. How-

ever, suh algorithms are generally not well adapted to the speial shape of a transit

light urve: A star with a transiting planet shows very few variation throughout the

largest part of its light urve, but for a very short fration of the orbital period, the

transit auses a small but steep intensity drop.

An algorithm by Kovás et al. (2002) uses the Box-Fitting Least Squares (BLS)

method to aount for this speial shape. It is the most ommonly used tool to searh

for transit-like signals in photometri time series, being applied by leading ground-

based projets suh as SuperWASP (Collier Cameron et al. 2006), HAT (e.g., Johnson

et al. 2011), and OGLE (Udalski et al. 2004), as well as partly by the spae missions

CoRoT (Surae et al. 2008) and Kepler (Latham et al. 2011). Tingley (2003a, b) has

tested several algorithms and shown that BLS yields the best detetion performane;

the same onlusion was drawn from a ompetitive approah to �nd arti�ial transits

in simulated CoRoT data (CoRoT blind tests; Moutou et al. 2005, 2007).

Transit Searh with BEST/BEST II

The �rst transit searh within the DLR pipeline was implemented by Voss (2006) to

analyze BEST data. It used a box �tting algorithm similar to BLS, but the detetion

e�ieny of BEST was strongly a�eted by its low duty yle. For example, several

andidates were found with single transit-like events (Wiese 2007), and the transits

of CoRoT-1b and CoRoT-2b were only found after being deteted by the CoRoT

team, despite being observed prior to CoRoT (Rauer et al. 2010).

For BEST II, BLS was used to searh for transits in the �rst observed CoRoT �elds.

However, the �rst version was not optimized for BEST II and was partiularly time-

onsuming, thus limiting the analysis to a small subset of light urves. Due to these

issues, the �rst four planetary andidates of BEST II ould only be identi�ed using

stellar variability algorithms (Kabath 2009).

A large improvement for the BEST II transit searh was ahieved in the framework

of the master thesis by Shulze (2010). By using a BLS implementation of Juan

Cabrera (DLR), it was possible to redue the omputation time by several orders of

magnitude, thus enabling the analysis of more stars with a better numerial preision.

Furthermore, the signal-to-noise ratio of detetions ould be improved signi�antly

through tests with arti�ial transit light urves and an optimization of parameters

suh as the binning size or the usage of error weighting.
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6.1 BLS Algorithm

This hapter desribes the BEST II transit searh method and evaluates its perfor-

mane. Setion 6.1 gives a brief overview of the BLS algorithm used and its urrent

implementation. In Setion 6.2, the detetion e�ieny is tested and evaluated with

light urves from the largest BEST II data set at hand, F19, into whih arti�ial

transits were inserted. Finally, Setion 6.3 summarizes this hapter and disusses

the performane with regard to the system spei�ations.

6.1 BLS Algorithm

Theoretial Desription

The BLS algorithm antiipates the shape of a transit signal to build a mathematially

very simple model. First, the light urve {(tj , fj ,∆fj)} is folded with a given test

period p to {(t′j , f ′j,∆f ′j)}. The model assumes only two disrete values:

� L for j ∈ [j1, j2] (in transit)

� H otherwise

The indies j1 and j2 thereby denote the the �rst and last measurement in transit,

respetively.

Kovás et al. (2002) showed that the best box �t to the light urve is obtained by

maximizing the signal residue

SR =

√
s2

r(1− r)
(6.1)

using the de�nitions

s =
∑

j∈[j1,j2]
w′
jf

′
j and r =

∑

j∈[j1,j2]
w′
j (6.2)

with weights w′
j orresponding to eah �ux value f ′j . For any given period p, the

BLS algorithm probes the parameters L, H, j1, and j2 within physially reasonable

ranges (e.g., with an upper limit on the transit depth H −L) for a maximum of SR.
Subtrating the average �ux from all measurements yields an additional relation

between H and L that an be used to derease the number of free parameters by one.

Furthermore, the performane of BLS is improved by rejeting unphysial �inverse�

transits (i.e., with H < L; Tingley 2003b).

Period Determination

The parameter

Θ
bls

(p) = max(SR) (6.3)

is alulated for eah test period p to form the BLS power spetrum p→ Θ
bls

(p). Its
maximum Θ

bls

(p
bls

) = max (Θ
bls

(p)) is used to determine p
bls

, i.e., the period with

the most evident transit-like signal (see Figure 6.1).
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6 Transit Searh � Desription and Validation

Figure 6.1: Example BLS power spetrum {pm,Θ
bls

(pm)} for a BEST II planetary andidate

(F19_068690; see Chapter 8). The maximum value of Θ
bls

is enountered at p
bls

= 2.41246d .
(Note that periods with a phase overage of less than nmin

box

= 80% have been exluded from the

analysis.)

The signi�ane of the �t is quanti�ed by omparing the peak power to the overall

noise level, i.e., the signal-to-noise ratio

S
bls

=
Θ
bls

(p
bls

)

σ(Θ
bls

)
(6.4)

is obtained through division of Θ
bls

(p
bls

) by the power spetrum's standard devia-

tion σ(Θ
bls

).

Binning

In order to inrease the detetion e�ieny, adjaent measurements are binned. The

folded light urve is divided into equidistant �boxes� Bk that are eah assigned a

number of Nk measurements via

Bk = {j | ⌊N
box

· tj/p⌋ mod N
box

= k − 1} with k = 1, 2, . . . , N
box

. (6.5)

Thereby, the box ount N
box

is alulated from the number Nt of measurements

through N
box

= Nt/ÑK , with the parameter ÑK speifying a targeted mean box

oupany. Individual measurements f ′j and weights w
′
j are replaed by box-averaged

values fboxk and wbox

k in Equation (6.2). The �uxes are alulated via

fboxk =

∑
j∈Bk

wj fj∑
j∈Bk

wj
with wj = 1/∆f2j , (6.6)

and weighted standard deviations

∆fboxk =

(
Nk

Nk − 1
·
∑

j∈Bk
wj

(
fj − fboxk

)2
∑

j∈Bk
wj

)1/2

(6.7)

are used to obtain box weights wbox

k = 1/(∆fboxk )2.
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Implementation

The urrent implementation of the algorithm is desribed in detail by Fruth et al.

(2011). First, a BLS spetrum is obtained on a grid of disrete periods

pm =

(
1 +

∆E
lim

tN − t1

)m

· pmin

bls

(6.8)

within a de�ned range of

[
pmin

bls

, pmax

bls

]
. Thereby, the parameter ∆E

lim

de�nes the

maximum error in the ephemeris, and t1 and tN denote the �rst and last observing

date, respetively. For eah period pm, the light urve is folded and binned into N
box

boxes (Equations (6.5)�(6.7)), and the BLS power Θ
bls

is alulated (Equation (6.3)).

Periods having less than N
box

·nmin

box

boxes with at least one measurement are exluded

from the analysis. Finally, the spetrum {pm,Θbls

(pm)} is used to determine the �nal

period p
bls

and its signi�ane S
bls

(Equation (6.4)). Figure 6.1 shows an example.

Default parameters for the usage of BLS with BEST II data were obtained and

desribed by Shulze (2010); they are used in this work and listed in Appendix D.

6.2 Validation of BLS for BEST II

Simulated transits an be used to haraterize the transit searh performane of both

BEST II and its detetion pipeline. Are transits found suessfully in the expeted

range of photometri preision and orbital periods? First tests with real BEST II

light urves by Shulze (2010) showed that the BLS algorithm an suessfully iden-

tify the majority of simulated transits with large depths (δF ≥ 3%) for the brightest

stars in a data set (m . 15mag). The detetion e�ieny dereased rapidly with

inreasing orbital periods and reahed vanishingly small values for p & 3 days. How-
ever, this �rst study used the same orbital phase for all arti�ially inserted transits.

Sine the number of observed transits is strongly orrelated to the seleted phase,

the results were highly a�eted by the observational window funtion. In order to

assess the detetion e�ieny of BEST II quantitatively, it was thus neessary to set

up a seond test run with random orbital phases and periods; the proedures are

�rst desribed in the following Setions 6.2.1 and 6.2.2 and then applied to BEST II

data in Setion 6.2.3.

6.2.1 UTM

The Universal Transit Modeller (UTM) is a program to simulate light urves of

various on�gurations of elipsing and transiting objets (Deeg 2009). It an be

used to either generate whole light urves and/or to add a ertain transit signal to

real photometri time series. Modeled systems an inlude an arbitrary number of

stars, planets, moons, and rings.

Due to its �exibility for a large variety of modeled star-planet on�gurations, it is

widely used within the transit searh ommunity. Its main two appliations are the

�tting of model light urves to observations and the evaluation of detetion algorithm

performanes. In the CoRoT team, it was for instane used suessfully as part of a

study to ompare di�erent transit searh algorithms (Moutou et al. 2005).
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The UTM pakage was inluded into the DLR pipeline as a standard tool to insert

planetary transits into BEST/BEST II light urves. The new routine APPLY_UTM an

be used to insert arti�ial transits with a �xed depth, but having random phases and

orbital periods (within a given range) into any given data set. Transits an either be

applied to every light urve or to only a fration of stars.

6.2.2 Test Setup

In order to validate the DLR transit searh, arti�ial transits were inserted into

BEST II data with the aim to reover them using BLS. Real light urves of target �eld

F19 were seleted for this purpose, being the largest data set reorded by BEST II so

far. From all 127,202 stars in F19, only those with a low photometri noise provide a

realisti hane of �nding small transit-like signals. Therefore, a sub-sample of 10,120

light urves with standard deviations σi ≤ 0.01mag was seleted for the exerise.

The performane of searh algorithms not only depends on the number of transits

identi�ed orretly, but also on those falsely identi�ed. Stars that have been identi�ed

as andidates although there is no real signal present are alled false positives. In

order to study this e�et, arti�ial transits were only inserted into every 10th star.

The validation was set up as follows. First, 1,012 light urves (10%) were randomly

seleted from the 10,120 low-noise stars of data set F19. Seond, transit signals of

equal depth were inluded into these light urves using UTM. Thereby, all orbits are

irular and have entral transits (i = 90◦), and limb-darkening is negleted. The

periods follow a uniform random distribution between 0.5 and 10 days

1

, and orbital

phases are randomly distributed between 0 and 1. Third, the data set was analyzed

using the DLR implementation of BLS (parameters as in Table D.1 for F19). The

range of test periods was set to p
bls

=
[
0.5d, 20d

]
; its upper limit was purposely

extended further than the maximal arti�ial period to allow for false alarms.

Finally, the whole proedure was arried out with three di�erent transit depths of

δF = 0.5%, 1%, and 2% in order to assess the in�uene of the signal-to-noise ratio

on the transit detetion e�ieny.

Performane Evaluation

In order to evaluate the suess of the transit searh quantitatively, BLS results

are ompared with the arti�ially introdued UTM signals. Thereby, a orretly

identi�ed period is onsidered the prime and mandatory ondition for detetion.

For every arti�ial planet, the orbital period p
utm

is ompared with p
bls

from BLS,

yielding three main quantities/ategories:

1

Shorter periods are not expeted around solar-like stars (Cabrera et al. 2012) and longer orbits

yield a vanishingly small phase overage for the given data set (f. Figure 4.7)
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1. N orret

bls

� the number of �planets� with a orretly identi�ed period. To a-

ount for numerial errors, periods p
bls

within a 1% tolerane range of p
utm

are

onsidered as orret.

2. Nmulti

bls

� the number of �planets� with multiples of the orret period. Values of

p
bls

within 1% of

m
n ·p

utm

(with m,n ∈ {1, 2, 3, 4, 5} and m 6= n) are aepted as
almost orret detetions, beause suh small integral multiples of the orret

period an often easily be identi�ed by additional light urve analysis.

3. Nmiss

bls

� the number of �planets� that are missed, i.e., not ontained in 1 or 2.

Depending on the fous, the three quantities are either evaluated in respet to the

whole set of 1,012 arti�ial planets, or as a funtion of an additional interesting

parameter, suh as the orbital period or the signi�ane of the BLS result. Further-

more, the �rst two ategories are usually ombined to a total number of detetions

Ndet

bls

= N orret

bls

+Nmulti

bls

.

For the performane of a transit searh, it is also important to investigate the

number of false alarms. Therefore, a fourth quantity is alulated:

4. N false

bls

� the number light urves that are falsely identi�ed as andidates.

It requires a riterion to distinguish planetary andidates from non-signi�ant box-

like signals. In the following, a light urve is onsidered to ontain a signi�ant

transit-like signal, if its highest BLS peak is found at least Smin

bls

times above the

noise level, i.e.,

S
bls

≥ Smin

bls

. (6.9)

6.2.3 Results

An initial BLS test was applied to searh in un�ltered F19 light urves, i.e., after

arti�ial transits had been inserted to the data set inluding all alibration steps

exept the removal of systematis (SysRem; see Setion 5.2.2). Table 6.1 shows the

numbers of orret and missed detetions, as well as the false alarm ount for an

SNR limit of Smin

bls

= 6.12 (the determination of this limit will be disussed later in

this setion). Due to bad phase overage, BLS automatially skipped the range of

long periods 14.5d . p
bls

≤ 20d almost entirely (see also Figure 6.1).

Table 6.1: Results from the BLS tests in the F19 data set.

Without SysRem After SysRem

δF Ndet

bls

Nmiss

bls

N false

bls

S eq

bls

Ndet

bls

Nmiss

bls

N false

bls

S eq

bls

0.5%
(2.6%)

33
(6.4%)

81
(91.0%)

1146 �

(11.5%)

84
(7.1%)

52
(81.3%)

592 8.61

1%
(9.2%)

120
(5.0%)

65
(85.8%)

1121 9.13

(27.2%)

232
(4.2%)

36
(68.5%)

584 7.22

2%
(24.6%)

384
(3.3%)

52
(72.1%)

1126 7.59

(42.0%)

456
(3.4%)

37
(54.6%)

592 6.35

Notes. The number of stars identi�ed with a BLS signi�ane of S
bls

≥ 6.12 (Equation (6.4)) is given

for eah of the tested transit depths before and after appliation of SysRem (n
sys

= 5). For light

urves with arti�ial transits, the number of andidates identi�ed with the orret or a multiple period

(Ndet

bls

= Norret

bls

+ Nmulti

bls

) is ompared to those with a wrong period (Nmiss

bls

). The number of light

urves with S
bls

≥ 6.12 whih ontained no arti�ial signal is denoted by N false

bls

. The quantity S eq

bls

gives

the largest value of Smin

bls

at whih N false

bls

≥ Ndet

bls

(f. Figure 6.9).
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(a) Without SysRem

(b) After SysRem

Figure 6.2: Periods p
bls

determined by BLS vs. orbital periods p
utm

for light urves with arti�ially

inserted UTM signals. Results are shown for all three tested transit depths, as well as before (a)

and after appliation of SysRem (b, with n
sys

= 5). Corretly identi�ed periods are shown in green,

multiples in orange, and wrong periods in red olor.

Figure 6.3: Deteted test planets as a funtion of the number of SysRem runs, n
sys

, and transit

depth δF . The umulative ounts of transits identi�ed with the orret period (Norret

bls

, green),

multiples thereof (Nmulti

bls

, yellow), and wrong periods (Nmiss

bls

, red) are determined for all light

urves with arti�ially introdued planets, i.e., independent of the BLS signi�ane S
bls

of individual

results.

Figure 6.4: Test planets deteted with a signi�ane of S
bls

≥ 6.12 as a funtion of the number

of SysRem runs, n
sys

, and transit depth δF . On top of the umulative ounts Norret

bls

(green),

Nmulti

bls

(yellow), and Nmiss

bls

(red), the number N false

bls

of light urves without arti�ial transit but

with S
bls

≥ 6.12 is shown in gray.

68



6.2 Validation of BLS for BEST II

From the 1,012 light urves with arti�ial transits of δF = {0.5%, 1%, 2%} depth,

only Ndet

bls

= {194, 425, 740} were found by BLS in the �rst test with the orret

or multiple period (disregarding their signi�ane S
bls

). With a reasonable SNR

limit of Smin

bls

= 6.12, the detetion ounts derease signi�antly (see Table 6.1), in

partiular for the small signals of 0.5% and 1%. Furthermore, the number of false

alarms was found to be very high. From all light urves with signi�ant transit-like

signals of S
bls

≥ 6.12, only 9�28% ontain a simulated transit signal (Table 6.1).

A visual inspetion of un�ltered F19 light urves, folded with the periods found by

BLS, revealed most signals to be aused by systemati e�ets. The most prevalent

features �tted by BLS were �ux hanges after the nightly meridian �ip of the German

mount of BEST II, and other systemati trends that are most likely due to unor-

reted higher order extintion e�ets. Due to the diurnal periodiity of these e�ets,

most missed detetions are � espeially for the small transit depths of 0.5% and 1% �

falsely identi�ed with p
bls

= 1d or multiples thereof. Figure 6.2a shows how the or-

responding false detetions build up in lines of onstant p
bls

. This lear in�uene

on the transit searh performane underlines the need for an automati treatment of

systematis. It motivated an adaptation and appliation of the SysRem algorithm

(Tamuz et al. 2005) to BEST II data as desribed in Setion 5.2.2.

Performane Improvements using SysRem

In order to study the in�uene of detrending on the transit searh performane, the

tests were repeated using a varying number of n
sys

= 0, . . . , 8 SysRem runs applied

to the data: Figure 6.3 shows how many arti�ial planets are deteted or missed as

a funtion of n
sys

. In addition to the results for un�ltered data, Table 6.1 shows the

orresponding ounts after �ve SysRem runs. Figure 6.4 shows the same quantities,

but with the additional requirement of a signi�ant SNR (S
bls

≥ 6.12).

The appliation of SysRem to the test data set F19 has two important e�ets on

the transit searh performane:

1. The number Ndet

bls

of deteted arti�ial transits inreases signi�antly. An ap-

pliation of �ve SysRem runs doubles the ount of orret or multiple periods

for the two smallest tested signals (see Table 6.1; Ndet

bls

inreases from 33 to 84

for δF = 0.5%, and from 120 to 232 for δF = 1%). However, the performane

inrease is less distint for the 2% signal (Ndet

bls

= 384 to 456), indiating that

the removed systemati signals are predominantly in the order of δF . 1%. For

n
sys

> 5, the performane in Figure 6.3 does not show signi�ant improvement.

2. The false alarm rate is redued signi�antly. N false

bls

dereases from ∼ 1130 to

∼ 590 after SysRem was used to remove systemati trends (for all tested depths,

see Table 6.1). The �rst two SysRem runs result in the largest false alarm re-

dution, whereas N false

bls

is slightly inreasing with more iterations (Figure 6.4).

Based on these test results, a number of �ve SysRem runs (n
sys

= 5) has been

seleted and applied for transit searh in the F19 data set.
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6 Transit Searh � Desription and Validation

Dependene on Orbital Period, Phase, and Light Curve Noise

The yield of BLS depends on the number of data points in transit and the signal-to-

noise ratio. Both fators are determined by the simulated orbital period, phase, and

transit depth, as well as the observational duty yle and the photometri preision.

Correlations between these parameters are now desribed.

Figure 6.5 shows the relative number of detetions as a funtion of the photometri

noise σbini (binned to a transit timesale of 30 minutes) and of the number of points

in transit for eah star i with an arti�ial signal. It shows that the detetion yield

is largely independent of the noise for signals of δF ≥ 1%, while detetions of the

smallest transit with δF = 0.5% are rather noise-limited. The latter ase an thus

be used to approximate a detetion riterion of the evaluated searh method: For

σbini ≤ 3.2mmag ≡ 0.64 · δF , (6.10)

the detetion e�ieny (i.e., the fration of deteted to all transits) steeply rises

Figure 6.5: Dependeny of transit searh performane on the photometri noise level σbini (binned

to 30min) and the number of data points in transit (for transit depths δF = 0.5%, 1%, and 2%).

Individual stars i with a transit are shown as irles. In addition, the fration Ndet

bls

/
(
Ndet

bls

+Nmiss

bls

)

of suessful detetions is olor-oded as indiated on the right. For δF = 0.5%, the same fration is
shown in a histogram of σbini , but for all light urves that ontain at least 50 data points in transit.

The red dashed line at 0.64 · δF indiates the approximated detetion limit (Equation (6.10)).

Figure 6.6: As Figure 6.5, but with the requirement of a signi�ant detetion (S
bls

≥ 6.12).
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6.2 Validation of BLS for BEST II

above 50%. Equation (6.10) remains valid if only detetions with S
bls

≥ Smin

bls

are

being onsidered, beause transits with σbini ≤ 0.64 · δF remain signi�ant as long as

the observations over enough (& 50�100) data points in transit (Figure 6.6). Fur-

thermore, Equation (6.10) is onsistent with the results for the larger transit depths

of 1% and 2% (Figures 6.5 and 6.6), and independent of the atual observational

time sampling (sine the onsidered noise level σbini is determined on binned data).

The riterion is used to estimate the detetion yield of transit searhes in several

data sets in Chapters 4 and 10.

(a) Without SysRem

(b) After SysRem

Figure 6.7: Fration of deteted test planets as a funtion of their orbital period p
utm

and transit

depth δF . The numbers of transits identi�ed with the orret period (Norret

bls

, green), multiples

thereof (Nmulti

bls

, yellow), and wrong periods (Nmiss

bls

, red) are alulated and normalized separately

within eah period bin. Results are shown for all three tested transit depths, as well as before (a)

and after appliation of SysRem (b, with n
sys

= 5). They are determined for all light urves with

arti�ially introdued planets, i.e., independent of the BLS signi�ane S
bls

.

Figure 6.7 shows the statistis of deteted and missed arti�ial transits as a fun-

tion of the orbital period: While a. 60�100% of the short orbits (p . 4d) are

reovered in the high SNR ases of δF = 1% and 2% (after SysRem), the perfor-

mane drops to about 50% for long periods p & 6d. The low SNR ase δF = 0.5% is

dominated by noise and shows a signi�antly lower fration of deteted planets for

all periods.
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6 Transit Searh � Desription and Validation

Figure 6.8: Comparison of BEST II transit searh performane with orbital phase overage for

F19. For eah period bin, the number of deteted test planets Ndet

bls

is divided by the total ount of

signals that have been introdued to F19 within this range. Blue histogram bars show the results

for the tested transit depths of 0.5%, 1%, and 2%. They were obtained on the �ltered data set F19,

i.e., after �ve SysRem runs (see Figure 6.7b). The orbital overage for three or more transits is

derived from the real observational window funtion of F19 (see Chapter 4, in partiular Figures 4.6

and 4.7).

Figure 6.8 ompares the results of the BLS test with the observational over-

age p
3

(p) of F19 as presented in Setion 4.2.2; the latter was alulated from the

times of observation by requiring that they over at least three transit events. While

the line orresponding to δF = 0.5% does not reah this benhmark in Figure 6.8 due

to an insu�ient SNR, the larger depths of 1% and in partiular 2% largely follow

the observational overage. A slight lak of detetions with p . 5d an be explained

with the assumption of vanishing transit duration in the alulation of p
3

(p), while
a surplus for p & 5d indiates that the orret period ould also be reovered if less

than three events are overed.

BLS detetion limit

The signal to noise ratio S
bls

(Equation (6.4)) was introdued to quantify the signif-

iane of a BLS �t. Its performane in distinguishing between noise and real signals

is now evaluated using the F19 data set with arti�ial transits.

Figure 6.9 displays the number of deteted and missed planets, and the number of

false alarms as a funtion of the BLS SNR limit Smin

bls

. It shows that for larger tested

transit depths δF , higher values of S
bls

are obtained for orret detetions, whih

an in turn be distinguished better from false alarms. Therefore, this parameter an

be onsidered a good riterion for andidate prioritization.

In order to determine a reasonable limit Smin

bls

for real transit searhes, a quan-

tity S eq

bls

has been determined for eah tested transit depth (Table 6.1). It gives the

largest value of Smin

bls

at whih the number of false alarms exeeds the number of

detetions, i.e., N false

bls

≥ Ndet

bls

(in Figure 6.9, S eq

bls

an be seen as the intereption of
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Figure 6.9: Number of detetions above a given BLS SNR limit S min

bls

. The ounts of arti�ial

transits identi�ed with the orret period (Norret

bls

, green), multiples thereof (Nmulti

bls

, yellow), and

wrong period (Nmiss

bls

, red), as well as the false alarm ount (N false

bls

, gray) are shown as a funtion

of Smin

bls

. Solid thik lines orrespond to �ltered data (n
sys

= 5), whereas thin dashed lines give the

respetive ounts for the original data set F19 (without SysRem).

the gray and the green line). For the small depth of δF = 0.5%, the number of false

alarms exeeds the number of detetions at Smin

bls

= 8.61. In the ase of larger transits,
the false alarm rate only reahes a signi�ant number at values of Smin

bls

= 7.22 (1%)

and 6.35 (2%). For all three ases, small SNR limits Smin

bls

≪ S eq

bls

lead to very high

false alarms rates and should be avoided, i.e., a limit in the order of Smin

bls

≈ 6 is

onsidered appropriate for �eld F19.

Unfortunately, the BLS statisti used here is not omparable between di�erent

data sets, i.e., the atual distribution of S
bls

depends on the time/frequeny sam-

pling, and the duration of the observations (Kovás et al. 2002). In order to obtain

onsistent results for transit searh in di�erent �elds, a �xed fration of low-noise

light urves is hosen instead, i.e., the limit Smin

bls

is determined by the atual distri-

bution of S
bls

. For F19, Smin

bls

= 6.12 orresponds to 5% of all light urves in the �eld

with σ ≤ 0.05mag. Under the reasonable assumption that signi�ant transit signals

are always found within the 5% largest values of S
bls

(for similiar approahes, see,

e.g., Moutou et al. 2005; Mohejska et al. 2006; Bayliss and Sakett 2011; Nasimbeni

et al. 2012), this riterion is used as the default for the inspetion of potential transit

signals within this work.

6.3 Summary and Disussion

The transit searh proedure of BEST II was tested on its largest data set F19.

Using an adaptation of the UTM program (Deeg 2009), arti�ial transit signals of

depths δF = 0.5%, 1%, and 2% were inserted into every 10th light urve of all 10,120

stars with σi < 0.01mag with the aim of reovering them using BLS.

The validation yields two main onlusions: First, a removal of systemati trends

with SysRem signi�antly improves the detetion performane. Seond, the detetion

performs satisfatorily and within expetations.

SysRem

The transit searh was investigated with no removal of systemati e�ets, and with

up to eight runs of the SysRem algorithm. It was found that the number of detetions
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6 Transit Searh � Desription and Validation

signi�antly inreases after the �rst runs, espeially for arti�ial signals with δF . σ,
for whih it virtually doubles. Moreover, the number of false alarms (i.e., light urves

without transit but with a signi�ant BLS peak of S
bls

≥ 6.12) dereases by a fator

of two through the appliation of SysRem.

A number of �ve SysRem runs was found to be optimal for F19 using a deep

analysis of the transit detetion e�ieny; therefore, n
sys

= 5 is used as the default

value for transit searh with BEST II. However, the atual number might vary from

�eld to �eld depending on the systemati e�ets present in the data. It should be

used as a guideline, but be adapted if neessary using the quality assessment of the

SysRem results as disussed in Setion 5.2.2.

Detetion Performane

As disussed in Setion 2.2, the probability of transit detetion depends on various

fators suh as the number of surveyed stars, the photometri preision, or the ob-

servational duty yle (Equation (2.11)). The orresponding yield was estimated for

several BEST II target �elds in Setion 4.4. That simulation omprised two basi

riteria to deide if a transit ould be deteted at star i: First, that the transit

depth δF is larger than its photometri noise σ by a fator c (Equation (4.8)), and

seond, that at least three transit events are overed by observations.

The validation presented in this hapter neglets the stellar population within the

�eld by inserting transits of �xed depth into a number of light urves that is muh

larger than expeted in reality, e.g., onerning the number of stars atually hosting a

planet. Thus, a omprehensive simulation is required to estimate the detetion yield

(f. Setion 4.4). However, the tests presented in this hapter probe ruial parts in

the hain of transit detetion; as suh, the results allow to rate the performane of

the given searh proedure in general, and to verify the assumptions of Setion 4.4

in partiular.

First, for ases with a su�ient observational overage of the transit phase, it has

been shown that the detetion limit an be approximated with σbini ≤ 0.64 · δF ,
whereas σbini refers to the standard deviation in data binned to a typial transit

time sale of 30 minutes. At the noise limit, e.g., if only three two-hour transits

2

are observed with σbini = 0.64 · δF , this orresponds to an overall SNR of 5.4. The

riterion is used within this work to estimate and ompare the detetion yield for

di�erent data sets and projets (i.e., with c = 0.64 in Equation (4.8); f. Setions 4.4

and 10.3).

Seond, the rate of detetions dereases with the simulated orbital period as ex-

peted from the observational duty yle. If the transit signal is larger than the

photometri noise, about 60�100% of all arti�ial planets are found up to peri-

ods p . 4d. The performane an be approximated with the theoretial observational

overage p
3

(p) of three or more transit events (Setion 4.2.2). The latter an thus

be used to estimate the detetion yield.

2

together overing 44 individual data points with the average F19 time sampling
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During the last deade, ground- and spae-based surveys have been very suessful

in deteting transiting exoplanets. In addition to their primary siene goal, the

large photometri data sets aquired by them allow studying millions of stars for

variability. Numerous projets thus provide an exeedingly inreasing number of

detetions that are olleted by variable star atalogs suh as the General Catalogue

of Variable Stars (GCVS; Samus et al. 2009) or the Variable Star Index (VSX;Watson

et al. 2006). Suh atalogs not only broaden the statistial sample of variable stars,

but are also important to gain further knowledge about the di�erent proesses that

ause stellar variability.

Several methods have been proposed to searh for periodi signals in astronom-

ial time series (for a good overview, see, e.g., Shwarzenberg-Czerny 1999). One

of the most widely applied algorithms is the analysis of variane (AoV) statisti

(Shwarzenberg-Czerny 1996), whih provides an optimal period searh in uneven

sampled observations. It has been used very suessfully by projets like HAT (Bakos

et al. 2004), SuperWASP (e.g., Maiejewski et al. 2011), or OGLE (e.g., Soszy«ski

et al. 2008). In addition, the J index (Stetson 1996) is frequently used to quantify

variability in general and/or for seleting andidate stars prior to a period searh

in order to minimize omputation time (e.g., Zhang et al. 2003; Pepper and Burke

2006; Pasternaki et al. 2011).

However, both methods, the AoV period searh and Stetson's variability index,

are strongly a�eted by systemati trends present in ground-based data sets (see,

e.g., Pepper and Burke 2006; Karo� et al. 2007; Kabath et al. 2009a; Hartman et al.

2011a). Most dominant are diurnal systematis, introduing arti�ial variability with

periods of one day or multiples thereof. Suh trends generally yield a higher ranking

of non-variable stars, thus inreasing the false alarm rate. A ommon approah to

aount for andidates with systemati variability is to set limits, e.g., to exlude

detetions within ertain period ranges. However, any suh manual mehanism is

usually not well appliable to other data sets or projets, and the number of missed

detetions (false negatives) is often unknown. Therefore, a more sophistiated treat-

ment of systemati variability in ombination with period searh and ranking is

needed.

A �rst haraterization of periodi stellar variability in the CoRoT �eld LRa02

with BEST II has been published by Kabath et al. (2009a). Following the detetions

from this �rst publiation (denoted as Paper I hereafter), it was possible to optimize

the DLR photometri pipeline. The large, well-haraterized data set LRa02 was

used as a proxy to analyze and automatially exlude systemati biases from the

variable star andidate seletion and period searh, yielding a signi�antly redued

false alarm rate.
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Outline

This hapter desribes an optimized proedure to rank periodi variable stars. The

results form an integral part of this thesis and have been published reently (Fruth

et al. 2012). In addition, the publiation inludes a large atalog extension to the

variable star lassi�ation in LRa02 that was obtained through the reanalysis. To-

gether with variable stars from the BEST II �elds F17�F19, these new detetions

are presented in Chapter 9.

While the following Setion 7.1 reaps the observations and results from Paper I,

Setion 7.2 outlines the reanalysis that was performed in the framework of this thesis.

Setion 7.3 desribes the limitations of the old method, and introdues the new

method together with a quantitative framework to test and optimize its performane.

Finally, Setion 7.4 shows the results of the new proedure on the LRa02 data set,

and Setion 7.5 summarizes this hapter.

7.1 First Variability Study in Field LRa02

The CoRoT long-run �eld LRa02 was observed by BEST II for 41 nights from Novem-

ber 2007 to February 2008 prior to the satellite observations (see Table 4.1). As the

FOV of CoRoT is slightly larger than BEST II, we split the �eld into two sub�elds

(alled LRa02a and LRa02b, respetively) and pointed at them alternating. Paper I

indiates their orresponding enter oordinates, and Figure 7.1 shows the orienta-

tion with respet to the CoRoT FOV.

The aquired data set was alibrated and redued using the DLR automated pho-

tometri data pipeline as outlined in Chapter 5 (see Appendix D for parameters).

Figure 7.1: Relative position of CoRoT �eld LRa02 (gray) and the BEST II pointings LRa02a
(blue) and LRa02b (red) (f. Kabath et al. 2007, Figure 1).
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7.2 Reanalysis

Variability Criteria

In Paper I, Kabath et al. reported the detetion of 350 periodi variable stars (of

whih �ve were previously known). Their seletion was based upon the variability

index J (Stetson 1996), alulated for eah star by

J =

∑n−1
k=1 wk sgn(Pk)

√
|Pk|∑n−1

k=1 wk

, (7.1)

where k is indexing individual data points. Pk is alulated from eah pair of sub-

sequent magnitudes mk and mk+1 using the orresponding normalized residuals δk
and δk+1:

Pk = δkδk+1 with δk =

√
n

n− 1

(
mk −m

∆mk

)
, (7.2)

where∆mk denotes the unertainty of measurement k,m the mean magnitude, and n
the number of measurements for the seleted star. The weights wk in Equation (7.1)

were alulated following the approah of Zhang et al. (2003) as

wk = exp

(
− tk+1 − tk

∆t

)
, (7.3)

where tk denotes the time of observation k and ∆t is the median of all pair time

spans (tk+1 − tk).

In Paper I, the limit of J ≥ 0.5 was applied in order to distinguish variable from

onstant �eld stars. This preseletion yielded 1,858 stars in LRa02a and 1,868 stars

in LRa02b, respetively. For eah star, the AoV statisti Θ (Shwarzenberg-Czerny

1996) was alulated for a period range of 0.1�35 days. The light urves were folded

with the frequeny ω
max

orresponding to the maximum AoV value,

Θ(ω
max

) = max (Θ(ω)) , (7.4)

and then inspeted visually. Most folded light urves showed no lear periodi vari-

ability or an arti�ial period of one day or multiples thereof, whih an be aused

by systemati e�ets due to the observational yle. Kabath et al. (2009a) �nally

identi�ed 173 periodi variables in LRa02a and 177 in LRa02b.

7.2 Reanalysis

In the BEST arhive, some stars are marked as lear variables with large J indies

(up to 10 and higher). Figure 7.2 shows the ount of all stars in sub�eld LRa02b
and the orresponding number of variable star detetions in Paper I as a funtion of

the J index. Altogether, the large number of false positives shows that the J index

alone is not an e�etive riterion for seleting variable stars. Furthermore, a number

of lear detetions with low J values indiates that several variables must have been

missed in Paper I due to the uto�.

In order to improve the quality of our preseletion proess and to maximize the

detetion yield, we performed a deeper analysis of our data set LRa02. Field LRa02
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Figure 7.2: J index histogram for sub�eld LRa02b (qualitatively equal to LRa02a). The solid line

shows the total star ount in bins of 0.1 (J < 2) and 1 (J ≥ 2), whereas the dotted line shows the

number of variable star detetions from Paper I. The red dashed line denotes the uto� limit of

J = 0.5 as applied in Paper I. (Published as Figure 1 by Fruth et al. 2012.)

was hosen for this purpose beause it provided the longest time series within the

BEST projet at the time of the reanalysis.

The performed reanalysis onsisted of three main steps.

First, the best period was searhed in all light urves from the initial data set

without any preseletion riterion, i.e., diretly using the AoV multiharmoni algo-

rithm for all stars in both subsets. Eah of the resulting 37,361 folded light urves in

LRa02a and 66,974 in LRa02b was then examined visually for periodi stellar vari-

ability. In addition to the variable stars from Paper I, this �rst step already revealed

189 additional variable stars that were not deteted in the �rst publiation. During

this step, we also disovered a bug in our implementation of the J index that yielded

systematially lower values espeially for short periods, whih is why many of these

detetions show periods of less than a day.

Seond, the ombined data set of variable stars from Paper I and the additional

manual detetions were used to optimize the BEST II seletion proess (see next

Setion 7.3). With a very good knowledge of this data set, it was possible to ompare

di�erent seletion methods and to adjust their orresponding parameters.

Third, the new searh algorithm was applied to the data set with optimized pa-

rameters. The improvements to the pipeline �nally lead to an inrease of detetions

by another 135 variable stars that were not found during all previous steps (see

Setion 7.4).

7.3 Improvements on Variability Searh

The deep analysis of the BEST II data set LRa02 gives the opportunity to study

the performane of variability searh algorithms in detail. The aim is to reover
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all variable stars in the data set automatially and to minimize the number of false

alarms (and manpower) at the same time.

This setion introdues the limitations of the J index with regard to systemati

trends (Setion 7.3.1), desribes how to quantify the performane of a variability

searh (Setion 7.3.2), presents the algorithms tested (Setions 7.3.3 and 7.3.4), and

�nally shows the performane of di�erent approahes and parameters in omparison

(Setion 7.3.5).

7.3.1 Limitations of the Variability Index J

After the �rst step of the reanalysis, the visual inspetion, the majority of new

detetions showed J indies below the limit of 0.5 applied before, whih is why they

were not deteted in Paper I. The relation between periods and variability is shown

Figure 7.3: Variability J index plotted vs. determined period without treatment of systemati

e�ets for all stars in the BEST II �eld LRa02a (left) and LRa02b (right). Variable stars identi�ed
in Paper I are marked with blue dots, whereas variable stars from the manual reanalysis appear red.

The dashed line shows the seletion limit of J = 0.5 as applied in Paper I. (Published as Figure 2

by Fruth et al. 2012.)

in Figure 7.3. A lear bulk of stars an be found at about 0.01 ≤ J ≤ 0.1, with
the limits being widely period independent and populated by stars showing noise

only. Most new variable star detetions are found in the region between J = 0.1
and the uto� limit of J = 0.5 from Paper I. A small number of new variables

with J > 0.5 were not deteted in Paper I beause their J indies have been initially

underestimated (see Setion 7.2).

The dominant variation in many light urves is due to diurnal systematis, aliasing,

or a ombination of both. Figure 7.3 shows a large aumulation of stars having

periods of one day or integral frations/multiples thereof, often in ombination with

large J indies. Consequently, this leads to a very high number of false alarms

when using the Stetson index as the only riterion for variability seletion. In the

example of the data set LRa02, a uto� limit of J = 0.1 would be su�ient to

inlude all variable stars in the seletion sample, but only 74% of all light urves

would be sorted out. The remaining large sample of 31,000 stars is mainly a�eted

by systemati e�ets and ontains only 681 stars with real physial variability (see

Setion 7.4). The orresponding false alarm rate of about 98% shows the need for

an automated treatment of systemati variability, whih is not part of the J index.
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7.3.2 Quantitative Assessment of Period Searh Algorithms

Two fundamental riteria are used to assess the quality of period searh algorithms:

the signi�ane of the detetion itself and the orret determination of the frequeny

of variability.

First, a quantity ξ is introdued to evaluate the detetion e�ieny of any given

searh algorithm. Detetion methods are usually based upon a single numerial

value q (e.g., the Stetson index, q ≡ J) that an be used to prioritize a andidate

list. The suess of ranking variable stars high in the list is measured with ξ for eah
tested searh algorithm. It ranges from 0 for the perfet algorithm (all previously

identi�ed variable stars listed �rst) to 1 (listed last). For details on the alulation

of ξ, see Appendix C.2.

The seond riterion is tested by omparing the frequeny ω
orret

that was veri�ed

manually with the frequeny of a tested algorithm. A tolerane range of 2% around

ω
orret

is onsidered here for a orret determination. Also inluded are 2% deviation

around half or twie that value, beause the distintion between these is often am-

biguous from the light urve itself. The fration nω of orretly identi�ed frequenies

an then be used for a quantitative omparison between tested algorithms.

7.3.3 Frequeny Determination and Exlusion of Systematis

Beause systematis and their aliases are usually limited to a set of few well-de�ned

frequenies {ω
sys

}, they an be exluded by searhing the best frequeny ω
max

only

on a subset Ω⋆ = {ω⋆} = {ω}\{ω
sys

} (Figure 7.4). Three di�erent methods to

aount for systemati frequenies were tested, both independent of eah other as

well as in ombination.

W*(n ,n )1 2

W
1

sys

W
2

sys

w
(1)

max

w
(2)

max

n
1

n
2

Maximum of

( )Q w

Maximum

of ( )dQ w

Figure 7.4: Shemati view on the rejetion of systemati frequenies. The set Ω⋆(n1, n2) of

non-systemati frequenies is obtained by exluding the subsets Ωsys

1 (master power spetrum ut)

and Ωsys

2 (empty phases). The size of both an be adjusted with the parameters n1 and n2. Max-

ima of Θ(ω) and δΘ(ω) are searhed within Ω⋆(n1, n2) to obtain the frequenies ω
(1)
max

and ω
(2)
max

,

respetively. (Published as Figure 3 by Fruth et al. 2012.)
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Figure 7.5: Master power spetrum for data sets LRa02a (top) and LRa02b (bottom). (Published

as Figure 4 by Fruth et al. 2012.)

1. Master power spetrum. Systemati periodi signals a�et many light urves

in a data set and an thus be distinguished from real stellar variability by analyzing

many power spetra Θi(ω) of individual stars i statistially. The mean of all N⋆

spetra is used to build a master spetrum

ΘM(ω) =
1

N⋆

∑

i=1...N⋆

Θi(ω). (7.5)

In order to identify signi�ant peaks in the master spetrum, a baseline �t is deter-

mined. Among several investigated funtions, a polynomial log-log �t,

ln(Θbase

M (ω)) =

Nc
Θ∑

i=0

ci · (lnω)i, (7.6)

with oe�ients ci maps the baseline best and most reliable for various tested data

sets. The baseline-subtrated spetrum an then be searhed for systematis. Fig-

ure 7.5 shows how ΘM −Θbase

M peaks learly at the diurnal frequenies that we aim

to identify.

Finally, a simple uto� using the standard deviation σbaseM of the subtrated spe-

trum ΘM − Θbase

M is applied to �lter systematis automatially. The orresponding

set of frequenies having peaks at least n1 · σbaseM above the average power spetrum

is de�ned by

Ωsys

1 (n1) = {ω | ΘM (ω) > Θbase

M (ω) + n1 · σbaseM }, (7.7)

where the parameter n1 an be adjusted to quantify the degree of exlusion.

2. Frequenies with empty phases. Ground-based observations are strongly af-

feted by periodi gaps in the data, most ommonly due to the diurnal yle. The
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inomplete phase overage leads to aliasing and an often ause false positive dete-

tions. We use a simple model to exlude frequenies with poor phase overage: First,

the folded light urve is split into N
boxes

= 100 intervals of the same length. The

number of empty intervals N empty

boxes

(ω) is then ounted for eah sampled frequeny. A

frequeny is onsidered systemati by this riterion if the fration of empty intervals

is larger than a relative threshold parameter n2, i.e.,

Ωsys

2 (n2) = {ω | N empty

boxes

(ω) > n2 ·Nboxes

}. (7.8)

Both riteria (7.7) and (7.8) are merged to exlude systemati frequenies deter-

mined in either way, i.e., the overall set of non-systemati frequenies (Figure 7.4) is

de�ned by

Ω⋆(n1, n2) = {ω} \ [Ωsys

1 (n1) ∪Ωsys

2 (n2)] (7.9)

and the searh for ω
max

is restrited from the whole frequeny range (Equation (7.4))

to the subset Ω⋆(n1, n2):

∀ω ∈ Ω⋆(n1, n2) : Θ(ω) ≤ Θ(ω(1)
max

). (7.10)

Note that the funtion N empty

boxes

(ω) is similar but not equivalent to the window

funtion γN (ω) (Deeming 1975). Limiting the latter was tested as an alternative

riterion; it shows a very similar ranking performane, but slightly less orretly

determined frequenies. Being more simple, the empty phase riterion was hosen

for the �nal test setup.

3. Power spetrum saling. In addition to the exlusion of systemati frequenies,

we also investigated a method to inlude the information about systematis into the

AoV results diretly. Instead of searhing for the maximum of Θ(ω), an arti�ial

spetrum

δΘ(ω) = Θ(ω)/ΘM (ω) (7.11)

is reated by dividing the AoV spetrum Θ of every star by the master power spe-

trumΘM . Its maximum is found at the frequeny ω
(2)
max

in analogy to Equation (7.10):

∀ω ∈ Ω⋆(n1, n2) : δΘ(ω) ≤ δΘ(ω(2)
max

) . (7.12)

7.3.4 Variable Star Ranking

In addition to the J index, two methods to prioritize variable star andidates were

tested.

The �rst method takes the AoV result diretly, i.e.,

q
(1)
1 = Θ(ω(1)

max

). (7.13)

In its speial ase of no exluded systemati frequenies (n1 → ∞, n2 = 1), this is a
widespread method for prioritizing variable star andidates. Likewise, the maximum

of the divided power spetrum δΘ ould serve as a variability indiator:

q
(2)
1 = δΘ(ω(2)

max

). (7.14)
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The AoV statisti Θ ≡ (n−n‖)‖x‖‖2
n‖‖x−x‖‖2 ompares the quadrati norm of a model x‖

(with n‖ free parameters) with the residuals that remain after subtration of the

model from n observations x (Shwarzenberg-Czerny 1999). Beause it has optimum

period detetion properties (Shwarzenberg-Czerny 1996), q1 is expeted to yield the

best ranking. However, the light urve's standard deviation with and without the

periodi signal obtained by the AoV multiharmoni �t was also tested as an empirial

alternative:

q
(1)
2 =

σ

σ′(ω(1)
max

)
and q

(2)
2 =

σ

σ′(ω(2)
max

)
(7.15)

It is dependent upon the frequeny ω
max

determined in the previous setion, whih

is why di�erent hoies of ω
max

lead to di�erent rankings. The quoted σ′ refers to
the standard variation after subtration of the orresponding �t (for alulation of

oe�ients, see Shwarzenberg-Czerny and Kaluzny 1998).

7.3.5 Comparison of Variability Searh Performane

The quantities ξ and nω have been alulated for both frequenies ω
(1)
max

and ω
(2)
max

and both tested ranking methods q
(k)
1,2 . For eah run, the parameters n1 and n2 were

varied independently on the following values:

n1 = {0, 0.01, 0.05, 0.1, 0.2, 0.5, 1, 2, 5, 10, 1000}
n2 = {0%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%}

The results of the omparison are summarized in Table 7.1, whih shows the best

value for ξ and nω ahievable with eah tested method.

Number of Harmonis

Paper I and the �rst step of the reanalysis (Setion 7.2) determined the stellar vari-

ability using AoV periodograms with two harmonis, whih was also used for this

omparison. Furthermore, the number of harmonis was set to N = 7 in a seond test
in order to inrease the sensitivity on sharp signals that are, e.g., aused by elips-

ing binaries (for the sensitivity dependene on the number of harmonis, see, e.g.,

Shwarzenberg-Czerny 1999). Both results show very similar ranking performanes

(for the best ranking method q1, we �nd ξ7 ≈ ξ2 ± 0.001 in both data sets), but

the N = 2 test naturally yields a slightly better (12%�15%) frequeny math with

the initial run that was obtained using the same number of harmonis. However,

the test with seven harmonis revealed a number of additional interesting elipsing

binaries that ould not be deteted using the smaller number of model parameters

(see Setions 7.4 and 9.1). Therefore, we prefer the latter for our improved vari-

ability searh (Setion 7.3.6) and fous in the following on the details of the searh

performane with N = 7 harmonis.
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Table 7.1: Results of the tested variable star ranking methods and parameters.

ω
(1)
max

ω
(2)
max

J

q
(1)
1 q

(1)
2 q

(2)
1 q

(2)
2 Index

(n1,n2)

ξ
LRa02a

(0, 0)

0.0051
(0, 0)

0.010
(0.2, 10%)

0.0035
(0.2,≥70%)

0.010 0.032

LRa02b
(0, 0)

0.0035
(0, 0)

0.0056
(0, 0)

0.0027
(0, 0)

0.0062 0.034

(n1,n2)
nω

LRa02a
(5−10, 10%)

65%
(≥5, 10%)

84%

LRa02b
(≥10, 0)

63%
(≥5, 10%)

81%

Notes. The quantities ξ and nω are shown for eah tested ranking parameter q, both methods of

determining the best frequeny ω
(k)
max

and both analyzed data sets. For larity, only the best value

ahievable by variation of the parameters n1 (master power spetrum ut) and n2 (empty phases) is

shown for eah method. The orresponding values/ranges of n1 and n2 are shown in small brakets

above eah value.

Figure 7.6: Number of variable stars N ′
v as a funtion of the number of inspeted stars Nc⋆ for

LRa02a (left) and LRa02b (right). The di�erent lines represent tested ranking methods: q
(k)
1 , q

(k)
2 ,

and the Stetson J index (left to right). Solid lines represent the unweighted ase (k = 1), whereas
dotted lines inlude the e�et of master power spetrum division (k = 2). Only the parameters n1

and n2 of the most suessful sorting are used for eah method (ompare Table 7.1). The blak

dashed line shows the optimal ranking for omparison. (Published as Figure 5 by Fruth et al. 2012.)

Figure 7.7: In�uene of systemati frequeny exlusion method on variable star ranking e�ieny

for the data set LRa02b. The quantity ξ is shown on the y-axis as a funtion of the model parame-

ters n1 (lines) and n2 (x-axis) for the best tested ranking method using q1. The left plot shows the

results with ω
(1)
max

as the maximum frequeny, whereas the e�et of division by the master power

spetrum (ω
(2)
max

) an be seen on the right. (Published as Figure 6 by Fruth et al. 2012.)
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Figure 7.8: Fration nω of orretly identi�ed frequenies ω
(2)
max

as a funtion of model param-

eters n1 (lines) and n2 (x-axis) for variable stars in data set LRa02a (left) and LRa02b (right),

respetively. (Published as Figure 7 by Fruth et al. 2012.)

Ranking

The performane of the ranking di�ers only slightly between the tested methods.

Figure 7.6 shows how the quantities q1 (AoV) and q2 (σ-ratio) both provide a sorting

that lists stars with real variability �rst. The numerial quantity ξ yields with ∼ 0.003

for q
(2)
1 a minimum lose to the optimal ranking (ξ = 0). It is an order of magnitude

lower than the previously used J index (ξ ≈ 0.03) and signi�antly lower than ranking

the AoV power without exlusion of systematis (ξ ≈ 0.022 for q
(1)
1 with n1 = 1000

and n2 = 100%). In partiular, this orresponds to a drastially dereased false

alarm rate: For example, using q
(2)
1 for ranking, only 1,125 LRa02 light urves have

to be inspeted in order to detet 491 variable stars (i.e., 90% of all in this test). In

ontrast to that, if only the J index was used for ranking, the same detetion yield

ould only be obtained after an analysis of 11,689 light urves.

Figure 7.7 shows the dependene of the ranking performane on the parameters n1
and n2 for the two best methods q

(1)
1 and q

(2)
1 . In both ases, the most restritive

exlusion of systemati frequenies yields the best sorting. Thereby, the ut in the

master power spetrum (Equation (7.7)) has a slightly larger impat than the exlu-

sion of empty phases (Equation (7.8)). The minimum of ξ is reahed for n1 = n2 = 0,
but is almost independent of n2, beause the �rst riterion is more restritive.

Frequeny Determination

The frequenies found in Paper I and by manual reanalysis of the data set are in

good agreement with the values of ω
(k)
max

(see Table 7.1 and Figure 7.8). Without

master spetrum division (k = 1), about two-thirds of the frequenies are reovered.
However, the yield inreases to about 80% if the proedure is applied (k = 2).

Interestingly, the frequeny exlusion from the �rst riterion (Equation (7.7)) now

has the reverse e�et � the maximal agreement is reahed if it is almost swithed
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o� by setting n1 ≥ 5. Smaller values of n1 are too restritive and an inrease the

number of wrong periods by up to about 10%. On the other hand, the exlusion

of empty phases has again a small in�uene, although a value of n2 = 10% yields a

slight improvement for the majority of tested senarios (Figure 7.8).

The remaining small group of variable stars deteted with a di�erent period has

been analyzed arefully. The majority of them shows multi-period variation and was

identi�ed with a rational multiple (e.g., 1/7, 2/5) of the original frequeny. For some

stars, the original period had to be revised during the reanalysis (see also Setion 7.4).

A small rest shows amplitudes lose to the noise level, suh that the period ould

not be determined unambiguously.

7.3.6 New Seletion Method

Based upon the results from the omparison, a new proedure was set up to searh

for variable stars within the BEST projet.

1. The J index is used to exlude non-variable stars in order to save omputation

time. High values of J an originate from either real variability or systemati

trends, leading to a very high false alarm rate when being used as the only

ranking riterion. However, low J indies give a reliable riterion for non-

variability, i.e., neither physial nor systemati variations. In the studied data

set LRa02, no star shows lear variability below J = 0.1. This limit is therefore

used for analyses of BEST II data sets, for whih it typially exludes 50%�75%

of all stars.

2. The AoV algorithm is applied with N = 7 harmonis to the seleted subset

(J ≥ 0.1) in order to obtain power spetra.

3. The improved seletion method is applied to rank all investigated stars. Fol-

lowing the results from Setion 7.3.5, a master power spetrum is alulated,

the number of empty boxes is ounted for eah test period, and eah in-

dividual power spetrum is divided by the master power spetrum (Equa-

tion (7.11)). For the ranking, the frequeny ω
(2)
max

is determined from the subset

of non-systemati frequenies in the divided spetrum δΘ(ω) by following Equa-
tions (7.7)�(7.9) and (7.12) with the parameters n1 = 0 and n2 = 10%. The

orresponding maximum δΘ(ω
(2)
max

) (Equation (7.14)) serves as the quantity q
for priorization (see example in Figure 7.9). However, in order to improve the

�nal period ωf , ω
(2)
max

is realulated without exlusion of systemati frequen-

ies from the master power spetrum, i.e., by setting n1 → ∞, n2 = 10% and

applying Equations (7.7)�(7.9) and (7.12) again.

4. All light urves are folded with their respetive �nal periods ωf and analyzed

visually in desending order of q = δΘ(ω
(2)
max

).
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7.4 Appliation of the New Method to LRa02

Figure 7.9: Example for power spetra Θ(ω) (upper plots) and δΘ(ω) (lower plots, see Equa-

tion (7.11)) � the star LRa02b2_01822 (left plots) is strongly a�eted by systemati noise, while

LRa02b2_17835 (right plots) shows both physial and systemati variability. In eah plain AoV

spetrum Θ(ω) (upper plots), the position of the overall maximum is marked � it is found at sys-

temati frequenies for both ases. Furthermore, the maximum of Θ(ω) and the J index are both

muh larger for the �rst star, leading to a false alarm when using these quantities to rank the

variability. The funtionality of the new variable star searh algorithm is shown in the lower plots.

In addition to the division by the master power spetrum, systemati frequenies are �ltered out

(Equations (7.7)�(7.9) with parameters n1 = 0 and n2 = 10%, marked red in the spetrum), and

the maximum ω
(2)
max

is determined on the non-systemati subset of frequenies (Equation (7.12)).

To use the orresponding maximum q
(2)
1 = δΘ(ω

(2)
max

) for ranking is muh more sensitive to real vari-
ability. The seond star LRa02b2_17835 is a new detetion of this work (Table E.1 and Figure 9.1).

(Published as Figure 8 by Fruth et al. 2012.)

7.4 Appliation of the New Method to LRa02

A large number of 189 new variable stars was already identi�ed in the BEST II data

set LRa02 by the �rst step of the reanalysis, the manual sreening (see Setion 7.2).

After the searh proedure was tested and optimized using the results from Paper I

and this additional sample of detetions, the most suessful sorting method (see

desription in Setion 7.3) was �nally applied to searh the data set LRa02 one

more.

In addition to the 350 variable stars published in Paper I and the 189 found by

the manual reanalysis, this improved searh yielded another 135 previously unknown

variable stars. Reasons why these went undeteted by previous searhes are as fol-

lows.

� Systemati trends or aliases were found instead of the real periodiity.

� The AoV algorithm was run with N = 2 harmonis for Paper I and the man-

ual reanalysis, but with N = 7 for the latest searh. This leads to a higher

sensitivity for non-sinusoidal variations, whih is partiularly important for the

detetion of Algol type elipsing binaries (at least 27 additional EA variables

with long periods (P > 2 days) an be attributed to the inrease of N , some

of them being very eentri).

� A total of 21 variable stars on the edge of the BEST II FOV with few data

points were exluded by earlier redutions of the data set.

Due to an improved data quality (see Figure 5.7, Setion 5.2.2) and inreased sensi-

tivity for non-sinusoidal events, we ould also re�ne the periods for 17 of the variable

stars published in Paper I (see Table E.2).
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7 Improved Variable Star Searh

7.5 Summary

The CoRoT target �eld LRa02 was observed with BEST II during 41 nights from

November 2007 to February 2008 (see Setion 4.1 and Paper I). In the framework

of this thesis, the data set was reanalyzed in order to improve the detetion method

and to maximize the number of detetions.

From a manual inspetion of all light urves without any preseletion riterion,

it turned out that many periodi variable stars went undeteted in Paper I beause

the applied variability riterion using the Stetson J index was too restritive. But

beause the J index is heavily biased by systemati e�ets, a smaller uto� limit leads

to very high false alarm rates (∼ 98%) and is therefore not a pratial alternative.

However, although the J index is not apable to distinguish between systemati and

stellar variability, it an still be used to exlude non-variable stars from the analysis:

no variable star is falsely rejeted if light urves with low variability indies J < 0.1
are sorted out in both LRa02 data sets. This separation an be partiularly useful

if the full AoV proess is too time onsuming for a whole data set.

The deep haraterization of the data set enabled omparing and training of di�er-

ent automati methods for an improved variability ranking. In partiular, a master

power spetrum was alulated as the mean of all individual AoV spetra. This

method proved a valuable tool for exlusion of systemati frequenies and hene the

ranking of real variability. The best algorithm found separates variable stars very

e�etively from the non-variable bakground population and in parallel reovers their

frequenies well. The new ranking method is partiularly superior to the J index

in regimes where the amplitude of variation beomes omparable to the noise level,

i.e., lose to the detetion limit of the photometri system. It shows an almost equal

performane for both independent subsets LRa02a and LRa02b, and is easily appli-

able to other data sets (f. the searh for stellar variability in the three BEST II

target �elds F17�F19 in Setion 9.2).
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8 BEST II Transit Candidates

Three target �elds, F17�F19, have been observed in 2009/2010 for 138 nights in total

to searh for exoplanets (Chapter 4). The data have been redued and analyzed for

transiting planets using the proedures desribed in Chapters 5 and 6.

This hapter desribes the data analysis, the di�erent stages of andidate seletion,

and the sienti� outome of the transit searh. Figure 8.1 illustrates shematially

the proesses involved in obtaining a andidate list from an initial set of light urves.

In addition, joint observations with ASTEP on the two �elds ASTEP-Exo2 and

ASTEP-Exo3 have been searhed for transits using the same proedures; the results

will be presented in Chapter 10. An analysis of stellar variability in the BEST II

target �elds F17�F19 is the subjet of Chapter 9.

Figure 8.1: Shemati overview on the transit searh as part of the photometri data analysis

(see overview in Figure 5.1). Shown are the steps from fully proessed light urves to planetary

andidates, whih are then subjet to additional follow-up measurements.

Transit-like signals that are deteted by algorithms like BLS an have multiple

auses other than an exoplanet (see Setion 2.2). It is therefore essential to exlude

all other senarios in order to eventually on�rm the planetary nature. For the an-

didates presented in this work, this follow-up proess is still ongoing. Using BEST II

photometry, information from star atalogs and spetrosopi measurements, a large

number of false positive andidates has already been exluded.

The �rst Setion 8.1 of this hapter overs the transit searh in the BEST II �elds

F17�F19. A proedure to improve the orbital ephemerides of eah andidate identi-

�ed therein is outlined in Setion 8.2, and the measures to exlude false positives from

light urve analysis are detailed in Setion 8.3. The BEST II andidates themselves

are presented in Setion 8.4, inluding a desription of their light urve modeling and

a �rst spetrosopi haraterization. Finally, Setion 8.5 summarizes this hapter

and outlines the urrent status of the follow-up proess.

89



8 BEST II Transit Candidates

8.1 Transit Searh in Fields F17�F19

Data Redution

The three BEST II target �elds F17�F19 have been redued using the DLR photo-

metri pipeline as desribed in Chapter 5; the most important parameters of the data

proessing are listed in Appendix D. Sienti� images were reorded together with

standard alibration frames (bias, dark, and �ats) and alibrated on a nightly basis.

As soon as an entire data set had arrived from Chile, the redution ontinued with

image alignment and subtration, aperture photometry, extintion orretion, and

a math with the UCAC3 atalog (Zaharias et al. 2010). In preparation of transit

searh in these �elds, SysRem was applied for detrending (see Chapter 6 for a dis-

ussion). However, SysRem has not been used for the analysis of stellar variability

in Chapter 9, as will be disussed there.

Catalog Math

White light observations from BEST II or ASTEP provide neither a preise absolute

photometry nor olor information. As a �rst step in the follow-up analysis, atalogs

are therefore searhed for additional data. To obtain this information, the NOMAD

(Zaharias et al. 2004) and 2MASS (Skrutskie et al. 2006) atalogs are ross-mathed

by equatorial oordinates with eah data set. The losest atalog star is determined

for eah BEST II star and onsidered to math it, if the two oordinates, i.e., from

the atalog and from the data redution (Setion 5.2.3), di�er by less than 2′′.

Transit Searh

Finally, the data sets F17�F19 have been searhed for transit-like signals using the

BLS algorithm (Chapter 6). Figure 8.2 illustrates this proess, while Table 8.1

summarizes the seletion riteria and lists the results for eah �eld individually.

At �rst, the riterion σi ≤ σmin

bls

= 0.05mag was applied to selet low-noise light

urves; in total, 115,740 (55%) of all 209,070 stars in F17�F19 have been analyzed

with BLS. Out of these, the 5% most signi�ant signals were inspeted visually, i.e.,

Figure 8.2: Planetary andidate seletion proess in BEST II �elds F17�F19 (shematially).

Cirle areas are proportional to the respetive ounts.
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8.2 Ephemerides Improvement

Table 8.1: Star and andidate ounts in BEST II �elds F17�F19.

Field

. . . . . . . . . . .Star Count . . . . . . . . . . . . . . . . Limits . . . . . .Candidate Count.

Total σi ≤ σmin
bls

S
bls

≥ S min

bls

σmin
bls

[mag℄ Smin

bls

initial after all tests

F17 68,317 26,383 1,337 (5%) 0.05 5.84 3 2

F18 13,551 1,534 769 (50%) 0.05 4.12 0 0

F19 127,202 87,823 4,500 (5%) 0.05 6.12 38 12

Total 209,070 115,740 6,605 41 14

Notes. Shown are the total number of stars in eah data set, the number of low-noise (σi ≤ σmin
bls

) light

urves analyzed with BLS, and the number of light urves with S
bls

≥ Smin

bls

that were inspeted visually

for transit signals. The latter is hosen suh that a �xed fration of low-noise light urves is inspeted.

with the largest values of S
bls

(Equation (6.4); see Setion 6.2.3 for the motivation

of the limit). For the less dense �eld F18, half of the low-noise light urves were

inspeted visually.

In an initial sreening, 6,605 light urves with a signi�ant transit-like signal have

been analyzed visually. Most of them ould already be rejeted as lear elipsing

binaries at this stage, e.g., due to seondary elipses, strongly

∨
-shaped transits, or

obvious out-of-transit variations. With dereasing SNR of the BLS result, most light

urves either showed no signi�ant signal or the signal was learly of a systemati

origin. In total, 6,564 andidates were rejeted at this stage. This large number

is onsistent with the �ndings of other ground-based surveys (e.g., over 95% with

SuperWASP; Kane et al. 2008).

A total number of 41 stars made up the initial andidate list. Their light urves

show transit-like signals whih ould have arisen from a planetary ause (i.e., peri-

ods p & 0.5d and depths δF . 5%), no immediate false alarm indiator, and the

observations over a minimum of three events, inluding at least one full transit.

The seletion was made rather onservative in order to minimize the number of false

rejetions, i.e., ambiguous ases were all inluded into the initial andidate set for

solving them through further tests. These are �rst desribed in the following two

Setions 8.2 and 8.3, while the andidates themselves are presented in Setion 8.4.

8.2 Ephemerides Improvement

The orbital period of a transiting exoplanet (andidate) needs to be measured as

aurately as possible, beause, from this one alulates the semi-major axis, a key

property. Furthermore, small deviations in the period an alter the transit shape

signi�antly when the data are phase-folded. First, this an a�et the determination

of additional stellar and planetary parameters through light urve modeling. Seond,

the shape of the transit itself is used as a riterion for rejeting elipsing binaries

(Setion 8.3.1).

A �rst approximation of the orbital period is obtained from the transit searh

algorithm. However, the BLS routine is optimized for detetion: It searhes for

stritly box-like signals on a grid of disrete frequenies. After detetion, a three-step

proedure is applied in order to improve the orbital ephemerides for eah andidate.

First, the light urve is folded with the initial period as determined by the BLS
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8 BEST II Transit Candidates

(a) (b)

Figure 8.3: Example for period improvement of planetary andidate F19_043426. (a) The trape-

zoid from the �t to the folded light urve is �tted to eah reorded event with the mid-point T
(i)
0

as the only free parameter. (b) All mid-points T
(i)
0 are then plotted vs. the orbital index i of the

event. Improved ephemerides are �nally obtained from a linear �t to these results; residuals of the

�t are shown in the lower part of the plot.

algorithm. Instead of the step funtion from BLS, a trapezoid is �tted to the data.

Thereby, the free parameters are the depth, the full duration T14, and the duration

T23 of the bottom part of the transit (f. Figure 2.2). The magnitude out of transit

and the zero point T0 stay �xed.

Seond, the shape determined on the folded light urve is �tted to eah individual

transit-like event (Figure 8.3a). In this step, the shape remains �xed and is only

allowed to be shifted along the time axis, i.e., the mid-point T
(i)
0 is the only free

parameter of eah �t. The index i denotes the i-th orbital period after the �rst

observed transit at date T0 ≡ T
(0)
0 .

Third, a line y = T0 + p · i is �tted to the paired data (i, T
(i)
0 ) of all indies and

mid-points (Figure 8.3b). It diretly yields revised values for T0 and the orbital

period p as well as an estimation of the orresponding errors. Sine the unertainties

of T
(i)
0 tend to be over- or underestimated for some ases, an unweighted linear �t

proved to show more robust results.

The improved value of p might still point to an alias/multiple of the true orbital

period. Therefore, the unfolded light urve, the BLS spetrum, and the index set {i}
are inspeted arefully for di�erent period solutions. For example, if all individual

transit events were reorded with even indies i, the light urve would be folded

with half the initial period and inspeted visually. If a solution is found to math

the observed sequene of transit-like events better, the period p is updated and the

proedure of ephemerides improvement is repeated.

8.3 False Positives Exlusion from Light Curve Analysis

and Catalog Information

8.3.1 Transit Shape

The shape and depth of a suspeted transit signal are the prime rejetion riteria

available from photometry.
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8.3 False Positives Exlusion from Light Curve Analysis and Catalog Information

First, deep transits indiate a stellar seondary objet rather than a planetary om-

panion. The most in�ated transiting hot Jupiters found so far show transit depths

of δF . 2% (e.g., HAT-P-32 b; Hartman et al. 2011b). Large transit depths δF ≥ 3%
orrespond to radius ratios of rp/r⋆ ≥ 0.17 (Equation (2.6)), whih an only be ob-

served for Jupiter-sized planets around small M-type stars (see also Figure 8.12). It

is therefore most likely � espeially in the magnitude range of ground-based surveys �

for suh a senario to be aused by an ordinary elipsing binary.

Seond, transiting planets are expeted to ause a

⋃
-shaped signal in the majority

of ases. Long ingress and egress phases otherwise indiate two more equally sized

bodies that are elipsing eah other. Seager and Mallén-Ornelas (2003) showed that

the probability of observing planetary transits dereases strongly with an inreasing

duration of ingress and egress phase. In partiular, less than 20% of all transits with

depths δF ≤ 5% yield on�gurations with T23 ≤ 0.4T14 (see their Figure 10), i.e.,

signi�ant

∨
-shapes.

If found in onjuntion with a large transit depth (δF & 5%), lear

∨
-shaped

transits are already rejeted during the �rst visual inspetion of the BLS results

(see Setion 8.1). However, all unlear ases enter the initial andidate list and are

subjet to additional quantitative tests.

8.3.2 Chek for Transit Depth Variations

When an extrasolar planet is transiting a distant star, two events an be observed:

The transit itself, when the planet is in front of the star, and the seondary elipse,

when the star is oulting the planet (Figure 2.2). Although seondary elipses

of planets an in priniple be deteted, the ontrast ratio is very small at optial

wavelengths (see, e.g., Burrows et al. 2006). Therefore, ground-based telesopes

like BEST II are not able to measure them even for the most luminous planets

(e.g., CoRoT-1b with δF = 1.26 · 10−4
; Snellen et al. 2009). The measurement of a

seondary elipse with suh instruments an thus only be explained with the presene

of a stellar ompanion, leading to the rejetion of the objet as a planetary andidate.

(a) Full phase-folded light urve (b) seondary: (21± 2)mmag () primary: (32± 3)mmag

Figure 8.4: Example of a transit depth variation test: BEST II planetary andidate F19_111745.

(a) The light urve is phase-folded with twie the BLS period (p = 2× 1.34445d). The primary ()
is signi�antly deeper than the seondary elipse (b), and the andidate was rejeted.

For the andidates presented in this work, the hek for seondary elipses proeeds

in two steps. First, the folded light urve is inspeted visually at phase ϕ ≈ 1
2 . If

the depth of the seondary elipse is larger than the noise, it should be visible in

this time range. However, if primary and seondary elipses are of similar depths,

the transit searh will usually not be able to distinguish between both events and
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8 BEST II Transit Candidates

therefore obtain the best �t with half of the orbital period (Collier Cameron et al.

2007). To test this, in a further hek the period is then doubled, and trapezoids are

�tted independently to the folded light urve around ϕ = 1
2 and ϕ = 1, respetively.

If both signals di�er signi�antly in shape and/or depth, the andidate is rejeted

as an elipsing binary (see example in Figure 8.4).

8.3.3 Out-Of-Transit Variation

Binary stars and planetary systems an show brightness variations that are orrelated

with the orbital phase of the seondary objet due to ellipsoidal and/or re�etion ef-

fets, or relativisti beaming (e.g., Snellen et al. 2009; Mazeh and Faigler 2010; Welsh

et al. 2010). However, the amplitude for planetary systems is typially well below

0.1mmag (for a theoretial approximation, see Mazeh and Faigler 2010) and an

therefore not be deteted by small ground-based telesopes like BEST II. A signi�-

ant out-of-transit variation is therefore used here as a lear riterion for andidate

rejetion.

Figure 8.5: Example of an out-of-transit variation hek: BEST II planetary andidate

F19_097429. The folded light urve is shown without transits. A seond-order sinusoidal �t to

the remaining data points is shown in red ; its amplitude is 13mmag = 0.74 σ
oot

, and the minimum

is reahed at phase ϕ
oot

= 0.48.

For estimating the variation quantitatively, a seond-order sinusoidal is �tted to

the folded light urve of eah andidate. Data in transit are exluded before �tting.

In order to assess the signi�ane of the variation, the out-of-transit (oot) ampli-

tude A
oot

of the �t is divided by the standard deviation σ
oot

of the out-of-transit,

�t-subtrated light urve; values of (A
oot

/σ
oot

) & 1 an be onsidered signi�ant.

Furthermore, the phase ϕ
oot

of the �t minimum is determined. Elipsing binaries

an show ellipsoidal variation or a re�etion e�et whih both are � in ontrast to

stellar ativity � in a �xed phase relation with the elipses. For instane, if ϕ
oot

is

lose to

1
2 or 1, this is another indiator for binary variation. Both parameters A

oot

and ϕ
oot

together an therefore lead to the rejetion of a andidate, that might oth-

erwise not be onsidered signi�ant from the amplitude riterion alone (see example

in Figure 8.5).
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8.3.4 Contamination from Stellar Neighbors

Two false alarm senarios are ommonly enountered due to stellar rowding: First,

light of a nearby binary leaks into the target aperture. Seond, the target is itself a

binary, but a signi�ant amount of third light is reorded together with the target

�ux. In both ases, the depths of elipses appear smaller and an thus mimi a

transit-like signal (see also Setion 2.2 and Appendix C.3).

For the andidates presented in this work, the �rst hek for stellar ontamination

onsists of the visual light urve inspetion of all stars within 20Px of the andidate's

host star. Eah light urve is then folded with the suspeted orbital period of the

andidate. If one of the neighboring stars shows variability with the same period but

a larger amplitude, the andidate is rejeted (see example in Figure 8.6).

(a)

Eclipsing
Binary (b)

Target (c)

(b)

F19_037017

()

F19_036844

Figure 8.6: Example of a ontamination test. (a) The left plot shows a utout of the BEST II

referene frame Ref(x, y) (f. Setion 5.2.1) entered on the transit andidate F19_036844. () Its

light urve has a transit-like signal of 3%. However, the neighboring star F19_037017 (b) is a

binary with elipses that are about one order of magnitude deeper. Its light leaks into the aperture

of the target (marked yellow in (a)) and mimis a transit.

In a seond step, atalog information is used to estimate stellar ontamination

quantitatively. The stellar neighborhood of a andidate is assessed searhing the

NOMAD atalog for the losest objets within 20Px radius. Their PSFs are then

simulated assuming Gaussian shapes with σ
fwhm

= 3Px width. Thereby, the ata-

loged R magnitudes are used to estimate the �ux leaking into the andidate's host

star aperture (for details on the alulation, see Appendix C.1). If the fration of

third light is large enough to inrease the transit depth above the range expeted for

planetary objets (δF ≫ 1%), a andidate is given lower priority or rejeted.

8.3.5 Spetral Class and Stellar Radius

The transit signal δF is determined by the radius ratio rp/r⋆ of the ompanion and

its host star (Equation (2.6)). Therefore, the size of the seondary objet an only be

assessed if the stellar radius r⋆ is known. The latter an be estimated from the host

star's spetral lass, whih hene forms the key to the physial nature of a andidate:

It allows to distinguish between stellar and planetary objets, and to obtain a �rst

size estimation.

Unfortunately, the olor information available from atalogs (Setion 8.1) usually

enables only a very broad �rst estimation of the spetral lass. In the following
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8 BEST II Transit Candidates

Figure 8.7: Color-magnitude diagram for target �eld F19. 2MASS J magnitudes are plotted

vs. (J −K) olors for every star that was mathed with the atalog. Transit andidates are marked
by irles; they appear red if they were exluded by the light urve analysis, and blue if they survived

all tests (dark blue for p
and

= 2, light blue for p
and

= 3; for the priority de�nition, see page 99).

analysis, it is used for two purposes: To distinguish between giant and dwarf host

stars, and to estimate the spetral lass and stellar radius. This information is then

used to limit the observational e�ort for preise lass determinations to andidates

for whih either riterion does not indiate a stellar ompanion.

Dwarf or Giant?

In order to distinguish between dwarf and giant host stars, a olor-magnitude diagram

is reated for all stars in eah �eld. Although absolute magnitudes would be needed

for a proper mapping of the main sequene and the giant branh, a (J, J −K) plot
with 2MASS apparent magnitudes an be used for a �rst approximation. Figure 8.7

shows an example, namely �eld F19. For stars brighter than J ≈ 14, the distintion
between dwarfs and giants is beoming visible. Unfortunately, the (J −K) olors
beome highly unreliable for fainter stars (J & 15), so that the method is not appli-

able to most of the andidates presented in this work, and further observations are

needed to obtain a proper separation.

Class and Radius

In the literature, intrinsi olors are given for average main sequene and giant stars

as a funtion of spetral lasses. For this work, 2MASS olors are used to estimate the

orresponding spetral lass from tabulated values. Thereby, it is assumed that all

stars are loated on the main sequene, intermediate stellar lasses are interpolated

linearly, and interstellar reddening is negleted.

Figure 8.8a displays how stellar lasses are assigned to andidate stars. For eah

of the three 2MASS olors (J −H), (H −K), and (J −K), spetral lasses are de-
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(a) Spetral lass from olors (b) Stellar radius from spetral lass

Figure 8.8: Spetral lass estimation � example of BEST II andidate F19_067715. (a) The orre-

lation between spetral lasses and olors is shown for main sequene stars. Values are from Bessell

and Brett (1988), unertainties from Cox (2000). Missing sub-lasses are interpolated linearly. For

eah andidate and olor, the spetral range is estimated from sub-lasses having the same tabulated

olor (within unertainties). The maximal spetral range supported by all olors (green) is used

as a �rst estimate. (b) The maximal spetral lass range from (a) is translated to a orresponding

stellar radius range using a linear interpolation of Table 15.8 by Cox (2000).

termined that are ompatible with tabulated values (Bessell and Brett 1988) within

the unertainties as given by Cox (2000, Table 7.6). The orresponding lass ranges

are given in the following Setion 8.4 for eah planetary andidate (f. Table 8.2).

Depending on unquanti�ed e�ets on the 2MASS olor measurements suh as red-

dening or rowding, the ranges derived from the three di�erent olors either overlap

well or an be in mismath. In addition, an inonlusive result an point to a giant

star (for whih the used relations are not valid), or a binary.

The lass ranges are used to estimate the stellar radius r⋆ and therefore yield,

together with the transit depth δF (Equation (2.6)), a �rst hint for the planetary

radius rp. Given the spetral lass estimations, stellar radii are assigned to eah star

using the relation in Table 15.8 by Cox (2000). In order to aount for unertainties in

the stellar lass determination, maximum ranges, i.e., omprising all possible spetral

types of the three olors, are formed and translated into radius ranges. Figure 8.8

shows an example of the radius estimation from 2MASS olors.

8.3.6 Estimation of Stellar Density ρ⋆

The stellar density ρ⋆ an be used for a quantitative identi�ation of giants, whih

show very low densities ompared to main sequene stars. Similar to the approxima-

tion of spetral lasses from tabulated values, atalog olors are used to estimate the

density ρ⋆ for eah andidate's host star. However, ρ⋆ an also be alulated from

the light urve itself, and the omparison of both approahes forms an important

analysis tehnique: If both densities di�er signi�antly, this an indiate a blend

senario. The proedure used for BEST II is desribed in the following text; it is

based upon Tingley et al. (2011).

First, the olor information from 2MASS is used to estimate the stellar density ρ⋆
(denoted as ρ

JK

in the following). For eah andidate, the (J−K) olor is used to look
up the orresponding stellar densities from tabulated values in Allen's Astrophysial

Quantities (Cox 2000); in analogy to Tingley et al. (2011), a fourth-order polynomial

interpolates intermediate olors (Figure 8.9). The stellar density an be estimated
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8 BEST II Transit Candidates

Figure 8.9: Stellar density estimations from 2MASS (J−K) olor, following Tingley et al. (2011).
Diamonds show values for main sequene stars as listed in Cox (2000). A fourth-order polynomial

�t (red) is used to interpolate for intermediate olors.

(a) (b)

Figure 8.10: Transit depths δF vs. density ratios ρ
SMO

/ρ
JK

. (a) Figure 4 from Tingley et al.

(2011) for CoRoT andidates (irles) and on�rmed planets (diamonds). (b) BEST II andidates

in F17�F19 with parameters from Table 8.2. Colors as in Figure 8.7, i.e., red for rejeted, dark blue

for p
and

= 2, and light blue for p
and

= 3 (for the priority de�nition, see page 99).

very easily this way, but the method involves some systemati unertainties. In

partiular, the �t in Figure 8.9 is only valid for the main sequene, so the derived

densities ρ
JK

are not orret for evolved stars.

Seond, the stellar density is estimated from the light urves themselves. Seager

and Mallén-Ornelas (2003) have shown that it is possible to obtain ρ⋆ from a simple

trapezoid �t to the transit measurements (see Setion 2.2; ρ⋆ denoted as ρ
SMO

in the

following). For the BEST II andidates, the full transit length T14, the duration of

the bottom part T23, and the transit depth δF are determined by �tting a trapezoid

to the folded light urve around the transit (i.e., T0 ± 2T14). Together with the

orbital period p, these parameters are used to alulate ρ
SMO

with Equation (2.10).

Finally, both densities are ompared by alulating the ratio δρ = ρ
SMO

/ρ
JK

.

Cases with δρ≪ 1 either point to blend senarios or giant stars (for whih Figure 8.9

yields inorret values of ρ
JK

) that an both be rejeted. Furthermore, Tingley et al.

(2011) found that CoRoT on�rmed planets are loated in a triangular region in a

diagram of transit depth vs. density ratio (Figure 8.10a). For eah andidate in this

work, δρ is alulated and reviewed in a similar way (Figure 8.10b), i.e., andidates

that appear far o� the shaded region are assigned a low priority.
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8.4 Candidates in Fields F17�F19

8.4 Candidates in Fields F17�F19

As desribed in Setion 8.1, a visual sreening of BEST II light urves in the target

�elds F17�F19 yielded an initial list of 41 extrasolar planet andidates. For eah

andidate in the list, information from star atalogs was obtained, the ephemerides

were improved through light urve �tting (Setion 8.2), and false alarm indiators

were evaluated (Setion 8.3). Reports summarizing all available information were

reated for eah andidate and reviewed arefully. Table 8.2 gives the most impor-

tant properties for eah andidate, e.g., the ephemerides, transit depth, or host star

brightness.

Aording to the sheme applied within the CoRoT team (Cabrera et al. 2009;

Erikson et al. 2012), priorities were assigned to eah andidate:

� p
and

= 1 for andidates that passed all false alarm tests without problems,

� p
and

= 2�3 for andidates that show some inonlusive results, i.e., where the

available information was neither su�ient to disregard a false alarm senario

nor to rejet the andidate. The deision between priority 2 and 3 is made

depending on the number of unertain indiators and the photometri quality.

Candidates that learly failed one or more of the tests were rejeted. From the

initial list of 41 andidates in F17�F19, six were given p
and

= 2, eight were ranked
with p

and

= 3, and 27 were rejeted as false alarms. Due to the relatively low SNR

of all transit signals, no andidate was given the highest priority.

Comparison with Estimations

The number of deteted andidates is in good agreement with the theoretial esti-

mates of Setion 4.4. If one assumes a planet-to-andidate ratio of ∼ 1:10�1:20 as

obtained in other studies (e.g., Brown 2003; Pont et al. 2005; Alonso et al. 2007; Al-

menara et al. 2009; Evans and Sakett 2010; Carone et al. 2012), the overall expeted

yield in F17�F19 of 0.23�1.00 planets translates into 2�20 andidates.

In aordane with the expetations, the majority of initial andidates is found in

F19, and none is found in the most sparsely populated �eld F18 (see Table 8.1). How-

ever, the number of andidates in F19 ompared to F17 and F18 is higher than the

ratio of the orresponding detetion yields N
det

that were estimated in Setion 4.4.

Most probably, this indiates a larger false alarm rate in F19 due to rowding. This

issue ould be addressed in the seletion of future target �elds by applying an addi-

tional limit to the fration of ontaminating stars in the simulation (see Appendix B;

for F19, the absolute number of suitable target stars was maximized).

The fration of andidates found is also in reasonable agreement with other ground-

based surveys, albeit the seletion riteria and observing strategies vary between

di�erent projets. For example, Kane et al. (2008) desribes a data set of 130,566 low-

noise SuperWASP light urves, from whih 5,445 (4.2%; for omparison, BEST II:

5.7%) were raised by their detetion algorithm for visual inspetion, 36 (0.028%;

BEST II: 0.035%) formed the initial andidate list, six (0.0046%; BEST II: 0.012%)

remained after applying a full set of test proedures to the photometri data similar

to those presented here, and one was �nally on�rmed as a planet through follow-up
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Table 8.2: Transit andidates in BEST II �elds F17�F19 (sorted by priorities) � results from photometry.

. . . . . . . .Magnitude . . . . . . . . Color . . . . . . . . . . . Stellar Type . . . . . . . . . . . St.Density [ρ⊙℄ BLS . . . . . . . . . . . . . Ephemerides . . . . . . . . . . . . . . . . . .Trapezoid Fit . . . . .

