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ABSTRACT

The All-Sky Automated Survey for Supernovae (ASAS-SN) provides long-baseline (~4 yr)
light curves for sources brighter than V < 17 mag across the whole sky. The Transiting
Exoplanet Survey Satellite (TESS) has started to produce high-quality light curves with a
baseline of atleast 27 d, eventually for most of the sky. The combination of ASAS-SN and TESS
light curves probes both long- and short-term variability in great detail, especially towards the
TESS continuous viewing zones (CVZ) at the ecliptic poles. We have produced ~1.3 million
V-band light curves covering a total of ~1000 deg? towards the southern TESS CVZ and have
systematically searched these sources for variability. We have identified ~11 700 variables,
including ~7 000 new discoveries. The light curves and characteristics of the variables are all
available through the ASAS-SN variable stars data base (https://asas-sn.osu.edu/variables).
We also introduce an online resource to obtain pre-computed ASAS-SN V-band light curves
(https://asas-sn.osu.edu/photometry) starting with the light curves of the ~1.3 million sources
studied in this work. This effort will be extended to provide ASAS-SN light curves for
~50 million sources over the entire sky.

Key words: catalogues —surveys —binaries: eclipsing.

Catalina Real-Time Transient Survey (CRTS; Drake et al. 2014),

1 INTRODUCTION the Asteroid Terrestrial-impact Last Alert System (ATLAS; Heinze
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The study of stellar variability has been invigorated by the advent of
modern large-scale sky surveys in the modern era. Recent surveys
such as the All-Sky Automated Survey (ASAS; Pojmanski 2002),
the Optical Gravitational Lensing Experiment (OGLE; Udalski
2003), the Northern Sky Variability Survey (NSVS; WoZniak et al.
2004), MACHO (Alcock et al. 1997), EROS (Derue et al. 2002), the
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etal. 2018; Tonry et al. 2018), and Gaia (Gaia Collaboration 2018a;
Gaia Collaboration et al. 2018b; Holl et al. 2018) have collectively
discovered >10° variables.

Variable stars are excellent astrophysical probes and have been
used in numerous astronomical contexts. Pulsating variables such as
Cepheids and RR Lyrae stars are commonly used as distance indica-
tors owing to the period luminosity relationships seen amongst these
variables (e.g. Leavitt 1908; Matsunaga et al. 2006; Beaton et al.
2018, and references therein). Eclipsing binary stars are excellent
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probes of stellar systems and with sufficient radial velocity follow-
up, they allow for the derivation of useful astrophysical parameters,
including the masses and radii of the stars in these systems (Torres,
Andersen & Giménez 2010). Variable stars are also useful for
the study of stellar populations and Galactic structure (Feast &
Whitelock 2014; Matsunaga 2018) .

Until recently, the All-Sky Automated Survey for SuperNovae
(ASAS-SN, Shappee et al. 2014; Kochanek et al. 2017) monitored
the visible sky to a depth of V < 17 mag with a cadence of 2-3 d using
two units in Chile and Hawaii each with four telescopes. Starting
in 2017, ASAS-SN expanded to five units with 20 telescopes. The
three new units all started with g-band filters and the two original
units have now switched to the g band as well. The ASAS-SN
telescopes are hosted by the Las Cumbres Observatory (LCO;
Brown et al. 2013) in Hawaii, Chile, Texas, and South Africa.
ASAS-SN primarily focuses on the detection of bright supernovae
(e.g. Holoien et al. 2017, 2019), tidal disruption events (e.g. Holoien
et al. 2014, 2016, 2018) and other transients (e.g. Rodriguez et al.
2018; Tucker et al. 2018), but its excellent baseline allows for the
study of variability amongst the 2 50 million bright (V < 17 mag)
sources across the whole sky. ASAS-SN team members have also
studied the relative specific Type la supernovae rates (Brown et al.
2019) and the largest amplitude M-dwarf flares seen in ASAS-SN
(Schmidt et al. 2018).