ID RB V R J K J-K H-K;J-H;J-K r⋆ [r⊙℄ ρ

SMO

ρ

JK

S

bls

T0 [rHJD

†

℄ p [d℄ δF T14 [h℄ T23 [h℄

priority 2

F17_064507 15.7 15.2 15.5 13.8 13.2 0.60 M4-M5;F8-G2;K2 0.7 ± 0.5 7.59 1.29 8.3 −57.406 ± 0.002 1.5220 ± 0.0002 3.6% 2.12 1.91

F19_057757 ⋆ 14.7 15.9 15.9 14.6 14.2 0.44 K0-K5;G2-G5;G6-G7 0.9 ± 0.2 2.60 1.02 6.9 282.526 ± 0.002 2.10781 ± 0.00005 2.5% 2.84 2.50

F19_067715 ⋆ 14.3 15.3 15.3 14.2 13.8 0.38 K3-K7;F6;G0-G4 1.0 ± 0.3 0.29 0.93 12.0 280.851 ± 0.005 0.93670 ± 0.00005 1.3% 2.14 1.15

F19_068690 ⋆ 13.8 15.7 14.3 14.7 14.2 0.47 K8-M0;F9-G4;G7-G8 0.9 ± 0.3 0.55 1.07 6.9 281.523 ± 0.006 2.4123 ± 0.0002 1.4% 3.39 2.72

F19_083743 ⋆ 13.1 14.2 14.2 13.1 12.7 0.39 A7-G7;G4-G5;G2-G5 1.3 ± 0.4 0.16 0.96 6.2 299.790 ± 0.004 2.4576 ± 0.0002 2.2% 3.52 0.31

F19_106774 ⋆ 14.6 16.3 16.3 14.2 13.5 0.74 K9-M0;K4-M4;K5-K6 0.5 ± 0.2 0.28 1.96 11.1 282.033 ± 0.006 1.7248 ± 0.0002 3.1% 3.52 2.13

priority 3

F17_006239 15.6 15.6 15.0 13.8 13.2 0.67 K9-M0;K2;K4 0.7 ± 0.1 6.15 1.51 6.4 −55.2039 ± 0.0006 5.13317 ± 0.00009 2.6% 2.39 1.95

F19_010403 ⋆ 15.1 15.9 16.0 15.2 14.6 0.53 M0-M2;G5-G6;K0 0.7 ± 0.3 0.93 1.16 10.0 282.357 ± 0.008 4.7317 ± 0.0004 5.3% 3.00 · · ·

F19_013266 ⋆ 14.3 · · · 14.8 15.6 14.2 1.41 �;K4;� 0.746 ± 0.001 1.12 · · · 6.9 281.915 ± 0.003 1.76879 ± 0.00005 2.7% 1.72 · · ·

F19_041059 ⋆ 14.7 15.8 15.3 14.6 13.8 0.79 K7-M0;K6-M6;K7 0.5 ± 0.3 0.44 2.56 9.7 280.73 ± 0.01 3.2617 ± 0.0005 5.4% 3.50 0.76

F19_047826 14.8 16.3 15.8 15.2 14.6 0.59 M1-M2;G6-G7;K2 0.7 ± 0.3 0.26 1.26 9.9 281.745 ± 0.003 1.63226 ± 0.00006 4.0% 3.42 1.64

F19_064524 ⋆ 14.9 16.4 15.0 14.2 13.4 0.80 K4-K8;K7-M6;K7-K8 0.5 ± 0.3 0.09 2.71 8.4 281.154 ± 0.006 1.1915 ± 0.0001 3.6% 3.73 0.63

F19_103706 ⋆ 14.8 15.9 15.4 14.0 13.1 0.93 M4-M5;K5-M5;M5 0.5 ± 0.3 1.86 7.80 7.8 281.214 ± 0.003 1.13080 ± 0.00004 3.2% 2.07 1.61

F19_108764 ⋆ 14.3 14.8 14.9 15.2 14.4 0.80 M3-M4;K3;K7-K8 0.6 ± 0.3 9.45 2.70 10.9 280.772 ± 0.003 1.91355 ± 0.00008 2.2% 1.80 1.61

rejeted

F17_061245 16.4 15.4 16.1 14.5 14.0 0.51 G4-K2;G9-K0;G9-K0 0.88 ± 0.08 0.35 1.13 6.6 −55.556 ± 0.005 2.2519 ± 0.0004 7.0% 3.85 1.68

F19_000014 ⋆ 15.3 · · · · · · 15.8 15.3 0.49 �;K4-M4;G8-G9 0.6 ± 0.3 2.16 1.09 11.2 280.674 ± 0.004 1.88445 ± 0.00008 5.4% 1.98 1.05

F19_021095 ⋆ 13.9 16.1 15.5 15.3 14.8 0.51 A6-G5;K1;G9-K0 1.2 ± 0.5 0.16 1.13 12.9 284.303 ± 0.008 6.2320 ± 0.0008 4.2% 5.83 1.52

F19_021164 13.8 15.3 14.2 14.0 13.5 0.53 K8-M0;G5-G6;K0 0.8 ± 0.2 0.19 1.15 8.2 284.30 ± 0.02 6.234 ± 0.002 2.4% 5.27 2.61

F19_030342 14.8 · · · 16.0 14.8 13.9 0.94 K8-M0;�;M5 0.5 ± 0.2 0.24 8.73 9.3 280.92 ± 0.02 2.9765 ± 0.0004 3.3% 3.79 1.22

F19_030727

‡⋆ 13.9 15.3 14.6 14.0 13.6 0.39 F1-G9;G2-G5;G2-G5 1.2 ± 0.3 · · · 0.96 7.7 280.914

‡

2.97633

‡

1.1% 1.09 1.30

F19_035193 ⋆ 14.1 15.2 15.0 14.5 14.2 0.30 A6-G4;F6-F7;F6 1.3 ± 0.4 0.74 0.81 6.9 281.380 ± 0.004 1.58329 ± 0.00007 3.1% 2.05 0.63

F19_036844 13.6 15.0 · · · 14.7 14.3 0.41 G8-K4;G0-G4;G5 0.9 ± 0.2 0.09 0.98 11.0 280.849 ± 0.004 1.67727 ± 0.00008 3.0% 4.12 0.80

F19_036930 ⋆ 14.5 · · · 15.2 14.7 14.1 0.58 M3-M4;G0-G4;K2 0.7 ± 0.4 0.22 1.25 9.9 281.289 ± 0.006 0.72450 ± 0.00005 3.1% 2.42 0.87

F19_043426 ⋆ 11.7 13.1 13.0 12.5 12.3 0.18 K1-K5;A5-A7;F0-F2 1.2 ± 0.5 0.23 0.54 7.5 283.884 ± 0.003 4.8877 ± 0.0003 5.2% 5.72 3.15

F19_044625 14.0 · · · 16.3 15.5 14.9 0.68 M6;G0-G4;K4 0.7 ± 0.5 6.07 1.59 14.6 281.381 ± 0.004 2.23018 ± 0.00008 6.5% 2.19 1.75

F19_044803 14.6 16.0 16.1 14.6 14.2 0.40 G6-K3;G0-G4;G4-G5 0.9 ± 0.2 1.27 0.97 9.2 281.250 ± 0.008 2.6440 ± 0.0003 2.2% 2.96 2.36

F19_046366 ⋆ 13.0 14.0 13.5 13.3 13.0 0.36 K2-K6;F6;F7-G2 1.0 ± 0.3 0.22 0.90 6.1 281.702 ± 0.004 1.45427 ± 0.00005 1.2% 2.67 1.45

F19_047833 ⋆ 13.9 15.6 15.2 13.0 12.1 0.97 M1-M2;�;� 0.52 ± 0.03 0.11 · · · 10.7 281.782 ± 0.003 1.28750 ± 0.00004 2.4% 3.49 1.17

F19_048335 ⋆ 14.5 · · · 14.4 14.9 14.4 0.50 G5-K2;G8-G9;G8-G9 0.86 ± 0.07 0.24 1.10 10.9 288.242 ± 0.005 11.5640 ± 0.0007 5.9% 6.58 1.19

F19_063165 ⋆ 13.6 14.5 13.0 13.9 13.5 0.36 A5-G2;G1-G4;F8-G2 1.3 ± 0.4 0.73 0.91 15.7 280.902 ± 0.002 2.53011 ± 0.00006 6.9% 2.86 0.47

F19_079670 ⋆ 13.9 · · · · · · 13.8 12.9 0.87 M1-M2;K7-M6;M0-M4 0.4 ± 0.3 0.58 4.46 7.8 283.88 ± 0.02 6.5763 ± 0.0007 4.8% 3.89 0.63

F19_081853 ⋆ 14.1 15.2 15.8 14.1 13.6 0.48 K3-K7;G5-G6;G8 0.8 ± 0.2 0.10 1.08 10.3 283.282 ± 0.003 2.7516 ± 0.0001 5.0% 5.34 1.37

F19_097429 ⋆ 13.5 15.4 14.7 14.2 13.7 0.48 K1-K6;G6-G7;G8 0.8 ± 0.2 0.41 1.07 6.4 281.624 ± 0.008 2.2157 ± 0.0003 3.0% 3.52 2.31

F19_097625 ⋆ 13.7 14.4 · · · 14.2 13.6 0.55 F1-G8;K1-K2;K0-K1 1.1 ± 0.4 0.23 1.18 17.5 281.879 ± 0.003 1.55162 ± 0.00005 5.2% 3.35 0.72

F19_101062 ⋆ 14.5 15.5 14.8 14.7 14.2 0.54 K9-M1;G5-G6;K0 0.7 ± 0.2 0.23 1.16 6.3 284.466 ± 0.009 5.1582 ± 0.0008 4.9% 4.83 · · ·

F19_104521 ⋆ 14.2 15.2 14.9 14.1 13.6 0.55 A0-F0;K3;K0-K1 1.6 ± 0.9 0.34 1.18 12.6 284.701 ± 0.005 8.3322 ± 0.0005 3.7% 4.73 0.95

F19_108882 14.3 16.2 · · · 13.7 12.6 1.06 M0-M2;�;� 0.55 ± 0.05 2.78 · · · 6.7 280.772 ± 0.007 1.9133 ± 0.0002 1.8% 1.60 1.08

F19_111745 ⋆ 14.0 15.5 15.4 14.8 14.3 0.44 �;K4-M5;G6-G7 0.6 ± 0.4 0.46 1.03 7.0 281.860 ± 0.002 1.34450 ± 0.00004 2.4% 2.25 0.95

F19_114106 ⋆ 12.5 13.6 13.4 12.5 12.1 0.46 F7-K1;G7-G8;G7 1.0 ± 0.2 0.08 1.05 6.2 280.748 ± 0.007 4.4595 ± 0.0004 3.4% 6.47 2.48

F19_115366 ⋆ 13.5 15.1 14.7 13.7 13.3 0.40 A3-F8;G6-G7;G4-G5 1.4 ± 0.6 0.38 0.97 6.3 283.116 ± 0.009 6.4637 ± 0.0007 5.3% 4.68 1.30

F19_115603 ⋆ 14.4 16.1 15.9 14.7 14.1 0.57 K3-K7;K0-K1;K1 0.76 ± 0.09 8.28 1.22 8.0 281.770 ± 0.002 1.62565 ± 0.00005 2.3% 2.35 2.20

†

rHJD = HJD− 2,455,000
‡

Ephemerides �t (see Setion 8.2) failed beause individual events are not preise enough. BLS results are shown instead.

⋆ Stellar spetrum obtained with AAOmega.

Notes. Magnitudes are obtained by BEST II and oordinate mathes to the NOMAD (V ,R) and 2MASS (J ,K) atalogs. Spetral type ranges and stellar radii r⋆ are

estimated from 2MASS olors (Setion 8.3.5). The stellar densities ρ

SMO

and ρ

JK

are derived independently using the transit shape and the 2MASS (J − K) olor,

respetively (Setion 8.3.6). Ephemerides T0 and p are the result of the mid-point �t to individual events (Setion 8.2). The transit depth δF , the duration of the full

transit T14, and the main elipse duration T23 are all determined from a trapezoid �t to the folded light urve (Setion 8.2).

1
0
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8.4 Candidates in Fields F17�F19

Figure 8.11: Folded light urves of transit andidates in �elds F17�F19. The left side of eah

panel shows the folded light urve in BEST II magnitudes. A phase range around the transit-like

signal is marked gray and shown enlarged on the right plot of eah panel, whih displays measured

�uxes together with the modeled �t (red line). In addition, priorities p
and

and transit depths δF
are given for information (see also Table 8.2).

101



8 BEST II Transit Candidates

Table 8.3: Light urve modeling results for BEST II planetary andidates in F17�F19.

ID RB J-K
. . . . . . . . . . . . . . . . . .Modeling Results . . . . . . . . . . . . . . . . . .

rp/rJa/r⋆ rp/r⋆ b χ2

priority 2

F17_064507 15.7 0.60 4.81± 0.35 0.1855± 0.0094 0.25± 0.22 0.594 1.31 ± 0.83
F19_057757 14.7 0.44 5.00± 0.54 0.1503± 0.0070 0.36± 0.27 0.259 1.25 ± 0.21
F19_067715 14.3 0.38 3.14± 0.15 0.1028± 0.0038 0.499± 0.090 0.445 0.97 ± 0.30
F19_068690 13.8 0.47 5.88± 0.29 0.1149± 0.0032 0.20± 0.22 0.728 0.97 ± 0.31
F19_083743 13.1 0.39 6.22± 0.30 0.1211± 0.0037 0.481± 0.076 0.803 1.48 ± 0.44
F19_106774 14.6 0.74 3.34± 0.15 0.1602± 0.0043 0.450± 0.068 0.569 0.85 ± 0.32

priority 3

F17_006239 15.6 0.67 18.4± 3.5 0.169± 0.025 0.36± 0.38 0.595 1.15 ± 0.24
F19_010403 15.1 0.53 20.1± 2.9 0.1952± 0.0078 0.41± 0.23 0.433 1.35 ± 0.41
F19_013266 14.3 1.41 12.2± 1.5 0.1425± 0.0062 0.46± 0.31 0.813 1.03 ± 0.05
F19_041059 14.7 0.79 6.44± 0.35 0.258± 0.038 0.806± 0.072 0.487 1.14 ± 0.63
F19_047826 14.8 0.59 4.43± 0.16 0.1770± 0.0062 0.12± 0.15 0.436 1.21 ± 0.36
F19_064524 14.9 0.80 3.33± 0.19 0.1578± 0.0061 0.27± 0.23 0.370 0.74 ± 0.42
F19_103706 14.8 0.93 3.298 ± 0.099 0.1877± 0.0044 0.656± 0.025 0.527 0.90 ± 0.42
F19_108764 14.3 0.80 7.23± 0.61 0.1461± 0.0058 0.29± 0.24 0.344 0.80 ± 0.31

Notes. The semi-major axis a and the planet radius rp are given in units of stellar radii r⋆. In addition,

the impat parameter b and the goodness-of-�t value χ2
(Equation (8.1)) are shown, and the instrumental

magnitude RB and the (J−K) olor are repeated from Table 8.2 for information. Planetary radii rp are

given in units of Jupiter radii and are derived by ombining the modeling result rp/r⋆ with the estimate

of r⋆ from Table 8.2. Note that several andidates have been observed spetrosopially, in whih ase

muh more aurate estimates on r⋆ and rp are available (see Table 8.4).

observations. In ontrast to that, the photometri preision and extended duty

yle of spae-based surveys yield a signi�antly higher fration of andidates. For

example, CoRoT identi�ed a total of 195 (0.49%) planetary andidates in the 39,662

light urves of its �rst four target �elds (Carpano et al. 2009; Cabrera et al. 2009;

Carone et al. 2012; Erikson et al. 2012).

8.4.1 Light Curve Modeling

The light urves of transit andidates ranked with p
and

≤ 3 have been modeled by

Szilárd Csizmadia (DLR) using the Transit Light Curve Modeling (TLCM) pakage

(e.g., used for the modeling of CoRoT-17b; Csizmadia et al. 2011). It it based on

an analyti light urve desription given by Mandel and Agol (2002) with quadrati

limb-darkening, and uses a geneti algorithm to �t the following free parameters

to the observations: The radius ratio rp/r⋆, the impat parameter b, the transit

mid-point T0, the transit duration T14 (in phase units), and the two limb-darkening

oe�ients u1 and u2. From T14, the semi-major axis a an be approximated in units

of the stellar radius r⋆. The goodness of the �tted funtion g
�t

to the data {(tj , fj)}
is evaluated through χ2

statistis, i.e.,

χ2 =
1

Nt −Np − 1
·

Nt∑

j=1

(
fj − g

�t

(tj)

∆fj

)2

, (8.1)

where Nt de�nes the number of data points and Np denotes the number of free

parameters.

Figure 8.11 shows the phase-folded light urves together with the best model �t,

and Table 8.3 lists the �tting results a/r⋆, rp/r⋆, b, and χ2
. In addition, rp/r⋆ is

ombined with r⋆ of Table 8.2 (see Setion 8.3.5) to estimate the planetary radius rp.
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8.4.2 Spetrosopi Charaterization

Photometry from BEST II or atalogs suh as 2MASS annot provide reliable spe-

tral types, luminosity lasses, or radii of the andidate's host stars: Figure 8.12

ompares the radius ratios rp/r⋆ of BEST II andidates with planets of Neptune-

and Jupiter-size around di�erent stellar types; it shows that a more aurate spe-

tral haraterization is essential to determine the physial nature of eah andidate.

Therefore, the next step is to obtain these parameters through spetral lassi�ation.

Figure 8.12: Radius ratio rp/r⋆ of BEST II planetary andidates plotted vs. their orrespond-

ing V magnitude from the NOMAD atalog. Priority 2 andidates are shown in dark blue, prior-

ity 3 andidates in light blue. Thik solid lines indiate the radius ratio of Jupiter (rp = 0.10 r⊙)
for seleted stellar types, whereas thin dashed lines show the ratios of Neptune (rp = 0.036 r⊙).
Also given are �rst rough spetral type estimations for eah host star based on atalog olors (see

Setion 8.3.5).

Most importantly, this allows to exlude two types of stars from the further follow-up

proess:

� Evolved stars, for whih the transit depth orresponds to an elipsing low-mass

star rather than a planetary ompanion.

� Early-type stars and rapidly rotating objets, for whih high-preision RV mea-

surements are not feasible.

The best results are obtained via low-resolution spetrosopy overing a wide spe-

tral range (reonnaissane spetrosopy). The relative faintness of the presented an-

didates requires observations with a medium sized telesope (2�4m lass) to obtain

spetra with a reasonable SNR. Altogether, the AAOmega spetrograph (Smith et al.

2004) at the 3.9m Anglo-Australian Telesope (AAT) in Australia has been identi-

�ed as the most suitable instrument for initial spetral haraterization of BEST II

andidates. It is able to obtain spetra for up to 392 objets in a single pointing,
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8 BEST II Transit Candidates

Figure 8.13: AAOmega spetrum of BEST II planetary andidate F19_067715 (blak line). Over-

plotted with a red line is the best-�tting F5V template as derived using the spetrum �tting pro-

edure desribed by Gandol� et al. (2008). The spetra are normalized to the �ux at 5,160Å.

Table 8.4: Results from the spetrosopi haraterization of planetary andidates in �eld F19.

ID p
and

. . Photometry . . . . . . . . . . . .Spetrosopy . . . . . . . . . .

rp [rJ ℄RB p [d℄ δF Type T
e�

[K℄ log g r⋆ [r⊙℄

Luminosity Class V (main sequene stars)

F19_010403 3 15.1 4.73 4.0% G0 V 5,900 4.4 1.10 2.09± 0.23
F19_013266 3 14.3 1.77 1.7% G5 V 5,550 4.3 0.92 1.28± 0.14
F19_067715 2 14.3 0.94 1.5% F5 V 6,450 4.3 1.30 1.30± 0.14
F19_083743 2 13.1 2.46 2.0% F1 V 6,900 4.2 1.46 1.72± 0.18
F19_108764 3 14.3 1.91 2.3% G6 V 5,450 4.3 0.91 1.29± 0.14
F19_041059 3 14.7 3.26 5.4% K0 IV/V 5,200 4.0�4.4 0.85 2.13± 0.39

Luminosity Class IV (subgiants)

F19_057757

∗
2 14.7 2.11 2.5% F6 IV 6,400 4 (1.3)

∗
(1.8± 0.3)∗

F19_068690

∗
2 13.8 2.41 1.3% F6 IV 6,420 4 (1.3)

∗
(1.4± 0.2)∗

Luminosity Class III (giants)

F19_064524 3 14.9 1.19 2.9% G8 III 4,900 2.5 13 20± 3
F19_103706 3 14.8 1.13 3.6% K2 III 4,400 2.3 19 35± 4
F19_106774 2 14.6 1.72 3.1% G8 III 4,900 2.8 13 17± 2

∗
Due a lak of similar referenes, the same radius relation as for main sequene stars was used for subgiants. This

method underestimates the stellar sizes signi�antly (by a fator & 2), i.e., the given radii r⋆ and rp should only be

onsidered a very rough estimate.

Notes. Based on spetrosopi observations obtained with the AAOmega instrument in 2012 (see text).

Candidate priorities p
and

, instrumental magnitudes RB , orbital periods p, and transit depths δF are

repeated for information (see Table 8.2 for results from photometry). Spetral types, stellar e�etive

temperatures T
e�

, and surfae gravities log g were obtained through a omparison with template spetra

(Gandol� et al. 2008, see also Figure 8.13). Stellar radii r⋆ were alulated from the spetral types

using a linear interpolation of tabulated data (Table 15.8, Cox 2000); the orresponding unertainty

is estimated to 10%. Candidate radii rp were alulated using these more aurate estimates of r⋆
together with the ratio rp/r⋆ from light urve modeling (Table 8.3).
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8.4 Candidates in Fields F17�F19

and its FOV of 2◦ overs a BEST II �eld ompletely.

Sine the target �eld F19 ontains by far the most andidates, it was proposed

for spetral haraterization with AAOmega �rst. Observations have been obtained

for a total integration time of 2.0 h (10 × 720 s) during the night of 16th February

2012 (proposal AO146). They omprise spetra for 329 interesting objets in the �eld

(inluding eleven andidates of Table 8.2; for variable stars observed with AAOmega,

see Setion 9 and Appendix E.4), eah overing the spetral range from 370 nm to

880 nm (gratings 385R and 580V) with a resolution of R = 1,300.

For the planetary andidates of priority 2 and 3, the observations were redued

in ollaboration with Petr Kabath (ESO) and Davide Gandol� (ESA). They were

alibrated using bias and �at �eld redution, a wavelength solution was obtained us-

ing ar frames, and individual sienti� frames were ombined. Finally, the resulting

spetra were ross-mathed with a set of suitable template spetra in order to obtain

a �rst stellar lassi�ation (see example in Figure 8.13; for a detailed desription of

the proedure, see Gandol� et al. 2008).

Five andidates in �eld F19 were lassi�ed as main sequene stars, two as subgiants,

and three as giants; for the objet F19_041059, the spetral resolution is insu�ient

to deide whether the target is a subgiant or at the main sequene. Table 8.4 shows

the results of the spetrosopi haraterization. In addition to the spetral types,

it gives estimates on the e�etive temperature T
e�

and the surfae gravity log g,
whih both are determined as an average of the orresponding parameters of mathed

template stars. For main sequene stars, T
e�

and log g were ompared to tabulated

values (Cox 2000, Tables 7.6 and 15.8), whih all agree within 5%.

Most importantly, the spetral lassi�ation now enables a muh more robust

estimate of stellar radii. Given the spetral types, stellar radii in Table 8.4 were

obtained from a linear interpolation of Table 15.8 by Cox (2000). The three giants

are transited by seondary objets of radii rp ≫ 10 rJ , whih an learly be rejeted

as planetary andidates. For the �ve/six andidates around main sequene stars,

the measurements yield planetary radii of 1.3�2.1 rJ , i.e., a very interesting range of

planetary objets. For subgiants, the stellar radius is poorly onstrained from the

spetral type, and the planetary hypothesis annot be rejeted.

A diret omparison of the initial stellar radius estimations using 2MASS olors

(Table 8.2) with the radii from spetrosopi data (Table 8.4) shows that the �rst

method underestimated r⋆ for main sequene stars in average by 35%. The e�et

is most likely due to interstellar extintion, whih has not been taken into aount.

For future transit searhes, the method presented in Setion 8.3.5 to obtain an initial

stellar radius estimate should thus be omplemented with a model to orret for the

olor exess. The stellar radii obtained spetrosopially for �eld F19 ould be useful

for its alibration.
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8 BEST II Transit Candidates

8.4.3 Remaining Very Good Candidates

F17_064507

F17_064507 is the only andidate ranked with priority 2 in F17; it has a period

of p = 1.55220(2)days. However, its transit depth of 3.6% and the orresponding

radius ratio of rp/r⋆ = 0.186(1) plae it at the upper limit for planetary objets.

The �rst spetral lass estimate from 2MASS olors yielded an inonlusive result

for the V = 15.2mag host star: They are ompatible with types ranging from F8

to M5, so that the planetary radius an only be approximated to (1.31 ± 0.83) rJ .
Thus, a better spetrosopi lassi�ation is needed to lear if this andidate is a

sub-stellar objet or a brown dwarf.

However, the photometri quality of this andidate is good, and the

⋃
-shaped

transit feature an learly be seen in �ve fully and one partially overed events.

In addition, the less rowded �eld F17 yields a smaller probability for false alarms

through blending ompared to andidates in F19.

F19_010403

The host star of andidate F19_010403 is relatively faint (V = 15.9mag), so that,

although the signal itself is large (δF = 5.3%), the transit is deteted lose to

the photometri noise limit. The star itself is found to be solar-like (spetral type

G0V, r⋆ = 1.1 r⊙). The signal has a periodiity of 4.7317(4) days and orresponds to

a seondary objet with a radius of rp = (2.09± 0.23) rJ , i.e., if of planetary nature,

it would be a highly in�ated hot Jupiter.

Due to the faintness of the star, more aurate photometry is needed in order to

onstrain the system parameters better (in partiular, the orbital period and the

radius ratio).

F19_067715

Candidate F19_067715 features the smallest transit-like signal (δF = 1.3%) found

with BEST II so far. If on�rmed, it would be plaed among the fastest orbiting

exoplanets with a period of only p = 0.93668(5) days. The short period enabled

an observational overage of 16 full transits and 13 partial events, and allowed the

detetion of this small signal through binning.

The V = 15.3mag host star has been lassi�ed as F5V (r⋆ = 1.3 r⊙), whih
yields (together with the modeled radius ratio of rp/r⋆ = 0.103(4)) a radius estimate

of rp = (1.30±0.14) rJ and puts the andidate into the range of Jupiter-lass planets.

F19_083743

The star F19_083743 features V = 14.2mag and is therefore the brightest target in

the set of BEST II planetary andidates from F17�F19. Its 2.2% deep transit-like

signal is learly visible in 4 full and 3 partially overed events (p = 2.4576(2)days).
The host star is lassi�ed as F1V with a radius of 1.5 r⊙, so that the transit signal
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orresponds to an objet of rp = (1.72± 0.18) rJ , i.e., a possibly in�ated hot Jupiter

planet.

F19_013266 and F19_108764

The two andidates F19_013266 and F19_108764 are very similar in their derived

parameters, having periods of 1.76879(5) days and 1.91355(8) days, transit depths

of 2.7% and 2.2%, and radii estimated to rp = (1.28 ± 0.14) rJ and (1.29 ± 0.14) rJ ,
respetively. Their G5V and G6V host stars are eah RB = 14.3mag bright, but

the andidates have been ranked priority 3 due to a signi�ant amount (& 50%) of

ontaminating light within their respetive aperture. High-resolution photometry is

needed in order to separate the two andidates from their stellar neighborhood, and to

determine the transit depth aurately. More photometri measurements, preferably

at a higher SNR, would also allow to better onstrain the system parameters as

derived from light urve modeling (in partiular, for F19_013266).

8.5 Summary and Outlook

Three target �elds, F17�F19, have been seleted and observed with BEST II for

the purpose of transit searh (Chapter 4). Within this work, 115,740 low-noise

light urves have been analyzed for transit-like signals, and 6,605 of these have been

analyzed visually. This analysis yielded an initial list of 41 planetary andidates

in the �elds F17 and F19, whih have been heked for false alarm senarios based

upon the data at hand (i.e., BEST II photometry and star atalogs). Candidates

were rejeted that show stellar ontamination, signi�ant out-of-transit variation,

di�erent depths of odd and even transits, 2MASS olors indiating a giant or hot

dwarf (OBA) host star, and/or an inonsistent stellar density as determined from

the transit �t. These state-of-the-art proedures are applied in a very similar way by

leading surveys (e.g., HATSouth, Bakos et al. 2013). After all tests, 14 andidates

remained; these were given priorities from 1 to 3 for the follow-up proess, and their

parameters were obtained via light urve modeling. Furthermore, the detetion yield

of BEST II was found to be in agreement with expetations from simulations based

on the �eld statistis (f. Setion 4.4).

Although many false positives ould be identi�ed through the desribed tests, the

available information is yet not su�ient to on�dently exlude all possible senarios

whih are not of planetary origin. For that, further observations are required. The

aording strategy is adapted from the CoRoT follow-up proedure (Deeg et al. 2009;

Moutou et al. 2009), whih is largely standardized and was applied suessfully to a

large number of planets (e.g., CoRoT-11b; Gandol� et al. 2010). It onsists of three

main steps:

First, low-resolution spetrosopy allows to obtain an initial lassi�ation of

eah andidate's host star. This is important in order to exlude giant and early-

type stars, and to obtain an aurate radius estimate for the star (and, hene, the

planetary radius). For the andidates in �eld F19, this part was onluded through

AAOmega spetrosopy, whih identi�ed �ve main sequene stars, two subgiants,

three giants, and one dwarf/subgiant star. For �eld F17 (in partiular, the priority 2
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andidate F17_064507), a spetral lassi�ation still needs to be obtained. However,

the small number of andidates in this �eld does not justify the use of a multi-objet

spetrograph like AAOmega, and the faintness of the two andidates (V ≈ 15.5mag)

requires long integration times and a large telesope. Sine two andidates alone will

probably not motivate an own observing proposal, it might be advantageous to merge

the follow-up of these with other �elds (e.g., andidates from ASTEP; f. Chapter 10).

Seond, several transit andidates presented here require additional photomet-

ri observations for two reasons. First, the target itself needs to be separated

from ontaminating neighbor stars with an angular resolution better than BEST II.

Seond, the transit signal itself must be measured at higher SNR in order to bet-

ter onstrain the system parameters from light urve modeling. Suh observations

are partiularly neessary to improve the parameters of F17_006239, F19_010403,

F19_013266, F19_057757, and F19_068690, and to limit the amount of third light

leaking into the aperture of the targets F17_006239, F19_013266, F19_068690, and

F19_108764. For �eld F19, additional observations have already been obtained with

BEST II and ASTEP400 reently, but not been redued yet. Espeially ASTEP is

expeted to ontribute to the follow-up due to its larger aperture and better angular

resolution, but the data will only be available in Europe in 2013.

Third, a stellar ompanion an only be exluded to have aused the transit-like

signal through further spetrosopi observations, as some binaries are too lose to

be spatially resolved. High-resolution spetrosopy is used to either identify

two distint sets of stellar spetral lines (SB2), or a large periodi Doppler shift of

the brighter omponent (SB1). The last step in the follow-up proess of a tran-

siting planet is the independent on�rmation through aurate RV measurements

(see Setion 2.1), whih also yield its true mass, and, hene, its density. However,

beause the andidates presented in this work are all found around relatively faint

host stars, their on�rmation will only be possible with the largest and most au-

rate RV failities available today. The best two andidates presented in this work,

F19_067715 and F19_083743, have reently been proposed to ESO for observations

with the Ultraviolet and Visual Ehelle Spetrograph (UVES; Dekker et al. 2000) at

the 8m Very Large Telesope (VLT) in Paranal, Chile. Approximately six hours of

observations are required for eah andidate in order to haraterize it and to �nally

rejet or on�rm its planetary nature.

A general hallenge for the follow-up proess of the andidates presented within

this work is their faintness (V ≃ 14�16mag), whih requires observations using the

largest failities in the world. Note that the possibilities to observe brighter targets

are limited for a given telesope design, e.g., by its aperture and FOV. However, small

adaptations are possible: Chapter 11 will present a disussion and an outlook on how

the BEST II observing strategy ould be adjusted based on the lessons learned from

this thesis.
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9 Stellar Variability in BEST II Fields

The improved method for variable star searh (Chapter 7, see also Fruth et al. 2012)

was applied to the BEST II data sets LRa02 and F17�F19 (see Table 4.1 for details

on the observations). This hapter presents and disusses the sienti� results.

Introdution

Sine these target �elds were monitored for di�erent purposes, their analysis fouses

on distint aspets: Field LRa02 was observed in the follow-up proess of CoRoT,

and a �rst haraterization of stellar variability based on BEST II data was presented

by Kabath et al. (2009a). Through a reanalysis of the same data set, new detetions

ould now be obtained within this work; they are presented in Setion 9.1 and om-

pared to the �rst BEST II publiation and CoRoT lassi�ations, whih meanwhile

have beome available. The three �elds F17�F19, however, have been seleted and

observed within the framework of this thesis (Setion 4.2); as suh, their analysis

yields a �rst variability haraterization, whih is presented in Setion 9.2.

Table 9.1: Summary of variable star searh in BEST II target �elds LRa02 and F17�F19.

Field

. . . . . . . . . . . . . . # Stars . . . . . . . . . . . . . . . . . . . . . # Variable Stars . . . . . . .

N⋆ J ≥ 0.1 q ≥ 10 Known New Suspeted

LRa02a (v5) 44,124 11,969

1) (27%)
799

(1.8%)
6

3)
281

3) (0.64%)
17

(0.04%)

LRa02b (v4) 76,466 19,117

1) (25%)
911

(1.2%)
6

3)
336

3) (0.44%)
35

(0.05%)

F17 68,317 20,965

(31%)
1,126

(1.7%)
2 646

(0.95%)
227

(0.33%)

F18 13,551 5,399

2) (40%)
176

(1.3%)
4 12

(0.09%)
9

(0.07%)

F19 127,202 89,123

(70%)
4,178

(3.3%)
11 1,861

(1.46%)
518

(0.41%)

Total 329,660 146,573

(44%)
7,190

(2.2%)
29

3)
3,136

3) (0.95%)
806

(0.24%)

1) � The variability searh was optimized using this data set (see Setion 7.3), and no star was exluded using

any J limit; however, the number of stars with J ≥ 0.1 is given here for omparison.

2) � Due the low number of stars in F18, the limit was lowered to J ≥ 0.05 (see also Table D.1).

3) � Combined results from Kabath (2009) and this work (see Table 9.2 for details).

Notes. For eah �eld, the table gives the total number of light urves N⋆, the number of light urves

seleted for variable star searh (with J ≥ 0.1, see also disussion in Setion 7.5), the number of light

urves that are �nally analyzed visually (with quality parameter q ≡ δΘ(ω
(2)
max

) ≥ 10, Equations (7.11)
and (7.12)), and the number of known, new, and suspeted variable stars. Numbers in brakets give the

relative fration ompared to N⋆. For details on eah data set and its observations, see Table 4.1.

In total, 329,660 light urves have been analyzed for stellar variability in this work.

Table 9.1 gives an overview on how many variable stars ould �nally be identi�ed

in eah target �eld. Details are disussed separately for LRa02 and F17�F19 in

Setion 9.1 and 9.2, respetively, while the overall detetion yield is summarized and

ompared to other projets in Setion 9.3.

The omplete set of new variable star detetions is listed for all four �elds in

Appendix E; for �eld LRa02, its ontent has already been published by Fruth et al.

(2012) and is available at the Variable Star Index (VSX) database

1

.

1

http://www.aavso.org/vsx
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Detrending

All variable star detetions in this work are based on un�ltered data, i.e., without

appliation of SysRem (Setion 5.2.2). The algorithm provides signi�ant advantages

for transit searh with BEST II (see Chapter 6), whih aims at the detetion of signals

lose to the photometri noise level. However, stellar variability spans muh larger

ranges of periods and amplitudes, and thus requires a di�erent approah.

An initial variability analysis on detrended F17�F19 data sets revealed that Sys-

Rem had a negative e�et on a number of light urves: A ross-hek with un�ltered

data showed that it over-orreted real variability in partiular for variables with long

periods and large amplitudes. It was thus deided not to use it prior to variability

searh. This minimizes the number of false negatives with large and long baseline

variations. Despite this non-�ltering, less than 1% of all new detetions were missed,

most of them having an SNR of ∼ 1.

Classi�ation of Variability

Deteted variable stars are assigned variability types following Sterken and Jashek

(1996) and the lassi�ation sheme of the General Catalog of Variable Stars (GCVS;

Samus et al. 2009). The identi�ation is solely based on photometry, i.e., it depends

on the shape, amplitude, and period of the brightness variation.

The following lasses ould be identi�ed:

� Elipsing binary systems. Light urves with lear elipses and almost no

variation in between are lassi�ed as Algol-type binaries (EA; prototype β Per).

For systems with ellipsoidal omponents, phase variations are signi�ant and

hinder an exat determination of the beginning/end of elipses (EB type; β Lyr).
At orbital periods below one day, both objets are in ontat, elipses are of

equal depth and are fully blended with the phase variation (EW type; W UMa).

� Pulsating variable stars. From photometry, the following pulsating types

ould be identi�ed: δ Suti variables (DSCT; periods p ≤ 0.2days), SX Phoeni-

is stars (SXPHE; similar to δ Suti, but with several simultaneous periods),

RR Lyrae (RR; p = 0.2�1 day, harateristi shape), Cepheids (CEP; p > 1day,
amplitudes 0.01�2mag), Gamma Doradus stars (GDOR), and semi-regular

variables (SR; p ≥ 20days with irregularities).

� Rotating variable stars (ROT). Stellar rotation an introdue �ux varia-

tions due to stellar spots (SP), magneti �elds (ACV), or ellipsoidal omponents

(ELL). (However, photometry alone often annot distinguish these ases.)

� Long periodi variables (LP). Non-periodi variables or stars variable on

timesales omparable to/larger than the observational overage are named LP.

� Inonlusive Cases (VAR). Stars showing lear variability that annot be

assigned a type aording to the lassi�ation sheme from photometry; further

observations are needed to better onstrain the physial origin of variability.
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Known and Suspeted Variability

Eah variable star is searhed by equatorial oordinates in the GCVS and the VSX.

If it is found to math a previously known variable within 10′′, it is marked in the

atalog (Appendix E) with a �k� �ag, and the orresponding atalog name is given

for referene. Furthermore, lassi�ations and periods from the atalog and BEST II,

respetively, are ompared in Setions 9.1 and 9.2.

Stars for whih the variability, period, and/or lassi�ation annot be determined

without ambiguity are marked as suspeted (indiated with an �s� �ag). Predomi-

nantly, these show brightness variations lose to the noise level of their light urve.

Ephemerides and Amplitudes

Ephemerides and amplitudes are given based on the results of the AoV algorithm

(Chapter 7, Shwarzenberg-Czerny 1996). However, several periods were adjusted

manually as a result of visual inspetion (usually to multiples of the initial value).

No ephemerides and amplitudes are given for long periodi (LP) lassi�ed variables.

Crowding

For some ases, the angular resolution of BEST II is not su�ient to fully sepa-

rate the light of two adjaent stars, and the photometri apertures overlap. Thus,

variability of the same shape and period an be deteted in both light urves (with

underestimated amplitudes, see Appendix C.1); suh ases are marked as ontami-

nated with a �c� �ag. If the origin of variation an learly be assigned to one of the

overlapping stars due to a su�ient angular separation and/or brightness di�erene,

only one objet is presented in the atalog. Otherwise, both stars are presented as

variables, and observations at higher angular resolution are needed to onstrain the

true origin of variability.

9.1 Field LRa02

The reanalysis of the LRa02 data set has already been desribed in detail in Se-

tions 7.2 and 7.4 together with the optimization of the searh method. This setion

fouses on new sienti� results obtained with the improved method in �eld LRa02

and ompares them to other projets; the results of this Setion 9.1 have already

been published by Fruth et al. (2012).

In addition to the 350 variables already published by Kabath et al. (2009a, Paper I

in the following), 279 stars in LRa02 were identi�ed with lear periodi variability

(114 in LRa02a and 165 in LRa02b). Furthermore, 52 suspeted periodi variable

stars ould be identi�ed (17 in LRa02a and 35 in LRa02b). The total number of de-
tetions is given in Table 9.1, while Table 9.2 ompares the orresponding quantities

of this work with Paper I.
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9 Stellar Variability in BEST II Fields

Figure 9.1: Phase-folded light urves of variable stars deteted in �eld LRa02 after reanalysis

of the data set. The omplete �gure set (331 images) is available in the eletroni edition of the

orresponding publiation (Fruth et al. 2012).

Table 9.2: Variable star detetions in BEST II data set LRa02 � summarized ounts for Paper I

(Kabath et al. 2009a) and this work.

LRa02a LRa02b Total

Paper I 173 (4) 177 (1) 350 (5)

This work 114 (2) 165 (5) 279 (7)

This work (suspeted) 17 (0) 35 (0) 52 (0)

Total 304 (6) 377 (6) 681 (12)

Note. The number of previously known variables in the �eld on�rmed by BEST II is given in brakets

(inluded in �rst number).

The newly identi�ed variable stars of the BEST II data set LRa02 are listed in

Table E.1 (Appendix E). Due to the reanalysis, the internal numbering is not onsis-

tent with Paper I, whih is why IDs were given di�erent pre�xes (i.e., LRa02a2 and

LRa02b2, respetively). Furthermore, an improved data quality and searh method

allowed to re�ne the ephemerides and/or lassi�ation for 17 variables from Paper I

in this work; they are presented in Table E.2.

Examples for phase-folded light urves of new detetions and known variables with

revised ephemerides an be found in Figure 9.1 and 9.2, respetively; the full set has

been presented in an eletroni format by Fruth et al. (2012).

9.1.1 Comparison with Known Variables

In addition to Paper I, seven known variables ould be identi�ed in �eld LRa02.

The three stars CoRoT110742676, NSVS 12579155, and NSVS12585233 have pe-

riods longer than 50 days. BEST II on�rms their long-time periodiity, but the

phase overage of their yles is insu�ient to on�rm the periods quantitatively.

For the four elipsing binaries ASASJ064835-0534.3, DYMon, [KEE2007℄ 1318, and

[KEE2007℄ 1334, both the lassi�ations and periods have been on�rmed.

The latter two have �rst been deteted by Kabath et al. (2007) in the CoRoT IR01
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9.1 Field LRa02

Figure 9.2: Phase-folded light urves of known variable stars in �eld LRa02 with revised parameters

(examples). The omplete set of 17 �gures is shown in Fruth et al. (2012), Figure 11.

�eld with BEST, for whih the hosen FOV shows a small overlap with the BEST II

�eld LRa02a. However, the preision in the periods of these two binaries ould be

signi�antly improved beause the LRa02 data set overs a muh larger time period

(41 ompared to 12 nights) and the photometri quality of BEST II is better.

9.1.2 Comparison with CoRoT

The LRa02 data sets of BEST II and CoRoT are, exept for the fat that they point

to the same �eld, otherwise ompletely independent of eah other and thus provide

a valuable opportunity to ompare the sienti� results of the two surveys.

One step in the sienti� analysis of CoRoT data onsists of an automati stellar

variability lassi�ation (Debossher et al. 2007, 2009). This method was also applied

to the CoRoT observations of �eld LRa02, and the results are meanwhile � together

with the full light urves � publily available through the CoRoT arhive.

2

The CoRoT LRa02 data set ontains 11,448 targets, from whih 10,392 (91%)

math a BEST II target within a maximum angular distane of 1′′. Sine LRa02 was
not overed ompletely by BEST II (see Figure 7.1), 454 CoRoT targets are loated

outside of the BEST II FOV. Furthermore, the magnitude ranges do not overlap

ompletely, so that 425 bright CoRoT stars are saturated on the BEST II CCD. The

remaining 177 CoRoT targets are within the FOV and right magnitude range, but

have no BEST II ounterpart due to tehnial issues suh as blooming. In the same

way, BEST II observed a total of 93,943 stars in both pointings that have not been

given a CoRoT mask or are loated outside the CoRoT FOV.

From the 681 variable stars presented together in Paper I and this work, 262

variables (190 from Paper I, 72 from this work) math a CoRoT target. The orre-

sponding CoRoT IDs are shown for the new detetions in Tables E.1 and E.2.

CoRoT observed the LRa02 �eld about one year after BEST II, and the observing

2

CoRoT data are available to the ommunity from the CoRoT arhive:

http://ido-orot.ias.u-psud.fr/.
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9 Stellar Variability in BEST II Fields

Figure 9.3: Detetion e�ieny of BEST II for the �eld LRa02. Shown are 10,392 stars that

are measured by both BEST II and CoRoT. The expeted BEST II S/N of CoRoT amplitudes is

plotted on the x-axis (Equation (9.1)). On the y-axis, the left plot shows the suggested new quantity

for variability ranking q = δΘ(ω
(2)
max

) (Equation (7.14)) and the right plot the Stetson J index for

omparison. Variable stars deteted in Paper I or this work are marked red. The area of possible

BEST II detetions is indiated in gray. (Published as Figure 12 by Fruth et al. 2012.)

times do not overlap. Beause this work fouses on the improvement of variable star

detetion for ground-based telesopes, CoRoT and BEST II light urves have not

been ombined. However, it is noted that suh a ombination might yield improved

ephemerides.

Detetion E�ieny of BEST II and the New Searh Algorithm

For stars both observed with CoRoT and BEST II, it is possible to investigate the

performane of BEST II more in detail. The automati lassi�ation (Debossher

et al. 2007) provides information about the amplitude of variation for CoRoT targets.

Sine the satellite has a muh higher photometri preision, most of these amplitudes

are well below the detetion limit of BEST II. However, the knowledge of stellar

variability with higher preision an be used to evaluate the detetion e�ieny

of BEST II. Of partiular interest are two questions: First, how many stars with

su�iently high variation in the CoRoT data set have been deteted as variables

from BEST II data? Seond, are these learly distinguished by the new detetion

algorithm from stars having variabilities below the threshold of BEST II?

The full amplitude AC of variation was derived from the �t oe�ients given in

the CoRoT lassi�ation. As this ontains eah a low- and high-frequeny entry for

every CoRoT target, the amplitude was alulated as the maximum of both. The

value AC itself ontains no information on whether the signal an be deteted by

BEST II or not, whih strongly depends on the magnitude of a given star. Therefore,

the quantity

S/N = AC/σ
min

B (RB) (9.1)

is used to estimate the variability signal to noise (S/N). The noise σmin

B (RB) gives
the photometri preision ahievable with BEST II in the given data set for a star of

magnitude RB. It was determined by a �t to the σ-magnitude plot of the �eld (see

Setion 4.3; Equation (4.1) with parameters from Table 4.1).

Figure 9.3 shows the expeted S/N for all stars that are ontained in both data
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9.1 Field LRa02

sets. From 680 stars with CoRoT amplitudes that should be visible in the BEST II

data (S/N > 3), 162 were deteted as variable stars in Paper I and this work. 448

stars are expeted to have a large S/N > 3, but show no signi�ant variability in

the BEST II data set (q < 9). 70 stars with both expeted and measured variability

(S/N > 3, q > 9) were not deteted by BEST II.

Additionally, CoRoT light urves with signi�ant variability in the CoRoT lassi-

�ation, but whih were not variable in the BEST II data, were examined. Many of

them show strong instrumental e�ets (hot pixels; Auvergne et al. 2009) whih ob-

viously mislead the automati lassi�ation algorithm. However, from the 448 stars

in this region, only 88 show a probability larger than 95% that they belong to any

lass, so most an be onsidered false alarms.

Stars that are expeted to be variable (S/N > 3) and show variation in the BEST II

light urve (q > 9), but were not deteted as variable stars after visual inspetion have
been re-inspeted. Suh targets have been missed due to the smaller phase overage

of BEST II, or beause the real noise of individual light urves is underestimated

using σmin

B (e.g., due to higher order extintion e�ets for very red stars).

Distinguishing between variable and non-variable stars works very well using the

new ranking q = δΘ(ω
(2)
max

) (see Setion 7.3). If the limit q = 9 is hosen to separate

variables from the bulk of non-variable stars, 92% of all mathed stars are found

below the limit. Only seven variables have q < 9, but their light urves and low S/N

indiate rather false detetions than too low variability values. From all 780 stars

with q > 9, one third belongs to the set of variable star detetions. For omparison,

Figure 9.3 also shows the J index vs. the expeted S/N. The plot shows learly that

the separation between real and arti�al variability is muh weaker. The strength of

the new ranking is partiularly lear in the regime of 1 < S/N < 3, i.e., lose to the

detetion limit of BEST II.

Comparison of Classi�ations

The variable star detetions of BEST II were ompared in detail with the automati

CoRoT lassi�ation for the 262 mathed variables. The overall agreement between

both methods is very good; details regarding the period and magnitude determi-

nation as well as the lassi�ations obtained by BEST II and CoRoT are given in

the remainder of this setion. Figure 9.4 shows some instrutive examples of vari-

able stars in agreement (a) and with di�erenes in the determined periods and/or

lassi�ations (b�f).

The mean magnitudes of mathed stars are in reasonably good agreement (Fig-

ure 9.5). Only a few very long-term variables � like the example in Figure 9.4d � show

di�erenes in the order of 1mag and above beause BEST II and CoRoT observed

during di�erent phases; the remaining majority di�ers by only (0.059 ± 0.158)mag.

Periods determined by BEST II have been ompared with the main frequeny

from the automati CoRoT haraterization. For 72.5% of the mathed stars, the

periods are equal or integral (n = 1, . . . , 5) multiples of eah other to a preision of

at least 1%. The histogram of period ratios in Figure 9.6 shows that most detetions

have been identi�ed in the CoRoT data with half the period ompared to BEST II.
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9 Stellar Variability in BEST II Fields

(a)

(b)

()

(d)

(e)

(f)

Figure 9.4: Examples of variable stars identi�ed both by BEST II and CoRoT. Eah row shows

light urves of the same star: in the �rst olumn, the BEST II light urve is folded with the period

from BEST II; in the seond olumn, the CoRoT light urve folded with the BEST II period; and

in the third olumn, the CoRoT light urve folded with the CoRoT period. Unfolded light urves

are shown for long periodi variables. (Published as Figure 13 by Fruth et al. 2012.)
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9.1 Field LRa02

Figure 9.5: Histogram of di�erenes between

CoRoT and BEST II magnitudes (for mathed

detetions, without very long periodi vari-

ables).

(Published as Figure 14 by Fruth et al. 2012.)

Figure 9.6: Histogram of CoRoT and BEST II

period ratio for mathed variable star dete-

tions. The insets show the two main peaks en-

larged (normalized).

(Published as Figure 15 by Fruth et al. 2012.)

This is beause many periods are doubled during the visual inspetion of BEST II

light urves in order to show full yles (e.g., Figures 9.4 and 9.4e), in partiular

for W Ursae Majoris elipsing binaries (EW).

The lasses from visual inspetion of BEST II light urves math the automati

lassi�ation of the CoRoT data set well. From the 262 variables present in both

data sets, 196 stars have BEST II variability lasses that are onsistent with either

the short- or long-periodi lassi�ation in the CoRoT data set. Note that the

variability lasses used by BEST II and CoRoT are slightly di�erent: for example,

BEST II distinguishes within the CoRoT lass ECL between the elipsing binary

types EA, EB, and EW, while the CoRoT sheme inludes, e.g., slowly pulsating

B-stars, whih are simply identi�ed as VAR within the BEST II study. All suh

re�nements are onsidered to represent a lassi�ation math.

The 64 stars with a lear disagreement in the variability lassi�ations were heked

arefully by reviewing the light urves from both BEST II and CoRoT. For 26 stars,

the variability lasses obtained by BEST II appear more realisti. Most of suh

ases are LP variable stars (e.g., Figure 9.4d) that have been identi�ed as suh in

the BEST II data set by visual inspetion. For these ases, even the longer CoRoT

baseline does not over a full yle, so that the period and lassi�ation obtained

from the CoRoT pipeline are not onlusive. Furthermore, some elipsing binaries

are learly mislassi�ed by the automati CoRoT proedure. Figure 9.4e shows an

example of a W Ursae Majoris type elipsing binary that was identi�ed as an RR

Lyrae pulsator � most likely beause it was deteted with half of its physial period

from the CoRoT data set. For three stars similar to the example in Figure 9.4b, nar-

row elipse events were not deteted by the CoRoT analysis. Most of the stars with

implausible variability types were lassi�ed as BE by the automati lassi�ation,

whih was desribed by Debossher et al. (2009) as a �trash� lass regarding its wide

parameter spread. For 16 stars like the example in Figure 9.4f, the CoRoT lassi-

�ations are in better agreement with the measurements. For most of these ases,

this learly results from the better photometri quality of the satellite data. For 22

ases, the photometri data itself are insu�ient to hoose between the CoRoT and

BEST II lassi�ations (e.g., EW/ELL). (Note that no automati lassi�ation data

were available for the two CoRoT targets 110833621 and 300001413.)
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9 Stellar Variability in BEST II Fields

9.2 Fields F17�F19

The BEST II target �elds F17�F19 were analyzed for stellar variability as desribed

in Setion 7.3.6: Out of all 209,070 light urves, 115,487 were analyzed with AoV,

and 5,480 light urves with q ≡ δΘ(ω
(2)
max

) ≥ 10 (Equations (7.11) and (7.12)) were

�nally inspeted visually. The limit of q = 10 was seleted following the omparison

with CoRoT data in LRa02 (see Setion 9.1.2) and the All Sky Automated Survey

(ASAS, Pojmanski 2002), whih also uses AoV statistis and Θ ≥ 10 as a riterion for
visual inspetion. This analysis yielded a total of 2,519 previously unknown variable

stars, and 754 stars with suspeted variability. Details on the numbers in eah �eld

are given in Table 9.1.

Table 9.3: Variable star detetions in BEST II �elds F17�F19, summarized per variability lass.

EA EB EW

EW/

DSCT

DSCT RR CEP

SX-

PHE

GDOR ROT SR LP VAR

F17 92 (9) 28(10) 133(20) 33(13) 45(35) 38(15) 30(10) 2(1) 1(0) 67 (49) 14 (3) 154(58) 11 (4)

F18 0 (3) 0 (1) 3 (0) 0 (0) 0 (0) 6 (0) 0 (0) 0(0) 0(0) 4 (4) 0 (0) 1 (0) 2 (1)

F19 287(31) 139(39) 374(30) 83(37) 126(44) 57(10) 56 (8) 0(0) 0(0) 114 (48) 144(47) 199(22) 293(202)

Total 379(43) 167(50) 510(50) 116(50) 171(79) 101(25) 86(18) 2(1) 1(0) 185(101) 158(50) 354(80) 306(207)

Notes. Given are the numbers of known and newly deteted variable stars for eah �eld and variability

lass (suspeted variables in brakets).

Variability Charaterization

The haraterization of variability in �elds F17�F19 is presented in large atalogs in

Appendix E (Tables E.3�E.5). Details on how many stars have been found in eah

target �eld and variability lass are given in Table 9.3. In total, 1,056 (plus 143

suspeted) elipsing binaries ould be identi�ed, 519 (173) pulsators, 185 (101) stars

with rotational modulation, 354 (80) long periodi variables, and 422 (257) with

other types of variability.

Figure 9.7 displays the period and amplitude of new detetions for the most om-

mon variability lasses (separated into binaries and others). It shows that BEST II is

apable to haraterize periodi stellar variability on timesales of less than an hour

up to ∼ 100 days (i.e., the length of a single observing season), and with amplitudes

of a few mmag up to several magnitudes. Naturally, the sensitivity dereases with

inreasing periods of variation.

The large atalog of new BEST II variables inludes a number of objets that

are very interesting for astrophysial studies; Figure 9.8 shows some example light

urves. Interesting ases inlude in partiular:

� Elipsing binaries with high SNR (e.g., F17_10421, F19_009645, F19_019884,

F19_030794, F19_033571, F19_100160); if modeled, these light urves allow

the determination of stellar parameters preisely. Suh results improve the

statistial basis and an help to solve open astrophysial questions, e.g., to

deide between di�erent proposed formation proesses for W Ursae Majoris

type binaries (Li et al. 2008).
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(a) Elipsing binaries (b) Other variables

Figure 9.7: Variable stars in �elds F17�F19. Shown are only new detetions (i.e., without suspeted

and known variables) of the most ommon types, and only variables for whih a period ould be

determined. (a) shows the elipsing binary lasses EA, EB, and EW, while (b) presents pulsators

of types DSCT, RR, and CEP, as well as rotating (ROT) and semi-regular (SR) variables.

� For many elipsing binaries presented here (e.g., F19_055270, F19_059739,

F19_066533, F19_100160), their photometri time series enable very aurate

elipse timings. Future studies ould, by studying timing variations, detet

additional bodies in some of these systems (see, e.g., Borkovits and Hegedüs

1996).

� Likewise, an aurate timing of eentri elipsing binaries enables to mea-

sure their apsidal motion, whih in turn enables to both test stellar interior

models and the theory of general relativity (Giménez 2007). Several new

detetions of this work (e.g., F19_055270, F19_100956) are interesting for suh

investigations (f. the riteria for seleting targets for apsidal motion studies

as given in the atalog by Hegedüs et al. 2005).

� The detetion of atalysmi binaries like F19_022713 enables the improve-

ment of knowledge about suh objets and their aretion disks (for a reent

review, see Giovannelli 2008).

� Amplitude modulation known as the Blazhko-e�et (Blaºko 1907) is found in

the light urves of several RR Lyrae pulsators (e.g., F19_086712, F19_124221).

Improved statistis through more detetions an help to understand the phys-

ial nature of the e�et, e.g., through orrelations between its ourrene rate

and the period and/or metalliity (Jursik et al. 2009).

Sine the modeling of variable stars is not within the sope of this thesis, new de-

tetions are presented to the interested sienti� ommunity for further studies. In

addition to the presentation within this work, the variables and their light urves

will be published elsewhere.
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9 Stellar Variability in BEST II Fields

Figure 9.8: Light urves of variable stars deteted in �elds F17�F19 (examples). The light urves

of all 3,273 variable and suspeted variable stars within these �elds will be published elsewhere in

a mahine-readable format.
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9.3 Summary and Disussion

Spetrosopi Charaterization

For 318 interesting variable stars in target �eld F19, spetrosopi observations were

obtained as part of the follow-up proess of planetary andidates with the AAOmega

instrument (see Setion 8.4.2); these are marked with a �⋆� �ag in Table E.5. Note,

however, that the spetral lassi�ation of variable stars in the �eld has not been

ompleted yet.

Comparison with Known Variables

A total number of 17 variable stars ontained in the BEST II data sets F17�F19

were previously known. Table 9.4 gives their identi�ers and ompares periods and

lassi�ations with the orresponding referene values.

Table 9.4: Known variable stars in data sets F17�F19.

. . . . . . . . . . . . Identifier . . . . . . . . . . . . RB . . . Period p [d℄ . . . Classifiation

Referene

BEST II Ref. [mag℄ BEST II Ref. BEST II Ref.

F17_03458 ASAS J142013-5339.9 11.6 3.329(4) 3.31 ROT ROT Kiraga (2012)

F17_32682 ASAS J142428-5416.0 12.5 � 323.7 LP MISC Pojmanski (2002)

F18_03793 YZ Gru 16.5 0.6976(7) 0.6974 RR RRAB Meinunger (1979)

F18_02074 ASAS J224935-4341.2 11.9 � 68.25 LP MISC Pojmanski (2002)

F18_05548 BE Gru 14.1 0.6055(2) 0.6054 RR RRAB Meinunger (1979)

F18_08895 AD Gru 15.5 0.7592(5) 0.7592 RR RRAB Meinunger (1979)

F19_000499 FV Nor 12.6 � � LP LP? Ho�eit (1931)

F19_045321 NU Nor

†
11.7 � � LP L Meinunger (1970)

F19_046530 UX Nor 12.1 2.386(2) 2.38602 CEP CWB Petersen and Andreasen (1987)

F19_088903 KK Nor 14.0 0.45493(6) � RR RR Meinunger (1970)

F19_089192 EO Nor 11.3 0.8523(3) 0.8523(2) EA EA/SD: Kruytbosh (1935)

F19_093711 IZ Nor 11.0 � � LP L Meinunger (1970)

F19_098447 NSV 7658 10.6 � � LP � Luyten (1936)

F19_104459 EM Nor 11.2 0.7383(2) 0.7384 EW EW Malkov et al. (2006)

F19_107786 IX Nor 10.6 � � LP M Meinunger (1970)

F19_111712 UV Nor 12.8 0.8742(2) 0.8741 EA EA Malkov et al. (2006)

F19_116322 PW Nor 12.1 � � LP M: Luyten (1936)

†
Meinunger (1970) assigns the variability of NU Nor to the star 2MASS 16274939-5533450 (BEST II F19_045485).

However, in BEST II data, the variability an learly be assigned to the objet 2MASS 16275033-5533400 (BEST II

F19_045321), whih is loated at an angular distane of 9′′ to the former.

Notes. Given are identi�ers of this work and the GCVS and/or VSX, BEST II instrumental magni-

tudes RB (f. Setion 5.2), and periods and lassi�ations (if available) as obtained within this work

and by previous surveys as referened, respetively. The light urves of UX Nor (F19_046530) and

NSV 7658 (F19_098447) are shown as examples in Figure 9.8.

For all stars that were lassi�ed and/or have periods determined by previous

studies and this work, the results are in exellent agreement. For the RR Lyrae-

type pulsator KK Nor, the period was �rst determined within this work.

9.3 Summary and Disussion

Within this work, �ve photometri data sets with 329,660 light urves have been

analyzed for stellar variability. Using an improved detetion method (see Chapter 7),

a total of 2,791 previously unknown variable stars were found in the target �elds

LRa02, F17, F18, and F19. In addition to that, 806 stars are suspeted to be

variable, i.e., more and/or more preise measurements would be needed to better

onstrain their variability.

Kabath et al. (2009a) �rst analyzed BEST II observations on the CoRoT target

�eld LRa02 for stellar variability and presented a atalog of 350 variable stars (of
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whih �ve were known previously). Now, using the same observational data, the im-

proved data quality and methodology of this work yielded 279 additional (inluding

seven known) and 52 suspeted variables. A omparison of BEST II detetions with

CoRoT �ndings underlines the good performane of the new algorithm: The large

majority of stars with CoRoT amplitudes that should be signi�ant in the less pre-

ise time series of BEST II are given high rankings, and the number of false positives

is remarkably low. Furthermore, the omparison shows again that the distintion

between variable and non-variable stars is muh more e�ient than the previously

used J index alone.

In addition to the previously known variable stars already on�rmed by Kabath

et al. (2009a), 24 known variables in the �elds LRa02 and F17�F19 ould be ompared

with BEST II time series as part of this thesis. For all of them, the ephemerides

and lassi�ations agree with the literature referenes. For 19 variables deteted by

Kabath et al. (2007, 2009a), the ephemerides and/or lassi�ation ould be re�ned

using the improved data set and analysis.

Furthermore, the BEST II searh for stellar variability was validated by omparing

the results with CoRoT. In the �eld LRa02, 262 variables have both been observed by

BEST II and CoRoT (190 presented by Kabath et al. 2009a, and 72 from this work).

Their lassi�ations, periods, and magnitudes were ompared on an individual basis

and found to be overall in very good agreement. For 75% of all mathed variables,

the lassi�ations are onsistent, and for 73%, the derived periods agree within 1%

tolerane. For the rest, divergenes ould be related to the di�erent instrumental

preision, observational time overage, and degree of manual inspetion.

Disussion

Table 9.5 summarizes the number of detetions obtained within this work and om-

pares them with previous BEST/BEST II �ndings and the results of other surveys.

Although the results obtained by these projets are subjet to various systemati

di�erenes (most importantly, onerning the photometri preision, monitored mag-

nitude range and FOV, the time span and duty yle of observations, and the applied

analysis tehniques and seletion riteria; for a disussion, see also Tonry et al. 2005),

the overall detetion rate an be used to put the results of this work in ontext.

The following harateristis are noteworthy from Table 9.5:

� The detetion yield of BEST II is signi�antly larger than BEST (0.28%

for BEST, ompared with 0.38%/0.98% for BEST II without/with this work).

As already disussed by Kabath (2009), this is due to the inreased duty yle

and better photometri quality of BEST II.

� The detetion yield for the �elds observed within this work varies from 0.1%

to 1.5% for di�erent reasons. F18 is the only BEST/BEST II �eld observed

away from the galati plane (latitude b = −61◦); as suh, it probes a di�er-

ent stellar population, whih is generally expeted to be less ative (see, e.g.,

Huber et al. 2006; West et al. 2008; Ciardi et al. 2011). The large fration

for F19, however, an well be explained with the inreased �ux threshold (see

Setion 4.2.3 and Table D.1); if this threshold were to be hosen similar to
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9.3 Summary and Disussion

Table 9.5: Variable star detetion yield with BEST and BEST II in omparison to other surveys.

Projet Field(s) N⋆ N
var

N
var

/N⋆ Referene

BEST LR01 29,426 92 0.31% Karo� et al. (2007)

BEST IRa01 30,426 54 0.18% Kabath et al. (2007)

BEST LRa01 29,830 44 0.15% Kabath et al. (2008)

BEST F2 32,129 145 0.45% Pasternaki et al. (2011)

121,811 335 0.28% Total for BEST

BEST II LR02 98,219 426 0.43% Kabath et al. (2009b)

BEST II LRa02 104,335 350 0.34% Kabath et al. (2009a)

202,554 776 0.38% Total for BEST II

(before this work)

BEST II LRa02 120,590 681 0.56% Kabath et al. (2009a) and this work

BEST II F17 68,317 648 0.97% This work

BEST II F18 13,551 16 0.12% This work

BEST II F19 127,202 1,872 1.47% This work

329,660 3,217 0.98% Total for BEST II (this work)

ASAS ASAS-1,2 140,000 3,800 2.71% Pojmanski (2000)

ASAS ASAS-3 17,000,000 50,099 0.29% Pojmanski (2002)

OGLE OGLE-II 16,502,826 68,194 0.41% Zebrun et al. (2001)

OGLE OGLE-III 200,000,000 193,000 0.10% Soszy«ski et al. (2008, 2011)

EROS II 1,913,576 1,362 0.07% Derue et al. (2002)

HATnet HAT 199 98,000 1,617 1.65% Hartman et al. (2004)

UNSW 87,000 850 0.98% Christiansen et al. (2008)

Notes. The table gives the number of surveyed stars N⋆, the number of found variables N
var

, and

the orresponding ratio N
var

/N⋆ for BEST/BEST II publiations, this work, and seleted referenes

of important variable star surveys. If noted in the publiation, N
var

here inludes known and new

detetions, i.e., the whole detetion yield of a given survey. For omparison, the values for BEST and

BEST II (before and within this work, respetively) are eah summarized.

F17 and F18, the redution would yield ∼ 200,000 stars and a orresponding

detetion ratio of ∼ 1% (assuming that the number of variables in the added

high-noise light urves is negligible), i.e., a yield well omparable to F17.

� The detetion yield of BEST II inreases signi�antly for data analyzed within

this work ompared to previous studies. While Kabath et al. (2009a, b)

found 0.4% of all surveyed stars to be variable, this work obtaines a mean

fration of 1.0%. For the reanalyzed data set LRa02, the yield an be ompared

diretly: The number of detetions inreases by 95% (from 350 to 681).

� The number of light urves analyzed for stellar variability within this work

(329,660 inluding the reanalyzed data set LRa02) exeeds the total number

analyzed within the whole BEST/BEST II projet so far (324,365). The num-

ber of variable stars identi�ed with BEST/BEST II inreases through this

work from 1,111 to 3,978, i.e., by 258%.

� Other surveys that have analyzed large photometri data sets for stellar

variability typially obtain detetion yields in the range of 0.1�2.7%. Thus,

BEST II yield results of 0.4�1.0% are omparable to the �ndings of other

projets.
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9 Stellar Variability in BEST II Fields

Conlusions

The results presented in this hapter show that BEST II an suessfully detet and

lassify stellar variability. Its �ndings have been ompared with results from CoRoT

and previously known variables � they were found to be in very good agreement,

thus validating the BEST II results. Furthermore, the overall detetion is as e�ient

as large and suessful photometri projets suh as the All Sky Automated Survey

(ASAS; Pojmanski 2002) or the Optial Gravitational Lensing Experiment (OGLE;

Soszy«ski et al. 2008).

Previous studies (Kabath 2009; Kabath et al. 2009a, b) have already proven the

apability of BEST II to searh for stellar variability, whih largely bene�ts from

the exellent photometri quality and observational duty yle enountered at its

prime astronomial site in Chile. Within this work, it was possible to improve the

observations and methodology further, so that the number of surveyed stars and

the detetion e�ieny ould both be inreased signi�antly. In addition to the

searh for stellar variability itself (desribed in Chapter 7 and by Fruth et al. 2012),

several other improvements that ould be ahieved within this thesis ontribute to

the results. Most importantly, they inlude an improved photometri data quality

(See Setion 4.3 and the disussion in Setion 4.4), a target �eld seletion optimized

for BEST II (Setion 4.2), and an improved pointing stability (Appendix A.2).
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10 Transit Searh from Antartia

Antartia is expeted to provide a number of advantages for astronomy and there-

fore, Dome C is urrently being onsidered as a site for future large-sale observatories

(see Setion 1.3). For transit searh, the long polar night and low systemati noise

are expeted to be partiularly advantageous.

First, the Antarti winter allows an almost ontinuous time series to be obtained

(Caldwell et al. 2004; Pont and Bouhy 2005), although the total amount of usable

dark time is not inreased ompared to mid-latitude sites (Kenyon and Storey 2006).

However, observations an over large planetary orbits better than temperate sites

with diurnal interruptions. Rauer et al. (2008b) showed that planets with periods of

up to two weeks are overed well within one observing season at Dome C; in ontrast,

a similar performane with mid-latitude sites ould only be ahieved if three stations

were ombined into a network. While that study relied on observing times modeled

from weather data and astronomial dark time, Crouzet et al. (2010) obtained statis-

tis diretly from the ASTEP-South telesope. They estimated the transit yield and

ompared it to an analogous instrumental setup at La Silla: The ASTEP-South 2008

ampaign is expeted to yield detetions omparable to a modeled observing season

at La Silla (1.08 and 1.04 planets, respetively). However, if the ASTEP-South ob-

servations were extended over the whole winter season, the expeted yield would be

larger at Dome C (1.62 planets).

Seond, more and/or smaller planets are expeted to be found at Dome C due

to an inreased photometri preision (Rauer and Deeg 2010). Two onditions are

onsidered important in this respet: Less systemati noise due to stable environ-

mental onditions (in partiular, the lak of day/night temperature variations; Pont

and Bouhy 2005), and less sintillation noise due to a low level of atmospheri tur-

bulene. The latter is expeted to be 2�4 times smaller at Dome C ompared to

temperate sites (Kenyon et al. 2006).

While these previous studies indiate an advantage for transit searh at Dome C,

they still need to be on�rmed on the basis of photometri data. For example,

the study of Kenyon et al. (2006) derived the sintillation noise from measurements

of atmospheri turbulene pro�les above Dome C; however, this will only yield an

advantage if it forms the dominant omponent in the noise budget for bright stars,

whih yet remains to be investigated with real photometri time series. Crouzet et al.

(2010) used observing statistis from Dome C, but modeled the photometri quality

in Antartia and Chile from instrument harateristis.

This study aims to address the open question � whih transits an be deteted

with a real photometri survey at Antartia? It uses �rst data from the ASTEP400

telesope (Setion 3.3), whih performs a dediated transit searh at Dome C. In

order to ompare the performane of ASTEP400 with real data from a mid-latitude

site, parallel observations have been obtained with BEST II (Setion 3.2) in Chile

during a joint ampaign in 2010. As Rauer et al. (2008b) showed, the ombination
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10 Transit Searh from Antartia

of these two sites an potentially extend the observational overage signi�antly; in

addition to the diret omparison of the photometri quality and expeted detetion

yield, the data is thus ombined and searhed for transiting planets.

This hapter presents the results of observations obtained together with ASTEP

and BEST II. The �rst Setion 10.1 brie�y ompares photometri measurements of

the known transiting planet WASP-18b, whih are overed here as a test ase for

joint observations and their data redution. Setion 10.2 desribes the searh for

transiting exoplanets in two target �elds with both telesopes, whih forms the basis

for a omprehensive omparison of the detetion yield between the two systems and

observing sites in Setions 10.3 and 10.4. Finally, Setion 10.5 disusses the results

and summarizes this hapter.

10.1 Test Case WASP-18b

The two transiting hot Jupiters WASP-18b (Hellier et al. 2009) andWASP-19b (Hebb

et al. 2010) were monitored intensively with ASTEP400 during its �rst observing

season to test the quality of the instrument. With depths δF = 0.94% (Southworth

et al. 2009) and 2.1% (Hellier et al. 2011), and magnitudes of V = 9.3 and 12.6,

respetively, the primary transits of both targets should be well visible. In addition,

the targets were seleted to test whether ASTEP an measure phase variations and

seondary elipses: With periods of 0.94 days (WASP-18b, Southworth et al. 2009)

and 0.79 days (WASP-19b, Hellier et al. 2011), both are plaed among the fastest

orbiting exoplanets known, and thus are highly irradiated. In the optial, phase

variations due to re�etion are expeted in the order of a few 100 ppm.

1

Observations and Redution

During the southern winter 2010, ASTEP400 observed WASP-18b for 66 nights

(inluding 34 ontiguous nights from 8th June to 11th July), and WASP-19b for

30 nights (inluding 26 ontiguous nights from 30th April to 25th May). In order

to ompare with measurements from a mid-latitude site, BEST II also monitored

WASP-18b for 19 nights between 12th August and 7th Deember 2010.

The omplete ASTEP400 data sets have been redued by the ASTEP team and are

urrently being analyzed sienti�ally. As part of this thesis, one night of ASTEP400

data overing a WASP-18b transit was redued to test the DLR photometri pipeline

(Chapter 5) on time series from a projet other than BEST/BEST II. In addition, all

nights of BEST II observations on WASP-18b were redued using the same routines.

Pipeline parameters for eah redution are listed in Appendix D.

1

Using the �ux ratio fp/f⋆ ∝ Ag(rp/a)
2
(see, e.g., Kane and Gelino 2011), the planetary radius rp

and semi-major axis a for eah planet, and a geometri albedo of Ag ≈ 0.3.
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10.1 Test Case WASP-18b

Figure 10.1: Phase-folded light urve of BEST II observations on WASP-18b in 2010 (ephemerides

from Southworth et al. 2009). In addition to 2,011 individual measurements (gray), the �gure shows

data binned within phase intervals of 0.01 (red).

Table 10.1: Comparison of WASP-18b transits observed with ASTEP400 and BEST II.

Night σ σ
bin

〈δt〉
ASTEP400 4th July 2010 2.3mmag 0.44mmag 36 s

BEST II 28th August 2010 4.9mmag 1.9mmag 152 s

Notes. Standard deviations are alulated for eah night and telesope from measurements out of tran-

sit; σ refers to original data (gray in Figure 10.2), and σ
bin

to data binned within phase intervals

of 0.01 (red/blue in Figure 10.2). The time sampling 〈δt〉 gives the typial span between two adjaent

measurements.

Results

The BEST II observations ontain 2,143 measurements, from whih 2,011 form the

�nal data set after all redution steps. They over six full and three partial transits

of WASP-18b. The full phase-folded light urve is shown in Figure 10.1: For binned

data, the transit is observed at a signal-to-noise ratio of 2.3. However, with an un-

binned standard deviation of σ = 6.8mmag (outside the transit), the photometri

quality of this data set is about a fator two worse than the large �eld surveys ob-

tained as part of this thesis with BEST II (see Setion 4.3). An analysis of individual

nights shows that the photometri quality varies signi�antly; in fat, the data set

only inludes one good photometri night with a full transit event of WASP-18b.

Figure 10.2 shows a omparison of this night (28th August 2010) with a single

ASTEP transit (4th July 2010). While the BEST II light urve is the best out of six

with a full transit, the ASTEP night was seleted without any requirement exept

for the planet to transit. Nevertheless, the photometri noise level in the ASTEP

time series is more than a fator two lower (Table 10.1): Out of transit, ASTEP

measurements show a standard deviation of σ = 2.3mmag, while BEST II reahes

4.9mmag. On binning to phase intervals of 0.01, the noise level in the ASTEP time

series dereases by a fator of 5.2 to 0.44mmag, and by 2.6 to 1.9mmag for BEST II.

2

2

The fat that binning suppresses noise about two times more for ASTEP an be explained due

to its shorter time sampling 〈δt〉 (Table 10.1): Under the assumption that the binning of N
frames yields a noise level σ

bin

∝ σ/
√
N , one expets σ

bin,A

/σ
bin,B

=
√

〈δt〉A / 〈δt〉B · σ
A

/σB =
0.49 · σ

A

/σB .
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10 Transit Searh from Antartia

Figure 10.2: Phase-folded light urves of WASP-18b around transit (ephemerides from Southworth

et al. 2009). Shown are two individual events, one observed with ASTEP400 during the night of

4th July 2010 (upper line), and one observed with BEST II during the night of 28th August 2010

(lower line). In addition to individual measurements (gray), data binned to phase intervals of 0.01

are shown in red (BEST II) and blue (ASTEP400), respetively. For better visibility, the BEST II

light urve was shifted in �ux by −0.02.

Two onlusions an be drawn from this initial analysis: First, ASTEP data an

suessfully be redued with the DLR pipeline in order to obtain high-preision

photometry. This was ahieved as part of this thesis through adaptations of the un-

derlying proedures (see Chapter 5). Seond, the photometri noise level of ASTEP

for WASP-18b is more than four times smaller than for BEST II observations, if both

are binned to the same phase interval. However, the data sets were only used as a

test ase here, i.e., they have only been ompared for one target and a single night.

A more quantitative omparison between the both sites an be drawn using the two

large survey �elds that have been observed together with ASTEP and BEST II; these

are analyzed and disussed in detail in the next setion.

10.2 Fields ASTEP-Exo2 and ASTEP-Exo3

Five �elds, named ASTEP-Exo1�5, have been seleted by the ASTEP team for

transit searh from Antartia in 2010. While eah pointing has been monitored for

a period of about two weeks with ASTEP400, BEST II joined the ampaign for the

�elds ASTEP-Exo2 and ASTEP-Exo3. The observations, data redution, analysis,

and sienti� results will be presented below.

10.2.1 Observations

The �elds ASTEP-Exo2 and ASTEP-Exo3 have been observed during July/August

2010; Figure 10.3 shows the time series obtained with eah telesope, and Table 10.2

ompares the number of frames and nights.
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10.2 Fields ASTEP-Exo2 and ASTEP-Exo3

Table 10.2: Number of frames, nights, and light urves obtained with ASTEP400 and BEST II

for the �elds ASTEP-Exo2 and ASTEP-Exo3. (For BEST II observations, see also Table 4.1.)

. . . . . . . . . . .#Frames . . . . . . . . . . . . . . . . . . . . . . .#Nights . . . . . . . . . . . .

ASTEP BEST2 total ASTEP BEST2 together

ASTEP-Exo2 5,895 391 6,286 17 6 19

ASTEP-Exo3 3,418 437

∗
3,855

∗
16 12 26

Σ (both �elds) 9,313 828 10,141 26 18 38

. . . . . . . . . . . .#Stars . . . . . . . . . . . . . . . . .#Stars (σ ≤ 0.01mag). . . . .

ASTEP BEST2 both ASTEP BEST2 both

ASTEP-Exo2 37,619 90,330 9,124 2,318 8,229 745

ASTEP-Exo3 57,346 134,222 49,698 1,838 6,436 1,779

Σ (both �elds) 94,965 224,552 58,822 4,156 14,665 2,524

∗
BEST II data set with 90 s exposure time

(a) ASTEP-Exo2 (b) ASTEP-Exo3

Figure 10.3: Joint BEST II/ASTEP �eld observations in 2010. Times of observations are shown

for the �elds (a) ASTEP-Exo2 and (b) ASTEP-Exo3. ASTEP time series are marked blue, BEST II

observations red. For omparison, gray shaded areas indiate the maximum astronomial visibility b
(Equation (B.3), i.e., target 30◦ above the horizon, Sun below −8◦, et.) of eah respetive �eld.

ASTEP-Exo2 was observed with ASTEP400 from 14th July until 2nd August for

a total of 17 nights, while BEST II pointed at the �eld for six nights between 29th

July and 4th August. Observations with both telesopes have been obtained during

four nights, but overlap only for 28 minutes on 29th July.

ASTEP-Exo3 was observed with a slightly larger timing o�set between the two

telesopes: ASTEP400 observed the �eld for 16 nights between 24th July and 8th

August, BEST II for 12 nights during 5th to 21st August. The data ontain two

nights with observations from both sites without overlap. BEST II obtained mea-

surements at exposure times of ∆T = 10 s and 90 s; the latter mathes the ASTEP

magnitude range better (∆T = 70 s for both �elds), so that only the 90 s data set is

presented in the following analysis.
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10 Transit Searh from Antartia

(a) ASTEP-Exo2

(b) ASTEP-Exo3

Figure 10.4: Sky positions of the �elds (a) ASTEP-Exo2 and (b) ASTEP-Exo3. The FOV of

BEST II (1◦.7 × 1◦.7) is marked red, while the ASTEP FOV (1◦.0× 1◦.0) is shown in blue.

Pointings

BEST II an over the FOV of ASTEP in a single pointing: Figure 10.4 shows a sky

map with the relative positions and orientations of both �elds for eah telesope.

The ASTEP enter oordinates for the target �eld ASTEP-Exo3,

(α, δ)
Exo3

= (15h46m11s.042,−64◦53′32′′.52) , (10.1)

oinide with the BEST II observations. However, the ASTEP-Exo2 �eld was ob-

served with ASTEP at a di�erent pointing than initially announed. BEST II ob-

served at the oordinates

(α, δ)BEST II

Exo2

= (16h04m32s.414,−65◦50′35′′.31) , (10.2a)

whih are o�set by 1◦.11 from the �nal ASTEP pointing at

(α, δ)ASTEP
Exo2

= (15h54m48s.499,−65◦54′04′′.35) , (10.2b)

i.e., BEST II observations only over ∼ 35% of the ASTEP-Exo2 �eld.

10.2.2 Photometri Data and Quality

Both data sets from eah telesope have been alibrated and redued using the

DLR photometri pipeline (Chapter 5; pipeline parameters for eah redution are

listed in Appendix D). After redution, the light urves of eah telesope have been

analyzed separately and in ombination. The remainder of this setion �rst disusses

the ontent and photometri quality of data from eah telesope separately; the

ombination is desribed in the following Setion 10.2.3, and the sienti� analysis

of both individual and ombined light urves is overed in Setion 10.2.4.
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10.2 Fields ASTEP-Exo2 and ASTEP-Exo3

Table 10.3: Photometri noise levels and exposure times ∆T of joint BEST II/ASTEP obser-

vations. Values σr and ∆f
bg

are determined by �tting Equation (4.1) to eah rms plot (m̃, σ).

Field Data Set ∆T σr ∆f
bg

ASTEP-Exo2

ASTEP 70 s 2.7mmag 14.6 ADU

BEST II 120 s 2.4mmag 12.6 ADU

ASTEP-Exo3

ASTEP 70 s 2.1mmag 22.2 ADU

BEST II 90 s 3.1mmag 14.5 ADU

(a) ASTEP-Exo2

(b) ASTEP-Exo3

Figure 10.5: Photometri quality of observations on �elds ASTEP-Exo2 and -Exo3. Left plots

show median magnitudes and standard deviations for eah ASTEP light urve (unbinned), right

plots the same for BEST II. Lines indiate a �t of Equation (4.1) to the data (as in Figure 4.8).

Table 10.2 lists the number of light urves in eah data set. The ASTEP400 data

set ontains 57,346 light urves on ASTEP-Exo3, and 37,619 on ASTEP-Exo2. Due

to the larger FOV, the BEST II data inlude more light urves than ASTEP: 134,222

for ASTEP-Exo3, and 90,330 for the (slightly di�erent) ASTEP-Exo2 pointing.

The photometri quality of both �elds is exellent: As the rms plots in Figure 10.5

show, a preision in the order of ∼ 2�3mmag over the whole observing season is

obtained with eah telesope at the bright end of the magnitude range. Table 10.3

lists the limiting systemati noise omponent σr for eah data set; it was obtained

through �tting Equation (4.1) to eah rms plot.

However, there are small di�erenes between the �elds and telesopes. For target

�eld ASTEP-Exo2, ASTEP data show a minimum noise level of σr = 2.7mmag,

whih is omparable to BEST II observations (2.4mmag). For ASTEP-Exo3, ASTEP
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(a) ASTEP-Exo2 (b) ASTEP-Exo3

Figure 10.6: Histogram for nightly systemati noise omponents σr. Values have been obtained

through �tting as in Figure 10.5, but for eah night individually.

reahes with σr = 2.1mmag an appreiably better noise level than BEST II in the

same �eld (3.1mmag).

In the same way as for the whole time series, σr was obtained for eah night

individually; the results are summarized in a histogram (Figure 10.6). Its distribution

an be used to estimate the best and average nightly observing ondition for eah site:

For BEST II, nights with a limiting noise of 2�3mmag are regularly enountered, but

values signi�antly below 2mmag are rather exeptional. However, ASTEP nights

are found in average at σr ≈ 1.5�2.0mmag, and sometimes well below: The best

ASTEP night shows a minimum noise level of only 0.69mmag, i.e., about a fator two

less than the smallest value enountered by BEST II in either data set (1.6mmag).

10.2.3 Light Curve Combination

Light urves from BEST II and ASTEP have been ombined in order to extend the

observational duty yle. While the math itself an be obtained relatively easily

using the stellar oordinates in eah data set, a suessful transit detetion requires

the stellar dimming to be measured onsistently with both systems.

The details on the light urve ombination, inluding a disussion on systemati

di�erenes between the two systems that might e�et the transit detetion, are de-

sribed in the following.

Coordinate Math

The �rst step omprises a light urve math using the equatorial oordinates of

eah redution. For eah ASTEP light urve, the angular distane d to the nearest

BEST II star has been alulated; it is plotted vs. the magnitude in Figure 10.7 for

both �elds. It shows a lear distintion between stars that are mathed within d≪ 2′′

and suh that do not have a ounterpart, i.e., with d≫ 2′′. Therefore, the limit d = 2′′

is used as the riterion for a suessful math.

In target �eld ASTEP-Exo2, 9,124 stars meet this riterion (i.e., 10.1% of all

BEST II, and 24.3% of all ASTEP stars; see Table 10.2). For �eld ASTEP-Exo3,

the overlap is muh better; here, 49,698 stars are mathed (37.0% of BEST II, and

86.7% of all ASTEP stars). In total, joint observations are obtained for 58,822 stars.
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10.2 Fields ASTEP-Exo2 and ASTEP-Exo3

(a) ASTEP-Exo2 (b) ASTEP-Exo3

Figure 10.7: Distane d to nearest BEST II objet for eah star in the ASTEP data sets of (a)

ASTEP-Exo2 and (b) ASTEP-Exo3. The red line denotes the limit of 2′′ that is used for mathing.

Combination

Sine the BEST II/ASTEP observing strategy does not aim at a preise alibration

for absolute magnitudes (f. Setion 5.2.3), two light urves of the same star may

show signi�antly di�erent base levels in two redutions, i.e., muh larger di�erenes

than their partiular satter. In order to sustain the relative preision, it is thus

neessary to adjust the base levels. The left panels of Figure 10.8 ompare mean

magnitudes for mathed stars in the ASTEP �elds.

Individual light urves {(tAj ,mA
ij)} from ASTEP (indiated with �A� in the follow-

ing) are ombined with BEST II (�B�) measurements {(tBj ,mB
ij)} for eah mathed

star i as follows. First, the observing times are simply joined to

(
tCj
)
=
(
tA1 , . . . , t

A
NA
, tB1 , . . . , t

B
NB

)
, (10.3)

whereby NA and NB denote the number of frames in eah data set, and �C� indiates

the ombined time series. Seond, BEST II magnitudes mB
ij are shifted by the

di�erene between the mean magnitudes

∆mi = mB
i −mA

i , (10.4)

i.e.,

mC
ij =

{
mA

ij for j ≤ NA (ASTEP)

mB
i(j−NA) −∆mi for j > NA (BEST II) .

(10.5)

Comparison of Photometri Systems

BEST II and ASTEP use the same CCD (see Setions 3.2 and 3.3) and both observed

the �elds ASTEP-Exo2 and ASTEP-Exo3 in white light. Thus, the photometri

systems are expeted to be very similar. However, a dihroi mirror in the optial

path of ASTEP400 only re�ets wavelengths longward of ∼ 550 nm to the sienti�

instrument, while the whole spetrum is used with BEST II. Thus, blue stars are

expeted to appear somewhat brighter when being observed with BEST II.
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10 Transit Searh from Antartia

(a) ASTEP-Exo2

(b) ASTEP-Exo3

Figure 10.8: Diret omparison of ASTEP and BEST II photometry for eah mathed star i in
data sets (a) ASTEP-Exo2 and (b) ASTEP-Exo3. Left panels show mean magnitudes (mA

i ,m
B
i );

the red line denotes mA = mB
. Light urve standard deviations (σA

i , σB
i ) are shown in the middle,

while right panels ompare the shifted BEST II noise level σB
i

′
= σB

i · 10−0.4·∆mi
with σA

i . In

the middle and right plots, the red line denotes the expeted relationship between σA
and σB

for mA = mB
using the rms �ts σA(mA) and σB(mB) (red lines in Figure 10.5). For omparison,

the blak dashed line shows the expeted dependeny from photon noise only (Equation (10.7)).

The absolute magnitude di�erene |∆m| (Equation (10.4)) is shown in blue as indiated in the olor

bar.

Figure 10.9: Magnitude di�erene ∆m between BEST II and ASTEP400 (Equation (10.4)) in

�eld ASTEP-Exo3 as a funtion of stellar olors. The left plot uses (B −R) from the USNO-B1.0

atalog (Monet et al. 2003), the right plot (J −K) from 2MASS (Skrutskie et al. 2006). Blak dots

represent individual stars; the bakground olor indiates their number density. A linear �t based

on Equation (10.6) is shown by the white dotted line. (Only stars with mA
i ≤ 15mag are shown

and used for the �t, sine fainter stars exhibit large olor unertainties.)
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In order to evaluate di�erenes in both photometri systems quantitatively, atalog

olors have been obtained for mathed stars: (B−R) from USNO-B1.0 (Monet et al.

2003) is used in the blue, and (J−K) from 2MASS (Skrutskie et al. 2006) in the red

part of the spetrum. For eah star, they are ompared with ∆m (Equation (10.4)),

whih is expeted to inrease as a funtion of both. Figure 10.9 shows the analysis

for the stars in target �eld ASTEP-Exo3. A linear �t to the data yields

∆m [(B −R)] = (−0.266 ± 0.006) mag+ (B −R) · (0.030 ± 0.005)
∆m [(J −K)] = (−0.404 ± 0.011) mag+ (J −K) · (0.20 ± 0.02) .

(10.6)

The smaller number of mathed stars in ASTEP-Exo2 show a very similar relation.

The funtional dependeny of Equation (10.6) on�rms the expeted olor depen-

deny between both optial designs. However, beause the di�erential amplitude is

rather low, its in�uene upon the ombined data is onsidered negligible.

Comparison of Photometri Preision for Eah Star

The light urve ombination allows the omparison of the photometri preision of

ASTEP with BEST II for eah mathed star individually : The middle panel of

Figure 10.8 shows both standard deviations, i.e., the pairs (σAi , σ
B
i ), and ompares

them to the respetive σ-�ts of Figure 10.5.

A large majority of stars in both �elds shows signi�antly lower overall photo-

metri noise levels in BEST II data ompared to the respetive ASTEP measure-

ments. However, the deviation inreases with the magnitude di�erene |∆m| be-
tween BEST II and ASTEP, as the olor oding of Figure 10.8 indiates. Di�erent

exposure times ∆TA/B (Table 10.3) and telesope apertures DA/B (Chapter 3) alone

annot explain this e�et, beause that would yield

σBi
σAi

=
DA

DB

√
gB
gA

· ∆TA
∆TB

(
= 1.4065 ·

√
∆TA
∆TB

for BEST II/ASTEP

)
(10.7)

for idential photometri systems (with gain fators gA/B), i.e., a noise ratio that

is independent of the stellar magnitude. Therefore, two alternative hypotheses have

been investigated: Di�erenes between the photometri systems or the angular res-

olution of both telesopes.

First, the magnitude di�erene ∆m between both systems shows a slight olor

dependene. Hene, the noise level is also expeted to vary with the stellar olor:

With the assumption of photon noise only, i.e., σ = 1.0857 · δf ∝ f−1/2
, it fol-

lows that σBi /σ
A
i ∝ 100.2∆mi

. However, the derived olor dependeny of ∆m (Equa-

tion (10.6)) is too small to explain di�erenes up to an order of magnitude between σBi
and σAi : With ∆m & −0.5mag, it follows that only σBi & 0.8 · σAi .
Seond, the BEST II pixel sale is larger (1.5′′/Px ompared to 0.9′′/Px for

ASTEP400). Therefore, BEST II �elds are more a�eted by rowding, i.e., more

stellar apertures overlap eah other than in the ASTEP data. In turn, this yields

a systemati magnitude di�erene mB < mA, and, hene, negative di�erenes ∆m
for ontaminated stars. In addition, overlapping apertures yield an underestimation

of brightness variations (see Appendix C.3). To test the relevane of rowding in
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the two data sets, a shifted value σBi
′
was alulated from the initial photometri

noise σBi of BEST II using Equation (C.10) and the assumption that magnitude

di�erenes ∆mi are solely aused by ontamination. The right panel of Figure 10.8

ompares σBi
′
with the orresponding (unshifted) ASTEP noise σAi . It shows that

the large majority of BEST II light urves with initial values of σBi ≪ σAi distribute

smoothly around the noise dependeny that is expeted from the photometri quality

of both data sets.

Thus, the analysis shows that rowding introdues signi�ant systemati di�er-

enes to absolute and relative brightness measurements, although the pixel sale of

BEST II is only 1.7 times larger ompared to ASTEP400. This is partiularly impor-

tant for fainter stars (m & 15mag) in both �elds, whih are, however, less interesting

for transit searh. For bright stars, the photometri preision of both instruments

ompares well (see Figures 10.5 and 10.8).

Examples

Figures 10.10 and 10.11 give two examples of a joint ASTEP/BEST II light urve.

Two variable stars have been seleted in order to ompare the variation: A short-

periodi pulsator (δ Suti type, Figure 10.10) and an elipsing binary (EA type,

Figure 10.11).

Figure 10.10: Example of a joint BEST II/ASTEP light urve � short periodi variable

Exo2_026332. The left plot shows the whole light urve, while the right plot shows �ve days

with the best overall time overage. Blue points indiate ASTEP measurements, BEST II data

appear in red.

Figure 10.11: Example of a joint BEST II/ASTEP light urve � elipsing binary Exo2_028863.

The left plot shows the whole light urve, while the right panels enlarge the time series at 2.5 days

around eah of the two observed elipses. Colors as in Figure 10.10.

The �rst ase, Exo2_026332 (Figure 10.10), shows how BEST II time series an

�ll small gaps between two Antarti nights and thus yield an almost ontinuous

duty yle. Furthermore, both the amplitude and photometri preision are in very

good agreement.

The seond ase, Exo2_028863 (Figure 10.11), highlights an important and anti-

ipated advantage of joint observations from Antartia and a mid-latitude site: Sine

136



10.2 Fields ASTEP-Exo2 and ASTEP-Exo3

only one elipse event was observed with ASTEP400, no period ould be derived for

this elipsing binary from ASTEP time series alone. The additional BEST II ob-

servations, however, unover a seond event, so that the period an be onstrained.

Again, the amplitudes of both events are in good agreement. Therefore, just as this

elipsing binary ould only be found in the joint time series, the hane of �nding

transiting planets should also be inreased by ombining the data.

10.2.4 Transit Searh

Both ASTEP �elds have been searhed for planetary transits using the BLS algorithm

as desribed in Chapter 6 (see Appendix D for BLS parameters). The analysis was

performed on the two individual ASTEP400 and BEST II data sets, as well as for

the ombined light urves. Table 10.4 shows the number of stars ontained in eah

of these six data sets, the number of low-noise light urves analyzed with BLS, and

the number of signals examined manually. For BEST II data alone, the noise limit

was set to σmin

bls

= 0.05mag as for transit searh in the �elds F17�F19 (Chapter 8).

Light urves with ASTEP measurements have a better time sampling and were thus

analyzed up to a larger (unbinned) noise level of σmin

bls

= 0.10mag. Out of these, the

20% most signi�ant signals were examined visually in order to obtain a deep analysis

of these �rst ASTEP data sets. For BEST II alone, the observational overage only

yields an insu�ient detetion e�ieny (see also Setion 10.3), so that only the 3%

largest values of S
bls

were investigated.

Table 10.4: Transit searh in target �elds ASTEP-Exo2 and ASTEP-Exo3.

Field Data Set

. . . . . . . . . . Star Count . . . . . . . . . . . . . . . Limits . . . . .

Total σi ≤ σmin
bls

S
bls

≥ Smin

bls

σmin
bls

[mag℄ Smin

bls

ASTEP-Exo2

ASTEP 37,619 23,074 4,677 (20%) 0.10 3.37

BEST II 90,330 47,201 1,431 (3%) 0.05 3.18

ombined 9,124 6,699 1,341 (20%) 0.10 3.62

ASTEP-Exo3

ASTEP 57,346 23,158 4,639 (20%) 0.10 3.52

BEST II 134,222 46,853 1,441 (3%) 0.05 3.49

ombined 49,698 20,541 4,178 (20%) 0.10 3.98

Notes. Counts and parameters are given for ASTEP400 and BEST II individually, as well as for ombined

data. Shown are the total number of stars in eah data set, the number of low-noise (σi ≤ σmin
bls

) light

urves analyzed with BLS, and the number of light urves with S
bls

≥ Smin

bls

whih have been inspeted

manually for transit signals. The latter is hosen suh that a �xed perentage of low-noise light urves

is inspeted, as shown.

Similar to the BEST II data sets F17�F19, most light urves were already rejeted

through the visual inspetion: Many signals with high SNR S
bls

ould be identi�ed as

elipsing binaries due to their depth and/or lear

∨
-shape, while the large majority

of light urves lose to the limit Smin

bls

showed no signi�ant or systemati signals.

Overall, ten ases were identi�ed as good andidates (seven in ASTEP-Exo2, three

in ASTEP-Exo3) and analyzed arefully. They were mathed with star atalogs to

estimate the stellar type and density, transits were �tted with a trapezoid in order

to improve their parameters and ephemerides, and several tests were applied to

exlude false alarms from the information available; the proedures were adapted

from BEST II transit searh and are outlined in detail in Chapter 8.
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Table 10.5: Transit andidates in target �elds ASTEP-Exo2 and ASTEP-Exo3, sorted by priorities.

ID

Data . . . . . . .Magnitude . . . . . . . Color . . . . . . . . Stellar Type . . . . . . . . St.Density [ρ⊙℄ S

bls

. . . . . . . . . . .Ephemerides . . . . . . . . . . . . .Trapezoid Fit . .

A B C RB V R J K J-K H-K;J-H;J-K r⋆ [r⊙℄ ρ

SMO

ρ

JK

A/B C T0 [rHJD

∗

℄ p [d℄ δF T14 T23

priority 1

Exo2_17516 � � � 15.3 15.4 · · · 14.9 14.5 0.43 �;K1-K2;G6 0.85 ± 0.06 1.30 1.02 3.3 3.8 392.354 ± 0.003 1.5730 ± 0.0004 1.7% 1.83

h

1.19

h

priority 3

Exo2_13865 � � � 15.2 14.6 15.6 14.3 13.9 0.43 K6-M0;F7-G0;G6 0.9 ± 0.4 6.22 1.01 3.8 � 394.584 ± 0.002 3.342 ± 0.003 4.2% 2.45

h

2.06

h

Exo2_20735 � � � 15.6 15.9 15.4 14.8 14.3 0.57 K3-K7;K0-K1;K1-K2 0.76 ± 0.09 1.73 1.23 6.6 � 395.412 ± 0.002 3.6728 ± 0.0008 3.4% 2.74

h

1.88

h

Exo2_23534 � � � 14.3 14.4 14.0 13.5 13.0 0.51 G9-K5;G8-G9;G9-K0 0.80 ± 0.08 1.42 1.13 3.6 3.4 392.366 ± 0.003 4.758 ± 0.004 0.8% 3.76

h

3.38

h

Exo2_27765 � � � 14.8 15.1 14.9 13.5 12.6 0.83 K8-M0;K7-M6;K8-M0 0.4 ± 0.3 1.57 3.34 4.1 3.5 392.295 ± 0.002 0.6720 ± 0.0002 0.9% 1.32

h

1.00

h

Exo3_35958 � � � 15.0 15.2 14.2 14.6 14.1 0.52 M1-M2;G0-G4;G9-K0 0.8 ± 0.3 16.33 1.14 5.2 5.8 404.106 ± 0.004 2.629 ± 0.002 2.5% 1.49

h

1.27

h

rejeted

Exo2_30301 � � � 16.0 16.4 15.8 16.0 15.4 0.67 K6-K8;K3;K4 0.71 ± 0.07 0.57 1.54 <2 3.7 393.282 ± 0.006 3.841 ± 0.002 2.5% 3.79

h

2.62

h

Exo2_36240 � � � 15.7 15.6 15.3 15.4 14.2 1.25 �;K3;� 0.772 ± 0.001 1.02 · · · 6.1 � 392.284 ± 0.003 1.7378 ± 0.0006 3.9% 2.08

h

0.77

h

Exo3_11454 � � � 13.0 13.2 13.0 12.5 12.3 0.25 B9-A4;F6;F4 2.0 ± 0.8 0.05 0.70 4.5 3.8 406.10 ± 0.04 5.67 ± 0.02 4.0% 8.01

h

2.52

h

Exo3_84704 � � � 14.1 · · · 16.8 · · · · · · · · · · · · · · · 0.13 · · · 4.9 � 414.499 ± 0.005 1.0982 ± 0.0006 5.0% 3.64

h

0.99

h

∗

rHJD = HJD− 2,455,000

Notes.

� Identi�ers refer to the numbering in ASTEP and ombined data sets (they are equal); only Exo3_84704 refers to the numbering within the BEST II data set.

� The data olumn indiates with the ���-symbol that andidates are overed by ASTEP (A), BEST II (B), and/or the ombined (C) time series. If a andidate was found

in a data set, it is marked with an additional asterisk (���) in the orresponding olumn. (�Found� in this respet means that the andidate is identi�ed with the orret

period and with S

bls

≥ Smin

bls

.)

� Magnitudes are obtained by ASTEP (RB) and oordinate mathes to the NOMAD (V ,R) and 2MASS (J ,K) atalogs. Spetral type ranges and stellar radii r⋆ are

estimated from 2MASS olors (Setion 8.3.5).

� Quantities derived from photometry in this work (i.e., ρ

SMO

, ephemerides, trapezoid �t) are based on the ombined time series for stars that have been observed with

both telesopes. The BLS signi�ane parameter S

bls

is given for both the single telesope searh (A/B) as well as the ombined data set (C).

� The stellar densities ρ

SMO

and ρ

JK

are derived independently using the transit shape and the 2MASS (J −K) olor, respetively (Setion 8.3.6).

� Ephemerides T0 and p are the result of the mid-point �t to individual events (Setion 8.2).

� The transit depth δF , the duration of the full transit T14, and the main elipse duration T23 are determined from a trapezoid �t to the folded light urve (Setion 8.2).

1
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10.2 Fields ASTEP-Exo2 and ASTEP-Exo3

Figure 10.12: Folded light urves of transit andidates in �elds ASTEP-Exo2 and ASTEP-Exo3.

The left side of eah panel shows the folded light urve in magnitudes. A phase range around the

transit-like signal is marked gray and is also shown enlarged on the right plot of eah panel, whih

plots measured �uxes together with the trapezoidal �t (red line; for Exo2_017516, the line shows

the modeled transit �t � see text). ASTEP measurements are olored blue, BEST II data points red.

In addition, blak irles show values binned in intervals of 0.01 p, and andidate priorities p
and

and transit depths δF are given for information (see also Table 10.5).

The most important results and parameters are summarized for all andidates in

Table 10.5. After all tests had been evaluated, eah andidate was assigned a priority

aording to the sheme applied for BEST II detetions (adapted from CoRoT, see

page 99). One andidate was rated priority 1, �ve andidates were rated priority 3,

and another four were rejeted as false positives. Folded light urves of the six

andidates with p
and

≤ 3 are shown in Figure 10.12; periods of p = 0.7�4.8 days
and transit depths of δF = 0.8�4.2% plae them in the parameter spae of (possibly

in�ated) hot Jupiter planetary andidates.

Table 10.5 and Figure 10.12 also indiate whether a andidate is overed with

ASTEP and/or BEST II observations, whih depends on its position in the sky (see

also Figure 10.4). Due to the very short time series of BEST II, only one andidate

has been found outside the ASTEP FOV (Exo3_84704); however, its large depth

of δF = 5.0% together with a lear

∨
-shape aused it to be rejeted. Out of the

other nine andidates, three are loated in the non-overlapping part of the ASTEP-

Exo2 �eld, i.e., where no BEST II data is available. The remaining six andidates

are overed by both data sets.

For the group of andidates ontained in all three data sets (ASTEP, BEST II,

and the ombination), it is partiularly interesting to note whether they were found

suessfully in eah data set, or only in some of them. As Table 10.5 shows, none

of these andidates was found with BEST II data alone, three andidates were only

found in ASTEP data, and three ould only be identi�ed in the ombined time
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series. Qualitatively, this already shows the potential of network observations for

transit searh; Setions 10.3 and 10.4 will investigate this advantage quantitatively.

Exo2_17516

The group of andidates only found in ombined time series inludes the priority 1

andidate Exo2_17516. Although the BLS periods of ASTEP and the ombined

data set math, only the ombination with BEST II data yields an SNR value above

the applied threshold level Smin

bls

: Due to an additional transit event reorded with

BEST II, the signi�ane S
bls

is raised from 3.3 to 3.8.

The transit signal has a period of p = 1.5730(4)days and a depth of δF = 1.7%.

Being the best andidate in these data sets, its light urve was modeled by Szilárd

Csizmadia (DLR) using the TLCM pakage, i.e., in analogy to the andidates found

in BEST II data (f. Setion 8.4.1). The modeling yields a radius ratio of rp/r⋆ =
0.141± 0.021, but a relatively unertain impat parameter of b = 0.67± 0.58. More

transits and/or observations with inreased preision are needed in order to better

onstrain the planetary parameters, and to limit unertainties in the ephemerides.

Suh observations have very reently been obtained with BEST II and ASTEP400;

they are urrently being analyzed (BEST II) or transfered to Europe (ASTEP).

The andidate Exo2_17516 was found around a V = 15.4mag star, for whih

2MASS olors indiate G6�K2 spetral type. Combined with the modeling results,

a �rst estimate would put the andidate at a radius of rp = (1.17 ± 0.19) rJ , if the
planetary nature was on�rmed. Altogether, the andidate is thus expeted to be of

hot Jupiter type similar to, e.g., CoRoT-1b (Barge et al. 2008).

In addition to the photometri observations, low-resolution spetrosopy is ur-

rently being planned in order to obtain a �rst spetral haraterization of the an-

didates identi�ed in the ASTEP-Exo2 and ASTEP-Exo3 �elds.

10.3 Detetion Yield I � Fields ASTEP-Exo2 and -Exo3

The andidates presented in the previous setion qualitatively prove that ASTEP

and ombined ASTEP/BEST II data have a su�ient quality to �nd transits of hot

Jupiters (p ≈ 1�5 days, δF ≈ 1%). In the following, the detetion yield is estimated

quantitatively from basi harateristis suh as the photometri noise budget and

observational duty yle of eah data set. The aim of this approah is twofold:

� First, it an address whether the atual number of identi�ed andidates meets

the expetations in omparison to other surveys.

� Seond, it allows a quantitative assessment of di�erent fators whih a�et the

detetion yield.

This Setion 10.3 �rst evaluates the detetion yield of the two investigated data sets

as they are, i.e., inluding systemati biases between the observations suh as those

related to the size of the FOV, photon noise level, time sampling, et.. As suh, it

fouses on the �rst aim. The more general ontext of transit searh in Antartia

will then be addressed in the next Setion 10.4.
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Model

The model used in Setions 10.3 and 10.4 to alulate the detetion yield has already

been applied to the BEST II �elds F17�F19. As suh, it is desribed in detail in

Setion 4.4 and only mentioned brie�y here.

The alulation is based on a very general desription of the detetion yield (Equa-

tion (2.11)). However, by onsidering a single planetary radius r
p0

and a small range

[p0, p1] of orbital periods p, the number of detetions an be approximated as (Equa-

tion (4.4))

N
det

= N
S/N

· fp0 · ft, (10.8)

whereby N
S/N

denotes the number of light urves with su�ient SNR to detet a

transit in a given data set, and fp0 gives the fration of stars that possess a planet

of radius r
p0

and period p ∈ [p0, p1].

The parameter ft de�nes a probability that is onstrained by timing fators, i.e.,

it integrates the geometri transit probability pg(p) (Equation (2.13)) together with

the observational window funtion p
win

over [p0, p1] (Equation (4.6)); the alula-

tion of pg(p) is simpli�ed (Equation (4.7)), and p
win

is approximated by the phase

overage p
3

(p) of three or more transit events from real observing times (see also

disussion in Setion 6.3).

Sine the two ASTEP �elds have been monitored for only a relatively short period

of time, the detetion yield is being investigated for orbits of p ∈ [1, 10] days. In

this range, the probability for a star to host a Jupiter-sized planet is given in the

literature: f
(1)
p0 = 0.10% (rp0 = 1.1 rJ , p ∈ [1, 10] days; Bayliss and Sakett 2011)

and f
(2)
p0 = 0.43% (Mp =MJ , p < 11.5days; Cumming et al. 2008) are taken as two

representative examples for the urrent estimate of fp0.

For the alulation of N
S/N

, the stellar population of eah �eld is simulated using

the Besançon model of the Galaxy (Robin et al. 2003), whih allows the estimation of

stellar radii r⋆. Hene, it yields a transit depth δF = r2
p0

/r2⋆ for eah simulated dwarf

star. The depth is then ompared to the noise level σbini (binned to 30 minutes) that

is expeted in the data set aording to the brightness of star i. Following the results
of tests with arti�ial transits in BEST II data (see Setion 6.2.3), the riterion

σbini ≤ 0.64 · δF (10.9)

is used to deide whether a transit ould be deteted.

Finally, a Monte Carlo simulation alulates the fration f
S/N

of stars for whih

Equation (10.9) holds in a given set of N⋆ simulated stars; it immediately yields

N
S/N

= N⋆ · f
S/N

. (10.10)

Simulation for Target Fields ASTEP-Exo2 and ASTEP-Exo3

The detetion yield N
det

of Jupiter-sized planets (r
p0

≡ rJ ⇒ δF ≈ 1%) was al-

ulated for both �elds ASTEP-Exo2 and ASTEP-Exo3 using the harateristis of

eah data set at hand (i.e., ASTEP400, BEST II, and the ombination). Their re-

spetive observing times (Figure 10.3) and photometri quality (Figure 10.5) form,
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Table 10.6: Expeted number of hot Jupiter detetions in ASTEP survey �elds.

Field Data Set

FOV av N⋆ N
S/N

f
S/N

ft N
(1)
det

N
(2)
det

[deg

2
℄ [mag/kp℄

ASTEP-Exo2 ASTEP 1.00 0.0 29,161 934 3.20% 0.0463 0.04 0.19

BEST II 2.89 0.0 76,514 3,918 5.12% 0.0010 0.00 0.02

overlap

1
0.35 0.0 9,892 374 3.78% 0.0519 0.02 0.08

ombined

2
1.00 0.05 0.20

ASTEP-Exo3 ASTEP 1.00 0.0 38,020 951 2.50% 0.0438 0.04 0.18

BEST II 2.89 0.1 105,248 2,192 2.08% 0.0025 0.01 0.02

overlap

1
1.00 0.0 38,020 940 2.47% 0.0517 0.05 0.21

1
E�etive overlap area (Figure 10.4). The fat that not eah star is mathed is not taken into aount.

2
Combined detetion yield, alulated as Nombined

det

= 0.65 · NASTEP

det

+ N
overlap

det

Notes. Stellar populations have been simulated using the Besançon model of the Galaxy. The interstellar

extintion av has been adjusted for eah �eld suh that the star ounts resample the observations (see

example in Figure 4.9a). N⋆ gives the total ount of modeled stars (R ∈ [10, 16]) within the FOV, while

f
S/N

= N
S/N

/N⋆ refers to the fration of stars with a su�ient SNR to detet Jupiter-like transits

(rp ≡ rJ , Equation (10.9)). The geometri probability is ombined with the orbital overage into the

parameter ft (Equation (4.6)). The expeted detetion yield N
det

is given for f
(1)
p0 = 0.10% (Bayliss and

Sakett 2011) and f
(2)
p0 = 0.43% (Cumming et al. 2008), respetively.

together with the �eld oordinates (Equations (10.1)�(10.2b)), the main input for

the simulation. The results are summarized in Table 10.6 and disussed below.

Comparison with Transit Detetions

The ombined detetion yield of both investigated �elds is expeted to be equal

(N
det

= 0.05�0.20 for ASTEP-Exo2 and 0.05�0.21 for ASTEP-Exo3), although �ve

andidates are found in �eld ASTEP-Exo2 and only one in ASTEP-Exo3. However,

regarding the small numbers of andidates, the di�erene is not onsidered signi�ant.

In total, the data of both �elds and telesopes together are expeted to yield

0.10�0.41 transit planet detetions. Six andidates are atually found, whih orre-

sponds to a planet-to-andidate ratio of ∼ 1:15�1:60, i.e., it is omparable to �eld

searhes of BEST II and other ground-based surveys, whih typially enounter ratios

of ∼ 1:10�1:20 (see disussion and referenes in Setion 8.4).

Photometri Preision (Observed Case)

In the ASTEP-Exo2 �eld, ASTEP provides a su�ient SNR to detet Jupiter-sized

transiting planets for N
S/N

= 934 (f
S/N

= 3.20%) of the N⋆ = 29,161 simulated

�eld stars. For BEST II, the detetion riterion (Equation (10.9)) was met for

3,918 (5.12%) of 76,514 stars in the �eld. The ombination of both data sets yields

a slight inrease in f
S/N

ompared to ASTEP alone (3.78%), but the orresponding

absolute number (374) is rather low due to the small overlap.

For the ASTEP-Exo3 �eld, the di�erenes in f
S/N

are not as distint: ASTEP

yields a su�ient SNR for 951 (2.50%) of 38,020 light urves, and BEST II for

2,192 (2.08%) of 105,248 stars. The light urve ombination dereases the number

slightly to 940 (2.47%) in omparison to ASTEP alone.

While the disrepany in absolute ounts N
S/N

is mostly due to the larger FOV

142
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(a) ASTEP-Exo2 (b) ASTEP-Exo3

Figure 10.13: Signal-to-noise ratio (SNR) and number of stars in target �elds ASTEP-Exo2 and

ASTEP-Exo3 as a funtion of stellar magnitude. The left y-axis, the solid blue (ASTEP) and solid

red (BEST II) lines give SNR = δF/σ for a Jupiter-like transit signal of δF = 1% depth. For

that, the limiting noise σ(m) is obtained by �tting the standard deviation of data binned to 30min

(f. Figures 4.8 and 10.5). The dashed line indiates the detetion riterion used (Equation (10.9)).

The right y-axis and the solid blak line show the number of Besançon stars per deg

2
for omparison.

of BEST II, the di�erene in the fration f
S/N

is more surprising. It depends on the

photometri preision and the number of stars in a �eld, whih both largely depend

on the stellar magnitude. Figure 10.13 ompares them for both target �elds and

telesopes. Here, the SNR is alulated as δF/σ using a Jupiter-like signal (δF = 1%)

and the limiting noise σ(m) of data binned to intervals of 30min. As the �gure shows,

ASTEP obtains a learly better SNR on bright targets, whereas BEST II shows a

slightly better SNR for m & 14mag (the latter e�et being more pronouned for

target �eld ASTEP-Exo2). Together with an exponentially inreasing star ount

towards fainter magnitudes, it explains why BEST II yields a larger fration f
S/N

in this �eld. Note, however, that the improved SNR of ASTEP for bright stars

is only marginally re�eted in the results, as both BEST II and ASTEP provide a

su�ient SNR to detet Jupiter-sized transiting planets for the majority of bright

target stars. The detetion of transiting planets of other sizes will be disussed in

the next Setion 10.4.

Duty Cyle (Observed Case)

Figure 10.14 displays the observational overage p
3

(p) of three or more transits for

both �elds and projets. It shows that ASTEP data over orbital periods up to

2�3 days ompletely, while BEST II observations alone are far too sparse to provide

a reasonable phase overage. However, if ASTEP observations are omplemented

with BEST II data, p
3

(p) is extended towards larger periods.

The detetion yield is diretly proportional to the timing probability ft (Equa-
tion (10.8)). As suh, it allows to assess the e�et of additional BEST II observations

quantitatively. The results for ft are given in Table 10.6: With ASTEP time series,

it yields 0.0463 for the �eld ASTEP-Exo2 and 0.0438 for ASTEP-Exo3. If BEST II

data are added, the fator ft (and, hene, the detetion yield) inreases by 12%

to 0.0519 (ASTEP-Exo2), and by 18% to 0.0517 (ASTEP-Exo3), respetively.
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(a) ASTEP-Exo2 (b) ASTEP-Exo3

Figure 10.14: Phase overage p
3

of three or more transits for the two ASTEP �elds as a funtion

of possible planetary orbits. The overage is shown in red for the BEST II data, and in blue for

ASTEP. The violet line gives the orbital overage that is obtained using the joint time series. See

Figure 10.3 for a graphial representation of the orresponding observational window funtions.

10.4 Detetion Yield II � Antartia and Chile

In the previous setion, the detetion yield of ASTEP and BEST II has been analyzed

and ompared. However, the onlusions are strongly related to the underlying data

sets ASTEP-Exo2 and ASTEP-Exo3 and the two telesopes that obtained them.

In order to ompare the two sites in terms of their potential for transit searh in a

more general ontext, impats on the detetion yield should possibly be abstrated

from the atual instrumental setup and observing strategy. In partiular, this an

inlude di�erenes in the angular resolution and/or FOV, integration time, time

sampling, target �eld harateristis, and observing strategy.

In this setion, systemati di�erenes that an be quanti�ed are removed, and the

yield analysis is repeated; in ontrast to the previous setion, this setion rather aims

at a omparison between the two sites than between the present setup of ASTEP400

and BEST II.

Photometri Preision (General Case)

The photometri preision largely depends on the amount of light olleted within

a period of time. As suh, it depends upon the exposure time, telesope aperture,

CCD sensitivity, and adene between two adjaent measurements. The resulting

systemati di�erene in photometri preision is inluded in two senarios, whih are

summarized in Table 10.7 and desribed in the following text.

Senario 1. Eah data set is binned into intervals of the same duration for

both telesopes; the value was set to ∆t
(1)

bin

= 30min in order to keep a reasonable

sampling of & 3 data points during a transit. Data binned at ∆t
(1)

bin

allows to study

the detetion yield of ASTEP400 and BEST II on an equal time sampling that is

typial for a transit.

Senario 2. The systemati bias of ASTEP olleting more light than BEST II

due to its larger aperture and smaller readout time is taken into aount. The

binning is adjusted suh that ASTEP ahieves the same photon noise level σ
phot

as

BEST II within ∆t
(1)

bin

= 30min, i.e., a hanged binning interval ∆t
(2)

bin

is applied only
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Table 10.7: Binning parameters for ASTEP-Exo2 and ASTEP-Exo3.

Binning

. . . . . . ASTEP-Exo2 . . . . . . . . . . . . ASTEP-Exo3 . . . . . .

ASTEP BEST II ASTEP BEST II

Senario 1 � same ∆t
bin

30min; 15.1 30min; 6.1 30min; 10.4 30min; 4.8

Senario 2 � same σ
phot

9.0min; 4.5 30min; 6.1 6.1min; 2.7 30min; 4.8

Notes. The table gives the binning interval ∆t
bin

and the average number n
bin

of measurements per bin

for eah data set and investigated senario (see text).

to ASTEP. It is alulated as follows: If n
bin

data points are binned, the number of

deteted eletrons is

Ne = n
bin

· f · g , (10.11)

whereby g denotes the gain fator (in e

−
/ADU) and f the �ux of a single exposure

measured in ADU. The value Ne determines the photon noise and is diretly aes-

sible from the photometry. Using Equations (5.8), (5.21), and σ
phot

= 1/
√
Ne, the

ondition σA
phot

= σB
phot

is obtained, if

nA
bin

=
gB
gA

· 100.4(δmB−δmA) · nB
bin

, (10.12)

whereby δm denotes the magnitude adjustment (Setion 5.2.3) and the index A/B

identi�es ASTEP/BEST II parameters. They yield nA
bin

= 0.74nB
bin

for �eld ASTEP-

Exo2, and nA
bin

= 0.55nB
bin

for ASTEP-Exo3, respetively. These ratios are realized

using an ASTEP binning interval of ∆t
(2)

bin

= 9.0min for ASTEP-Exo2, and 6.1min

for ASTEP-Exo3, respetively.

3

For eah senario, the number N
S/N

of light urves suitable for transit searh is

alulated as a funtion of planetary radius r
p0

. The results are ompared based on

the fration f
S/N

= N
S/N

/N⋆, sine the stellar ount N⋆ itself depends on the size

of the FOV; as suh, it is driven by the projet design and not a site harateristi.

Furthermore, the two angular resolutions yield a di�erent degree of ontamination

(Setion 10.2.3); however, its in�uene on the results is largely redued by exlud-

ing stars from the simulation that deviate by more than 0.5mag from GSC2.2 (see

Setion 4.4).

Figure 10.15 displays the results in eah target �eld and binning senario. For

ASTEP-Exo2 (Figure 10.15a), BEST II data binned to 30min yield values of f
S/N

that are 36�66% larger (for radii r
p0

≥ 0.4 rJ ) ompared to ASTEP, whereas ASTEP

yields 80�146% larger frations for r
p0

≤ 0.3 rJ . However, about 10
7
stars would have

to be monitored in order to obtain a reasonable detetion probability in this regime,

i.e., the better performane of ASTEP is likely not to have any pratial impliation.

If ASTEP data are binned to the same photon noise level, BEST II yields a better

3

An alternative way to equalize the photon noise levels is to take the di�erent harateristis

(telesope size, exposure time, CCD gain) diretly into aount by using Equation (10.7). This

approah yields omparable results (nA
bin

= 0.67 nB
bin

for �eld ASTEP-Exo2, and nA
bin

= 0.50nB
bin

for ASTEP-Exo3, respetively). However, it does not re�et any additional instrumental e�ets

(e.g., due to di�erenes in the optis), whereas the hosen approah diretly relates to the pho-

tometri signal and is thus onsidered to yield a more aurate omparison.
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(a) ASTEP-Exo2 (b) ASTEP-Exo3

Figure 10.15: Fration f
S/N

(r
p0

) in �elds (a) ASTEP-Exo2 and (b) ASTEP-Exo3 of light urves

that provide a photometri noise σ su�ient for the detetion of a transit signal (Equation (10.9);

for details on the simulation, see Setion 4.4). The results are alulated as a funtion of the tested

planetary radius r
p0

and shown for the two binned senarios, i.e., (1) ASTEP400 (blue, dotted) and

BEST II data (red) eah binned to 30min intervals, and (2) ASTEP400 data (blue, solid) binned

to the same photon noise level σ
phot

as the orresponding BEST II data set (red). The upper panels

display the orresponding ratios fB
S/N

/fA
S/N

for a diret omparison. In addition, f
S/N

(left y-axis) is
onverted to the total number of stars N⋆ (right y-axis) that have to be observed for one detetion

(i.e., using Equations (10.8) and (10.10) with N
det

= 1, an average value of ft = 0.05 and the more

optimisti planet fration f
(2)
p0 = 0.43% (Cumming et al. 2008)).

fration f
S/N

than ASTEP for large planets (by 148�269% larger for r
p0

≥ 0.4 rJ ),
while ASTEP still obtains better statistis for smaller planets (f

S/N

by 70�130%

larger than BEST II for r
p0

≤ 0.3 rJ ).

For ASTEP-Exo3 (Figure 10.15b), the ASTEP f
S/N

is up to 48% better than

BEST II if both data sets are binned to 30min. However, if the omparison is made

at the same photon noise level, the fration f
S/N

is up to 107% higher for BEST II,

whereas ASTEP again only yields a larger fration for very small radii (by 9�25%

for r
p0

≤ 0.3 rJ ).

Duty Cyle (General Case)

In addition to the photometri preision, the transit detetion e�ieny is on-

strained by the observational duty yle. Setion 10.3 has already shown that the

atual observing strategy of ASTEP and BEST II yields an inrease of 12�18% in the

estimated number of detetions if the data sets of ASTEP-Exo2 and ASTEP-Exo3

are ombined. In this setion, the prospets of joint observations are examined fur-

ther in a ase study; its aim is to suggest an optimized observing strategy for future

ampaigns. As in Setion 10.3, the timing parameter ft (Equation (4.6)) is used to

obtain a quantitative omparison.

The ases studied are shown in Figure 10.16 and indiated with letters (a)�(l)

both in the �gure and the text. They inlude four senarios that are based on atual
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Table 10.8: Impat of additional BEST II observations on the ASTEP planet detetion yield.

Field

Real ASTEP time series

A A & B A & B (shifted) A & B (max)

ASTEP-Exo2 (a) 0.04630 (b) 0.05189 (+12%) () 0.05223 (+13%) (d) 0.06144 (+33%)

ASTEP-Exo3 (e) 0.04381 (f) 0.05173 (+18%) (g) 0.05207 (+19%) (h) 0.05527 (+26%)

Month

Maximal time series

A (max) A (max) & B (max)

July (i) 0.08629 (j) 0.09650 (+12%)

August (k) 0.07198 (l) 0.08563 (+19%)

Notes. For eah ase studied, the table gives the timing fration ft (Equation (4.6)) that is proportional to
the planet detetion yield (Equation (4.4)). Cases inlude ASTEP400 (A) and BEST II (B) time series;

see the text for a detailed desription. In addition, it shows the relative improvement of ft ompared to

the referene ase (bold) of ASTEP observations alone. Note that ft ould yield at most 0.10085 within

the evaluated range of orbital periods (i.e., Equation (4.6) with p
3

(p) = 1, p0 = 1d, p1 = 10d).

(a) (b) () (d)

ASTEP-Exo2

(e) (f) (g) (h)

ASTEP-Exo3

(i) (j) (k) (l)

Full month runs

Figure 10.16: Case study for joint observations of ASTEP400 and BEST II, based on atual ob-

servations of �eld ASTEP-Exo2 (a�d), ASTEP-Exo3 (e�h), and fully hypothetial time series (i�l).

Axes and olors as in Figure 10.3. For ase desriptions, see the text.
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ASTEP observing dates of target �eld ASTEP-Exo2 (a�d), four on those of ASTEP-

Exo3 (e�h), and four fully hypothetial senarios (i�l). A brief desription of all ases

is given in the following list.

(a, e) First, they inlude the time series as obtained by ASTEP400 in the 2010

season for the �elds ASTEP-Exo2 (a) and ASTEP-Exo3 (e), whih are

used as a minimum referene for omparison.

(b, f) Seond, joint observations of ASTEP400 and BEST II are reviewed, i.e.,

as already disussed in Setion 10.3.

(, g) Third, BEST II time series have been shifted bak in time by 1, 2, . . .
days in order to investigate how muh ould be gained from an improved

sheduling of joint observations; the ase with the largest value ft is shown
for eah �eld.

(d, h) Fourth, the maximum inrease that BEST II observations ould possibly

yield is evaluated by assuming an optimal duty yle in Chile during nights

with observations from Antartia.

(i�l) Finally, ASTEP observations are also replaed by an optimal time series

that ould be obtained between two full Moons, i.e., about twie as long as

the atual observations. Cases over the months of July (i�j) and August

2010 (k�l), whereby (i) and (k) only inlude observations from Antartia,

and (j) and (l) omplement these with an optimal duty yle from Chile.

The impat of these di�erent senarios on the planet detetion yield is quanti�ed

in Table 10.8. For eah ase, it gives the timing fator ft and the relative inrease

of the ASTEP detetion yield due to additional BEST II observations.

The atual ASTEP observations of �elds ASTEP-Exo2 and ASTEP-Exo3 alone

yield timing fators ft of 0.044�0.046 (a and e). Comparable values are typially

obtained from a mid-latitude site like Chile during a whole observing season over-

ing 30�40 observing nights (f. Setion 4, in partiular Tables 4.1 and 4.3). From

Antartia, however, the same performane was ahieved within short runs of 2�3

weeks and only 16�17 nights (Table 10.2). If BEST II data are added, the fator ft
inreases by 12�18% to 0.052 for both �elds (b and f). The slight o�set between

ASTEP and BEST II time series seems to have a negligible impat, as a shift would

at most have inreased ft by 0.00034 ( and g). However, if more observations were

taken from Chile and sheduled optimally with ASTEP (d and h), ft ould be raised

signi�antly up to 0.055-0.061, i.e., the detetion yield ould be inreased by 26�33%

ompared to ASTEP alone.

A relative inrease of 12�19% due to additional observations from Chile would

even be enountered if ASTEP and BEST II observed the two �elds ontinuously

during one month (ases i and l): the fator ft raises from 0.086 to 0.097 for July,

and from 0.072 to 0.086 for August, respetively. As expeted, the impat of omple-

mentary BEST II observations inreases with the length of observing interruptions

experiened during noon in Antartia.
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In addition, the two hypothetial senarios allow to evaluate whether the ASTEP

observing strategy to observe eah �eld for approximately two weeks is advantageous,

or, whether the duration should rather be extended. A omparison between ases (a)

and (i) for ASTEP-Exo2, and between (e) and (k) for ASTEP-Exo3, respetively,

shows, that a doubling of the time series only raises ft by 64�86%. The smaller

relative gain is due to the dereasing geometri probability for a transit geometry

with inreasing orbital period (Equation (4.7)). To maximize the detetion yield in

the evaluated period range of 1�10 days, it is thus better to double the number of

surveyed stars by observing two �elds, eah yielding ft ≈ 0.045 within two weeks (or

better, ft ≈ 0.055 together with BEST II).

10.5 Summary and Disussion

This hapter presented joint observations obtained with ASTEP400 and BEST II in

2010. Their omparison aims at a �rst quantitative evaluation of the potential for

transit searh at Dome C that is solely based on real photometri time series. Par-

tiular attention was paid to the photometri preision and observational phase ov-

erage, whih are both expeted to yield advantageous onditions for transit searhes

in Antartia.

After the DLR photometri pipeline had been adapted for redution of ASTEP

data, joint observations of the known planet WASP-18b (Hellier et al. 2009) were re-

dued as a �rst test ase. The transit event is learly deteted by both telesopes, but

sampled at a muh higher photometri preision with ASTEP (0.44mmag ompared

to 1.9mmag with BEST II during a single event). The whole data set on WASP-18b

is urrently being redued and analyzed sienti�ally by the ASTEP team.

Out of �ve target �elds observed for transit searh with ASTEP400 in its �rst year

of operation, the two �elds ASTEP-Exo2 and ASTEP-Exo3 were monitored together

with BEST II during July and August 2010. For these, ASTEP measurements span

26 nights and inlude 94,965 stars, while BEST II obtained 224,552 light urves

during 18 nights. Joint observations are available for 58,822 stars, the main limitation

being that BEST II observations did not over the ASTEP-Exo2 �eld optimally.

A �rst analysis of data from both �elds and telesopes showed that the pho-

tometri quality is exellent, reahing mmag-preision for bright stars from both

Antartia and Chile over eah respetive observing ampaign. A night-by-night

analysis shows that the limiting noise omponent on average reahes 2�3mmag in

Chile, while 1.5�2.0mmag are typially enountered at Dome C. The best night in

Antartia had an exeptionally good preision of 0.69mmag.

In order to extend the observational duty yle, light urves of ASTEP400 and

BEST II were ombined. A ase-by-ase omparison showed that the photometri

systems ompare well, i.e., the brightness di�erenes show only a small olor depen-

dene. More important is rowding, whih an introdue systemati di�erenes in
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absolute and relative brightness measurements between the two systems. The e�et

beomes important for stars of m ≥ 15mag, while measurements for bright stars are

generally in very good agreement.

Transit signals were searhed for in eah data set using BLS, yielding 9,902 transit-

like signals that were inspeted visually. Overall, ten planetary andidates ould

be identi�ed. After a thorough analysis, one was rated priority 1, �ve were given

priority 3, and four were rejeted as false alarms. While no �nal andidate was

found in BEST II data alone, the ombination of ASTEP400 and BEST II data

signi�antly improved the �ndings ompared to the results obtained with ASTEP

data alone. If on�rmed, all andidates would most likely belong to the lass of hot

Jupiters.

Using the photometri noise budget, observational overage and a modeled stellar

population, the detetion yield was estimated for eah �eld and data set. Depend-

ing on whih literature value is used for the frequeny of hot Jupiters, 0.10�0.41

�ndings are expeted, whih ompares well with the number of identi�ed andidates

(assuming that one of 10�20 andidates is on�rmed through follow-up observations).

Finally, the same model was applied to ompare the transit searh performane

from Chile and Antartia more generally and as a funtion of planetary radii, and

to assess the potential of a ombination of both sites.

If data are binned to equal time intervals of 30min, ASTEP yields a larger fration

of light urves suitable for transit searh for all tested radii in �eld ASTEP-Exo3,

and slightly smaller values than BEST II in ASTEP-Exo2. Thus, the performane of

the two telesopes is well omparable. However, if systemati biases due to di�erent

integration times, time samplings, and telesope apertures are taken into aount,

data from Chile show a signi�antly larger fration of suitable light urves for almost

all planetary radii tested.

The duty yle obtained with ASTEP within approximately two weeks in eah

�eld yields a detetion e�ieny omparable to a typial whole observing season

with BEST II. If BEST II observations are added, the yield inreases by 12�18%.

A ase study has shown that a similar relative inrease is even enountered if the

duty yle of ASTEP was extended further, and ould be inreased up to 26�33% if

BEST II observations ould be obtained in parallel to eah night with observations

from Antartia.

Disussion

The main fous of this hapter are the prospets of Dome C for transit searh. In

partiular, it addressed the question as to whether advantages expeted by previous

studies onerning the photometri quality and observational duty yle an atually

be on�rmed in a transit survey using real photometri time series.

A omparison of WASP-18b transit observations and the minimum noise level

enountered during individual nights for the �elds ASTEP-Exo2 and ASTEP-Exo3
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indiate exeptional photometri onditions at Dome C, and a signi�ant advantage

of ASTEP400 over BEST II. However, if the data of individual nights are ombined

and binned, the overall noise budget for the two �elds shows omparable or better

detetion statistis from Chile. Thus, given the data at hand, an advantage for transit

searh from Dome C due to a better photometri quality ould not be on�rmed.

However, although the omparison was set up as homogeneously as possible using

the same routines for redution and analysis, it still is in�uened by systemati e�ets

that ould not be quanti�ed and/or removed. For example, ASTEP light urves

inlude about ten times more sienti� frames and span signi�antly more nights,

whih might a�et the photometri noise budget. Moreover, the two systems inlude

di�erent optial setups that might require further optimization of the data aquisition

and/or redution. For BEST II, this proess has already advaned through several

years of operation, while ASTEP has obtained these data sets in its �rst observing

season. For example, Abe et al. (2012) reently found the sky-onentration e�et

(e.g., Andersen et al. 1995) to be of importane for ASTEP400 �at �elding. A

detailed omparison of eah step in the data aquisition and redution would thus be

neessary to identify reasons for the di�erene in the �nal photometri quality, and

to improve the detetion e�ieny further. The model used in this work is readily

available to evaluate the e�et on the detetion yield quantitatively in any suh new

redution.

In ontrast to the photometri quality, the long polar night yields a lear advantage

for transit searh in Antartia. Within two weeks of observations, ASTEP yields

a detetion for planets at short periods that an only be ahieved during a whole

season from Chile. In partiular, the analysis in this hapter has shown that network

observations an yield a signi�ant inrease in the detetion yield ompared to time

series obtained from Antartia alone. It has been proven that light urves of ASTEP

and BEST II an be ombined, and that a transit searh yields more signi�ant

signals when using the ombined data sets.

Outlook

In addition to the omparison between the two exellent sites in Chile and Antartia,

the reorded photometri data sets yield valuable astrophysial information. The

sienti� analysis is ongoing, and the next steps inlude in partiular:

� A full analysis of the ASTEP WASP-18 and WASP-19 data sets for seondary

elipses and phase variations. This was not within the sope of this thesis and

will be onluded shortly by the ASTEP team (Abe et al. 2012).

� Further observations of the planetary andidates presented in this thesis. This

inludes standard follow-up proedures in analogy to the BEST II andidates

presented in this work (see Setion 8.5), i.e., reonnaissane spetrosopy, high-

resolution photometry, and radial veloity on�rmation. The �rst step, how-

ever, inludes photometri observations during predited transit times in order

to onstrain the ephemerides (unertainties have already grown to a few hours
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due to the relatively short time range of observations in 2010), and to improve

the parameters obtained from the light urve. Measurements have already been

obtained with BEST II and ASTEP400 in 2012, and spetrosopi observations

are being planned.

� The exellent photometri quality of the ASTEP-Exo2 and ASTEP-Exo3 data

sets allows for a preise haraterization of stellar variability in these �elds,

whih was not part of this work. However, the time series are expeted to on-

tain a large number of yet undeteted variable stars, whih should be searhed

for and analyzed in future studies.
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This work fouses on a �eld survey for transiting exoplanets, a quantitative ompar-

ison between photometri data from Chile and Antartia, and an analysis of stellar

variability in several target �elds (f. sienti� objetives in Setion 1.4.1).

This hapter onludes the thesis with a summary and disussion of its sienti�

results. First, Setion 11.1 desribes the method improvements that were neessary to

ahieve its objetives. Setion 11.2 then fouses on the potential for transit searhes

from Dome C, Antartia. Finally, Setion 11.3 gives a résumé of the new planetary

andidates and variable stars found by this work.

Eah setion brie�y summarizes the results, disusses them in the relevant sienti�

ontext, and gives an outlook to future work.

11.1 Method Improvements

The sienti� results of this work ould not have been obtained without signi�ant

improvements regarding both the aquisition and sienti� analysis of observational

data, whih are desribed in the following setions: Setion 11.1.1 fouses on obser-

vations and their redution, while Setions 11.1.2 and 11.1.3 present improvements

regarding the searh for transiting planets and stellar variability, respetively.

11.1.1 Observations and Data Redution

All results of this work are related to data obtained with the Berlin Exoplanet Searh

Telesope II (BEST II), whih is operated by the DLR Institute of Planetary Researh

and primarily used for follow-up observations of planetary andidates deteted by

the CoRoT satellite (Deeg et al. 2009).

The implementation phase of BEST II (Kabath 2009) had been onluded before

this work began. Up to now, the system ontinues to work very reliably and au-

tonomously, whih enabled a large amount of photometri data to be olleted with

BEST II for this thesis. Conerning the hardware of the telesope, two major adjust-

ments were performed during the ourse of this work: First, the pointing auray

was inreased from ∼ 7

′
to 10�15′′, so that now signi�antly more stars in a given

�eld an be fully overed with observations over a whole season. Seond, a new in-

strument (CCD amera with �lters and fous unit) was installed in Chile. However,

sine all sienti� results presented here are based on observations obtained with the

original instrument, only future studies will bene�t from this seond improvement

(see outlook in Setion 11.1.4).
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In addition to that, the DLR photometri pipeline was signi�antly updated.

The most important improvements are:

� The alibration proedures have been rebuilt ompletely for a more standard-

ized alibration on a nightly basis that an also be exeuted on-site.

� The quality assessment has been improved at various steps through a ondensed

presentation of more and/or more objetive seletion riteria. For example, the

most important properties of every reorded frame are easily reviewed by the

observer during alibration, and images with the best seeing are automatially

preseleted for image subtration.

� All parts of the pipeline have been reviewed to allow for �exible data redution

for projets other than BEST/BEST II. Three ASTEP data sets have been

redued, and the pipeline an quikly be adapted to any other projet.

� Both an automati rejetion of bad frames and an adaptation of the SysRem

detrending algorithm (Tamuz et al. 2005) to BEST II data yield a signi�ant

noise redution, espeially in the important range of σ . 1%.

These improvements were a prerequisite for obtaining the sienti� results pre-

sented here. In partiular, they yield an improved photometri quality, whih en-

hanes the sensitivity for deteting transiting planets as well as stellar variability.

However, the improved performane of BEST II also yields advantages beyond the

immediate sienti� fous of this thesis. For example, the new pipeline enhanes the

follow-up proess of CoRoT andidates: Sine the adjusted alibration is now able

to work on-site and immediately after the observations, the response time within the

follow-up proedure is redued signi�antly. In partiular, this enabled BEST II to

ontribute to the on�rmation proess of CoRoT-17b (Csizmadia et al. 2011) and

CoRoT-24b (Alonso et al. 2012) on a short notie.

11.1.2 Sienti� Analysis � Transit Searh

During 2009/2010, the �rst BEST II transit survey was planned and exeuted: The

three target �elds F17, F18, and F19 have been observed for a total of 138 nights.

They have been seleted within this work based on a quantitative weighting of the

�eld visibility, photometri quality due to varying airmass, and the number of suitable

target stars. To selet F17 and F18, only the �rst two riteria have been applied

using existing proedures (Fruth 2008; Rauer et al. 2008a, b). The seletion proess

for F19 was omplemented as part of this thesis with a target ount simulation based

on the Besançon model of the Galaxy (Robin et al. 2003).

Using a simulation that assesses the detetion yield based on the observational

overage, photometri quality, stellar ontent, and estimated fration of transiting

planets, an overall yield of 0.23�1.00 hot Jupiter detetions is expeted in F17�

F19. More than half of these (i.e., 0.14�0.62 detetions) are expeted in target

�eld F19. For omparison, the detetion yield has also been estimated for a typial

BEST II data set that was observed in support of the CoRoT mission and analyzed

154



11.1 Method Improvements

for transiting planets before this work: In the two LRa02 �elds (�rst redution), the

simulated yield was found to be as low as 0.01�0.06 planets per �eld.

For the �rst time within the BEST/BEST II projet, the large obser-

vational data sets obtained for the seleted �elds (in partiular F19) an

be onsidered as providing a reasonable hane for �nding a transiting

extrasolar planet.

This improvement of the detetion yield results from a onsequent optimization of

BEST II observations and its data pipeline for transit searh. In partiular, it an

be assigned to the following improvements ahieved:

� The three new target �elds provide a su�ient observational overage for

transiting planets with short orbital periods (approx. 1�2 days). F17 and F18

have been monitored for a period of time omparable to earlier ampaigns of

BEST II (40 and 28 nights, respetively). However, F19 was observed for 70

nights, ontains more data points than any other BEST/BEST II data set,

and, hene, overs signi�antly longer orbital periods (up to 3�4 days).

� The inlusion of the stellar distribution signi�antly improved the target �eld

seletion: With 11,681 stars measured to at least 10mmag preision, F19 in-

ludes far more high-preision light urves than any other BEST II data set

reorded before, and 3.4 times more than F17 and F18 together. Thus, the tar-

get ount simulation is onsidered an important and mandatory improvement

for transit searh with BEST II.

� All three data sets F17�F19 exhibit an exellent photometri quality (σ ≈
3mmag for the brightest stars over a whole season). For the observations of

the CoRoT �eld LRa02 that were reanalyzed within this work, the detetion

yield ould be ompared diretly with an earlier data redution: It is estimated

to inrease by a fator of 2�4 due to the improved photometri preision.

� The transit searh part of the pipeline, whih is based on the Box-Fitting

Least Squares algorithm (BLS; Kovás et al. 2002), was validated for BEST II.

The analysis was based on arti�ial transits of varying depth, period, and phase

that were inserted into the largest BEST II data set (F19) and subsequently

attempted to be reovered using BLS. The results prove that BEST II time

series and the orresponding transit searh proedures yield a detetion e�-

ieny that is onsistent with the system spei�ations. Furthermore, they

show the lear need for detrending the data prior to transit searh, whih was

implemented within this work through adapting the SysRem algorithm (Tamuz

et al. 2005) to BEST II/ASTEP data.

Altogether, the optimized BEST II system, its exellent site, and a so-

phistiated redution pipeline plae its sensitivity among the best ground-

based transit surveys: The estimated detetion yield per star agrees well with that

of the most suessful transit survey, SuperWASP (Pollao et al. 2006), whih in

average �nds one planet in 430,000 light urves (Norton et al. 2011). Thus, the pho-

tometri quality, duty yle, data redution, and transit searh proedures of this
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study an be onsidered highly ompetitive for extrasolar planet searhing. Large

di�erenes exist, however, in the number of stars surveyed. Together with the atual

detetions of this work, this issue will be put into perspetive for future BEST II

transit surveys in Setion 11.3.1.

11.1.3 Sienti� Analysis � Stellar Variability

Furthermore, the methods to analyze large photometri data sets for stellar variabil-

ity were investigated in detail.

The Stetson J index (Stetson 1996) is used to selet potentially variable stars

within the BEST/BEST II (e.g., Pasternaki et al. 2011) and other projets (e.g.,

Zhang et al. 2003; Pepper and Burke 2006). However, this approah is highly a�eted

by systemati variability: If the J index is used to (pre)selet variable stars in

BEST II data, it yields a very large (∼ 98%) fration of false positives. The analysis

of variane statisti (AoV; Shwarzenberg-Czerny 1996), used within BEST/BEST II

and many other projets (e.g., Bakos et al. 2004; Soszy«ski et al. 2008; Maiejewski

et al. 2011) to searh for periodi signals in astronomial time series, is also prone to

systemati trends in the data; it is partiularly biased to �nd periods of one day or

multiples thereof.

Within this work, an in-depth analysis of stellar variability in the BEST II LRa02

data set was used to improve the searh for stellar variability signi�antly. Together

with the results of Kabath et al. (2009a), a visual inspetion of all light urves in

the �eld laid the basis to test and train di�erent searh methods. Best results were

ahieved using an average master power spetrum, whih is used to �ag systemati

variability that is present in many light urves. The new method separates real

variability from non-variable stars e�iently, i.e., using the new proedure, about

ten times less light urves need to be inspeted visually. It was applied suessfully

to �ve photometri data sets within this work, and has reently been published

(Fruth et al. 2012).

The searh for stellar variability has been validated through arefully omparing

the sienti� results with previous studies. In the CoRoT �eld LRa02, 262 variables

from this work were ompared to satellite data, and the results were found to omply:

For 73% of them, the determined periods agree within 1%, and for 75% of them, the

two lassi�ations are onsistent. After a visual inspetion of light urves from both

data sets, the BEST II lassi�ation was even found to be more realisti than the

automati CoRoT lassi�ation for 26 stars.

For 24 variable stars known from the literature within all investigated �elds, the

periods and lassi�ations agree with the results of this work. For 19 variables

identi�ed with BEST/BEST II in previous studies (Kabath et al. 2007, 2009a), the

ephemerides and/or lassi�ations were improved.

Altogether, the �ndings of this work are in very good agreement with

the results of other studies, thus on�rming the integrity of the new de-

tetions presented here. In partiular, the omparison with �rst-lass data from
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the CoRoT satellite reveals an exellent performane of BEST II within its mag-

nitude range and photometri noise limit. Thus, both BEST II and the new

method for variable star searh are e�ient, state-of-the-art instruments

to detet stellar variability from the ground.

11.1.4 Outlook

Irrespetive of the future observing strategy of BEST II, the methods used and/or

improved within this thesis will be helpful for future work:

� A new instrument (onsisting of an upgraded CCD amera, �lter wheel, and

fous unit) was installed in Chile. Current and future observations bene�t from

a signi�antly shorter readout time (yielding an improved photometri prei-

sion and/or time sampling), standard photometri �lters, and an automati

fous. The new �lters enable BEST II to obtain photometri measurements in

standardized passbands, whih has opened up a large range of new sienti�

appliations. For example, BEST II has reently started to gather data for a

study of ative galati nulei using photometri reverberation mapping (Haas

et al. 2011), whih would not have been possible without the new �lters.

� The DLR photometri pipeline was adjusted to the redution of photomet-

ri data from projets other than BEST/BEST II, and it has already demon-

strated its apability to redue and analyze data from ASTEP, TEST, and

VYSOS6. Moreover, it is urrently being merged with software from Super-

WASP to a pakage for the new NGTS projet (Chazelas et al. 2012). In the

near future, some of the routines are thus expeted to ontribute to the next

generation of transit searh projets from ground.

� The new method to searh for stellar variability presented in this study

an be applied �exibly to any other photometri survey. As disussed in Chap-

ter 7, the problem of false positives due to diurnal systematis is also enoun-

tered by several other ground-based projets. It may additionally yield an

improvement for the analysis of satellite data for stellar variability, sine the

new method makes no preliminary assumption on the reason for systemati

variation.

11.2 Transit Searh from Antartia

While the Chilean site of BEST II provides an exellent environment for transit

searh, the Antarti ontinent has reently been identi�ed as possibly providing

even better observational onditions. In order to ompare the potential of transit

searh between Chile and Antartia, observations have been obtained by BEST II in

parallel with ASTEP400 (Dome C) as part of this work: In 2010, BEST II monitored

the transiting planet WASP-18b for 19 nights (ASTEP for 66 nights), and the two

�elds ASTEP-Exo2 and ASTEP-Exo3 for a total of 18 nights (ASTEP for 26 nights).
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Photometri time series from ASTEP were analyzed and ompared with BEST II.

As suh, this thesis provides a �rst and diret omparison of the transit detetion

yield between Antartia and an exellent mid-latitude site that is solely based on real

photometri time series. The analysis was foused on the photometri quality and

the observational duty yle, whih are both expeted to be superior in Antartia.

Conerning the photometri quality, it showed that ASTEP an reah sub-

mmag preision (∼ 0.5�1mmag) during very good individual nights or when moni-

toring a partiular event suh as the transit of WASP-18b, while BEST II typially

ahieves ∼ 2�3mmag. However, when all light urves of a whole observing season

are ompared and di�erenes between the two systems are aounted for, no advan-

tage ould be identi�ed for the Antarti site. It is thus expeted that systemati

e�ets still make up the main limitation to the photometri preision during the �rst

observing season of ASTEP400. Whether these are intrinsi harateristis of the

system or ould be dereased further should be addressed in a future study through

analyzing arefully eah step in the data aquisition and alibration.

Conerning the duty yle, it was shown that two weeks of ASTEP observations

yield a omparable detetion e�ieny for short-period planets like BEST II during

a whole season. In addition, the yield an further be inreased signi�antly (up

to ∼ 30%), if observations are obtained with both instruments. This work has shown

that the ombination of light urves from both surveys is feasible in pratie: The

photometri systems ompare very well, and ASTEP time series were extended with

BEST II data for 58,822 stars in the two �elds ASTEP-Exo2 and ASTEP-Exo3.

A transit searh in these �elds yielded six planetary andidates. Some of these

(inluding the most promising ase) ould only be identi�ed by ombining data from

ASTEP and BEST II, whih again underlines the potential of suh a joint approah.

Outlook

Due to its exellent photometri quality and observational duty yle, Antartia

provides an unique environment to searh for transiting extrasolar planets. Sine

the ombination of photometri data of BEST II and ASTEP was proven

to be both advantageous and feasible within the ourse of this study,

further joint observational ampaigns ould be planned for the future.

For the detetion of hot Jupiters, these would optimally inlude several target �elds

whih are well observable from both Chile and Dome C, oordinated to be observed

in parallel for about two weeks eah. The proedures of this work are readily available

for reduing and ombining data from both projets.

11.3 New Detetions

New planetary andidates and variable stars are the prime sienti� results of this

thesis. They are summarized in the following Setions 11.3.1 and 11.3.2, respetively.
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11.3.1 Planetary Transits

The main objetive of this thesis was to gain knowledge in the �eld of extrasolar

planets through the detetion of new systems. For that purpose, a dediated tran-

sit searh program was set up for BEST II, and new observational data has been

analyzed for transiting extrasolar planets.

Within three target �elds, 115,740 low-noise light urves (σ ≤ 0.05mag) were

aquired and searhed for transit-like signals. Out of these, 41 planetary andidates

have been identi�ed and analyzed in detail for auses other than a transiting planet.

After these tests, 14 andidates have been seleted as promising. Their parameters

have been determined from light urve modeling, and they have been ranked with

priorities for further observations.

For eleven andidates in target �eld F19, the host stars have been haraterized

via low resolution spetrosopy using the AAOmega instrument (Smith et al. 2004)

in early 2012. Out of these, three are identi�ed as giants (for whih the transit

is aused by a stellar ompanion), two are subgiants, one is either a subgiant or a

dwarf star, and �ve are loated at the main sequene. Thus, eight out of the eleven

andidates in F19 remain good planetary andidates.

In addition, BEST II and ASTEP400 together performed a transit survey in two

target �elds. It yielded a total 140,286 low-noise light urves (27,240 of them with

measurements of both telesopes) that have been redued and analyzed for transiting

planets within this work. An initial list of ten planetary andidates was then subjet

to the same series of tests as for the BEST II survey, whih �nally left six good

andidates remaining.

In total, 20 planetary andidates ould be identi�ed within this work (14 with

BEST II, four with ASTEP400 and BEST II, and two with ASTEP400 data). These

numbers are in good agreement with the detetion yield estimated from the photo-

metri quality of the data, the observational duty yle, and the expeted number of

transiting hot Jupiters in eah �eld. Moreover, the large number of identi�ed an-

didates implies a signi�ant hane of �nding at least one planet, if one onsiders a

typial andidate-to-planet-ratio as enountered in other surveys. However, further

observations are needed in order to �nally prove or disprove their planetary nature.

Current Status

Follow-up observations are ompliated due to the faintness of the andidates, whih

requires large telesopes and/or long integration times, so that the proess is priori-

tized depending on andidate rankings. While the host stars of eleven andidates in

�eld F19 have already been haraterized spetrosopially (yielding the rejetion of

three andidates around giant stars), suh an analysis is still to be obtained for the

remaining nine. Moreover, most andidates have been deteted with a small SNR,

so that additional photometry is required to on�rm the signal, and to improve de-

rived parameters. Follow-up photometry is also required to limit the unertainties
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in the ephemerides with proeeding time, and to on�rm the signal on target with

better angular resolution. Candidates within the two �elds F19 and ASTEP-Exo2

have been re-observed with BEST II and ASTEP for this purpose in autumn 2012

and will be analyzed one the data arrive in Europe in spring 2013. Finally, high-

resolution spetrosopy is required to exlude false alarm senarios that ould not

be ruled out otherwise, and to �nally on�rm the planetary nature. The two most

promising andidates of this work, F19_067715 and F19_083743, have reently been

proposed for RV observations at the VLT in summer 2013 (ESO period 91).

Sienti� Context

If on�rmed, any of the andidates presented above will most likely be of the hot

Jupiter type, and eah new detetion will improve the statistial sample. More plan-

ets are partiularly useful to identify and/or re�ne orrelations between planetary

parameters (e.g., Enoh et al. 2012), suh as, e.g., the relationship between planetary

radii and their equilibrium temperature (Fortney et al. 2011; Laughlin et al. 2011;

Enoh et al. 2012).

Depending on their detailed haraterization (inluding, e.g., the density), whih

remains to be onluded via RV measurements, new detetions an also help to

understand a partiular open sienti� question, for example:

� The proesses that aount for the low densities of hot Jupiters suh as

CoRoT-5b (Rauer et al. 2009) are not well established yet. Explanations of

their in�ation usually inlude additional heating mehanisms, e.g., due to or-

bital irulization (Bodenheimer et al. 2001), transformation of inident radi-

ation into kineti energy in the planetary atmosphere (Guillot and Showman

2002), or Ohmi energy dissipation in the interior due to an interation of the

magneti �eld with an ionized atmosphere (Batygin and Stevenson 2010). If

a andidate of this work was found to be an in�ated planet, its harateristis

would help to onstrain the most important mehanisms.

� Likewise, more hot Jupiters would help to identify the dominant proesses that

govern their formation and evolution (Morton and Johnson 2011), if their

spin-orbit alignment ould be determined through additional measurements of

the Rossiter-MLaughlin e�et.

� The list of andidates inludes some very interesting host stars. In partiu-

lar, the two most promising andidates are found around intermediate-mass

main sequene stars (F1V and F5V, respetively), whih are onsidered to

host giant planets muh more frequently than late-type stars (Johnson et al.

2007, 2010; Lovis and Mayor 2007; Kennedy and Kenyon 2008; Omiya et al.

2009). However, only six planetary systems with hot Jupiters around suh

stars are known to date.

1

The lak is largely attributed to a seletion bias of

the RV method against intermediate-mass dwarfs due to a small number of

1

Extrasolar planets with Mp ≥ MJ and p ≤ 10d around an early-type (T
e�

≥ 6500K) main
sequene star; based on www.exoplanet.eu (Shneider et al. 2011), state of 19th November 2012.
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spetral lines, line broadening due to rotation, and stellar ativity (see, e.g.,

Lagrange et al. 2009). Therefore, the detetion of exoplanets around suh stars

using the transit method is ruial for extending our knowledge to all stellar

types. A study of the detetion yield within four CoRoT target �elds reently

also found indiations for a lak of intermediate-mass planet hosts (Guenther

et al. 2012), but the sample is still too small to draw robust onlusions. Thus,

the andidates of this work an make a valuable ontribution for testing the

theoretial expetations on the frequeny of hot Jupiters around suh stars.

Outlook

While this work presented promising andidates for the �rst extrasolar planet of the

BEST/BEST II projet, follow-up observations need to ontinue in order to �nally

rejet or on�rm them. In addition, the searh for yet unknown planets ontinues

within the BEST/BEST II projet and beyond.

However, the faintness of the andidates found in this study ompliates the follow-

up proess signi�antly. Moreover, transiting planets around bright stars an be

haraterized muh better through additional studies (e.g., their atmospheri om-

position through transit spetrosopy). Based on improvements and lessons

learned from this work, the BEST II observing strategy ould be opti-

mized for brighter targets. A new target �eld, named F20, was hosen using

the �eld seletion method of this study and monitored during the observing season

2011/2012. Compared to F19, the exposure time was dereased from 300 s to 45 s

in order to shift the photometri range by 2mag towards brighter target stars (i.e.,

from ∼ 12�15mag to 10�13mag). Four sub-�elds were observed alternately, so that

the dereased number of bright stars was ompensated by a four times larger FOV.

For eah sub-�eld, the time sampling ould be kept approximately equal to F19 due

to the shorter adene of the new amera. These observations are urrently being

analyzed for transiting planets.

Given the spei�ations and latest results of BEST II and ASTEP, they meet the

requirements to detet an extrasolar planet in the sense that they provide a su�ient

observational overage and photometri quality. However, their instrumental design

only allows to monitor a few target �elds per year at a su�ient time sampling and

observational overage, so that observations span a long time before a reasonable

probability of deteting a transiting system is reahed. In this respet, the multi-site

and multi-telesope approah of highly suessful projets is muh more e�ient.

For example, the number of stars observed with SuperWASP, the most suessful

transit survey from ground, exeeds the BEST II survey presented here by almost

two orders of magnitude. In the near future, the new NGTS projet will follow

the suessful multi-telesope onept, and is expeted to extend the ground-based

detetion limit down to Neptune-sized transiting planets and below (Chazelas et al.

2012). In this ontext, an extensive transit searh for hot Jupiters using a single

telesope like BEST II or ASTEP might not be onsidered ompetitive anymore;

instead, these are likely to beome more important for dediated observations, e.g.,

to use the exquisite photometri quality for a follow-up of transit andidates from
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the large surveys and further haraterizations of already known planets.

11.3.2 Stellar Variability

Large photometri data sets aquired by surveys like BEST/BEST II not only allow

to searh for extrasolar planets, but also omprise a wealth of information about

stellar variability in the target �elds studied. Hene, they ontribute to observational

stellar astrophysis.

Within this work, data reorded within �ve target �elds during 179 nights of

BEST II observations were analyzed for stellar variability. In total, 329,660 stars have

been investigated. Newly-disovered, lear stellar variability was identi�ed in 2,791

ases, and an additional 806 stars are suspeted to be variable. These new �ndings

are presented in this work in a large atalog whih omprises (where determinable),

the period, amplitude, and lassi�ation of the variation. The new detetions in the

two LRa02 �elds have already been presented to the sienti� ommunity by Fruth

et al. (2012); a similar publiation is urrently being prepared for the �ndings in the

�elds F17�F19.

Sienti� Context

More light urves have been analyzed for stellar variability within this work than

within the whole BEST/BEST II projet before, and the number of variable stars

(known, new, and suspeted) identi�ed has inreased signi�antly (from 1,111 to

3,979). Within this study, about 1% of all stars investigated were found to be

variable, whih ompares well to the yield of photometri surveys suh as ASAS

(Pojmanski 2002) or OGLE (Soszy«ski et al. 2008). Compared to previous BEST II

studies on stellar variability, the detetion yield was inreased signi�antly. For the

data set LRa02, whih was reanalyzed within this work, the number of detetions

inreased by 95% (from 350 to 681). The enhaned perfomane is assigned to the

methodologial improvements ahieved within this work, i.e., most importantly, the

inreased photometri quality and the new variable star searh method.

The new detetions make a signi�ant ontribution to the present knowledge of

variable stars. Depending on how rigorously a atalog vets new �ndings before inlud-

ing them, the respetive volume varies: GCVS, whih only ollets lear detetions

after a areful individual sreening, enompasses 45,678 variables. VSX, whih has

less stringent riteria for seletion, inludes 213,228 variables (as of 6th November

2012). If all variable stars of this work were to be inluded into these atalogs (VSX

already inludes all detetions in target �eld LRa02), the number of presently

known variables will inrease by 2% (VSX), and by 8% (GCVS).

A detailed haraterization and modeling of the deteted systems are beyond the

sope of this thesis. However, the presented atalog inludes a multitude of objets

that are of interest for further astrophysial investigations:
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� First, these are of interest from a statistial point of view: More known

variable stars enable more robust analyses and/or to identify new orrelations

between harateristi parameters, whih in turn an yield a better understand-

ing of, e.g., the formation of lose binaries (Li et al. 2008) or the Blazhko-e�et

(Jursik et al. 2009). The new detetions of this work are of partiular interest

for these kinds of studies sine they oupy a parameter spae (e.g., magni-

tude range and/or sky position) that is largely unexplored to date: Within the

data sets investigated in this study, the number of previously known objets

is negligible ompared to all variable objets (0.5% of all variable objets in

F17�F19 were known before).

� Seond, several individual objets are interesting targets for additional in-

vestigations in order to, e.g., searh for additional bodies in elipsing binary

systems (e.g., Borkovits and Hegedüs 1996), test stellar interior models and

general relativity (Giménez 2007), or to learn more about atalysmi binaries

and their aretion disks (Giovannelli 2008).

Outlook

While the data sets F17�F19 have both been analyzed for transits and stellar variabil-

ity within this work, ASTEP data and the orresponding BEST II observations have

only been investigated until now for transiting planets. In addition, these exellent

data sets should be analyzed for stellar variability in a future study. Considering the

large inrease of variable star �ndings through the reanalysis of the LRa02 data set

within this work, a reanalysis of other BEST/BEST II data sets using an improved

methodology is also likely to yield many additional variable stars.

Final Note

In astronomy, observations provide the key to new insights, and an improved quality

of the measurements has frequently triggered large advanes suh as the detetion

of extrasolar planets. Within this work, BEST II and ASTEP400 were optimized

and used as state-of-the-art instruments for studying stellar variability and deteting

exoplanets via the transit method.

Future studies will build on our urrent knowledge about extrasolar planets and

improve it further: An ever-inreasing sample will enable a more detailed lassi�a-

tion of their diversity and yield new insights into how they form and evolve. Most

importantly, more preise measurements will gradually extend the realm of these

analyses to the yet sparsely studied parameter spae of small roky planets, whih

will �nally allow us to address the uniqueness of our Earth in a quantitative sense.

Without any doubt, both the quest for the best astronomial site and a ontinued

optimization of the proesses involved in the aquisition, redution, and analysis of

observational data will remain prime neessities for ahieving this aim.

163



11 Summary and Disussion

164



Appendix





Appendix A

BEST II Tehnial Improvements

A.1 New BEST II Instrument

The main instrument of BEST II, a 4k × 4k CCD by Finger Lakes Instrumentation,

has been upgraded in the ourse of this work. The initial �IMG series� model was

replaed with a �ProLine� amera with �lters and an automati fous unit in early

August 2011 (see Setion 3.2).

Tehnial Performane

The performane of the instrument has been tested at DLR Berlin. It was found

to math the spei�ations of the manufaturer and on�rmed by on-site tests after

installation. The key results are written here.

The amera has two readout modes: The fast readout takes 14 s and yields an

average biaslevel of 1644.4ADU with a readout noise of 13.49ADU, while the slow

mode requires 31 s and yields a mean biaslevel of 2308.8ADU with 7.08ADU noise.

Due to its signi�antly lower noise level, all observations are obtained with the slow

readout. In general, the bias level was found to be very stable (mean hanged less

than ±1ADU during a four hour test sequene taken at −20◦C).

On being ooled at full power, the CCD an reah a temperature of 54.1

◦
C below

ambient. Below 0◦C, bias variations with temperature were found to be negligible.

The operating temperature has been set to −20◦C, at whih also the mean dark

urrent is with

D(∆T ) = −0.32ADU+ 0.0029ADU ·∆T/s

very low.

The amera saturates at 216ADU = 65536ADU, and its linearity breaks down

above ∼ 42000ADU. The gain was measured at 1.98 e

−

ADU

.

Readout and Sampling

The original BEST II CCD had a readout time of 150 s. Therefore, the overhead is

dereased by two minutes per frame. Sine this additional time an be diretly used
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for more or longer exposures, this leads to an inrease in the photometri preision

and/or the time resolution with the new CCD.

For observations that are obtained at the same sampling, the available integration

time is then raised by a fator

δn =
∆T + 150 s

∆T + 31 s
.

Depending on the exposure time ∆T , the number of frames an thus be inreased

by 36% (300 s) up to 370% (1 s) ompared to the original CCD. If the additional

measurements are binned, the photometri errors sale with a fator 1/
√
δn (assum-

ing white noise only), i.e., the preision inreases by 14% for long exposures (300 s)

and up to 54% for very short exposures (1 s).

Filters

Observations in �lters an be useful for various reasons. In the framework of BEST II

in partiular, they inlude the following advantages:

� An improved extintion orretion an inrease the photometri quality. Be-

ause atmospheri extintion is proportional to the airmass to �rst order (see

Setion 5.2.2, Equation (5.9)), it an be removed quite easily by averaging.

However, the removal of higher order e�ets requires olor information. A pre-

liminary analysis has already shown that BEST II light urves of very blue or

red stars an be dominated by residual extintion e�ets (Pasternaki, private

ommuniation), but how muh the photometri preision an be inreased by

multiolor observations remains to be investigated quantitatively.

� Some sienti� objetives � like the monitoring of very long (& 6h) planetary
transits � require joint measurements of several ground-based observatories.

The noise level in the ombined data set an usually be dereased if all obser-

vations are obtained in a standardized photometri system.

� Stellar parameters an be assessed using multi-band photometry. These in-

lude the measurement of the e�etive temperature and bolometri orre-

tion (Flower 1996; Torres 2010), log g, and metalliity (e.g., Worthey and Lee

2011), angular diameter (Barnes and Evans 1976) and reddening-free mag-

nitudes (Madore 1982). Furthermore, an approximation of stellar radii and

densities from olors an help to exlude giant and early-type stars in transit

searhes (see Setion 8.3).

� Colors an be used to rejet false positives in the follow-up proess of transiting

planets. When they pass the stellar disk, they oult regions of di�erent olors

and thus produe a �harateristi olorimetri signature� (Rosenblatt 1971).

As Tingley (2004) has shown, this is distintive from grazing binaries or blends,

but the expeted olor di�erenes are about an order of magnitude smaller

than the transit depth. Although the method has been applied suessfully
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from ground (e.g., O'Donovan et al. 2006), it remains to be heked whether

BEST II an provide a su�ient multiband preision for this purpose.

The �lter wheel of the new CCD � a Finger Lakes Instrumentation CFW-4-5 �

ontains slots for �ve 50mm square �lters (see Figure A.1). Slots of number 1 to 4

are equipped with standard Bessell �lters B, V , R and I, while slot number 0 is left
empty to further allow for observations with a maximum photon yield. An additional

U �lter is present on-site, but not mounted.

The transmission urves of the available �lter set are given by Bessell (1990) and

repeated here in Figure A.2. In addition, the quantum e�ieny of the CCD hip

is shown in the �gure. It an be seen that the overlap is largest with the R and V
band, while the overall response is signi�antly smaller for observations in B or I.
It is minimal for the U band, whih is why this �lter is urrently not being used.

#0 (home)

Empty

B

R V

I

#1

#2#3

#4

Figure A.1: BEST II �lter wheel (shematial). The wheel rotates a seleted �lter into the optial

path. It has been equipped with four Bessell �lters (BVRI , slots #1�4), while slot #0 has been

left empty for unalibrated observations with a maximum photon yield.

Figure A.2: BEST II CCD and �lter sensitivity. Shown are the transmission urves for the �ve

standard UBV RI �lters (from left to right, as given by Bessell 1990). In addition, the quantum

e�ieny (QE) of the BEST II CCD is shown in blak (the same for both the original and the new

CCD; data from KAF-16801 hip performane spei�ations, Kodak, 2000).
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Figure A.3: Time dependene of BEST II fous sine the implementation of the automati foal

unit. Positions are shown for the optial path without �lters, i.e., they are subtrated by a �xed

di�erene for observations obtained with �lter. Values are given in travel steps that are reorded

with every individual siene frame. The right y-axis shows the orresponding foal length hange

in mm.

Fous

The usage of di�erent �lters together with an empty slot results in a di�erene of up to

1.8mm in the foal length, whih must be ompensated by the foal unit. In addition,

seasonal variations (e.g., due to thermal expansion) an now be ompensated through

a regular auto-fous proedure.

The �rst observations of BEST II with the new instrument and the implemented

auto-fous routine allow to aess foal variations quantitatively. Figure A.3 shows

the foal positions that are stored in the header of eah sienti� frame for the

�rst half year of operation. Although more data are required for analyzing the

variations over long time sales, a small linear trend an already be observed. The

variation is in the order of 2000 fous steps, whih orresponds to 3�4Px on the

CCD. Similar shifts were enountered with the original setup. However, these were

not orreted automatially, and thus oasionally yielded de-foused nights that had

to be removed.

A.2 Pointing Stability

A preise pointing is important for long-term monitoring of target �elds suh as

performed by BEST II. Small o�sets of a few pixels between individual frames are

ommon exept for systems that are espeially designed to provide a very high point-

ing stability. However, if there are large shifts, signi�ant parts of the intended FOV

are not overed and the time sampling dereases for many light urves.

During observations of the CoRoT �eld LRa02 between November 2008 and Marh

2009, the pointing stability of BEST II was found to vary signi�antly. Figure A.4

shows the midpoint position of all images with respet to a referene frame. The

average deviation is 286Px, and some frames were found to be more than 1000Px

away from the intended pointing, whih means that up to a quarter of all stars are

not overed.
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Figure A.4: Pointing stability of BEST II (1Px ≡ 1′′.5). The three plots show the displaements

to the respetive referene frame in CCD (x, y) oordinates for individual images in the data sets

of LRa02a (left), F18 (lower right) and F19 (upper right). The axis sales are equal.

The problem was takled and solved in a maintenane visit in Marh 2009 through

a re-alignment of the telesope. An initial tilt of 29′21′′ between the equatorial axis

of the telesope and the rotational axis of the Earth ould be redued by an iterative

mehanial adjustment; the remaining small tilt of 5′16′′ has been measured and

inluded into the pointing model of mount and software, so that the new pointing

auray is typially well below 5′.

The improvement an learly be seen in subsequent observing runs (Figure A.4).

Target �eld F18 (observed in August and September 2009) shows an average variation

of only 17Px, i.e., a very stable pointing. Through �ne tuning of the pointing model

and software parameters, it was possible to limit the di�erenes further. For the F19

observations (Marh to September 2010), the average variation is only 9Px.
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Target Field Seletion

This setion desribes the alulation of the total observing time, mean airmass,

and the number of stars suitable for transit searh. The parameters are alulated

as a funtion of equatorial oordinates for a given period of time and observing

site (Setions B.1 and B.2), and weighted against eah other in order to obtain a

quantitative riterion for target �eld seletion (Setion B.3).

B.1 Duty Cyle and Airmass Simulation

Both the visibility and the airmass of a target �eld depend on its elestial ourse

during a given time period, so that they an be onveniently alulated together.

The simulation presented in this setion is based upon proedures of a study on

the potential of Dome C for transit searh (Rauer et al. 2008a, b; Fruth 2008). The

method is only outlined brie�y here; tehnial details and its validation are desribed

in depth by Fruth (2008).

Total Observing Time

If and at whih airmass a given �eld is observable depends upon its position (α, δ)⋆
in the sky, the time of observation, and the geographial loation of the observatory.

Additional important onstraints are the sky brightness due to the Sun and the Moon,

as well as the separation between the Moon and the target. To deide if a target is

observable or not at a given time t, one must alulate the loal azimuth A(t) and
altitude h(t) for Sun, Moon, and target, the Moon phase φ$(t), and restrit their

ranges meaningfully. The alulation of these loal oordinates was implemented

using standard astronomial algorithms (Meeus 1998).

Sine the movement of bodies in our Solar System is omplex, aurate results for

a whole time range [ta, te] an only be ahieved through a numerial disretization

into Nt equidistant steps. Loal oordinates are therefore alulated for individual

time points ti, i.e.,

ti = ta + δt · (i− 1/2) with i ∈ {1, . . . , Nt} (B.1)

and δt =
te − ta
Nt

.
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A target �eld is onsidered observable in ti, if

� the Sun stands no higher than hmax

⊙ above the horizon,

h⊙(ti) ≤ hmax

⊙ (B.2a)

� the Moon stands no higher than hmax

$
above the horizon or has a phase of

φmax

$
or less, (

h$(ti) ≤ hmax

$

)
∨
(
φ$(ti) ≤ φmax

$

)
(B.2b)

� the target stands at least hmin

⋆ above the horizon,

h⋆(ti) ≥ hmin

⋆ (B.2c)

� and target and Moon are separated by at least dmin

$

d$(ti) ≥ dmin

$ . (B.2d)

For BEST II, the limits have been adapted from previous observational experiene

on similar loations. The sky brightness allows for good photometry if the Sun sets

by more than eight degrees below the horizon (Patat et al. 2006; Fruth 2008), whih

orresponds to hmax

⊙ = −8◦. The same limit is applied to the Moon, i.e., hmax

$
= −8◦,

but only full Moon nights are exluded by setting φmax

$
= 0.9. Frames obtained for

airmasses X > 2 have been found not to be useful for high-preision photometry, so

we apply hmin

⋆ = 30◦. Finally, the target-Moon distane is restrited to dmin

$
= 20◦.

In order to assess the duty yle and airmass of a given �eld during a whole time

range, it is useful to de�ne a binary funtion

bi : ti → {0, 1} (B.3)

whih yields a value of one if all riteria (B.2a)�(B.2d) are met, and zero otherwise.

Using the sequene bi, the total observing time T1 within a given time range [ta, te]
an easily be approximated by

T1 := δt ·
∑

i

bi . (B.4)

Mean Airmass

For eah time point ti, the airmass is de�ned by

Xi :=
1

sinh⋆(ti)
(B.5)

and an thus be readily derived from the target's altitude h⋆(ti). In order to aess

the potential photometri quality of a target �eld, it is useful to alulate its mean

airmass X during possible observations within the time range [ta, te], i.e.,

X =

∑
i biXi∑
i bi

. (B.6)
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All-Sky Simulation

In order to obtain a quantitative omparison, a grid of points equidistant in right as-

ension and delination is used to sample the whole sky for possible target �elds. The

total observing time and mean airmass are alulated for eah tested �eld oordinate

set, thus providing a sky map of T1 and X for any �xed time range [ta, te].

B.2 Target Count Simulation

The purpose of this seond step of the simulation is to estimate the number of target

stars within a given magnitude range and diretion in the sky. In order to restrit

the alulation to stars that are suitable for transit detetion, two important fators

must be aounted for. First, any input atalog used must allow for the exlusion

of giants and early-type dwarf stars, whih yield false positive detetions for transit

searh (see Setion 2.2). Seond, the e�et of ontaminating bakground stars must

be quanti�ed with respet to the system's angular resolution.

Input Catalog

Although a large number of star atalogs are available from various surveys, only

few provide spetral and luminosity lasses that are needed to sort out stars with

large radii. The largest sample of about 360,000 spetrosopially lassi�ed stars

is provided by the Henry Draper atalog (HD; Cannon and Pikering 1918�1924)

and its extensions (HDE; Cannon 1936; Cannon and Mayall 1949), whih is almost

omplete for magnitudes m . 9. Given the small BEST II FOV, this magnitude

limit is not faint enough to ontain a su�ient number of target stars per �eld.

Alternatively, one an try to estimate stellar parameters using all-sky broad-band

photometry for a large number of stars, e.g., from the Two Miron All Sky Survey

(2MASS; Skrutskie et al. 2006). However, the problem is generally under-determined,

so that additional assumptions or observations are required. Without suh informa-

tion, in partiular the stellar radii annot be determined without ambiguity (Belikov

and Röser 2008). Spae-based surveys suh as CoRoT and Kepler therefore ondut

extensive pre-mission observation programs for �eld haraterization within their

targeted sky regions (CoRoT Exo-Dat, Deleuil et al. 2009; Kepler Input Catalog,

Brown et al. 2011).

The ompilation of a broad-band atalog does not provide a reliable data input.

Also an extensive observational ampaign is not feasible for the BEST II �eld sele-

tion. Therefore, it was deided to use simulated star ounts from a Galaxy model.

Besançon Model

The Besançon model (Robin et al. 2003) ombines theories of galati and stellar

formation and evolution, onstrained by observations, in order to provide a self-

onsistent model for the stellar population of the Milky Way. While being widely
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Figure B.1: Density of main sequene dwarf stars with 2 ≤ V ≤ 18 from Besançon model as a

funtion of galati oordinates.

applied to studies of our Galaxy itself, the model is also useful for transit surveys.

For example, it has been applied to evaluate their detetion yield (e.g., Smith et al.

2006; Fressin et al. 2007, 2009) and for target �eld seletion (e.g., Bayliss and Sakett

2007; Kane et al. 2007).

For the purpose of the BEST II �eld seletion, the density of main sequene dwarf

stars has been simulated using the Besançon model (Figure B.1). The resulting

atalog provides star ounts throughout the sky within bins of one square degree,

one magnitude (from V = 2 to 18), and one spetral lass (types O5, B5, . . . , M5).

Crowding Simulation

The results from the Besançon model are used to simulate the rowding aording to

the spei�ations of BEST II (see Table B.1). For eah oordinate in the atalog, the

FOV is simulated in CCD dimensions (x, y) aording to the pixel sale. Stars are

distributed randomly throughout the �eld and eah magnitude bin up to the ounts

determined by the Besançon model.

In a next step, the number of suitable targets within eah diretion is alulated.

First, target stars are distinguished from non-targets by seleting stars of ertain

spetral types and within a ertain magnitude range. Seond, target stars with a

signi�ant amount of ontaminating light within their PSF are exluded, beause

unresolvable bakground stars are the prime ause of false transit alarms. Therefore,

the fration γt of light atually originating from the target itself is alulated for every

target star t. A target is onsidered suitable for transit searh only if γt is larger than
the threshold γ

min

. Otherwise, it is onsidered ontaminated. The atual alulation

of γt is adjusted to the aperture photometry as used by the BEST/BEST II data

Table B.1: Parameters used in the rowding simulation for BEST II.

PSF Gaussian with σ
fwhm

= 3Px (Equation (C.5))

FOV= 1◦.7 × 1◦.7 BEST II FOV, with 4096 × 4096Px
FOV

sim

= 1◦ × 1◦ Size of simulated FOV for eah oordinate (results saled to FOV)

r
ap

= 5Px Radius of aperture mask

γ
min

= 99% Minimum fration of light from target

12 ≤ V ≤ 15 Target magnitude range

F5, G5, K5, M5 Spetral type bins of suitable targets

n
s

= 100 Number of Monte-Carlo simulations per oordinate
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pipeline and detailed in Appendix C.1.

The respetive numbers of suitable targets, N
st

(α, δ), and ontaminated targets,

N
t

(α, δ), are alulated for eah oordinate (α, δ) of the Besançon atalog. Sine

these are stohasti values (due to the random distribution of stars aross magnitude

bins and the FOV), the whole simulation is repeated n
s

times to provide robust ount

expetations.

B.3 Weighting of Target Field Parameters

The three main results of the simulations, i.e., the total observing time T1, the mean

airmass X and the number N
st

of suitable targets, must �nally be weighted against

eah other in order to ompare di�erent target �elds in the sky. Quantitatively, this

an be ahieved by de�ning a single funtion Θ
[
T1(α, δ),X(α, δ), N

st

(α, δ)
]
that

reahes its maximum for the diretion (α, δ) that is best suited for transit searh.

How should the above three quantities be ombined? First, only a linear depen-

deny of the weighting funtion on both the number of stars as well as the observing

time is meaningful, i.e., Θ ∝ T1Nst

. Seond, the weighting funtion should derease

monotonially in X , as the photometri error an only inrease with larger airmasses.

For the atual dependeny of Θ on X , the approah of Rauer et al. (2008a, b) and

Fruth (2008) is followed: An empirial relation is used to devalue Θ aording to

observational experiene. Low airmasses are found not to a�et the photometri

signal-to-noise ratio, so that Θ stays almost onstant for 1.0 ≤ X ≤ 1.4. Larger

airmasses introdue an inreasing photometri error, and observations usually ease

for targets below an altitude of 30◦. Thus, the funtion

Θ
(
T1,X,Nst

)
=

T ·N
st

200(X−1)
8 (B.7)

is used for weighting. It reprodues this dependeny with an inreasing devaluation

of airmasses in the region 1.4 ≤ X ≤ 2.0 and a smooth transition Θ → 0 to non-

observable targets with X ≥ 2 (Figure B.2).

Figure B.2: Weighting of mean airmass X for target seletion (Equation (B.7)).
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Appendix C

Calulations

C.1 Fration of Light in a Cirular Aperture

How muh light within a given aperture originates from a target soure, and how

muh is ontributed from other, ontaminating objets? To address this question, it

is �rst neessary to quantify the amount of light that falls within a given photometri

aperture. Within the DLR pipeline, a irular aperture of radius r
ap

is used (see

Chapter 5.2.1).

Figure C.1: Shemati view of the geometri problem of alulating the stellar �ux within a radial

aperture. The entroids of the PSF and the aperture are separated by r0.

Let fi be the total �ux of a star with index i ∈ {1, . . . , N⋆}, and i = t be a soure

that is onsidered an interesting target. The �ux of star i within the aperture of the

target t an then be denoted by

Ft(i) = g · fi , (C.1)

where g quanti�es the geometrial overlap between the stellar PSF and the aperture

(with 0 ≤ g ≤ 1). For the target itself, the entroids of the aperture and the PSF

ψ(~r) oinide in ~r = 0, and the fration of �ux within the aperture r ≤ r
ap

is simply

given by

g0 =

∫ 2π

0

∫ r
ap

0
ψ(~r) dr dϕ . (C.2)

In order to quantify the �ux leaking from other stars into the aperture (Figure C.1),

it is neessary to also onsider PSFs with entroids shifted from the aperture's enter

by ~r0, i.e.

g(~r0) =

∫ 2π

0

∫ r
ap

0
ψ(~r − ~r0) dr dϕ . (C.3)
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Appendix C Calulations

The ontamination an then be alulated by omparing the �ux from the target t
with the total �ux in the aperture, i.e. the fration γt of light originating from the

target t an be de�ned as

γt :=
Ft(t)∑
i Ft(i)

=
1

1 + 1
g0

∑
i 6=t g(~ri)fi/ft

. (C.4)

Using the magnitude de�nition fi/ft = 100.4(mt−mi)
, the value γt an be readily

omputed from the stellar magnitudes mi and mt.

Finally, a PSF funtion ψ(~r) must be hosen for the alulation of g(~ri). It is mean-

ingful to use the same PSF shape for all stars, and to hoose a radially symmetri

funtion ψ(~r) = ψ(r). The geometri overlap funtion g(r0) is then independent of

the polar angle ϕ, and the only information needed in addition to the magnitudes

are the distanes ri from the target to all other stars i.