In Paper I (Jayasinghe et al. 2018a), we reported ~66 000 new
variables that were flagged during the search for supernovae, most
of which are located in regions close to the Galactic plane or
Celestial poles that were not well sampled by previous surveys. In
Paper II (Jayasinghe et al. 2018b), we uniformly analysed ~412 000
known variables from the VSX catalogue and developed a robust
variability classifier utilizing the ASAS-SN V-band light curves and
data from external catalogues. We have also explored the synergy
between ASAS-SN and APOGEE (Holtzman et al. 2015) with the
discovery of the first likely non-interacting binary composed of
a black hole with a field red giant (Thompson et al. 2018) and
a detailed variability analysis of the APOGEE sources to identify
1914 periodic variables (Pawlak et al., in preparation). We have also
identified rare variables, including two very long-period detached
eclipsing binaries (Jayasinghe et al. 2018c,d) and 19 R Coronae
Borealis stars (Shields et al. 2018) .

The Transiting Exoplanet Survey Satellite (TESS; Ricker et al.
2015) will produce a large number of high-quality light curves
with a baseline of at least 27 d for most of the sky. The TESS
input catalogue (TIC; Stassun et al. 2018) contains ~470 million
sources, out of which 200000 selected targets are observed at a
2min cadence, while the remaining sources are observed with a
cadence of 30 min. Oelkers et al. (2018) recently identified variable
sources in a sample of 4 million TIC sources, but did not classify
these variables into explicit types. These sources were classified in
Paper II using ASAS-SN data.

Sources closer to the TESS continous viewing zone (CVZ) will
be observed for a substantially longer period, approaching 1 yr and
~15000 epochs at the ecliptic poles. These TESS light curves will
probe short-period variability in great detail. ASAS-SN provides
long-baseline (=4 yr) light curves sampled at a cadence of ~1-3d
that complement the 7ESS light curves.

We extracted the ASAS-SN light curves of ~1.3 million sources
within 18 deg of the Southern Ecliptic Pole. These sources are
within the southern TESS CVZ and will have well-sampled TESS
light curves. In this work, we systematically search this sample for
variable sources. This is, in part, a test run for carrying out such
a search over the entire sky. In Section 2, we discuss the ASAS-
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Figure 1. Comparison of the mean ASAS-SN V-band magnitudes to the
APASS DRY V-band magnitudes. The red dashed line illustrates a perfect
calibration.

SN observations and data reduction procedures. Section 3 discusses
the variability search and classification procedures. In Section 4,
we discuss our results and we present a summary of our work in
Section 5. All the light curves of these sources are made available
to the public through our online data base.

2 OBSERVATIONS AND DATA REDUCTION

We started with the AAVSO Photometric All-Sky Survey (APASS;
Henden et al. 2015) DR9 catalogue as our input source catalogue.
We selected all the APASS sources with V < 17 mag in all the ASAS-
SN fields with central field coordinates within 18 deg from the
Southern Ecliptic Pole (« = 90 deg, § = —66.55 deg). This resulted
in a list of ~1.3M sources spanning a total of ~1000 deg?. ASAS-
SN V-band observations were made by the ‘Brutus’ (Haleakala,
Hawaii) and ‘Cassius’ (CTIO, Chile) quadruple telescopes between
2013 and 2018. Each ASAS-SN field has ~ 200-600 epochs of
observation to a depth of V < 17 mag. Each camera has a field
of view of 4.5 deg?, the pixel scale is 8.0 arcsec, and the FWHM
is ~2 pixels. ASAS-SN nominally saturates at ~10-11 mag, but
light curves of saturated sources are sometimes quite good due to
corrections made for bleed trails (see Kochanek et al. 2017).

The light curves for these sources were extracted as described in
Jayasinghe et al. (2018a) using image subtraction (Alard & Lupton
1998; Alard 2000) and aperture photometry on the subtracted
images with a 2 pixel radius aperture. The APASS catalogue was
used for calibration. The zero-point offsets between the different
cameras were corrected as described in Jayasinghe et al. (2018a).