Figure C.2: Fration of light that falls into a irular aperture of radius r
ap

= 5. The value g(r0)
was alulated as a funtion of the distane r0 from the aperture's enter using Equation (C.6) and

a Gaussian PSF of width σ
fwhm

= 3.

Example

A ommonly used PSF funtion is the normalized Gaussian

ψg(~r) =
1

2πσg
exp

(
− ~r 2

2σ2g

)
(C.5)

with the variane σg that is related to the full width at half maximum σ
fwhm

through

σg =
σ
fwhm

2
√
2 ln 2

. For the alulation of g(r0), the enter of the PSF ψg(~r) an simply be

plaed on the x-axis (using the symmetry g(~r0) = g(r0)). Inserting Equation (C.5)

into Equation (C.3) yields

g(r0) =
1

2πσg

∫ +r
ap

−r
ap

∫ +
√

r2
ap

−x2

−
√

r2
ap

−x2

exp

(
−(x− r0)

2 + y2

2σ2g

)
dy dx , (C.6)

whih an be solved by numerial integration for all r0 ∈ R
+
0 .

Figure C.2 shows the fration g(r0) of �ux leaking into an aperture of rap = 5. The
example shows g(r0) as a funtion of the distane r0 between the entroids of the

target's aperture and a seond star, assuming Gaussian PSFs ψg(~r) with σfwhm = 3
for both the target and its ontaminant.
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C.2 Sorting Parameter for Ranking Performane Evaluation

C.2 Sorting Parameter for Ranking Performane

Evaluation

Let X⋆ = {xi} with i ∈ {1, . . . , N⋆} be the group of all stars in a data set. The

seletion of variable stars � e.g., by sorting all stars aording to a ranking quantity

q � an then be onsidered a permutation p̃v : X⋆ → X⋆ that splits X⋆ into a part

Xv ⊂ X⋆ ontaining all Nv variable stars and another part ontaining the rest:

p̃v(xi) ∈ Xv for i ≤ Nv

p̃v(xi) /∈ Xv for i > Nv .

A hek of the �rst Nv within {p̃v(xi)} would thus reveal all variable stars in the

data set.

Unfortunately, suh an optimal sorting p̃v is usually unknown. In pratie, a given

permutation pv aims at a similar splitting of variable and non-variable stars, but

ontaminates both groups with false positives. The number of identi�ed variable

stars N ′
v ≤ Nv thus depends on the number of stars Nc⋆ ≤ N⋆ that are atually

heked:

N ′
v (pv, Nc⋆) =

Nc⋆∑

i=1

δv(pv(xi))

with δv(xi) :=

{
1 xi ∈ Xv

0 otherwise

.

A given variable star seletion pv an be ompared diretly with the optimal pro-

edure p̃v. The number of missed variable stars is

N
′
v (pv, Nc⋆) = N ′

v (p̃v, Nc⋆)−N ′
v (pv, Nc⋆) ,

whereby

N ′
v (p̃v, Nc⋆) = min(Nc⋆, Nv).

For a omparison between di�erent approahes, it is useful to evaluate the perfor-

mane of pv as a whole. For that, one an de�ne the quality parameter

ξ =

∑N⋆

Nc⋆=1N
′
v (pv, Nc⋆)

Nv(N⋆ −Nv)
.

The parameter ξ sums missed variable stars for all values of Nc⋆. The denominator

aounts for normalization suh that ξ = 0 for p̃v (best seletion) and ξ = 1 for its

ounterpart (worst seletion).
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C.3 Photometri Variation with Crowding

Third light leaking into a stellar aperture not only yields an overestimation of the

target �ux, but also an underestimation of its photometri variation.

If a single target star is observed, relative brightness variations

δft =
∆ft
ft

(C.7)

are only due to hanges ∆ft in the target �ux ft. However, if more stars are enlosed

in the aperture, the total �ux f inludes the target and ontaminating light fc, i.e.,

f = ft + fc. (C.8)

If it varies again by ∆ft, the relative variation within the aperture yields

δf =
∆ft
f

=
ft
f

· δft (C.9)

and thus δf ≤ δft in ase of any third light (fc > 0). Using δf = (0.4 · ln 10)∆m,

Equation (C.9) an be transformed to the magnitude range:

∆m =
ft
f

·∆mt = ∆mt · 100.4(m−mt), (C.10)

whereby ∆m and ∆mt denote di�erenes from the mean magnitudes m and mt of

the ontaminated aperture and the target due to the variation ∆ft.
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Appendix D

Pipeline Parameters

Table D.1: Most important parameters for data redution and analysis.

Parameter

(Pipeline Name)

Sym-

bol

. . . . . . . . . . . . . . . . . . . . . . . BEST II . . . . . . . . . . . . . . . . . . . . . . . . . . . ASTEP 400 . . . .

LRa02

F17 F18 F19

WASP ASTEP- WASP ASTEP-

av5 bv4 18b Exo2 Exo3 18b Exo2 Exo3

. . . Image Alignment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

SAMEXY_REF (im...) 00176 00144 00371 00054 02739 01025 00227 00000 00755 00397 02696

SAMEXY_NOBJ 20000 20000 20000 20000 20000 500 20000 20000 80 5000 5000

SAMEXY_ORDER 3 3 3 3 3 3 3 3 2 3 3

SAMEXY_INTERPMODE 2 2 2 2 2 2 2 2 2 2 2

SAMEXY_CUBICPARAM -0.5 -0.5 -0.5 -0.5 -0.5 -0.5 -0.5 -0.5 -0.5 -0.5 -0.5

SAMEXY_MATCHLIMIT 50 50 50 50 50 50 50 50 50 50 50

SAMEXY_MAXRESIDUAL 10 10 10 10 10 10 10 10 1 10 10

. . . Image Subtration (ISIS) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

nstamps_x=nstamps_y=10, half_mesh_size=9, half_stamp_size=15, deg_bg=2, ngauss=3

deg_gauss1=6, deg_gauss2=4, deg_gauss3=2, sigma_gauss1=0.7, sigma_gauss2=1, sigma_gauss3=1.2, deg_spatial=2

sub_x, sub_y 2 1 1 1 1 1 1 1 1 1

saturation 55000 55000 55000 55000 55000 (*) 55000 55000 60000 55000 55000

pix_min 30 30 30 30 30 (*) 30 30 10 30 30

min_stamp_enter 6000 6000 6000 6000 6000 (*) 6000 6000 1000 6000 6000

(*) ISIS applied, but reords not kept.

. . .Aperture Photometry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

PHOT_THRESHOLD f
min

150 60 140 18 600 20 120 80 50 80 80

PHOT_SATURATION 50000 48000 55000 55500 55000 55000 48000 48000 55000 55000 55000

PHOT_APSTAR r
ap

5 Px 5Px 5Px 7 Px 5 Px 7 Px 5Px 5Px 12 Px 5Px 5 Px

PHOT_APSKY r
sky

14 Px 14 Px 20 Px 20 Px 20 Px 20 Px 20 Px 20 Px 30 Px 20 Px 20 Px

. . .Extintion Corretion (zerooffset) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ZOS_MAGCUT 200 200 300 100 200 2 200 200 2 200 200

ZOS_LOWRMS 9000 9000 2000 1000 5000 150 5000 5000 50 5000 5000

. . .Framequality . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

FQ_STARFRACTION 0.10 0.10 0.10 0.10 0.05 0.10 0.10 0.10 � 0.03 0.03

FQ_LIMITTYPE 2 2 2 2 2 2 2 2 � 1 2

FQ_LIMIT1 γ
max

(5) (5) (5) (5) (5) (5) (5) (5) � 2 (2)

FQ_LIMIT2 δσ
limit

0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 � (0.01) 0.01

. . .Catalog Math (hatastrometry) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

HAT_ASTROCATALOG USNO-A2 . . . . . . . . . . UCAC3 . . . . . . . . . . UCAC3 . . . . . . . . . . UCAC3 . . . . . . . . . .

HAT_CATKEYWORD . RMAG . . . . . . . . . . R2MAG . . . . . . . . . R2MAG . . . . . . . . . R2MAG . . . . . . . . .

HAT_MATCHORDER 4 4 4 4 4 4 4 4 3 3 3

HAT_NOBJ 5000 5000 10000 10000 6000 5000 1000 1000 1000 3000 3000

HAT_MAXDISTANCE 0.002 0.0007 0.0007 0.0007 0.0007 0.0007 0.0007 0.0007 0.0007 0.0007 0.0007

. . .SysRem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

SR_MAGLIMIT mmax

sys

� � 20 20 15 18 20 20 18 20 20

SR_MAXRMS σmax
sys

� � 2% 3% 1% 40% 1% 1% 10% 2% 2%

SR_NEFFECTS_FIND � � 20 20 20 20 10 10 20 20 20

SR_NEFFECTS_REM n
sys

� � 4 5 5 3 6 5 1 3 5

Analysis of Variane (AoV) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

AOV_NH 7 7 7 7 7 � � � � � �

AOV_JLIMIT � � 0.1 0.05 0.1 � � � � � �

AOV_PERIODS(min) 0.1d 0.1d 0.05d 0.05d 0.05d � � � � � �

AOV_PERIODS(max) 35d 35d 100d 80d 100d � � � � � �

AOV_FSAMPL 5.0 5.0 3.0 7.0 3.0 � � � � � �

AOV_FITMASTER_ORDER Nc
Θ

7 7 4 3 3 � � � � � �

AOV_FITMASTER_NSDEV n1 0.0 0.0 0.0 0.0 0.0 � � � � � �

AOV_MAXEMPTY n2 10% 10% 10% 10% 10% � � � � � �

Transit Searh (BLS) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

BLS_SNRLIMIT Smin

bls

� � 5.84 4.12 6.12 � 3.18 3.49 � 3.37 3.52

BLS_MINPOINTS � � 20 20 20 � 20 20 � 20 20

BLS_NPOINTS_BOX ÑK � � 10 10 10 � 10 10 � 10 10

BLS_PER_MIN pmin
bls

� � 0.5d 0.5d 0.5d � 0.7d 0.7d � 0.5d 0.7d

BLS_PER_MAX pmax
bls

� � 20d 20d 20d � 5d 10d � 12d 12d

BLS_MIN_OCCBOXES nmin
box

� � 0.8 0.8 0.8 � 0.8 0.8 � 0.8 0.8

BLS_LENGTHBESTRUN tN -t1 � � 93d 69d 100d � 7d 11d � 18d 16d

BLS_FINALERRORPERIOD ∆E
lim

� � 10m 10m 10m � 10m 10m � 10m 10m

BLS_DPFACTOR � � 1 1 1 � 1 1 � 1 1

BLS_QMIN � � 0.02p 0.02p 0.02p � 0.02p 0.02p � 0.02p 0.02p
BLS_QMAX � � 0.15p 0.15p 0.15p � 0.15p 0.15p � 0.15p 0.15p
BLS_KMI � � 3 3 3 � 3 3 � 3 3

BLS_KKMI � � 50 50 50 � 50 50 � 50 50
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Variable Star Catalogs

Table Format

� BEST II ID Identi�er within the BEST II projet, onsisting of �eld name and number saved

in the star.ID �eld (see Fruth et al. 2011).

� Flag (F) c ≡ ontaminated ; the aperture of one or more neighboring stars overlaps with

the target, and the variation an be seen in both light urves. (Note that

multiple targets are listed in ase the variability annot learly be assigned

to a single star.)

s ≡ suspeted variability; the quality of the light urves is not su�ient to fully

exlude systemati errors as soures of variability, or the folded light urves

are partly inomplete.

k ≡ known variable star (ross-mathed with VSX and GCVS).

⋆ ≡ stellar spetrum obtained with AAOmega (only for F19).

� Coordinates Equatorial oordinates (α, δ) for epoh J2000.0, derived by an astrometri math
of CCD oordinates to the USNO-A2 (Monet 1998, for LRa02) or UCAC3

(Zaharias et al. 2010, for F17�F19) atalog.

� RB Instrumental BEST II magnitude (without �lter).

� T0 Epoh of minimum brightness, given in rHJD = HJD− 2454400.
(For LP variables, no epoh is given.)

� p Period of variation. (For LP variables, no period is given.)

� A Amplitude of variation. (For LP variables, no amplitude is given.)

� Type Variability lassi�ation (see Chapter 9).

� Other Names Names from other atalogs (VSX, GCVS, and CoRoT for LRa02), and/or of

overlapping BEST II targets that show the same variability.

180



E.1 LRa02

E.1 LRa02

The following Tables E.1 and E.2 show variable star atalogs produed or updated

in the ourse of this thesis.

They are also available in mahine-readable and Virtual Observatory (VO) forms

in the online version of the orresponding publiation (Fruth et al. 2012).

Table E.1: Variable stars in �eld LRa02 through reanalysis (see desription on page 180).

BEST ID F

α (J2000.0) δ RB T0 [d℄

p [d℄

A
Type Other Names

h m s

◦ ′ ′′
[mag℄ [rHJD℄ [mag℄

LRa02a2_00759 06 47 36.1 −03 52 26.6 18.11 34.638 0.828(2) 0.4(2) EA

LRa02a2_01976 06 48 38.3 −03 12 25.6 16.34 35.163 0.8348(6) 0.30(5) EA/SP

LRa02a2_03383 06 48 11.2 −03 46 30.4 17.13 35.097 1.294(4) 0.12(7) CEP

LRa02a2_04701 06 47 29.0 −04 32 17.2 15.25 38.772 8.6(2) 0.04(2) ELL/SP

LRa02a2_05225 06 48 39.9 −03 39 17.9 16.51 34.937 0.4350(4) 0.12(7) ELL/SP

LRa02a2_05867 06 47 59.9 −04 16 58.3 17.72 34.841 0.5255(5) 0.4(2) EB

LRa02a2_06108 06 47 52.7 −04 24 51.9 17.00 34.601 2.747(8) 0.22(7) EA

LRa02a2_06147 06 49 27.7 −03 08 05.2 13.87 34.711 0.40998(6) 0.73(3) EB

LRa02a2_06168 06 48 37.7 −03 48 47.3 16.15 35.256 0.8230(6) 0.16(3) EA

LRa02a2_06363 s 06 48 29.9 −03 56 40.3 15.80 35.944 1.646(7) 0.04(3) ELL

LRa02a2_06993 06 48 28.5 −04 03 24.8 13.82 34.705 0.4248(2) 0.106(8) EW/ELL CoRoT 300002950

LRa02a2_07010 06 48 16.7 −04 13 09.3 14.56 35.923 2.309(6) 0.04(2) EA CoRoT 300002493

LRa02a2_07056 06 48 46.6 −03 49 15.5 17.20 34.934 0.5425(5) 0.22(6) EW

LRa02a2_07090 06 49 33.8 −03 11 21.3 17.24 34.925 0.5427(7) 0.15(7) EW

LRa02a2_07148 06 48 00.7 −04 27 25.5 16.74 34.676 0.35786(8) 0.60(5) EW

LRa02a2_07282 k 06 49 38.7 −03 08 53.8 12.81 34.906 0.7766(2) 0.47(2) EB [KEE2007℄ 1334

LRa02a2_08275 06 49 08.9 −03 41 14.7 15.93 34.990 0.740(2) 0.04(3) RR CoRoT 110655930

LRa02a2_09051 06 48 28.3 −04 21 12.9 16.83 34.865 0.3138(5) 0.07(5) RR

LRa02a2_09234 06 48 13.4 −04 34 55.7 16.56 34.642 0.1687(1) 0.05(4) DSCT

LRa02a2_09414 06 49 47.6 −03 19 42.1 17.30 34.622 0.5960(4) 0.53(8) EA

LRa02a2_09533 c 06 49 18.8 −03 44 03.0 14.95 38.531 2.437(6) 0.04(1) EA CoRoT 110658519,

LRa02a2_09557

LRa02a2_09557 c 06 49 19.0 −03 44 00.8 14.96 38.530 2.437(6) 0.05(1) EA LRa02a2_09533

LRa02a2_09670 06 49 14.0 −03 49 11.5 17.76 34.980 1.175(2) 0.5(2) EA

LRa02a2_10193 06 49 19.6 −03 49 08.9 16.65 35.129 2.71(2) 0.11(4) EA

LRa02a2_10249 06 49 40.5 −03 32 34.2 16.69 39.509 3.21(2) 0.18(6) EA

LRa02a2_10324 s 06 49 45.6 −03 29 02.4 14.40 35.185 2.428(8) 0.02(1) EA CoRoT 110830750

LRa02a2_10556 s 06 49 12.0 −03 58 03.3 17.05 73.795 0.9957(1) 0.7(1) EA

LRa02a2_10854 06 48 28.1 −04 36 18.2 16.95 34.714 0.3530(2) 0.37(5) EW

LRa02a2_11110 06 48 28.0 −04 38 19.5 14.45 34.627 0.07826(2) 0.03(2) DSCT CoRoT 300002930

LRa02a2_11345 06 49 25.1 −03 53 48.8 17.99 34.791 0.2630(2) 0.2(2) ELL/SP

LRa02a2_12346 06 48 54.1 −04 26 55.5 17.29 39.077 2.456(4) 0.54(8) EA

LRa02a2_12432 06 49 37.2 −03 52 30.8 14.36 34.865 0.4103(3) 0.030(8) ELL CoRoT 110743947

LRa02a2_12470 06 50 31.6 −03 08 42.6 12.86 · · · · · · · · · LP CoRoT 102994604

LRa02a2_12668 s 06 49 33.0 −03 57 54.5 14.68 · · · · · · · · · LP

LRa02a2_13104 s 06 50 32.6 −03 12 36.2 14.42 34.857 3.118(8) 0.77(5) EA CoRoT 102995371

LRa02a2_14061 06 49 46.6 −03 57 29.3 17.37 34.742 0.4039(4) 0.14(8) EW

LRa02a2_14200 s 06 49 27.8 −04 13 50.6 12.36 34.667 4.95(3) 0.053(7) CV CoRoT 110741479

LRa02a2_14296 06 50 36.9 −03 18 25.1 16.78 35.126 0.877(3) 0.09(5) RR

LRa02a2_14319 06 50 16.7 −03 35 03.1 16.73 34.829 0.905(3) 0.08(5) RR

LRa02a2_14696 k 06 50 51.8 −03 09 38.2 13.50 34.910 0.35752(8) 0.22(2) EW [KEE2007℄ 1318,

CoRoT 103009726

LRa02a2_14980 06 49 38.7 −04 11 32.9 13.88 · · · · · · · · · LP CoRoT 300004000

LRa02a2_15143 s 06 50 56.4 −03 09 48.8 16.59 49.016 4.31(3) 0.22(5) EA

LRa02a2_15754 06 50 32.1 −03 34 28.5 18.23 34.767 1.781(4) 0.7(2) EA

LRa02a2_16236 06 49 57.0 −04 06 42.9 17.51 35.620 2.266(1) · · · EA

LRa02a2_16514 06 49 23.9 −04 35 52.0 16.49 34.856 1.362(4) 0.08(3) ELL

LRa02a2_16888 06 50 54.9 −03 24 57.6 12.31 · · · · · · · · · LP CoRoT 110840081

LRa02a2_16999 06 50 12.7 −04 00 19.4 15.88 38.549 2.38(2) 0.03(3) PULS CoRoT 110663396

LRa02a2_17274 06 49 53.5 −04 18 07.4 16.52 34.998 0.632(3) 0.05(3) RR

LRa02a2_17294 06 50 43.6 −03 37 29.3 17.26 34.810 0.4385(6) 0.19(7) RR

LRa02a2_17440 06 50 19.3 −03 58 30.5 16.72 34.708 0.2901(3) 0.14(5) RR

LRa02a2_17795 c 06 50 50.5 −03 35 36.8 16.98 38.030 3.562(1) 0.3(1) EA LRa02a2_17820,

LRa02a2_17853

LRa02a2_17820 c 06 50 50.6 −03 35 43.6 16.82 38.030 3.562(1) 0.4(1) EA LRa02a2_17795,

LRa02a2_17853

LRa02a2_17853 c 06 50 51.0 −03 35 39.5 16.80 38.030 3.562(1) 0.1(1) EA LRa02a2_17795,

LRa02a2_17820

LRa02a2_18179 06 50 49.8 −03 39 14.7 15.29 46.622 15.2(6) 0.04(2) CEP CoRoT 110838079

LRa02a2_18409 06 50 44.1 −03 45 33.0 17.69 34.860 0.732(2) 0.14(9) ELL

LRa02a2_18590 06 50 57.6 −03 35 54.3 12.30 · · · · · · · · · LP CoRoT 110665717

LRa02a2_18647 06 51 02.7 −03 32 10.1 17.36 35.865 2.53(3) 0.17(8) CEP?

LRa02a2_18850 s 06 49 56.8 −04 27 19.6 16.69 35.909 2.592(8) 0.15(5) EA

LRa02a2_19473 06 49 45.8 −04 40 27.3 15.61 34.813 0.41979(8) 0.32(2) EW CoRoT 110830830

LRa02a2_19935 06 51 00.0 −03 43 13.8 12.49 34.621 0.3582(2) 0.038(8) EW CoRoT 110666679

LRa02a2_20212 c 06 50 54.4 −03 49 41.1 15.79 35.310 4.087(1) 0.04(1) EA LRa02a2_20239

LRa02a2_20239 c 06 50 54.5 −03 49 45.1 15.84 35.310 4.087(1) 0.06(1) EA LRa02a2_20212

LRa02a2_20581 06 51 05.2 −03 43 32.7 16.24 35.157 1.422(3) 0.13(3) EA

LRa02a2_20799 06 51 28.3 −03 26 19.4 13.49 34.647 0.07167(2) 0.021(7) DSCT CoRoT 110756570

LRa02a2_21410 s 06 51 26.2 −03 32 27.4 16.98 35.330 3.88(2) 0.37(6) EA

LRa02a2_21828 06 50 26.8 −04 23 37.3 16.92 34.870 0.4286(4) 0.10(4) EW/DSCT
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Table E.1: Variable stars in �eld LRa02 through reanalysis (ontinued).

BEST ID F

α (J2000.0) δ RB T0 [d℄

p [d℄

A
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h m s

◦ ′ ′′
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LRa02a2_22686 06 50 58.4 −04 04 15.4 17.85 35.177 0.697(2) 0.2(2) RR
LRa02a2_22747 c 06 50 22.6 −04 33 53.3 15.38 35.497 0.918(1) 0.05(2) EA LRa02a2_22772

LRa02a2_22772 c 06 50 22.9 −04 33 50.8 15.37 35.496 0.918(1) 0.04(2) EA CoRoT 110745836,

LRa02a2_22747

LRa02a2_22979 06 51 14.3 −03 53 26.2 15.73 48.080 5.04(3) 0.36(6) EA CoRoT 110750519

LRa02a2_23000 c 06 50 38.6 −04 22 38.7 15.12 34.702 0.3641(3) 0.03(2) EW CoRoT 110750397,

LRa02a2_23012

LRa02a2_23012 c 06 50 38.5 −04 22 46.2 15.73 34.882 0.3641(2) 0.13(2) EW LRa02a2_23000

LRa02a2_23212 06 50 40.2 −04 22 40.9 14.94 34.789 0.924(3) 0.02(1) ELL CoRoT 110835326

LRa02a2_24736 cs 06 51 59.4 −03 29 47.4 14.44 38.775 17.244(1) 0.35(1) EA LRa02a2_24784

LRa02a2_24784 cs 06 51 59.7 −03 29 47.5 14.12 38.775 17.244(1) 0.45(1) EA CoRoT 110676884,

LRa02a2_24736

LRa02a2_26032 06 52 09.1 −03 30 59.9 14.94 34.889 0.879(3) 0.018(8) ELL CoRoT 110758472

LRa02a2_26057 06 52 10.4 −03 30 06.4 17.64 39.565 2.553(7) 0.31(9) EA

LRa02a2_26141 s 06 51 54.8 −03 43 20.2 18.20 34.739 0.5657(6) 0.3(2) EA
LRa02a2_26972 06 52 28.1 −03 22 38.4 16.32 35.074 0.5885(7) 0.20(3) DSCT

LRa02a2_27235 06 51 59.4 −03 47 58.8 15.79 94.231 14.4(9) 0.04(2) CEP CoRoT 110676724

LRa02a2_27669 06 52 17.9 −03 36 01.1 15.79 34.738 0.784(2) 0.05(3) ELL CoRoT 110762835

LRa02a2_27720 06 52 29.5 −03 26 52.2 17.25 34.621 0.3648(4) 0.15(7) EW/DSCT

LRa02a2_27851 06 51 23.0 −04 21 56.5 17.33 34.631 0.11388(5) 0.13(7) DSCT

LRa02a2_28413 06 52 06.2 −03 50 46.5 18.03 34.719 0.3796(3) 0.4(2) EW
LRa02a2_28472 06 51 29.1 −04 21 28.0 17.60 35.423 1.278(2) 0.5(1) EA
LRa02a2_28742 06 50 55.3 −04 50 40.1 17.26 38.385 6.31(1) 0.5(1) EA
LRa02a2_28913 06 52 49.4 −03 18 51.9 14.99 35.655 1.1752(9) 0.16(2) EA

LRa02a2_29296 06 52 45.6 −03 24 40.4 13.97 99.078 11.0(2) 0.125(8) ACV CoRoT 110857632

LRa02a2_29509 06 52 08.3 −03 56 48.8 14.15 35.540 3.119(7) 0.074(8) EA CoRoT 110681166

LRa02a2_30010 06 52 52.0 −03 24 42.1 13.24 35.108 2.107(2) 0.342(8) CEP

LRa02a2_30797 06 51 51.1 −04 20 00.6 17.13 76.148 10.7(3) 0.13(6) VAR

LRa02a2_31221 06 52 51.7 −03 33 25.2 15.33 35.078 1.424(7) 0.03(2) ELL CoRoT 110683920

LRa02a2_31497 c 06 52 55.3 −03 32 41.3 14.40 47.390 6.369(1) 0.05(1) EA LRa02a2_31542

LRa02a2_31542 c 06 52 55.6 −03 32 41.3 14.42 47.390 6.369(1) 0.06(1) EA LRa02a2_31497

LRa02a2_32046 s 06 52 02.3 −04 19 45.3 16.99 39.207 10.51(1) 0.4(1) EA
LRa02a2_32081 06 51 42.1 −04 36 31.2 17.48 34.707 0.14857(7) 0.2(1) DSCT
LRa02a2_32327 c 06 52 45.6 −03 46 15.2 17.22 35.333 0.909(2) 0.16(8) EA LRa02a2_32364

LRa02a2_32364 c 06 52 45.8 −03 46 20.1 17.24 35.328 0.909(1) 0.23(7) EA LRa02a2_32327

LRa02a2_32635 s 06 51 58.2 −04 27 01.8 14.21 51.176 35(3) 0.09(2) LP

LRa02a2_33180 06 52 03.7 −04 26 15.5 13.26 35.885 1.425(3) 0.04(1) EA

LRa02a2_33188 06 51 54.9 −04 33 30.3 16.33 35.409 0.971(3) 0.06(3) ELL

LRa02a2_33276 06 53 03.1 −03 38 31.6 16.21 34.786 1.393(3) 0.07(3) EA

LRa02a2_33392 06 53 07.1 −03 36 01.4 17.57 34.798 0.3313(2) 0.6(1) EW
LRa02a2_33543 c 06 52 35.5 −04 03 01.7 14.74 34.756 2.310(4) 0.06(2) EA CoRoT 110852861,

LRa02a2_33564

LRa02a2_33564 c 06 52 35.7 −04 02 59.7 14.73 34.761 2.310(4) 0.06(2) EA LRa02a2_33543

LRa02a2_33777 06 51 55.9 −04 36 58.2 16.16 35.764 2.12(2) 0.06(3) ELL

LRa02a2_33819 06 52 13.7 −04 22 47.4 14.16 34.621 0.12691(7) 0.02(2) DSCT CoRoT 110760751

LRa02a2_33856 06 51 51.2 −04 41 22.8 16.49 35.128 0.7600(8) 0.12(4) EA

LRa02a2_34372 06 52 05.7 −04 33 17.1 17.60 46.365 3.07(2) 0.16(9) EA

LRa02a2_36084 06 53 16.8 −03 47 14.1 14.03 · · · · · · · · · LP

LRa02a2_36237 06 52 20.9 −04 34 00.6 17.10 37.493 2.837(1) 0.7(1) EA
LRa02a2_37194 06 53 36.2 −03 39 05.3 14.97 38.520 7.345(1) 0.18(1) EA

LRa02a2_37362 06 53 28.3 −03 46 37.9 14.31 34.976 1.480(7) 0.05(2) ELL/SP

LRa02a2_37585 s 06 53 35.1 −03 42 31.4 14.43 38.440 4.184(1) 0.06(1) EA

LRa02a2_38197 06 53 51.1 −03 33 41.6 16.03 34.673 0.11787(5) 0.09(3) DSCT

LRa02a2_38328 c 06 53 10.0 −04 08 22.2 16.26 34.844 0.3297(2) 0.13(4) ELL/SP LRa02a2_38363

LRa02a2_38363 c 06 53 10.2 −04 08 27.2 15.74 34.838 0.3297(2) 0.14(3) ELL/SP LRa02a2_38328

LRa02a2_38647 06 52 21.3 −04 50 15.3 17.36 35.333 1.592(3) 0.4(2) EA
LRa02a2_40108 s 06 54 19.2 −03 24 22.5 16.62 35.251 1.537(2) 0.36(4) EA

LRa02a2_40411 06 54 03.0 −03 39 49.1 16.87 35.508 2.783(7) 0.14(5) EA

LRa02a2_40819 06 53 58.9 −03 46 23.3 17.64 34.614 0.10502(3) 0.20(9) DSCT

LRa02a2_41299 06 53 58.4 −03 50 19.6 13.67 34.833 0.2593(2) 0.020(8) EW

LRa02a2_41729 06 53 06.9 −04 35 07.4 16.30 35.298 0.902(3) 0.08(4) EW

LRa02a2_42124 06 52 52.5 −04 49 29.6 15.63 34.694 0.1665(2) 0.08(2) DSCT CoRoT 110684342

LRa02a2_42551 c 06 54 32.2 −03 31 10.0 15.76 35.226 0.8121(5) 0.16(3) EA LRa02a2_42581

LRa02a2_42581 c 06 54 32.4 −03 31 07.4 15.71 35.222 0.8122(5) 0.17(3) EA LRa02a2_42551

LRa02a2_42662 06 53 24.5 −04 27 13.9 17.86 34.653 0.2809(2) 0.5(2) EW
LRa02a2_42943 06 54 17.2 −03 46 14.9 16.92 34.609 0.3610(2) 0.26(6) EW

LRa02a2_43814 06 53 30.2 −04 31 02.2 15.75 34.615 0.4079(2) 0.26(3) EW

LRa02a2_43959 06 54 09.5 −04 00 04.2 14.63 · · · · · · · · · LP

LRa02a2_44056 s 06 53 08.1 −04 50 46.2 15.33 35.691 1.470(3) 0.11(3) EA CoRoT 110768997

LRa02b2_00490 06 48 01.8 −05 14 25.9 16.97 34.599 0.15077(8) 0.09(5) DSCT

LRa02b2_00896 06 48 13.3 −05 07 04.1 18.44 34.795 0.2618(2) 0.4(2) DSCT/EW
LRa02b2_01881 06 48 40.1 −04 49 11.7 15.15 · · · · · · · · · LP

LRa02b2_02629 06 47 57.3 −05 27 17.4 13.45 · · · · · · · · · LP

LRa02b2_03217 06 48 04.9 −05 23 32.9 15.36 74.610 5.858(1) 0.2(1) EA
LRa02b2_03502 06 48 10.7 −05 20 00.0 14.76 35.862 3.63(3) 0.06(4) ELL

LRa02b2_03535 06 48 23.9 −05 09 23.6 15.61 34.629 0.845(3) 0.03(2) ELL

LRa02b2_03959 06 47 30.4 −05 54 44.7 15.52 39.914 3.41(5) 0.05(2) EB

LRa02b2_04183 s 06 47 32.8 −05 53 43.3 16.68 74.740 23.945(1) 0.5(1) EA
LRa02b2_04779 06 48 01.9 −05 32 22.0 12.68 34.920 0.576(1) 0.03(1) DSCT

LRa02b2_05187 06 48 53.0 −04 52 18.2 16.05 38.709 2.38(2) 0.06(3) ELL/SP

LRa02b2_05477 06 47 41.5 −05 51 56.3 16.33 35.602 1.054(2) 0.10(4) EA

LRa02b2_05842 s 06 48 52.6 −04 55 25.0 13.65 · · · · · · · · · VAR

LRa02b2_06804 06 48 38.4 −05 10 54.8 14.13 · · · · · · · · · LP

LRa02b2_07294 06 49 23.9 −04 35 51.9 16.46 34.805 0.681(3) 0.08(4) DSCT

LRa02b2_07981 06 48 36.1 −05 17 39.5 17.66 34.760 0.3738(4) 0.16(9) DSCT/EW

LRa02b2_08620 s 06 49 19.3 −04 45 11.4 18.76 34.597 0.343538(1) · · · EW

LRa02b2_09107 06 48 50.0 −05 11 04.4 17.00 34.744 0.3677(3) 0.13(6) EW

LRa02b2_09439 06 48 09.1 −05 45 51.0 15.48 35.732 1.788(8) 0.03(2) SP
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LRa02b2_09872 06 48 44.4 −05 18 46.2 16.86 34.838 0.2867(3) 0.09(5) DSCT

LRa02b2_10008 06 48 11.3 −05 46 33.4 12.71 · · · · · · · · · LP

LRa02b2_10224 06 48 49.3 −05 16 18.7 17.66 34.859 0.5627(5) 0.4(1) EW

LRa02b2_10728 06 48 59.5 −05 09 48.9 16.51 34.835 1.814(4) 0.21(4) EA

LRa02b2_11268 06 48 06.5 −05 55 19.7 15.67 35.444 1.88(2) 0.03(2) ELL

LRa02b2_11445 06 48 11.3 −05 52 14.7 17.47 34.648 0.5792(5) 0.46(9) EB

LRa02b2_11462 06 48 42.1 −05 27 01.9 14.38 35.093 1.104(2) 0.05(2) EA

LRa02b2_11806 06 49 19.8 −04 57 43.4 14.78 39.457 3.37(2) 0.04(2) CEP

LRa02b2_11813 k 06 48 35.2 −05 34 14.9 12.10 34.598 0.5401(1) 0.50(2) EB ASAS J064835-0534.3

LRa02b2_11844 06 49 23.8 −04 54 37.8 15.02 34.917 0.4198(1) 0.28(2) EB

LRa02b2_11899 s 06 49 09.4 −05 06 42.5 14.79 42.573 17.5(8) 0.03(1) CEP

LRa02b2_13396 06 49 36.6 −04 50 18.8 13.42 · · · · · · · · · LP

LRa02b2_13454 06 49 26.6 −04 58 36.7 17.41 34.804 0.989(3) 0.26(8) EW

LRa02b2_13466 06 48 19.9 −05 53 11.4 15.62 34.715 0.17730(9) 0.03(2) DSCT

LRa02b2_14283 06 48 41.4 −05 38 56.5 15.97 35.478 1.532(4) 0.07(3) EA

LRa02b2_14318 06 49 08.1 −05 17 13.9 15.49 35.448 0.958(2) 0.04(2) ELL

LRa02b2_15535 06 50 09.1 −04 32 20.1 15.69 47.832 3.62(2) 0.08(3) EA CoRoT 300003981

LRa02b2_15777 06 48 36.3 −05 49 06.9 15.57 41.406 7.8(2) 0.05(2) CEP

LRa02b2_16028 06 49 27.8 −05 08 03.1 18.66 34.726 0.2539(2) 0.5(3) EW

LRa02b2_16219 c 06 49 08.3 −05 24 50.9 17.51 34.715 0.178(2) 0.12(9) EW/DSCT LRa02b2_16291

LRa02b2_16291 c 06 49 08.5 −05 24 55.1 17.49 34.730 0.1783(8) 0.12(8) EW/DSCT LRa02b2_16219

LRa02b2_16607 s 06 50 06.5 −04 38 56.6 13.79 35.564 5.0255(1) 0.35(1) EA

LRa02b2_16823 06 48 52.7 −05 40 04.8 14.80 35.895 3.71(5) 0.04(2) ELL/SP

LRa02b2_16862 06 49 24.8 −05 13 57.3 17.57 41.850 4.771(1) 0.6(1) EA

LRa02b2_17083 06 49 19.5 −05 19 11.1 17.80 34.968 1.45283(1) · · · EA

LRa02b2_17251 06 49 57.2 −04 49 06.5 15.43 38.128 11.7(3) 0.07(2) ELL

LRa02b2_17622 06 49 26.5 −05 15 49.8 16.33 34.757 0.759(2) 0.08(4) SP

LRa02b2_17835 s 06 49 11.1 −05 29 14.5 15.77 34.607 0.1985(2) 0.03(3) DSCT

LRa02b2_18245 06 49 42.9 −05 04 59.3 13.88 34.658 0.11989(6) 0.016(8) DSCT

LRa02b2_18699 06 49 59.4 −04 53 16.3 17.47 34.623 1.302(2) 0.5(2) EA

LRa02b2_18781 06 48 54.9 −05 46 25.1 18.06 34.628 0.1718(2) 0.3(2) DSCT

LRa02b2_18827 k 06 49 32.1 −05 16 13.6 13.94 · · · · · · · · · LP CoRoT 110742676

LRa02b2_19139 06 48 58.1 −05 45 13.8 15.25 34.669 1.298(2) 0.06(2) EB

LRa02b2_19818 06 48 48.7 −05 55 46.6 14.43 51.566 35(8) 0.026(8) CEP

LRa02b2_19857 06 49 19.0 −05 31 07.3 16.51 35.794 4.33(9) 0.08(4) VAR

LRa02b2_20460 06 49 51.1 −05 07 25.1 15.33 34.977 0.8460(6) 0.10(2) EA

LRa02b2_21184 06 49 34.8 −05 23 43.2 17.60 35.303 0.806(3) 0.17(8) DSCT

LRa02b2_21186 06 49 15.7 −05 39 20.6 16.35 35.037 0.4708(4) 0.21(6) EW

LRa02b2_21277 06 50 05.9 −04 58 41.5 15.58 35.142 0.717(2) 0.03(2) EW

LRa02b2_21509 06 50 12.3 −04 54 25.6 15.47 36.964 1.27295(1) 0.28(1) EA

LRa02b2_21824 06 50 12.1 −04 55 52.3 15.95 51.755 7.098(1) 0.3(1) EA

LRa02b2_23316 k 06 48 56.3 −06 03 54.6 13.55 48.957 8.66(3) 0.46(4) EA DY Mon

LRa02b2_23816 06 49 22.5 −05 44 36.6 13.50 34.779 2.2999(1) 0.08(1) EA

LRa02b2_24280 06 50 24.6 −04 55 45.3 17.60 39.585 1.7129(1) 0.8(1) EA

LRa02b2_24293 06 49 23.0 −05 46 10.5 16.27 35.060 0.853(3) 0.08(3) RR

LRa02b2_24373 s 06 49 49.9 −05 24 24.7 17.19 34.608 0.12668(6) 0.08(6) DSCT

LRa02b2_24494 s 06 50 01.6 −05 15 19.6 17.32 34.868 1.150(2) 0.12(7) EB

LRa02b2_26532 06 50 11.4 −05 15 45.5 16.59 35.002 0.596(2) 0.09(4) RR

LRa02b2_26557 06 49 45.3 −05 37 13.6 13.36 35.418 2.5459(1) 0.35(1) EA

LRa02b2_26591 06 50 02.8 −05 23 03.9 17.08 34.591 0.14469(8) 0.11(6) DSCT

LRa02b2_27353 06 50 24.3 −05 08 41.2 15.70 34.649 0.39638(6) 0.51(3) EW

LRa02b2_28132 06 50 35.5 −05 02 34.2 16.50 35.423 1.403(4) 0.08(4) CEP

LRa02b2_28179 06 49 35.1 −05 52 04.1 14.88 34.626 0.10260(3) 0.03(2) DSCT

LRa02b2_28230 06 50 35.1 −05 03 15.9 16.15 39.431 2.6279(1) 0.6(1) EA

LRa02b2_28322 06 49 31.9 −05 55 22.3 16.97 35.640 1.807(4) 0.20(7) EA

LRa02b2_28430 k 06 49 30.1 −05 57 16.2 12.28 · · · · · · · · · LP NSVS 12579155

LRa02b2_28475 06 49 27.4 −05 59 38.7 15.62 45.323 28(2) 0.12(3) LP

LRa02b2_28591 06 50 14.7 −05 21 18.2 16.45 35.156 0.892(3) 0.11(6) DSCT

LRa02b2_28638 06 49 50.6 −05 41 09.2 16.26 42.827 6.4(2) 0.06(3) CEP

LRa02b2_28688 06 49 52.7 −05 39 40.8 15.21 34.900 3.35(2) 0.05(2) SP

LRa02b2_28795 c 06 49 48.8 −05 43 13.5 16.28 34.688 0.3880(3) 0.11(4) EA LRa02b2_28796

LRa02b2_28796 c 06 49 48.7 −05 43 18.6 16.82 34.687 0.3880(3) 0.23(5) EA LRa02b2_28795

LRa02b2_29274 06 50 55.3 −04 50 40.0 17.24 82.560 6.308(1) 0.5(1) EA

LRa02b2_29970 06 50 13.3 −05 27 39.0 16.54 35.068 0.9481(9) 0.18(4) EA

LRa02b2_30226 c 06 49 58.4 −05 40 46.3 17.51 34.940 0.3770(2) 0.5(1) EW LRa02b2_30252

LRa02b2_30252 c 06 49 58.5 −05 40 49.7 17.41 34.939 0.3770(2) 0.5(1) EW LRa02b2_30226

LRa02b2_31232 s 06 49 33.5 −06 04 52.4 14.99 35.036 7.9(2) 0.06(2) CEP

LRa02b2_32093 c 06 50 23.8 −05 27 10.1 17.37 34.744 0.3599(2) 0.27(7) EW LRa02b2_32153

LRa02b2_32153 c 06 50 24.1 −05 27 08.6 17.33 34.744 0.3600(2) 0.33(7) EW LRa02b2_32093

LRa02b2_32404 06 50 25.9 −05 26 35.6 16.15 39.979 2.7165(1) 0.35(1) EA

LRa02b2_32696 06 49 49.3 −05 57 36.9 13.60 99.281 14.0(5) 0.021(7) CEP

LRa02b2_33330 s 06 50 55.1 −05 06 19.1 14.83 34.728 9.81022(1) · · · SP

LRa02b2_34475 s 06 49 53.8 −06 01 02.4 17.17 34.808 0.2770(2) 0.13(6) EW/DSCT

LRa02b2_34505 s 06 50 33.8 −05 28 26.9 16.98 45.560 4.474(1) 0.4(1) EA

LRa02b2_34528 06 50 58.3 −05 08 26.1 13.28 · · · · · · · · · LP

LRa02b2_34908 06 49 48.8 −06 06 57.5 18.11 34.648 0.14926(7) 0.4(2) DSCT

LRa02b2_34984 06 50 08.0 −05 51 32.7 18.06 34.678 0.3689(3) 0.4(2) EW

LRa02b2_35262 06 51 15.7 −04 57 19.8 15.13 35.127 0.6518(9) 0.03(2) ELL/SP

LRa02b2_35307 06 51 28.5 −04 46 57.4 15.40 48.788 22(2) 0.03(2) ELL

LRa02b2_35605 s 06 49 56.6 −06 03 26.9 13.96 35.168 9.4(3) 0.02(1) CEP

LRa02b2_36290 06 50 42.3 −05 28 54.4 16.12 34.797 1.123(2) 0.20(6) EA

LRa02b2_36744 06 50 12.7 −05 54 49.8 13.40 34.633 0.08374(3) 0.014(8) DSCT

LRa02b2_37196 s 06 51 22.7 −04 59 23.8 16.12 49.680 6.539(1) 0.13(1) EA

LRa02b2_37922 s 06 50 43.4 −05 34 35.2 16.21 45.133 8.2(2) 0.05(3) ELL

LRa02b2_38440 06 51 51.2 −04 41 22.8 16.47 35.126 0.7601(9) 0.13(4) EA

LRa02b2_38758 06 50 36.8 −05 43 33.5 15.40 102.310 12.3(3) 0.05(2) EB/SP

LRa02b2_38894 06 50 59.9 −05 25 12.9 15.06 42.820 10.31(1) 0.09(1) EA

LRa02b2_39003 06 51 37.9 −04 54 36.4 15.96 34.707 0.3713(2) 0.12(3) EB
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Appendix E Variable Star Catalogs

Table E.1: Variable stars in �eld LRa02 through reanalysis (ontinued).

BEST ID F

α (J2000.0) δ RB T0 [d℄

p [d℄

A
Type Other Names

h m s

◦ ′ ′′
[mag℄ [rHJD℄ [mag℄

LRa02b2_39246 06 50 59.3 −05 27 20.2 16.42 38.936 5.2(2) 0.05(3) ELL

LRa02b2_39842 06 51 19.1 −05 13 40.2 16.40 34.939 1.081(4) 0.07(4) RR

LRa02b2_39902 06 51 38.1 −04 58 20.2 17.38 36.247 3.37757(1) 0.5(1) EA
LRa02b2_40298 06 50 36.5 −05 50 30.5 17.82 34.882 0.3163(2) 0.2(1) EA
LRa02b2_40925 s 06 51 31.2 −05 08 33.2 17.96 78.840 8.363(1) 0.9(1) EA
LRa02b2_41722 06 50 29.4 −06 02 25.8 17.57 34.677 0.2942(2) 0.3(1) EW
LRa02b2_41885 06 50 36.7 −05 57 10.8 13.71 82.439 14(2) 0.014(8) ELL

LRa02b2_42475 06 50 53.6 −05 45 55.0 16.98 34.950 0.3800(2) 0.22(5) EW

LRa02b2_43248 06 51 42.0 −05 09 42.6 12.66 35.107 0.880(2) 0.03(2) ELL/SP

LRa02b2_43415 s 06 50 29.8 −06 09 21.5 15.44 39.098 2.465(7) 0.06(2) EA

LRa02b2_43501 06 51 43.5 −05 09 29.5 17.82 34.627 0.1883(2) 0.3(2) DSCT
LRa02b2_43566 cs 06 51 57.0 −04 58 42.1 15.43 34.742 0.4152(4) 0.04(2) EA LRa02b2_43620

LRa02b2_43620 cs 06 51 57.2 −04 58 40.7 15.32 34.749 0.4151(4) 0.04(2) EA LRa02b2_43566

LRa02b2_43735 06 50 51.6 −05 52 55.0 16.71 34.799 0.2471(2) 0.15(5) EW

LRa02b2_44263 06 51 29.2 −05 24 25.3 17.39 34.608 0.1840(2) 0.12(7) DSCT

LRa02b2_44618 06 52 02.8 −04 58 38.7 17.39 35.434 1.131(2) 0.24(8) EA

LRa02b2_45559 06 52 17.4 −04 50 48.8 18.17 34.770 0.4054(4) 0.4(2) EW
LRa02b2_45714 06 50 46.2 −06 06 18.6 12.41 35.966 2.232(7) 0.13(2) SP

LRa02b2_45820 06 51 27.4 −05 33 00.8 16.66 34.687 0.3715(2) 0.27(4) EW

LRa02b2_46129 c 06 52 21.3 −04 50 15.1 17.28 35.335 0.7961(7) 0.45(8) EA LRa02b2_46220

LRa02b2_46220 c 06 52 21.7 −04 50 17.4 17.65 35.340 0.7961(9) 0.4(1) EA LRa02b2_46129

LRa02b2_46359 06 50 55.3 −06 01 45.8 17.36 35.230 5.29(1) 0.4(1) EA
LRa02b2_46361 06 50 49.7 −06 06 21.8 14.89 34.948 0.4335(4) 0.09(4) ELL/SP

LRa02b2_46392 s 06 51 43.4 −05 22 30.8 17.10 34.633 0.13991(4) 0.06(5) DSCT

LRa02b2_46419 06 50 50.0 −06 06 16.7 14.54 34.745 0.2168(2) 0.03(2) DSCT

LRa02b2_46972 06 51 29.2 −05 36 41.7 15.33 34.882 1.170(4) 0.02(2) SP/ELL

LRa02b2_48246 s 06 52 32.1 −04 50 48.3 15.53 · · · · · · · · · EA

LRa02b2_49690 s 06 51 07.4 −06 06 27.9 14.62 101.044 23.4(9) 0.04(2) VAR

LRa02b2_50400 s 06 52 03.8 −05 23 35.4 16.26 34.645 6.861(1) 0.12(1) EA

LRa02b2_50560 s 06 51 34.7 −05 48 09.7 15.66 · · · · · · · · · EA

LRa02b2_51022 s 06 52 31.7 −05 03 21.6 15.31 35.750 13.5(3) 0.04(2) ELL

LRa02b2_51885 s 06 51 21.2 −06 04 54.3 15.00 99.970 9.9(3) 0.02(2) ELL

LRa02b2_53367 06 51 18.6 −06 13 53.7 14.76 34.890 0.6290(3) 0.19(2) EA

LRa02b2_53725 06 52 34.7 −05 13 10.1 16.20 39.910 2.8325(1) 0.19(1) EA

LRa02b2_53805 06 52 59.2 −04 53 19.1 15.37 34.600 1.083(3) 0.03(2) ELL/SP

LRa02b2_54093 06 53 14.5 −04 42 08.2 14.30 39.090 2.548(1) 0.12(1) EA

LRa02b2_54271 s 06 51 43.4 −05 57 41.1 18.85 34.706 0.1514(2) 0.4(3) EW/DSCT

LRa02b2_54589 06 52 57.7 −04 58 05.8 14.44 34.656 0.4588(5) 0.03(2) EA

LRa02b2_55891 06 52 39.4 −05 19 21.4 12.25 95.983 18.4(8) 0.03(1) ELL

LRa02b2_56746 06 52 24.1 −05 35 55.2 17.63 38.210 4.09(6) 0.2(1) EA
LRa02b2_56904 06 51 43.9 −06 09 27.0 13.45 34.589 0.10280(4) 0.02(1) DSCT

LRa02b2_57256 s 06 53 20.6 −04 51 59.6 15.35 38.176 2.0765(1) 0.08(1) EA

LRa02b2_57394 s 06 52 51.1 −05 16 53.0 16.12 35.006 1.73(2) 0.05(5) ELL/SP

LRa02b2_58068 06 53 09.2 −05 05 03.7 16.19 34.765 0.5321(5) 0.12(3) EW

LRa02b2_58620 06 52 58.6 −05 16 21.5 13.19 75.963 38(3) 0.064(8) CEP

LRa02b2_59323 06 52 24.8 −05 47 27.3 15.77 34.637 0.12730(7) 0.04(3) DSCT

LRa02b2_59446 c 06 51 52.5 −06 14 24.3 14.81 35.003 0.5488(7) 0.03(2) EW LRa02b2_59484

LRa02b2_59484 c 06 51 52.6 −06 14 26.4 14.87 35.010 0.5488(7) 0.03(2) EW LRa02b2_59446

LRa02b2_59633 06 52 58.2 −05 21 31.2 17.15 35.800 0.3817(2) 0.55(9) EB

LRa02b2_60335 k 06 53 34.3 −04 55 30.3 12.41 · · · · · · · · · LP NSVS 12585233

LRa02b2_60381 c 06 53 41.6 −04 49 47.8 17.72 34.598 0.1730(2) 0.2(2) EW/DSCT LRa02b2_60435

LRa02b2_60435 c 06 53 41.6 −04 49 55.5 16.72 34.611 0.17306(9) 0.20(5) EW/DSCT LRa02b2_60381

LRa02b2_60453 c 06 53 24.6 −05 04 02.5 16.94 34.749 0.3951(5) 0.11(5) DSCT LRa02b2_60497

LRa02b2_60497 c 06 53 24.9 −05 03 59.1 17.04 34.766 0.3952(6) 0.08(5) DSCT LRa02b2_60453

LRa02b2_60827 06 52 24.7 −05 54 59.8 15.12 34.895 0.3254(2) 0.03(2) EA

LRa02b2_61566 06 52 02.4 −06 16 47.2 16.04 35.105 0.5500(8) 0.06(3) EW

LRa02b2_62025 06 53 48.3 −04 52 15.2 14.19 34.659 0.08150(3) 0.02(2) DSCT

LRa02b2_62405 06 53 00.8 −05 33 19.8 17.47 34.655 0.14175(7) 0.18(8) DSCT

LRa02b2_62434 06 53 22.4 −05 15 41.5 16.50 41.565 1.2902(1) 0.4(1) EA
LRa02b2_62631 s 06 53 05.8 −05 30 17.1 16.31 34.917 1.83(2) 0.06(3) SP

LRa02b2_62679 06 53 43.0 −04 59 55.9 13.92 35.550 1.060(3) 0.019(8) EB

LRa02b2_62795 06 54 01.2 −04 45 24.3 17.68 34.633 0.12246(5) 0.4(2) DSCT
LRa02b2_63427 06 53 02.8 −05 36 44.4 17.93 35.069 0.811(2) 0.2(1) EW
LRa02b2_63696 06 52 53.4 −05 46 00.4 16.49 70.493 39.2706(1) · · · CEP

LRa02b2_63716 06 52 19.4 −06 13 49.5 12.62 · · · · · · · · · LP

LRa02b2_63848 06 52 33.1 −06 03 22.0 18.90 34.856 0.4155(3) 1.0(4) EW
LRa02b2_64557 06 53 04.2 −05 41 25.6 15.72 34.993 1.73(2) 0.05(3) SP

LRa02b2_65044 06 52 27.3 −06 14 04.6 14.32 34.696 3.65307(1) · · · ELL/SP

LRa02b2_65892 06 53 29.5 −05 27 36.8 16.28 34.642 0.9269(9) 0.15(3) EA

LRa02b2_67207 s 06 53 59.0 −05 10 19.2 16.78 34.695 0.1521(2) 0.07(5) EW/DSCT

LRa02b2_67578 s 06 53 51.0 −05 18 46.2 18.61 34.587 0.13967(7) 0.6(4) DSCT
LRa02b2_67689 06 53 08.6 −05 54 06.0 16.64 35.065 1.1468(1) 0.2(1) EA
LRa02b2_68447 06 53 34.5 −05 36 41.6 14.46 35.481 3.06(2) 0.05(2) ELL/SP

LRa02b2_68479 06 53 34.7 −05 36 37.6 14.38 35.506 3.06(2) 0.05(2) ELL/SP

LRa02b2_70266 06 54 11.6 −05 15 21.8 16.27 34.832 0.3779(2) 0.20(3) EW

LRa02b2_70360 06 53 11.2 −06 05 18.3 16.34 34.755 0.6076(5) 0.16(4) EA

LRa02b2_70715 c 06 54 06.1 −05 22 12.3 18.01 34.791 1.545(4) 0.3(2) EA LRa02b2_70769

LRa02b2_70769 c 06 54 06.3 −05 22 16.7 17.95 34.790 1.544(4) 0.4(2) EA LRa02b2_70715

LRa02b2_71171 06 54 30.6 −05 04 15.1 16.38 35.823 1.4336(1) 0.3(1) EA
LRa02b2_71734 s 06 53 46.5 −05 43 20.7 15.80 51.029 7.4(2) 0.05(2) ELL

LRa02b2_71766 06 53 31.8 −05 55 35.7 15.57 45.881 8.1(2) 0.05(2) ELL

LRa02b2_71833 06 53 30.7 −05 56 43.7 15.18 39.502 2.57(2) 0.04(2) EB

LRa02b2_72028 06 53 52.6 −05 39 49.7 14.33 104.975 16.1(3) 0.06(1) SP

LRa02b2_72229 06 54 28.1 −05 11 31.7 17.08 34.772 0.3202(5) 0.13(6) EW/DSCT

LRa02b2_72506 06 53 41.2 −05 51 30.1 17.65 34.727 0.5563(6) 0.4(2) EB
LRa02b2_72792 s 06 54 07.8 −05 31 16.6 15.87 39.815 8.595(1) 0.1(1) EA
LRa02b2_73086 06 53 24.0 −06 08 41.7 15.28 78.205 8.4(2) 0.09(2) CEP

LRa02b2_73250 06 53 14.7 −06 17 04.7 16.22 34.615 0.4629(6) 0.10(4) DSCT
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E.2 F17

Table E.1: Variable stars in �eld LRa02 through reanalysis (ontinued).

BEST ID F

α (J2000.0) δ RB T0 [d℄

p [d℄

A
Type Other Names

h m s

◦ ′ ′′
[mag℄ [rHJD℄ [mag℄

LRa02b2_74274 06 53 49.7 −05 53 48.5 16.83 34.790 0.2840(2) 0.20(5) EW

LRa02b2_74768 06 53 24.9 −06 16 26.4 17.31 34.962 1.121(2) 0.5(1) EA

LRa02b2_75238 06 54 12.7 −05 39 49.7 15.37 48.996 5.75(9) 0.05(2) SP

LRa02b2_75988 s 06 54 53.0 −05 10 19.1 18.66 35.219 1.146(2) 0.8(3) EA

LRa02b2_76168 06 55 09.0 −04 58 01.3 16.66 34.842 2.38(7) 0.11(4) CEP

Table E.2: Variable stars in �eld LRa02 with revised parameters (see desription on page 180).

BEST ID F

α (J2000.0) δ RB T0 [d℄

p [d℄

A
Type Other Names

h m s

◦ ′ ′′
[mag℄ [rHJD℄ [mag℄

LRa02a2_04976 k 06 47 31.2 −04 32 56.9 15.05 · · · · · · · · · EA lra2a_00269

LRa02a2_07847 k 06 48 31.9 −04 07 57.9 16.45 39.649 1.5015(1) 1.3(1) EA lra2a_00416

LRa02a2_08694 k 06 49 11.9 −03 42 33.8 16.14 34.694 0.31415(5) 0.46(3) EW lra2a_00450

LRa02a2_10471 k 06 50 03.3 −03 15 47.4 16.44 35.159 2.695(1) 0.8(1) EA lra2a_00531

LRa02a2_12019 k 06 48 55.1 −04 23 38.1 15.33 · · · · · · · · · CEP CoRoT 110826631,

lra2a_00601

LRa02a2_24433 ck 06 52 00.5 −03 26 32.8 13.66 98.695 6.785(1) 0.6(1) EA CoRoT 110677259,

lra2a_01126,

LRa02a2_24442

LRa02a2_24442 ck 06 52 00.8 −03 26 25.7 14.32 98.695 6.785(1) 0.26(1) EA lra2a_01127,

LRa02a2_24433

LRa02b2_03306 k 06 47 43.8 −05 41 12.7 12.57 · · · · · · · · · LP lra2b_01648

LRa02b2_05167 k 06 48 45.4 −04 58 26.2 15.69 34.740 0.7749(4) 0.43(4) EA lra2b_01600

LRa02b2_13901 k 06 48 40.7 −05 37 53.6 14.33 35.085 0.52869(9) 0.39(2) EW lra2b_01437

LRa02b2_23935 k 06 49 15.7 −05 50 38.9 14.06 35.241 2.966(8) 0.16(2) EA lra2b_01257

LRa02b2_31945 k 06 50 23.9 −05 26 29.5 15.60 34.697 2.239(4) 0.24(4) EA lra2b_01080

LRa02b2_38262 k 06 50 53.6 −05 27 40.8 12.43 41.500 41(1) 0.18(1) SR lra2b_00968

LRa02b2_48861 k 06 51 23.9 −05 49 23.6 13.58 · · · · · · · · · LP lra2b_00738

LRa02b2_51632 k 06 51 19.7 −06 05 02.2 15.92 35.282 1.388(4) 0.08(5) ELL/SP lra2b_00687

LRa02b2_59423 k 06 52 27.3 −05 45 51.8 13.41 34.730 1.8214(1) 0.62(1) EA lra2b_00469

LRa02b2_66851 k 06 53 19.6 −05 40 49.6 15.29 34.760 0.45935(9) 0.57(3) EW lra2b_00323

E.2 F17

Table E.3: Variable stars in �eld F17 (see desription on page 180).

BEST ID F

α (J2000.0) δ RB T0 [d℄

p [d℄

A
Type Other Names

h m s

◦ ′ ′′
[mag℄ [rHJD℄ [mag℄

F17_00273 14 19 05.6 −53 57 06.4 14.12 54.014 12.0(3) 0.024(8) ROT

F17_00277 14 18 42.1 −54 10 59.8 14.40 47.292 19(2) 0.03(2) ROT

F17_00346 s 14 19 48.1 −53 32 20.4 14.59 · · · · · · · · · LP

F17_00411 s 14 18 47.8 −54 08 33.7 12.77 64.080 13.5(3) 0.03(2) ROT

F17_00448 14 19 52.8 −53 30 18.6 16.66 42.634 0.3055(2) 0.21(7) EW

F17_00521 14 19 47.2 −53 34 10.9 14.39 · · · · · · · · · SR

F17_00592 s 14 19 41.2 −53 38 22.9 13.42 67.176 26(2) 0.030(7) CEP

F17_00606 c 14 20 24.9 −53 12 11.8 13.98 44.059 4.8239(1) 0.13(1) EA

F17_00651 14 20 02.0 −53 26 19.9 17.89 42.686 0.4451(4) 0.8(2) EB

F17_00709 cs 14 20 26.1 −53 12 09.9 14.89 42.563 2.62(2) 0.29(5) EA

F17_00717 14 19 17.3 −53 53 27.2 16.44 42.551 0.09229(4) 0.13(4) DSCT

F17_00894 s 14 18 08.8 −54 34 51.0 14.27 62.361 12.3(3) 0.02(2) ROT

F17_00965 14 17 57.2 −54 42 01.4 14.47 · · · · · · · · · LP

F17_01116 c 14 18 48.9 −54 13 00.8 17.58 53.133 9.8(5) 0.2(2) VAR F17_01153

F17_01117 s 14 18 43.8 −54 16 03.5 14.61 52.338 15.5(7) 0.02(2) ROT

F17_01144 14 18 01.4 −54 40 57.5 14.77 42.961 0.5445(3) 0.07(2) EA

F17_01153 c 14 18 49.2 −54 13 05.8 17.57 52.896 9.8(5) 0.3(2) VAR F17_01116

F17_01210 c 14 18 47.4 −54 14 38.7 16.28 42.831 0.3696(3) 0.13(4) EW F17_01262

F17_01262 c 14 18 48.1 −54 14 35.6 15.74 42.834 0.3696(4) 0.04(3) EW F17_01210

F17_01265 14 18 16.9 −54 32 51.3 12.88 119.905 27(3) 0.05(1) ROT

F17_01433 14 18 08.1 −54 39 06.0 13.37 · · · · · · · · · LP

F17_01443 c 14 20 18.8 −53 21 48.4 14.31 63.761 26(2) 0.10(2) ROT

F17_01490 c 14 19 51.7 −53 38 29.1 17.71 42.505 0.3253(3) 0.3(2) EW/DSCT

F17_01546 14 20 29.5 −53 16 01.7 12.99 51.327 22(2) 0.04(2) ROT

F17_01613 14 19 42.2 −53 44 54.7 13.40 42.861 0.4261(9) 0.02(2) RR

F17_01801 c 14 19 51.7 −53 40 33.0 14.30 44.723 3.6355(1) 0.29(1) EA

F17_01804 14 19 31.3 −53 52 48.9 15.20 · · · · · · · · · LP

F17_01813 14 19 34.2 −53 51 06.3 15.84 42.614 0.38048(9) 0.53(3) EW

F17_01848 14 19 42.1 −53 46 46.4 12.64 · · · · · · · · · LP

F17_01935 14 18 18.9 −54 36 16.6 12.63 · · · · · · · · · LP

F17_01960 14 20 07.7 −53 32 09.1 15.50 44.630 19.55(1) 0.5(1) EA

F17_02004 c 14 18 18.5 −54 36 52.6 16.53 42.494 0.28722(9) 0.38(5) EW

F17_02036 s 14 18 10.0 −54 42 05.9 16.88 42.507 0.15324(9) 0.05(6) DSCT

F17_02052 14 20 35.6 −53 15 51.3 13.92 42.527 0.4566(8) 0.03(2) RR

F17_02104 14 20 12.3 −53 30 12.5 16.90 42.532 0.7518(5) 0.63(8) EA

F17_02108 c 14 19 33.6 −53 53 27.3 14.31 42.775 0.4374(3) 0.09(2) EW

F17_02333 14 20 31.9 −53 19 57.0 13.37 42.932 0.5038(5) 0.050(8) EW

F17_02613 14 19 21.0 −54 04 19.6 13.15 · · · · · · · · · LP

F17_02614 14 19 19.6 −54 05 09.3 17.45 42.498 0.5734(7) 0.2(1) EW
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Table E.3: Variable stars in �eld F17 (ontinued).

BEST ID F

α (J2000.0) δ RB T0 [d℄

p [d℄

A
Type Other Names

h m s

◦ ′ ′′
[mag℄ [rHJD℄ [mag℄

F17_02646 14 18 46.4 −54 24 54.3 12.89 · · · · · · · · · SR

F17_02928 14 19 33.6 −53 59 11.2 14.31 · · · · · · · · · LP

F17_02983 14 19 42.5 −53 54 19.2 12.65 42.599 2.0162(1) 0.11(1) EA

F17_03214 s 14 20 10.5 −53 38 53.9 13.40 · · · · · · · · · LP

F17_03232 s 14 19 49.9 −53 51 21.7 14.57 49.099 10.2(4) 0.03(2) ROT

F17_03286 s 14 19 14.1 −54 13 04.3 14.86 44.103 0.843(3) 0.02(2) RR

F17_03290 c 14 18 22.9 −54 43 08.0 14.91 42.990 0.5038(2) 0.48(3) EA

F17_03306 14 20 53.4 −53 13 34.9 14.63 42.756 0.3813(1) 0.24(2) EW

F17_03340 s 14 20 24.0 −53 31 41.8 13.58 60.601 17.1(4) 0.04(1) VAR

F17_03381 14 19 08.3 −54 17 19.9 17.87 49.065 3.80(9) 0.3(2) CEP
F17_03395 s 14 19 05.9 −54 18 51.7 14.60 · · · · · · · · · SR

F17_03416 c 14 18 23.9 −54 43 33.4 16.61 42.649 0.3729(3) 0.13(5) EW/DSCT F17_03487

F17_03458 k 14 20 12.0 −53 39 53.9 11.61 60.675 3.3266(1) · · · ROT ASAS J142013-5339.9

F17_03487 c 14 18 24.5 −54 43 35.9 17.15 42.646 0.3729(4) 0.12(8) EW/DSCT F17_03416

F17_03675 s 14 18 52.8 −54 28 29.8 13.53 53.172 8.12(6) 0.042(8) ROT

F17_04001 14 20 15.9 −53 41 10.4 12.95 · · · · · · · · · SR

F17_04009 14 20 26.5 −53 34 49.0 14.88 46.773 1.467(2) 0.28(2) EA

F17_04082 14 19 13.8 −54 18 45.0 15.62 42.747 0.4485(2) 0.39(3) EW

F17_04137 14 20 47.6 −53 22 58.5 13.44 · · · · · · · · · SR

F17_04206 14 20 19.0 −53 40 41.5 17.62 42.548 0.4757(6) 0.2(2) EW
F17_04243 14 20 05.4 −53 49 04.6 16.08 42.884 0.4813(4) 0.07(4) EA

F17_04294 14 18 36.5 −54 42 02.7 13.52 44.555 14.5(3) 0.49(4) CEP

F17_04425 14 20 57.6 −53 18 52.3 14.64 · · · · · · · · · LP

F17_04458 s 14 19 54.6 −53 57 13.1 13.64 62.879 34(2) 0.060(8) ROT

F17_04659 14 18 39.3 −54 43 08.3 18.29 42.555 0.2698(2) 1.1(3) EW
F17_04858 14 18 52.5 −54 36 52.9 17.98 42.628 0.3358(2) 0.6(2) EW
F17_05185 s 14 19 58.5 −54 00 17.0 14.98 42.492 0.030991(4) 0.01(2) SXPHE

F17_05238 14 18 49.1 −54 41 40.8 13.71 · · · · · · · · · LP

F17_05265 14 19 23.4 −54 21 40.5 14.75 48.836 2.87(3) 0.04(2) ROT

F17_05282 14 19 31.3 −54 17 15.7 13.40 42.673 0.4022(3) 0.029(4) EW

F17_05350 14 19 10.8 −54 29 52.3 15.03 42.507 0.12115(7) 0.02(2) DSCT

F17_05423 14 19 51.2 −54 06 13.2 14.45 · · · · · · · · · LP

F17_05429 14 18 47.5 −54 43 51.1 12.60 · · · · · · · · · LP

F17_05600 s 14 19 24.9 −54 23 14.6 13.90 46.954 3.7(2) 0.015(7) ROT

F17_05608 14 20 35.9 −53 40 47.2 13.39 · · · · · · · · · LP

F17_05677 c 14 19 39.8 −54 14 53.5 13.67 44.435 12.5(5) 0.04(2) ROT

F17_05696 14 19 24.4 −54 24 08.1 13.10 42.493 0.07347(3) 0.006(7) DSCT

F17_05740 14 18 56.0 −54 41 07.8 15.11 44.586 0.7909(3) 0.48(2) EB

F17_05786 s 14 19 32.2 −54 20 07.6 13.35 46.681 5.8(2) 0.021(6) ROT

F17_05999 14 18 52.4 −54 44 58.9 16.03 47.351 5.51(2) 0.72(6) EA

F17_06088 s 14 20 41.5 −53 40 34.1 13.98 · · · · · · · · · LP

F17_06287 s 14 19 40.0 −54 18 50.8 13.17 · · · · · · · · · LP

F17_06360 14 20 11.6 −54 00 28.2 15.58 42.818 0.8598(4) 0.45(3) EA

F17_06423 c 14 19 08.6 −54 38 21.5 14.93 42.587 0.796(3) 0.02(2) DSCT F17_06491

F17_06491 c 14 19 09.2 −54 38 21.6 14.94 42.691 0.796(2) 0.03(2) DSCT F17_06423

F17_06502 14 20 48.2 −53 39 12.3 16.25 42.588 0.1863(2) 0.09(4) DSCT

F17_06560 s 14 19 23.6 −54 30 18.3 12.92 · · · · · · · · · LP

F17_06571 14 21 16.5 −53 22 21.4 14.39 · · · · · · · · · LP

F17_06654 14 19 36.9 −54 23 04.6 15.21 42.795 0.4443(5) 0.02(2) EW

F17_06662 14 20 43.9 −53 42 56.4 14.64 42.623 0.4114(4) 0.03(2) EW

F17_06674 14 20 23.2 −53 55 31.3 12.34 · · · · · · · · · LP

F17_06731 14 20 25.6 −53 54 31.3 12.82 · · · · · · · · · LP

F17_06794 s 14 20 04.0 −54 07 50.6 16.02 · · · · · · · · · LP

F17_06858 14 20 48.8 −53 41 13.3 15.58 44.763 2.723(6) 0.29(4) EA

F17_06893 14 19 47.9 −54 18 06.1 14.08 · · · · · · · · · LP

F17_06935 s 14 19 57.0 −54 13 01.9 14.03 75.636 16.1(8) 0.05(1) ROT

F17_06998 cs 14 20 19.1 −54 00 10.4 16.86 48.247 9.6(3) 0.17(7) ROT F17_07049

F17_07042 c 14 21 02.7 −53 33 59.2 15.19 42.681 0.423(1) 0.02(2) DSCT F17_07122

F17_07049 cs 14 20 19.4 −54 00 13.0 16.93 48.305 9.6(2) 0.17(7) ROT F17_06998

F17_07053 s 14 19 26.8 −54 31 41.7 17.33 42.931 0.613(1) 0.11(9) EB

F17_07082 14 19 33.8 −54 27 39.3 13.99 51.312 17.5(7) 0.035(8) ROT

F17_07090 s 14 21 21.2 −53 22 57.6 16.21 55.850 2.5373(1) 0.2(1) EA
F17_07122 c 14 21 03.3 −53 34 02.7 15.37 42.724 0.4229(8) 0.05(3) DSCT F17_07042

F17_07270 c 14 21 04.7 −53 34 25.8 16.06 153.311 23(2) 0.11(3) ROT

F17_07295 14 21 22.8 −53 23 31.9 12.93 42.815 18.0(7) 0.05(1) ROT

F17_07331 14 21 15.6 −53 28 07.7 15.08 · · · · · · · · · LP

F17_07411 14 19 50.6 −54 20 08.0 13.47 · · · · · · · · · LP

F17_07452 14 21 36.2 −53 16 19.1 13.55 · · · · · · · · · LP

F17_07538 14 20 36.6 −53 53 21.9 14.57 · · · · · · · · · LP

F17_07553 14 20 37.9 −53 52 43.4 17.50 42.536 0.3696(4) 0.2(2) EW/DSCT

F17_07589 14 19 21.2 −54 38 40.3 15.43 46.585 1.374(2) 0.69(3) CEP

F17_07664 14 20 36.6 −53 54 10.0 14.04 42.838 0.839(4) 0.02(1) RR

F17_07698 14 20 28.8 −53 59 06.5 13.05 149.451 55(3) 0.23(2) VAR

F17_07729 14 19 14.3 −54 43 42.3 12.79 · · · · · · · · · LP

F17_07741 cs 14 20 34.1 −53 56 13.4 14.66 42.528 0.05080(2) 0.01(2) DSCT F17_07786

F17_07786 cs 14 20 34.5 −53 56 09.6 14.72 42.528 0.05080(2) 0.01(2) DSCT F17_07741

F17_07829 s 14 21 20.9 −53 28 17.2 14.94 · · · · · · · · · LP

F17_07888 14 21 31.8 −53 21 53.0 12.40 · · · · · · · · · LP

F17_07973 14 21 16.2 −53 32 12.8 14.28 · · · · · · · · · LP

F17_08103 14 21 11.9 −53 35 47.5 14.77 42.837 1.147(4) 0.06(2) EB

F17_08132 14 21 36.6 −53 20 49.8 15.97 42.562 0.2290(3) 0.05(5) DSCT

F17_08136 14 21 17.9 −53 32 16.2 16.44 42.756 0.3443(2) 0.37(5) EW

F17_08318 14 20 28.4 −54 03 30.4 13.61 · · · · · · · · · LP

F17_08408 14 20 08.8 −54 15 52.5 14.19 53.277 21.6(5) 0.108(8) ROT

F17_08559 14 20 14.3 −54 13 34.4 16.79 44.136 1.099(2) 0.31(6) EA

F17_08626 c 14 19 27.9 −54 41 34.8 11.75 · · · · · · · · · LP F17_08686

F17_08668 14 19 35.4 −54 37 24.0 13.35 · · · · · · · · · LP

F17_08686 c 14 19 28.3 −54 41 41.7 12.16 · · · · · · · · · LP F17_08626
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Table E.3: Variable stars in �eld F17 (ontinued).

BEST ID F

α (J2000.0) δ RB T0 [d℄

p [d℄

A
Type Other Names

h m s

◦ ′ ′′
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F17_08708 c 14 21 44.0 −53 19 55.3 14.79 · · · · · · · · · LP

F17_08727 s 14 21 15.7 −53 37 28.8 14.92 42.674 0.4404(9) 0.02(2) RR

F17_08837 14 19 57.8 −54 25 13.5 14.10 · · · · · · · · · LP

F17_08982 c 14 20 11.0 −54 18 21.1 12.67 42.505 0.07023(3) 0.009(7) DSCT

F17_09074 14 20 13.5 −54 17 25.6 12.19 · · · · · · · · · LP

F17_09094 14 19 54.1 −54 29 02.0 15.73 42.671 10.5(3) 0.10(3) ROT

F17_09183 14 21 44.1 −53 23 01.3 14.17 42.814 0.4663(2) 0.12(2) EW

F17_09194 14 21 50.2 −53 19 18.3 14.90 · · · · · · · · · LP

F17_09205 s 14 20 28.3 −54 09 24.5 12.18 · · · · · · · · · EB

F17_09217 14 21 07.3 −53 45 51.6 14.58 · · · · · · · · · LP

F17_09272 14 20 35.3 −54 05 37.8 13.68 44.426 23.8(5) 0.088(8) EB

F17_09279 14 19 29.4 −54 45 01.3 16.64 42.627 0.3500(3) 0.20(6) EW

F17_09386 c 14 21 11.6 −53 44 32.1 13.17 42.587 0.7047(3) 0.35(2) EB

F17_09418 14 21 13.4 −53 43 40.2 18.31 42.636 0.3949(4) 0.4(3) EW

F17_09506 14 20 07.1 −54 24 18.1 13.39 42.693 0.2529(2) 0.019(8) EW/DSCT

F17_09524 14 20 28.7 −54 11 24.2 12.83 · · · · · · · · · SR

F17_09602 14 21 21.7 −53 39 50.1 16.00 42.621 0.763(2) 0.14(7) EW

F17_09622 14 20 56.5 −53 55 23.4 12.13 · · · · · · · · · LP

F17_09624 c 14 20 29.6 −54 11 39.7 14.07 47.205 3.69(7) 0.04(2) ROT F17_09661

F17_09625 14 20 14.7 −54 20 34.6 11.94 · · · · · · · · · LP

F17_09661 c 14 20 30.0 −54 11 34.6 13.75 47.353 3.66(5) 0.04(1) ROT F17_09624

F17_09664 14 20 12.2 −54 22 14.9 17.02 42.906 0.649(1) 0.17(7) EW

F17_09750 14 19 54.1 −54 33 33.3 16.02 42.527 0.05904(2) 0.05(3) DSCT

F17_09751 s 14 19 37.6 −54 43 18.1 16.82 42.551 0.14929(7) 0.05(6) DSCT

F17_09753 c 14 19 34.5 −54 45 07.2 15.12 · · · · · · · · · LP

F17_09775 14 21 48.8 −53 24 06.5 12.91 103.997 15.2(5) 0.03(1) CEP

F17_09946 c 14 20 11.4 −54 24 43.1 15.46 42.681 0.3078(3) 0.06(3) EW F17_10010

F17_09960 14 20 24.5 −54 16 48.1 17.14 42.875 0.4156(5) 0.13(7) EW/DSCT

F17_09966 c 14 21 29.4 −53 37 29.4 16.55 42.641 0.2906(2) 0.24(5) EW F17_10007

F17_10007 c 14 21 29.7 −53 37 32.6 16.51 42.641 0.2906(2) 0.28(5) EW F17_09966

F17_10010 c 14 20 12.0 −54 24 44.2 15.07 42.685 0.3078(2) 0.06(2) EW F17_09946

F17_10150 14 22 05.8 −53 16 16.2 12.87 44.183 22(2) 0.07(2) ROT

F17_10179 14 20 41.1 −54 08 26.2 17.74 42.707 0.4526(5) 0.2(2) EW/DSCT

F17_10212 14 20 49.6 −54 03 25.9 15.24 142.416 17(2) 0.05(2) CEP

F17_10230 s 14 19 56.7 −54 35 18.9 14.51 · · · · · · · · · LP

F17_10234 cs 14 21 47.3 −53 28 18.5 16.66 42.556 0.647(2) 0.06(5) EW/DSCT F17_10254

F17_10254 cs 14 21 47.5 −53 28 15.3 16.81 42.557 0.647(2) 0.07(6) EW/DSCT F17_10234

F17_10421 14 21 15.2 −53 49 25.1 14.64 46.884 1.616(2) 0.41(2) EA

F17_10529 s 14 20 22.4 −54 22 04.4 13.06 · · · · · · · · · LP

F17_10593 s 14 20 29.5 −54 18 23.0 16.22 · · · · · · · · · LP

F17_10765 14 19 48.0 −54 44 14.7 14.50 · · · · · · · · · LP

F17_10844 c 14 21 49.4 −53 31 21.0 11.52 42.600 2.2743 0.048 EA

F17_10863 14 21 50.7 −53 30 41.2 14.96 118.122 25(2) 0.06(2) ROT

F17_10918 14 20 19.1 −54 26 45.8 17.07 42.572 0.3249(3) 0.12(7) EW/DSCT

F17_10945 c 14 19 52.5 −54 42 44.6 15.63 42.819 0.5845(3) 0.40(3) EW

F17_10957 14 20 23.9 −54 24 10.1 18.08 42.591 0.2785(2) 0.8(3) EW

F17_11288 14 21 15.0 −53 55 24.6 17.33 42.729 0.3252(3) 0.25(8) EW

F17_11416 c 14 20 09.8 −54 35 36.0 15.37 42.747 0.4043(3) 0.10(3) EW F17_11417

F17_11417 c 14 20 09.7 −54 35 38.6 16.02 42.748 0.4043(2) 0.20(4) EW F17_11416

F17_11612 14 20 57.7 −54 08 00.6 16.25 42.715 1.664(2) 0.57(5) EA

F17_11632 s 14 20 49.7 −54 12 55.6 18.29 42.616 0.4074(5) 0.2(2) EW/DSCT

F17_11814 s 14 21 42.2 −53 42 08.6 13.78 42.536 0.05614(2) 0.013(7) DSCT

F17_11947 14 22 25.2 −53 16 22.0 16.69 42.720 0.5089(7) 0.09(5) EW

F17_12085 14 20 57.0 −54 11 37.1 15.50 · · · · · · · · · LP

F17_12090 14 20 36.2 −54 24 08.9 16.09 · · · · · · · · · LP

F17_12218 14 20 25.6 −54 31 26.9 16.07 44.567 0.7594(6) 0.25(3) EW

F17_12234 14 20 54.3 −54 14 14.8 17.74 42.625 0.4115(6) 0.2(2) EW/DSCT

F17_12247 s 14 22 14.5 −53 25 03.5 18.10 42.981 0.5065(7) 0.2(2) EW

F17_12396 14 20 35.4 −54 26 36.5 15.60 · · · · · · · · · LP

F17_12419 s 14 20 00.4 −54 47 30.2 13.69 · · · · · · · · · LP

F17_12548 14 22 33.4 −53 15 08.0 15.70 42.816 0.6002(8) 0.08(3) EW

F17_12564 14 22 09.4 −53 30 15.5 13.76 · · · · · · · · · LP

F17_12690 14 22 32.2 −53 16 50.8 13.18 · · · · · · · · · LP

F17_12734 c 14 21 20.3 −54 01 37.7 15.70 42.922 0.5614(3) 0.29(3) EW

F17_13119 14 22 33.0 −53 19 22.1 17.27 42.633 0.1532(2) 0.12(9) DSCT

F17_13201 14 21 24.6 −54 02 22.6 15.41 · · · · · · · · · LP

F17_13303 14 20 44.5 −54 27 20.6 17.77 44.490 1.0935(1) 0.5(1) EA

F17_13447 14 20 20.3 −54 42 44.0 14.77 42.735 0.5612(2) 0.26(2) EW

F17_13626 c 14 20 59.9 −54 20 05.1 15.08 42.959 0.5737(8) 0.07(3) EB F17_13644

F17_13644 c 14 20 59.9 −54 20 11.8 14.67 42.955 0.5737(4) 0.10(1) EB F17_13626

F17_13656 14 22 02.8 −53 41 45.0 12.15 · · · · · · · · · LP

F17_13675 s 14 21 32.3 −54 00 41.5 18.48 42.563 0.09026(4) 0.2(3) DSCT

F17_13692 14 20 36.4 −54 34 42.1 15.45 42.522 0.09461(5) 0.03(2) DSCT

F17_13818 14 21 38.8 −53 57 38.2 13.02 · · · · · · · · · SR

F17_13950 14 21 36.5 −53 59 53.3 17.11 42.743 0.4072(4) 0.20(7) EW

F17_13977 14 21 20.2 −54 09 56.3 18.64 42.550 0.6711(1) 1.4(1) EA

F17_14061 c 14 22 49.1 −53 15 10.6 12.94 · · · · · · · · · LP

F17_14141 14 22 18.2 −53 35 01.9 17.57 42.737 0.3058(2) 0.2(1) EW/DSCT

F17_14321 s 14 20 24.0 −54 45 55.8 13.55 51.072 10.3(2) 0.031(8) ROT

F17_14352 14 21 41.8 −53 59 02.1 13.42 · · · · · · · · · LP

F17_14373 14 20 59.7 −54 24 47.1 14.80 42.692 0.5266(2) 0.37(2) EA

F17_14585 s 14 21 45.2 −53 58 22.3 13.11 51.187 9.9(4) 0.020(7) ROT

F17_14619 s 14 22 38.6 −53 25 26.7 13.64 53.388 13.0(7) 0.03(1) ROT

F17_14642 14 21 34.0 −54 05 43.4 17.82 42.761 0.3306(5) 0.1(2) EW/DSCT

F17_14714 14 22 00.1 −53 50 08.1 15.95 42.531 0.4853(6) 0.06(4) EW

F17_14958 14 21 41.3 −54 03 21.7 16.65 46.546 1.474(4) 0.13(5) EA

F17_15138 14 21 07.6 −54 25 03.0 16.55 42.538 0.08817(4) 0.10(5) DSCT

F17_15184 c 14 20 34.9 −54 45 06.8 17.10 42.633 0.3457(2) 0.27(8) EW
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F17_15203 c 14 21 20.0 −54 18 09.1 15.11 61.117 27(3) 0.05(2) ROT

F17_15278 c 14 22 40.8 −53 28 39.6 16.44 42.580 0.4074(2) 0.54(6) RR F17_15316, F17_15395

F17_15285 c 14 21 20.7 −54 18 10.1 15.03 62.106 26(3) 0.05(2) ROT

F17_15316 c 14 22 41.3 −53 28 33.4 16.71 42.580 0.4074(3) 0.36(6) RR F17_15278, F17_15395,

F17_15455

F17_15395 c 14 22 41.8 −53 28 42.0 15.63 42.580 0.40738(9) 0.87(4) RR F17_15278, F17_15316,

F17_15455

F17_15455 c 14 22 42.5 −53 28 40.3 15.89 42.581 0.4074(2) 0.64(4) RR F17_15316, F17_15395

F17_15528 14 21 06.6 −54 28 17.9 15.77 51.457 23(2) 0.10(3) CEP

F17_15651 14 22 04.8 −53 53 32.4 13.44 · · · · · · · · · LP

F17_15719 14 23 01.3 −53 18 36.7 17.88 42.596 0.3605(2) 0.6(2) EW
F17_15775 14 21 17.7 −54 23 14.5 13.78 54.651 20(1) 0.05(2) ROT

F17_16055 s 14 20 58.5 −54 36 41.3 12.27 56.938 42(4) 0.056(8) VAR

F17_16062 cs 14 20 42.3 −54 46 25.3 17.82 42.576 0.13849(7) 0.3(2) DSCT F17_16121

F17_16118 14 20 52.2 −54 40 50.4 17.21 44.763 0.829(2) 0.25(9) EA

F17_16121 cs 14 20 43.0 −54 46 21.8 17.72 42.554 0.13848(7) 0.2(2) DSCT F17_16062

F17_16253 14 22 08.8 −53 55 04.1 16.06 46.335 4.40(7) 0.08(4) CEP

F17_16316 14 21 55.1 −54 03 58.6 11.13 · · · · · · · · · LP

F17_16496 s 14 22 53.0 −53 29 11.3 11.56 48.290 10.4(3) 0.026(6) CEP

F17_16551 14 21 51.1 −54 08 08.0 14.17 · · · · · · · · · LP

F17_16630 s 14 22 52.2 −53 30 38.5 12.43 · · · · · · · · · LP

F17_16823 s 14 22 10.0 −53 58 08.4 14.47 53.280 14(5) 0.03(2) ROT

F17_16849 14 21 16.2 −54 31 26.8 14.19 57.094 15(2) 0.020(7) ROT

F17_17020 c 14 22 44.4 −53 38 08.0 15.79 46.640 10.036(1) 0.47(1) EA F17_17034

F17_17034 c 14 22 44.3 −53 38 13.8 16.04 46.640 10.036(1) 0.38(1) EA F17_17020

F17_17051 s 14 21 25.2 −54 27 18.5 12.02 · · · · · · · · · LP

F17_17118 s 14 22 34.9 −53 44 42.0 12.52 42.509 0.07137(3) 0.01(2) DSCT

F17_17138 14 21 23.3 −54 28 57.8 16.46 · · · · · · · · · LP

F17_17177 14 22 25.5 −53 51 01.0 13.35 57.946 16.9(6) 0.05(2) ROT

F17_17195 s 14 21 35.1 −54 22 10.2 14.88 44.468 0.717(2) 0.01(2) DSCT

F17_17260 14 22 24.3 −53 52 22.7 16.85 42.934 0.5848(6) 0.17(6) EA

F17_17281 14 21 08.0 −54 39 14.2 15.90 42.625 0.4142(5) 0.04(3) EB

F17_17451 14 21 10.9 −54 38 34.8 15.94 42.976 0.7139(5) 0.26(3) EA

F17_17457 14 23 13.7 −53 22 32.3 13.90 · · · · · · · · · LP

F17_17659 c 14 21 46.5 −54 18 21.0 14.51 · · · · · · · · · LP F17_17697

F17_17697 c 14 21 46.8 −54 18 19.7 14.51 · · · · · · · · · LP F17_17659

F17_17699 14 21 31.7 −54 27 33.9 16.72 44.850 1.651(4) 0.16(6) EA

F17_17840 s 14 22 36.9 −53 48 18.0 14.54 · · · · · · · · · LP

F17_17847 s 14 21 17.9 −54 36 58.6 15.39 · · · · · · · · · LP

F17_17857 s 14 22 46.9 −53 42 09.7 14.99 42.532 0.09893(5) 0.02(2) DSCT

F17_17937 14 21 19.4 −54 36 38.4 13.91 · · · · · · · · · LP

F17_18152 s 14 21 26.1 −54 34 00.8 14.26 53.334 12.2(4) 0.04(2) ROT

F17_18287 s 14 21 16.3 −54 40 49.4 13.76 98.241 29(2) 0.05(2) ROT

F17_18348 14 22 45.5 −53 46 26.1 12.08 · · · · · · · · · LP

F17_18573 s 14 22 32.8 −53 55 59.2 17.14 42.721 0.718(3) 0.09(7) RR

F17_18806 14 22 12.5 −54 10 08.6 16.32 42.824 0.726(3) 0.07(4) DSCT

F17_18946 s 14 21 11.9 −54 47 57.9 16.30 42.677 0.4917(9) 0.09(4) RR

F17_18991 14 22 18.2 −54 07 51.2 14.17 42.575 0.7848(3) 0.347(8) EW

F17_19008 s 14 22 02.9 −54 17 22.1 14.59 46.003 22(3) 0.04(2) CEP

F17_19012 14 21 26.2 −54 39 45.2 12.56 · · · · · · · · · SR

F17_19063 s 14 22 50.1 −53 48 18.9 12.71 48.941 15(3) 0.032(8) ROT

F17_19103 14 23 02.8 −53 40 36.0 14.40 42.649 0.835(3) 0.02(1) RR

F17_19137 14 21 45.0 −54 29 04.1 12.11 · · · · · · · · · SR

F17_19206 cs 14 22 04.6 −54 17 37.8 14.56 42.519 0.034874(5) 0.01(1) DSCT

F17_19298 14 23 41.8 −53 17 05.4 13.65 · · · · · · · · · LP

F17_19450 14 21 21.0 −54 45 40.6 13.42 · · · · · · · · · LP

F17_19455 14 22 56.0 −53 47 19.0 15.28 47.052 11.2(4) 0.09(2) ROT

F17_19461 14 21 24.0 −54 44 00.8 15.19 44.655 0.774(3) 0.04(3) DSCT

F17_19549 s 14 22 45.0 −53 54 48.7 15.36 · · · · · · · · · LP

F17_19624 s 14 23 04.8 −53 42 54.9 13.39 · · · · · · · · · LP

F17_19626 s 14 22 32.9 −54 02 49.4 17.97 42.640 0.2617(2) 0.2(2) EW
F17_19682 14 23 46.0 −53 17 06.4 14.28 75.316 25(2) 0.07(2) ROT

F17_19788 s 14 22 11.1 −54 17 19.5 13.24 49.266 13.2(5) 0.044(8) EB

F17_19792 s 14 21 57.6 −54 25 40.7 14.54 42.565 0.446(1) 0.01(1) RR

F17_19872 14 23 34.4 −53 25 41.3 16.85 42.946 0.6697(6) 0.31(6) EB

F17_19874 s 14 23 23.3 −53 32 43.5 17.22 42.743 0.694(3) 0.14(8) EW

F17_19958 14 23 23.8 −53 33 03.0 16.84 42.921 0.6545(8) 0.12(6) EW

F17_19966 14 21 25.8 −54 46 11.6 16.74 42.929 0.560(1) 0.09(5) RR

F17_19990 s 14 21 21.6 −54 48 45.0 14.24 46.989 10.1(4) 0.03(2) ROT

F17_20016 14 21 45.0 −54 34 52.7 14.10 · · · · · · · · · LP

F17_20105 14 22 41.5 −54 00 35.3 14.45 42.869 8.6(2) 0.034(8) ROT

F17_20210 s 14 23 19.8 −53 37 16.6 15.22 · · · · · · · · · LP

F17_20367 14 21 56.4 −54 30 16.6 14.83 51.825 6.3(1) 0.03(2) ROT

F17_20503 c 14 22 00.7 −54 28 36.5 15.76 42.686 0.3410(2) 0.10(3) EW F17_20554

F17_20512 14 23 18.1 −53 40 31.5 13.91 · · · · · · · · · LP

F17_20520 14 22 06.4 −54 25 14.8 15.25 53.167 19.9(9) 0.09(2) ROT

F17_20524 14 21 39.2 −54 41 52.7 17.01 44.482 1.054(2) 0.21(7) EA

F17_20554 c 14 22 01.2 −54 28 38.7 15.78 42.685 0.3410(3) 0.08(3) EW F17_20503

F17_20555 14 21 57.8 −54 30 50.4 14.87 42.590 24.705(1) 0.22(1) EA

F17_20694 14 22 21.0 −54 17 28.5 17.74 44.839 1.278(4) 0.2(2) EA
F17_20768 14 23 27.3 −53 36 32.6 17.10 42.927 0.743(3) 0.14(8) RR

F17_20903 14 22 21.3 −54 18 53.4 14.01 47.079 1.674(4) 0.04(2) EA

F17_21074 14 22 51.3 −54 01 19.5 13.61 44.391 1.038(3) 0.028(6) EB

F17_21195 s 14 21 38.4 −54 46 48.3 15.12 47.012 30(2) 0.10(2) CEP

F17_21316 14 23 16.9 −53 46 41.5 17.25 42.799 0.4176(4) 0.24(8) EW

F17_21422 14 22 09.6 −54 29 13.1 14.07 42.982 0.771(3) 0.020(8) RR

F17_21455 14 24 06.0 −53 16 07.1 16.74 42.669 0.2757(3) 0.10(6) EW/DSCT

F17_21518 14 22 15.1 −54 26 25.9 16.65 42.939 0.4596(3) 0.33(5) EB
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E.2 F17

Table E.3: Variable stars in �eld F17 (ontinued).

BEST ID F

α (J2000.0) δ RB T0 [d℄

p [d℄

A
Type Other Names

h m s

◦ ′ ′′
[mag℄ [rHJD℄ [mag℄

F17_21539 14 22 57.3 −54 00 23.4 18.15 42.727 2.2065(1) 0.6(1) EA

F17_21583 s 14 22 39.1 −54 12 05.7 14.80 · · · · · · · · · LP

F17_21674 14 22 56.2 −54 02 05.3 13.65 42.607 0.751(2) 0.021(7) EW

F17_21715 14 24 01.7 −53 20 42.6 13.01 42.892 0.4431(3) 0.014(6) EA

F17_21771 s 14 21 41.1 −54 48 53.0 15.84 42.502 0.14852(8) 0.02(3) DSCT

F17_21787 14 22 20.3 −54 25 00.8 12.45 · · · · · · · · · LP

F17_21789 14 22 15.9 −54 27 42.0 13.92 · · · · · · · · · SR

F17_21798 c 14 23 30.0 −53 41 31.3 16.08 42.728 0.3513(3) 0.04(3) EW

F17_21799 c 14 23 29.8 −53 41 36.7 16.28 42.723 0.4263(4) 0.07(4) EA

F17_21849 s 14 22 43.0 −54 11 21.9 16.22 42.658 0.4092(4) 0.03(3) EW

F17_21948 14 23 29.3 −53 42 49.6 13.94 42.734 0.6669(2) 0.258(8) RR

F17_22003 14 23 09.8 −53 55 33.8 13.79 · · · · · · · · · LP

F17_22148 14 22 55.1 −54 05 45.1 14.42 · · · · · · · · · LP

F17_22358 c 14 23 23.9 −53 49 03.1 15.35 46.059 2.39(2) 0.06(2) ROT F17_22388

F17_22388 c 14 23 24.0 −53 49 08.4 15.36 46.043 2.39(2) 0.04(2) ROT F17_22358

F17_22468 14 22 07.9 −54 37 00.1 14.95 · · · · · · · · · LP

F17_22558 14 23 56.4 −53 29 30.2 14.29 42.526 0.825(4) 0.01(1) RR

F17_22581 s 14 22 42.8 −54 16 15.4 14.71 52.310 16(2) 0.03(2) ROT

F17_22673 14 22 03.6 −54 40 55.7 14.74 · · · · · · · · · LP

F17_22760 14 23 25.8 −53 50 33.5 17.61 42.798 0.4531(4) 0.2(2) EA

F17_22889 14 22 18.1 −54 33 35.9 17.32 42.718 0.7087(5) 0.67(9) EA

F17_23038 14 23 14.5 −53 59 22.6 14.64 42.537 0.2235(4) 0.02(2) DSCT

F17_23050 c 14 23 42.4 −53 41 46.3 16.49 42.503 0.32838(9) 0.48(5) EW

F17_23054 s 14 22 26.5 −54 29 22.0 13.76 46.297 22(2) 0.031(8) CEP

F17_23097 14 23 32.6 −53 48 19.7 13.93 · · · · · · · · · LP

F17_23115 14 23 27.1 −53 51 59.2 14.59 44.101 2.50(2) 0.09(2) ROT

F17_23135 14 21 53.5 −54 50 07.1 14.64 · · · · · · · · · LP

F17_23189 s 14 22 59.0 −54 10 09.7 14.02 55.171 9.9(2) 0.03(1) ROT

F17_23499 14 24 06.2 −53 29 34.9 13.94 42.727 0.2992(2) 0.042(7) EW

F17_23868 s 14 22 46.7 −54 22 15.5 17.89 44.430 4.38(5) 0.5(2) EA

F17_24022 14 23 38.7 −53 50 40.6 14.29 44.390 4.91(2) 0.60(4) EA

F17_24064 14 24 16.8 −53 26 32.7 15.42 117.710 26(2) 0.08(3) ROT

F17_24078 14 22 52.8 −54 19 53.5 15.90 54.198 20(3) 0.09(3) ROT

F17_24143 14 24 15.2 −53 28 10.9 12.56 · · · · · · · · · SR

F17_24151 s 14 23 06.4 −54 11 53.3 15.20 42.522 0.07388(3) 0.01(2) DSCT

F17_24221 14 23 50.6 −53 44 30.5 16.62 42.739 0.3648(2) 0.18(5) EW

F17_24311 14 23 17.8 −54 06 00.3 13.19 53.130 7.51(7) 0.048(6) EB

F17_24349 14 22 19.3 −54 42 27.6 13.20 42.530 0.10618(6) 0.007(7) DSCT

F17_24374 14 23 00.8 −54 17 04.2 14.96 52.248 32(4) 0.04(2) CEP

F17_24395 c 14 22 14.8 −54 45 30.4 16.80 42.892 0.4573(4) 0.22(7) EW

F17_24440 s 14 23 43.5 −53 50 43.2 14.66 51.000 10.0(3) 0.02(1) ROT

F17_24447 s 14 22 54.9 −54 21 17.7 12.57 44.849 1.456(8) 0.009(6) ROT

F17_24452 s 14 24 26.7 −53 22 58.0 17.77 42.592 0.2689(2) 0.2(2) EW/DSCT

F17_24482 14 23 14.3 −54 09 22.1 14.93 · · · · · · · · · LP

F17_24654 14 22 16.0 −54 46 31.7 15.03 48.371 3.359(8) 0.20(2) EA

F17_24848 14 23 13.0 −54 12 25.9 14.25 42.497 1.830(3) 0.22(2) EA

F17_24857 14 24 12.2 −53 34 47.3 17.70 42.716 0.3579(4) 0.2(2) EW/DSCT

F17_24899 14 24 25.0 −53 26 52.8 11.41 · · · · · · · · · LP

F17_25088 14 24 15.4 −53 34 19.4 16.06 95.906 23(2) 0.12(4) CEP

F17_25134 c 14 23 10.4 −54 15 55.1 17.05 42.815 0.6372(6) 0.25(7) EA F17_25135

F17_25135 c 14 23 10.2 −54 16 00.7 17.24 42.815 0.6372(6) 0.22(8) EA F17_25134

F17_25235 s 14 23 33.0 −54 02 19.5 13.40 98.490 16(2) 0.027(8) EB

F17_25276 s 14 24 19.0 −53 33 14.2 12.49 · · · · · · · · · LP

F17_25311 14 23 47.6 −53 53 32.9 16.87 42.961 1.085(2) 0.37(7) EA

F17_25360 14 23 36.6 −54 00 55.1 13.90 · · · · · · · · · LP

F17_25597 s 14 24 34.6 −53 25 17.5 13.94 42.521 0.05376(2) 0.007(8) DSCT

F17_25598 14 24 30.3 −53 28 03.3 14.28 42.555 0.08971(4) 0.02(1) DSCT

F17_25723 14 23 07.9 −54 21 16.4 12.36 42.605 0.1334(1) 0.009(8) DSCT

F17_25730 14 23 58.4 −53 49 25.7 14.08 42.861 0.4881(8) 0.037(8) RR

F17_25773 s 14 23 24.1 −54 11 24.2 11.72 · · · · · · · · · LP

F17_26044 s 14 23 01.7 −54 27 18.2 14.31 · · · · · · · · · SR

F17_26094 14 24 33.3 −53 29 27.5 11.78 · · · · · · · · · LP

F17_26174 c 14 23 33.7 −54 08 10.9 17.49 42.870 0.3863(3) 0.3(1) EW F17_26236

F17_26236 c 14 23 34.3 −54 08 14.9 17.51 42.867 0.3863(4) 0.2(1) EW F17_26174

F17_26346 14 24 10.5 −53 46 03.9 14.96 47.047 22(2) 0.08(2) ROT

F17_26360 14 22 25.7 −54 51 46.1 13.89 · · · · · · · · · LP

F17_26384 c 14 22 35.9 −54 45 40.3 14.98 53.015 43(4) 0.18(2) CEP

F17_26419 14 22 53.6 −54 34 59.5 11.87 · · · · · · · · · LP

F17_26423 14 24 45.8 −53 23 45.2 13.41 · · · · · · · · · LP

F17_26432 14 22 45.5 −54 40 05.6 14.76 57.063 20(2) 0.06(2) ROT

F17_26606 14 24 37.1 −53 30 35.3 16.95 42.867 0.4477(5) 0.14(6) EW/DSCT

F17_26762 s 14 23 32.5 −54 13 03.5 17.41 42.817 0.3431(4) 0.11(8) EW/DSCT

F17_26773 s 14 22 47.7 −54 41 01.0 15.21 53.419 15.3(5) 0.04(2) CEP

F17_26804 c 14 24 44.6 −53 27 11.6 15.55 42.998 0.5402(2) 0.39(3) EB F17_26896

F17_26855 14 22 56.6 −54 36 05.2 17.81 44.874 1.331(4) 0.3(2) EA

F17_26871 14 23 34.3 −54 12 33.4 16.29 42.639 3.23(1) 0.29(1) EA

F17_26880 14 24 51.4 −53 23 03.2 11.51 · · · · · · · · · LP

F17_26896 c 14 24 45.4 −53 27 08.4 16.44 42.998 0.5402(5) 0.27(5) EB F17_26804

F17_26925 s 14 22 35.3 −54 49 33.3 13.27 · · · · · · · · · LP

F17_26986 14 24 40.8 −53 30 51.8 11.72 · · · · · · · · · LP

F17_27039 14 23 47.2 −54 05 29.4 17.80 44.342 2.157(7) 0.4(2) EA

F17_27103 c 14 23 52.5 −54 02 32.2 16.83 42.555 0.3258(5) 0.13(6) RR F17_27171

F17_27148 14 23 58.5 −53 58 56.6 14.33 47.316 5.4(1) 0.029(8) CEP

F17_27171 c 14 23 52.9 −54 02 39.1 16.91 42.551 0.3258(4) 0.24(7) RR F17_27103

F17_27196 s 14 22 47.8 −54 43 30.9 15.92 42.545 0.09848(5) 0.02(3) DSCT

F17_27207 cs 14 23 37.2 −54 12 52.3 16.04 42.672 0.988(4) 0.10(3) EW F17_27252

F17_27252 cs 14 23 37.7 −54 12 49.3 15.99 42.673 0.988(4) 0.11(3) EW F17_27207

F17_27279 14 24 45.7 −53 29 23.3 13.34 · · · · · · · · · LP
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Table E.3: Variable stars in �eld F17 (ontinued).
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F17_27301 14 24 17.0 −53 48 06.3 14.11 · · · · · · · · · LP

F17_27363 14 24 07.3 −53 54 44.4 15.20 161.204 74(7) 0.34(4) VAR

F17_27475 c 14 24 07.8 −53 55 12.4 17.06 42.799 0.3454(3) 0.09(7) EW

F17_27920 s 14 23 24.2 −54 25 44.9 14.86 47.590 4.3(2) 0.03(2) CEP

F17_27986 14 24 43.6 −53 35 36.7 14.34 42.809 0.9003(9) 0.021(8) EA

F17_28011 s 14 23 55.7 −54 06 28.0 16.06 · · · · · · · · · LP

F17_28176 14 24 22.4 −53 50 19.9 15.81 42.562 0.1938(2) 0.08(3) DSCT

F17_28197 c 14 24 48.5 −53 33 34.3 13.43 46.068 5.3(3) 0.038(8) ROT

F17_28210 c 14 24 44.9 −53 36 00.7 16.01 42.741 0.3915(3) 0.14(3) EW

F17_28263 14 22 44.9 −54 52 11.5 13.85 42.514 0.3478(5) 0.03(2) RR

F17_28278 s 14 23 11.5 −54 35 49.1 15.99 42.516 0.06176(2) 0.02(3) DSCT

F17_28309 14 23 57.9 −54 06 56.9 16.36 42.767 0.4648(4) 0.15(4) EW

F17_28464 14 23 26.3 −54 27 57.6 15.05 · · · · · · · · · LP

F17_28567 14 24 56.4 −53 31 11.6 13.63 · · · · · · · · · LP

F17_28568 14 24 56.0 −53 31 24.9 14.41 44.504 3.16(3) 0.07(2) ROT

F17_28593 14 24 11.9 −54 00 03.8 17.60 46.148 3.84(5) 0.6(2) CEP
F17_28659 14 23 44.1 −54 18 11.2 15.52 55.223 15(2) 0.05(2) ROT

F17_28763 14 25 13.3 −53 21 20.3 15.50 42.608 0.3627(2) 0.14(2) EW

F17_28798 s 14 24 08.5 −54 03 40.5 13.30 48.108 2.41(3) 0.023(8) CEP

F17_28815 14 23 44.0 −54 19 21.2 15.18 · · · · · · · · · LP

F17_28867 14 23 15.0 −54 37 49.0 15.04 · · · · · · · · · LP

F17_29058 14 22 59.7 −54 48 27.5 15.37 52.643 7.0(2) 0.06(2) VAR

F17_29097 s 14 24 25.1 −53 54 58.6 15.53 · · · · · · · · · LP

F17_29185 14 25 13.4 −53 24 17.7 16.34 42.716 0.3166(2) 0.18(4) EW

F17_29198 s 14 24 56.6 −53 35 28.4 13.69 48.279 10.1(3) 0.029(7) ROT

F17_29252 s 14 23 02.7 −54 47 57.8 15.07 104.800 15.367(1) 0.3(1) EA
F17_29293 s 14 23 10.8 −54 43 14.5 13.32 · · · · · · · · · LP

F17_29374 c 14 23 52.0 −54 17 51.3 17.15 44.772 0.800(2) 0.29(7) EW F17_29375

F17_29375 c 14 23 51.9 −54 17 55.1 17.25 44.774 0.800(2) 0.35(8) EW F17_29374

F17_29506 14 24 35.4 −53 50 57.0 13.85 · · · · · · · · · LP

F17_29519 14 25 22.6 −53 20 13.2 13.17 · · · · · · · · · LP

F17_29533 14 23 19.8 −54 38 55.2 14.80 42.513 0.13446(6) 0.08(3) DSCT

F17_29540 s 14 24 29.5 −53 55 00.2 15.77 42.563 0.11498(4) 0.02(3) DSCT

F17_29786 14 24 48.9 −53 44 13.3 11.83 · · · · · · · · · LP

F17_29794 s 14 23 27.6 −54 36 00.4 13.07 42.508 0.06077(2) 0.006(8) DSCT

F17_29885 c 14 25 05.6 −53 33 56.5 15.96 42.945 0.5015(4) 0.31(3) EA F17_29947

F17_29947 c 14 25 06.3 −53 33 56.9 15.59 42.946 0.5015(2) 0.36(2) EA F17_29885

F17_30042 14 23 18.4 −54 43 28.7 15.29 57.047 6.72(8) 0.06(2) EB

F17_30048 14 24 52.8 −53 43 33.5 16.58 42.547 0.1805(2) 0.07(4) DSCT

F17_30217 14 24 09.2 −54 12 35.3 13.24 · · · · · · · · · LP

F17_30278 14 24 52.8 −53 45 03.0 18.01 44.822 1.663(4) 0.7(2) EA
F17_30292 14 23 07.3 −54 51 52.2 17.68 42.621 0.2718(2) 0.3(2) EW
F17_30311 14 25 06.4 −53 36 23.5 17.14 49.141 12.8(8) 0.18(7) CEP

F17_30419 s 14 24 16.5 −54 09 18.2 14.30 44.712 8.1(2) 0.02(1) ROT

F17_30424 14 23 23.2 −54 42 50.1 16.42 42.699 0.3551(2) 0.20(4) EW

F17_30518 14 25 27.5 −53 23 39.5 16.58 62.105 28(2) 0.27(5) VAR

F17_30625 14 23 43.0 −54 31 38.5 15.70 · · · · · · · · · LP

F17_30654 s 14 24 40.2 −53 55 30.3 15.33 · · · · · · · · · LP

F17_30717 14 23 45.4 −54 30 40.0 14.09 48.843 5.201(1) 0.19(1) EA

F17_30719 s 14 23 12.9 −54 50 52.2 16.61 42.777 0.3575(4) 0.06(5) EW/DSCT

F17_30946 s 14 23 14.1 −54 51 30.5 14.71 42.638 2.43(3) 0.05(2) ROT

F17_30977 s 14 24 03.7 −54 20 44.7 15.85 42.958 0.5726(5) 0.05(3) EA

F17_30990 14 24 11.1 −54 16 10.7 16.99 42.773 0.3657(4) 0.09(6) EW

F17_31197 14 23 52.1 −54 29 27.0 11.83 75.080 15.8(8) 0.034(8) ROT

F17_31309 14 24 28.7 −54 06 55.6 17.98 42.745 0.3499(2) 1.1(2) EW
F17_31343 14 24 37.4 −54 01 27.3 17.40 42.779 0.5734(6) 0.16(8) EA

F17_31454 14 25 42.3 −53 19 43.8 14.88 57.224 16(3) 0.07(3) ROT

F17_31470 cs 14 24 49.8 −53 54 22.6 17.14 42.549 0.1706(2) 0.06(7) DSCT F17_31484

F17_31484 cs 14 24 50.1 −53 54 17.9 17.13 42.561 0.1706(2) 0.08(8) DSCT F17_31470

F17_31585 14 24 22.9 −54 12 18.9 16.03 42.557 0.5045(5) 0.13(3) EW

F17_31620 c 14 24 10.2 −54 20 38.7 16.69 42.726 0.4145(2) 0.37(5) EW

F17_31650 14 23 54.2 −54 30 56.9 15.44 47.450 1.78(2) 0.04(2) ROT

F17_31659 14 24 44.1 −53 59 15.5 14.55 57.865 32(9) 0.10(2) ROT

F17_31762 s 14 24 36.2 −54 05 02.5 14.20 48.390 15(2) 0.024(8) ROT

F17_31802 s 14 24 24.6 −54 12 39.4 18.66 42.663 0.3936(5) 0.4(3) EW
F17_31884 14 24 07.2 −54 24 17.1 16.91 54.100 17(1) 0.23(6) CEP

F17_31913 14 25 33.6 −53 28 32.9 13.20 42.540 0.05100(2) 0.010(8) DSCT

F17_32033 14 23 43.3 −54 40 13.4 16.48 42.710 0.2504(2) 0.17(5) EW

F17_32068 14 24 57.7 −53 53 06.2 16.29 42.500 0.2319(3) 0.11(4) DSCT

F17_32184 14 24 27.9 −54 13 04.8 16.80 42.618 0.4689(4) 0.15(5) EW/DSCT

F17_32332 s 14 24 50.2 −53 59 42.8 16.86 42.533 0.3136(3) 0.08(6) EW/DSCT

F17_32392 s 14 23 38.9 −54 45 11.1 14.54 44.105 0.833(3) 0.02(2) RR

F17_32401 s 14 24 47.4 −54 01 49.9 15.18 · · · · · · · · · LP

F17_32431 s 14 25 40.1 −53 27 33.4 12.15 · · · · · · · · · LP

F17_32493 s 14 24 48.6 −54 01 40.4 13.78 · · · · · · · · · LP

F17_32498 14 23 38.2 −54 46 15.7 18.32 42.516 0.3219(3) 0.3(3) EW/DSCT

F17_32517 14 24 05.7 −54 29 10.3 14.27 · · · · · · · · · LP

F17_32567 14 23 59.9 −54 33 9.9 16.43 61.656 19(2) 0.12(5) CEP

F17_32682 k 14 24 28.3 −54 15 54.6 12.69 · · · · · · · · · LP ASAS J142428-5416.0

F17_32825 14 25 44.9 −53 26 48.6 16.66 42.629 1.257(4) 0.17(8) CEP

F17_32838 14 25 41.2 −53 29 22.9 17.13 42.584 0.1623(2) 0.11(8) DSCT

F17_33305 s 14 24 23.5 −54 22 48.1 12.39 42.496 0.06246(2) 0.005(6) DSCT

F17_33320 14 24 35.8 −54 15 03.7 17.25 42.763 0.3448(2) 0.28(8) EW

F17_33337 14 24 59.4 −53 59 53.8 13.35 · · · · · · · · · SR

F17_33429 14 24 52.0 −54 05 19.5 15.79 42.587 0.30529(7) 0.34(3) EW

F17_33471 s 14 24 48.1 −54 08 01.8 17.24 42.595 0.5539(7) 0.12(8) EW

F17_33582 c 14 25 06.3 −53 56 59.7 17.29 42.658 0.3700(2) 0.38(8) EW

F17_33628 14 24 43.7 −54 11 51.1 13.18 · · · · · · · · · LP
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Table E.3: Variable stars in �eld F17 (ontinued).

BEST ID F

α (J2000.0) δ RB T0 [d℄

p [d℄

A
Type Other Names

h m s

◦ ′ ′′
[mag℄ [rHJD℄ [mag℄

F17_33891 c 14 24 15.0 −54 31 43.8 16.72 42.527 0.08619(2) 0.28(5) DSCT F17_33892

F17_33892 c 14 24 14.9 −54 31 49.0 16.64 42.529 0.08619(2) 0.34(5) DSCT F17_33891

F17_33904 s 14 25 24.3 −53 47 13.5 14.95 44.231 0.883(4) 0.03(2) RR

F17_33981 14 24 39.2 −54 16 55.5 15.42 44.141 2.282(3) 0.66(5) EA

F17_33990 14 23 52.7 −54 46 18.4 11.92 · · · · · · · · · LP

F17_33993 s 14 23 45.6 −54 50 42.2 14.61 96.568 38(6) 0.04(1) CEP

F17_34186 14 25 20.6 −53 51 27.6 18.03 44.522 1.471(4) 0.3(2) EA

F17_34199 14 24 30.0 −54 24 07.4 16.88 42.769 0.4630(6) 0.15(6) EW

F17_34261 14 25 47.0 −53 34 26.5 14.05 · · · · · · · · · LP

F17_34396 14 24 09.2 −54 38 29.4 17.05 42.892 0.949(2) 0.33(7) EB

F17_34649 14 25 18.1 −53 55 54.7 15.57 47.820 6.38(6) 0.17(2) CEP

F17_34673 s 14 25 01.0 −54 07 08.9 13.63 48.352 16(8) 0.03(2) ROT

F17_34677 14 24 49.4 −54 14 36.7 15.46 55.641 4.89(4) 0.16(2) ROT

F17_34723 s 14 25 47.9 −53 36 49.3 13.69 42.565 1.225(4) 0.010(7) VAR

F17_35145 14 25 47.9 −53 39 26.3 15.46 42.523 0.2367(3) 0.04(2) DSCT

F17_35156 14 24 25.3 −54 32 55.9 14.58 46.759 13.3(7) 0.06(2) ROT

F17_35238 14 25 56.3 −53 34 30.7 12.83 · · · · · · · · · LP

F17_35247 14 24 43.5 −54 22 03.6 17.24 42.499 0.12300(9) 0.08(9) DSCT

F17_35307 s 14 26 04.6 −53 29 28.5 14.92 · · · · · · · · · LP

F17_35342 14 26 10.2 −53 25 59.4 17.64 42.609 0.2820(2) 0.6(2) EW

F17_35362 s 14 26 13.3 −53 23 58.4 12.24 · · · · · · · · · LP

F17_35490 s 14 24 22.0 −54 37 11.3 17.12 42.508 0.05665(2) 0.07(8) DSCT

F17_35552 14 25 52.2 −53 39 12.4 18.12 42.844 0.3663(4) 0.2(2) EW/DSCT

F17_35555 14 25 36.6 −53 49 27.6 17.37 42.673 0.3491(3) 0.3(2) EW

F17_35640 c 14 24 46.6 −54 22 21.1 16.83 42.529 0.749(2) 0.20(7) EW

F17_35714 14 24 28.9 −54 34 01.6 15.99 42.967 4.49(5) 0.09(4) EB

F17_35730 14 24 32.9 −54 31 35.2 17.03 42.510 0.2452(2) 0.10(6) EW/DSCT

F17_35873 14 25 13.3 −54 06 37.1 17.66 42.747 0.3342(2) 0.8(2) EW

F17_36114 14 25 30.9 −53 56 31.9 17.78 42.937 0.4795(6) 0.2(2) EW

F17_36155 14 24 44.4 −54 26 48.2 14.32 42.542 0.4082(6) 0.02(1) RR

F17_36205 s 14 25 54.4 −53 41 36.3 13.00 44.584 12.6(3) 0.028(7) ROT

F17_36438 14 25 55.0 −53 42 23.7 15.04 · · · · · · · · · LP

F17_36477 14 25 18.8 −54 06 26.4 15.81 42.825 0.3579(3) 0.12(4) EW/DSCT

F17_36613 14 26 12.7 −53 31 41.3 17.06 42.987 0.5919(7) 0.20(7) EW

F17_36783 s 14 25 58.3 −53 42 16.5 16.15 43.197 8.4406 0.11 EA

F17_36834 s 14 25 13.0 −54 12 21.9 18.18 44.234 0.591(1) 0.3(2) EW

F17_36859 14 24 50.6 −54 26 50.0 12.37 · · · · · · · · · LP

F17_37254 14 25 35.4 −53 59 59.2 12.36 · · · · · · · · · SR

F17_37293 14 25 42.0 −53 55 59.0 14.65 42.495 0.2466(2) 0.02(1) EW/DSCT

F17_37302 14 25 00.7 −54 22 48.9 12.57 51.932 6.11(9) 0.037(7) CEP

F17_37423 14 24 31.3 −54 42 9.9 17.05 46.094 28(4) 0.26(7) CEP

F17_37649 c 14 25 01.5 −54 24 19.2 14.03 96.573 3.951(1) 0.51(1) EA

F17_37659 14 26 30.8 −53 25 29.2 12.00 · · · · · · · · · LP

F17_37673 c 14 25 07.4 −54 20 35.2 15.45 42.774 0.4733(3) 0.10(2) EW F17_37722

F17_37722 c 14 25 08.0 −54 20 29.1 16.16 42.776 0.4733(4) 0.15(5) EW F17_37673

F17_37742 s 14 25 35.4 −54 02 47.6 15.23 · · · · · · · · · LP

F17_37944 14 25 17.6 −54 15 33.8 13.33 47.722 1.3545(1) 0.79(1) EA

F17_38115 14 24 44.2 −54 37 49.9 17.17 42.547 0.3694(4) 0.12(8) EW/DSCT

F17_38143 14 25 38.9 −54 02 48.8 13.78 · · · · · · · · · LP

F17_38200 c 14 24 59.5 −54 28 39.2 15.45 47.024 3.562(8) 0.37(2) EB F17_38201

F17_38201 c 14 24 59.3 −54 28 45.0 15.53 47.010 3.56(2) 0.31(3) EB F17_38200

F17_38221 s 14 24 39.3 −54 41 36.3 12.60 42.523 0.5442(7) 0.011(8) EW

F17_38296 14 24 28.8 −54 48 38.8 16.80 42.755 0.7040(7) 0.29(6) EW

F17_38337 s 14 26 29.3 −53 30 27.7 15.24 42.859 9.4(6) 0.03(2) VAR

F17_38462 s 14 26 23.9 −53 34 47.5 12.11 · · · · · · · · · LP

F17_38463 c 14 26 13.4 −53 41 52.8 17.84 44.524 1.051(3) 0.6(2) EA F17_38464

F17_38464 c 14 26 13.2 −53 42 00.1 16.80 44.525 1.051(2) 0.72(7) EA F17_38463

F17_38503 c 14 24 22.3 −54 53 54.1 16.74 42.886 0.535(2) 0.12(6) RR F17_38582

F17_38582 c 14 24 22.9 −54 53 55.3 16.71 42.885 0.5348(8) 0.17(5) RR F17_38503

F17_38671 s 14 24 30.6 −54 49 30.5 12.90 · · · · · · · · · LP

F17_38757 14 25 46.9 −54 01 03.8 13.14 52.007 13.6(7) 0.015(6) ROT

F17_38828 s 14 24 27.6 −54 52 14.6 13.36 46.072 4.2(4) 0.032(8) ROT

F17_38922 c 14 26 32.5 −53 31 36.4 12.77 55.413 7.024(1) 0.14(1) EA

F17_38947 14 25 53.2 −53 58 00.9 13.67 · · · · · · · · · LP

F17_39224 s 14 24 35.3 −54 49 43.4 18.49 42.649 0.3416(3) 0.5(3) EW

F17_39265 s 14 24 59.4 −54 34 36.9 13.29 53.188 11.8(3) 0.025(8) ROT

F17_39280 14 25 12.4 −54 26 24.2 17.79 42.980 1.281(3) 0.4(2) EA

F17_39580 c 14 25 09.1 −54 30 08.8 15.63 42.544 0.37476(6) 0.61(3) EW

F17_39596 14 25 06.5 −54 31 57.5 14.45 42.520 1.475(4) 0.02(1) EW

F17_39624 c 14 24 44.4 −54 46 12.5 14.22 · · · · · · · · · LP

F17_39747 s 14 25 52.7 −54 02 55.2 13.52 · · · · · · · · · SR

F17_39752 s 14 24 34.3 −54 53 20.2 16.39 54.710 14.1(5) 0.12(5) EB

F17_39865 s 14 24 34.1 −54 53 55.7 17.37 44.258 0.611(2) 0.1(1) RR

F17_39896 s 14 26 24.0 −53 42 50.1 13.06 · · · · · · · · · LP

F17_39955 14 25 46.3 −54 08 02.5 15.09 46.443 6.39(9) 0.08(2) CEP

F17_40016 s 14 24 54.7 −54 41 41.2 14.96 · · · · · · · · · LP

F17_40239 s 14 24 50.9 −54 45 20.8 16.71 42.609 0.2128(2) 0.05(6) DSCT

F17_40266 14 25 28.2 −54 21 35.6 13.71 52.845 9.5(3) 0.04(1) ROT

F17_40330 s 14 26 47.2 −53 29 44.5 18.62 42.770 0.3092(5) 0.5(3) DSCT

F17_40340 14 25 17.6 −54 28 58.5 16.64 42.742 0.4009(4) 0.11(5) EW/DSCT

F17_40399 14 25 21.6 −54 26 42.5 13.15 42.510 0.034315(7) 0.007(7) SXPHE

F17_40435 14 24 52.2 −54 45 43.2 11.72 · · · · · · · · · LP

F17_40462 14 26 14.1 −53 52 43.2 14.91 · · · · · · · · · LP

F17_40563 s 14 26 57.8 −53 23 55.5 11.94 42.622 0.2248(2) 0.010(8) EW/DSCT

F17_40593 14 25 10.4 −54 34 58.5 13.80 53.499 27(2) 0.054(8) ROT

F17_40746 14 25 44.1 −54 14 08.1 15.56 42.690 0.2901(2) 0.08(2) EW/DSCT

F17_40870 s 14 26 54.7 −53 27 45.9 16.97 42.562 0.1720(2) 0.05(6) DSCT

F17_40930 14 24 42.4 −54 54 29.9 17.34 42.544 0.06269(2) 0.08(9) DSCT
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F17_40991 14 24 57.4 −54 45 20.4 16.88 42.557 0.2804(2) 0.21(6) EW

F17_41056 14 25 29.7 −54 25 07.5 14.74 42.767 0.42208(9) 0.30(2) EW

F17_41293 s 14 26 19.6 −53 53 46.1 15.83 48.367 3.26(2) 0.06(3) EA

F17_41346 14 25 37.2 −54 21 57.2 16.28 42.769 0.3025(3) 0.06(4) EW

F17_41419 14 24 51.6 −54 51 29.1 16.82 42.606 0.3089(2) 0.21(6) EW

F17_41441 14 25 00.4 −54 46 01.8 13.54 42.514 0.08403(4) 0.02(2) DSCT

F17_41483 c 14 26 38.0 −53 42 35.4 14.25 42.606 0.3799(3) 0.03(1) EW

F17_41750 s 14 26 58.0 −53 30 25.7 13.94 · · · · · · · · · LP

F17_41776 14 26 07.8 −54 04 14.4 16.76 42.867 0.4968(3) 0.50(6) EW

F17_41958 14 24 47.3 −54 56 57.3 16.65 42.924 0.5817(5) 0.37(6) EB

F17_41972 14 25 27.2 −54 31 34.6 15.96 46.889 2.940(6) 0.31(3) EA

F17_42006 s 14 25 37.1 −54 25 21.9 13.81 44.963 14.2(5) 0.03(1) ROT

F17_42098 14 26 34.9 −53 47 52.7 13.50 46.107 6.03(6) 0.040(7) ROT

F17_42164 14 25 31.0 −54 30 14.3 17.58 42.847 0.5502(5) 0.9(2) RR
F17_42206 14 26 26.9 −53 53 51.5 16.59 44.209 0.5982(4) 0.52(5) EA

F17_42313 14 25 47.2 −54 20 38.8 15.97 51.820 9.938(1) 0.13(1) EA

F17_42416 14 26 31.8 −53 51 50.8 13.94 42.512 0.043829(9) 0.012(7) SXPHE

F17_42557 s 14 26 54.7 −53 37 15.0 13.17 49.357 13.4(6) 0.019(6) ROT

F17_42620 c 14 26 12.9 −54 05 34.7 15.78 42.986 1.0723(7) 0.52(3) EA

F17_42661 c 14 26 14.6 −54 04 44.5 14.73 44.537 0.691(2) 0.04(2) RR F17_42738

F17_42674 s 14 24 52.8 −54 57 30.0 14.20 · · · · · · · · · LP

F17_42737 s 14 26 18.9 −54 02 18.5 16.41 42.824 0.3965(4) 0.05(5) EW/DSCT

F17_42738 c 14 26 15.0 −54 04 49.4 14.89 44.543 0.691(3) 0.04(2) RR F17_42661

F17_42752 14 25 57.5 −54 16 30.9 12.99 44.630 0.717(3) 0.014(8) RR

F17_42958 14 26 11.7 −54 08 21.9 13.59 48.133 6.3(1) 0.020(7) ROT

F17_43044 s 14 24 56.0 −54 57 23.9 17.74 42.526 0.4889(6) 0.2(2) EW
F17_43118 14 25 12.8 −54 47 13.1 14.37 42.603 0.471(1) 0.021(8) ROT

F17_43287 c 14 26 57.1 −53 39 47.0 16.90 42.551 0.07476(3) 0.10(6) DSCT F17_43333

F17_43291 14 26 42.9 −53 49 20.4 16.99 42.661 0.3669(3) 0.4(2) EW
F17_43333 c 14 26 57.6 −53 39 42.5 17.19 42.547 0.07476(3) 0.11(8) DSCT F17_43287

F17_43363 14 25 12.7 −54 48 40.1 13.91 · · · · · · · · · LP

F17_43436 14 27 22.2 −53 23 26.6 15.72 44.536 1.151(3) 0.04(3) EB

F17_43454 c 14 25 08.1 −54 52 00.8 16.79 42.901 0.4349(5) 0.11(6) EA F17_43496

F17_43496 c 14 25 08.7 −54 51 50.6 15.53 42.901 0.4348(3) 0.09(2) EA F17_43454

F17_43523 c 14 25 13.2 −54 49 02.4 16.10 42.655 0.3503(3) 0.06(4) EW

F17_43617 14 25 26.6 −54 41 03.8 13.47 · · · · · · · · · LP

F17_43632 14 27 17.2 −53 27 59.5 14.45 · · · · · · · · · LP

F17_43723 s 14 25 35.2 −54 36 22.7 16.23 · · · · · · · · · LP

F17_43785 14 25 50.3 −54 26 52.1 15.07 42.523 0.3507(3) 0.05(2) EW

F17_44016 c 14 26 55.4 −53 45 05.6 16.79 42.582 0.11259(3) 0.35(5) DSCT

F17_44017 14 26 49.2 −53 49 20.0 15.03 · · · · · · · · · LP

F17_44059 s 14 26 51.9 −53 47 40.3 15.59 49.878 4.4(2) 0.04(2) ROT

F17_44227 14 25 57.8 −54 24 25.9 15.30 112.153 17.9(8) 0.08(2) ROT

F17_44523 14 25 42.4 −54 36 12.1 16.30 42.567 0.3413(3) 0.08(5) EW

F17_44525 s 14 25 37.7 −54 39 15.4 15.35 118.919 25(2) 0.06(2) ROT

F17_44774 s 14 27 21.3 −53 31 55.8 14.73 · · · · · · · · · LP

F17_44781 14 26 07.0 −54 21 41.9 17.40 55.700 4.822(1) 0.5(1) EA
F17_45102 14 25 39.6 −54 41 04.5 13.11 42.898 0.6313(6) 0.027(6) EW

F17_45164 14 27 27.8 −53 29 37.9 17.95 42.833 0.4264(4) 0.3(2) EW/DSCT

F17_45361 14 27 12.5 −53 41 05.3 14.42 · · · · · · · · · LP

F17_45363 14 26 47.2 −53 58 09.8 15.85 103.184 32(2) 0.20(3) CEP

F17_45374 s 14 26 01.7 −54 28 12.7 16.81 42.511 0.04341(1) 0.04(6) DSCT

F17_45553 s 14 26 16.9 −54 19 13.7 16.81 42.663 0.1806(2) 0.05(5) DSCT

F17_45607 14 27 23.1 −53 35 11.5 11.97 · · · · · · · · · LP

F17_45629 14 26 46.1 −54 00 22.7 14.83 51.334 12.1(5) 0.03(2) ROT

F17_45758 14 26 32.7 −54 09 56.7 14.14 · · · · · · · · · LP

F17_45798 14 26 50.9 −53 58 05.2 15.46 · · · · · · · · · LP

F17_46083 14 26 36.7 −54 09 12.8 15.10 96.129 26(2) 0.04(2) ROT

F17_46100 14 27 11.2 −53 46 10.8 16.17 42.911 1.231(8) 0.07(3) ROT

F17_46285 14 26 56.0 −53 57 30.8 15.93 52.678 14.8(5) 0.27(3) ROT

F17_46362 14 27 46.7 −53 23 19.4 15.85 49.010 3.901(1) 0.22(1) EA

F17_46400 14 26 08.8 −54 29 15.0 13.54 · · · · · · · · · LP

F17_46404 14 27 43.7 −53 25 40.9 18.16 42.599 0.3889(4) 0.3(2) EW
F17_46408 14 27 11.5 −53 47 44.1 16.83 42.564 0.2458(2) 0.09(5) EW/DSCT

F17_46706 14 26 07.9 −54 31 40.8 14.72 42.853 0.858(4) 0.02(2) RR

F17_46768 14 27 47.4 −53 25 17.2 16.57 44.231 2.898(7) 0.57(7) EA

F17_46811 14 27 07.4 −53 52 52.6 17.21 42.584 0.2643(2) 0.14(8) EW/DSCT

F17_47183 14 27 06.2 −53 55 48.4 14.90 46.490 40(2) 0.32(2) CEP

F17_47224 s 14 27 49.4 −53 26 33.0 14.67 · · · · · · · · · LP

F17_47283 14 26 38.3 −54 14 57.6 12.67 · · · · · · · · · LP

F17_47363 14 26 37.2 −54 16 05.3 13.66 · · · · · · · · · LP

F17_47367 c 14 26 03.8 −54 38 01.8 15.81 42.709 0.38991(9) 0.38(3) EW

F17_47438 14 27 29.8 −53 41 10.9 13.49 · · · · · · · · · LP

F17_47476 s 14 26 20.0 −54 28 03.1 15.43 44.799 0.805(3) 0.04(2) RR

F17_47674 14 25 38.6 −54 55 48.1 11.74 · · · · · · · · · LP

F17_48165 14 27 17.3 −53 54 02.4 17.23 42.570 5.147(1) 0.6(1) EA
F17_48222 c 14 27 07.0 −54 01 16.0 16.04 42.650 0.24309(9) 0.14(3) EW F17_48246

F17_48229 14 26 42.4 −54 17 44.5 16.42 42.731 0.4794(3) 0.33(5) RR

F17_48246 c 14 27 06.9 −54 01 21.5 16.21 42.649 0.2431(2) 0.10(3) EW F17_48222

F17_48249 14 26 50.8 −54 12 12.3 15.37 · · · · · · · · · LP

F17_48297 s 14 25 56.3 −54 48 04.1 17.30 42.737 0.788(2) 0.2(1) EW
F17_48438 14 25 53.1 −54 50 58.7 17.30 42.542 0.1404(2) 0.11(9) DSCT

F17_48456 14 25 57.3 −54 48 18.4 17.45 42.653 0.3211(3) 0.6(2) RR
F17_48566 14 26 25.0 −54 30 54.9 15.61 42.601 0.3663(1) 0.30(3) EB

F17_48883 14 26 09.0 −54 43 06.9 13.11 · · · · · · · · · SR

F17_48924 s 14 27 35.9 −53 45 40.0 13.69 42.499 0.029493(3) 0.006(7) DSCT

F17_48927 s 14 26 27.8 −54 31 09.7 16.52 42.787 0.3269(3) 0.09(5) EW

F17_48953 14 25 51.1 −54 55 06.2 17.00 42.814 0.3446(2) 0.37(7) EW
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F17_49003 14 27 55.4 −53 32 43.0 17.39 44.135 0.898(2) 0.2(1) EA

F17_49243 s 14 26 44.6 −54 22 02.1 16.34 42.530 0.3717(5) 0.04(4) EW/DSCT

F17_49481 14 26 31.7 −54 31 49.8 16.27 42.520 0.5826(4) 0.23(4) EB

F17_49497 s 14 27 00.1 −54 13 06.3 13.18 42.653 0.2973(3) 0.007(6) EW

F17_49503 14 26 22.8 −54 37 45.2 17.21 42.594 0.3765(2) 0.50(9) EW

F17_49564 14 27 40.7 −53 46 13.5 16.81 47.825 6.914(1) 0.3(1) EA

F17_49861 s 14 26 17.7 −54 43 19.6 15.30 98.312 13.3(3) 0.08(2) EB

F17_49926 14 27 23.3 −54 00 17.3 16.35 44.397 0.639(3) 0.09(4) RR

F17_50058 14 26 54.3 −54 20 35.2 11.30 52.100 28(2) 0.064(8) CEP

F17_50061 14 26 40.3 −54 29 47.2 17.10 42.994 0.5907(5) 0.17(8) EA

F17_50141 s 14 28 01.4 −53 35 30.5 13.85 42.826 0.841(3) 0.006(6) RR

F17_50235 14 27 15.6 −54 07 11.9 16.03 95.196 7.4(2) 0.15(3) ROT

F17_50244 14 27 48.0 −53 45 21.2 12.81 42.496 2.574(7) 0.110(7) ROT

F17_50255 s 14 26 20.4 −54 43 44.8 16.24 42.950 0.692(2) 0.06(4) RR

F17_50290 14 26 26.2 −54 40 17.4 17.91 42.698 0.3970(4) 0.2(2) EW/DSCT

F17_50494 14 26 54.9 −54 22 37.2 17.00 42.897 0.657(3) 0.10(7) DSCT

F17_50626 14 27 19.9 −54 06 50.3 13.82 · · · · · · · · · LP

F17_50819 14 26 57.9 −54 22 31.4 15.16 42.666 0.3830(4) 0.06(2) EW

F17_50977 14 27 28.5 −54 03 10.7 16.65 42.664 0.3721(2) 0.22(5) EW

F17_51408 14 27 38.3 −53 59 11.8 17.33 42.711 0.4043(4) 0.14(8) EW

F17_51413 s 14 26 55.2 −54 28 05.6 16.27 42.690 0.648(2) 0.06(4) EW

F17_51429 s 14 26 45.3 −54 34 47.0 15.28 42.717 7.1(2) 0.04(2) ROT

F17_51686 14 27 35.3 −54 02 47.7 17.10 42.595 0.4125(4) 0.18(7) EW/DSCT

F17_51768 14 26 32.8 −54 44 46.8 15.25 44.289 1.154(2) 0.20(5) EA

F17_51770 14 26 15.0 −54 56 15.3 12.00 · · · · · · · · · LP

F17_51793 14 28 14.1 −53 36 55.6 16.00 44.197 0.5786(6) 0.14(3) EB

F17_51833 s 14 28 24.0 −53 30 16.6 15.17 · · · · · · · · · LP

F17_51872 14 26 33.7 −54 44 49.3 14.46 42.558 0.5768(2) 0.27(2) EA

F17_51888 c 14 27 05.6 −54 23 55.4 16.74 42.539 0.2759(3) 0.09(6) EW F17_51944

F17_51921 14 26 57.1 −54 29 49.7 15.70 42.534 0.5547(7) 0.07(3) EW

F17_51944 c 14 27 06.0 −54 23 58.1 16.76 42.535 0.2759(2) 0.10(6) EW F17_51888

F17_52283 s 14 26 37.0 −54 45 20.9 13.51 44.495 0.672(2) 0.02(2) RR

F17_52295 14 27 28.2 −54 11 32.4 15.21 · · · · · · · · · LP

F17_52431 14 27 42.2 −54 02 56.1 15.76 42.533 0.06376(2) 0.03(3) DSCT

F17_52492 c 14 28 21.0 −53 36 36.4 14.44 · · · · · · · · · LP

F17_52528 s 14 26 23.8 −54 55 17.0 15.87 44.122 0.973(3) 0.11(3) EB

F17_52621 s 14 26 17.9 −54 59 34.3 13.20 · · · · · · · · · LP

F17_52674 14 26 32.8 −54 50 19.0 12.25 42.513 1.69(2) 0.031(8) CEP

F17_52687 c 14 27 01.1 −54 31 56.3 15.65 49.019 3.320(7) 0.59(5) EA

F17_52807 14 28 24.3 −53 36 23.3 15.99 42.505 17.8(5) 0.27(4) CEP

F17_52841 s 14 27 45.7 −54 03 09.5 13.85 · · · · · · · · · LP

F17_52955 s 14 27 24.6 −54 18 08.3 18.16 42.838 0.585(2) 0.2(2) EW/DSCT

F17_52965 s 14 26 35.9 −54 50 11.1 13.49 · · · · · · · · · LP

F17_53106 14 27 35.2 −54 11 46.7 14.82 42.596 0.4035(4) 0.06(2) EB

F17_53128 s 14 27 09.4 −54 29 05.9 14.51 · · · · · · · · · LP

F17_53294 s 14 28 28.7 −53 36 12.8 18.47 42.763 0.2790(2) 0.4(3) EW

F17_53418 14 27 54.6 −54 00 29.8 15.50 · · · · · · · · · LP

F17_53471 14 28 06.8 −53 52 26.7 14.83 · · · · · · · · · LP

F17_53481 s 14 26 42.5 −54 48 50.6 13.14 42.528 0.03860(3) 0.007(8) DSCT

F17_53572 14 27 39.2 −54 11 59.2 14.89 113.656 21(3) 0.10(2) ROT

F17_53792 14 27 38.3 −54 14 00.9 14.93 · · · · · · · · · LP

F17_53859 14 28 10.1 −53 52 50.4 13.16 · · · · · · · · · LP

F17_53869 s 14 27 04.0 −54 37 18.2 17.36 42.920 0.650(2) 0.11(9) EW

F17_53911 14 27 58.3 −54 01 17.9 17.58 44.435 0.6764(9) 0.2(2) EA

F17_53936 14 28 05.7 −53 56 20.2 11.78 48.890 7.6(3) 0.023(6) ROT

F17_53979 s 14 27 00.5 −54 40 22.1 13.22 · · · · · · · · · LP

F17_54088 s 14 27 09.7 −54 34 54.6 16.87 42.588 1.61(2) 0.10(6) ROT

F17_54170 14 27 16.1 −54 31 18.3 14.82 · · · · · · · · · LP

F17_54385 14 28 18.3 −53 50 33.4 15.62 · · · · · · · · · LP

F17_54518 14 27 47.7 −54 12 28.3 15.35 48.800 3.556(1) 0.22(1) EA

F17_54647 14 26 54.9 −54 48 20.3 11.85 42.680 0.3811(6) 0.029(8) RR

F17_54692 14 26 42.0 −54 56 54.2 14.10 · · · · · · · · · SR

F17_54750 s 14 27 53.2 −54 10 11.2 13.65 · · · · · · · · · LP

F17_54827 s 14 28 24.8 −53 49 04.0 15.46 42.555 0.718(2) 0.03(3) RR

F17_54921 14 27 20.5 −54 33 16.3 17.30 42.538 0.07939(3) 0.1(1) DSCT

F17_55027 14 28 28.6 −53 47 52.4 18.22 42.816 1.489(4) 0.8(2) EA

F17_55040 s 14 28 20.1 −53 53 51.9 15.08 · · · · · · · · · LP

F17_55108 14 27 00.9 −54 47 26.8 15.28 · · · · · · · · · LP

F17_55134 14 27 43.0 −54 19 47.9 14.60 49.296 16.2(9) 0.04(2) ROT

F17_55497 s 14 27 22.7 −54 35 29.8 12.50 42.647 0.4304(6) 0.014(8) EW/DSCT

F17_55538 14 27 14.6 −54 41 06.8 12.99 · · · · · · · · · LP

F17_55539 c 14 28 55.4 −53 32 22.3 14.19 · · · · · · · · · VAR

F17_55609 s 14 27 02.8 −54 49 16.9 16.20 44.127 0.546(2) 0.06(4) RR

F17_55618 c 14 28 24.7 −53 54 23.1 15.47 42.697 0.3697(2) 0.17(2) EW F17_55672

F17_55672 c 14 28 25.1 −53 54 22.6 15.48 42.697 0.3698(2) 0.14(2) EW F17_55618

F17_55682 c 14 27 20.9 −54 37 48.3 16.84 42.799 0.3587(2) 0.43(6) EW

F17_55849 14 27 03.7 −54 50 04.3 14.27 42.536 0.05169(2) 0.03(2) DSCT

F17_55938 14 27 22.5 −54 38 23.5 14.89 42.623 0.5061(3) 0.06(2) EA

F17_56006 14 28 07.9 −54 08 13.5 12.46 42.548 2.668(1) 0.035(1) EA

F17_56194 14 28 47.7 −53 42 02.5 14.27 42.498 0.05520(2) 0.02(1) DSCT

F17_56272 14 28 20.9 −54 01 09.3 17.20 42.782 0.5114(3) 1.04(8) RR

F17_56304 14 28 51.7 −53 39 59.6 14.39 · · · · · · · · · LP

F17_56366 14 27 15.0 −54 45 59.8 13.91 · · · · · · · · · LP

F17_56413 14 27 10.5 −54 49 15.6 14.25 53.557 28(2) 0.026(8) VAR

F17_56480 14 29 00.7 −53 34 49.3 16.00 47.514 2.08(2) 0.13(4) CEP

F17_56649 14 27 31.8 −54 36 53.5 15.60 42.753 1.050(4) 0.11(3) ROT

F17_56655 14 27 04.8 −54 54 36.6 12.15 · · · · · · · · · LP

F17_56693 14 28 46.4 −53 46 20.4 13.55 48.697 17.3(9) 0.030(6) ROT
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Appendix E Variable Star Catalogs

Table E.3: Variable stars in �eld F17 (ontinued).

BEST ID F

α (J2000.0) δ RB T0 [d℄

p [d℄

A
Type Other Names

h m s

◦ ′ ′′
[mag℄ [rHJD℄ [mag℄

F17_56742 14 28 25.4 −54 01 09.5 18.02 42.646 0.2772(3) 0.3(2) RR
F17_57009 14 29 09.9 −53 31 59.1 13.79 47.334 10.5(3) 0.028(6) ROT

F17_57202 c 14 29 03.9 −53 37 18.8 17.01 42.706 0.2632(2) 0.19(6) EW F17_57237

F17_57237 c 14 29 04.3 −53 37 13.4 17.53 42.573 0.2632(2) 0.2(1) EW F17_57202

F17_57255 14 28 35.0 −53 57 46.4 13.92 · · · · · · · · · LP

F17_57526 14 27 38.9 −54 37 40.3 12.68 · · · · · · · · · LP

F17_57642 14 27 46.7 −54 33 15.5 17.29 42.554 0.635(2) 0.19(8) RR

F17_57719 14 27 29.6 −54 45 09.1 18.24 42.779 2.464(8) 0.5(3) EA
F17_57774 s 14 27 22.3 −54 50 18.4 14.95 44.855 9.03(9) 0.20(2) ROT

F17_57796 14 28 12.7 −54 16 50.2 14.59 · · · · · · · · · LP

F17_57954 14 29 21.0 −53 30 30.8 15.39 44.486 8.79(8) 0.84(8) EA

F17_58040 14 28 59.7 −53 46 07.6 18.21 42.668 1.630(4) 0.6(3) EA
F17_58136 s 14 29 02.5 −53 44 54.6 15.67 46.542 19(5) 0.05(3) CEP

F17_58277 s 14 27 17.5 −54 56 51.3 15.16 119.335 26(2) 0.05(2) ROT

F17_58331 14 28 35.9 −54 04 45.5 13.25 · · · · · · · · · LP

F17_58368 s 14 28 40.9 −54 01 29.4 14.96 57.033 18.8(6) 0.07(2) ROT

F17_58425 14 27 59.8 −54 29 55.0 16.34 42.790 0.3291(3) 0.08(4) EW

F17_58524 14 27 42.9 −54 41 49.7 14.51 52.758 17(2) 0.04(2) ROT

F17_58712 s 14 28 48.2 −53 58 45.9 14.63 · · · · · · · · · LP

F17_58812 s 14 27 52.3 −54 37 28.0 13.72 · · · · · · · · · LP

F17_59125 14 27 21.1 −55 00 05.6 11.59 47.793 2.32(2) 0.06(2) CEP

F17_59212 c 14 27 23.1 −54 59 14.5 15.28 · · · · · · · · · LP F17_59308

F17_59220 14 29 01.3 −53 53 01.2 12.20 44.412 0.687(2) 0.015(4) RR

F17_59243 14 28 24.9 −54 18 15.4 12.53 · · · · · · · · · LP

F17_59308 c 14 27 23.6 −54 59 18.7 15.40 · · · · · · · · · LP F17_59212

F17_59419 c 14 27 59.1 −54 36 48.3 13.64 44.947 1.288(3) 0.07(2) EA

F17_59540 s 14 27 52.4 −54 42 02.0 12.48 101.518 21.4(9) 0.07(2) ROT

F17_59770 s 14 29 17.2 −53 45 36.4 14.84 42.541 0.10184(6) 0.01(2) DSCT

F17_59934 14 27 50.3 −54 46 16.3 12.49 · · · · · · · · · LP

F17_60076 s 14 28 50.3 −54 06 42.1 15.03 44.745 11.9(5) 0.03(2) EB

F17_60188 14 28 25.9 −54 24 07.1 13.86 42.764 0.4319(2) 0.118(8) EW

F17_60193 14 28 00.7 −54 41 03.6 15.87 42.811 0.3550(3) 0.09(3) EA

F17_60240 14 28 15.8 −54 31 16.2 14.95 44.114 0.5412(2) 0.23(2) EB

F17_60288 14 29 12.1 −53 52 52.7 17.00 42.528 0.3193(2) 0.18(9) EW

F17_60594 14 28 15.7 −54 33 32.3 13.48 · · · · · · · · · LP

F17_60652 c 14 27 48.2 −54 52 13.4 17.32 42.535 0.3432(3) 0.1(1) EW F17_60686, F17_60729

F17_60659 s 14 29 14.7 −53 53 26.7 15.63 42.587 0.703(1) 0.02(3) EW

F17_60668 14 28 14.0 −54 35 05.9 12.63 · · · · · · · · · LP

F17_60677 14 28 43.7 −54 15 00.9 15.82 42.679 0.4085(3) 0.13(3) EW

F17_60686 c 14 27 48.7 −54 52 08.3 16.85 42.533 0.3432(3) 0.17(6) EW F17_60652, F17_60729

F17_60697 s 14 28 28.4 −54 25 38.8 15.45 44.076 1.022(4) 0.03(2) ROT

F17_60729 c 14 27 49.0 −54 52 13.6 16.87 42.534 0.3432(3) 0.13(6) EW F17_60652, F17_60686

F17_60864 c 14 28 46.5 −54 14 44.7 16.66 42.749 0.3940(2) 0.25(5) EW

F17_60886 14 28 52.4 −54 10 40.5 16.05 42.548 0.4158(2) 0.28(3) EW

F17_60994 s 14 28 55.7 −54 09 10.6 11.52 44.920 4.9903(1) 0.3(1) EA
F17_61057 s 14 29 20.8 −53 51 58.1 16.11 42.592 0.2226(4) 0.03(3) DSCT

F17_61239 s 14 28 24.0 −54 32 10.6 14.94 57.766 17(2) 0.07(2) ROT

F17_61292 14 29 54.0 −53 29 53.7 17.67 44.815 0.92395(1) 2(1) EA
F17_61514 14 27 54.6 −54 53 41.2 18.40 42.704 0.5126(6) 0.6(3) EW
F17_61523 14 29 40.9 −53 40 52.5 14.39 · · · · · · · · · LP

F17_61566 14 27 53.1 −54 55 03.2 15.92 42.749 0.3940(8) 0.04(3) RR

F17_61619 s 14 28 13.8 −54 41 33.3 14.62 · · · · · · · · · LP

F17_61633 14 28 36.2 −54 26 33.0 15.00 44.655 1.553(4) 0.06(2) EA

F17_61885 s 14 28 14.7 −54 42 49.1 15.24 42.496 0.696(3) 0.03(3) RR

F17_61939 14 27 54.1 −54 56 46.1 15.65 139.900 60(2) 0.21(5) VAR

F17_62237 14 28 42.9 −54 26 05.3 12.24 42.525 0.07524(3) 0.009(7) DSCT

F17_62463 14 28 46.8 −54 24 58.9 13.84 55.076 15.3(4) 0.04(2) ROT

F17_62475 14 28 29.8 −54 36 39.0 14.92 · · · · · · · · · LP

F17_62525 s 14 29 54.9 −53 37 42.4 11.54 · · · · · · · · · LP

F17_62547 s 14 28 30.8 −54 36 18.8 14.15 54.047 13.4(3) 0.05(2) ROT

F17_62669 14 29 22.2 −54 01 44.3 17.09 42.769 0.3022(2) 0.13(7) EW

F17_62754 s 14 28 54.7 −54 21 22.4 13.06 42.557 0.1946(2) 0.009(7) DSCT

F17_62759 s 14 28 39.8 −54 31 31.1 14.11 47.192 15.5(8) 0.017(8) ROT

F17_62994 14 28 46.8 −54 28 19.2 14.90 57.183 12.1(8) 0.03(2) CEP

F17_63072 14 28 37.7 −54 35 05.5 15.34 44.693 1.108(3) 0.04(2) GDOR

F17_63085 s 14 28 45.5 −54 29 54.9 19.00 42.552 0.3658(3) 1.0(6) EW
F17_63202 14 29 42.4 −53 51 09.2 13.42 · · · · · · · · · LP

F17_63334 14 30 03.5 −53 36 57.8 15.95 44.115 2.87(3) 0.14(4) CEP

F17_63376 14 29 17.4 −54 09 51.5 15.56 · · · · · · · · · LP

F17_63554 14 28 43.8 −54 34 01.8 16.61 44.700 1.289(2) 0.18(6) EA

F17_63609 s 14 30 06.3 −53 36 45.1 14.47 42.823 1.340(4) 0.03(2) ROT

F17_63751 14 28 31.9 −54 43 17.9 15.60 · · · · · · · · · LP

F17_63971 14 28 38.9 −54 39 58.4 17.13 57.427 11.8(8) 0.13(8) CEP

F17_63973 c 14 28 26.8 −54 48 07.7 16.35 42.521 0.6010(8) 0.11(5) EW

F17_64038 14 29 25.5 −54 08 32.2 13.70 · · · · · · · · · LP

F17_64073 c 14 28 47.1 −54 35 14.5 14.36 51.740 23(2) 0.08(2) VAR F17_64133

F17_64081 s 14 30 20.6 −53 29 32.0 14.42 42.552 0.07212(3) 0.01(1) DSCT

F17_64101 14 28 20.8 −54 53 05.2 14.33 42.643 0.2483(2) 0.01(2) EW/DSCT

F17_64133 c 14 28 47.5 −54 35 20.4 14.51 54.712 23(9) 0.06(3) VAR F17_64073

F17_64289 14 29 05.1 −54 24 21.4 17.11 42.611 0.2532(2) 0.17(8) EB

F17_64323 14 29 45.7 −53 56 17.3 17.85 42.703 0.2492(2) 0.3(2) EW
F17_64390 s 14 28 17.2 −54 57 18.6 14.53 · · · · · · · · · LP

F17_64501 14 29 54.8 −53 50 51.1 11.32 · · · · · · · · · LP

F17_64607 s 14 28 45.0 −54 40 05.9 13.25 · · · · · · · · · LP

F17_64719 14 29 06.8 −54 26 02.3 15.07 42.889 0.626(2) 0.03(3) RR

F17_64841 s 14 28 14.5 −55 02 03.7 11.88 · · · · · · · · · LP

F17_64891 14 28 41.5 −54 44 30.7 15.89 42.681 0.4524(3) 0.19(3) EW

F17_65059 s 14 28 40.7 −54 46 07.0 13.42 98.424 27(3) 0.04(2) EB
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E.3 F18

Table E.3: Variable stars in �eld F17 (ontinued).

BEST ID F

α (J2000.0) δ RB T0 [d℄

p [d℄

A
Type Other Names

h m s

◦ ′ ′′
[mag℄ [rHJD℄ [mag℄

F17_65073 14 29 19.5 −54 19 45.1 14.06 · · · · · · · · · LP

F17_65237 c 14 28 23.2 −54 58 48.5 16.93 42.841 0.5287(6) 0.22(8) EW F17_65311

F17_65243 14 30 08.3 −53 46 22.4 18.75 42.626 0.595(1) 1.0(5) RR

F17_65270 14 29 45.1 −54 03 02.7 16.84 44.319 1.034(2) 0.25(5) EW

F17_65311 c 14 28 24.0 −54 58 46.1 16.74 42.839 0.5288(6) 0.13(7) EW F17_65237

F17_65315 s 14 30 04.1 −53 49 52.3 14.03 56.942 20(2) 0.026(8) ROT

F17_65430 14 29 06.1 −54 31 11.8 14.53 · · · · · · · · · LP

F17_65457 14 28 25.0 −54 58 58.4 15.58 42.662 3.46(7) 0.08(3) ROT

F17_65535 c 14 29 23.8 −54 19 46.5 15.56 42.867 1.222(2) 0.24(3) EA F17_65557, F17_65619

F17_65557 c 14 29 23.8 −54 19 51.6 15.54 42.867 1.222(2) 0.19(2) EA F17_65535, F17_65619

F17_65619 c 14 29 24.5 −54 19 50.0 15.64 42.871 1.222(2) 0.12(3) EA F17_65535, F17_65557

F17_65709 14 29 27.4 −54 18 21.1 17.65 42.792 0.781(2) 0.2(2) EA

F17_65758 s 14 30 14.4 −53 45 27.7 13.88 42.741 1.069(3) 0.02(1) EB

F17_65759 14 30 12.1 −53 47 10.1 15.57 42.639 0.5734(3) 0.31(3) EW

F17_65768 14 28 35.6 −54 53 56.4 14.99 · · · · · · · · · LP

F17_65787 14 30 07.1 −53 51 00.4 13.52 42.507 0.06956(3) 0.009(8) DSCT

F17_65825 14 29 57.3 −53 58 12.7 13.43 · · · · · · · · · LP

F17_65843 14 29 18.1 −54 25 45.0 14.95 · · · · · · · · · LP

F17_65881 s 14 28 58.0 −54 39 44.4 16.92 42.857 0.4816(7) 0.08(7) EA

F17_65991 14 29 23.2 −54 23 16.3 13.18 42.639 0.2659(2) 0.006(6) EW/DSCT

F17_66189 14 30 36.9 −53 32 21.8 15.72 44.748 0.786(3) 0.07(3) RR

F17_66255 14 29 26.1 −54 23 13.4 15.19 42.502 0.5930(7) 0.06(2) EW

F17_66266 14 29 24.0 −54 24 46.2 14.86 · · · · · · · · · LP

F17_66302 14 28 35.6 −54 57 43.9 13.44 · · · · · · · · · LP

F17_66350 14 30 42.8 −53 29 21.7 17.51 42.803 0.3489(3) 0.2(2) EW/DSCT

F17_66404 14 29 46.4 −54 10 17.2 15.11 44.775 5.407(1) 0.13(1) EA

F17_66570 s 14 28 45.4 −54 53 05.1 13.74 52.049 18.4(6) 0.06(2) ROT

F17_66706 s 14 28 36.3 −55 00 14.4 13.42 51.094 24(2) 0.10(3) ROT

F17_66837 c 14 30 33.1 −53 40 03.2 17.10 42.528 0.3751(2) 0.55(9) EW

F17_66884 14 30 46.9 −53 30 20.3 18.50 42.810 0.3874(3) 0.6(3) EW

F17_66978 14 28 59.2 −54 46 47.8 15.10 · · · · · · · · · LP

F17_67069 s 14 29 38.9 −54 20 23.5 14.45 42.683 0.2881(2) 0.01(2) EW/DSCT

F17_67152 14 28 56.3 −54 50 09.5 16.70 49.245 7.2(2) 0.24(6) EB

F17_67218 c 14 29 41.6 −54 19 41.9 15.72 42.804 0.4023(4) 0.03(3) EW/DSCT

F17_67219 c 14 29 41.6 −54 19 49.3 16.05 42.826 0.5038(7) 0.06(3) EW/DSCT

F17_67344 s 14 29 34.3 −54 25 48.3 13.54 42.518 0.032370(5) 0.008(8) DSCT

F17_67359 14 30 23.8 −53 50 59.2 13.70 101.989 21.3(9) 0.05(2) ROT

F17_67392 14 29 42.5 −54 20 21.5 17.69 42.559 0.3105(2) 0.7(2) EW

F17_67475 14 29 04.8 −54 46 54.6 12.53 56.783 17.8(6) 0.045(8) ROT

F17_67547 14 29 26.4 −54 32 44.9 16.82 42.545 0.10908(5) 0.13(7) DSCT

F17_67612 s 14 28 42.4 −55 02 53.0 15.28 · · · · · · · · · LP

F17_67675 14 29 24.7 −54 34 49.4 13.23 · · · · · · · · · LP

F17_67883 14 30 29.3 −53 50 50.2 17.22 44.168 0.5703(7) 0.42(8) RR

F17_68100 s 14 30 17.2 −54 01 13.1 15.12 · · · · · · · · · LP

F17_68144 14 29 26.9 −54 36 36.6 16.61 42.533 0.1877(3) 0.06(5) DSCT

F17_68159 14 29 26.4 −54 37 03.9 17.87 42.624 0.6221(9) 0.3(2) EW

E.3 F18

Table E.4: Variable stars in �eld F18 (see desription on page 180).

BEST ID F

α (J2000.0) δ RB T0 [d℄

p [d℄

A
Type Other Names

h m s

◦ ′ ′′
[mag℄ [rHJD℄ [mag℄

F18_00214 22 47 17.7 −44 20 58.6 13.26 72.444 12.8(4) 0.032(8) VAR

F18_00889 s 22 48 32.1 −43 48 29.9 12.23 70.114 11.1(2) 0.044(7) EA

F18_01367 s 22 47 43.6 −44 41 15.9 14.25 132.182 14.0(4) 0.03(2) ROT

F18_01676 s 22 48 23.7 −44 22 14.0 13.67 · · · · · · · · · EA

F18_02074 k 22 49 35.0 −43 41 09.3 11.86 · · · · · · · · · LP ASAS J224935-4341.2

F18_03150 22 49 07.0 −44 34 34.6 13.57 68.437 5.72(9) 0.05(2) ROT

F18_03440 22 49 14.8 −44 36 26.7 11.77 88.749 11.1(3) 0.025(4) ROT

F18_03793 k 22 49 06.2 −44 54 04.9 16.54 63.945 0.6976(7) 0.95(9) RR YZ Gru

F18_05505 s 22 52 14.5 −43 24 20.6 14.05 69.335 15.7(8) 0.02(2) ROT

F18_05548 k 22 50 40.2 −44 39 46.6 14.13 63.848 0.6055(2) 1.04(2) RR BE Gru

F18_06111 22 52 07.2 −43 48 43.8 17.45 64.150 0.644(2) 0.4(2) RR

F18_06765 22 52 21.9 −43 57 23.1 13.49 63.800 0.4033(5) 0.036(8) RR

F18_07603 22 52 53.7 −43 58 11.6 16.33 63.636 0.2476(2) 0.63(9) EW

F18_08267 s 22 53 35.7 −43 46 34.3 15.25 63.740 1.565(7) 0.03(3) EA

F18_08585 22 53 47.1 −43 47 28.8 11.85 70.519 12.5(5) 0.024(4) ROT

F18_08723 22 53 16.2 −44 15 50.4 12.13 64.664 7.2(2) 0.024(7) ROT

F18_08895 k 22 53 01.7 −44 32 39.0 15.53 63.639 0.7592(5) 0.73(4) RR AD Gru

F18_08981 22 53 38.2 −44 05 58.4 14.22 69.308 13.4(3) 0.03(2) VAR

F18_10427 22 54 17.2 −44 17 40.3 16.55 63.657 0.28227(8) 0.8(1) EW

F18_10917 22 54 34.8 −44 18 01.4 14.02 63.543 0.642(3) 0.04(3) RR

F18_10951 s 22 55 33.4 −43 30 11.1 12.25 88.672 14.0(4) 0.023(6) ROT

F18_11994 s 22 54 58.1 −44 36 06.2 14.15 78.260 12.2(4) 0.04(2) ROT

F18_12932 s 22 55 12.0 −45 00 20.4 12.63 65.982 4.17(5) 0.029(8) VAR

F18_12938 22 55 01.9 −45 08 41.9 13.88 63.622 0.35321(8) 0.24(2) EW

F18_13265 s 22 56 24.0 −44 14 17.2 16.27 63.535 0.5314(7) 0.11(7) EB
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E.4 F19

Table E.5: Variable stars in �eld F19 (see desription on page 180).

BEST ID F

α (J2000.0) δ RB T0 [d℄

p [d℄

A
Type Other Names

h m s

◦ ′ ′′
[mag℄ [rHJD℄ [mag℄

F19_000002 c 16 31 57.2 −56 46 40.0 14.24 81.119 0.51944(9) 0.59(3) EB

F19_000271 16 31 51.7 −56 07 31.1 14.35 99.145 64(7) 0.08(2) VAR

F19_000396 16 31 53.9 −56 36 04.7 12.79 93.912 7.8905(1) 0.16(1) EA

F19_000433 c 16 31 53.2 −56 31 22.7 12.31 275.611 69(4) 0.50(5) CEP

F19_000441 16 31 50.8 −56 08 42.8 13.42 90.725 20.2(8) 0.03(2) ROT

F19_000499 ck 16 31 51.0 −56 14 57.9 12.60 · · · · · · · · · LP FV Nor

F19_000546 16 31 44.9 −55 27 07.0 15.52 80.778 0.24814(7) 0.3(2) EW/DSCT

F19_000678 c 16 31 48.8 −56 04 22.5 13.80 81.173 0.9057(9) 0.04(2) EW

F19_000695 16 31 52.3 −56 38 21.8 12.94 92.655 30(2) 0.07(2) VAR

F19_000944 16 31 44.9 −55 44 46.8 15.47 80.712 0.5124(4) 0.07(5) EA

F19_000997 c 16 31 48.4 −56 17 44.6 15.14 80.754 0.11164(2) 0.19(6) VAR

F19_001099 16 31 43.2 −55 38 56.7 15.58 81.222 0.7048(5) 0.09(6) EA

F19_001106 s 16 31 51.2 −56 52 58.6 13.31 · · · · · · · · · SR

F19_001251 c 16 31 45.1 −56 01 15.2 13.85 80.714 0.41449(9) 0.13(2) EW F19_001310

F19_001310 c 16 31 44.8 −56 01 11.9 13.45 80.714 0.4145(2) 0.07(2) EW F19_001251

F19_001376 16 31 43.2 −55 50 17.4 15.41 99.245 25(1) 0.17(5) CEP

F19_001412 16 31 41.6 −55 39 09.3 13.89 94.655 7.66(8) 0.03(2) VAR

F19_001423 16 31 48.8 −56 45 40.7 16.42 82.816 5.8489(1) 0.5(1) EA
F19_001478 16 31 44.3 −56 05 49.0 13.72 81.162 0.793(2) 0.04(3) VAR

F19_001502 16 31 45.6 −56 19 25.0 17.37 80.747 0.2883(1) 0.4(3) EW
F19_001534 c 16 31 48.4 −56 51 42.6 13.02 · · · · · · · · · LP

F19_001572 ⋆ 16 31 46.8 −56 35 14.4 12.56 81.076 4.7539(1) 0.32(1) EA

F19_001807 s 16 31 46.0 −56 44 02.5 11.94 · · · · · · · · · SR

F19_001848 c 16 31 41.3 −56 00 52.7 14.31 80.812 0.38796(6) 0.26(3) EW

F19_001979 16 31 44.8 −56 42 03.2 14.81 80.837 0.2542(1) 0.03(3) EW/DSCT

F19_002000 s 16 31 37.5 −55 37 04.0 14.77 128.278 80(2) 0.10(3) CEP

F19_002100 16 31 38.2 −55 46 50.1 15.29 83.534 3.76(2) 0.18(5) EA

F19_002108 16 31 45.0 −56 54 26.5 14.80 80.926 0.2968(2) 0.04(3) EW

F19_002120 s 16 31 40.7 −56 09 20.4 12.79 88.085 10.9(4) 0.012(6) VAR

F19_002173 16 31 44.0 −56 46 24.7 10.85 · · · · · · · · · LP

F19_002254 16 31 40.7 −56 14 54.6 13.74 80.907 0.3300(2) 0.02(2) EW/DSCT

F19_002335 s 16 31 42.8 −56 41 00.5 15.03 81.408 6.3(1) 0.04(3) ROT

F19_002380 16 31 40.8 −56 22 54.3 13.87 · · · · · · · · · LP

F19_002425 s 16 31 37.8 −55 57 20.9 15.77 80.700 0.3896(3) 0.2(2) EW
F19_002507 16 31 36.7 −55 52 05.4 14.26 80.819 0.31849(9) 0.03(3) EA

F19_002522 16 31 41.9 −56 44 02.1 13.33 80.744 0.09566(3) 0.02(2) DSCT

F19_002564 c 16 31 37.8 −56 05 13.5 13.84 80.679 0.2873(2) 0.02(2) EW F19_002592

F19_002592 c 16 31 37.7 −56 05 20.4 14.11 80.956 0.2873(2) 0.03(3) EW F19_002564

F19_002596 s 16 31 35.3 −55 45 32.8 15.62 80.889 0.2919(2) 0.05(6) EW

F19_002651 ⋆ 16 31 37.9 −56 11 05.4 13.08 81.119 0.831(1) 0.015(7) VAR

F19_002685 c 16 31 36.2 −55 56 57.6 14.23 81.618 1.696(7) 0.04(2) VAR

F19_002874 16 31 41.2 −56 59 43.5 12.51 95.513 9.06(8) 0.09(2) CEP

F19_002933 c 16 31 37.1 −56 17 29.1 15.71 81.021 0.9483(9) 0.15(6) EA

F19_003055 ⋆ 16 31 35.3 −56 07 44.7 14.22 105.675 18.49(1) 0.2(1) EA
F19_003165 16 31 39.3 −56 56 17.6 14.28 135.341 37(8) 0.07(4) VAR

F19_003167 c 16 31 38.9 −56 51 32.3 14.97 81.011 0.3479(2) 0.06(4) EW/DSCT

F19_003207 16 31 38.1 −56 45 39.4 11.61 · · · · · · · · · SR

F19_003231 c 16 31 29.2 −55 23 44.7 14.15 80.675 0.38605(8) 0.33(5) EW

F19_003288 16 31 33.7 −56 05 00.5 12.87 291.072 87(6) 0.06(1) VAR

F19_003320 c⋆ 16 31 33.7 −56 06 18.4 13.78 80.849 0.40916(9) 0.11(2) EW

F19_003412 16 31 29.7 −55 36 28.2 15.54 80.912 0.3922(2) 0.26(5) EW/DSCT

F19_003536 c 16 31 31.8 −55 59 40.7 14.98 81.429 0.8312(6) 0.11(4) EA F19_003603

F19_003603 c 16 31 31.5 −55 59 35.9 14.94 81.427 0.8312(7) 0.07(4) EA F19_003536

F19_003709 s 16 31 35.7 −56 50 51.1 11.16 · · · · · · · · · SR

F19_003813 s 16 31 32.0 −56 16 24.4 13.35 83.618 21(3) 0.03(2) VAR

F19_004107 16 31 32.2 −56 34 04.0 13.78 80.750 0.5656(2) 0.15(2) EB

F19_004133 c 16 31 32.2 −56 35 01.1 14.15 81.103 0.9193 0.045 EA

F19_004143 16 31 27.7 −55 52 04.8 11.26 · · · · · · · · · SR

F19_004328 s 16 31 30.5 −56 30 55.0 12.00 80.678 0.07170(2) 0.01(2) DSCT

F19_004339 16 31 26.5 −55 52 59.2 15.59 89.618 4.51(2) 0.12(5) EA

F19_004442 c 16 31 28.0 −56 12 40.2 13.24 80.770 0.4592(3) 0.4(2) EB
F19_004458 16 31 32.0 −56 59 32.9 13.64 80.681 0.42570(5) 0.37(2) EW

F19_004499 16 31 28.4 −56 19 27.0 12.11 · · · · · · · · · LP

F19_004554 c 16 31 30.4 −56 46 38.7 13.36 121.684 48(3) 0.07(2) VAR F19_004673

F19_004641 s 16 31 30.9 −56 58 02.3 13.81 80.917 0.4130(4) 0.01(2) VAR

F19_004663 16 31 26.5 −56 09 43.0 11.83 80.694 0.09622(3) 0.009(8) DSCT

F19_004673 c 16 31 29.9 −56 46 38.6 13.64 121.591 48(3) 0.08(2) VAR F19_004554

F19_004933 c 16 31 20.1 −55 26 43.0 15.01 81.724 2.75513(1) 0.4(1) EA
F19_004967 ⋆ 16 31 27.6 −56 38 51.1 16.38 80.883 0.30495(5) 0.9(2) EW
F19_005012 s 16 31 26.4 −56 28 07.8 13.53 83.191 10.0(2) 0.03(2) VAR

F19_005038 16 31 24.9 −56 14 53.5 14.83 80.685 0.30340(4) 0.34(3) EW

F19_005045 16 31 23.6 −56 02 27.2 15.34 90.009 11.7(3) 0.07(4) VAR

F19_005071 16 31 24.6 −56 13 02.1 14.54 80.727 0.37945(9) 0.14(2) EW

F19_005137 16 31 21.8 −55 50 40.7 12.67 80.950 5.89(6) 0.05(3) ROT

F19_005140 16 31 21.1 −55 44 01.4 14.82 80.980 0.4196(2) 0.24(7) EW

F19_005175 16 31 20.4 −55 40 31.1 11.58 · · · · · · · · · LP

F19_005186 16 31 27.0 −56 47 57.9 13.27 81.135 1.3364 0.048 EA

F19_005209 16 31 27.5 −56 55 50.5 15.66 80.766 0.22521(6) 0.34(6) RR

F19_005215 c⋆ 16 31 26.4 −56 40 37.8 14.27 80.734 0.4569(2) 0.11(2) EB

F19_005216 c⋆ 16 31 25.5 −56 31 56.4 12.13 81.003 0.37956(4) 0.37(2) EW

F19_005332 c 16 31 23.5 −56 19 22.6 13.21 80.944 0.4507(1) 0.106(8) EB

F19_005336 s 16 31 22.7 −56 11 21.8 14.73 91.589 6.32(4) 0.10(3) EB

F19_005344 16 31 20.9 −55 54 11.4 10.78 · · · · · · · · · LP

F19_005508 c 16 31 19.1 −55 44 54.1 13.61 80.697 0.4273(3) 0.05(3) EW F19_005544
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Table E.5: Variable stars in �eld F19 (ontinued).