Fig. 1 illustrates the relationship between the measured mean
ASAS-SN V-band magnitudes and the APASS DR9 V-band mag-
nitudes. Sources with Viean < 14 mag have similar V-band magni-
tudes, but a large fraction of the sources with Vipea, = 14 mag show
a discrepancy between the ASAS-SN and APASS measurements.
This is due to blending in fields with significant stellar densities [i.e.
the Large Magellanic Cloud (LMC) in this work]. The relatively
large ASAS-SN pixel scale of 8.0 arcsec as compared to the smaller
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Figure 2. The distribution of oy for the ~1.3M sources. The red points
are the binned median values of o sy for this sample in bins of ~0.25 mag.
The blue curve shows a third-order polynomial model for sources with V >
13 mag (equation 3).

APASS pixel scale of 2.6 arcsec makes ASAS-SN photometry more
susceptible to blending. Thus, ASAS-SN V-band measurements are
systematically brighter for most sources in the LMC due to blended
light.

The light-curve extraction provides a statistical error estimate,
but the scatter in the light curves of apparently non-variable sources
is generally larger than expected given the nominal statistical
uncertainties. In Jayasinghe et al. (2018a), we used the reduced
X statistic,

2 1 N Vt - Vmean g
A% ~1, (1)
NDOF N -1 U(Vmcan)

i=l

where V; is the V-band magnitude for epoch i and Vie., is the
mean V-band magnitude to determine the typical total uncertainty
0 (Vinean) as a function of magnitude. In this work, we update our
approach to estimating the systematic uncertainties in the ASAS-SN
photometry.

We can view the photometric errors as the quadrature sum of the
estimated statistical uncertainty o g, and a systematic oy, with

62 = Us2}'s + Gsztal . (2)
We can measure o as the rms scatter in the light curves of non-
variable stars and then subtract the estimated statistical errors to
derive oy, with the results shown in Fig. 2 for the 1.3M sources
in our sample. For sources with V.., < 13 mag, the photometric
uncertainties approach an ASAS-SN error floor of ~0.02 mag. For
the sources with Viean > 13 mag, we fit a third-order polynomial,

logoys = A(x — 13’ + B(x — 13)* + C(x — 13) — 1.738,  (3)

with A = —1.03 x 1072, B = 8.6 x 1072, and C = 3.6 x 1072
to the median of the o 4y versus Vipea, distribution. The polynomial
smoothly joins to 0.02 mag at V = 13 mag. To correct the errors in
the light curves, we replace the formal magnitude errors by using
equation (2) and either equation (3) or 0.02 mag for o .

We also identified a systematic issue that affects the light curves
of certain sources due to malfunctioning shutters. The shutters in
the ASAS-SN cameras periodically start to fail. Degraded shutters
do not close completely, and stray light from neighbouring bright
sources can impart trails on the images during readout (Fig. 3). This
systematic is illustrated in the light curve for the non-variable source
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Figure 3. Top: examples of images that are affected by a malfunctioning
shutter for the non-variable source J072955.48—521556.8, with the ref-
erence image shown in the bottom right. Bottom: the light curve for the
source J072955.48—521556.8 with the affected epochs highlighted by the
red boxes.

J072955.48—-521556.8 (Fig. 3). We see that after the malfunctioning
shutter is replaced, the light curve returns to normal, but after
~700 d, the shutter begins to fail again. Some fraction of our ASAS-
SN light curves will be affected by this systematic.

3 VARIABILITY ANALYSIS

Here we describe the procedure we used to identify and characterize
variables in the source list. We describe how we cross-matched the
APASS sources to external catalogues in Section 3.1. In Section
3.2, we describe the procedure we took to identify candidate
variable sources. In Section 3.3, we discuss the application of the
V2 random forest classifier model from Jayasinghe et al. (2018b)
to classify these variables, and in Section 3.4, we discuss the
corrections done to mitigate the effects of blending on the candidate
variables.