BEST ID F

α (J2000.0) δ RB T0 [d℄

p [d℄

A
Type Other Names

h m s

◦ ′ ′′
[mag℄ [rHJD℄ [mag℄

F19_005544 c 16 31 18.8 −55 44 47.9 13.79 80.698 0.4274(3) 0.05(3) EW F19_005508

F19_005595 c 16 31 24.8 −56 48 49.0 12.96 80.670 0.4117(2) 0.025(8) EW/DSCT

F19_005696 c 16 31 18.3 −55 47 50.1 11.43 184.896 100(3) 0.19(4) VAR

F19_005745 s 16 31 23.8 −56 45 23.7 13.39 95.441 62(6) 0.02(1) VAR

F19_005774 16 31 23.7 −56 47 41.6 14.37 93.816 9.01(8) 0.17(3) CEP

F19_005941 16 31 20.4 −56 20 42.3 14.43 80.945 0.5495(4) 0.07(3) EB

F19_006037 16 31 18.5 −56 06 51.5 14.27 317.842 58(4) 0.06(2) ROT

F19_006104 16 31 18.7 −56 12 38.7 13.23 93.028 6.35(6) 0.043(8) CEP

F19_006250 16 31 20.5 −56 40 33.6 14.38 80.960 0.36069(8) 0.13(2) EW

F19_006251 s 16 31 20.4 −56 39 08.9 17.60 80.698 0.3181(2) 0.3(4) EB

F19_006375 s 16 31 12.2 −55 25 44.8 11.34 270.605 56(4) 0.12(5) VAR

F19_006450 16 31 16.6 −56 10 30.3 12.37 96.355 20.7(7) 0.09(3) SR

F19_006547 16 31 12.4 −55 35 48.2 14.94 80.820 0.3397(2) 0.06(4) EW

F19_006679 s 16 31 18.7 −56 50 09.6 13.19 81.182 0.5374(6) 0.01(2) VAR

F19_006742 c 16 31 18.6 −56 54 37.8 13.51 83.440 3.860(4) 0.41(3) EA

F19_006823 ⋆ 16 31 13.9 −56 04 33.9 13.81 82.895 3.3598(1) 0.11(1) EB

F19_006912 s 16 31 16.1 −56 33 15.2 13.32 80.672 0.3807(3) 0.04(3) EW/DSCT

F19_006916 s 16 31 14.3 −56 13 21.0 16.38 83.944 9.0(2) 0.2(1) ROT

F19_007005 c⋆ 16 31 16.3 −56 42 11.7 13.54 81.539 1.1038(4) 0.32(2) EB

F19_007108 c 16 31 14.1 −56 24 53.2 15.05 80.848 0.30253(5) 0.24(3) EW F19_007203

F19_007110 16 31 13.4 −56 15 11.8 12.33 81.567 0.963(2) 0.027(8) VAR

F19_007203 c 16 31 13.9 −56 24 55.8 14.90 80.847 0.30253(5) 0.22(3) EW F19_007108

F19_007278 c 16 31 10.7 −55 56 55.3 13.50 81.102 0.4610(3) 0.04(2) EW F19_007409

F19_007282 c 16 31 09.4 −55 44 16.4 15.10 80.969 0.6113(4) 0.12(4) EW

F19_007287 16 31 15.7 −56 54 42.0 14.07 81.061 0.3921(3) 0.06(2) EB

F19_007333 c 16 31 13.6 −56 31 02.3 13.74 81.107 0.48570(8) 0.19(2) EW

F19_007397 16 31 13.3 −56 30 43.6 13.01 185.288 70(2) 0.015(7) VAR

F19_007409 c 16 31 10.0 −55 56 56.9 13.95 81.101 0.4610(3) 0.09(5) EW F19_007278

F19_007431 ⋆ 16 31 10.9 −56 06 53.0 11.34 80.697 1.0289(5) 0.13(2) EA

F19_007486 c 16 31 13.0 −56 34 27.0 14.25 82.273 5.70(2) 0.11(2) EB F19_007519

F19_007519 c 16 31 13.0 −56 34 20.1 14.46 82.277 5.70(3) 0.08(2) EB F19_007486

F19_007592 16 31 06.1 −55 30 49.5 12.44 · · · · · · · · · LP

F19_007664 16 31 11.7 −56 31 07.3 13.28 82.434 53(3) 0.10(2) ROT

F19_007757 16 31 12.7 −56 50 37.5 15.00 80.894 0.3531(2) 0.05(3) EW/DSCT

F19_007860 16 31 10.3 −56 27 01.6 11.50 · · · · · · · · · SR

F19_008001 s 16 31 11.6 −56 55 14.8 14.38 187.086 16.9(6) 0.06(2) EB

F19_008006 16 31 10.3 −56 37 33.8 15.29 80.925 0.2891(2) 0.04(4) EW

F19_008009 16 31 09.5 −56 28 05.9 14.54 80.979 0.8394(4) 0.39(4) EW

F19_008149 16 31 09.7 −56 40 06.9 13.07 83.061 19.2(7) 0.08(2) VAR

F19_008164 16 31 05.5 −55 56 03.5 15.21 81.093 0.45282(8) 0.55(4) EW

F19_008217 16 31 09.2 −56 39 57.9 14.67 80.832 0.4346(4) 0.08(5) VAR

F19_008230 16 31 05.8 −56 02 06.7 11.00 · · · · · · · · · LP

F19_008231 16 31 05.6 −55 59 32.2 13.83 82.036 2.89(2) 0.04(2) VAR

F19_008382 c 16 31 07.7 −56 31 15.1 14.65 80.886 0.4271(2) 0.07(3) EW F19_008471

F19_008471 c 16 31 07.2 −56 31 11.1 15.11 80.885 0.4271(2) 0.15(4) EW F19_008382

F19_008530 s 16 31 08.4 −56 50 49.6 13.80 80.999 1.016(4) 0.02(2) VAR

F19_008548 16 31 03.6 −55 57 32.2 13.27 80.700 0.050817(8) 0.01(1) DSCT

F19_008683 s 16 31 01.5 −55 44 06.5 13.79 80.730 0.15146(6) 0.01(2) DSCT

F19_008961 16 31 02.7 −56 11 09.0 15.19 80.954 0.4107(2) 0.22(4) EW

F19_009018 16 31 01.1 −55 58 21.0 12.84 81.561 8.50(7) 0.07(1) EB

F19_009081 s 16 31 00.4 −55 55 13.0 13.71 88.431 8.5(2) 0.02(1) ROT

F19_009171 cs 16 31 02.2 −56 19 37.3 11.08 · · · · · · · · · SR

F19_009224 s 16 31 03.5 −56 37 08.4 14.86 95.700 10.7(3) 0.07(3) VAR

F19_009329 s 16 31 01.7 −56 23 40.5 12.75 80.830 0.3914(2) 0.008(6) EW/DSCT

F19_009385 16 31 02.7 −56 39 31.1 11.30 · · · · · · · · · SR

F19_009524 c 16 31 01.1 −56 27 47.7 13.64 273.593 68(9) 0.05(2) VAR F19_009559

F19_009559 c 16 31 01.0 −56 27 52.3 13.79 265.877 68(9) 0.04(1) VAR F19_009524

F19_009570 c 16 30 58.2 −55 59 05.6 12.23 · · · · · · · · · LP

F19_009585 16 30 54.7 −55 26 09.6 14.54 80.944 0.2787(1) 0.05(4) EW/DSCT

F19_009622 c 16 31 02.4 −56 51 14.1 12.29 152.735 42(3) 0.045(8) ROT F19_009713

F19_009631 s 16 30 58.5 −56 05 10.0 14.30 80.936 0.3047(3) 0.02(2) VAR

F19_009645 ⋆ 16 30 55.5 −55 35 57.7 13.70 80.937 0.51610(8) 0.59(4) EB

F19_009713 c 16 31 02.1 −56 51 18.2 12.32 152.942 42(3) 0.04(1) ROT F19_009622

F19_009838 c⋆ 16 31 01.2 −56 53 29.0 12.37 88.999 12.48(8) 0.07(2) EB

F19_009868 s⋆ 16 31 01.2 −56 55 03.6 11.79 81.120 0.5717 0.0064 EA

F19_009937 16 31 00.0 −56 42 23.7 15.19 93.106 24.8(7) 0.07(4) ROT

F19_009995 c 16 30 55.1 −55 50 54.6 14.73 80.943 0.4851(2) 0.19(4) EB

F19_010018 c 16 30 58.9 −56 33 39.1 14.16 80.822 0.6352(2) 0.90(3) RR

F19_010096 c 16 30 55.7 −56 01 28.7 15.60 80.764 0.5807(3) 0.52(6) RR F19_010097

F19_010097 c 16 30 55.7 −56 01 23.4 15.34 80.765 0.5807(2) 0.54(4) RR F19_010096

F19_010216 ⋆ 16 30 52.9 −55 39 05.9 17.00 80.706 0.6723(5) 0.8(3) EA

F19_010299 c 16 30 55.5 −56 09 26.5 14.86 80.978 0.4900(2) 0.13(3) EW

F19_010339 s 16 30 59.0 −56 58 22.9 15.91 81.721 1.364(3) 0.16(7) EB

F19_010349 16 30 55.5 −56 13 32.4 15.29 80.703 1.455(7) 0.07(4) VAR

F19_010547 16 30 51.3 −55 44 05.8 15.40 80.956 0.3219(2) 0.06(5) EW/DSCT

F19_010599 s 16 30 55.6 −56 35 25.0 12.32 · · · · · · · · · SR

F19_010667 s 16 30 54.6 −56 26 35.7 14.86 80.798 0.15925(6) 0.03(3) VAR

F19_010747 c 16 30 51.3 −55 54 25.6 11.87 · · · · · · · · · LP

F19_010892 s 16 30 53.1 −56 23 12.3 14.11 81.475 0.880(2) 0.03(2) VAR

F19_010893 c⋆ 16 30 53.0 −56 21 32.9 13.71 139.885 3.962(1) 0.44(1) EA

F19_010985 ⋆ 16 30 52.1 −56 17 51.3 14.78 81.483 1.6234(8) 1.03(7) EA

F19_011285 c⋆ 16 30 53.0 −56 51 18.7 13.98 81.456 1.6119(8) 0.32(3) EA

F19_011349 s 16 30 50.8 −56 27 30.1 13.83 83.043 13.8(4) 0.03(2) ROT

F19_011380 ⋆ 16 30 51.7 −56 38 55.0 13.45 80.738 0.37636(5) 0.13(1) EW

F19_011426 16 30 47.4 −55 52 37.6 13.23 90.858 40.7(7) 0.16(1) CEP

F19_011444 c 16 30 52.3 −56 54 45.3 15.41 92.022 22.7(8) 0.15(5) VAR

F19_011491 16 30 46.8 −55 51 16.4 13.48 81.752 1.821(2) 0.07(3) EA

F19_011521 16 30 45.3 −55 38 11.2 15.07 80.904 0.4160(2) 0.15(5) EW
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F19_011528 16 30 51.8 −56 55 06.8 15.45 146.009 43(4) 0.14(5) ROT

F19_011556 16 30 46.1 −55 46 37.2 12.07 · · · · · · · · · SR

F19_011581 c 16 30 48.7 −56 16 36.7 13.74 81.667 5.35(8) 0.03(2) VAR F19_011666

F19_011638 16 30 47.5 −56 07 34.3 14.00 88.336 10.2(2) 0.04(2) ROT

F19_011641 ⋆ 16 30 46.9 −56 00 08.5 14.87 80.760 0.5750(2) 0.46(3) EB

F19_011666 c 16 30 48.2 −56 16 32.4 13.90 81.523 5.4(2) 0.03(2) VAR F19_011581

F19_011715 c⋆ 16 30 43.5 −55 30 22.2 13.55 80.943 0.5773(4) 0.10(5) EB

F19_011733 16 30 47.3 −56 11 18.5 14.41 83.875 5.30(7) 0.03(2) ROT

F19_011765 16 30 48.2 −56 22 15.6 12.02 172.155 32(2) 0.13(3) VAR

F19_011829 ⋆ 16 30 43.1 −55 32 46.3 14.30 81.260 0.7507(2) 0.33(2) EB

F19_011909 s 16 30 48.6 −56 39 18.3 14.20 96.581 10.2(2) 0.02(2) ROT

F19_011917 ⋆ 16 30 46.0 −56 07 22.5 12.70 81.023 0.5008(2) 0.23(4) EW

F19_011988 c 16 30 48.2 −56 38 05.0 12.31 105.995 76(5) 0.23(3) VAR

F19_012012 16 30 45.5 −56 07 54.3 12.57 · · · · · · · · · SR

F19_012037 s 16 30 46.7 −56 23 01.6 14.11 122.950 115.14(1) 0.5(1) EA
F19_012145 s 16 30 44.8 −56 08 45.3 13.77 139.760 27.65(1) 0.08(1) EA

F19_012244 ⋆ 16 30 42.8 −55 52 39.3 15.57 120.840 7.346(1) 0.56(1) EA

F19_012305 16 30 44.2 −56 10 35.0 15.37 80.840 0.2970(1) 0.07(4) EW

F19_012402 c 16 30 46.3 −56 44 19.0 15.90 80.718 0.3187(2) 0.08(6) EW

F19_012443 s 16 30 42.3 −55 57 05.9 12.74 · · · · · · · · · LP

F19_012452 c 16 30 46.2 −56 48 09.8 12.95 88.006 31(2) 0.032(8) VAR

F19_012523 16 30 44.5 −56 28 33.6 15.07 80.802 1.086(2) 0.08(3) EB

F19_012566 16 30 41.0 −55 52 16.9 12.34 172.812 17.5288(1) 0.16(1) EA

F19_012736 ⋆ 16 30 40.7 −55 58 17.5 13.72 123.910 7.4396(1) 0.17(1) EA

F19_012835 s 16 30 37.9 −55 33 01.0 12.70 82.383 13.7(2) 0.04(2) VAR

F19_012933 s 16 30 43.9 −56 52 08.0 11.18 128.703 20.5(5) 0.06(2) VAR

F19_012966 16 30 38.3 −55 45 12.9 11.53 · · · · · · · · · LP

F19_012982 c 16 30 41.4 −56 22 21.3 14.78 80.736 0.17881(8) 0.04(3) DSCT

F19_013128 16 30 40.3 −56 16 52.9 14.15 88.275 48(5) 0.03(2) VAR

F19_013171 c 16 30 37.7 −55 50 29.9 13.01 · · · · · · · · · LP

F19_013176 ⋆ 16 30 36.4 −55 36 30.1 14.60 82.512 2.019(2) 0.28(3) EA

F19_013215 16 30 40.5 −56 25 14.9 14.93 80.718 0.4554(2) 0.17(4) EW

F19_013220 16 30 37.9 −55 55 06.5 13.12 80.722 0.09062(2) 0.019(8) DSCT

F19_013309 ⋆ 16 30 40.1 −56 27 18.1 16.66 80.677 0.27505(5) 1.0(2) EB
F19_013339 s 16 30 40.0 −56 28 40.9 11.29 88.850 11.7(2) 0.03(1) SR

F19_013419 s 16 30 41.3 −56 54 37.9 12.78 · · · · · · · · · LP

F19_013528 s 16 30 35.0 −55 42 59.5 15.82 80.701 0.4816(6) 0.09(8) VAR

F19_013551 16 30 37.1 −56 07 47.8 14.28 83.828 10.6(3) 0.03(2) ROT

F19_013663 16 30 36.3 −56 03 32.8 13.21 80.839 0.4623(6) 0.02(1) VAR

F19_013707 16 30 39.3 −56 48 29.9 13.77 81.104 1.722(6) 0.05(2) ROT

F19_013804 16 30 38.3 −56 39 42.6 12.95 88.853 8.7688 0.071 EA

F19_013819 c⋆ 16 30 35.3 −56 03 05.1 14.72 80.958 0.7425(3) 0.18(3) EB

F19_013864 c 16 30 38.5 −56 51 11.1 13.67 80.692 0.3623(2) 0.08(3) EW F19_013998

F19_013878 c 16 30 35.3 −56 08 07.9 15.39 81.031 0.4193(2) 0.25(6) EW

F19_013904 cs 16 30 38.1 −56 45 45.7 13.18 80.861 0.2206(1) 0.010(8) VAR F19_013965

F19_013916 16 30 36.0 −56 18 00.1 12.19 · · · · · · · · · LP

F19_013926 16 30 34.0 −55 54 18.0 12.52 · · · · · · · · · LP

F19_013965 cs 16 30 37.7 −56 45 52.5 13.39 80.860 0.22060(9) 0.01(2) VAR F19_013904

F19_013994 16 30 38.4 −56 58 58.0 11.48 80.888 0.4015(2) 0.029(8) EW

F19_013998 c 16 30 37.9 −56 51 10.6 13.66 80.692 0.3623(2) 0.10(3) EW F19_013864

F19_014276 c 16 30 32.3 −55 57 03.4 15.20 81.200 0.5848(4) 0.08(4) EA

F19_014469 16 30 35.3 −56 49 25.4 14.51 80.778 0.4332(3) 0.03(2) EW

F19_014496 16 30 28.6 −55 28 36.2 14.35 83.310 2.947(6) 0.15(5) EA

F19_014531 c 16 30 33.8 −56 34 35.7 13.59 97.630 65(6) 0.03(2) VAR F19_014695

F19_014565 c 16 30 33.8 −56 34 31.8 13.63 282.210 60(2) 0.02(2) VAR

F19_014598 16 30 34.1 −56 41 38.9 15.10 80.701 0.039207(4) 0.08(4) DSCT

F19_014642 16 30 32.7 −56 23 05.3 13.28 91.394 19.2(5) 0.04(2) VAR

F19_014695 c 16 30 33.2 −56 34 31.3 13.76 97.213 60(2) 0.03(2) VAR F19_014531

F19_014709 16 30 30.4 −56 00 23.0 12.77 · · · · · · · · · LP

F19_014755 16 30 31.9 −56 24 27.6 16.30 81.026 0.36993(8) 0.72(9) EW

F19_014864 c 16 30 30.7 −56 14 51.2 15.05 80.805 0.3347(2) 0.05(4) EW F19_015025

F19_014892 16 30 31.0 −56 19 51.7 14.04 83.903 42(4) 0.04(2) VAR

F19_014969 16 30 29.3 −56 05 20.1 15.47 80.730 0.3041(2) 0.06(4) EW

F19_015015 c 16 30 32.0 −56 43 09.0 14.01 80.815 0.15947(6) 0.05(2) DSCT F19_015137

F19_015025 c 16 30 29.8 −56 14 49.3 15.19 80.805 0.3347(2) 0.08(4) EW F19_014864

F19_015056 c 16 30 29.5 −56 13 48.0 14.40 80.686 0.26185(7) 0.05(2) EW F19_015143

F19_015137 c 16 30 31.1 −56 43 11.8 13.65 80.814 0.15947(7) 0.02(1) DSCT F19_015015

F19_015143 c 16 30 29.1 −56 13 43.1 14.54 80.686 0.26185(8) 0.05(2) EW F19_015056

F19_015170 16 30 30.3 −56 33 51.0 16.39 81.473 1.172(4) 0.2(1) VAR
F19_015235 16 30 31.6 −57 00 29.7 13.35 81.186 1.204(2) 0.08(2) VAR

F19_015275 16 30 29.6 −56 31 41.0 15.32 94.957 16.4(6) 0.06(4) ROT

F19_015291 16 30 26.5 −55 50 53.9 13.45 81.025 18.6(5) 0.06(2) VAR

F19_015386 16 30 27.8 −56 13 21.9 15.99 80.799 0.5220(4) 0.10(7) EW/DSCT

F19_015412 16 30 29.7 −56 42 23.3 14.21 81.630 2.54(1) 0.06(2) ROT

F19_015595 16 30 23.5 −55 35 39.7 16.00 80.794 0.17711(8) 0.10(7) DSCT

F19_015601 16 30 28.5 −56 38 00.1 11.23 334.647 85(5) 0.27(2) VAR

F19_015605 16 30 27.3 −56 23 05.8 14.97 80.728 0.2230(2) 0.04(4) VAR

F19_015608 16 30 26.2 −56 09 16.8 15.46 274.648 35(2) 0.13(5) VAR

F19_015683 c⋆ 16 30 24.4 −55 51 51.4 14.93 81.205 0.6211(3) 0.35(3) RR

F19_015711 c 16 30 26.0 −56 12 30.5 14.42 80.779 0.4780(2) 0.14(2) EW F19_015811

F19_015734 c 16 30 28.6 −56 51 31.2 13.71 80.887 0.6166(2) 0.36(2) EB

F19_015746 16 30 25.3 −56 06 52.1 11.44 80.721 0.08475(2) 0.014(7) DSCT

F19_015793 16 30 28.2 −56 53 57.1 13.39 291.699 59(4) 0.26(4) VAR

F19_015811 c 16 30 25.5 −56 12 34.4 14.29 80.780 0.4780(2) 0.09(2) EW F19_015711

F19_015927 16 30 26.9 −56 41 37.3 10.72 · · · · · · · · · SR

F19_015981 ⋆ 16 30 24.8 −56 14 27.7 14.35 80.734 0.9247(8) 0.10(3) EB

F19_016094 16 30 26.1 −56 42 45.8 12.60 285.700 61(4) 0.052(8) ROT

F19_016100 16 30 24.4 −56 19 30.7 14.18 92.412 6.96(5) 0.04(2) ROT

198



E.4 F19

Table E.5: Variable stars in �eld F19 (ontinued).

BEST ID F

α (J2000.0) δ RB T0 [d℄

p [d℄

A
Type Other Names
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◦ ′ ′′
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F19_016151 c 16 30 20.7 −55 37 43.6 14.29 80.963 0.6325(3) 0.15(2) RR

F19_016211 c 16 30 23.0 −56 08 39.9 12.36 · · · · · · · · · LP

F19_016279 c 16 30 22.9 −56 11 21.6 15.38 80.738 0.2081(1) 0.04(4) VAR

F19_016287 s 16 30 20.8 −55 45 43.9 15.86 80.671 0.13137(4) 0.05(6) DSCT

F19_016307 c 16 30 24.0 −56 27 16.0 10.85 159.542 57(3) 0.25(3) VAR

F19_016342 cs 16 30 25.0 −56 45 00.9 14.07 81.021 0.858(2) 0.02(2) VAR F19_016368

F19_016368 cs 16 30 24.8 −56 44 54.7 13.89 81.008 0.858(3) 0.01(2) VAR F19_016342

F19_016443 c 16 30 22.0 −56 10 31.0 14.47 81.010 0.4472(2) 0.14(2) EW

F19_016472 16 30 22.2 −56 15 20.1 15.87 80.705 0.14646(7) 0.08(6) DSCT

F19_016499 16 30 24.6 −56 55 29.7 14.08 319.618 86(7) 0.17(2) VAR

F19_016552 16 30 19.2 −55 44 11.7 13.72 80.699 0.039914(4) 0.03(3) DSCT

F19_016634 16 30 23.5 −56 49 07.8 16.19 92.175 15.2(6) 0.20(9) ROT

F19_016640 c 16 30 22.1 −56 25 51.4 11.02 · · · · · · · · · LP

F19_016677 c 16 30 22.0 −56 25 54.7 11.01 · · · · · · · · · LP

F19_016735 16 30 21.9 −56 31 03.3 10.71 · · · · · · · · · LP

F19_016758 c 16 30 23.5 −57 00 53.5 14.04 81.169 0.5959(7) 0.06(2) RR

F19_016831 16 30 16.9 −55 33 06.7 13.30 · · · · · · · · · SR

F19_016846 16 30 19.8 −56 09 18.6 12.05 · · · · · · · · · SR

F19_016883 c 16 30 16.6 −55 34 03.2 14.83 80.820 0.2923(2) 0.07(4) EW/DSCT F19_016956, F19_017003

F19_016956 c 16 30 16.4 −55 34 07.4 14.94 80.825 0.29225(9) 0.09(4) EW/DSCT F19_016883, F19_017003

F19_017003 c 16 30 16.2 −55 34 03.8 14.85 80.818 0.2923(2) 0.1(1) EW/DSCT F19_016883, F19_016956

F19_017026 s 16 30 16.1 −55 35 11.5 13.21 80.772 0.17892(9) 0.01(2) DSCT

F19_017064 ⋆ 16 30 15.2 −55 27 02.1 16.52 80.796 0.39185(8) 1.2(2) EA

F19_017146 c 16 30 19.8 −56 32 19.5 14.29 80.766 0.33107(5) 0.28(2) EW

F19_017157 c 16 30 16.3 −55 47 22.0 14.06 81.021 0.4045(2) 0.05(2) EW F19_017192

F19_017192 c 16 30 16.3 −55 47 26.5 13.93 81.019 0.4045(2) 0.05(2) EW F19_017157

F19_017213 16 30 18.4 −56 17 51.9 14.31 81.018 0.6768(2) 0.33(2) EB

F19_017259 c 16 30 16.2 −55 51 01.5 12.03 · · · · · · · · · LP

F19_017282 c 16 30 19.0 −56 29 01.7 11.01 · · · · · · · · · LP

F19_017375 s 16 30 17.5 −56 16 46.7 13.49 92.306 6.40(4) 0.02(1) VAR

F19_017383 c 16 30 14.3 −55 37 03.4 14.23 80.740 0.30309(7) 0.10(2) EW

F19_017413 s 16 30 17.0 −56 12 12.4 15.81 80.948 0.2932(2) 0.05(6) EW/DSCT

F19_017442 c 16 30 16.4 −56 06 02.0 14.46 80.889 0.4966(3) 0.06(2) EW F19_017475

F19_017460 s 16 30 13.3 −55 29 31.6 16.39 80.757 0.2530(2) 0.1(2) VAR

F19_017475 c 16 30 16.2 −56 06 06.1 14.88 80.888 0.4966(3) 0.11(3) EW F19_017442

F19_017648 s 16 30 14.2 −55 52 02.3 10.97 80.762 0.09986(3) 0.008(7) DSCT

F19_017671 c 16 30 16.8 −56 29 46.7 15.08 88.149 4.01(4) 0.11(4) ROT F19_017797

F19_017797 c 16 30 16.2 −56 29 45.8 14.79 88.093 4.01(3) 0.10(3) ROT F19_017671

F19_017853 c 16 30 12.4 −55 41 33.5 12.27 81.215 0.7721(5) 0.042(7) EB

F19_017946 s 16 30 17.0 −56 55 54.1 15.10 80.740 0.16919(7) 0.04(5) VAR

F19_017986 ⋆ 16 30 13.4 −56 05 40.1 12.36 80.659 3.0149(1) 0.2(1) EA

F19_018000 16 30 10.2 −55 27 29.1 14.74 80.723 0.4510(3) 0.18(8) EA

F19_018116 ⋆ 16 30 11.1 −55 45 26.8 13.37 81.424 0.8693 0.037 EA

F19_018304 s 16 30 09.9 −55 42 43.4 14.28 83.252 4.20(5) 0.03(3) VAR

F19_018346 ⋆ 16 30 14.3 −56 50 44.9 12.50 81.505 1.110(2) 0.015(6) EB

F19_018371 c 16 30 08.7 −55 34 56.3 13.60 · · · · · · · · · LP

F19_018401 s 16 30 09.2 −55 41 21.6 15.93 80.675 0.20021(9) 0.2(2) VAR

F19_018468 16 30 07.6 −55 27 11.5 15.66 81.062 5.29(2) 0.5(2) EA

F19_018527 16 30 13.1 −56 50 18.1 14.02 80.706 0.3573(2) 0.04(2) EW

F19_018532 16 30 10.3 −56 05 42.0 13.03 171.942 28(2) 0.035(8) VAR

F19_018637 c 16 30 07.7 −55 39 36.7 13.51 80.904 0.4058(2) 0.22(5) EW

F19_018666 s 16 30 08.7 −55 53 32.4 12.06 95.270 15.4(2) 0.05(2) VAR

F19_018765 16 30 11.3 −56 42 16.5 12.09 · · · · · · · · · LP

F19_018814 cs 16 30 09.3 −56 15 01.5 15.79 80.748 0.4406(2) 0.12(7) EA F19_018886

F19_018886 cs 16 30 09.0 −56 14 53.9 15.33 80.748 0.4406(3) 0.04(4) EA F19_018814

F19_018913 16 30 10.8 −56 43 29.1 12.41 · · · · · · · · · SR

F19_018915 c 16 30 10.3 −56 37 21.8 14.33 80.671 0.5660(4) 0.10(3) EW F19_019003

F19_018931 16 30 07.3 −55 55 07.9 12.95 · · · · · · · · · LP

F19_019001 cs 16 30 10.4 −56 46 35.3 14.44 80.694 0.3048(2) 0.02(2) VAR F19_019095

F19_019003 c 16 30 09.8 −56 37 18.9 14.42 80.672 0.5660(3) 0.10(2) EW F19_018915

F19_019019 16 30 04.5 −55 26 21.1 15.52 83.573 10.4(2) 0.07(5) ROT

F19_019032 s 16 30 08.6 −56 21 00.7 13.40 · · · · · · · · · VAR

F19_019036 ⋆ 16 30 08.0 −56 12 11.9 12.72 80.764 0.23373(4) 0.100(8) DSCT

F19_019084 c 16 30 05.2 −55 39 09.2 15.03 128.558 4.021(1) 0.17(1) EA

F19_019095 cs 16 30 09.8 −56 46 36.8 14.43 80.701 0.3048(2) 0.02(2) VAR F19_019001

F19_019117 16 30 05.8 −55 47 52.4 15.22 88.128 4.12(5) 0.11(5) ROT

F19_019124 c 16 30 04.2 −55 28 39.2 13.62 81.096 0.6150(6) 0.09(3) RR F19_019244

F19_019152 16 30 04.5 −55 34 9.9 13.76 83.790 4.39(6) 0.07(6) ROT

F19_019173 16 30 05.9 −55 55 36.8 11.76 308.437 97(5) 0.18(2) SR

F19_019244 c 16 30 03.6 −55 28 37.8 13.71 81.095 0.6150(7) 0.10(4) RR F19_019124

F19_019290 c 16 30 08.2 −56 36 05.4 12.16 · · · · · · · · · LP

F19_019309 16 30 04.4 −55 44 10.9 12.70 95.379 10.4(3) 0.02(2) VAR

F19_019322 16 30 07.6 −56 29 43.8 13.96 95.103 16.8(7) 0.10(3) VAR

F19_019409 ⋆ 16 30 03.9 −55 44 58.0 12.39 82.790 3.069(8) 0.08(3) EA

F19_019426 16 30 07.5 −56 37 47.5 14.82 83.273 3.6378 0.038 EA

F19_019455 16 30 07.4 −56 36 37.7 13.38 80.989 0.7036(4) 0.056(8) EW

F19_019481 c 16 30 02.0 −55 24 07.2 14.17 91.717 18.7(6) 0.11(2) ROT

F19_019520 c 16 30 06.9 −56 35 24.4 13.74 80.767 0.23148(8) 0.08(2) VAR

F19_019550 16 30 07.5 −56 49 39.7 13.21 · · · · · · · · · LP

F19_019577 16 30 07.3 −56 49 16.9 16.01 81.236 4.11(4) 0.13(7) ROT

F19_019695 16 30 02.0 −55 39 25.9 12.11 · · · · · · · · · SR

F19_019716 16 30 04.3 −56 11 50.5 12.68 81.236 0.916(2) 0.017(7) ROT

F19_019742 c 16 30 05.8 −56 35 58.2 15.47 80.859 0.27987(6) 0.27(5) EW

F19_019826 c 16 30 03.0 −56 01 34.3 15.12 80.698 0.3679(2) 0.10(5) EW F19_019954, F19_019955

F19_019884 ⋆ 16 30 05.4 −56 43 07.6 13.30 81.068 0.50898(6) 0.28(2) EW

F19_019922 16 30 03.2 −56 11 38.1 12.41 128.221 13.6(3) 0.015(6) ROT

F19_019934 ⋆ 16 29 59.5 −55 23 35.2 14.93 81.200 0.6034(4) 0.13(3) EB

F19_019954 c 16 30 02.2 −56 01 34.6 15.17 80.697 0.3679(2) 0.11(4) EW F19_019826, F19_019955
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F19_019955 c 16 30 02.3 −56 01 28.5 15.44 80.695 0.3679(2) 0.13(5) EW F19_019826, F19_019954

F19_020020 cs 16 30 01.1 −55 51 01.6 13.77 80.875 0.3032(2) 0.02(2) EW/DSCT F19_020159

F19_020057 c⋆ 16 30 01.0 −55 52 44.8 12.89 91.441 5.88(3) 0.09(3) EB

F19_020062 16 30 00.3 −55 43 00.6 11.64 · · · · · · · · · SR

F19_020076 16 30 03.8 −56 33 17.9 13.00 81.867 3.12(3) 0.04(2) VAR

F19_020106 ⋆ 16 30 03.6 −56 33 29.2 13.71 81.267 0.9890(8) 0.05(2) EB

F19_020117 16 30 02.2 −56 12 25.0 11.66 · · · · · · · · · SR

F19_020159 cs 16 30 00.4 −55 50 59.1 13.61 80.863 0.3032(2) 0.01(2) EW/DSCT F19_020020

F19_020250 16 30 00.6 −55 59 20.2 11.31 · · · · · · · · · LP

F19_020284 s 16 30 00.2 −55 56 41.1 11.50 91.009 11.4(4) 0.021(8) ROT

F19_020381 s 16 30 01.6 −56 23 33.4 14.20 83.179 3.4905(1) 0.14(1) EA

F19_020433 16 29 59.1 −55 50 32.0 14.84 80.790 0.14134(5) 0.03(3) DSCT

F19_020484 16 30 01.0 −56 23 43.1 13.16 91.705 6.23(7) 0.033(8) VAR

F19_020550 c 16 30 02.6 −56 58 19.7 14.52 80.931 0.3871(2) 0.06(3) EW F19_020634

F19_020634 c 16 30 02.2 −56 58 13.2 15.07 80.929 0.3871(1) 0.23(4) EW F19_020550

F19_020861 ⋆ 16 29 55.3 −55 31 38.8 13.90 81.011 1.790(2) 0.26(5) EA

F19_020941 c 16 29 56.4 −55 53 20.7 15.12 80.947 0.42695(8) 0.36(4) EW

F19_021043 16 29 57.8 −56 21 25.8 11.54 128.179 27(1) 0.09(3) VAR

F19_021116 c 16 29 58.4 −56 36 17.2 14.28 80.862 0.25313(5) 0.14(2) EW F19_021205

F19_021205 c 16 29 58.0 −56 36 17.9 14.33 80.862 0.25313(4) 0.13(2) EW F19_021116

F19_021215 ⋆ 16 29 56.8 −56 18 17.6 13.45 80.600 39.8(1) 0.1(1) EA
F19_021221 16 29 55.4 −55 56 53.4 15.39 80.712 0.17940(8) 0.16(7) DSCT

F19_021253 s 16 29 54.8 −55 51 09.4 15.17 80.677 0.16861(6) 0.02(3) VAR

F19_021557 c⋆ 16 29 56.9 −56 52 37.9 13.03 81.461 1.1564(4) 0.156(8) EW

F19_021790 16 29 53.0 −56 06 48.7 14.74 81.503 57(6) 0.09(2) VAR

F19_021974 16 29 54.5 −56 54 08.1 14.89 80.926 0.26724(8) 0.06(3) EW

F19_022114 16 29 52.7 −56 31 57.4 12.56 112.806 47(3) 0.034(8) VAR

F19_022183 16 29 48.4 −55 31 01.8 14.42 81.322 0.6557(5) 0.08(3) EW

F19_022251 16 29 51.3 −56 18 58.2 14.10 96.130 32(2) 0.07(2) VAR

F19_022297 c 16 29 50.8 −56 14 16.7 14.74 105.004 18.4(5) 0.06(3) VAR

F19_022390 c 16 29 50.6 −56 18 05.6 15.44 80.935 0.30940(8) 0.23(5) EW

F19_022480 c⋆ 16 29 50.1 −56 20 02.9 15.38 81.160 0.52835(9) 0.63(5) EW

F19_022502 c 16 29 51.2 −56 44 33.3 11.48 · · · · · · · · · LP

F19_022535 16 29 51.5 −56 54 26.6 12.94 · · · · · · · · · SR

F19_022593 c⋆ 16 29 48.6 −56 05 38.1 13.54 80.742 1.696(4) 0.025(8) ROT

F19_022650 c 16 29 49.2 −56 21 35.3 14.23 80.753 0.18256(9) 0.03(2) DSCT F19_022789

F19_022651 ⋆ 16 29 49.1 −56 19 26.8 13.79 80.735 0.4582(2) 0.12(3) EB

F19_022668 16 29 45.4 −55 24 11.3 15.26 80.727 0.3928(2) 0.30(5) EW

F19_022713 c⋆ 16 29 49.2 −56 25 11.3 12.72 82.060 4.105(1) 0.25(1) EA

F19_022789 c 16 29 48.7 −56 21 36.0 14.16 80.746 0.18256(8) 0.04(2) DSCT F19_022650

F19_022845 s 16 29 49.9 −56 54 33.9 15.10 81.937 2.498(6) 0.12(3) EB

F19_022893 16 29 48.6 −56 32 55.5 14.56 81.532 4.37(4) 0.04(3) ROT

F19_022925 16 29 49.9 −57 00 08.3 13.58 · · · · · · · · · SR

F19_022949 16 29 45.0 −55 39 51.3 11.11 · · · · · · · · · LP

F19_022959 s 16 29 49.2 −56 48 43.0 14.61 80.737 0.2685(1) 0.03(3) EW

F19_022970 c 16 29 47.7 −56 20 46.5 12.69 · · · · · · · · · LP

F19_023035 c 16 29 46.5 −56 08 24.2 12.56 · · · · · · · · · LP

F19_023053 16 29 49.0 −56 55 56.2 11.91 · · · · · · · · · LP

F19_023137 16 29 47.4 −56 31 08.7 13.64 83.871 8.7(2) 0.02(2) VAR

F19_023138 16 29 46.9 −56 21 43.7 14.68 91.617 14.5(4) 0.13(3) VAR

F19_023154 16 29 48.5 −56 58 33.8 12.74 · · · · · · · · · SR

F19_023343 16 29 46.2 −56 28 52.7 11.68 · · · · · · · · · LP

F19_023370 cs 16 29 46.9 −56 43 44.2 13.51 81.851 1.393(6) 0.02(2) VAR F19_023445

F19_023401 16 29 47.0 −56 48 50.4 12.61 89.633 5.56(5) 0.06(1) ROT

F19_023428 16 29 43.5 −55 52 14.2 13.13 82.067 2.84(2) 0.04(3) VAR

F19_023445 cs 16 29 46.4 −56 43 47.2 13.49 81.838 1.393(4) 0.02(2) VAR F19_023370

F19_023516 16 29 45.3 −56 30 07.3 12.64 · · · · · · · · · SR

F19_023521 s 16 29 44.8 −56 18 34.7 14.90 94.368 18.3(9) 0.03(3) VAR

F19_023614 s 16 29 46.1 −56 54 46.6 12.36 81.288 0.6560(5) 0.011(7) EB

F19_023721 c 16 29 45.2 −56 45 21.2 15.32 81.041 0.5671(2) 0.39(4) RR

F19_023733 s 16 29 43.6 −56 16 04.8 12.94 94.493 18.1(5) 0.012(6) VAR

F19_023821 s 16 29 45.0 −56 57 15.1 10.89 · · · · · · · · · SR

F19_023823 16 29 44.5 −56 43 37.1 13.89 83.477 3.61(3) 0.03(2) VAR

F19_023833 c⋆ 16 29 41.8 −55 52 51.6 13.72 82.756 3.262(4) 0.25(3) EA

F19_023846 s 16 29 44.9 −56 55 42.2 11.33 81.315 13.4(4) 0.04(1) VAR

F19_024025 s 16 29 41.4 −56 05 41.0 13.08 85.070 11.8891 0.11 EA

F19_024064 c 16 29 41.2 −56 07 17.3 14.69 80.720 0.2903(1) 0.05(3) EB

F19_024091 16 29 40.6 −55 58 29.5 10.69 · · · · · · · · · LP

F19_024092 s⋆ 16 29 40.4 −55 57 47.9 12.30 100.700 81.86(1) 0.035(1) EA

F19_024094 c 16 29 39.8 −55 48 54.9 15.78 81.197 0.6200(5) 0.10(6) EB F19_024240

F19_024240 c 16 29 39.1 −55 48 57.3 14.65 81.193 0.6201(4) 0.07(3) EB F19_024094

F19_024337 16 29 38.2 −55 42 09.4 15.81 81.537 1.526(3) 0.18(9) EA

F19_024382 s 16 29 41.7 −56 49 25.3 12.34 · · · · · · · · · LP

F19_024438 c 16 29 38.7 −55 56 47.4 15.19 80.672 0.08558(2) 0.09(4) DSCT F19_024439

F19_024439 c 16 29 38.7 −55 56 43.4 15.15 80.672 0.08558(2) 0.08(4) DSCT F19_024438

F19_024448 s 16 29 36.4 −55 23 37.7 11.00 95.147 16(2) 0.05(2) VAR

F19_024453 16 29 41.1 −56 42 34.8 12.91 · · · · · · · · · LP

F19_024469 16 29 38.9 −56 03 21.2 15.25 82.583 2.150(4) 0.20(7) EA

F19_024560 s 16 29 39.8 −56 27 28.2 15.75 80.678 0.05749(2) 0.06(7) DSCT

F19_024612 16 29 36.3 −55 34 53.3 16.16 80.729 0.2093(2) 0.15(8) DSCT

F19_024618 s 16 29 40.8 −56 59 39.9 12.67 83.372 16.2(5) 0.03(2) VAR

F19_024623 16 29 40.3 −56 44 25.4 14.27 80.776 0.3413(2) 0.02(2) EW/DSCT

F19_024762 c 16 29 38.6 −56 27 21.5 14.96 80.902 0.3966(2) 0.06(4) EW/DSCT

F19_024773 s 16 29 36.0 −55 45 01.3 13.77 80.739 0.2772(1) 0.01(1) EW/DSCT

F19_024846 s 16 29 38.0 −56 28 32.3 12.79 81.449 1.578(4) 0.03(2) VAR

F19_024854 s 16 29 36.4 −55 58 53.7 14.93 262.670 23(2) 0.04(3) VAR

F19_025020 s 16 29 38.5 −56 57 13.8 16.26 88.596 11.4(3) 0.16(9) VAR

F19_025160 ⋆ 16 29 35.2 −56 04 40.4 15.52 82.428 2.218(2) 0.44(5) EA
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Table E.5: Variable stars in �eld F19 (ontinued).

BEST ID F

α (J2000.0) δ RB T0 [d℄

p [d℄

A
Type Other Names

h m s

◦ ′ ′′
[mag℄ [rHJD℄ [mag℄

F19_025246 16 29 37.0 −56 48 41.9 11.16 100.683 22.5(8) 0.08(2) VAR

F19_025400 ⋆ 16 29 35.2 −56 28 10.8 13.95 82.824 2.306(4) 0.10(3) EB

F19_025481 16 29 32.3 −55 45 20.0 12.84 82.513 4.38(9) 0.018(8) ROT

F19_025496 c 16 29 34.4 −56 21 04.5 12.01 · · · · · · · · · LP

F19_025508 16 29 32.2 −55 46 20.8 13.01 · · · · · · · · · LP

F19_025546 c 16 29 32.5 −55 52 01.7 11.73 · · · · · · · · · SR

F19_025547 16 29 32.3 −55 49 49.8 12.21 125.826 59(4) 0.025(6) VAR

F19_025549 16 29 31.8 −55 43 21.5 13.44 80.751 0.14235(5) 0.01(1) DSCT

F19_025701 16 29 33.1 −56 16 02.2 11.79 93.801 80(3) 0.014(4) VAR

F19_025766 c 16 29 32.7 −56 17 24.5 15.12 80.788 0.4251(2) 0.20(4) EW

F19_025793 s 16 29 32.7 −56 18 38.1 15.51 81.178 0.6429(6) 0.15(8) EA

F19_025827 s 16 29 31.3 −55 56 42.1 15.13 80.670 0.3087(2) 0.05(4) EW

F19_025841 16 29 34.1 −57 00 34.0 12.24 81.006 45(2) 0.16(2) VAR

F19_026064 16 29 31.1 −56 16 09.2 11.91 88.965 10.5(2) 0.059(8) CEP

F19_026184 s 16 29 31.4 −56 36 19.9 14.88 80.858 0.2673(2) 0.03(3) DSCT

F19_026234 s 16 29 28.4 −55 45 38.1 13.46 · · · · · · · · · SR

F19_026247 16 29 31.7 −56 52 49.5 11.46 · · · · · · · · · SR

F19_026272 ⋆ 16 29 27.2 −55 30 52.1 15.74 81.043 0.3990(1) 0.42(6) EW

F19_026392 16 29 30.2 −56 37 20.4 16.01 81.023 0.6367(4) 0.14(7) EA

F19_026420 s 16 29 30.9 −56 57 57.6 13.10 88.953 4.42(3) 0.018(8) VAR

F19_026515 16 29 29.4 −56 33 45.0 15.61 80.777 0.2913(1) 0.10(5) EW

F19_026610 16 29 29.7 −56 56 11.9 15.58 80.799 0.2749(1) 0.05(5) EA

F19_026652 s 16 29 24.7 −55 24 13.5 12.91 93.351 38(2) 0.10(4) VAR

F19_026689 16 29 28.6 −56 34 08.4 15.91 80.987 0.4711(3) 0.13(6) EW

F19_026720 16 29 28.4 −56 36 15.8 14.88 81.710 2.6639(1) 0.13(1) EA

F19_026753 s 16 29 28.0 −56 31 41.8 13.00 246.296 34(2) 0.025(8) ROT

F19_026808 s 16 29 25.3 −55 46 22.0 11.85 276.038 60(2) 0.012(4) VAR

F19_026809 16 29 24.8 −55 36 01.1 12.92 · · · · · · · · · LP

F19_026873 s 16 29 25.2 −55 50 56.4 12.38 309.715 90(2) 0.024(6) VAR

F19_026922 s 16 29 27.8 −56 47 09.6 12.46 81.217 2.86(2) 0.06(2) VAR

F19_026976 c 16 29 25.5 −56 02 29.6 11.15 80.714 0.11801(4) 0.018(8) RR F19_026977

F19_026977 c 16 29 25.4 −56 02 26.3 11.15 80.722 0.11800(4) 0.017(8) RR F19_026976

F19_027007 c 16 29 25.0 −55 57 57.2 14.59 81.098 0.732(2) 0.05(2) VAR F19_027058

F19_027041 ⋆ 16 29 26.2 −56 26 43.1 14.62 82.750 8.548(1) 0.14(1) EA

F19_027058 c 16 29 24.6 −55 58 03.4 14.58 81.159 0.732(2) 0.04(2) VAR F19_027007

F19_027181 c 16 29 25.8 −56 31 36.1 14.34 80.975 0.30605(5) 0.18(2) EW

F19_027188 c 16 29 25.1 −56 20 39.0 12.03 · · · · · · · · · SR

F19_027196 s 16 29 24.6 −56 10 17.7 14.74 83.014 2.65(2) 0.09(4) VAR

F19_027245 16 29 22.3 −55 31 51.1 15.30 80.688 0.19782(8) 0.13(5) DSCT

F19_027252 c 16 29 25.9 −56 41 15.4 11.40 · · · · · · · · · LP

F19_027266 16 29 23.7 −55 59 53.8 13.47 100.643 39(5) 0.04(1) ROT

F19_027369 c⋆ 16 29 22.2 −55 44 02.9 13.18 80.845 1.0248(3) 0.305(8) EB

F19_027397 16 29 22.5 −55 51 40.6 13.31 81.643 5.12(4) 0.027(8) ROT

F19_027400 c⋆ 16 29 22.0 −55 41 44.1 13.87 80.962 0.41980(8) 0.23(2) EW

F19_027433 16 29 25.3 −56 52 29.1 12.98 80.698 0.09212(2) 0.02(1) DSCT

F19_027460 c 16 29 21.6 −55 42 03.4 13.33 80.895 2.0025(1) 0.12(1) EA

F19_027496 16 29 25.0 −57 01 02.5 16.15 80.968 0.5125(3) 0.3(2) EW

F19_027580 cs 16 29 24.3 −56 53 30.3 14.61 122.732 18.1(5) 0.12(3) EB

F19_027690 c⋆ 16 29 21.3 −55 58 06.7 14.18 80.886 1.2709(4) 0.41(2) EA

F19_027754 16 29 20.6 −55 55 08.7 15.15 80.813 0.26237(5) 0.32(5) EW

F19_027934 s 16 29 18.9 −55 39 54.6 15.56 91.791 12.7(2) 0.16(5) EB

F19_027943 c 16 29 22.0 −56 45 19.3 12.75 235.177 100(5) 0.040(7) CEP

F19_027960 16 29 18.9 −55 45 11.7 16.04 81.004 0.3940(3) 0.11(7) EW/DSCT

F19_027976 c 16 29 21.3 −56 30 23.0 13.25 · · · · · · · · · LP

F19_028087 16 29 18.1 −55 40 45.6 12.00 · · · · · · · · · LP

F19_028097 c 16 29 21.2 −56 44 49.9 14.81 82.542 32(2) 0.16(3) CEP

F19_028151 s 16 29 21.2 −56 53 48.1 14.31 81.413 2.68(2) 0.03(2) VAR

F19_028163 16 29 19.4 −56 14 17.5 13.42 99.696 76(8) 0.046(8) VAR

F19_028189 16 29 20.2 −56 37 04.4 11.88 · · · · · · · · · SR

F19_028201 16 29 17.9 −55 48 19.3 14.12 80.744 0.18749(7) 0.04(2) DSCT

F19_028223 16 29 20.3 −56 40 53.8 12.66 300.699 93(5) 0.36(3) VAR

F19_028268 ⋆ 16 29 20.0 −56 35 23.6 13.62 82.114 3.8323 0.013 EA

F19_028290 c⋆ 16 29 20.4 −56 53 19.9 13.55 80.776 0.62197(8) 0.44(2) EA

F19_028322 cs⋆ 16 29 19.4 −56 32 21.0 14.96 82.266 7.5218 0.054 EA

F19_028347 16 29 16.0 −55 27 44.0 16.33 80.890 0.24627(6) 0.4(1) EW/DSCT

F19_028393 16 29 20.0 −56 54 17.9 15.17 81.013 0.3552(2) 0.09(4) EW/DSCT

F19_028454 s 16 29 15.5 −55 30 03.8 14.97 80.685 0.2425(1) 0.04(5) EW/DSCT

F19_028539 16 29 16.2 −55 49 26.4 12.82 80.777 0.12058(4) 0.009(7) DSCT

F19_028570 16 29 17.3 −56 12 37.5 14.21 80.994 0.3472(2) 0.07(2) DSCT

F19_028602 16 29 17.5 −56 21 39.5 16.55 81.094 0.5557(2) 0.6(2) EW

F19_028637 16 29 16.6 −56 08 19.2 12.11 · · · · · · · · · SR

F19_028646 s 16 29 15.0 −55 37 25.2 15.19 81.102 0.4389(3) 0.03(4) EW/DSCT

F19_028870 s 16 29 16.2 −56 23 35.5 11.22 80.738 0.10348(3) 0.03(3) VAR

F19_028873 c⋆ 16 29 15.3 −56 07 31.8 14.02 95.745 6.2814(1) 0.11(1) EA

F19_028901 16 29 14.6 −55 54 30.5 13.11 · · · · · · · · · SR

F19_028915 s 16 29 17.1 −56 54 14.4 13.67 269.650 26(2) 0.03(2) VAR

F19_029002 16 29 15.0 −56 13 01.0 15.56 80.716 0.5043(2) 0.36(6) EW

F19_029043 cs 16 29 14.9 −56 14 38.9 15.06 80.763 0.3839(2) 0.08(4) EW

F19_029063 16 29 16.2 −56 48 16.1 15.76 80.962 0.3193(2) 0.2(2) EW

F19_029110 cs 16 29 14.5 −56 14 53.7 12.12 80.958 0.3839(2) 0.010(4) EW

F19_029176 16 29 12.7 −55 46 16.6 15.02 81.086 0.5068(4) 0.09(4) EB

F19_029182 c 16 29 12.0 −55 33 02.3 13.29 80.728 0.7343(5) 0.09(2) EW

F19_029189 16 29 11.5 −55 23 55.2 12.03 · · · · · · · · · SR

F19_029558 s 16 29 10.3 −55 41 39.9 12.79 100.902 26(2) 0.05(3) VAR

F19_029716 16 29 11.2 −56 14 43.9 12.01 82.100 2.177(4) 0.034(6) EB

F19_029741 16 29 12.5 −56 52 46.4 13.48 93.874 6.77(9) 0.03(2) ROT

F19_029799 c 16 29 09.1 −55 40 04.7 15.94 80.928 0.4523(2) 0.42(8) EW

F19_029834 16 29 10.1 −56 04 40.7 15.35 80.825 0.28581(4) 0.48(5) EW
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Table E.5: Variable stars in �eld F19 (ontinued).
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F19_029926 c⋆ 16 29 09.9 −56 09 16.8 14.96 89.830 3.3599(1) 0.3(1) EA
F19_029929 s 16 29 09.8 −56 06 32.5 15.07 80.695 0.14446(6) 0.03(3) VAR

F19_029951 16 29 11.3 −56 45 43.8 14.38 81.129 0.5886(3) 0.59(9) RR

F19_030083 16 29 07.8 −55 42 00.2 12.43 · · · · · · · · · SR

F19_030226 16 29 08.6 −56 13 13.0 13.36 81.571 6.37(5) 0.052(8) CEP

F19_030314 cs 16 29 05.9 −55 28 52.4 14.81 81.315 6.28(4) 0.08(4) ROT F19_030421

F19_030387 s 16 29 05.8 −55 32 25.3 13.45 90.354 9.7(2) 0.012(8) VAR

F19_030421 cs 16 29 05.3 −55 28 47.9 14.88 81.352 6.28(4) 0.07(4) ROT F19_030314

F19_030465 cs 16 29 07.7 −56 21 44.9 13.08 83.544 4.66(4) 0.014(8) VAR

F19_030509 16 29 04.8 −55 27 58.7 15.88 81.007 0.34055(9) 0.32(6) EW

F19_030642 16 29 07.0 −56 28 14.1 13.69 96.836 8.9(2) 0.05(2) ROT

F19_030794 ⋆ 16 29 07.0 −56 52 44.7 12.16 81.110 0.48102(5) 0.359(8) EB

F19_030850 16 29 03.6 −55 38 05.5 11.69 · · · · · · · · · LP

F19_030904 16 29 05.3 −56 18 07.7 14.09 172.256 21(1) 0.09(3) VAR

F19_030914 ⋆ 16 29 02.9 −55 29 54.9 13.90 81.767 2.3352(1) 0.08(1) EA

F19_030922 16 29 06.1 −56 45 27.1 11.65 · · · · · · · · · LP

F19_030984 cs 16 29 05.4 −56 37 54.7 13.98 81.573 1.260(4) 0.02(2) VAR F19_031071

F19_031025 ⋆ 16 29 02.6 −55 38 55.0 13.99 81.046 0.6763(3) 0.47(7) EA

F19_031051 16 29 03.1 −55 49 49.9 15.75 80.848 0.3182(2) 0.30(6) RR

F19_031071 cs 16 29 05.1 −56 37 53.2 13.92 81.520 1.260(3) 0.01(2) VAR F19_030984

F19_031085 16 29 03.0 −55 53 32.9 13.53 80.725 0.06458(2) 0.013(8) DSCT

F19_031197 ⋆ 16 29 04.6 −56 48 31.8 15.04 80.771 0.7953(2) 0.66(4) EB

F19_031213 16 29 03.5 −56 18 53.9 16.50 80.706 0.3999(2) 0.4(2) EW
F19_031254 s 16 29 02.8 −56 06 58.2 14.45 80.702 70(5) 0.13(2) EB

F19_031257 16 29 02.1 −55 52 34.3 15.06 89.436 11.9(2) 0.10(3) VAR

F19_031317 16 29 02.9 −56 17 26.1 16.12 80.899 0.2852(2) 0.10(7) VAR

F19_031402 16 29 02.1 −56 09 42.2 16.14 80.897 0.3535(3) 0.14(8) VAR

F19_031417 s 16 29 03.4 −56 41 41.5 15.94 80.672 0.16302(6) 0.07(9) VAR

F19_031474 cs 16 29 03.5 −56 59 21.7 14.52 122.043 60(6) 0.08(3) VAR

F19_031528 16 29 00.5 −55 48 44.1 13.94 89.183 9.2(2) 0.06(2) CEP

F19_031884 c 16 28 59.5 −56 06 35.5 13.04 81.123 0.4956(2) 0.100(8) EB

F19_031885 s 16 28 59.3 −56 01 21.0 15.15 80.830 0.3863(4) 0.04(3) RR

F19_032009 16 29 00.1 −56 43 05.2 12.30 81.632 1.243(4) 0.04(2) VAR

F19_032050 cs 16 28 59.0 −56 16 41.1 13.86 155.237 53(5) 0.04(2) VAR F19_032086

F19_032086 cs 16 28 58.9 −56 16 38.3 13.83 262.068 54(6) 0.03(2) VAR F19_032050

F19_032221 16 28 57.8 −56 07 11.4 14.17 81.035 0.5126(2) 0.08(2) EW

F19_032268 c 16 28 55.8 −55 27 42.7 13.95 83.183 7.32(7) 0.11(2) CEP

F19_032282 s 16 28 58.2 −56 22 54.3 13.47 81.174 0.912(3) 0.01(2) VAR

F19_032349 16 28 58.1 −56 31 02.8 12.43 197.466 30(5) 0.07(2) CEP

F19_032422 16 28 56.9 −56 14 15.7 13.93 81.005 0.6495(3) 0.13(2) EB

F19_032476 c 16 28 57.5 −56 39 26.5 14.05 80.751 1.325(2) 0.07(2) EA F19_032563

F19_032563 c⋆ 16 28 57.1 −56 39 20.5 14.45 80.754 1.325(1) 0.20(3) EA F19_032476

F19_032724 s 16 28 53.9 −55 41 16.1 11.68 105.194 28(1) 0.05(2) VAR

F19_032729 c 16 28 56.5 −56 52 17.8 14.00 81.017 0.5456(2) 0.12(2) EW

F19_032857 ⋆ 16 28 54.5 −56 08 19.0 12.90 81.165 2.332(4) 0.051(7) EB

F19_032876 ⋆ 16 28 52.8 −55 30 06.2 14.74 83.754 2.3869(1) 0.34(1) EA

F19_032904 16 28 54.1 −56 04 25.6 13.74 100.892 21(2) 0.02(1) VAR

F19_032978 c⋆ 16 28 53.9 −56 06 30.1 12.37 80.654 4.5973(1) 0.105(1) EA

F19_033040 s⋆ 16 28 53.6 −56 07 18.9 15.14 89.710 16.875(1) 0.4(1) EA
F19_033108 c 16 28 52.5 −55 55 02.8 14.09 80.939 0.4357(2) 0.07(3) EW F19_033203, F19_033240

F19_033203 c 16 28 52.2 −55 54 57.7 14.00 80.730 0.4357(3) 0.04(2) EW F19_033108, F19_033240

F19_033221 16 28 50.8 −55 25 00.4 13.02 80.787 0.1903(1) 0.02(3) VAR

F19_033224 16 28 53.9 −56 43 22.8 16.53 81.840 1.434(2) 0.2(2) EA
F19_033236 ⋆ 16 28 52.3 −56 00 24.0 15.70 80.498 7.7515(1) 1.7(1) EA
F19_033240 c 16 28 52.0 −55 55 01.5 13.90 80.725 0.4357(2) 0.07(2) EW F19_033108, F19_033203

F19_033376 c 16 28 49.9 −55 26 10.9 14.93 80.823 0.37712(9) 0.26(4) EW F19_033517

F19_033451 s 16 28 52.7 −56 46 55.8 14.59 80.711 0.13266(4) 0.02(2) DSCT

F19_033508 s 16 28 50.4 −55 52 29.4 14.04 271.524 43(3) 0.03(2) VAR

F19_033517 c 16 28 49.3 −55 26 07.5 14.89 80.822 0.37712(6) 0.34(3) EW F19_033376

F19_033547 s 16 28 49.0 −55 24 35.8 14.59 80.796 0.1602(2) 0.02(3) VAR

F19_033571 c⋆ 16 28 50.5 −55 59 40.6 11.97 81.645 6.2662(1) 0.6(1) EA
F19_033774 16 28 50.5 −56 26 55.2 15.05 80.825 0.41895(8) 0.33(4) EW

F19_033823 16 28 48.7 −55 49 33.2 12.40 80.746 0.4539(5) 0.03(2) RR

F19_033825 16 28 48.6 −55 45 04.1 14.21 80.689 0.09769(4) 0.02(2) DSCT

F19_033836 c 16 28 50.6 −56 39 05.5 13.80 80.960 0.32037(6) 0.09(2) EW

F19_033986 c 16 28 47.1 −55 32 53.2 11.70 · · · · · · · · · LP

F19_034021 ⋆ 16 28 46.8 −55 28 13.9 14.36 81.137 0.8561(3) 0.35(3) EA

F19_034040 ⋆ 16 28 48.6 −56 15 43.4 14.16 81.945 8.5411(1) 0.5(1) EA
F19_034107 16 28 48.6 −56 24 23.0 13.02 100.679 41(3) 0.023(7) ROT

F19_034114 c⋆ 16 28 47.5 −55 58 46.5 12.56 80.870 1.784(2) 0.07(2) EA

F19_034169 c⋆ 16 28 48.1 −56 20 37.4 13.08 81.452 1.1710(5) 0.14(2) EA

F19_034180 16 28 46.6 −55 43 42.7 15.40 80.745 0.18006(8) 0.06(4) DSCT

F19_034210 s 16 28 47.6 −56 11 02.6 15.33 80.718 0.4334(3) 0.05(5) EW

F19_034240 c 16 28 47.9 −56 23 39.7 14.57 91.921 50(4) 0.06(3) VAR

F19_034441 ⋆ 16 28 46.8 −56 25 04.4 16.98 80.779 0.4016(2) 1.6(3) EB
F19_034516 ⋆ 16 28 45.5 −55 56 38.5 15.35 82.420 3.108(6) 0.42(4) EB

F19_034543 16 28 45.7 −56 10 45.4 14.93 80.937 0.8468(8) 0.07(4) EA

F19_034606 16 28 46.8 −56 54 39.8 13.65 89.163 9.1(2) 0.02(2) VAR

F19_034614 16 28 46.4 −56 34 17.1 13.04 99.910 12.8(4) 0.014(7) VAR

F19_034686 c 16 28 45.8 −56 30 14.8 14.84 80.899 0.864(1) 0.14(4) EB

F19_034778 16 28 44.8 −56 17 39.8 12.45 92.224 6.12(3) 0.025(8) ROT

F19_034789 c 16 28 43.8 −55 51 01.7 12.84 93.182 25.1(7) 0.12(3) SR

F19_034825 c 16 28 43.3 −55 43 47.4 13.31 81.012 0.4109(2) 0.07(2) EW F19_034855

F19_034830 16 28 42.8 −55 32 12.0 11.34 · · · · · · · · · LP

F19_034849 16 28 43.8 −55 59 03.0 14.02 81.054 0.40595(8) 0.22(3) EW

F19_034855 c 16 28 43.1 −55 43 42.9 13.25 81.012 0.4109(1) 0.058(8) EW F19_034825

F19_034860 c 16 28 42.8 −55 35 53.2 14.86 80.840 0.4523(2) 0.18(5) EW F19_035012

F19_034970 c 16 28 43.0 −55 51 41.5 11.85 · · · · · · · · · SR
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Table E.5: Variable stars in �eld F19 (ontinued).
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F19_035012 c 16 28 42.1 −55 35 58.5 14.34 80.840 0.4523(1) 0.32(4) EW F19_034860

F19_035102 c⋆ 16 28 43.4 −56 22 16.0 14.69 81.172 0.6523(2) 0.30(3) EA

F19_035119 16 28 42.0 −55 43 48.9 14.61 80.774 0.9147(5) 0.28(4) EA

F19_035139 c 16 28 43.2 −56 20 31.5 12.30 · · · · · · · · · LP

F19_035203 c 16 28 43.7 −56 55 34.0 12.37 · · · · · · · · · SR

F19_035298 cs 16 28 40.7 −55 33 45.6 15.41 80.775 0.4278(3) 0.10(5) EW

F19_035320 16 28 42.1 −56 14 22.5 15.69 125.675 24(2) 0.16(5) CEP

F19_035327 16 28 41.0 −55 45 09.3 15.68 80.702 0.18495(9) 0.07(6) VAR

F19_035365 s 16 28 42.5 −56 36 18.4 12.18 · · · · · · · · · LP

F19_035367 16 28 42.3 −56 31 42.6 14.01 90.474 10.4(3) 0.03(2) ROT

F19_035380 c 16 28 41.0 −55 54 20.4 14.77 80.952 0.39471(8) 0.23(3) EW

F19_035414 16 28 41.2 −56 05 32.0 14.05 123.643 80(2) 0.06(2) VAR

F19_035606 16 28 41.4 −56 42 13.3 16.06 80.813 0.3073(1) 0.17(7) EW

F19_035695 s 16 28 39.1 −55 46 45.0 14.81 81.511 2.3501(1) 0.09(1) EA

F19_035894 s 16 28 40.1 −56 49 44.0 14.69 80.937 0.4972(3) 0.03(3) EB

F19_035907 c 16 28 39.2 −56 16 09.2 13.20 80.785 0.3370(2) 0.03(2) EW F19_035943

F19_035943 c 16 28 38.9 −56 16 03.7 13.18 80.788 0.3370(2) 0.019(8) EW F19_035907

F19_035953 c 16 28 38.1 −55 53 11.7 15.12 80.766 0.4605(2) 0.12(4) EW F19_036063

F19_036039 ⋆ 16 28 36.9 −55 30 17.5 13.06 81.428 0.8291(9) 0.12(6) EW

F19_036049 c⋆ 16 28 39.0 −56 36 12.3 14.41 82.704 4.5421(1) 0.27(1) EA

F19_036050 c 16 28 38.9 −56 30 31.8 11.27 90.137 10.5003 0.13 EA

F19_036063 c 16 28 37.7 −55 53 10.5 14.93 80.989 0.4605(3) 0.11(4) EW F19_035953

F19_036086 c 16 28 38.3 −56 17 31.8 12.86 · · · · · · · · · SR

F19_036173 16 28 38.9 −56 54 02.4 12.61 · · · · · · · · · LP

F19_036183 s 16 28 38.0 −56 24 36.0 11.49 · · · · · · · · · SR

F19_036292 16 28 37.9 −56 35 30.7 10.73 · · · · · · · · · LP

F19_036480 16 28 35.2 −55 43 33.8 15.32 109.289 11.0(5) 0.07(4) VAR

F19_036611 s 16 28 34.6 −55 45 19.5 15.88 80.753 0.13610(4) 0.05(7) DSCT

F19_036669 16 28 35.8 −56 30 30.9 15.70 80.672 0.3885(2) 0.17(6) EW/DSCT

F19_036749 c⋆ 16 28 34.3 −55 56 57.2 13.41 83.190 3.817(8) 0.19(2) EB

F19_036981 s 16 28 32.4 −55 34 00.8 11.78 122.309 24.1(9) 0.11(5) VAR

F19_037017 c⋆ 16 28 34.4 −56 48 51.7 13.79 80.850 1.6773(9) 0.33(3) EA

F19_037026 16 28 33.7 −56 21 20.6 11.99 89.555 18.9(4) 0.04(1) VAR

F19_037081 16 28 34.0 −56 47 31.7 13.98 146.804 81(7) 0.10(2) VAR

F19_037090 c 16 28 33.2 −56 17 56.5 14.58 81.302 1.449(2) 0.10(3) EA

F19_037105 c 16 28 32.0 −55 39 21.4 11.10 · · · · · · · · · LP

F19_037129 16 28 32.9 −56 12 56.8 12.77 109.726 46(2) 0.10(2) CEP

F19_037276 16 28 31.3 −55 45 54.4 16.12 81.271 1.355(2) 0.3(2) EA

F19_037493 16 28 31.8 −56 43 22.9 16.08 83.215 2.773(4) 0.20(8) EA

F19_037554 c 16 28 31.6 −56 44 08.5 13.86 81.408 4.32(3) 0.06(2) ROT F19_037620

F19_037620 c 16 28 31.1 −56 44 03.4 13.96 81.355 4.32(4) 0.05(2) ROT F19_037554

F19_037662 c⋆ 16 28 30.7 −56 32 51.1 13.60 83.011 3.533(4) 0.30(3) EA

F19_037825 16 28 28.3 −55 38 29.1 14.81 80.717 0.2822(1) 0.08(4) EW

F19_037905 cs 16 28 29.4 −56 33 46.5 12.44 82.337 12.1(2) 0.04(2) VAR

F19_037972 16 28 27.1 −55 30 12.5 17.11 80.896 0.24725(4) 2.5(4) EB

F19_037995 16 28 28.6 −56 19 46.7 15.18 80.686 0.25972(9) 0.06(5) EW/DSCT

F19_038150 ⋆ 16 28 28.5 −56 54 40.5 14.18 80.706 0.068140(6) 0.17(2) DSCT

F19_038168 c 16 28 27.8 −56 20 13.6 12.67 · · · · · · · · · VAR

F19_038176 16 28 27.0 −55 56 44.0 13.35 94.177 57(4) 0.17(3) CEP

F19_038187 16 28 28.3 −56 53 42.8 14.42 80.974 0.5784(3) 0.14(2) EB

F19_038196 s 16 28 27.7 −56 27 27.2 12.92 81.086 0.5099(4) 0.011(8) EB

F19_038216 s 16 28 26.2 −55 38 39.4 12.06 92.861 41(2) 0.03(2) EB

F19_038269 s 16 28 27.7 −56 38 20.1 14.27 149.311 16(5) 0.03(2) EB

F19_038274 16 28 27.2 −56 20 55.1 12.81 91.388 22(3) 0.06(2) VAR

F19_038307 s 16 28 27.8 −56 52 54.3 16.09 81.792 1.625(4) 0.14(8) EB

F19_038325 ⋆ 16 28 26.5 −56 03 54.8 16.35 81.168 0.7829(3) 1.2(2) EA

F19_038332 s 16 28 25.9 −55 45 32.6 14.31 80.948 0.3219(2) 0.02(2) EW/DSCT

F19_038349 s 16 28 27.3 −56 36 50.8 11.79 95.972 17.6(4) 0.04(2) VAR

F19_038408 16 28 27.0 −56 38 57.0 12.70 · · · · · · · · · LP

F19_038417 16 28 26.7 −56 24 48.0 12.86 300.293 65(4) 0.08(2) VAR

F19_038532 c 16 28 26.4 −56 35 46.0 14.16 81.851 5.79(6) 0.04(2) ROT F19_038673

F19_038581 16 28 25.3 −56 02 32.6 14.86 89.080 4.69(5) 0.04(3) ROT

F19_038634 16 28 26.1 −56 48 00.7 12.82 80.702 0.05784(2) 0.02(2) DSCT

F19_038647 16 28 25.2 −56 10 25.3 14.55 82.964 2.471(4) 0.12(6) EA

F19_038673 c 16 28 25.8 −56 35 48.9 13.84 81.370 5.79(5) 0.03(2) ROT F19_038532

F19_038674 16 28 25.6 −56 31 47.1 13.21 80.826 0.34103(9) 0.050(8) EW

F19_038683 c⋆ 16 28 24.8 −56 01 36.7 13.34 80.914 0.5328(4) 0.12(6) EB

F19_038995 16 28 23.8 −56 32 36.7 13.42 · · · · · · · · · LP

F19_039042 16 28 22.5 −55 52 12.2 11.89 95.741 19.0(6) 0.06(2) VAR

F19_039046 16 28 22.3 −55 46 55.3 14.56 80.835 0.4423(3) 0.04(2) EW

F19_039138 cs 16 28 22.1 −56 05 20.8 11.90 96.946 19.7(7) 0.05(2) VAR F19_039170, F19_039311

F19_039170 cs 16 28 22.1 −56 05 18.9 11.90 97.009 19.7(6) 0.05(2) VAR F19_039138, F19_039311

F19_039184 16 28 23.1 −56 58 29.5 14.19 80.934 0.3424(2) 0.02(2) EW

F19_039187 ⋆ 16 28 23.2 −56 51 04.3 14.17 82.686 3.546(4) 0.53(6) EA

F19_039202 16 28 22.4 −56 16 53.0 12.77 80.689 0.3646(4) 0.009(6) VAR

F19_039268 c 16 28 22.0 −56 15 50.6 13.05 · · · · · · · · · LP

F19_039311 cs 16 28 21.6 −56 05 19.9 11.85 96.905 19.7(7) 0.05(2) VAR F19_039138, F19_039170

F19_039437 s 16 28 20.3 −55 39 26.0 17.04 82.227 1.899(3) 0.4(2) EA

F19_039471 c 16 28 19.6 −55 25 18.1 13.06 · · · · · · · · · LP

F19_039486 16 28 20.9 −56 12 43.5 14.27 81.380 0.9083(6) 0.09(2) EW

F19_039579 16 28 20.4 −56 15 52.7 11.97 94.073 45(3) 0.052(8) ROT

F19_039615 s 16 28 19.9 −56 02 14.0 11.70 · · · · · · · · · LP

F19_039616 16 28 19.8 −56 00 48.3 14.67 81.642 6.40(8) 0.10(4) ROT

F19_039643 16 28 20.3 −56 25 07.9 15.48 82.750 2.423(4) 0.11(5) EA

F19_039806 s 16 28 19.7 −56 37 55.2 14.23 81.312 5.53(4) 0.04(2) ROT

F19_039863 ⋆ 16 28 17.5 −55 24 27.8 12.54 82.110 2.3648(1) 0.085(1) EA

F19_040047 s 16 28 18.5 −56 37 09.4 15.69 81.027 0.4063(2) 0.08(8) EB

F19_040073 16 28 16.5 −55 25 26.6 13.92 · · · · · · · · · LP
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F19_040095 c 16 28 17.6 −56 09 30.6 14.72 80.787 0.4135(2) 0.10(3) EW/DSCT F19_040160

F19_040114 s 16 28 18.3 −56 49 52.8 12.00 · · · · · · · · · SR

F19_040160 c 16 28 17.3 −56 09 25.6 14.68 80.783 0.4135(2) 0.12(3) EW/DSCT F19_040095

F19_040193 c 16 28 17.1 −56 07 31.9 13.39 80.754 0.36478(8) 0.18(2) RR

F19_040214 16 28 17.8 −56 54 12.8 16.25 80.797 0.26917(9) 0.20(8) EW/DSCT

F19_040254 s 16 28 17.5 −56 43 41.5 15.14 81.051 0.634(2) 0.05(5) RR

F19_040352 16 28 15.1 −55 26 58.4 16.37 81.123 0.4808(2) 0.4(1) EW
F19_040409 16 28 15.9 −56 02 34.1 16.56 81.455 0.824(2) 0.2(2) VAR
F19_040459 c 16 28 16.2 −56 35 37.1 14.36 80.926 0.38511(6) 0.25(2) EW

F19_040501 16 28 15.1 −55 53 55.6 11.90 149.129 64(5) 0.21(3) CEP

F19_040623 16 28 14.9 −56 11 16.2 12.00 · · · · · · · · · SR

F19_040696 16 28 14.4 −56 08 25.2 12.47 80.784 0.34424(9) 0.046(8) EW

F19_041118 s 16 28 12.3 −56 12 54.2 12.78 80.766 0.2935(2) 0.006(6) EW/DSCT

F19_041253 c⋆ 16 28 11.8 −56 17 55.4 13.43 81.058 0.7564(6) 0.06(2) EB

F19_041295 16 28 11.7 −56 26 30.0 11.65 81.059 0.4789(5) 0.04(2) RR

F19_041304 16 28 11.0 −55 59 09.0 15.33 82.183 8.8(2) 0.13(5) VAR

F19_041326 16 28 11.8 −56 38 26.8 12.11 250.598 38.0(6) 0.101(7) EB

F19_041341 c 16 28 10.8 −55 54 36.7 14.54 80.956 0.5623(3) 0.06(3) EB

F19_041442 16 28 10.4 −56 01 40.8 11.52 92.191 19.6(5) 0.06(2) VAR

F19_041457 16 28 09.7 −55 32 31.2 11.73 · · · · · · · · · LP

F19_041563 c 16 28 10.5 −56 47 44.4 14.58 261.322 51(6) 0.04(3) VAR F19_041711

F19_041566 16 28 10.5 −56 37 29.3 16.10 81.164 0.5384(3) 0.6(2) RR
F19_041665 s 16 28 10.2 −56 52 40.3 16.29 80.734 0.2791(1) 0.08(9) EW/DSCT

F19_041682 16 28 09.2 −56 01 28.3 15.63 80.706 0.3813(2) 0.35(6) EW

F19_041697 c 16 28 08.6 −55 34 20.2 11.63 · · · · · · · · · SR

F19_041711 c 16 28 09.9 −56 47 44.1 14.36 262.074 52(7) 0.03(2) VAR F19_041563

F19_041741 16 28 08.4 −55 35 56.4 14.24 81.345 0.9223(7) 0.08(3) EA

F19_041783 c 16 28 07.8 −55 24 44.3 15.07 81.033 0.3947(2) 0.08(5) EW F19_041855

F19_041855 c 16 28 07.6 −55 24 50.9 15.12 81.029 0.3947(3) 0.07(4) EW F19_041783

F19_041986 c 16 28 07.5 −55 47 30.3 14.95 81.061 0.6696(4) 0.19(4) EW F19_042114

F19_042011 ⋆ 16 28 07.8 −56 08 10.0 13.49 91.690 6.13(2) 0.46(5) EA

F19_042114 c 16 28 06.7 −55 47 31.1 14.76 80.727 0.6695(5) 0.10(3) EW F19_041986

F19_042132 c 16 28 07.7 −56 44 27.9 13.25 92.212 7.71(5) 0.08(1) EB

F19_042205 c⋆ 16 28 06.7 −56 04 10.5 14.67 80.681 0.29621(5) 0.18(2) EW

F19_042321 c 16 28 05.2 −55 26 29.7 14.91 80.714 0.6073(5) 0.31(8) RR

F19_042419 16 28 05.9 −56 22 53.5 11.82 80.770 0.13375(4) 0.04(2) DSCT

F19_042514 16 28 05.0 −56 01 07.3 13.60 100.595 26(1) 0.06(2) VAR

F19_042523 c 16 28 04.2 −55 26 10.1 11.99 80.897 0.2589(2) 0.03(1) DSCT F19_042559

F19_042559 c 16 28 04.0 −55 26 05.4 11.95 80.905 0.2588(2) 0.03(5) DSCT F19_042523

F19_042578 c 16 28 04.8 −56 08 12.0 15.25 80.732 0.4047(2) 0.11(4) EW

F19_042635 16 28 05.3 −56 57 10.2 17.35 159.206 28(2) 0.5(3) VAR
F19_042675 16 28 04.7 −56 28 12.0 13.43 80.757 0.5228(3) 0.05(2) RR

F19_042818 ⋆ 16 28 04.2 −56 43 27.6 14.94 81.496 1.350(2) 0.06(3) EA

F19_042834 16 28 03.2 −55 52 38.2 12.78 · · · · · · · · · SR

F19_042974 c⋆ 16 28 03.1 −56 22 58.2 14.63 80.886 0.6316(2) 1.01(3) RR

F19_043029 16 28 03.1 −56 41 21.2 14.29 120.953 33(2) 0.05(2) VAR

F19_043079 16 28 02.3 −56 03 40.2 15.53 80.859 0.2574(2) 0.07(5) VAR

F19_043153 cs⋆ 16 28 02.3 −56 21 04.9 13.46 80.974 1.208(2) 0.023(8) EA

F19_043221 s 16 28 01.9 −56 13 30.0 14.93 81.158 1.124(4) 0.03(3) VAR

F19_043298 ⋆ 16 28 01.0 −55 50 16.9 14.14 90.900 5.183(1) 0.3(1) EA
F19_043457 16 28 00.8 −56 31 56.6 13.62 80.855 1.303(4) 0.02(2) VAR

F19_043462 16 28 00.6 −56 12 21.0 13.77 80.741 0.2823(2) 0.01(2) EW/DSCT

F19_043467 s 16 28 00.3 −56 02 55.3 15.07 80.693 0.1890(2) 0.03(4) DSCT

F19_043539 s 16 27 59.7 −55 45 09.7 14.07 · · · · · · · · · LP

F19_043616 s 16 27 59.1 −55 36 15.4 11.04 · · · · · · · · · VAR

F19_043642 c 16 27 59.5 −55 58 23.9 11.20 · · · · · · · · · LP

F19_043739 s 16 27 58.6 −55 40 43.5 14.23 93.549 17.5(5) 0.04(2) VAR

F19_043750 16 27 59.4 −56 44 28.8 15.18 81.183 0.8085(6) 0.17(4) EB

F19_043752 c 16 27 59.1 −56 38 21.1 13.18 80.926 0.36656(8) 0.10(2) EW F19_043859

F19_043859 c 16 27 58.9 −56 38 16.6 13.07 80.926 0.36656(8) 0.064(8) EW F19_043752

F19_043864 16 27 58.8 −56 32 26.0 13.80 121.540 2.0001(1) 0.07(1) EA

F19_043870 16 27 58.5 −56 12 37.0 14.77 83.676 4.61(4) 0.09(3) VAR

F19_043902 16 27 58.6 −56 33 24.6 14.30 80.740 0.32161(7) 0.22(2) RR

F19_043910 16 27 58.2 −56 11 33.6 11.83 · · · · · · · · · SR

F19_043998 c 16 27 58.2 −56 40 05.8 13.85 80.900 0.3884(2) 0.06(2) EW F19_043999

F19_043999 c 16 27 58.1 −56 40 00.6 13.71 80.898 0.3884(2) 0.03(1) EW F19_043998

F19_044093 16 27 56.8 −55 41 41.6 15.11 82.849 7.1(1) 0.07(3) ROT

F19_044294 c 16 27 55.8 −55 47 47.9 14.47 91.491 11.7(1) 0.29(3) VAR

F19_044352 ⋆ 16 27 55.8 −56 03 39.2 14.72 80.887 0.5866(2) 0.43(4) RR

F19_044457 16 27 55.3 −56 05 07.9 12.86 94.664 35(3) 0.029(8) VAR

F19_044552 cs 16 27 54.8 −56 07 34.4 14.36 80.692 0.4300(3) 0.05(3) EW

F19_044614 s 16 27 54.2 −55 53 40.5 12.58 · · · · · · · · · SR

F19_044624 c⋆ 16 27 53.7 −55 23 38.9 13.66 81.385 2.2301(1) 0.08(1) EA

F19_044646 ⋆ 16 27 54.3 −56 07 20.7 13.14 80.899 2.271(4) 0.06(1) EA

F19_044808 ⋆ 16 27 53.3 −55 54 04.8 12.84 80.698 1.27111(1) 0.53(1) EA

F19_044823 s 16 27 53.8 −56 52 05.9 12.93 88.312 8.01(6) 0.025(8) ROT

F19_044842 16 27 53.1 −56 00 47.8 14.48 80.759 0.2776(2) 0.04(2) DSCT

F19_044908 s 16 27 52.7 −55 57 51.1 14.01 80.987 0.4151(3) 0.02(2) EW

F19_044916 16 27 52.5 −55 43 25.7 11.98 · · · · · · · · · LP

F19_044986 c⋆ 16 27 52.6 −56 02 55.4 14.96 81.258 2.6436 0.071 EA

F19_045024 16 27 51.9 −55 37 50.9 15.67 80.674 0.19430(6) 0.22(5) DSCT

F19_045041 cs 16 27 52.6 −56 37 07.5 13.82 80.699 0.2264(2) 0.06(4) VAR F19_045173

F19_045090 16 27 52.1 −56 11 36.7 12.82 99.140 13.6(5) 0.017(7) VAR

F19_045173 cs 16 27 51.8 −56 37 10.7 13.36 80.681 0.2264(2) 0.02(2) VAR F19_045041

F19_045214 16 27 51.2 −55 54 51.1 10.79 80.706 0.09402(3) 0.01(1) DSCT

F19_045226 cs 16 27 51.5 −56 54 51.1 13.49 90.691 6.05(4) 0.03(2) ROT F19_045394

F19_045246 16 27 50.8 −55 47 04.3 12.66 · · · · · · · · · LP

F19_045321 ck 16 27 50.3 −55 33 40.0 11.69 · · · · · · · · · LP NU Nor
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Table E.5: Variable stars in �eld F19 (ontinued).

BEST ID F

α (J2000.0) δ RB T0 [d℄

p [d℄

A
Type Other Names

h m s

◦ ′ ′′
[mag℄ [rHJD℄ [mag℄

F19_045346 c⋆ 16 27 50.7 −56 12 32.9 14.76 81.141 4.389(7) 0.83(6) EA

F19_045394 cs 16 27 50.8 −56 54 49.4 13.34 90.802 6.11(4) 0.03(2) ROT F19_045226

F19_045570 16 27 49.2 −55 54 01.0 12.43 81.978 12.0(7) 0.029(8) VAR

F19_045619 16 27 48.8 −55 39 32.6 14.45 80.713 0.09828(1) 0.23(3) DSCT

F19_045698 ⋆ 16 27 48.7 −55 53 13.6 12.36 88.484 69(6) 0.10(3) EB

F19_045795 c⋆ 16 27 48.0 −55 43 10.1 14.15 81.471 1.666(2) 0.30(4) EA

F19_045901 16 27 47.7 −55 50 15.6 14.36 80.677 0.13296(3) 0.09(2) DSCT

F19_045993 c 16 27 47.4 −56 20 42.4 14.47 · · · · · · · · · LP

F19_046038 c⋆ 16 27 47.3 −56 16 03.5 13.52 95.228 9.62(4) 0.20(3) EA

F19_046119 c 16 27 46.4 −55 41 15.7 14.68 121.710 2.7701(1) 0.07(1) EA

F19_046148 16 27 46.4 −55 53 42.8 11.14 · · · · · · · · · LP

F19_046171 16 27 46.4 −56 05 33.4 16.38 83.034 2.707(4) 0.7(2) EA

F19_046235 s 16 27 46.0 −56 04 37.8 15.07 80.697 0.05047(2) 0.03(4) DSCT

F19_046265 ⋆ 16 27 45.6 −55 50 02.4 14.86 82.029 4.156(7) 0.25(3) EA

F19_046276 ⋆ 16 27 46.0 −56 42 47.2 14.90 82.316 1.888(3) 0.06(3) EA

F19_046413 c⋆ 16 27 45.1 −56 07 51.9 13.26 80.803 0.20280(8) 0.05(2) DSCT

F19_046424 s 16 27 44.5 −55 28 37.1 14.94 177.589 13.2(2) 0.12(3) EA

F19_046530 ck⋆16 27 44.7 −56 47 08.3 12.05 82.115 2.386(2) 0.99(3) CEP UX Nor

F19_046686 ⋆ 16 27 43.3 −55 46 11.2 13.01 88.680 15.4375(1) 0.74(1) EA

F19_046704 16 27 43.7 −56 30 18.2 15.70 83.794 3.64(3) 0.11(5) VAR

F19_046856 c 16 27 42.4 −55 34 20.3 15.47 80.767 0.09890(2) 0.24(6) RR

F19_046867 16 27 42.9 −56 25 24.6 14.85 81.374 0.901(3) 0.06(4) VAR

F19_046916 c⋆ 16 27 42.4 −55 57 49.1 13.16 81.121 0.6360(2) 0.141(8) EB

F19_046923 s 16 27 41.9 −55 36 40.0 12.89 · · · · · · · · · SR

F19_046930 cs 16 27 42.5 −56 53 41.5 14.42 · · · · · · · · · LP

F19_046998 cs 16 27 42.2 −56 53 44.4 14.39 · · · · · · · · · LP

F19_047089 s 16 27 41.4 −55 53 52.9 13.04 80.670 0.3682(2) 0.012(7) EW/DSCT

F19_047137 16 27 41.1 −55 40 03.0 15.45 80.886 1.2114(9) 0.31(6) EA

F19_047252 c 16 27 40.7 −56 17 32.4 12.83 · · · · · · · · · LP

F19_047325 16 27 40.4 −56 26 08.6 12.89 91.010 21.0(8) 0.012(6) VAR

F19_047380 c 16 27 39.9 −55 49 32.9 15.78 81.511 5.49(3) 0.64(9) CEP

F19_047403 c 16 27 40.2 −56 17 34.5 12.89 · · · · · · · · · LP

F19_047468 s 16 27 39.8 −56 40 12.5 13.03 80.788 0.972(2) 0.10(5) EB

F19_047489 16 27 39.3 −55 39 07.6 11.92 · · · · · · · · · LP

F19_047559 16 27 38.8 −55 28 59.7 15.50 80.704 0.8642(9) 0.14(7) EW

F19_047631 16 27 39.0 −56 57 19.5 12.26 · · · · · · · · · LP

F19_047638 ⋆ 16 27 38.9 −56 37 25.9 13.77 81.099 0.6420(2) 0.24(2) EW

F19_047724 16 27 38.6 −56 28 40.2 10.31 · · · · · · · · · LP

F19_047898 16 27 37.6 −56 15 01.0 16.17 80.773 0.3527(2) 0.2(2) EW/DSCT

F19_048083 c 16 27 36.7 −56 12 04.0 11.45 · · · · · · · · · LP

F19_048172 16 27 36.4 −56 50 29.9 15.33 80.729 0.2730(1) 0.2(2) EW

F19_048261 ⋆ 16 27 35.4 −55 27 09.4 13.00 81.627 3.7098(1) 0.49(1) EA

F19_048338 s 16 27 35.4 −56 36 05.5 14.26 89.847 5.32(3) 0.06(2) ROT

F19_048467 16 27 34.4 −55 23 35.4 15.59 80.956 0.3032(2) 0.08(5) EW

F19_048489 c 16 27 34.7 −56 10 59.4 10.90 · · · · · · · · · SR

F19_048532 ⋆ 16 27 34.2 −55 55 06.9 14.73 81.891 7.66(2) 0.81(9) EA

F19_048570 ⋆ 16 27 34.2 −56 12 33.8 15.29 81.376 1.582(2) 0.15(6) EA

F19_048639 c 16 27 33.8 −56 20 14.9 12.75 97.800 24(2) 0.07(2) VAR F19_048753

F19_048654 16 27 33.9 −56 40 18.4 14.94 270.548 16.8(7) 0.05(3) VAR

F19_048730 s 16 27 33.3 −56 00 43.6 16.57 80.783 0.702(2) 0.1(2) VAR

F19_048753 c 16 27 33.2 −56 20 17.4 12.60 122.487 24(1) 0.05(2) VAR F19_048639

F19_048958 s 16 27 32.3 −56 36 06.0 11.08 · · · · · · · · · SR

F19_048967 16 27 32.2 −56 08 55.7 15.31 80.680 0.3391(1) 0.13(4) EW

F19_048998 c 16 27 32.0 −56 11 10.2 12.58 · · · · · · · · · LP

F19_049036 c 16 27 31.8 −56 08 20.9 13.55 81.575 0.994(3) 0.09(2) EW F19_049037, F19_049132

F19_049037 c 16 27 31.8 −56 08 14.3 14.40 81.557 0.995(2) 0.11(3) EW F19_049036, F19_049132

F19_049084 16 27 31.4 −55 41 26.8 15.59 80.731 0.3135(2) 0.10(7) EW/DSCT

F19_049132 c 16 27 31.4 −56 08 27.3 13.24 81.558 0.995(3) 0.04(1) EW F19_049036, F19_049037

F19_049213 s 16 27 30.8 −55 59 08.3 13.77 81.006 0.4152(3) 0.01(2) EW/DSCT

F19_049225 s 16 27 30.6 −55 29 39.0 15.90 81.816 1.562(8) 0.10(7) VAR

F19_049235 ⋆ 16 27 30.8 −56 30 48.5 15.11 81.301 0.7900(2) 0.93(4) EA

F19_049246 16 27 30.6 −55 47 40.9 12.26 · · · · · · · · · SR

F19_049265 ⋆ 16 27 30.6 −56 27 00.7 14.41 81.404 0.8457(5) 0.04(2) EA

F19_049338 16 27 30.1 −56 10 22.3 12.22 · · · · · · · · · LP

F19_049491 16 27 29.3 −55 42 22.3 16.18 82.300 1.802(8) 0.14(9) VAR

F19_049528 s 16 27 29.1 −55 36 57.6 13.48 · · · · · · · · · SR

F19_049529 cs 16 27 29.0 −55 35 54.9 14.70 80.693 0.3210(3) 0.02(3) VAR F19_049616

F19_049549 16 27 29.2 −56 08 56.7 11.80 · · · · · · · · · LP

F19_049569 c 16 27 29.0 −56 23 05.2 10.77 · · · · · · · · · SR

F19_049585 c 16 27 28.9 −55 45 17.7 17.68 80.687 0.053331(6) 3.1(7) DSCT F19_049787

F19_049616 cs 16 27 28.6 −55 35 51.9 14.82 80.975 0.3210(3) 0.03(3) VAR F19_049529

F19_049699 c⋆ 16 27 28.3 −56 13 12.9 12.69 91.300 13.13(1) 0.1(1) EB

F19_049704 c 16 27 28.2 −56 02 25.6 15.73 81.578 0.9121(6) 0.18(6) EA

F19_049778 c 16 27 27.9 −56 05 11.1 15.59 80.852 0.37558(6) 0.58(5) EW

F19_049787 c 16 27 27.8 −55 45 09.3 16.24 80.688 0.053330(6) 0.3(1) DSCT F19_049585

F19_049816 16 27 27.7 −56 03 09.3 15.10 89.359 43(2) 0.29(3) CEP

F19_049834 16 27 27.6 −56 44 35.2 12.78 · · · · · · · · · LP

F19_049849 c⋆ 16 27 27.6 −55 56 06.1 12.76 80.978 0.5061(2) 0.30(3) EW

F19_049861 16 27 27.3 −55 30 40.8 12.21 · · · · · · · · · LP

F19_049872 s 16 27 27.4 −56 36 02.6 13.80 81.318 10.9(2) 0.02(2) VAR

F19_049986 s 16 27 27.0 −56 40 17.8 12.48 · · · · · · · · · VAR

F19_050107 s⋆ 16 27 26.3 −56 08 23.8 12.82 81.896 2.0745(1) 0.07(1) EA

F19_050149 16 27 26.1 −56 03 49.6 12.38 · · · · · · · · · LP

F19_050175 c 16 27 26.1 −56 39 35.3 15.12 80.993 0.6447(7) 0.05(3) EB

F19_050297 16 27 25.4 −56 48 06.9 13.33 81.123 0.5577(5) 0.037(8) RR

F19_050321 c 16 27 25.3 −55 49 18.0 14.22 80.850 0.6278(2) 0.19(2) EW

F19_050354 16 27 25.0 −56 50 40.2 15.04 93.259 15.8(5) 0.05(3) ROT

F19_050360 16 27 25.0 −56 27 54.1 16.86 94.541 7.8(2) 0.5(2) VAR
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Table E.5: Variable stars in �eld F19 (ontinued).

BEST ID F

α (J2000.0) δ RB T0 [d℄

p [d℄

A
Type Other Names

h m s

◦ ′ ′′
[mag℄ [rHJD℄ [mag℄

F19_050410 16 27 24.5 −55 25 23.8 12.51 81.692 1.187(4) 0.05(4) VAR

F19_050478 c 16 27 24.2 −56 57 13.8 13.90 80.773 0.3137(2) 0.02(2) EW

F19_050521 c 16 27 24.2 −56 31 07.5 15.36 80.751 0.5487(4) 0.27(6) RR

F19_050523 s 16 27 24.1 −56 23 46.4 12.72 81.313 0.648(1) 0.02(2) RR

F19_050687 16 27 23.3 −56 20 52.6 12.39 122.031 62(3) 0.13(2) SR

F19_050797 16 27 22.5 −55 49 46.7 15.57 80.879 0.3375(2) 0.08(7) EW/DSCT

F19_050806 s 16 27 22.4 −56 51 25.8 16.43 80.876 0.2945(2) 0.08(9) EW/DSCT

F19_050808 c 16 27 22.4 −56 49 51.2 12.13 · · · · · · · · · SR

F19_050862 s 16 27 22.2 −55 54 11.7 13.82 81.202 0.6265(5) 0.03(2) EW

F19_050875 16 27 22.2 −55 28 41.1 12.39 · · · · · · · · · LP

F19_050931 c 16 27 22.1 −56 16 29.7 12.06 · · · · · · · · · SR

F19_050947 c 16 27 21.8 −55 47 39.0 15.04 81.174 0.6994(6) 0.05(3) EW F19_050948

F19_050948 c 16 27 21.9 −55 47 32.7 15.51 81.181 0.6994(5) 0.15(5) EW F19_050947

F19_051007 16 27 21.6 −55 42 42.0 15.98 80.676 0.16401(7) 0.09(7) DSCT

F19_051010 c⋆ 16 27 21.5 −55 33 33.1 14.17 188.580 4.961(1) 0.24(1) EA

F19_051043 s 16 27 21.5 −55 44 35.2 12.36 80.749 0.1856(1) 0.009(8) DSCT

F19_051090 16 27 21.1 −56 42 30.6 14.33 80.773 0.32279(5) 0.21(2) EW

F19_051093 c 16 27 21.0 −56 25 56.7 15.12 81.013 0.4746(3) 0.20(6) EW

F19_051153 16 27 20.7 −56 48 03.8 13.23 80.909 0.3786(1) 0.07(1) EW

F19_051220 16 27 20.4 −56 43 17.9 14.89 80.895 0.5066(2) 0.32(3) EW

F19_051237 16 27 20.3 −55 59 15.5 15.39 81.540 1.5907 0.080 EA

F19_051265 16 27 20.1 −56 02 10.4 15.20 80.965 0.3151(2) 0.06(5) EW/DSCT

F19_051300 16 27 20.0 −56 17 03.7 14.81 80.759 0.2854(2) 0.10(3) VAR

F19_051315 s 16 27 20.1 −55 39 00.7 13.90 250.771 29(2) 0.03(2) VAR

F19_051324 c⋆ 16 27 19.8 −56 50 20.9 12.53 96.505 9.3398(1) 0.43(1) EA

F19_051353 16 27 19.7 −55 32 35.0 11.67 80.716 0.3905(2) 0.016(7) EW/DSCT

F19_051454 c 16 27 19.3 −55 43 18.4 14.86 81.188 0.7295(5) 0.12(4) EW F19_051524, F19_051670

F19_051460 16 27 19.2 −55 23 45.8 13.08 · · · · · · · · · SR

F19_051524 c 16 27 18.9 −55 43 22.2 14.30 81.184 0.7295(6) 0.08(3) EW F19_051454, F19_051670

F19_051622 s 16 27 18.5 −56 24 50.1 10.89 171.430 42(4) 0.010(4) VAR

F19_051643 16 27 18.1 −56 50 31.7 14.11 · · · · · · · · · VAR

F19_051670 c 16 27 18.3 −55 43 24.6 14.50 81.193 0.7295(6) 0.08(3) EW F19_051454, F19_051524

F19_051744 16 27 17.9 −55 28 31.1 15.77 80.828 0.3937(2) 0.28(7) EW

F19_051970 16 27 16.8 −56 02 03.5 12.19 93.794 49(3) 0.08(2) VAR

F19_052020 s 16 27 16.5 −55 25 49.5 14.79 80.732 0.16197(7) 0.03(3) DSCT

F19_052028 16 27 16.3 −56 48 00.0 15.81 80.676 0.31242(6) 0.49(6) EW

F19_052039 16 27 16.4 −56 31 47.6 16.08 100.986 47(3) 0.33(7) VAR

F19_052162 16 27 15.8 −55 27 51.5 12.78 80.728 0.10345(4) 0.03(4) DSCT

F19_052165 c 16 27 15.8 −55 25 20.8 13.98 80.980 0.4204(3) 0.09(4) EW/DSCT

F19_052203 c 16 27 15.5 −55 47 40.7 14.60 81.257 0.6168(4) 0.04(3) EA F19_052298

F19_052245 cs 16 27 15.2 −56 25 35.4 13.59 80.851 0.4391(5) 0.05(3) VAR

F19_052257 c 16 27 15.4 −55 54 06.1 14.29 81.064 0.4562(2) 0.21(2) EB

F19_052298 c 16 27 15.2 −55 47 44.7 14.66 81.256 0.6168(4) 0.04(2) EA F19_052203

F19_052322 16 27 15.1 −56 00 57.7 12.90 93.154 20.2(6) 0.07(2) CEP

F19_052378 s 16 27 14.6 −56 25 46.9 13.71 83.688 6.06(4) 0.04(2) VAR

F19_052461 16 27 14.3 −55 44 05.8 14.10 83.420 2.84(2) 0.03(2) EB

F19_052543 c 16 27 13.7 −56 28 37.7 11.51 · · · · · · · · · LP

F19_052568 cs 16 27 13.7 −55 30 46.6 15.35 81.001 0.4935(4) 0.06(5) EW F19_052633

F19_052617 16 27 13.4 −56 19 07.7 13.09 83.285 4.7(2) 0.02(1) VAR

F19_052633 cs 16 27 13.5 −55 30 50.9 15.27 80.993 0.4936(4) 0.07(5) EW F19_052568

F19_052667 c⋆ 16 27 12.9 −56 53 23.2 13.00 80.759 0.19416(5) 0.09(2) DSCT

F19_052801 16 27 12.4 −56 20 23.1 15.57 81.696 5.4035(1) 0.25(1) EA

F19_052812 16 27 12.4 −55 31 32.7 13.57 · · · · · · · · · LP

F19_052873 s 16 27 12.1 −56 01 37.4 11.03 · · · · · · · · · SR

F19_053087 16 27 10.8 −55 52 49.3 12.64 267.702 65(7) 0.016(7) VAR

F19_053142 c 16 27 10.4 −56 13 11.5 13.32 80.819 0.3673(2) 0.10(3) EW

F19_053170 cs⋆ 16 27 10.1 −56 32 20.7 12.65 · · · · · · · · · EA

F19_053218 c 16 27 10.2 −55 51 01.8 12.51 121.760 60(3) 0.14(2) VAR

F19_053263 s 16 27 09.4 −56 52 12.0 12.75 97.374 19(2) 0.05(2) ROT

F19_053335 ⋆ 16 27 09.6 −55 46 27.5 14.55 92.675 7.935(1) 0.4(1) EA
F19_053425 ⋆ 16 27 09.0 −56 17 38.7 14.60 80.960 0.30500(5) 0.27(3) EB

F19_053473 c⋆ 16 27 08.3 −57 00 27.7 13.02 80.809 0.15743(3) 0.060(8) DSCT

F19_053491 c 16 27 08.6 −56 25 18.7 12.65 · · · · · · · · · LP

F19_053498 16 27 08.7 −55 55 42.8 15.94 81.463 0.8023(4) 0.34(7) EA

F19_053523 s 16 27 08.3 −56 40 37.0 14.27 92.237 67(9) 0.04(2) VAR

F19_053534 16 27 08.4 −56 17 09.1 11.94 · · · · · · · · · LP

F19_053536 c 16 27 08.4 −56 15 35.9 14.66 80.794 0.19151(8) 0.06(3) VAR F19_053598, F19_053772

F19_053598 c 16 27 08.1 −56 15 40.9 14.25 80.790 0.19151(8) 0.07(4) VAR F19_053536, F19_053772

F19_053618 16 27 07.7 −56 57 40.0 14.67 80.933 0.27129(7) 0.10(3) EW

F19_053633 s 16 27 08.0 −56 15 17.9 15.35 81.001 1.113(3) 0.07(4) EB

F19_053769 s 16 27 07.2 −56 23 15.1 14.62 81.016 0.3880(2) 0.04(3) EW

F19_053772 c 16 27 07.2 −56 15 41.4 13.64 80.784 0.19151(9) 0.02(1) VAR F19_053536, F19_053598

F19_053822 s 16 27 07.2 −55 37 34.6 15.99 80.926 0.2611(2) 0.07(8) EW/DSCT

F19_053849 16 27 07.0 −56 10 15.7 15.50 90.862 17.2(6) 0.10(5) VAR

F19_053865 ⋆ 16 27 06.3 −56 58 58.3 14.21 94.767 5.6378(1) 0.28(1) EA

F19_053911 c 16 27 06.3 −56 24 36.2 12.75 80.966 0.3856(2) 0.08(3) EW F19_054039

F19_053927 s 16 27 06.6 −55 42 05.3 12.55 135.450 139(6) 0.22(2) EB

F19_053952 c 16 27 06.4 −56 02 44.0 14.78 81.218 0.5873(3) 0.14(3) EW F19_053953

F19_053953 c 16 27 06.4 −56 02 38.3 14.73 81.217 0.5873(2) 0.18(3) EW F19_053952

F19_053968 c 16 27 05.7 −56 59 17.0 13.88 81.164 0.6691(6) 0.02(2) EW/DSCT F19_054099

F19_054039 c 16 27 05.7 −56 24 38.2 12.67 80.968 0.3856(1) 0.054(8) EW F19_053911

F19_054047 16 27 05.9 −56 06 44.9 15.73 283.130 70(2) 0.11(5) VAR

F19_054099 c 16 27 05.1 −56 59 17.3 13.84 81.169 0.6690(5) 0.02(2) EW/DSCT F19_053968

F19_054172 16 27 05.0 −56 46 20.3 12.81 · · · · · · · · · LP

F19_054379 16 27 04.0 −56 28 21.4 16.67 81.322 0.7038(3) 0.7(2) EA
F19_054400 c 16 27 04.3 −55 25 09.7 12.50 313.301 57(5) 0.15(3) VAR

F19_054561 16 27 03.4 −55 47 41.2 12.28 · · · · · · · · · LP

F19_054570 c 16 27 03.4 −55 28 34.4 13.97 80.950 0.5422(1) 0.34(3) EW
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Table E.5: Variable stars in �eld F19 (ontinued).
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F19_054611 16 27 02.9 −56 25 20.4 16.06 81.046 0.5736(4) 0.3(2) EB

F19_054700 16 27 02.3 −56 12 56.5 13.94 80.672 0.035193(3) 0.03(2) DSCT

F19_054729 16 27 02.0 −56 26 03.4 15.53 80.936 0.4459(2) 0.15(5) EW

F19_054737 s 16 27 02.3 −55 52 50.2 13.75 81.687 1.042(3) 0.01(2) ROT

F19_054775 s 16 27 01.4 −56 49 56.4 15.21 80.789 0.2793(1) 0.04(4) EW/DSCT

F19_054803 s 16 27 01.9 −55 58 23.0 13.88 81.190 0.685(2) 0.01(2) VAR

F19_054899 ⋆ 16 27 01.3 −56 08 12.9 14.69 82.803 2.8035(1) 0.07(1) EA

F19_055055 c⋆ 16 27 00.8 −55 33 23.7 15.15 83.056 2.919(6) 0.20(5) EA

F19_055092 16 26 59.8 −57 01 19.0 14.81 80.922 0.2981(2) 0.04(3) EB

F19_055102 16 26 60.0 −56 44 53.9 15.36 80.845 0.2952(2) 0.15(4) RR

F19_055219 c 16 26 59.7 −56 09 57.4 13.23 · · · · · · · · · LP

F19_055270 ⋆ 16 26 59.9 −55 28 47.6 10.91 94.775 3.3521(1) 0.21(1) EA

F19_055279 s 16 26 59.2 −56 31 40.3 15.06 80.760 0.18418(9) 0.03(3) VAR

F19_055306 c⋆ 16 26 58.9 −56 41 48.3 13.07 91.590 3.1997(1) 0.11(1) EA

F19_055331 c 16 26 59.4 −55 42 15.6 11.09 · · · · · · · · · SR

F19_055387 ⋆ 16 26 58.5 −56 47 13.7 14.75 81.783 1.699(3) 0.08(3) EA

F19_055573 16 26 58.3 −55 40 38.0 14.04 · · · · · · · · · SR

F19_055618 16 26 57.6 −56 14 38.7 13.76 95.556 8.8(2) 0.04(2) VAR

F19_055698 c 16 26 56.9 −56 26 27.3 11.44 · · · · · · · · · LP

F19_055712 c 16 26 57.3 −55 44 29.5 14.58 139.686 37(2) 0.11(3) VAR

F19_055818 s 16 26 56.7 −55 59 31.9 14.87 · · · · · · · · · VAR

F19_055959 16 26 56.1 −55 39 38.6 15.70 80.901 0.2475(2) 0.14(6) VAR

F19_055975 16 26 55.3 −56 37 47.7 11.44 97.127 9.6(2) 0.020(7) VAR

F19_055991 c 16 26 55.9 −55 44 40.7 14.55 200.197 32(2) 0.10(3) VAR

F19_056045 s 16 26 55.1 −56 29 26.4 12.82 309.008 80(2) 0.014(6) VAR

F19_056204 16 26 54.3 −56 27 10.6 12.77 80.745 4.22(4) 0.020(8) ROT

F19_056266 16 26 54.1 −56 16 09.1 14.06 81.485 0.8493(5) 0.20(4) EW

F19_056280 c 16 26 54.6 −55 27 23.4 15.40 80.792 0.14718(5) 0.07(5) DSCT F19_056365

F19_056365 c 16 26 54.1 −55 27 28.5 15.11 80.785 0.14718(6) 0.07(5) DSCT F19_056280

F19_056394 s 16 26 53.9 −55 50 13.7 12.39 94.598 34(2) 0.020(6) CEP

F19_056497 c 16 26 52.2 −56 59 29.4 11.09 · · · · · · · · · LP

F19_056692 16 26 51.6 −56 31 40.3 14.76 80.761 0.19524(6) 0.13(3) DSCT

F19_056726 s 16 26 51.6 −56 24 43.3 12.61 93.289 23.6(6) 0.032(8) EB

F19_056742 c⋆ 16 26 52.1 −55 35 36.3 13.24 80.717 0.33918(4) 0.137(8) EW

F19_056794 16 26 51.3 −56 15 49.7 12.50 · · · · · · · · · LP

F19_056859 s 16 26 50.8 −56 22 04.5 12.32 109.351 39(3) 0.025(7) VAR

F19_056861 16 26 50.9 −56 15 41.0 12.06 · · · · · · · · · LP

F19_056943 s 16 26 51.0 −55 34 15.7 12.98 · · · · · · · · · SR

F19_056975 16 26 50.9 −55 29 10.2 11.00 · · · · · · · · · SR

F19_056983 16 26 49.7 −56 49 50.7 11.95 · · · · · · · · · SR

F19_057110 c 16 26 50.0 −55 52 42.6 15.37 80.930 0.3249(2) 0.08(4) EW/DSCT

F19_057188 16 26 49.7 −55 35 34.3 14.36 89.349 35(3) 0.06(2) CEP

F19_057199 16 26 49.0 −56 29 35.0 15.39 81.855 2.43(2) 0.09(5) VAR

F19_057227 16 26 48.4 −56 55 38.3 14.45 80.714 0.43083(7) 0.26(2) EW

F19_057232 s 16 26 48.5 −56 47 31.4 12.57 297.676 61(5) 0.012(4) VAR

F19_057315 16 26 49.1 −55 39 21.4 12.19 80.687 0.10047(3) 0.009(6) DSCT

F19_057432 s 16 26 47.2 −56 57 51.6 13.50 94.896 21(2) 0.03(2) VAR

F19_057437 16 26 47.5 −56 43 08.8 11.63 · · · · · · · · · LP

F19_057510 16 26 47.3 −56 34 54.5 13.93 · · · · · · · · · LP

F19_057568 16 26 46.6 −56 53 23.9 14.92 81.015 0.4348(3) 0.07(3) EW

F19_057630 s 16 26 46.9 −56 15 29.3 12.94 80.730 0.06088(2) 0.011(8) DSCT

F19_057670 16 26 46.5 −56 26 51.6 12.76 95.979 11.1411(1) · · · VAR

F19_057688 s 16 26 47.2 −55 36 05.6 11.77 · · · · · · · · · LP

F19_057693 c 16 26 46.0 −56 47 13.2 14.58 80.777 0.3665(2) 0.06(3) EW F19_057822

F19_057698 16 26 46.3 −56 32 30.2 14.68 81.173 0.6044(2) 0.30(3) EB

F19_057713 16 26 46.7 −55 58 02.1 13.26 286.199 84(6) 0.21(2) VAR

F19_057734 16 26 46.1 −56 34 09.7 12.68 83.102 6.10(4) 0.036(7) ROT

F19_057766 c 16 26 45.6 −56 48 05.3 13.14 81.373 5.20(3) 0.12(2) CEP

F19_057822 c 16 26 45.4 −56 47 11.5 14.38 80.777 0.3665(2) 0.04(2) EW F19_057693

F19_057899 16 26 46.2 −55 37 28.9 13.08 135.407 58(2) 0.17(2) CEP

F19_057905 c 16 26 46.2 −55 28 31.4 13.88 81.055 0.4463(2) 0.15(3) EW

F19_057967 s 16 26 45.8 −55 37 46.3 13.84 91.993 6.67(7) 0.02(2) ROT

F19_058073 c⋆ 16 26 45.0 −56 02 33.7 14.26 88.240 3.79(2) 0.11(3) EB

F19_058114 16 26 45.2 −55 33 57.7 13.79 81.135 8.02(6) 0.05(2) EB

F19_058238 16 26 43.6 −56 27 45.4 12.26 · · · · · · · · · SR

F19_058272 c 16 26 43.6 −56 15 42.3 11.98 93.756 39(2) 0.13(2) VAR

F19_058303 16 26 42.8 −56 47 01.2 15.94 80.691 0.3536(2) 0.08(7) EW/DSCT

F19_058368 ⋆ 16 26 42.6 −56 38 33.0 13.98 80.956 5.24(2) 0.12(2) EA

F19_058376 16 26 43.2 −56 01 30.7 15.26 80.972 0.3355(2) 0.11(4) EW

F19_058408 c 16 26 42.9 −56 14 39.3 14.83 80.715 0.3652(2) 0.2(1) EW

F19_058412 16 26 43.2 −55 58 31.2 11.71 · · · · · · · · · SR

F19_058510 16 26 42.1 −56 29 57.7 14.78 81.075 2.133(3) 0.27(4) EA

F19_058517 ⋆ 16 26 42.6 −56 00 40.2 16.74 80.806 1.19833(1) 5(1) EA

F19_058676 s 16 26 42.3 −55 29 26.3 13.18 278.195 42(2) 0.05(2) VAR

F19_058683 16 26 41.0 −56 42 36.2 14.81 92.605 3.517(1) 0.35(1) EA

F19_058701 c 16 26 41.7 −55 51 09.5 15.63 80.694 0.5656(3) 0.7(1) RR

F19_058806 c 16 26 40.4 −56 38 48.2 11.77 89.445 19.6(5) 0.10(2) CEP

F19_058893 16 26 40.9 −55 40 58.7 12.38 · · · · · · · · · SR

F19_058932 16 26 39.6 −56 42 32.8 14.57 82.680 9.163(1) 0.18(1) EB

F19_058934 s 16 26 39.7 −56 32 33.7 16.07 80.866 0.4881(7) 0.07(7) VAR

F19_058951 s 16 26 39.2 −56 49 56.3 14.14 90.355 10.6(3) 0.03(2) ROT

F19_058982 16 26 39.4 −56 37 24.4 11.99 93.543 23.4(8) 0.06(2) VAR

F19_059018 s 16 26 39.6 −56 16 57.8 12.85 82.193 10.3(1) 0.03(1) VAR

F19_059070 s 16 26 38.6 −56 47 14.4 13.66 80.891 0.3191(2) 0.01(2) EW/DSCT

F19_059080 16 26 38.9 −56 30 06.4 15.52 80.674 0.17802(7) 0.11(5) DSCT

F19_059087 16 26 39.1 −56 14 09.9 16.01 80.795 0.8641(5) 0.35(7) EA

F19_059117 16 26 38.7 −56 34 12.5 14.72 81.002 0.3744(2) 0.06(2) EW/DSCT

F19_059156 c 16 26 38.3 −56 30 49.6 12.99 80.680 0.3700(1) 0.07(2) EW F19_059242
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Table E.5: Variable stars in �eld F19 (ontinued).

BEST ID F

α (J2000.0) δ RB T0 [d℄

p [d℄

A
Type Other Names

h m s

◦ ′ ′′
[mag℄ [rHJD℄ [mag℄

F19_059194 c 16 26 39.2 −55 45 23.9 14.28 81.287 0.777(2) 0.03(2) VAR F19_059295

F19_059227 16 26 39.2 −55 32 06.7 12.10 · · · · · · · · · LP

F19_059242 c 16 26 38.0 −56 30 47.0 12.81 80.679 0.36997(8) 0.056(8) EW F19_059156

F19_059295 c 16 26 38.6 −55 45 18.1 14.61 81.275 0.777(2) 0.03(3) VAR F19_059194

F19_059296 cs 16 26 38.7 −55 43 08.5 13.57 81.105 0.5777(7) 0.011(8) VAR F19_059297

F19_059297 cs 16 26 38.6 −55 43 04.3 13.56 81.096 0.5777(6) 0.01(2) VAR F19_059296

F19_059342 16 26 37.5 −56 27 47.5 10.10 · · · · · · · · · SR

F19_059559 s⋆ 16 26 35.9 −56 52 49.7 15.04 82.824 3.4122 0.063 EA

F19_059595 s 16 26 35.9 −56 46 26.9 15.63 80.785 0.3329(2) 0.3(2) EW/DSCT

F19_059665 c 16 26 35.8 −56 33 10.4 14.68 80.694 0.47665(8) 0.40(3) EW

F19_059739 c⋆ 16 26 35.6 −56 24 39.7 13.05 92.720 1.15601(1) 0.39(1) EA

F19_059861 16 26 34.3 −56 56 54.0 16.59 81.234 0.644(2) 0.1(2) VAR
F19_059963 16 26 33.8 −56 57 34.3 15.38 80.877 0.43773(8) 0.47(5) EW

F19_060048 c 16 26 33.9 −56 32 32.8 12.50 · · · · · · · · · SR

F19_060202 16 26 34.0 −55 46 50.3 11.49 · · · · · · · · · LP

F19_060242 16 26 33.9 −55 45 25.1 16.00 81.222 0.9074(9) 0.14(7) EA

F19_060320 c 16 26 32.8 −56 18 32.3 12.70 82.437 1.894(3) 0.10(3) EA

F19_060360 s 16 26 32.9 −56 00 44.8 15.51 80.992 0.5010(3) 0.15(6) EW

F19_060421 c 16 26 32.7 −55 53 08.2 14.97 81.220 0.5898(3) 0.25(4) EB

F19_060473 c 16 26 32.6 −55 36 31.7 13.38 80.720 0.5359(2) 0.20(2) EW F19_060561, F19_060637

F19_060516 s 16 26 31.1 −56 34 38.0 11.41 91.728 26.7(9) 0.05(2) VAR

F19_060552 16 26 31.3 −56 18 15.9 13.69 90.120 23.0(8) 0.05(2) ROT

F19_060561 c 16 26 32.4 −55 36 31.3 13.15 80.721 0.5359(2) 0.17(3) EW F19_060473, F19_060637

F19_060637 c 16 26 31.8 −55 36 36.4 13.56 80.719 0.5359(2) 0.19(4) EW F19_060473, F19_060561

F19_060728 16 26 30.8 −56 07 01.3 12.19 · · · · · · · · · SR

F19_060756 16 26 30.1 −56 26 50.5 14.21 80.792 0.3637(2) 0.03(2) EW

F19_060775 s 16 26 31.2 −55 33 51.7 13.25 81.005 0.3845(6) 0.01(1) VAR

F19_060815 16 26 31.2 −55 29 11.9 12.80 97.925 43(4) 0.04(2) VAR

F19_060821 c 16 26 29.4 −56 44 05.8 15.12 80.954 0.3601(2) 0.05(4) EW/DSCT F19_060822

F19_060822 c 16 26 29.4 −56 44 00.5 15.12 80.959 0.3601(2) 0.04(4) EW/DSCT F19_060821

F19_060883 16 26 29.6 −56 22 05.2 11.93 · · · · · · · · · SR

F19_060945 16 26 30.6 −55 23 45.7 16.98 80.773 0.2490(2) 0.5(2) VAR
F19_060952 16 26 28.6 −56 48 09.3 11.58 · · · · · · · · · LP

F19_061031 c 16 26 28.1 −56 52 03.6 14.99 80.985 0.4142(3) 0.12(6) EW

F19_061146 s 16 26 28.6 −56 05 32.6 14.93 80.746 0.4550(3) 0.11(6) EB

F19_061381 c 16 26 26.9 −56 30 11.3 12.30 80.723 0.10919(3) 0.08(3) RR

F19_061420 c 16 26 26.8 −56 25 25.4 13.23 · · · · · · · · · SR

F19_061453 c 16 26 26.0 −56 49 51.3 15.54 81.022 0.4190(2) 0.13(5) EW

F19_061497 s 16 26 26.3 −56 29 00.7 14.69 88.965 11.1(3) 0.08(3) EB

F19_061501 c⋆ 16 26 26.6 −56 20 15.0 13.60 81.377 1.1389(4) 0.61(4) EA

F19_061559 16 26 25.4 −56 57 25.8 14.18 80.901 0.25681(6) 0.10(2) EW/DSCT

F19_061569 c⋆ 16 26 26.4 −56 13 13.0 13.48 122.666 4.745(1) 0.09(1) EA

F19_061690 16 26 26.6 −55 35 18.7 12.80 80.692 0.11932(4) 0.014(8) DSCT

F19_061741 c⋆ 16 26 25.8 −56 00 28.5 12.43 93.820 37.64(1) 0.5(1) EA
F19_061839 16 26 24.3 −56 38 08.1 13.12 82.407 1.938(8) 0.06(2) ROT

F19_061925 s 16 26 24.7 −56 12 00.8 13.16 · · · · · · · · · SR

F19_061939 c 16 26 25.3 −55 39 04.9 14.49 80.745 0.19613(9) 0.03(3) DSCT F19_062062

F19_062047 16 26 23.8 −56 20 51.5 15.35 82.964 5.22(8) 0.10(5) ROT

F19_062062 c 16 26 24.8 −55 39 08.5 14.93 80.738 0.19614(9) 0.04(4) DSCT F19_061939

F19_062158 c 16 26 23.3 −56 16 55.3 14.71 80.770 0.2938(1) 0.08(3) EW/DSCT

F19_062192 16 26 23.6 −55 54 50.4 15.18 88.231 10.2(2) 0.11(4) ROT

F19_062229 16 26 23.4 −55 56 21.2 15.48 80.711 0.16903(7) 0.05(5) VAR

F19_062291 16 26 22.4 −56 20 21.3 15.26 80.759 0.3291(2) 0.14(4) EW

F19_062334 s 16 26 23.0 −55 57 25.8 15.78 80.710 0.4859(4) 0.09(6) EB

F19_062347 s 16 26 21.0 −57 00 45.0 12.08 · · · · · · · · · SR

F19_062431 s 16 26 22.0 −56 16 54.8 14.91 80.694 0.26336(9) 0.04(3) EW/DSCT

F19_062544 c 16 26 22.1 −55 44 13.6 12.57 184.930 70(6) 0.28(3) VAR

F19_062573 16 26 21.6 −56 00 56.9 14.92 80.672 0.4111(2) 0.5(2) EW
F19_062751 16 26 21.1 −55 46 38.5 14.68 81.259 6.22(5) 0.14(3) CEP

F19_063000 16 26 20.1 −55 37 42.4 14.18 93.966 27.0(9) 0.10(2) CEP

F19_063074 s 16 26 18.0 −56 40 23.9 13.12 81.194 5.3(2) 0.014(8) VAR

F19_063332 c 16 26 16.6 −56 39 32.4 10.47 · · · · · · · · · LP

F19_063342 16 26 17.2 −56 15 47.8 12.17 · · · · · · · · · SR

F19_063613 ⋆ 16 26 15.7 −56 11 44.0 12.56 82.971 12.2(4) 0.027(8) VAR

F19_063687 16 26 15.1 −56 22 07.9 12.97 267.599 54(4) 0.049(7) ROT

F19_063932 c 16 26 13.7 −56 22 44.8 14.35 80.781 0.2128(2) 0.06(4) DSCT F19_064038

F19_064038 c 16 26 13.2 −56 22 50.0 14.08 80.788 0.21284(9) 0.06(2) DSCT F19_063932

F19_064118 c 16 26 12.4 −56 33 37.5 13.47 · · · · · · · · · SR

F19_064248 16 26 12.8 −55 55 33.3 11.25 · · · · · · · · · SR

F19_064265 ⋆ 16 26 11.1 −56 51 24.9 13.83 80.719 4.4663(1) 0.23(1) EA

F19_064319 16 26 12.4 −56 03 03.7 15.26 80.872 0.3065(2) 0.05(4) EW/DSCT

F19_064489 16 26 12.2 −55 37 12.5 14.77 80.931 2.015(8) 0.05(3) VAR

F19_064526 s 16 26 11.3 −56 00 32.6 14.54 80.831 0.2659(1) 0.05(4) EW/DSCT

F19_064528 16 26 11.3 −55 57 17.5 13.31 · · · · · · · · · SR

F19_064545 s 16 26 09.5 −56 53 53.2 11.58 326.111 100(6) 0.028(6) VAR

F19_064572 c⋆ 16 26 09.9 −56 38 04.2 12.78 81.142 0.9355(4) 0.14(2) EA

F19_064600 16 26 11.8 −55 33 47.8 14.28 81.588 2.85(3) 0.02(2) VAR

F19_064642 s 16 26 11.6 −55 32 24.0 12.34 88.806 4.21(5) 0.016(8) VAR

F19_064663 16 26 11.0 −55 50 02.7 11.35 · · · · · · · · · SR

F19_064698 16 26 11.0 −55 41 16.2 15.83 81.863 9.7(2) 0.10(6) ROT

F19_064742 16 26 08.9 −56 39 55.1 15.22 80.710 0.3341(2) 0.09(4) EW/DSCT

F19_064782 c⋆ 16 26 09.0 −56 31 34.1 13.26 179.604 36(1) 0.26(2) CEP

F19_064820 c 16 26 08.5 −56 45 35.3 14.50 81.071 0.656(2) 0.07(3) VAR

F19_064963 c⋆ 16 26 08.6 −56 14 41.5 12.64 · · · · · · · · · LP

F19_064974 16 26 09.9 −55 32 56.9 14.64 82.467 1.874(2) 1.02(9) EA

F19_064975 cs 16 26 10.0 −55 29 26.8 15.13 80.696 0.1932(2) 0.04(4) VAR F19_065260

F19_064998 16 26 07.9 −56 31 20.0 15.11 81.359 0.9322 0.050 EA

F19_065007 16 26 08.8 −56 04 53.9 16.19 81.120 0.5348(4) 0.15(8) EA
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Table E.5: Variable stars in �eld F19 (ontinued).
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F19_065080 16 26 08.5 −55 58 22.1 15.18 80.688 0.25834(7) 0.09(4) EW

F19_065084 ⋆ 16 26 09.0 −55 40 43.9 13.77 139.540 8.059(1) 0.13(1) EA

F19_065205 c 16 26 06.7 −56 37 38.4 14.80 81.252 0.6897(6) 0.07(3) EW

F19_065260 cs 16 26 08.6 −55 29 24.3 14.40 80.682 0.1933(2) 0.02(2) VAR F19_064975

F19_065333 cs 16 26 06.5 −56 21 34.7 12.33 82.424 13.8(3) 0.016(7) ROT

F19_065405 16 26 05.8 −56 31 27.0 14.78 80.716 0.28755(5) 0.25(3) EW

F19_065501 c 16 26 05.4 −56 28 52.4 11.56 · · · · · · · · · SR

F19_065510 16 26 05.8 −56 13 55.7 14.79 92.930 2.6603(1) 0.22(1) EA

F19_065715 c 16 26 04.1 −56 30 38.2 13.17 89.539 5.47(7) 0.11(3) ROT F19_065852

F19_065815 16 26 03.9 −56 25 21.6 13.44 80.694 0.3062(2) 0.03(2) EW/DSCT

F19_065852 c 16 26 03.5 −56 30 36.2 12.97 83.990 5.47(2) 0.106(8) ROT F19_065715

F19_065856 ⋆ 16 26 03.7 −56 26 11.3 13.48 81.923 5.33(2) 0.12(2) EA

F19_065882 c 16 26 02.5 −56 53 31.0 15.07 82.847 7.6(2) 0.08(3) ROT F19_065977

F19_065926 c⋆ 16 26 03.7 −56 12 48.9 14.08 81.180 3.69(1) 0.11(3) EA

F19_065977 c 16 26 02.1 −56 53 27.7 14.87 91.797 7.6(2) 0.07(3) ROT F19_065882

F19_066096 c 16 26 03.4 −55 55 05.7 14.63 80.715 0.30026(9) 0.12(3) EW F19_066210

F19_066114 s 16 26 01.6 −56 43 56.7 15.93 80.691 0.16148(6) 0.05(7) VAR

F19_066118 ⋆ 16 26 02.2 −56 32 10.6 11.49 247.570 13.917(1) 0.23(1) EA

F19_066159 16 26 02.1 −56 26 12.6 13.95 80.731 0.31787(9) 0.04(2) EW

F19_066184 16 26 04.0 −55 25 21.1 11.73 · · · · · · · · · SR

F19_066210 c 16 26 02.9 −55 55 07.7 14.35 80.715 0.30026(8) 0.08(2) EW F19_066096

F19_066438 16 25 59.4 −56 56 59.2 12.77 · · · · · · · · · SR

F19_066513 c 16 26 00.1 −56 22 22.2 13.26 80.829 0.2934(1) 0.07(4) EW F19_066641

F19_066533 ⋆ 16 25 59.3 −56 49 45.8 13.62 81.005 0.7200(2) 0.72(6) EA

F19_066641 c 16 25 59.5 −56 22 24.6 12.98 80.831 0.29336(8) 0.04(1) EW F19_066513

F19_066647 16 25 59.9 −56 12 55.2 14.47 80.725 0.3004(2) 0.03(2) EW/DSCT

F19_066730 16 25 57.8 −56 58 37.1 14.31 152.425 21.9(8) 0.05(2) ROT

F19_066737 c 16 25 58.6 −56 38 39.4 12.59 · · · · · · · · · SR

F19_066792 s 16 26 00.5 −55 37 59.0 16.27 80.776 0.1754(2) 0.07(9) VAR

F19_066817 16 25 59.2 −56 11 28.0 16.36 80.699 0.07065(1) 0.3(1) DSCT

F19_066934 16 25 59.0 −55 59 11.9 15.71 82.368 9.34302(1) 0.4(1) EA

F19_066944 16 25 59.5 −55 43 53.1 11.67 · · · · · · · · · SR

F19_066946 16 25 59.6 −55 41 14.9 13.10 89.267 15.2(6) 0.03(2) VAR

F19_066981 16 25 59.6 −55 37 14.2 12.52 · · · · · · · · · LP

F19_067055 s 16 25 56.2 −56 58 52.0 11.60 · · · · · · · · · LP

F19_067060 16 25 56.9 −56 40 04.2 12.99 97.489 10.2(2) 0.022(8) VAR

F19_067102 c 16 25 56.2 −56 49 33.1 14.15 80.698 1.0288(8) 0.08(2) EA F19_067275, F19_067276

F19_067132 16 25 58.8 −55 40 21.5 14.00 81.524 14.1(2) 0.11(2) EB

F19_067266 cs 16 25 58.0 −55 44 17.3 15.42 80.696 0.2661(2) 0.1(1) VAR F19_067388

F19_067270 c⋆ 16 25 58.4 −55 31 09.2 13.39 81.254 0.7469(2) 0.31(2) EW

F19_067275 c 16 25 55.5 −56 49 39.2 15.20 80.696 1.029(2) 0.15(5) EA F19_067102, F19_067276

F19_067276 c 16 25 55.5 −56 49 29.4 14.58 80.697 1.029(1) 0.11(4) EA F19_067102, F19_067275

F19_067302 c 16 25 58.3 −55 29 57.3 15.07 80.879 0.28572(9) 0.07(3) EW F19_067337

F19_067337 c 16 25 58.1 −55 29 59.7 15.10 80.879 0.28572(9) 0.08(4) EW F19_067302

F19_067375 16 25 55.2 −56 40 07.6 13.28 83.609 10.9(3) 0.020(8) VAR

F19_067387 16 25 57.0 −55 52 16.1 15.14 80.786 1.0452(7) 0.7(2) EA

F19_067388 cs 16 25 57.3 −55 44 22.7 15.99 80.677 0.2661(2) 0.06(8) VAR F19_067266

F19_067466 s 16 25 54.2 −56 54 30.7 13.30 81.731 1.277(3) 0.02(2) VAR

F19_067553 c 16 25 54.7 −56 30 09.3 14.85 80.682 0.4577(2) 0.18(4) EW

F19_067580 16 25 55.0 −56 18 47.3 15.30 81.325 0.9626(6) 0.42(4) EA

F19_067632 c⋆ 16 25 54.1 −56 33 33.8 13.50 82.190 1.733(1) 0.32(3) EA

F19_067768 c 16 25 53.9 −56 19 16.7 14.16 80.695 0.4412(2) 0.12(3) EW

F19_067820 16 25 55.4 −55 32 25.7 14.50 80.875 0.6150(2) 0.20(3) EW

F19_067878 16 25 53.8 −56 07 13.8 14.01 81.584 57(5) 0.08(3) VAR

F19_067947 c 16 25 54.7 −55 33 59.6 13.39 81.038 0.7707(7) 0.08(2) RR F19_068064

F19_067975 ⋆ 16 25 53.8 −55 55 38.3 14.10 81.810 10.936(1) 0.15(1) EA

F19_068060 16 25 53.9 −55 43 34.2 14.78 80.900 0.3892(2) 0.04(3) EW

F19_068064 c 16 25 54.2 −55 33 55.6 13.35 81.039 0.7707(5) 0.07(2) RR F19_067947

F19_068107 ⋆ 16 25 51.7 −56 30 57.7 12.80 81.052 1.2023(5) 0.24(3) EB

F19_068127 s 16 25 54.0 −55 28 08.3 16.18 80.731 0.18889(6) 0.06(8) VAR

F19_068404 c⋆ 16 25 48.8 −56 58 36.0 13.76 80.890 0.44391(6) 0.22(2) EW

F19_068415 16 25 50.1 −56 27 12.7 14.77 83.331 8.19(6) 0.18(3) VAR

F19_068597 16 25 51.3 −55 31 37.4 13.98 · · · · · · · · · LP

F19_068634 16 25 50.9 −55 39 28.5 15.26 100.765 80(2) 0.07(4) VAR

F19_068684 c 16 25 48.3 −56 37 19.6 14.93 80.834 0.34317(8) 0.17(3) EW

F19_068782 c 16 25 49.1 −56 02 44.8 12.17 · · · · · · · · · LP

F19_068846 c 16 25 49.0 −55 56 54.5 12.87 · · · · · · · · · LP

F19_068853 16 25 49.9 −55 33 05.4 11.83 · · · · · · · · · LP

F19_068881 16 25 48.9 −55 53 00.3 16.24 80.798 3.79(2) 0.3(2) EA

F19_068932 c⋆ 16 25 47.6 −56 10 53.0 13.33 81.194 1.0072(9) 0.08(2) EA

F19_068981 s 16 25 48.9 −55 40 18.2 13.12 81.215 1.673(4) 0.04(2) RR

F19_069047 16 25 48.4 −55 44 11.2 13.34 · · · · · · · · · SR

F19_069173 c 16 25 45.8 −56 28 04.7 15.16 80.740 0.34024(8) 0.23(4) EW

F19_069217 16 25 45.9 −56 23 01.9 13.84 81.109 0.6534(5) 0.05(2) EW

F19_069235 c 16 25 47.7 −55 37 02.6 13.11 80.978 0.5075(3) 0.18(5) EW F19_069388

F19_069304 ⋆ 16 25 46.8 −55 49 02.1 12.82 80.879 3.119(7) 0.054(8) EA

F19_069388 c 16 25 47.0 −55 36 57.4 12.88 80.988 0.5075(3) 0.07(2) EW F19_069235

F19_069441 s 16 25 43.4 −56 51 27.3 15.66 81.641 3.04(3) 0.06(5) VAR

F19_069531 s 16 25 45.3 −55 55 32.6 15.34 80.989 0.884(2) 0.05(4) VAR

F19_069551 c 16 25 44.5 −56 10 11.7 12.85 80.898 0.3482(3) 0.04(2) DSCT F19_069621

F19_069554 ⋆ 16 25 44.9 −56 01 14.6 13.27 91.226 5.56(2) 0.22(2) EB

F19_069621 c 16 25 44.3 −56 10 09.1 12.74 80.905 0.3482(3) 0.034(8) DSCT F19_069551

F19_069648 ⋆ 16 25 43.6 −56 20 32.3 15.27 83.086 8.7742 0.11 EA

F19_069719 16 25 43.0 −56 26 53.2 11.28 177.802 23(1) 0.10(3) VAR

F19_069735 s 16 25 44.9 −55 42 56.6 14.38 80.793 0.16883(8) 0.02(2) VAR

F19_069789 c 16 25 43.8 −55 59 33.8 14.22 80.983 0.3226(1) 0.07(2) EW

F19_069796 ⋆ 16 25 44.4 −55 45 35.9 12.63 81.100 0.8864(2) 0.399(8) EB

F19_069853 16 25 42.7 −56 17 08.4 14.42 315.323 70(3) 0.05(2) VAR
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Appendix E Variable Star Catalogs

Table E.5: Variable stars in �eld F19 (ontinued).

BEST ID F

α (J2000.0) δ RB T0 [d℄

p [d℄

A
Type Other Names

h m s

◦ ′ ′′
[mag℄ [rHJD℄ [mag℄

F19_069893 c 16 25 41.1 −56 47 44.8 13.44 · · · · · · · · · SR

F19_069906 s 16 25 42.5 −56 14 51.2 12.60 · · · · · · · · · LP

F19_069997 16 25 43.6 −55 38 03.2 12.57 105.096 27(1) 0.09(2) CEP

F19_070000 c 16 25 40.7 −56 47 43.7 13.47 · · · · · · · · · SR

F19_070013 16 25 42.3 −56 04 55.5 14.17 88.127 3.97(2) 0.24(3) EA

F19_070092 c 16 25 43.0 −55 39 47.0 14.99 80.763 0.3414(2) 0.09(4) EW

F19_070132 16 25 39.9 −56 48 52.4 11.88 303.011 83(4) 0.17(2) VAR

F19_070189 16 25 42.7 −55 36 55.8 14.13 80.825 0.17946(9) 0.04(3) VAR

F19_070359 s 16 25 41.6 −55 41 21.2 11.60 · · · · · · · · · LP

F19_070505 c 16 25 39.2 −56 18 56.0 15.34 80.875 0.2910(2) 0.09(6) EW/DSCT F19_070722

F19_070644 16 25 40.6 −55 29 18.4 11.41 · · · · · · · · · SR

F19_070683 ⋆ 16 25 37.3 −56 37 46.9 13.68 91.722 7.4907(1) 0.07(1) EA

F19_070722 c 16 25 37.9 −56 18 57.1 13.97 80.877 0.2910(2) 0.02(2) EW/DSCT F19_070505

F19_070938 16 25 38.2 −55 47 25.2 11.46 · · · · · · · · · SR

F19_070995 s 16 25 37.3 −56 01 07.3 11.51 82.560 11.6(2) 0.05(2) VAR

F19_071025 s 16 25 37.2 −55 59 04.3 15.37 81.169 3.36(3) 0.07(4) EA

F19_071038 c⋆ 16 25 35.1 −56 42 50.0 12.92 81.049 0.8630(3) 0.157(8) EB

F19_071161 16 25 38.0 −55 25 17.8 11.23 82.435 3.92(3) 0.038(7) VAR

F19_071386 s 16 25 34.9 −56 01 60.0 16.18 80.708 0.3204(2) 0.10(8) EW

F19_071401 c 16 25 36.4 −55 30 02.6 13.25 100.810 58(4) 0.08(2) VAR

F19_071424 c 16 25 35.0 −55 57 44.7 14.35 91.907 6.7(2) 0.06(3) VAR F19_071480

F19_071480 c 16 25 34.7 −55 57 50.1 14.73 91.769 6.77(9) 0.08(4) VAR F19_071424

F19_071609 16 25 33.5 −56 09 33.3 12.17 80.681 75(7) 0.017(6) VAR

F19_071721 s⋆ 16 25 34.5 −55 34 51.3 13.36 92.791 6.46(5) 0.027(8) ROT

F19_071755 16 25 30.3 −56 58 39.1 13.34 80.946 0.4281(2) 0.032(8) EW

F19_071780 c 16 25 33.6 −55 44 09.1 15.27 81.171 0.6203(4) 0.08(4) EA

F19_071796 c 16 25 31.9 −56 21 43.4 13.01 82.491 2.117(4) 0.050(8) ROT

F19_071837 c⋆ 16 25 31.6 −56 24 13.2 13.79 81.009 0.56259(8) 0.42(2) EB

F19_071850 c⋆ 16 25 32.7 −55 57 54.8 14.56 95.680 4.4205(1) 0.16(1) EA

F19_071866 16 25 34.1 −55 27 04.0 12.44 80.705 0.12079(4) 0.018(8) DSCT

F19_071874 c 16 25 31.4 −56 22 59.1 14.05 81.223 0.6884(3) 0.08(2) EA F19_071934

F19_071934 c 16 25 31.1 −56 22 54.2 14.34 81.224 0.6884(3) 0.16(3) EA F19_071874

F19_071971 s 16 25 31.7 −56 04 31.7 12.01 · · · · · · · · · LP

F19_072013 16 25 31.9 −55 56 33.1 13.63 81.067 0.4020(2) 0.07(2) EB

F19_072059 c 16 25 28.9 −56 54 07.6 13.71 80.958 0.7250(4) 0.14(2) RR F19_072126

F19_072089 16 25 28.4 −56 58 22.4 12.52 · · · · · · · · · LP

F19_072126 c 16 25 28.6 −56 54 03.7 14.09 80.957 0.7250(4) 0.23(3) RR F19_072059

F19_072151 16 25 32.1 −55 37 23.7 14.43 80.731 0.4382(2) 0.05(4) EA

F19_072311 16 25 28.4 −56 36 57.0 12.63 80.674 0.06765(2) 0.01(2) DSCT

F19_072356 16 25 28.8 −56 27 42.3 11.90 80.867 0.35078(8) 0.07(1) EW

F19_072375 s 16 25 30.8 −55 41 36.0 13.69 80.674 0.2143(2) 0.01(2) DSCT

F19_072384 c 16 25 27.7 −56 45 31.2 15.05 80.925 0.31794(8) 0.19(4) EW F19_072385

F19_072385 c 16 25 27.7 −56 45 25.5 15.20 80.926 0.31794(6) 0.31(4) EW F19_072384

F19_072553 16 25 26.7 −56 46 30.7 15.02 81.185 0.5628(3) 0.17(4) EA

F19_072610 16 25 26.1 −56 53 40.1 12.80 80.687 0.07038(2) 0.02(2) DSCT

F19_072821 s 16 25 26.1 −56 31 02.4 15.02 100.093 13.2(3) 0.06(4) VAR

F19_072846 c 16 25 25.0 −56 47 02.8 11.82 88.888 13.9(2) 0.025(8) VAR

F19_072875 ⋆ 16 25 24.8 −56 50 54.8 15.18 80.882 0.35114(7) 0.28(4) EW

F19_072897 16 25 28.7 −55 31 23.5 11.81 · · · · · · · · · LP

F19_072946 c 16 25 24.8 −56 43 14.2 14.54 80.816 0.35544(7) 0.18(2) EW F19_073066

F19_072960 16 25 26.1 −56 14 06.3 16.62 99.015 39(3) 0.2(2) VAR
F19_073014 s 16 25 25.3 −56 23 53.6 14.12 88.841 11.7(3) 0.05(3) ROT

F19_073066 c 16 25 24.3 −56 43 15.2 14.59 80.816 0.35544(7) 0.17(2) EW F19_072946

F19_073189 16 25 27.2 −55 30 18.1 12.63 · · · · · · · · · SR

F19_073243 16 25 25.0 −56 05 53.9 13.44 83.992 20.6(9) 0.026(8) VAR

F19_073249 c 16 25 25.7 −55 51 36.8 14.31 83.171 3.373(7) 0.24(4) EA F19_073306

F19_073290 16 25 23.0 −56 37 29.3 14.89 81.151 0.6403(2) 0.24(3) EB

F19_073306 c 16 25 25.4 −55 51 42.6 14.71 83.184 3.373(7) 0.20(4) EA F19_073249

F19_073361 c 16 25 24.0 −56 11 18.4 15.48 80.753 0.27710(8) 0.15(5) EW F19_073423

F19_073367 s 16 25 25.2 −55 48 43.7 15.55 93.969 7.7(3) 0.08(5) ROT

F19_073380 16 25 22.1 −56 46 33.2 13.49 · · · · · · · · · SR

F19_073423 c 16 25 23.6 −56 11 23.9 15.61 80.751 0.27710(9) 0.12(5) EW F19_073361

F19_073431 c⋆ 16 25 24.7 −55 50 31.6 14.88 80.845 2.216(3) 0.22(5) EA

F19_073540 c 16 25 24.3 −55 45 15.8 13.95 81.734 3.392(4) 0.19(3) EA

F19_073607 16 25 23.6 −55 54 22.6 14.46 80.718 0.053556(4) 0.14(2) DSCT

F19_073638 s 16 25 23.8 −55 45 51.3 12.47 · · · · · · · · · SR

F19_073702 ⋆ 16 25 22.3 −56 06 35.9 12.59 80.995 0.3538(2) 0.077(8) DSCT

F19_073779 16 25 23.8 −55 31 36.4 11.98 185.298 69(5) 0.19(3) VAR

F19_073795 16 25 20.0 −56 42 08.9 12.44 · · · · · · · · · SR

F19_073882 c⋆ 16 25 18.8 −56 55 27.5 14.23 80.836 0.40057(6) 0.31(3) EW

F19_073952 c⋆ 16 25 20.0 −56 26 05.0 14.94 80.953 0.6501(3) 0.27(3) EA

F19_073969 s 16 25 22.2 −55 41 38.1 16.47 80.842 0.17324(8) 0.1(1) DSCT
F19_073980 16 25 18.4 −56 52 50.5 11.13 · · · · · · · · · SR

F19_074014 16 25 22.9 −55 25 01.8 13.63 81.089 0.4546(5) 0.03(3) VAR

F19_074065 c 16 25 20.4 −56 08 46.4 15.26 80.771 0.42513(7) 0.55(5) EW

F19_074076 16 25 21.9 −55 38 59.4 13.90 · · · · · · · · · SR

F19_074085 16 25 22.5 −55 27 07.5 16.20 80.909 0.4018(2) 0.25(8) EW/DSCT

F19_074152 16 25 19.8 −56 09 50.0 14.27 80.914 0.3076(2) 0.01(2) EW

F19_074277 16 25 17.2 −56 44 37.2 12.87 81.086 0.650(2) 0.03(3) RR

F19_074316 16 25 18.6 −56 16 00.2 12.46 · · · · · · · · · SR

F19_074336 c 16 25 16.3 −56 56 57.0 12.49 · · · · · · · · · LP

F19_074350 s 16 25 18.6 −56 10 18.1 13.35 81.505 6.49(5) 0.025(8) EB

F19_074424 16 25 17.7 −56 22 34.6 14.14 81.897 5.80(4) 0.07(2) ROT

F19_074467 cs 16 25 20.0 −55 34 03.2 13.76 80.744 0.13397(6) 0.01(2) DSCT F19_074571

F19_074500 16 25 19.4 −55 44 21.4 15.53 82.347 4.94(7) 0.10(5) ROT

F19_074539 16 25 19.1 −55 46 35.8 16.34 89.727 5.61(7) 0.2(1) ROT
F19_074547 16 25 15.6 −56 49 41.6 15.04 82.800 5.29(5) 0.16(4) CEP

F19_074571 cs 16 25 19.6 −55 33 58.6 13.82 80.751 0.13397(6) 0.02(2) DSCT F19_074467
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E.4 F19

Table E.5: Variable stars in �eld F19 (ontinued).

BEST ID F

α (J2000.0) δ RB T0 [d℄

p [d℄

A
Type Other Names

h m s

◦ ′ ′′
[mag℄ [rHJD℄ [mag℄

F19_074621 16 25 17.3 −56 09 19.2 15.94 80.734 0.3126(2) 0.13(6) EW

F19_074676 16 25 16.2 −56 25 55.3 11.16 · · · · · · · · · LP

F19_074719 s⋆ 16 25 16.4 −56 17 15.2 12.58 · · · · · · · · · EA

F19_074824 16 25 17.9 −55 39 56.7 15.14 123.456 12.6(2) 0.08(4) EB

F19_074891 c⋆ 16 25 14.5 −56 33 11.8 13.37 80.981 1.0284(4) 0.38(3) EW

F19_074935 ⋆ 16 25 14.8 −56 22 37.6 16.13 81.170 0.9582(5) 1.1(2) EA

F19_075011 16 25 15.2 −56 08 27.7 12.58 · · · · · · · · · SR

F19_075094 16 25 13.4 −56 33 03.7 11.32 · · · · · · · · · SR

F19_075144 16 25 16.8 −55 26 58.8 14.21 92.394 8.2(2) 0.09(3) VAR

F19_075170 s 16 25 15.4 −55 51 32.3 11.25 · · · · · · · · · SR

F19_075266 16 25 15.6 −55 35 36.1 11.16 82.452 13.6(3) 0.031(8) VAR

F19_075397 s 16 25 10.6 −56 52 23.0 12.11 90.572 11.3(3) 0.013(6) ROT

F19_075402 16 25 11.7 −56 32 57.7 14.91 187.257 16.9(6) 0.11(4) VAR

F19_075433 16 25 14.8 −55 34 57.5 14.84 83.721 31(3) 0.11(3) VAR

F19_075532 16 25 14.0 −55 42 42.0 14.60 80.851 0.3140(1) 0.05(2) EW

F19_075666 cs⋆ 16 25 09.5 −56 46 34.1 12.51 81.135 1.875(4) 0.015(6) EA

F19_075779 c 16 25 12.8 −55 34 14.3 15.07 139.086 31(2) 0.08(4) VAR

F19_075788 s 16 25 08.7 −56 49 17.8 14.74 80.981 0.3467(2) 0.02(3) EW/DSCT

F19_075856 16 25 12.8 −55 31 52.3 12.92 · · · · · · · · · SR

F19_075884 c 16 25 12.5 −55 34 16.1 14.70 141.055 31(2) 0.05(3) VAR

F19_075997 16 25 10.7 −55 53 57.6 10.36 · · · · · · · · · LP

F19_076012 16 25 07.7 −56 44 10.6 14.73 80.912 0.26616(8) 0.06(3) EW

F19_076048 16 25 09.2 −56 14 33.2 15.32 80.800 0.33117(6) 0.37(4) EW

F19_076092 16 25 09.8 −56 01 01.1 15.42 80.960 0.31421(9) 0.17(5) EW

F19_076211 16 25 08.7 −56 06 22.9 11.64 308.347 100(2) 0.033(8) VAR

F19_076324 s 16 25 10.7 −55 23 59.4 13.20 82.901 15.3(5) 0.04(2) CEP

F19_076327 s 16 25 05.6 −56 48 47.0 15.72 123.360 18.4(6) 0.11(5) EB

F19_076345 ⋆ 16 25 08.6 −55 56 28.0 13.53 109.940 2.9632(1) 0.05(1) EB

F19_076351 16 25 10.2 −55 27 56.3 13.08 95.144 34(2) 0.07(2) ROT

F19_076396 16 25 07.4 −56 11 02.9 16.80 80.743 0.4884(3) 0.5(2) EA

F19_076426 16 25 08.0 −55 58 00.7 15.14 152.187 44(5) 0.08(4) VAR

F19_076455 cs 16 25 07.6 −56 02 01.5 14.69 80.688 0.22552(6) 0.03(3) EW/DSCT F19_076589

F19_076529 s 16 25 08.4 −55 40 41.7 12.27 · · · · · · · · · LP

F19_076582 16 25 06.1 −56 14 54.5 11.95 · · · · · · · · · SR

F19_076589 cs 16 25 06.9 −56 02 01.3 14.73 80.687 0.22552(7) 0.05(4) EW/DSCT F19_076455

F19_076609 16 25 04.5 −56 39 58.0 12.53 80.676 0.1971(1) 0.009(6) VAR

F19_076711 c 16 25 02.9 −56 54 11.5 13.71 80.811 0.2502(2) 0.03(1) DSCT F19_076837

F19_076788 c 16 25 05.6 −56 00 38.2 15.07 80.736 0.14438(5) 0.08(4) DSCT F19_076909

F19_076807 c 16 25 03.6 −56 36 26.2 13.66 80.756 0.20588(5) 0.09(2) DSCT

F19_076827 c⋆ 16 25 06.6 −55 43 31.6 13.59 82.576 2.602(3) 0.17(4) EA

F19_076837 c 16 25 02.4 −56 54 13.1 13.79 80.810 0.2502(2) 0.04(2) DSCT F19_076711

F19_076846 16 25 03.8 −56 26 50.1 14.36 94.658 23(1) 0.04(2) ROT

F19_076894 s 16 25 02.4 −56 47 37.9 16.48 141.123 21(2) 0.2(1) VAR

F19_076909 c 16 25 05.1 −56 00 37.0 15.06 80.735 0.14438(5) 0.07(3) DSCT F19_076788

F19_076992 16 25 02.0 −56 43 06.9 15.39 90.265 5.21(7) 0.06(4) ROT

F19_077020 16 25 03.5 −56 13 07.2 13.00 · · · · · · · · · LP

F19_077041 s 16 25 01.4 −56 49 41.0 13.73 95.875 26(2) 0.06(3) EB

F19_077205 16 25 00.4 −56 49 04.8 15.68 80.857 0.41900(9) 0.42(6) EW

F19_077225 s 16 25 03.1 −56 02 35.2 12.39 80.734 0.4300(5) 0.01(1) VAR

F19_077258 c⋆ 16 25 04.5 −55 36 36.6 15.39 81.044 0.4240(2) 0.40(6) EW

F19_077290 ⋆ 16 25 01.0 −56 31 02.8 15.22 80.905 0.7349(3) 0.44(4) EA

F19_077346 c 16 24 59.6 −56 48 31.1 13.55 81.045 0.4051(2) 0.022(8) EW

F19_077481 16 25 01.7 −56 01 08.6 16.41 80.716 0.055750(8) 0.12(9) DSCT

F19_077523 16 24 59.2 −56 36 49.1 12.67 · · · · · · · · · LP

F19_077574 s 16 25 01.2 −56 01 39.3 14.53 82.569 2.55(2) 0.03(2) VAR

F19_077589 c 16 25 03.2 −55 28 29.2 12.88 · · · · · · · · · LP

F19_077593 c 16 25 03.5 −55 23 24.1 15.79 80.869 0.3934(2) 0.43(7) EB

F19_077643 s 16 25 01.3 −55 54 42.9 12.02 273.064 67(9) 0.13(3) VAR

F19_077652 16 25 02.5 −55 34 28.7 15.58 80.885 0.3229(2) 0.07(5) EW

F19_077665 16 24 58.7 −56 34 09.5 15.10 80.680 0.9581(8) 0.13(4) EA

F19_077755 c 16 24 57.1 −56 52 25.5 14.76 80.902 0.29133(9) 0.07(3) EW F19_077882

F19_077767 c⋆ 16 24 58.6 −56 26 45.7 15.33 80.802 2.185(4) 0.08(4) EA

F19_077838 ⋆ 16 25 00.3 −55 50 55.4 14.06 81.118 1.1191(6) 0.15(2) EA

F19_077882 c 16 24 56.5 −56 52 25.4 14.75 80.902 0.29133(8) 0.08(3) EW F19_077755

F19_077956 16 24 57.4 −56 27 27.5 13.26 · · · · · · · · · LP

F19_077973 ⋆ 16 25 00.0 −55 44 57.6 11.82 91.940 8.616(1) 0.2(1) EA

F19_078013 16 25 01.1 −55 25 46.6 13.42 · · · · · · · · · LP

F19_078186 16 24 55.7 −56 36 31.4 11.96 · · · · · · · · · LP

F19_078206 16 24 59.5 −55 35 14.4 12.30 80.749 0.11420(4) 0.02(2) DSCT

F19_078229 s 16 24 56.2 −56 25 55.9 15.20 81.025 0.3936(3) 0.04(4) EW/DSCT

F19_078273 s 16 24 58.0 −55 51 04.8 14.91 80.731 0.2304(2) 0.02(3) VAR

F19_078350 c⋆ 16 24 54.4 −56 43 51.5 14.16 81.631 1.169(2) 0.06(2) EB

F19_078431 s 16 24 56.2 −56 07 11.0 11.41 80.696 0.054974(9) 0.008(7) DSCT

F19_078469 16 24 57.7 −55 40 58.0 15.62 80.874 0.4516(2) 0.22(5) EA

F19_078494 16 24 56.5 −55 57 50.4 14.78 112.643 27(2) 0.14(3) VAR

F19_078549 16 24 55.5 −56 06 59.5 13.92 80.804 0.5968(3) 0.19(3) EW

F19_078636 16 24 55.0 −56 07 43.8 14.13 82.674 2.233(4) 0.16(7) EA

F19_078722 s 16 24 53.6 −56 21 42.3 13.07 81.178 0.599(2) 0.02(2) VAR

F19_078758 s 16 24 55.9 −55 42 29.6 14.33 80.735 0.2718(1) 0.03(2) EW

F19_078865 16 24 53.2 −56 15 33.3 13.53 82.131 5.8(2) 0.02(1) ROT

F19_078880 16 24 55.9 −55 32 21.2 11.60 · · · · · · · · · LP

F19_078917 16 24 50.3 −56 55 22.4 16.45 81.279 1.618(3) 0.2(2) EA

F19_078941 c 16 24 53.8 −55 59 45.8 11.49 · · · · · · · · · LP

F19_078951 c 16 24 56.0 −55 27 04.2 11.82 · · · · · · · · · SR

F19_078985 16 24 50.4 −56 48 29.7 13.35 82.452 2.41(1) 0.05(2) VAR

F19_079009 16 24 53.6 −55 57 12.1 14.68 80.872 2.38(2) 0.03(3) VAR

F19_079015 16 24 54.6 −55 41 51.9 14.93 80.983 0.3568(2) 0.12(3) EW

F19_079023 s 16 24 50.2 −56 48 59.3 11.02 · · · · · · · · · SR
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Table E.5: Variable stars in �eld F19 (ontinued).

BEST ID F

α (J2000.0) δ RB T0 [d℄

p [d℄

A
Type Other Names

h m s

◦ ′ ′′
[mag℄ [rHJD℄ [mag℄

F19_079051 s 16 24 54.8 −55 35 59.2 13.52 146.508 14.6(4) 0.04(2) VAR

F19_079057 s 16 24 49.6 −56 54 07.8 11.78 80.699 1.144(3) 0.02(1) VAR

F19_079208 16 24 54.4 −55 29 03.4 12.19 82.523 3.1921(1) 0.023(1) EB

F19_079221 16 24 49.5 −56 42 44.7 13.20 · · · · · · · · · SR

F19_079253 c 16 24 48.4 −56 57 42.4 13.69 · · · · · · · · · LP

F19_079278 c 16 24 48.1 −56 57 45.4 13.64 · · · · · · · · · LP

F19_079282 c⋆ 16 24 48.6 −56 51 14.9 14.99 81.155 0.6707(4) 0.24(6) EB

F19_079285 s 16 24 49.2 −56 41 38.6 11.84 146.322 66(5) 0.010(4) VAR

F19_079299 16 24 51.8 −56 01 25.6 14.19 · · · · · · · · · LP

F19_079335 s 16 24 53.0 −55 39 14.9 13.62 82.697 3.84(3) 0.05(2) CEP

F19_079563 c 16 24 51.4 −55 44 50.0 15.75 80.673 0.3562(2) 0.3(1) EW F19_079707

F19_079581 ⋆ 16 24 48.9 −56 20 09.3 13.76 81.830 2.395(6) 0.05(2) EB

F19_079647 16 24 47.5 −56 36 57.3 13.51 80.692 0.19517(7) 0.04(2) DSCT

F19_079707 c 16 24 50.7 −55 44 54.3 15.74 80.675 0.3562(2) 0.17(9) EW F19_079563

F19_079713 ⋆ 16 24 51.8 −55 28 28.4 12.07 81.396 1.223(2) 0.070(8) VAR

F19_079741 16 24 49.8 −55 55 45.7 14.47 80.976 0.939(2) 0.06(3) EW

F19_079766 c 16 24 49.0 −56 04 12.1 11.82 · · · · · · · · · VAR

F19_079814 c 16 24 45.8 −56 49 11.6 11.47 · · · · · · · · · LP

F19_079865 s 16 24 49.4 −55 51 32.0 13.82 80.771 0.4819(3) 0.03(2) EB

F19_079888 16 24 47.4 −56 20 55.6 11.30 · · · · · · · · · SR

F19_080007 16 24 44.5 −56 54 50.5 14.79 80.728 0.2105(2) 0.04(6) DSCT

F19_080025 16 24 47.4 −56 10 21.5 13.07 · · · · · · · · · LP

F19_080038 16 24 49.3 −55 39 20.0 13.94 96.138 8.31(5) 0.09(2) EB

F19_080047 s 16 24 44.4 −56 51 31.3 14.04 81.297 2.71(2) 0.04(2) ROT

F19_080048 16 24 44.8 −56 48 01.5 14.71 275.871 42(3) 0.13(3) EB

F19_080135 s 16 24 43.8 −56 53 42.0 13.26 91.390 6.89(5) 0.02(2) ROT

F19_080161 c 16 24 48.0 −55 50 35.2 14.59 81.683 1.223(4) 0.05(3) VAR

F19_080181 16 24 44.9 −56 32 22.2 15.61 80.712 0.4031(2) 0.13(5) EB

F19_080243 cs 16 24 44.5 −56 34 30.1 15.20 80.687 0.4243(3) 0.04(4) EB F19_080444

F19_080257 16 24 47.0 −55 57 00.3 12.80 · · · · · · · · · SR

F19_080272 16 24 43.8 −56 42 11.5 14.69 80.882 0.4060(2) 0.04(2) EW

F19_080273 c 16 24 44.3 −56 33 38.7 14.35 80.780 0.4065(2) 0.17(2) RR

F19_080297 c 16 24 48.8 −55 28 45.8 13.48 · · · · · · · · · LP

F19_080321 16 24 46.9 −55 53 34.4 11.76 · · · · · · · · · LP

F19_080385 16 24 45.9 −56 01 36.7 10.39 80.678 0.09663(4) 0.02(2) DSCT

F19_080387 s 16 24 46.7 −55 50 58.7 12.71 187.821 29(2) 0.018(8) VAR

F19_080444 cs 16 24 43.5 −56 34 27.5 15.00 80.686 0.4243(3) 0.05(3) EB F19_080243

F19_080508 16 24 43.6 −56 26 24.1 15.35 81.067 0.4084(2) 0.12(4) EB

F19_080552 c⋆ 16 24 46.0 −55 48 07.1 15.35 81.017 0.4822(2) 0.77(6) RR

F19_080612 s 16 24 43.4 −56 21 35.1 14.75 80.718 0.2820(2) 0.02(3) EW/DSCT

F19_080659 16 24 40.9 −56 56 23.4 12.33 127.479 19.9(5) 0.07(2) VAR

F19_080672 c 16 24 42.6 −56 28 39.8 13.75 80.757 0.3767(2) 0.03(3) EW/DSCT F19_080803

F19_080803 c 16 24 42.0 −56 28 44.0 13.50 80.950 0.3766(2) 0.03(2) EW/DSCT F19_080672

F19_080871 16 24 42.7 −56 12 04.6 12.30 270.970 128(7) 0.126(8) EB

F19_080971 c⋆ 16 24 43.6 −55 50 07.9 13.68 80.717 0.34913(6) 0.26(3) EW

F19_080985 16 24 40.2 −56 39 03.8 12.81 · · · · · · · · · LP

F19_080993 ⋆ 16 24 40.8 −56 28 25.8 13.16 126.244 48(3) 0.80(9) VAR

F19_081002 16 24 42.3 −56 07 36.4 12.74 81.909 1.346(4) 0.05(2) ROT

F19_081022 16 24 39.4 −56 48 17.4 14.74 80.748 0.2780(1) 0.12(8) EW

F19_081025 s 16 24 39.7 −56 42 26.1 11.41 100.362 14.9(2) 0.05(2) VAR

F19_081038 16 24 43.2 −55 49 37.8 15.31 80.987 0.3200(2) 0.08(6) EW

F19_081099 16 24 41.9 −56 03 56.3 15.49 81.116 0.4586(3) 0.13(6) EW

F19_081117 16 24 39.3 −56 40 11.0 15.41 97.243 36(4) 0.07(4) VAR

F19_081134 16 24 43.7 −55 35 51.2 11.99 96.578 19.4(6) 0.08(2) VAR

F19_081169 16 24 44.0 −55 29 08.1 11.94 · · · · · · · · · LP

F19_081228 16 24 42.6 −55 43 31.3 15.52 80.677 0.28573(7) 0.18(5) EW

F19_081297 16 24 38.1 −56 43 45.9 14.95 80.671 0.26935(8) 0.06(3) EW

F19_081389 c 16 24 37.8 −56 39 43.4 13.42 95.305 18.0(3) 0.07(2) VAR

F19_081503 c 16 24 40.4 −55 50 35.4 14.28 80.815 0.4846(2) 0.09(2) EB

F19_081575 c 16 24 41.2 −55 37 13.5 16.11 80.855 0.3856(2) 0.5(1) EW
F19_081630 s 16 24 39.3 −55 59 20.3 11.73 · · · · · · · · · SR

F19_081744 16 24 37.7 −56 11 51.6 16.28 82.183 1.719(2) 0.4(2) EA
F19_081748 c 16 24 39.5 −55 46 41.8 14.13 81.444 7.8(1) 0.13(4) ROT F19_081913

F19_081770 c 16 24 36.2 −56 30 53.0 14.26 81.051 0.4765(6) 0.03(2) EW/DSCT F19_081898

F19_081850 c 16 24 33.9 −56 56 21.5 14.70 80.842 0.42888(8) 0.25(3) EW

F19_081868 s 16 24 37.5 −56 05 42.0 13.72 95.666 17.9(6) 0.02(1) ROT

F19_081898 c 16 24 35.7 −56 30 51.3 14.39 81.054 0.4766(5) 0.04(2) EW/DSCT F19_081770

F19_081913 c 16 24 38.7 −55 46 42.6 13.80 81.201 7.8(2) 0.06(3) ROT F19_081748

F19_082185 c⋆ 16 24 34.4 −56 25 28.1 13.55 81.977 2.486(2) 0.36(2) EA

F19_082197 16 24 38.6 −55 25 33.3 11.03 81.830 2.502(6) 0.067(8) VAR

F19_082232 16 24 32.5 −56 47 21.3 14.10 80.836 0.7168(2) 0.25(2) EW

F19_082399 s 16 24 30.7 −56 59 57.4 13.00 81.068 0.6441(4) 0.010(8) EA

F19_082487 s 16 24 36.6 −55 33 14.2 13.68 80.778 0.939(2) 0.03(2) RR

F19_082503 16 24 31.6 −56 39 42.0 12.36 80.736 0.3464(2) 0.009(4) EW/DSCT

F19_082553 s 16 24 36.4 −55 29 12.5 14.61 80.715 0.3967(3) 0.04(3) VAR

F19_082627 s 16 24 35.4 −55 38 22.8 15.95 80.939 0.3060(2) 0.07(7) EW

F19_082629 16 24 29.6 −56 57 15.5 13.39 95.635 34(2) 0.07(2) CEP

F19_082633 16 24 31.2 −56 34 07.8 11.70 · · · · · · · · · SR

F19_082749 16 24 35.5 −55 28 10.9 14.52 95.877 23.7(6) 0.22(3) CEP

F19_082935 16 24 31.7 −56 05 50.9 12.72 171.822 21.2(7) 0.04(2) VAR

F19_083040 16 24 28.5 −56 41 12.0 12.60 · · · · · · · · · LP

F19_083148 16 24 30.5 −56 04 41.6 15.52 82.336 2.068(3) 0.33(7) EA

F19_083180 ⋆ 16 24 31.7 −55 46 38.6 13.52 91.480 6.02(6) 0.03(1) ROT

F19_083357 c 16 24 26.5 −56 43 56.7 14.37 80.962 0.4058(2) 0.07(3) EW F19_083416

F19_083416 c 16 24 26.1 −56 44 00.9 14.09 80.963 0.4058(2) 0.07(3) EW F19_083357

F19_083423 16 24 28.2 −56 13 43.3 12.49 · · · · · · · · · LP

F19_083511 c 16 24 24.5 −56 58 42.2 13.41 80.854 0.6818(3) 0.09(2) EW

F19_083584 16 24 25.8 −56 36 38.8 11.98 80.687 0.045986(6) 0.012(8) DSCT
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F19_083682 16 24 29.5 −55 41 40.0 14.85 81.018 0.5516(4) 0.14(4) RR

F19_083756 16 24 23.4 −56 54 58.2 15.59 80.758 0.3847(3) 0.09(5) EW/DSCT

F19_083834 c 16 24 24.2 −56 39 41.0 11.07 · · · · · · · · · LP

F19_083852 c 16 24 27.0 −56 00 52.8 14.30 96.995 11.7(4) 0.05(2) ROT F19_083941

F19_083857 16 24 29.0 −55 35 32.7 14.13 96.322 23.3(7) 0.06(3) VAR

F19_083941 c 16 24 26.5 −56 00 58.0 14.18 96.886 11.7(3) 0.09(3) ROT F19_083852

F19_084092 c 16 24 24.0 −56 22 21.5 14.11 81.048 0.3936(2) 0.06(2) EW F19_084093

F19_084093 c 16 24 24.1 −56 22 15.0 14.03 81.047 0.3936(2) 0.05(3) EW F19_084092

F19_084138 s 16 24 20.9 −56 58 36.4 15.83 80.794 0.17578(9) 0.08(7) VAR

F19_084139 ⋆ 16 24 21.6 −56 50 53.5 15.66 81.537 1.2309(7) 0.55(6) EA

F19_084280 s 16 24 24.7 −55 58 19.7 14.48 80.736 0.10283(3) 0.03(2) DSCT

F19_084284 s 16 24 25.8 −55 44 17.5 16.11 80.816 0.2946(2) 0.1(2) EW/DSCT

F19_084298 16 24 20.7 −56 50 06.9 16.14 80.719 0.060730(9) 0.1(2) DSCT

F19_084352 c 16 24 26.1 −55 36 56.1 12.41 · · · · · · · · · LP

F19_084369 16 24 22.7 −56 17 56.2 14.73 80.677 0.41132(9) 0.20(3) EW

F19_084403 16 24 24.1 −55 56 51.5 12.10 82.123 16.9(3) 0.040(7) EB

F19_084494 16 24 19.0 −56 54 27.3 13.75 83.501 7.8(1) 0.02(2) VAR

F19_084495 16 24 19.2 −56 53 33.7 14.91 80.790 0.17885(9) 0.06(3) DSCT

F19_084572 16 24 22.0 −56 11 56.0 12.46 134.273 23.6(7) 0.09(3) VAR

F19_084611 16 24 24.0 −55 43 08.3 13.02 96.445 11.6(4) 0.034(8) VAR

F19_084725 s 16 24 20.6 −56 17 21.4 13.93 82.199 1.690(4) 0.02(2) VAR

F19_084877 s 16 24 20.3 −56 09 30.8 13.96 127.726 80(2) 0.05(2) VAR

F19_084994 16 24 16.7 −56 49 26.4 14.66 81.470 1.393(4) 0.04(3) VAR

F19_085032 s 16 24 18.2 −56 27 31.8 11.95 270.961 100(1) 0.011(4) VAR

F19_085166 s⋆ 16 24 18.4 −56 14 49.9 14.81 88.870 12.1736 0.11 EA

F19_085187 16 24 16.0 −56 43 32.4 11.55 82.357 4.72(5) 0.019(6) ROT

F19_085229 16 24 18.5 −56 10 13.5 14.97 81.357 1.354(4) 0.07(4) VAR

F19_085244 s 16 24 14.6 −56 55 59.8 15.73 81.640 1.606(3) 0.10(6) EA

F19_085308 s 16 24 15.1 −56 46 00.7 12.09 · · · · · · · · · SR

F19_085335 s 16 24 14.2 −56 56 27.6 12.10 80.687 0.2714(1) 0.005(4) EW/DSCT

F19_085415 16 24 17.7 −56 05 59.2 14.26 81.457 0.904(2) 0.05(3) VAR

F19_085545 c 16 24 14.5 −56 35 18.5 14.04 80.817 0.3029(2) 0.10(6) EW F19_085595

F19_085556 s 16 24 17.6 −55 56 28.5 13.06 81.134 0.679(2) 0.02(2) RR

F19_085575 s 16 24 17.6 −55 54 09.0 16.29 141.206 27(2) 0.3(1) CEP

F19_085595 c 16 24 14.1 −56 35 26.4 13.44 80.814 0.3029(2) 0.022(8) EW F19_085545

F19_085628 c 16 24 13.6 −56 41 17.0 14.96 81.095 0.5400(8) 0.04(3) VAR F19_085677

F19_085677 c 16 24 13.3 −56 41 22.2 14.98 81.061 0.5401(7) 0.03(3) VAR F19_085628

F19_085720 c 16 24 14.8 −56 18 31.4 12.25 · · · · · · · · · SR

F19_085723 16 24 15.9 −56 05 34.3 14.42 80.939 0.6974(6) 0.05(2) EB

F19_085771 c⋆ 16 24 11.4 −56 56 51.4 14.92 81.411 2.644(3) 0.42(5) EA

F19_085862 16 24 13.9 −56 21 40.7 15.49 81.553 1.037(2) 0.12(7) EW

F19_086047 16 24 10.6 −56 49 42.3 13.68 188.354 56(2) 0.17(2) CEP

F19_086088 16 24 13.3 −56 13 53.0 11.84 80.749 0.5257(3) 0.020(6) RR

F19_086184 16 24 14.9 −55 45 51.9 14.09 135.779 16.1(3) 0.17(3) CEP

F19_086208 16 24 12.8 −56 10 13.8 15.16 80.783 0.11865(5) 0.04(3) DSCT

F19_086209 16 24 13.3 −56 04 10.5 15.84 81.300 0.7126(5) 0.32(8) EA

F19_086212 16 24 13.7 −55 58 01.0 13.82 92.828 6.71(2) 0.07(2) EB

F19_086369 16 24 12.0 −56 10 43.7 11.59 80.788 0.15373(7) 0.01(2) DSCT

F19_086429 s 16 24 09.7 −56 33 26.0 14.31 81.448 0.886(2) 0.03(2) EB

F19_086476 s 16 24 13.3 −55 46 08.1 12.24 · · · · · · · · · SR

F19_086607 s 16 24 08.4 −56 36 38.2 15.36 80.756 0.13794(4) 0.05(5) DSCT

F19_086614 16 24 09.7 −56 21 27.8 12.71 80.721 0.057823(9) 0.01(1) DSCT

F19_086712 c⋆ 16 24 06.7 −56 48 55.4 14.39 80.734 0.4679(2) 0.40(5) RR

F19_086745 c 16 24 12.9 −55 33 58.6 13.79 80.685 0.4117(2) 0.04(2) EW/DSCT F19_086787

F19_086787 c 16 24 12.6 −55 34 03.7 13.90 80.692 0.4117(2) 0.04(2) EW/DSCT F19_086745

F19_086809 s 16 24 09.7 −56 05 33.8 15.17 97.229 12.8(3) 0.12(4) EB

F19_086812 s 16 24 10.7 −55 52 32.9 12.56 · · · · · · · · · SR

F19_086922 c 16 24 12.1 −55 29 59.0 15.65 80.830 0.4515(2) 0.24(6) EW

F19_086960 16 24 06.2 −56 37 07.5 11.17 · · · · · · · · · SR

F19_086963 s 16 24 06.6 −56 33 34.9 14.18 80.714 0.488121(1) · · · EA

F19_086972 c 16 24 08.4 −56 11 09.6 11.87 · · · · · · · · · LP

F19_087086 16 24 05.5 −56 37 57.1 15.87 80.971 0.5713(2) 0.68(7) EW

F19_087129 16 24 08.7 −55 57 19.2 14.29 80.938 0.32236(9) 0.09(3) EW

F19_087169 16 24 11.4 −55 23 21.6 11.12 · · · · · · · · · LP

F19_087211 c 16 24 06.6 −56 16 25.8 14.50 80.734 0.34916(9) 0.14(3) EW

F19_087319 c 16 24 04.1 −56 38 02.8 15.70 81.103 0.6254(5) 0.15(5) EW F19_087347

F19_087347 c 16 24 03.9 −56 38 07.6 15.70 81.103 0.6254(5) 0.12(5) EW F19_087319

F19_087542 ⋆ 16 24 05.3 −56 10 55.0 14.66 94.710 17.177(1) 0.4(1) EA

F19_087584 ⋆ 16 24 05.9 −56 01 45.8 15.63 81.204 1.886(2) 0.60(6) EA

F19_087590 c⋆ 16 24 07.3 −55 45 12.1 14.20 80.726 0.7971(2) 0.32(2) EW

F19_087731 16 24 07.6 −55 30 25.8 16.01 81.194 0.5466(3) 0.34(8) EA

F19_087744 s 16 24 03.1 −56 21 08.2 13.85 99.168 14.0(5) 0.02(2) VAR

F19_087792 s 16 24 04.2 −56 05 53.1 13.91 277.294 58(6) 0.03(2) VAR

F19_087819 s 16 24 03.2 −56 16 36.6 15.07 80.792 0.3220(2) 0.03(3) EW/DSCT

F19_087821 c 16 24 04.5 −56 00 56.6 14.77 80.822 0.3739(2) 0.18(6) EW/DSCT

F19_087840 c 16 24 01.0 −56 40 09.0 15.29 80.721 0.22692(9) 0.15(4) RR F19_087948

F19_087859 16 24 05.7 −55 44 27.9 12.53 · · · · · · · · · SR

F19_087945 c 16 23 58.8 −56 58 50.1 11.34 90.374 37(2) 0.08(2) CEP

F19_087948 c 16 24 00.3 −56 40 07.9 15.16 80.715 0.2269(2) 0.10(4) RR F19_087840

F19_088042 c 16 24 06.4 −55 24 50.8 11.75 80.704 0.18899(4) 0.08(1) DSCT

F19_088056 s 16 24 00.8 −56 27 44.6 13.93 135.061 15.8(5) 0.03(2) ROT

F19_088110 ⋆ 16 23 58.3 −56 54 18.9 15.23 82.357 1.822(2) 0.26(5) EA

F19_088185 ⋆ 16 23 58.8 −56 43 52.4 12.83 81.797 2.600(7) 0.066(8) VAR

F19_088207 s 16 24 02.1 −56 04 29.7 15.32 80.672 0.06299(2) 0.04(4) DSCT

F19_088251 16 23 57.2 −56 57 35.0 14.45 247.883 14.6(3) 0.12(3) CEP

F19_088257 16 23 58.9 −56 38 41.4 10.58 81.003 0.5814(8) 0.07(3) RR

F19_088316 s 16 24 04.1 −55 36 04.2 15.01 80.905 0.4366(3) 0.04(4) EW

F19_088325 16 23 57.8 −56 47 50.7 14.16 89.304 9.9(2) 0.06(2) VAR
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Table E.5: Variable stars in �eld F19 (ontinued).

BEST ID F

α (J2000.0) δ RB T0 [d℄

p [d℄

A
Type Other Names

h m s

◦ ′ ′′
[mag℄ [rHJD℄ [mag℄

F19_088429 16 23 59.0 −56 27 07.8 13.48 · · · · · · · · · LP

F19_088491 s 16 24 00.8 −56 00 41.0 14.71 80.768 0.653(3) 0.03(3) VAR

F19_088494 16 24 01.9 −55 49 00.8 11.79 171.413 80(2) 0.022(4) VAR

F19_088547 16 24 00.6 −55 59 16.5 15.49 80.837 0.2490(2) 0.08(5) RR

F19_088582 ⋆ 16 24 00.1 −56 04 13.4 13.61 80.922 1.382(2) 0.04(1) EB

F19_088595 16 24 03.4 −55 25 36.7 14.95 80.721 0.15470(4) 0.15(3) DSCT

F19_088615 16 24 00.7 −55 55 10.4 17.17 80.728 0.26124(7) 1.3(4) EW
F19_088628 16 23 56.5 −56 42 13.4 15.92 80.850 0.3784(2) 0.24(6) EW

F19_088708 c 16 23 58.2 −56 17 31.3 14.94 80.937 0.4314(3) 0.05(3) EW

F19_088755 16 23 58.0 −56 16 24.6 14.44 80.931 0.3893(2) 0.04(3) EW/DSCT

F19_088757 cs 16 23 58.0 −56 15 38.2 14.22 81.233 0.838(2) 0.04(3) VAR F19_088839

F19_088816 16 23 58.4 −56 07 14.0 13.58 · · · · · · · · · SR

F19_088839 cs 16 23 57.5 −56 15 34.7 13.98 81.240 0.838(2) 0.02(2) VAR F19_088757

F19_088856 16 24 00.2 −55 44 57.7 17.17 80.865 1.127(1) 0.5(3) EA
F19_088903 ck⋆16 23 56.4 −56 23 40.1 13.96 80.912 0.45493(6) 1.05(3) RR KK Nor

F19_088915 s 16 23 57.6 −56 09 43.8 14.56 80.682 0.2899(1) 0.02(2) EW

F19_089075 16 23 59.4 −55 40 40.6 15.05 81.207 0.9160(9) 0.09(4) EA

F19_089080 s 16 23 53.0 −56 50 11.0 15.16 81.835 29(2) 0.05(4) VAR

F19_089132 16 23 59.9 −55 29 58.2 12.57 122.839 71(4) 0.32(3) CEP

F19_089192 ck⋆16 23 52.6 −56 47 54.1 11.25 81.166 0.8523(3) 0.73(4) EA EO Nor

F19_089277 ⋆ 16 23 55.0 −56 15 53.4 13.46 89.969 17.8(2) 0.15(3) EA

F19_089326 16 23 52.5 −56 41 05.5 15.50 80.840 0.17765(8) 0.10(7) DSCT

F19_089340 16 23 56.2 −55 58 19.3 13.27 · · · · · · · · · SR

F19_089366 c 16 23 54.9 −56 11 07.3 12.73 · · · · · · · · · LP

F19_089393 16 23 52.6 −56 36 19.0 11.29 80.986 0.3254(2) 0.022(8) EW

F19_089408 16 23 55.0 −56 07 52.4 15.53 80.928 0.5367(3) 0.8(1) RR
F19_089448 16 23 57.9 −55 34 22.4 13.57 82.355 2.085(8) 0.02(2) VAR

F19_089581 s 16 23 52.7 −56 22 56.5 13.41 94.343 16.6(4) 0.05(2) VAR

F19_089600 16 23 56.0 −55 45 04.3 15.55 90.283 10.4(3) 0.12(5) ROT

F19_089655 s 16 23 51.5 −56 31 43.6 11.66 80.685 0.053699(9) 0.010(8) DSCT

F19_089763 s 16 23 51.4 −56 24 18.4 13.32 80.992 0.8265(7) 0.09(4) EB

F19_089827 ⋆ 16 23 50.7 −56 29 08.8 15.45 120.840 4.393(1) 0.22(1) EA

F19_089918 s 16 23 50.1 −56 28 19.4 12.12 · · · · · · · · · SR

F19_089942 16 23 47.8 −56 54 31.7 13.22 · · · · · · · · · LP

F19_089977 16 23 49.8 −56 29 21.6 14.91 267.692 65(5) 0.19(3) CEP

F19_090050 16 23 50.7 −56 14 26.1 15.43 80.766 0.3409(2) 0.09(5) EW/DSCT

F19_090077 s 16 23 50.0 −56 19 57.1 14.78 80.689 0.4523(4) 0.02(3) EW

F19_090080 16 23 50.5 −56 15 18.3 11.80 80.678 0.046626(6) 0.013(7) DSCT

F19_090092 16 23 52.5 −55 52 58.8 16.12 88.756 4.70(5) 0.14(9) VAR

F19_090104 s 16 23 47.2 −56 50 39.8 15.59 95.551 57(9) 0.07(5) VAR

F19_090146 s 16 23 50.6 −56 10 32.5 15.13 81.914 2.81(3) 0.06(4) ROT

F19_090151 c 16 23 51.3 −56 02 43.4 11.84 · · · · · · · · · LP

F19_090226 s 16 23 51.9 −55 51 52.7 12.47 · · · · · · · · · LP

F19_090272 s 16 23 47.3 −56 38 24.3 13.42 81.193 0.6516(9) 0.03(2) RR

F19_090302 16 23 47.2 −56 37 18.7 16.34 81.001 0.3602(2) 0.2(1) EW
F19_090344 c 16 23 49.9 −56 06 08.6 13.56 · · · · · · · · · SR

F19_090425 s 16 23 47.8 −56 22 44.2 11.39 80.732 0.11176(4) 0.006(6) DSCT

F19_090511 ⋆ 16 23 52.8 −55 26 31.3 15.37 80.888 0.6850(3) 0.52(6) EA

F19_090532 c 16 23 48.4 −56 10 32.0 14.77 81.017 0.5202(4) 0.09(4) EW F19_090668

F19_090544 c 16 23 52.4 −55 28 12.0 13.21 · · · · · · · · · LP

F19_090610 s 16 23 50.7 −55 40 50.1 15.18 80.932 0.3996(2) 0.07(4) EB

F19_090668 c 16 23 47.8 −56 10 30.3 14.74 81.017 0.5201(4) 0.07(3) EW F19_090532

F19_090756 c 16 23 45.9 −56 25 01.5 14.92 80.916 0.32235(7) 0.25(4) EW

F19_090799 s 16 23 49.6 −55 43 49.2 14.83 80.744 0.4525(4) 0.02(4) EW/DSCT

F19_090811 16 23 43.4 −56 48 50.6 14.23 80.735 0.830(2) 0.02(2) VAR

F19_090820 16 23 45.9 −56 22 27.2 13.90 80.910 1.616(2) 0.07(2) EA

F19_090832 s 16 23 48.8 −55 51 08.2 15.69 81.412 3.04(2) 0.17(6) VAR

F19_090923 16 23 47.2 −56 00 25.7 12.14 · · · · · · · · · SR

F19_090954 s 16 23 49.3 −55 37 18.8 11.79 · · · · · · · · · SR

F19_091017 16 23 44.9 −56 20 14.6 12.33 · · · · · · · · · SR

F19_091034 s 16 23 41.2 −57 00 03.5 13.91 80.686 0.025452(2) 0.01(2) DSCT

F19_091092 s 16 23 41.0 −56 57 33.1 12.78 82.288 9.7(3) 0.017(7) ROT

F19_091154 cs 16 23 47.6 −55 43 18.9 13.23 90.953 49(9) 0.03(2) VAR

F19_091292 cs 16 23 47.0 −55 43 20.2 13.20 93.536 48(9) 0.03(2) VAR

F19_091323 s 16 23 48.1 −55 27 35.7 13.43 · · · · · · · · · SR

F19_091335 16 23 41.5 −56 35 55.5 13.85 · · · · · · · · · LP

F19_091351 16 23 47.4 −55 33 22.6 12.04 · · · · · · · · · SR

F19_091696 16 23 41.6 −56 15 12.7 11.96 80.707 0.058365(8) 0.04(2) DSCT

F19_091720 s 16 23 41.1 −56 18 26.5 15.18 89.529 5.33(3) 0.04(4) VAR

F19_091731 16 23 44.2 −55 46 00.7 12.34 80.805 0.2337(2) 0.011(8) VAR

F19_091870 16 23 38.3 −56 39 12.7 13.18 237.147 34(2) 0.032(8) VAR

F19_091879 16 23 39.7 −56 22 53.7 10.11 · · · · · · · · · SR

F19_091890 ⋆ 16 23 43.5 −55 44 04.4 15.47 82.890 2.5636(1) 0.22(1) EA

F19_092066 s 16 23 36.7 −56 44 25.2 12.40 81.271 0.697(2) 0.02(2) VAR

F19_092152 cs 16 23 35.7 −56 49 42.2 12.26 · · · · · · · · · SR

F19_092153 ⋆ 16 23 36.1 −56 45 11.8 16.92 82.316 2.0803(1) 2(1) EA
F19_092172 s 16 23 42.2 −55 41 55.9 14.34 · · · · · · · · · LP

F19_092186 c 16 23 37.1 −56 31 58.1 10.60 · · · · · · · · · SR

F19_092188 16 23 37.3 −56 29 30.0 17.76 80.690 0.2974(1) 0.6(4) EW
F19_092313 c⋆ 16 23 39.9 −55 56 12.7 13.95 81.447 1.0487(4) 0.29(2) EA

F19_092316 c 16 23 40.5 −55 50 44.5 14.79 80.753 0.39147(7) 0.32(3) EW

F19_092320 16 23 40.9 −55 45 26.7 15.65 80.725 0.07661(2) 0.20(7) DSCT

F19_092549 s 16 23 33.3 −56 50 53.7 14.71 80.900 0.3083(2) 0.03(3) EW

F19_092675 16 23 38.0 −55 52 58.6 13.79 81.380 1.117(3) 0.03(2) VAR

F19_092709 16 23 31.9 −56 54 36.2 14.10 81.024 0.6046(5) 0.02(2) EB

F19_092811 16 23 36.4 −56 01 43.3 14.46 80.775 0.4845(3) 0.06(2) EW

F19_092878 s 16 23 36.7 −55 54 26.5 12.54 81.586 2.093(4) 0.025(8) EB

F19_092899 16 23 33.3 −56 27 47.7 12.08 · · · · · · · · · SR
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Table E.5: Variable stars in �eld F19 (ontinued).
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F19_092912 16 23 36.8 −55 52 37.4 11.16 · · · · · · · · · SR

F19_093008 16 23 35.1 −56 04 30.1 14.17 80.862 0.6016(2) 0.23(2) EW

F19_093029 16 23 30.5 −56 51 10.1 14.76 80.810 0.4797(2) 0.19(3) EB

F19_093032 c 16 23 30.9 −56 46 12.5 12.66 · · · · · · · · · LP

F19_093059 16 23 37.3 −55 39 32.5 13.09 95.726 18.2(8) 0.06(2) ROT

F19_093116 cs 16 23 29.6 −56 54 55.2 12.69 159.802 28(2) 0.024(8) ROT

F19_093144 c 16 23 31.4 −56 33 10.9 14.99 80.864 0.3730(2) 0.13(5) EW

F19_093183 c 16 23 31.6 −56 29 17.3 15.04 100.759 45(3) 0.16(4) CEP

F19_093198 c 16 23 36.0 −55 44 57.4 15.17 82.665 2.9043(1) 0.35(1) EA

F19_093317 16 23 34.0 −55 57 20.2 12.80 93.195 6.85(5) 0.026(7) ROT

F19_093445 16 23 28.4 −56 46 12.4 15.58 80.680 0.31720(8) 0.25(5) EW

F19_093466 s 16 23 33.4 −55 55 16.9 16.22 311.472 58(7) 0.3(1) CEP

F19_093482 16 23 27.9 −56 48 37.6 12.21 · · · · · · · · · SR

F19_093551 c 16 23 29.2 −56 31 11.4 11.66 122.756 18.0(8) 0.08(2) SR

F19_093599 c 16 23 35.1 −55 31 50.7 11.94 · · · · · · · · · SR

F19_093711 ck 16 23 34.2 −55 35 16.6 10.97 · · · · · · · · · LP IZ Nor

F19_093755 s 16 23 28.6 −56 27 20.1 12.46 · · · · · · · · · LP

F19_093972 16 23 30.4 −55 56 27.7 13.32 83.370 3.81(3) 0.022(8) VAR

F19_093979 s 16 23 33.0 −55 32 03.1 12.49 80.689 0.042986(7) 0.01(1) VAR

F19_094088 c 16 23 25.1 −56 43 12.0 13.77 81.469 0.8159(7) 0.07(2) EW

F19_094143 16 23 23.5 −56 57 34.5 11.46 188.524 41(2) 0.07(1) VAR

F19_094170 16 23 23.5 −56 54 56.4 13.78 90.049 48(4) 0.15(2) CEP

F19_094174 ⋆ 16 23 25.7 −56 32 02.8 13.08 81.287 1.0397(4) 0.14(2) EA

F19_094224 s 16 23 22.6 −57 00 31.7 14.22 80.962 0.2942(2) 0.02(2) EW/DSCT

F19_094231 cs 16 23 24.4 −56 41 52.5 14.78 83.921 5.7(2) 0.03(3) ROT F19_094288

F19_094288 cs 16 23 24.2 −56 41 55.9 14.70 83.438 5.66(6) 0.03(3) ROT F19_094231

F19_094306 16 23 29.8 −55 43 55.8 12.51 81.210 0.771(1) 0.040(8) VAR

F19_094521 s 16 23 26.1 −56 07 41.5 13.38 94.348 14.5(3) 0.03(2) ROT

F19_094587 16 23 25.7 −56 08 16.9 12.39 289.253 80(2) 0.011(4) VAR

F19_094644 s 16 23 20.5 −56 56 11.0 13.92 81.058 0.714(2) 0.02(2) VAR

F19_094732 c 16 23 19.6 −56 58 53.2 15.05 80.814 0.3150(2) 0.03(3) EW/DSCT F19_094828

F19_094752 c 16 23 27.1 −55 42 30.2 15.24 135.831 48(3) 0.25(4) VAR

F19_094761 16 23 21.9 −56 32 48.0 11.32 · · · · · · · · · SR

F19_094828 c 16 23 18.9 −56 58 57.2 15.41 80.813 0.3150(2) 0.07(4) EW/DSCT F19_094732

F19_094866 s 16 23 23.5 −56 10 18.4 16.39 80.698 0.08495(2) 0.1(1) DSCT

F19_094889 c 16 23 20.0 −56 45 04.8 14.46 81.029 0.48679(7) 0.39(2) EB

F19_094961 16 23 21.2 −56 29 05.0 14.37 122.222 58(6) 0.11(2) EB

F19_094966 s 16 23 22.2 −56 18 56.2 10.51 295.298 41(2) 0.019(6) VAR

F19_095097 16 23 19.3 −56 40 29.8 12.43 247.441 48(3) 0.013(4) VAR

F19_095227 16 23 18.3 −56 44 08.3 16.29 94.279 10.2(2) 0.44(9) CEP

F19_095365 s 16 23 25.7 −55 26 08.1 12.75 82.392 7.8(2) 0.019(8) ROT

F19_095405 c⋆ 16 23 16.7 −56 48 31.9 14.35 92.640 1.13477(1) 0.05(1) EA

F19_095549 16 23 22.2 −55 48 45.6 15.09 80.817 0.44175(9) 0.30(3) EW

F19_095558 c 16 23 16.5 −56 43 03.4 13.97 · · · · · · · · · LP

F19_095676 16 23 18.9 −56 11 13.5 11.13 · · · · · · · · · LP

F19_095687 16 23 22.9 −55 33 21.5 12.63 80.917 0.3944(2) 0.05(2) EW

F19_095744 16 23 14.4 −56 50 58.8 11.83 81.626 1.42(2) 0.014(6) VAR

F19_095780 s 16 23 14.8 −56 44 50.4 15.31 81.019 0.612(2) 0.05(4) RR

F19_095825 16 23 18.0 −56 12 02.7 13.31 269.535 56(5) 0.036(8) ROT

F19_095861 16 23 18.9 −56 01 43.3 13.58 83.643 22.9(6) 0.057(8) CEP

F19_095888 s 16 23 18.2 −56 06 54.2 14.36 83.048 23.2(9) 0.07(3) VAR

F19_095946 c⋆ 16 23 19.5 −55 50 49.5 14.46 246.575 5.188(1) 0.21(1) EA

F19_095985 16 23 21.5 −55 30 53.7 12.07 80.742 0.10849(3) 0.02(1) DSCT

F19_096002 s 16 23 16.9 −56 13 12.7 13.19 · · · · · · · · · LP

F19_096150 16 23 15.8 −56 15 41.7 13.01 96.982 10.0(2) 0.16(4) CEP

F19_096235 ⋆ 16 23 19.2 −55 40 20.3 13.78 81.646 1.453(4) 0.10(3) ROT

F19_096310 s 16 23 10.8 −56 53 55.6 11.86 · · · · · · · · · VAR

F19_096351 c 16 23 10.7 −56 51 48.5 15.17 159.695 43(4) 0.18(6) VAR

F19_096429 16 23 11.6 −56 37 39.9 12.47 · · · · · · · · · SR

F19_096432 16 23 12.9 −56 24 35.1 13.42 92.949 12.3(3) 0.04(2) VAR

F19_096475 ⋆ 16 23 14.1 −56 12 54.7 13.18 82.204 2.383(4) 0.025(8) EA

F19_096504 cs 16 23 13.3 −56 17 47.2 14.85 80.725 0.14938(6) 0.03(3) DSCT F19_096529

F19_096529 cs 16 23 13.3 −56 17 41.5 14.54 80.728 0.14936(7) 0.02(2) DSCT F19_096504

F19_096546 16 23 18.7 −55 25 57.9 11.39 · · · · · · · · · LP

F19_096554 16 23 10.8 −56 39 33.5 12.01 88.252 18.1(6) 0.021(6) ROT

F19_096559 ⋆ 16 23 11.8 −56 30 28.7 13.62 120.810 5.9045(1) 0.075(1) EA

F19_096568 16 23 13.2 −56 16 32.0 14.50 80.714 0.069411(9) 0.19(5) DSCT

F19_096636 c 16 23 18.2 −55 26 40.4 14.35 81.136 0.5046(2) 0.13(3) EB

F19_096642 s⋆ 16 23 10.1 −56 40 15.7 13.69 96.690 24.22(1) 0.09(1) EA

F19_096653 ⋆ 16 23 13.2 −56 10 21.6 17.01 82.102 2.41974(1) 4.5(1) EA

F19_096792 s 16 23 17.2 −55 28 02.1 12.97 80.685 0.07542(2) 0.01(1) DSCT

F19_096863 c⋆ 16 23 09.1 −56 38 38.7 12.94 81.062 0.6401(8) 0.024(8) VAR

F19_096912 c 16 23 09.4 −56 34 00.8 14.80 80.772 0.18957(9) 0.04(3) VAR F19_096946

F19_096929 s 16 23 13.9 −55 51 45.1 14.34 80.803 0.2575(1) 0.02(2) EW/DSCT

F19_096946 c 16 23 09.2 −56 34 05.4 14.83 80.751 0.18957(9) 0.04(3) VAR F19_096912

F19_096957 c 16 23 11.8 −56 09 58.8 14.00 92.024 6.52(7) 0.05(2) VAR F19_096986

F19_096986 c 16 23 11.6 −56 10 04.6 14.39 92.042 6.51(5) 0.10(2) VAR F19_096957

F19_097016 16 23 10.9 −56 14 25.1 16.10 109.407 10.9(3) 0.14(8) ROT

F19_097022 16 23 12.5 −55 59 40.8 12.55 · · · · · · · · · LP

F19_097048 s 16 23 09.7 −56 24 03.3 15.11 80.787 0.16303(8) 0.04(4) VAR

F19_097119 s 16 23 11.7 −56 01 32.2 15.57 80.821 0.2007(2) 0.07(6) DSCT

F19_097254 s⋆ 16 23 09.1 −56 18 41.1 14.43 96.690 51.88(1) 0.1(1) EA

F19_097348 16 23 09.9 −56 06 44.1 10.35 · · · · · · · · · LP

F19_097445 16 23 12.0 −55 42 24.9 14.84 81.081 0.5375(3) 0.16(4) EW/DSCT

F19_097488 s 16 23 03.3 −56 59 43.4 14.52 80.741 0.1980(1) 0.03(3) DSCT

F19_097514 16 23 03.8 −56 53 02.5 13.99 92.454 13.5(4) 0.09(3) VAR

F19_097536 16 23 09.6 −55 59 55.6 15.54 80.749 0.5943(5) 0.13(5) EW

F19_097606 c 16 23 04.7 −56 39 39.4 14.62 81.170 0.53718(8) 0.51(2) RR
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F19_097617 c 16 23 08.5 −56 04 22.4 14.24 91.201 13.4(4) 0.10(3) ROT

F19_097675 16 23 08.2 −56 04 33.2 12.86 80.733 0.07012(2) 0.009(7) DSCT

F19_097839 16 23 07.9 −55 59 19.1 13.32 81.031 0.5822(9) 0.014(8) VAR

F19_098041 16 23 00.5 −56 56 10.1 12.63 · · · · · · · · · LP

F19_098062 s 16 23 10.3 −55 26 30.5 11.12 81.035 1.041(2) 0.014(6) EB

F19_098131 16 23 03.8 −56 20 29.5 12.23 · · · · · · · · · SR

F19_098149 s 16 23 07.5 −55 47 41.8 15.62 80.875 0.3280(2) 0.07(6) EW/DSCT

F19_098326 cs 16 23 03.1 −56 16 38.0 15.51 80.697 0.2276(2) 0.04(5) VAR F19_098500

F19_098447 ck⋆16 23 01.0 −56 28 58.2 10.61 · · · · · · · · · LP NSV 7658

F19_098448 c 16 23 01.9 −56 20 51.9 10.16 · · · · · · · · · LP

F19_098500 cs 16 23 02.2 −56 16 34.4 15.53 80.686 0.2276(2) 0.05(5) VAR F19_098326

F19_098505 16 23 03.7 −56 02 46.6 12.61 92.951 18.5(6) 0.05(2) VAR

F19_098551 16 22 58.1 −56 50 01.8 14.16 80.695 7.33(9) 0.03(2) ROT

F19_098565 s 16 23 03.4 −56 01 43.3 15.35 81.056 0.4518(6) 0.05(4) VAR

F19_098579 ⋆ 16 23 07.7 −55 23 43.1 13.31 81.002 1.757(2) 0.26(4) EA

F19_098584 ⋆ 16 22 59.3 −56 37 05.8 12.16 81.963 1.4275(8) 0.080(8) EA

F19_098692 ⋆ 16 23 04.3 −55 47 52.3 13.70 90.668 2.7439(1) 0.15(1) EA

F19_098701 c 16 23 06.6 −55 27 01.3 14.64 81.038 0.4969(4) 0.04(3) EB F19_098775

F19_098753 16 22 58.0 −56 40 29.6 12.97 · · · · · · · · · LP

F19_098775 c 16 23 06.2 −55 26 56.0 15.02 81.043 0.4969(3) 0.11(4) EB F19_098701

F19_098815 ⋆ 16 22 58.5 −56 31 36.1 14.33 81.513 1.881(2) 0.19(3) EB

F19_098865 16 23 05.2 −55 30 53.4 11.67 · · · · · · · · · SR

F19_098890 s 16 23 01.5 −56 00 52.8 15.76 81.072 1.382(6) 0.10(7) VAR

F19_098961 16 22 55.2 −56 54 29.7 14.22 80.902 1.248(1) 0.06(2) EA

F19_098975 16 23 01.9 −55 53 15.9 13.02 96.391 10.9(2) 0.033(8) VAR

F19_099040 cs 16 23 01.6 −55 52 49.1 14.41 80.757 0.25054(7) 0.02(3) EW/DSCT F19_099221

F19_099094 s 16 22 57.7 −56 23 45.2 12.72 · · · · · · · · · SR

F19_099118 16 22 55.2 −56 45 27.8 14.91 80.843 0.7065(4) 0.35(4) RR

F19_099196 s 16 22 54.0 −56 52 12.0 12.52 · · · · · · · · · LP

F19_099207 c 16 22 56.6 −56 27 13.2 13.53 81.105 0.4743(3) 0.09(3) EB

F19_099221 cs 16 23 00.7 −55 52 42.7 15.62 80.756 0.25054(7) 0.07(7) EW/DSCT F19_099040

F19_099255 16 22 54.1 −56 48 00.3 12.54 · · · · · · · · · SR

F19_099313 s 16 22 55.3 −56 34 16.3 16.38 81.061 0.843(2) 0.11(9) VAR

F19_099331 s 16 23 01.5 −55 38 57.4 16.08 80.868 0.2573(3) 0.10(9) VAR

F19_099353 s 16 22 59.2 −55 57 29.1 12.02 80.816 0.4428(3) 0.011(6) EW

F19_099360 s 16 23 01.5 −55 36 43.9 13.60 · · · · · · · · · VAR

F19_099373 16 22 54.0 −56 42 05.1 15.06 80.708 0.2807(1) 0.06(3) EW

F19_099381 c⋆ 16 22 55.5 −56 28 22.8 13.60 82.754 3.358(3) 0.67(4) EA

F19_099412 16 22 57.8 −56 07 20.6 12.79 · · · · · · · · · LP

F19_099424 c 16 23 02.9 −55 23 39.0 15.61 80.675 0.5727(3) 0.49(9) EB

F19_099434 16 22 54.7 −56 32 29.4 13.18 80.697 0.15914(6) 0.014(8) DSCT

F19_099469 16 22 55.7 −56 21 20.4 12.79 90.243 15.3(4) 0.07(2) VAR

F19_099476 ⋆ 16 22 58.6 −55 56 11.9 15.02 80.899 0.30656(4) 0.82(4) EW

F19_099489 c⋆ 16 22 51.3 −56 59 48.3 13.39 80.788 0.31699(5) 0.35(2) RR

F19_099521 16 22 52.5 −56 47 20.3 13.62 91.366 12.4(4) 0.02(1) ROT

F19_099576 s 16 22 51.2 −56 56 23.9 16.16 82.285 3.88(4) 0.3(2) ROT
F19_099590 16 22 56.9 −56 05 38.7 15.58 157.535 5.433(1) 0.35(1) EA

F19_099740 16 22 59.8 −55 33 11.1 15.71 99.034 56(5) 0.39(7) CEP

F19_099784 s 16 22 51.3 −56 43 42.9 11.35 91.334 13.4(3) 0.05(2) VAR

F19_099982 s 16 22 52.1 −56 27 28.2 14.94 81.239 60(1) 0.09(5) EB

F19_100004 s 16 22 59.5 −55 24 26.1 12.30 135.025 23.7(6) 0.03(2) VAR

F19_100042 c 16 22 58.2 −55 33 52.3 14.85 81.004 0.3625(1) 0.16(4) EW

F19_100121 16 22 50.0 −56 39 33.2 15.59 127.055 21(1) 0.09(5) VAR

F19_100160 c⋆ 16 22 53.1 −56 10 59.1 13.01 80.846 0.8822(2) 0.35(2) EA

F19_100251 cs 16 22 48.5 −56 46 35.0 15.31 80.796 0.13162(4) 0.04(4) DSCT

F19_100256 16 22 50.0 −56 33 59.6 14.94 81.040 2.143(4) 0.04(3) EA

F19_100269 cs 16 22 55.4 −55 46 06.3 14.17 80.718 0.09248(3) 0.02(2) DSCT F19_100361

F19_100314 cs 16 22 48.5 −56 43 46.6 11.84 81.245 11.9(3) 0.027(8) VAR

F19_100326 s 16 22 53.3 −56 02 05.2 11.88 197.144 18.2(4) 0.021(7) VAR

F19_100347 16 22 48.7 −56 40 22.2 14.47 80.794 0.4345(2) 0.09(2) ROT

F19_100361 cs 16 22 55.0 −55 46 02.9 14.02 80.715 0.09248(3) 0.02(2) DSCT F19_100269

F19_100475 s 16 22 54.4 −55 45 03.4 12.90 80.792 0.14288(9) 0.009(7) DSCT

F19_100631 16 22 45.0 −56 58 39.7 13.58 94.738 7.2(2) 0.03(1) ROT

F19_100638 16 22 47.5 −56 35 51.2 12.66 · · · · · · · · · LP

F19_100773 s 16 22 51.7 −55 53 09.9 13.95 81.982 2.59(2) 0.03(2) VAR

F19_100878 c 16 22 51.4 −55 51 25.3 14.55 81.080 8.32(5) 0.33(8) EA

F19_100915 ⋆ 16 22 46.8 −56 27 30.8 14.37 80.888 0.39881(5) 0.39(3) EW

F19_100956 ⋆ 16 22 53.3 −55 31 20.0 13.68 109.725 10.945(1) 0.55(1) EA

F19_101011 16 22 50.1 −55 54 31.9 12.91 80.684 0.08963(2) 0.01(1) DSCT

F19_101067 s 16 22 46.7 −56 20 55.5 12.56 200.111 38(2) 0.04(2) VAR

F19_101069 16 22 47.4 −56 15 38.3 13.02 · · · · · · · · · SR

F19_101105 c 16 22 46.3 −56 22 13.1 11.86 121.447 55(5) 0.053(6) VAR

F19_101121 c 16 22 51.6 −55 37 58.3 13.26 · · · · · · · · · LP

F19_101145 s 16 22 50.0 −55 49 27.5 14.17 80.731 0.13443(6) 0.01(2) DSCT

F19_101160 16 22 42.8 −56 49 05.6 13.83 80.978 0.35861(5) 0.21(2) EW

F19_101258 16 22 48.4 −55 57 18.9 15.37 80.813 0.3815(2) 0.30(7) EW

F19_101306 c⋆ 16 22 48.0 −55 57 49.8 12.92 81.104 9.32(6) 0.094(8) CEP

F19_101330 16 22 44.5 −56 26 03.9 14.99 80.799 0.1888(2) 0.02(3) VAR

F19_101347 16 22 42.7 −56 41 01.2 14.70 80.872 0.33331(7) 0.25(4) EW

F19_101349 s⋆ 16 22 44.3 −56 26 24.1 13.45 80.871 0.7695 0.0066 EA

F19_101504 16 22 46.0 −56 04 01.9 11.75 · · · · · · · · · LP

F19_101520 c 16 22 42.3 −56 33 54.4 13.90 81.020 0.4315(2) 0.18(3) EW

F19_101611 c 16 22 50.5 −55 24 24.8 11.57 · · · · · · · · · SR

F19_101673 16 22 45.9 −55 57 52.7 11.67 · · · · · · · · · LP

F19_101837 16 22 46.8 −55 43 12.5 11.41 · · · · · · · · · LP

F19_102095 cs 16 22 38.4 −56 39 58.9 12.00 270.983 52(3) 0.11(4) VAR

F19_102097 c 16 22 38.8 −56 36 40.9 14.53 80.712 0.5042(1) 0.27(3) EW

F19_102193 c 16 22 40.3 −56 19 42.8 14.41 81.050 0.4492(2) 0.16(4) EW
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E.4 F19

Table E.5: Variable stars in �eld F19 (ontinued).

BEST ID F

α (J2000.0) δ RB T0 [d℄

p [d℄

A
Type Other Names

h m s

◦ ′ ′′
[mag℄ [rHJD℄ [mag℄

F19_102262 c 16 22 45.4 −55 34 09.3 14.35 80.904 0.5414(2) 0.26(4) EB F19_102390, F19_102537

F19_102313 c 16 22 46.4 −55 25 44.4 13.68 80.938 0.4896(2) 0.08(2) EB

F19_102335 16 22 45.1 −55 35 36.1 12.91 · · · · · · · · · SR

F19_102337 c 16 22 45.2 −55 33 46.4 11.49 · · · · · · · · · LP

F19_102363 16 22 42.3 −55 56 31.5 14.97 122.979 12.0(5) 0.11(4) ROT

F19_102390 c 16 22 44.9 −55 34 09.1 13.76 80.904 0.5414(3) 0.18(5) EB F19_102262, F19_102537

F19_102395 16 22 35.5 −56 51 26.6 11.43 · · · · · · · · · LP

F19_102447 16 22 34.9 −56 52 08.1 13.31 81.310 0.6899(4) 0.051(8) EW

F19_102537 c 16 22 44.0 −55 34 09.6 13.27 80.901 0.5414(3) 0.051(8) EB F19_102262, F19_102390

F19_102538 16 22 44.9 −55 27 23.3 11.92 · · · · · · · · · SR

F19_102550 cs 16 22 37.1 −56 28 58.3 13.62 83.436 20(2) 0.04(2) ROT F19_102679

F19_102559 c⋆ 16 22 39.7 −56 07 29.6 14.11 80.712 0.30119(4) 0.30(2) EW

F19_102608 ⋆ 16 22 33.3 −56 57 53.1 12.54 81.018 2.720(2) 0.34(2) EA

F19_102613 16 22 34.4 −56 48 41.7 14.49 81.912 1.714(4) 0.10(3) VAR

F19_102676 16 22 36.0 −56 32 31.7 11.41 · · · · · · · · · SR

F19_102679 cs 16 22 36.5 −56 28 56.2 13.63 83.615 20.4(6) 0.05(2) ROT F19_102550

F19_102758 c⋆ 16 22 35.1 −56 34 43.1 13.81 80.740 0.40817(6) 0.22(2) EW

F19_102802 cs 16 22 39.7 −55 57 13.9 15.36 80.868 0.3762(3) 0.05(4) EW/DSCT

F19_102900 16 22 38.0 −56 06 18.4 14.61 267.784 33(2) 0.09(3) VAR

F19_102977 cs 16 22 33.7 −56 37 44.4 14.55 184.085 40(3) 0.07(3) VAR

F19_102987 c 16 22 36.3 −56 15 59.9 12.01 80.977 0.761(2) 0.03(1) RR

F19_103027 ⋆ 16 22 42.1 −55 28 31.1 14.87 90.885 9.364(1) 0.31(1) EA

F19_103054 16 22 38.0 −55 57 59.5 14.60 83.513 3.78(1) 0.09(3) EA

F19_103163 c 16 22 41.7 −55 23 33.2 13.57 80.882 0.5412(4) 0.02(2) EW/DSCT F19_103214

F19_103168 16 22 31.3 −56 47 49.3 15.86 80.997 0.3711(2) 0.10(6) EW/DSCT

F19_103214 c 16 22 41.6 −55 23 31.8 13.56 81.139 0.5412(4) 0.02(2) EW/DSCT F19_103163

F19_103215 16 22 29.8 −56 58 22.6 16.44 80.851 0.3576(2) 0.5(2) EW

F19_103221 16 22 33.5 −56 26 52.9 13.76 81.384 1.524(2) 0.14(3) EB

F19_103255 16 22 32.9 −56 29 41.7 12.96 · · · · · · · · · SR

F19_103397 16 22 35.2 −56 05 46.5 13.55 · · · · · · · · · SR

F19_103469 16 22 39.0 −55 33 31.0 15.15 94.749 27(2) 0.11(6) VAR

F19_103479 s 16 22 29.1 −56 52 11.0 13.17 81.217 0.989(6) 0.013(8) VAR

F19_103539 c 16 22 33.1 −56 15 09.9 15.70 80.756 0.11868(2) 0.52(8) DSCT

F19_103555 16 22 38.3 −55 33 55.2 13.86 91.511 44(6) 0.09(3) VAR

F19_103592 s 16 22 29.8 −56 40 39.7 12.70 81.627 10.3(2) 0.012(7) ROT

F19_103649 16 22 30.5 −56 30 56.5 16.55 81.129 0.5006(3) 0.4(2) EW

F19_103768 c⋆ 16 22 28.5 −56 41 43.2 14.15 80.740 3.0198(1) 0.17(1) EA

F19_103791 s 16 22 27.9 −56 44 40.6 11.48 · · · · · · · · · SR

F19_103798 s 16 22 30.6 −56 23 04.0 15.69 80.746 0.2507(2) 0.09(6) VAR

F19_103840 16 22 34.1 −55 54 43.6 12.96 82.385 34(3) 0.03(1) EB

F19_104039 s 16 22 26.5 −56 44 54.8 11.76 · · · · · · · · · SR

F19_104080 c 16 22 31.4 −56 03 21.1 14.25 83.275 27(1) 0.09(2) VAR F19_104201

F19_104094 ⋆ 16 22 35.2 −55 34 28.1 14.73 80.688 0.35244(4) 1.08(3) RR

F19_104122 16 22 31.7 −56 00 03.3 14.20 · · · · · · · · · LP

F19_104201 c 16 22 30.9 −56 03 18.9 14.21 82.264 27.1(8) 0.09(2) VAR F19_104080

F19_104266 ⋆ 16 22 35.3 −55 25 14.1 14.77 100.630 2.06891(1) 0.43(1) EA

F19_104459 k⋆ 16 22 27.1 −56 20 43.8 11.20 81.343 0.7383(2) 0.301(7) EW EM Nor

F19_104525 16 22 22.0 −56 57 26.3 11.47 · · · · · · · · · SR

F19_104694 16 22 30.8 −55 40 10.5 11.40 · · · · · · · · · SR

F19_104736 c⋆ 16 22 21.2 −56 54 34.7 12.77 81.207 0.6636(1) 0.270(8) EW

F19_104765 s 16 22 31.7 −55 30 35.5 11.18 80.720 0.15301(6) 0.012(8) DSCT

F19_104777 16 22 23.1 −56 36 49.5 15.87 81.214 0.5968(3) 0.46(9) EW

F19_104819 16 22 24.8 −56 21 31.6 11.53 · · · · · · · · · SR

F19_104936 16 22 28.5 −55 47 15.9 13.29 · · · · · · · · · SR

F19_104979 16 22 29.5 −55 38 57.5 14.09 82.939 6.7(1) 0.19(5) VAR

F19_105062 16 22 25.1 −56 08 12.5 13.84 80.939 2.8527 0.061 EA

F19_105065 16 22 26.0 −56 00 56.7 11.54 · · · · · · · · · LP

F19_105100 s 16 22 28.6 −55 40 33.4 13.23 89.232 4.46(4) 0.014(8) VAR

F19_105176 ⋆ 16 22 27.4 −55 46 04.7 14.59 197.550 20.256(1) 0.35(1) EA

F19_105204 c 16 22 26.6 −55 51 03.0 14.40 90.896 11.5(4) 0.04(2) ROT F19_105263

F19_105232 s 16 22 25.0 −56 01 41.0 11.77 · · · · · · · · · SR

F19_105261 16 22 24.2 −56 07 31.7 14.56 81.205 4.42(3) 0.08(3) VAR

F19_105263 c 16 22 26.4 −55 50 58.5 14.61 91.031 11.4(5) 0.05(3) ROT F19_105204

F19_105285 c 16 22 21.6 −56 27 05.3 10.80 309.987 89(6) 0.098(8) EB

F19_105297 16 22 26.2 −55 49 54.8 15.36 91.683 2.34615(1) 0.24(1) EA

F19_105306 16 22 17.5 −56 57 36.4 15.48 80.892 0.7481(4) 0.14(5) EA

F19_105310 16 22 19.7 −56 40 22.3 14.27 82.075 3.1440 0.098 EA

F19_105331 ⋆ 16 22 29.2 −55 26 59.4 12.42 81.978 1.493(1) 0.075(8) EA

F19_105334 16 22 17.7 −56 54 33.9 14.36 80.681 3.151(6) 0.10(2) EA

F19_105599 c 16 22 24.8 −55 48 14.3 14.69 80.733 0.3526(2) 0.05(3) EW/DSCT F19_105662

F19_105662 c 16 22 24.4 −55 48 18.8 14.94 80.732 0.3526(2) 0.11(3) EW/DSCT F19_105599

F19_105689 16 22 26.5 −55 31 44.5 13.56 90.829 13.5(4) 0.05(2) VAR

F19_105776 16 22 22.9 −55 54 53.3 15.87 80.885 0.4165(3) 0.13(6) EW/DSCT

F19_105792 c 16 22 17.6 −56 34 17.0 14.72 81.178 0.913(1) 0.07(3) EW

F19_105802 s 16 22 22.3 −55 58 06.3 12.58 80.784 0.5874(8) 0.03(3) RR

F19_105837 s 16 22 25.9 −55 29 06.2 12.27 · · · · · · · · · VAR

F19_105868 16 22 13.7 −57 00 30.9 13.11 · · · · · · · · · LP

F19_105967 c 16 22 19.5 −56 10 19.1 14.88 80.684 0.4348(3) 0.06(3) EB F19_106036, F19_106112

F19_106001 16 22 17.9 −56 22 16.0 14.04 81.492 7.31(7) 0.03(2) VAR

F19_106006 16 22 19.9 −56 06 20.3 11.41 92.542 66(6) 0.028(8) VAR

F19_106036 c 16 22 19.3 −56 10 22.8 15.00 80.691 0.4347(3) 0.05(3) EB F19_105967, F19_106112

F19_106085 16 22 16.0 −56 32 49.6 15.06 80.914 1.1615(9) 0.17(4) EA

F19_106107 16 22 15.1 −56 39 26.3 14.47 80.773 0.30561(6) 0.14(2) EW

F19_106112 c 16 22 18.8 −56 10 16.3 14.83 80.681 0.4347(4) 0.03(3) EB F19_105967, F19_106036

F19_106139 s 16 22 19.8 −56 01 02.0 14.92 80.726 1.598(4) 0.07(3) ROT

F19_106202 c 16 22 15.4 −56 31 32.1 12.19 · · · · · · · · · LP

F19_106260 16 22 17.1 −56 16 24.0 11.08 80.677 0.08868(3) 0.008(8) DSCT

F19_106288 s 16 22 22.0 −55 38 01.6 12.76 · · · · · · · · · LP
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Table E.5: Variable stars in �eld F19 (ontinued).
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F19_106372 s 16 22 22.9 −55 27 43.0 16.03 81.595 5.47(7) 0.11(8) VAR

F19_106417 16 22 19.7 −55 48 04.0 14.75 80.684 0.2058(2) 0.04(4) DSCT

F19_106444 s 16 22 22.5 −55 26 24.4 13.74 156.058 38(2) 0.04(2) VAR

F19_106528 s 16 22 09.9 −56 57 38.9 14.34 80.821 0.1913(2) 0.02(2) VAR

F19_106531 16 22 10.6 −56 51 55.1 11.56 276.961 24.6(8) 0.11(3) ROT

F19_106541 s 16 22 12.2 −56 38 16.5 13.12 90.472 12.3(3) 0.03(1) ROT

F19_106588 ⋆ 16 22 19.8 −55 39 39.4 14.32 80.921 0.39903(8) 0.17(2) EW

F19_106609 s 16 22 16.2 −56 05 43.2 13.64 81.251 9.6(2) 0.02(2) VAR

F19_106642 s 16 22 18.1 −55 49 33.7 15.49 90.882 15.4(5) 0.10(5) VAR

F19_106715 16 22 11.1 −56 39 17.1 14.54 80.677 0.07733(2) 0.05(3) DSCT

F19_106721 c 16 22 13.9 −56 17 47.4 12.21 80.695 0.3622(2) 0.010(6) EW/DSCT

F19_106724 16 22 14.2 −56 15 32.8 14.64 93.426 9.3(2) 0.06(4) ROT

F19_106824 16 22 18.9 −55 35 38.2 12.94 · · · · · · · · · SR

F19_106886 c 16 22 11.0 −56 31 14.5 16.02 80.673 0.31256(9) 0.26(7) EW

F19_106941 s 16 22 10.1 −56 36 16.8 13.23 82.943 21(2) 0.03(2) VAR

F19_107001 c⋆ 16 22 10.2 −56 32 07.6 13.65 80.794 0.5406(2) 0.19(2) EB

F19_107057 s 16 22 13.9 −56 02 31.2 13.37 100.785 31(2) 0.12(3) SR

F19_107145 c⋆ 16 22 13.1 −56 05 01.8 15.16 80.979 0.45095(8) 0.87(5) EB

F19_107150 c⋆ 16 22 15.1 −55 49 50.0 13.79 81.272 0.8087(3) 0.23(2) EB

F19_107182 c 16 22 16.2 −55 41 19.4 14.04 80.779 0.3818(2) 0.02(2) EW/DSCT

F19_107301 s 16 22 13.6 −55 54 59.9 13.58 80.674 0.043606(6) 0.02(2) DSCT

F19_107373 c 16 22 08.5 −56 28 28.3 13.18 80.869 0.20054(7) 0.07(2) DSCT F19_107504

F19_107469 16 22 04.1 −56 59 18.6 15.46 95.420 7.52(9) 0.27(9) VAR

F19_107504 c 16 22 07.9 −56 28 32.2 13.15 80.864 0.20055(5) 0.09(2) DSCT F19_107373

F19_107560 c 16 22 05.8 −56 40 56.1 14.38 81.018 0.9528(5) 0.34(5) EA

F19_107563 c 16 22 07.2 −56 30 19.4 15.07 80.976 0.4336(3) 0.09(4) EW F19_107589

F19_107589 c 16 22 07.1 −56 30 24.1 15.09 80.978 0.4336(3) 0.12(5) EW F19_107563

F19_107628 c 16 22 10.2 −56 05 57.3 10.85 95.075 9.52(8) 0.081(8) CEP F19_107751

F19_107690 s 16 22 09.1 −56 12 00.5 11.57 80.718 0.1946(2) 0.007(7) VAR

F19_107751 c 16 22 09.7 −56 05 55.2 10.87 95.193 9.5(2) 0.08(2) CEP F19_107628

F19_107780 s 16 22 12.4 −55 43 55.8 15.10 80.871 0.25693(9) 0.03(4) EW/DSCT

F19_107786 k 16 22 14.6 −55 28 40.7 10.55 · · · · · · · · · LP IX Nor

F19_107802 16 22 07.7 −56 17 02.2 12.61 · · · · · · · · · SR

F19_107837 s 16 22 06.9 −56 21 46.8 11.31 · · · · · · · · · SR

F19_107844 ⋆ 16 22 11.5 −55 47 35.1 13.88 81.267 3.5972(1) 0.14(1) EA

F19_107857 c⋆ 16 22 03.4 −56 47 33.4 15.23 80.772 0.6378(4) 0.26(5) EB

F19_107863 16 22 07.9 −56 13 59.0 14.92 80.715 4.47(5) 0.06(3) VAR

F19_107899 ⋆ 16 22 11.3 −55 46 16.7 11.79 81.627 1.5578(9) 0.19(2) EB

F19_107943 s 16 22 05.8 −56 24 03.0 14.99 83.646 3.78(4) 0.07(4) VAR

F19_107988 s 16 22 12.0 −55 37 20.4 12.37 237.847 76(9) 0.014(7) VAR

F19_108007 16 22 10.0 −55 50 55.3 15.18 80.729 0.30496(8) 0.16(4) EW

F19_108074 16 22 05.0 −56 24 22.9 16.11 80.801 0.4612(2) 0.62(9) EW

F19_108146 16 22 03.8 −56 29 02.2 14.34 80.733 0.6294(4) 0.06(2) EB

F19_108186 16 22 05.9 −56 12 10.8 13.80 200.263 63(3) 0.12(2) VAR

F19_108199 16 22 11.7 −55 30 13.5 12.89 · · · · · · · · · SR

F19_108235 c 16 21 59.9 −56 54 12.1 13.94 89.056 4.86(4) 0.08(2) ROT

F19_108250 16 22 06.5 −56 04 18.8 12.88 · · · · · · · · · SR

F19_108322 16 22 01.3 −56 40 21.6 12.37 80.882 1.302(3) 0.032(8) VAR

F19_108448 c 16 22 03.9 −56 15 21.4 11.02 · · · · · · · · · LP

F19_108465 16 21 58.0 −56 58 29.7 11.75 80.813 0.4553(6) 0.02(2) VAR

F19_108498 16 22 00.6 −56 36 46.9 13.60 80.885 0.4220(3) 0.10(2) RR

F19_108501 s 16 22 02.2 −56 24 57.8 12.16 91.995 21.4(6) 0.08(2) VAR

F19_108571 16 22 08.8 −55 35 01.3 10.96 · · · · · · · · · LP

F19_108593 16 22 06.7 −55 49 10.8 11.43 91.153 25.7(7) 0.13(2) VAR

F19_108601 s 16 22 09.8 −55 26 33.5 11.36 95.676 7.96(6) 0.028(7) VAR

F19_108634 16 22 09.2 −55 29 20.7 14.12 81.235 0.8704(7) 0.09(2) EW

F19_108639 16 22 00.7 −56 29 35.2 14.06 82.561 2.18(1) 0.05(2) VAR

F19_108770 16 22 04.1 −55 59 55.6 11.35 92.952 18.8(5) 0.04(2) VAR

F19_108778 16 22 07.0 −55 39 47.5 12.15 80.935 0.4394(4) 0.022(7) RR

F19_108845 c 16 21 57.8 −56 42 16.2 12.97 297.983 40(4) 0.06(2) VAR

F19_108897 c 16 22 06.3 −55 38 42.1 14.45 81.153 1.0494(6) 0.29(7) EA

F19_108919 16 22 02.5 −56 04 18.2 11.76 80.688 0.13591(5) 0.02(2) DSCT

F19_108953 16 22 07.9 −55 25 49.5 11.09 182.285 19.3(7) 0.12(3) VAR

F19_108976 16 21 54.5 −56 59 47.7 15.67 80.914 0.5647(2) 0.73(7) RR

F19_109034 ⋆ 16 22 06.3 −55 33 30.8 16.03 93.921 6.67(3) 1.2(2) EA
F19_109156 s 16 21 58.6 −56 23 02.4 11.82 99.690 64.136(1) 0.08(1) EA

F19_109228 16 21 57.4 −56 29 06.6 15.02 81.112 2.359(4) 0.12(3) EA

F19_109259 cs 16 21 55.8 −56 37 57.9 14.71 80.703 0.3137(2) 0.06(8) EW/DSCT

F19_109276 s 16 22 02.9 −55 47 55.7 15.54 80.859 0.3834(2) 0.10(7) EW

F19_109301 s 16 21 58.4 −56 17 46.9 13.56 80.673 0.14698(7) 0.01(2) DSCT

F19_109395 c 16 21 57.3 −56 21 35.9 13.77 80.783 0.25547(6) 0.15(2) DSCT F19_109501

F19_109450 ⋆ 16 21 59.3 −56 05 23.2 13.47 80.678 0.5721(2) 0.19(2) EB

F19_109473 16 21 54.5 −56 39 25.0 13.66 96.984 11.1(3) 0.03(2) VAR

F19_109477 16 21 57.0 −56 20 28.8 13.42 99.958 32(1) 0.08(3) SR

F19_109501 c 16 21 56.7 −56 21 33.3 13.76 80.785 0.25547(7) 0.12(2) DSCT F19_109395

F19_109533 c 16 21 52.9 −56 48 13.1 13.76 81.245 2.4148 0.067 EA

F19_109602 16 21 54.6 −56 33 06.3 11.13 · · · · · · · · · SR

F19_109609 c 16 22 00.4 −55 50 37.6 14.34 92.356 27(2) 0.06(2) ROT F19_109674

F19_109621 c 16 21 52.3 −56 49 43.8 15.31 80.856 0.5769(2) 0.49(4) EA

F19_109658 16 21 54.6 −56 31 01.5 14.15 80.874 0.3173(2) 0.03(3) EW

F19_109674 c 16 22 00.1 −55 50 33.5 14.36 92.501 27(2) 0.07(2) ROT F19_109609

F19_109704 16 22 00.8 −55 45 14.8 13.55 91.010 50(2) 0.10(2) EB

F19_109723 16 21 53.5 −56 35 52.0 14.73 99.924 15.8(2) 0.17(4) EB

F19_109763 16 21 57.0 −56 09 09.6 13.37 · · · · · · · · · LP

F19_109817 cs 16 21 55.5 −56 18 01.6 15.03 92.332 6.40(5) 0.05(4) ROT F19_109840

F19_109823 16 21 57.4 −56 03 19.7 12.26 · · · · · · · · · VAR

F19_109840 cs 16 21 55.2 −56 18 06.0 14.65 92.476 6.4(2) 0.04(3) ROT F19_109817

F19_109856 16 22 01.9 −55 31 47.5 15.74 80.775 0.2578(2) 0.14(6) VAR
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Table E.5: Variable stars in �eld F19 (ontinued).

BEST ID F

α (J2000.0) δ RB T0 [d℄

p [d℄

A
Type Other Names

h m s

◦ ′ ′′
[mag℄ [rHJD℄ [mag℄

F19_109861 16 21 50.8 −56 49 49.6 14.19 83.781 4.01(3) 0.03(2) VAR

F19_109893 ⋆ 16 21 49.7 −56 57 01.7 13.57 90.262 14.6(3) 0.07(2) EB

F19_109913 16 21 56.6 −56 05 46.5 13.64 81.016 0.4899(4) 0.02(2) EW/DSCT

F19_109922 16 21 59.5 −55 45 20.7 14.03 80.779 0.24783(6) 0.05(2) EW

F19_109942 16 21 53.6 −56 25 50.9 12.23 90.170 15.1(6) 0.018(8) ROT

F19_109955 16 21 58.6 −55 50 31.1 12.91 · · · · · · · · · SR

F19_109983 16 21 57.0 −56 00 55.6 13.00 125.480 10.02(1) 0.11(1) EA

F19_110070 16 21 50.3 −56 45 28.1 12.30 · · · · · · · · · SR

F19_110113 c 16 21 55.5 −56 06 03.5 11.51 · · · · · · · · · LP

F19_110170 s 16 22 00.9 −55 26 46.8 12.21 · · · · · · · · · SR

F19_110244 s 16 21 52.1 −56 24 34.1 15.27 80.835 0.18633(8) 0.04(4) VAR

F19_110339 16 21 52.1 −56 20 16.2 11.22 · · · · · · · · · LP

F19_110355 c 16 21 48.6 −56 44 34.7 13.22 · · · · · · · · · SR

F19_110372 16 21 56.9 −55 44 55.3 13.24 90.405 61(3) 0.10(2) CEP

F19_110451 s 16 21 50.1 −56 30 11.5 11.00 · · · · · · · · · SR

F19_110481 c 16 21 50.0 −56 29 10.9 13.86 80.775 0.22700(6) 0.14(2) DSCT F19_110630

F19_110504 ⋆ 16 21 46.4 −56 54 53.7 14.56 82.684 13.125(1) 0.09(1) EA

F19_110524 s 16 21 56.7 −55 40 39.7 11.04 96.721 17.4(3) 0.05(2) VAR

F19_110532 16 21 46.1 −56 55 36.8 12.14 80.686 0.06963(2) 0.03(2) DSCT

F19_110584 16 21 45.1 −57 00 26.9 12.83 81.058 0.4244(3) 0.02(2) EW/DSCT

F19_110630 c 16 21 49.3 −56 29 11.4 13.99 80.774 0.22700(7) 0.12(3) DSCT F19_110481

F19_110663 s 16 21 51.2 −56 13 15.8 14.67 83.856 5.20(5) 0.03(3) ROT

F19_110699 16 21 45.0 −56 55 49.3 14.29 80.703 0.2952(2) 0.03(2) EB

F19_110745 16 21 52.3 −56 01 08.1 10.69 · · · · · · · · · LP

F19_110868 c⋆ 16 21 47.5 −56 31 00.3 14.90 80.961 0.4358(2) 0.23(4) EW

F19_110927 16 21 50.6 −56 06 08.3 12.30 · · · · · · · · · SR

F19_110968 16 21 56.1 −55 27 47.6 14.17 244.007 85(8) 0.09(2) VAR

F19_110971 s 16 21 43.9 −56 52 10.9 12.86 · · · · · · · · · LP

F19_110979 16 21 47.2 −56 27 55.4 13.62 81.208 0.5666(4) 0.02(2) EA

F19_110990 16 21 52.5 −55 51 01.2 16.81 80.764 0.3159(2) 0.9(3) EW

F19_111022 16 21 49.2 −56 12 37.2 15.39 91.807 50(4) 0.12(5) VAR

F19_111039 c 16 21 53.4 −55 42 55.5 13.09 80.821 0.16163(8) 0.014(8) DSCT

F19_111041 s 16 21 53.8 −55 41 29.2 12.59 81.385 2.68(2) 0.017(7) VAR

F19_111051 c 16 21 45.8 −56 35 51.1 15.55 80.852 2.219(3) 0.33(6) EA F19_111141

F19_111138 cs 16 21 44.2 −56 43 30.8 14.59 80.674 0.16413(7) 0.02(2) DSCT F19_111167

F19_111141 c 16 21 45.3 −56 35 48.5 16.02 80.851 2.219(4) 0.43(9) EA F19_111051

F19_111167 cs 16 21 44.0 −56 43 33.4 14.88 80.672 0.16413(7) 0.03(3) DSCT F19_111138

F19_111344 16 21 52.6 −55 37 13.1 11.63 · · · · · · · · · LP

F19_111426 s 16 21 45.4 −56 22 49.4 12.92 94.604 10.5(2) 0.03(2) VAR

F19_111495 s 16 21 46.9 −56 10 14.2 13.79 · · · · · · · · · LP

F19_111530 16 21 47.4 −56 05 17.4 11.00 · · · · · · · · · SR

F19_111535 16 21 49.0 −55 54 10.7 12.49 · · · · · · · · · SR

F19_111595 c⋆ 16 21 48.0 −55 58 30.6 13.78 82.098 6.71(3) 0.57(6) EA

F19_111606 16 21 52.8 −55 27 37.0 13.22 172.403 66(8) 0.15(3) CEP

F19_111607 c 16 21 52.8 −55 27 07.8 12.89 · · · · · · · · · LP

F19_111712 ck 16 21 50.0 −55 41 00.7 12.78 81.176 0.8742(2) 0.91(4) EA UV Nor

F19_111768 16 21 45.1 −56 11 48.9 14.02 80.800 0.2001(2) 0.04(2) DSCT

F19_111770 16 21 46.2 −56 04 57.7 13.67 · · · · · · · · · LP

F19_111778 c 16 21 50.5 −55 36 25.2 15.53 80.864 0.3550(2) 0.07(5) EW/DSCT F19_111895

F19_111780 s 16 21 50.7 −55 34 37.3 12.89 89.967 10.2(2) 0.04(2) VAR

F19_111785 s 16 21 40.2 −56 45 57.5 13.99 82.153 4.79(5) 0.02(2) VAR

F19_111838 16 21 38.7 −56 53 42.2 15.13 82.249 1.979(3) 0.33(7) EA

F19_111895 c 16 21 49.6 −55 36 17.8 15.76 80.871 0.3550(2) 0.11(7) EW/DSCT F19_111778

F19_111916 c 16 21 45.3 −56 03 57.2 13.95 80.845 0.42231(5) 0.33(2) EW

F19_111961 s 16 21 49.5 −55 35 37.4 11.18 · · · · · · · · · SR

F19_112010 16 21 44.4 −56 07 11.5 13.28 · · · · · · · · · SR

F19_112013 c 16 21 45.0 −56 02 33.2 14.64 81.434 1.5697 0.082 EA F19_112143

F19_112027 s 16 21 37.9 −56 51 37.9 14.27 81.057 2.138(8) 0.11(3) CEP

F19_112143 c 16 21 44.4 −56 02 33.9 14.66 81.432 1.5697 0.067 EA F19_112013

F19_112232 16 21 41.2 −56 20 20.7 12.46 248.124 70(2) 0.04(2) VAR

F19_112251 16 21 36.6 −56 52 36.4 14.26 88.382 8.5(2) 0.04(2) ROT

F19_112252 c 16 21 36.8 −56 50 33.4 15.46 80.742 0.4309(3) 0.06(5) EW/DSCT F19_112346

F19_112270 c 16 21 42.1 −56 12 50.3 12.20 · · · · · · · · · LP

F19_112329 c 16 21 41.7 −56 12 44.7 12.23 · · · · · · · · · LP

F19_112341 16 21 48.6 −55 27 15.4 14.85 80.750 0.2778(1) 0.05(3) EW

F19_112346 c 16 21 36.2 −56 50 26.7 15.51 80.746 0.4309(3) 0.07(5) EW/DSCT F19_112252

F19_112394 cs 16 21 47.6 −55 31 27.0 14.27 80.969 0.4212(3) 0.03(2) EW

F19_112494 16 21 45.0 −55 44 15.6 12.53 80.711 0.054442(8) 0.02(1) DSCT

F19_112563 16 21 38.9 −56 21 51.9 11.57 · · · · · · · · · SR

F19_112611 16 21 37.4 −56 29 29.5 13.57 81.798 2.478(8) 0.05(2) VAR

F19_112711 ⋆ 16 21 41.9 −55 55 31.5 12.61 80.689 0.29341(8) 0.08(1) RR

F19_112732 16 21 36.1 −56 34 09.6 17.06 83.094 5.7(1) 0.3(2) VAR

F19_112758 16 21 37.0 −56 26 34.6 15.75 80.723 0.13309(4) 0.06(6) DSCT

F19_112784 ⋆ 16 21 33.9 −56 47 00.3 13.08 82.742 3.776(4) 0.30(2) EB

F19_112831 16 21 42.4 −55 47 53.6 16.15 80.962 0.4257(3) 0.16(9) EW/DSCT

F19_112836 16 21 43.8 −55 38 39.8 12.55 92.411 17(2) 0.014(7) ROT

F19_112910 16 21 45.2 −55 27 56.6 14.90 82.927 3.1620 0.058 EA

F19_112933 cs 16 21 41.4 −55 50 44.6 13.00 · · · · · · · · · SR

F19_112937 16 21 43.5 −55 37 22.2 13.61 93.627 13.7(4) 0.03(2) ROT

F19_112958 16 21 37.2 −56 17 00.9 11.86 · · · · · · · · · LP

F19_112961 s 16 21 37.8 −56 13 50.9 14.49 80.771 0.16467(7) 0.02(3) DSCT

F19_113157 16 21 30.0 −56 59 49.9 14.36 80.697 0.051590(7) 0.1(1) DSCT

F19_113249 16 21 38.4 −55 58 08.0 14.66 81.435 1.0678(8) 0.60(7) EA

F19_113256 cs 16 21 43.2 −55 26 50.5 14.24 80.819 0.3590(2) 0.07(4) EW

F19_113267 c 16 21 35.9 −56 13 38.8 15.55 80.742 0.1785(1) 0.04(5) VAR F19_113357

F19_113274 16 21 40.0 −55 46 01.7 15.68 81.350 0.7231(4) 0.36(9) EB

F19_113322 16 21 31.3 −56 42 03.7 14.82 82.057 2.690(6) 0.14(4) EB

F19_113357 c 16 21 35.5 −56 13 45.3 14.69 80.743 0.17848(8) 0.05(4) VAR F19_113267
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F19_113407 s 16 21 33.1 −56 27 21.4 15.18 81.139 10.1(2) 0.06(4) ROT

F19_113440 16 21 35.1 −56 12 17.4 14.63 80.752 0.18279(7) 0.10(4) DSCT

F19_113449 16 21 37.9 −55 52 59.8 12.63 · · · · · · · · · LP

F19_113465 16 21 32.0 −56 32 09.4 13.96 80.835 0.17802(9) 0.03(2) DSCT

F19_113509 16 21 35.6 −56 06 43.7 15.12 80.734 0.3987(2) 0.14(5) EW

F19_113516 s 16 21 39.4 −55 41 29.7 13.35 81.917 1.836(3) 0.04(2) VAR

F19_113520 c 16 21 41.4 −55 28 10.2 14.40 91.487 6.96(4) 0.06(3) EA

F19_113524 16 21 27.8 −56 58 34.8 12.68 80.937 0.989(2) 0.03(2) EB

F19_113569 ⋆ 16 21 32.7 −56 24 06.3 15.04 80.821 1.2224 0.045 EA

F19_113583 s 16 21 27.9 −56 56 30.3 14.05 80.964 1.133(4) 0.05(2) VAR

F19_113597 cs 16 21 37.1 −55 52 41.9 12.50 · · · · · · · · · SR

F19_113606 s 16 21 41.8 −55 22 57.0 13.65 90.564 18.5(5) 0.04(2) VAR

F19_113717 c 16 21 29.1 −56 40 04.2 14.35 81.040 0.5337(2) 0.11(2) EW

F19_113752 s 16 21 34.4 −56 03 44.3 11.72 · · · · · · · · · SR

F19_113846 ⋆ 16 21 34.6 −55 58 32.8 12.29 80.797 0.9443(7) 0.04(2) EA

F19_113876 c 16 21 32.1 −56 14 29.9 14.18 81.003 0.5194(2) 0.10(2) EW F19_113953

F19_113933 c 16 21 37.3 −55 38 03.7 12.09 · · · · · · · · · LP

F19_113953 c 16 21 31.6 −56 14 34.1 14.14 81.004 0.5194(2) 0.16(2) EW F19_113876

F19_113990 16 21 36.0 −55 45 06.8 11.06 · · · · · · · · · LP

F19_114035 16 21 29.5 −56 24 09.4 12.04 · · · · · · · · · LP

F19_114041 16 21 34.1 −55 54 19.1 12.96 82.188 35(2) 0.10(3) CEP

F19_114045 s 16 21 36.3 −55 40 06.6 12.90 · · · · · · · · · SR

F19_114163 16 21 31.3 −56 08 13.9 14.16 80.723 0.4112(2) 0.11(3) EW

F19_114165 s 16 21 32.2 −56 01 36.5 12.81 80.964 0.907(2) 0.02(2) VAR

F19_114178 c 16 21 24.6 −56 53 22.3 15.53 80.854 0.41436(9) 0.50(6) EW

F19_114253 16 21 31.2 −56 05 14.4 15.33 83.948 4.34(6) 0.07(4) ROT

F19_114268 c 16 21 24.9 −56 47 02.2 14.66 80.840 0.6081(2) 0.28(3) EB

F19_114280 ⋆ 16 21 29.4 −56 15 52.2 12.99 82.160 1.754(2) 0.18(2) EA

F19_114371 16 21 28.0 −56 21 48.5 14.86 81.557 1.959(4) 0.21(4) EA

F19_114403 16 21 34.1 −55 41 30.6 14.99 80.792 0.3493(2) 0.07(4) EW

F19_114505 c 16 21 25.2 −56 34 11.4 14.14 80.759 0.2404(2) 0.05(3) VAR F19_114626

F19_114625 16 21 24.4 −56 35 32.2 12.16 · · · · · · · · · SR

F19_114626 c 16 21 24.7 −56 34 16.3 13.69 80.750 0.2404(2) 0.02(2) VAR F19_114505

F19_114648 16 21 33.7 −55 35 19.2 14.22 82.624 3.36(2) 0.05(2) ROT

F19_114650 16 21 34.1 −55 32 07.4 16.74 83.560 3.427(8) 0.4(2) EA
F19_114702 c 16 21 29.2 −56 01 33.2 15.51 82.358 1.973(4) 0.33(6) EA

F19_114704 c 16 21 30.2 −55 55 05.3 12.57 · · · · · · · · · LP

F19_114721 c 16 21 24.4 −56 31 17.2 14.26 80.813 0.25919(9) 0.03(2) EW F19_114773

F19_114744 16 21 20.8 −56 56 19.7 11.58 171.573 53(4) 0.10(3) CEP

F19_114745 16 21 21.4 −56 51 04.6 11.45 80.715 0.09860(2) 0.04(1) DSCT

F19_114773 c 16 21 24.2 −56 31 24.3 14.36 80.811 0.25919(9) 0.04(2) EW F19_114721

F19_114802 16 21 24.1 −56 30 46.1 11.52 96.896 21.7(6) 0.11(2) VAR

F19_114890 16 21 23.7 −56 29 41.7 12.45 80.676 0.7612(5) 0.08(2) EW

F19_114970 16 21 19.0 −56 58 01.9 13.59 82.189 2.698(7) 0.13(4) EA

F19_115084 16 21 29.4 −55 46 19.1 11.77 · · · · · · · · · SR

F19_115169 16 21 22.5 −56 26 12.5 16.21 80.757 0.3158(1) 0.23(8) EW

F19_115203 c 16 21 28.4 −55 47 31.0 13.14 · · · · · · · · · LP

F19_115234 s 16 21 30.5 −55 33 25.8 11.87 · · · · · · · · · SR

F19_115281 c 16 21 23.8 −56 14 04.7 11.76 · · · · · · · · · SR

F19_115288 16 21 30.8 −55 30 03.2 11.02 94.819 40(3) 0.024(6) VAR

F19_115315 16 21 19.2 −56 42 28.8 14.86 80.676 0.13720(2) 0.36(3) DSCT

F19_115389 ⋆ 16 21 26.9 −55 49 30.3 14.08 80.922 0.8604(3) 0.82(7) EA

F19_115483 c⋆ 16 21 22.9 −56 10 58.4 14.33 81.086 0.6681(6) 0.10(3) EA

F19_115503 16 21 19.9 −56 29 05.8 12.80 93.078 12.7(5) 0.04(2) ROT

F19_115517 16 21 25.9 −55 50 44.4 12.57 81.272 18.9(5) 0.05(2) VAR

F19_115576 c 16 21 21.1 −56 18 29.9 14.54 80.943 0.784(2) 0.04(3) VAR F19_115634

F19_115602 s 16 21 20.4 −56 21 35.0 13.91 81.836 4.19(3) 0.03(2) VAR

F19_115634 c 16 21 21.0 −56 18 28.5 14.52 80.965 0.784(3) 0.03(3) VAR F19_115576

F19_115686 16 21 20.3 −56 19 50.4 13.78 81.770 1.6256 0.052 EA

F19_115763 s 16 21 21.7 −56 07 19.1 11.42 · · · · · · · · · SR

F19_115766 16 21 23.7 −55 54 38.0 16.04 80.680 0.32052(5) 0.83(9) EW

F19_115767 s 16 21 24.1 −55 50 57.7 13.94 80.721 0.060332(8) 0.01(2) DSCT

F19_115812 c⋆ 16 21 18.6 −56 24 46.9 13.46 182.465 2.0013(1) 1.55(1) EA

F19_115980 16 21 15.5 −56 39 19.4 14.27 81.220 0.6139(6) 0.05(2) RR

F19_116033 16 21 26.7 −55 27 10.0 15.00 81.043 0.5148(4) 0.05(4) EW/DSCT

F19_116088 s 16 21 20.8 −56 01 57.2 11.36 · · · · · · · · · SR

F19_116108 c 16 21 14.4 −56 42 34.4 11.85 · · · · · · · · · LP

F19_116118 16 21 19.4 −56 09 37.9 15.80 81.696 4.67(2) 0.15(7) EA

F19_116168 c 16 21 16.6 −56 25 05.0 15.10 81.040 0.5251(2) 0.32(4) EB

F19_116180 s 16 21 25.7 −55 28 14.2 12.86 89.690 16.7(5) 0.018(8) ROT

F19_116201 16 21 21.3 −55 54 49.0 11.64 · · · · · · · · · LP

F19_116230 c 16 21 22.3 −55 46 25.3 12.08 80.689 0.045551(5) 0.02(2) DSCT F19_116320

F19_116235 16 21 13.2 −56 44 33.4 16.02 81.033 0.38848(8) 0.56(8) EW

F19_116287 s 16 21 21.1 −55 51 44.1 12.32 · · · · · · · · · VAR

F19_116305 16 21 14.1 −56 36 37.1 14.43 81.375 1.749(7) 0.04(3) ROT

F19_116320 c 16 21 22.1 −55 46 22.3 12.11 80.689 0.045551(5) 0.02(2) DSCT F19_116230

F19_116322 ck 16 21 22.6 −55 41 40.3 12.07 · · · · · · · · · LP PW Nor

F19_116351 16 21 12.6 −56 43 22.5 14.41 80.755 0.33926(5) 0.27(2) EW

F19_116385 s 16 21 17.1 −56 13 08.6 14.75 80.714 0.16522(7) 0.05(5) VAR

F19_116424 16 21 17.4 −56 09 43.2 12.17 · · · · · · · · · LP

F19_116490 ⋆ 16 21 10.4 −56 53 29.1 13.66 81.142 0.5326(2) 0.14(2) EW

F19_116516 ⋆ 16 21 12.0 −56 40 31.9 12.93 80.685 0.6047(2) 0.21(2) ROT

F19_116532 16 21 17.4 −56 05 05.9 15.28 123.764 70(2) 0.11(4) VAR

F19_116546 16 21 11.1 −56 45 03.5 12.61 80.691 0.041613(5) 0.02(2) DSCT

F19_116574 c 16 21 13.2 −56 30 32.1 13.72 83.504 34(3) 0.04(2) VAR F19_116575

F19_116575 c 16 21 13.2 −56 30 27.6 13.56 82.247 34(3) 0.04(2) VAR F19_116574

F19_116621 16 21 18.7 −55 54 45.6 12.39 · · · · · · · · · SR

F19_116703 16 21 14.6 −56 17 40.1 15.18 80.944 0.31962(8) 0.18(4) EW
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Table E.5: Variable stars in �eld F19 (ontinued).

BEST ID F

α (J2000.0) δ RB T0 [d℄

p [d℄

A
Type Other Names

h m s

◦ ′ ′′
[mag℄ [rHJD℄ [mag℄

F19_116778 16 21 10.5 −56 40 23.3 14.08 80.965 0.4740(2) 0.20(3) EW

F19_116805 c 16 21 12.6 −56 25 14.5 13.80 81.130 0.4824(3) 0.18(5) EW F19_116925, F19_117039

F19_116873 16 21 13.0 −56 20 20.2 14.84 80.764 0.4049(2) 0.06(3) EW

F19_116898 16 21 10.8 −56 32 46.8 14.65 80.855 0.2709(2) 0.04(3) EA

F19_116910 16 21 18.8 −55 43 05.9 11.89 99.556 20(2) 0.05(2) ROT

F19_116925 c 16 21 11.8 −56 25 20.3 11.67 81.130 0.4824(2) 0.12(2) EW F19_116805, F19_117039

F19_116930 16 21 14.0 −56 11 36.1 11.42 · · · · · · · · · SR

F19_116967 16 21 21.6 −55 24 07.2 13.29 81.467 1.516(2) 0.06(2) EA

F19_116989 16 21 17.6 −55 47 25.3 15.17 80.797 0.16909(6) 0.11(5) DSCT

F19_117039 c 16 21 11.1 −56 25 17.8 11.60 81.130 0.4824(2) 0.09(2) EW F19_116805, F19_116925

F19_117069 c 16 21 11.4 −56 23 12.6 11.51 · · · · · · · · · LP

F19_117086 c 16 21 07.3 −56 48 09.5 11.49 · · · · · · · · · LP

F19_117172 ⋆ 16 21 08.3 −56 38 03.2 13.27 81.008 0.4436(1) 0.11(2) EW

F19_117258 16 21 09.8 −56 25 15.7 12.44 · · · · · · · · · LP

F19_117342 16 21 10.6 −56 16 26.1 12.10 · · · · · · · · · SR

F19_117409 s 16 21 09.5 −56 20 45.3 15.41 81.230 1.134(2) 0.09(5) EB

F19_117464 s 16 21 12.2 −56 02 60.0 15.00 100.028 21(2) 0.08(4) ROT

F19_117534 c 16 21 16.0 −55 36 23.3 12.67 · · · · · · · · · LP

F19_117540 16 21 02.8 −56 59 08.0 12.09 82.322 6.72(9) 0.03(2) ROT

F19_117574 16 21 05.1 −56 42 57.2 11.63 96.624 20.3(8) 0.06(3) VAR

F19_117603 c 16 21 16.2 −55 33 39.8 13.37 · · · · · · · · · SR

F19_117648 ⋆ 16 21 11.6 −55 59 57.4 14.43 99.685 3.1079(1) 0.087(1) EA

F19_117795 c 16 21 05.4 −56 32 41.4 14.84 80.902 0.3024(1) 0.09(3) EW F19_117910

F19_117871 ⋆ 16 21 13.6 −55 39 39.1 13.28 81.397 0.9237(2) 0.54(2) EA

F19_117910 c 16 21 04.7 −56 32 45.2 14.71 80.900 0.3024(2) 0.05(3) EW F19_117795

F19_117942 16 21 06.4 −56 21 06.4 15.33 82.682 19.1(8) 0.17(4) CEP

F19_118011 c 16 20 60.0 −56 59 39.3 14.41 91.675 14.0(3) 0.08(3) VAR F19_118212

F19_118032 16 21 07.8 −56 09 26.5 15.41 80.684 0.3641(2) 0.27(8) EW

F19_118071 ⋆ 16 21 13.0 −55 36 10.6 13.64 83.650 4.8788(1) 0.09(1) EA

F19_118132 c 16 21 01.6 −56 43 07.6 11.53 281.123 56(5) 0.25(4) VAR

F19_118212 c 16 20 58.6 −56 59 36.6 15.32 91.294 14.0(3) 0.25(7) VAR F19_118011

F19_118219 16 21 00.3 −56 49 31.0 14.86 80.736 0.19105(9) 0.03(3) VAR

F19_118423 s 16 20 57.4 −57 00 36.0 15.49 80.774 0.2042(2) 0.08(5) VAR

F19_118431 c⋆ 16 21 03.1 −56 24 53.7 13.76 80.956 0.8218(6) 0.04(3) EA

F19_118451 c 16 20 59.2 −56 48 15.9 14.84 80.927 0.3744(2) 0.13(3) EW/DSCT

F19_118482 16 21 01.3 −56 33 22.3 14.85 80.801 1.288(2) 0.13(4) EA

F19_118491 c 16 21 05.4 −56 07 29.2 14.41 82.309 2.230(8) 0.07(2) VAR F19_118585

F19_118543 c 16 21 02.9 −56 21 38.3 11.67 · · · · · · · · · LP

F19_118555 s 16 21 06.8 −55 56 44.1 15.14 96.248 8.3(2) 0.06(5) VAR

F19_118584 16 21 04.4 −56 10 18.8 12.56 188.403 57(4) 0.14(3) ROT

F19_118585 c 16 21 05.0 −56 07 28.2 14.83 82.280 2.230(8) 0.12(3) VAR F19_118491

F19_118651 s 16 21 03.0 −56 16 45.2 13.71 94.153 16.1(4) 0.07(3) VAR

F19_118672 s 16 21 11.8 −55 24 07.6 15.51 80.897 0.5221(5) 0.08(6) EW

F19_118716 16 21 01.4 −56 25 26.2 13.05 · · · · · · · · · LP

F19_118729 s 16 21 10.6 −55 28 42.0 13.62 88.086 17.5(3) 0.04(2) ROT

F19_119025 c 16 21 06.9 −55 41 03.9 14.64 80.924 0.3456(2) 0.10(4) EW

F19_119034 16 20 54.4 −56 56 32.1 13.25 80.828 3.13(3) 0.10(5) SR

F19_119107 c⋆ 16 20 60.0 −56 19 25.5 13.24 80.724 0.52400(9) 0.40(3) EW

F19_119140 c 16 20 60.0 −56 17 56.7 13.19 80.775 0.4758(3) 0.03(2) EW F19_119199

F19_119143 16 21 01.3 −56 09 50.5 15.02 82.655 3.818(6) 0.33(6) EA

F19_119199 c 16 20 59.6 −56 17 51.0 13.44 80.772 0.4758(3) 0.07(3) EW F19_119140

F19_119213 16 21 06.9 −55 35 09.0 14.65 81.250 3.64(2) 0.26(3) VAR

F19_119294 c 16 21 04.5 −55 46 39.0 14.18 80.748 0.2679(2) 0.03(3) DSCT

F19_119408 s 16 21 07.0 −55 27 51.0 12.98 · · · · · · · · · VAR

F19_119424 16 20 57.3 −56 24 23.4 13.62 81.602 19.0(7) 0.05(2) VAR

F19_119433 16 21 03.8 −55 44 30.4 14.44 80.700 0.2273(2) 0.02(3) VAR

F19_119523 c 16 20 58.0 −56 16 28.8 11.18 112.548 58(6) 0.16(4) CEP

F19_119525 16 20 59.7 −56 06 45.4 14.30 89.117 17.9(7) 0.04(2) VAR

F19_119537 16 21 04.5 −55 37 41.8 15.14 82.702 2.552(4) 0.22(5) EA

F19_119548 s 16 20 54.1 −56 40 11.2 15.76 80.679 0.068287(9) 0.07(6) DSCT

F19_119563 c⋆ 16 21 05.9 −55 28 54.4 14.07 81.224 1.687(2) 0.23(2) EA

F19_119587 c⋆ 16 21 03.3 −55 42 59.1 13.28 81.138 0.46852(7) 0.38(2) EW

F19_119660 s 16 21 05.0 −55 30 58.7 13.20 95.919 21.2(7) 0.07(3) VAR

F19_119698 16 20 52.2 −56 46 26.2 15.03 80.719 0.6070(4) 0.16(4) EW

F19_119740 16 20 54.5 −56 30 18.4 14.98 80.741 0.3510(2) 0.09(4) EW/DSCT

F19_119863 s 16 21 01.9 −55 41 40.4 16.31 81.410 3.75(5) 0.1(1) ROT

F19_119899 c 16 20 50.6 −56 48 47.0 11.58 · · · · · · · · · LP

F19_119916 16 21 00.0 −55 51 26.4 12.95 122.670 19(1) 0.05(3) ROT

F19_119951 c⋆ 16 20 59.0 −55 55 41.9 13.56 81.059 0.9051(3) 0.41(2) EA

F19_119985 c⋆ 16 20 59.8 −55 50 33.6 13.69 80.871 0.37797(5) 0.36(3) EW

F19_120000 s 16 20 49.6 −56 50 51.3 12.97 81.143 0.5608(9) 0.02(2) VAR

F19_120101 16 20 58.2 −55 55 30.1 14.91 80.746 0.4337(3) 0.14(4) EB

F19_120121 16 20 51.4 −56 35 22.6 17.33 81.078 0.4642(3) 0.8(3) EW

F19_120127 c 16 20 54.7 −56 15 57.1 11.86 · · · · · · · · · LP

F19_120217 16 20 58.8 −55 48 14.9 12.39 · · · · · · · · · LP

F19_120272 c 16 20 53.6 −56 16 38.4 11.35 · · · · · · · · · LP

F19_120278 16 20 57.4 −55 54 04.3 15.35 80.829 0.37623(6) 0.68(5) EW

F19_120307 16 20 56.2 −56 00 27.2 13.19 93.008 18.4(4) 0.08(3) VAR

F19_120380 16 20 59.4 −55 39 30.8 13.56 94.289 53(5) 0.06(2) VAR

F19_120419 16 20 46.6 −56 55 16.1 15.67 80.779 0.32809(5) 0.59(6) EW

F19_120441 cs 16 20 59.3 −55 37 59.1 13.37 81.108 0.5203(6) 0.02(2) RR

F19_120634 16 20 52.2 −56 12 37.8 14.92 80.986 1.729(3) 0.17(6) EA

F19_120759 16 20 57.4 −55 37 53.9 14.35 80.902 0.7888(3) 0.27(2) EB

F19_120762 16 20 59.0 −55 28 14.6 14.54 80.835 0.4965(3) 0.07(3) EB

F19_120792 16 20 44.6 −56 52 45.2 13.29 80.679 0.11803(3) 0.06(3) DSCT

F19_120885 s 16 20 50.4 −56 14 28.9 14.65 92.287 6.30(8) 0.05(3) VAR

F19_120924 16 20 56.1 −55 39 54.7 15.59 80.726 0.3729(2) 0.12(6) EW/DSCT

F19_120951 16 20 51.8 −56 04 06.1 14.28 80.882 0.2310(2) 0.02(3) VAR
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F19_120957 s 16 20 55.7 −55 41 14.1 12.53 90.808 40(3) 0.22(4) VAR

F19_121161 16 20 47.7 −56 20 21.7 15.53 80.986 0.38924(8) 0.45(6) EW

F19_121167 16 20 50.5 −56 03 50.1 13.82 123.799 12.4(2) 0.07(3) ROT

F19_121231 ⋆ 16 20 48.4 −56 14 32.6 11.57 81.620 0.963(3) 0.06(4) RR

F19_121240 cs 16 20 53.4 −55 45 33.2 14.21 157.603 40(2) 0.09(3) EB

F19_121291 c 16 20 54.9 −55 35 18.9 14.12 83.577 3.91(3) 0.04(2) VAR F19_121292

F19_121292 c 16 20 54.9 −55 35 14.3 14.14 83.826 3.89(2) 0.03(2) VAR F19_121291

F19_121326 16 20 44.5 −56 33 59.6 11.53 · · · · · · · · · LP

F19_121336 16 20 48.4 −56 10 21.3 14.39 80.804 0.40277(9) 0.15(2) EW

F19_121342 ⋆ 16 20 53.6 −55 40 17.3 11.54 · · · · · · · · · SR

F19_121409 16 20 51.7 −55 49 07.2 11.59 · · · · · · · · · LP

F19_121682 16 20 45.3 −56 16 10.8 14.11 · · · · · · · · · LP

F19_121744 16 20 49.2 −55 51 25.1 13.30 · · · · · · · · · LP

F19_121769 16 20 48.3 −55 55 42.5 14.17 125.790 9.1402(1) 0.07(1) EA

F19_121862 16 20 46.0 −56 06 27.4 15.47 80.919 0.29075(6) 0.35(5) EW

F19_121864 c⋆ 16 20 46.5 −56 03 29.5 13.34 82.132 2.1281 0.060 EA

F19_121927 c 16 20 50.0 −55 41 09.6 14.74 80.844 0.3510(2) 0.18(5) EW

F19_121967 ⋆ 16 20 46.7 −55 57 50.2 13.03 80.743 1.78155(1) 0.14(1) EA

F19_121982 16 20 38.4 −56 46 05.2 13.12 80.727 0.11535(5) 0.01(2) DSCT

F19_122042 s⋆ 16 20 44.6 −56 06 52.9 13.78 90.830 19.207(1) 0.07(1) EA

F19_122092 s 16 20 42.2 −56 18 16.9 15.12 80.745 0.4291(3) 0.06(5) EW

F19_122181 16 20 48.1 −55 41 47.3 14.91 182.132 40(4) 0.20(4) CEP

F19_122252 16 20 37.2 −56 42 02.8 14.45 80.682 0.18298(7) 0.09(3) DSCT

F19_122355 16 20 41.0 −56 17 02.1 15.26 80.794 0.15112(6) 0.05(4) DSCT

F19_122357 c 16 20 43.9 −56 00 03.8 11.20 · · · · · · · · · LP

F19_122447 c 16 20 46.7 −55 41 08.0 14.25 80.761 0.3362(2) 0.03(4) EW/DSCT F19_122573

F19_122458 c 16 20 34.1 −56 53 35.2 11.93 · · · · · · · · · LP

F19_122573 c 16 20 46.1 −55 41 13.2 14.57 80.921 0.3362(2) 0.11(5) EW/DSCT F19_122447

F19_122643 16 20 47.2 −55 31 59.0 13.48 80.793 0.6423(9) 0.02(2) VAR

F19_122732 ⋆ 16 20 46.5 −55 32 32.2 12.79 141.708 3.8906(1) 0.61(1) EA

F19_122902 16 20 31.1 −56 55 07.3 14.93 81.280 2.209(4) 0.20(4) EA

F19_122943 16 20 37.9 −56 12 57.7 12.20 90.012 25(2) 0.14(4) ROT

F19_123012 s 16 20 45.4 −55 29 00.3 13.74 139.880 30(2) 0.06(2) CEP

F19_123035 16 20 44.4 −55 33 53.2 12.48 · · · · · · · · · SR

F19_123041 c 16 20 30.0 −56 55 53.5 13.52 80.931 0.6168(2) 0.17(2) EW

F19_123174 s 16 20 29.6 −56 53 09.3 14.00 81.640 1.415(3) 0.04(3) EB

F19_123203 16 20 32.4 −56 35 19.4 15.28 80.698 0.1846(2) 0.13(9) DSCT

F19_123207 c 16 20 33.3 −56 29 30.7 14.26 80.712 0.053739(8) 0.05(4) DSCT F19_123330

F19_123285 16 20 40.7 −55 45 37.6 13.69 82.968 2.5522(1) 0.29(1) EA

F19_123297 16 20 31.0 −56 40 36.4 13.60 · · · · · · · · · LP

F19_123321 c⋆ 16 20 29.4 −56 48 38.9 11.88 95.223 10.86(6) 0.25(3) EB

F19_123330 c 16 20 32.8 −56 29 33.3 14.56 80.710 0.053738(8) 0.06(4) DSCT F19_123207

F19_123354 16 20 41.8 −55 37 44.9 14.06 81.777 1.546(8) 0.05(3) ROT

F19_123419 16 20 31.8 −56 31 52.6 11.00 80.927 0.899(2) 0.04(4) VAR

F19_123557 c 16 20 32.7 −56 20 19.0 13.48 · · · · · · · · · LP

F19_123592 s⋆ 16 20 32.8 −56 19 18.7 12.85 · · · · · · · · · EA

F19_123709 c 16 20 31.9 −56 20 36.5 14.62 80.753 0.3694(2) 0.08(3) EW F19_123741

F19_123741 c 16 20 31.8 −56 20 43.9 15.20 80.754 0.3694(2) 0.08(5) EW F19_123709

F19_123874 16 20 37.5 −55 43 27.4 12.81 · · · · · · · · · LP

F19_124100 ⋆ 16 20 27.8 −56 30 37.3 14.28 83.110 4.63122(1) 0.22(1) EA

F19_124158 c 16 20 29.2 −56 19 36.2 14.63 81.085 0.4481(3) 0.11(4) EW F19_124251

F19_124199 16 20 39.0 −55 25 12.2 11.50 · · · · · · · · · SR

F19_124221 ⋆ 16 20 28.1 −56 24 14.5 13.99 80.703 0.10204(3) 0.2(1) RR
F19_124241 16 20 37.3 −55 33 28.3 14.76 80.675 0.1936(1) 0.04(3) VAR

F19_124251 c 16 20 28.9 −56 19 37.8 14.53 81.083 0.4480(3) 0.08(3) EW F19_124158

F19_124359 16 20 23.7 −56 45 18.3 10.97 · · · · · · · · · LP

F19_124362 c⋆ 16 20 25.1 −56 36 13.2 14.29 82.306 2.5782 0.055 EA

F19_124390 16 20 29.8 −56 08 37.2 14.54 81.042 0.5837(2) 0.36(5) EB

F19_124508 16 20 35.4 −55 34 34.7 12.31 157.920 51(5) 0.13(3) VAR

F19_124512 c 16 20 20.5 −56 57 49.9 12.63 80.820 0.4533(3) 0.07(3) EW F19_124576

F19_124576 c 16 20 20.2 −56 57 43.2 12.63 81.047 0.4533(2) 0.12(2) EW F19_124512

F19_124597 16 20 28.9 −56 06 43.3 13.24 · · · · · · · · · SR

F19_124609 c 16 20 25.3 −56 25 52.5 13.34 81.374 10.3(3) 0.11(4) ROT

F19_124815 s 16 20 29.1 −55 58 01.6 15.49 80.949 0.4392(4) 0.09(5) EB

F19_124816 s 16 20 29.1 −55 57 53.1 14.70 80.976 0.4145(3) 0.04(3) EW

F19_124834 ⋆ 16 20 24.0 −56 26 08.0 12.18 80.942 1.294(3) 0.11(5) EB

F19_124896 16 20 29.5 −55 53 16.0 14.44 81.001 0.3993(2) 0.16(3) EW

F19_124969 16 20 26.4 −56 06 56.4 15.14 81.057 0.4899(3) 0.19(5) EW

F19_125082 s 16 20 19.5 −56 42 25.6 13.22 83.521 19.1(6) 0.04(3) VAR

F19_125166 16 20 26.2 −56 01 59.4 15.38 80.896 0.40208(9) 0.36(5) EW

F19_125184 s 16 20 16.1 −56 57 59.5 15.16 80.791 0.4117(3) 0.06(5) EW

F19_125267 16 20 20.2 −56 30 38.5 10.81 · · · · · · · · · SR

F19_125393 16 20 27.5 −55 46 39.3 13.94 81.775 1.415(4) 0.07(3) VAR

F19_125445 c⋆ 16 20 16.6 −56 45 50.8 12.54 80.828 0.36416(5) 0.42(4) EW

F19_125453 16 20 22.8 −56 10 59.9 14.90 81.032 0.3804(2) 0.11(3) EW/DSCT

F19_125473 c⋆ 16 20 16.9 −56 43 27.1 13.12 83.416 4.52(1) 0.22(4) EA

F19_125509 16 20 19.5 −56 27 17.5 15.12 81.018 0.5932(5) 0.10(4) EB

F19_125528 16 20 15.0 −56 52 17.3 14.76 82.129 12.2(4) 0.09(4) ROT

F19_125562 16 20 17.8 −56 34 55.4 12.30 82.018 21(2) 0.05(5) CEP

F19_125697 ⋆ 16 20 23.3 −55 59 31.7 14.97 81.814 6.0947(1) 0.7(1) EA
F19_125757 16 20 21.4 −56 07 51.8 13.70 83.381 9.9(3) 0.09(6) ROT

F19_125783 16 20 21.9 −56 03 55.8 14.32 81.992 1.375(4) 0.04(3) ROT

F19_125821 16 20 15.2 −56 40 06.3 13.28 91.890 32(4) 0.09(5) CEP

F19_125848 16 20 11.9 −56 58 16.0 12.64 · · · · · · · · · SR

F19_126154 16 20 11.0 −56 52 21.8 15.01 80.818 0.6075(4) 0.12(4) EW

F19_126156 16 20 11.7 −56 48 12.1 16.03 80.759 0.3508(2) 0.09(7) EW/DSCT

F19_126288 16 20 10.1 −56 51 42.8 15.49 80.828 0.4095(3) 0.10(5) EA

F19_126341 16 20 19.2 −56 00 21.8 15.68 81.001 0.3776(2) 0.23(6) EW

222



E.4 F19

Table E.5: Variable stars in �eld F19 (ontinued).

BEST ID F

α (J2000.0) δ RB T0 [d℄

p [d℄

A
Type Other Names

h m s

◦ ′ ′′
[mag℄ [rHJD℄ [mag℄

F19_126349 ⋆ 16 20 24.0 −55 34 07.4 13.62 112.930 11.901(1) 0.13(1) EA

F19_126444 c 16 20 12.5 −56 33 23.6 12.52 · · · · · · · · · LP

F19_126475 16 20 17.3 −56 05 36.6 15.56 80.753 0.32971(5) 0.75(7) EW

F19_126542 16 20 17.9 −55 59 20.8 17.45 80.677 0.4264(3) 0.5(3) EW

F19_126543 16 20 18.8 −55 54 38.4 15.03 82.807 3.68(2) 0.13(4) EB

F19_126563 c⋆ 16 20 14.2 −56 18 24.9 14.20 81.381 1.1828(7) 0.20(4) EA

F19_126804 c 16 20 20.4 −55 37 50.1 12.93 80.930 0.34456(5) 0.27(2) EW F19_126900

F19_126871 ⋆ 16 20 18.9 −55 43 56.0 12.90 80.723 0.3630(1) 0.18(4) EW

F19_126900 c 16 20 19.8 −55 37 55.1 13.19 80.931 0.3446(1) 0.21(5) EW F19_126804

F19_126986 c 16 20 17.2 −55 48 44.6 12.03 89.769 18.1(4) 0.22(4) EB

F19_127068 ⋆ 16 20 07.7 −56 37 20.5 14.95 80.878 0.6184(2) 0.39(4) EA

F19_127112 s 16 20 17.7 −55 42 44.2 13.10 · · · · · · · · · SR

F19_127167 s 16 20 19.6 −55 30 26.1 13.11 · · · · · · · · · SR

F19_127212 16 20 10.3 −56 17 45.6 13.31 96.720 80(2) 0.04(2) VAR

F19_127247 s 16 20 18.0 −55 36 02.3 14.62 80.676 0.1687(2) 0.03(4) VAR

F19_127501 16 20 18.0 −55 28 25.0 14.44 80.852 0.18499(7) 0.08(3) DSCT

F19_127524 16 20 17.5 −55 30 05.1 10.85 81.537 70(7) 0.06(3) VAR

F19_127586 16 20 16.2 −55 35 01.7 11.94 94.835 21(2) 0.05(3) VAR
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