3.1 Cross-matches to external catalogues

We identify cross-matches to the APASS sources with Gaia DR2
(Gaia Collaboration 2018a) using the pre-computed cross-matches
from Marrese et al. (2019). The sources were also cross-matched to
the probabilistic distance estimates from Bailer-Jones et al. (2018).
We also cross-match the sources with 2MASS (Skrutskie et al.
2006) and AIWISE (Wright et al. 2010; Cutri et al. 2013) using
a matching radius of 10.0 arcsec. We used TOPCAT (Taylor 2005)
to cross-match the APASS sources with the 2MASS and AIIWISE
catalogues.

The LMC lies within the TESS southern CVZ. We used Gaia DR2
(Gaia Collaboration 2018c¢) to identify ~119 000 sources from our
source list that are LMC members. For sources in the LMC, we
use a distance of d = 49.97 kpc (Pietrzynski et al. 2013) in our
variability classifier.

MNRAS 485, 961-971 (2019)
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known variables from Jayasinghe et al. (2018b) (red). Variable candidates had to lie in the shaded regions with log(FAP) < —10 and GLS Power > 0.25.
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Figure 5. The distribution of Ggp — Ggp with T(z) for the ~1.3M sources. The red shaded box encloses the sources that meet the criteria of 7(f) < 0.75 and

Gpp — Grp > 1.5 mag used to identify red variable sources.

3.2 Variability cut-offs

There are numerous methods to identify variable sources from a
sample of light curves. The most commonly used method involves
correlating the variations observed in multiple bands to pick out
‘true’ variables from the false positives (Stetson 1996). The ASAS-
SN observations used in this work are made with a single filter,
which makes the use of multiband variability statistics impossible.
In this work, we used several methods, including periodogram
statistics, light-curve features, and external photometry to identify
variable sources.

We used the ASTROPY implementation of the generalized Lomb—
Scargle (GLS; Scargle 1982; Zechmeister & Kiirster 2009) peri-
odogram to search for periodicity over the range 0.05 < P < 1000d
for each of the ~1.3M sources. We utilize the false alarm probability
(FAP) and the power of the best GLS period as means of identifying
significantly periodic sources. Sources with log(FAP) < —10 and
GLS Power > 0.25 were selected for further analysis (Fig. 4).

We calculated the Lafler—Kinmann (Lafler & Kinman 1965;
Clarke 2002) string length statistic 7(¢) on the temporal light curve

MNRAS 485, 961-971 (2019)

using the definition

SN iy — my)? L N-D
ZlN:l(mi —m)? 2N

from Clarke (2002), where the m; are the magnitudes sorted
temporally and 77 is the mean magnitude. We can also calculate this
statistic sorting the light curve based on phase for a given period,
which we will call 7(¢|P). To identify red variables, we empirically
isolate sources with 7(f) < 0.75 and the Gaia DR2 colour Ggp —
Ggp > 1.5 mag (Fig. 5). Red variables typically have long periods
that result in noticeable structure in their temporal light curves.
This structure results in smaller values of 7(¢) for the light curves
of long-period variables when compared to sources with short-term
variability (see Jayasinghe et al. 2018b).

We also compute the ratio of magnitudes brighter or fainter
than average (Ayp; Kim & Bailer-Jones 2016; Jayasinghe et al.
2018b) for all the sources. We found in Paper II that eclipsing
binaries have larger values of Ay than most variables, so we
flag sources with Ayp > 1.5 for further analysis. This variability

T(r) = “
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Table 1. Summary of the variability selection cuts.

Variable(s) Cut Used to identify Sources
GLS power >0.25 Periodic Variables 24257
GLS log (FAP) <—10 Periodic Variables 39761
Gpp — Ggrp and T(?) >1.5 AND <0.75 Red Variables 7741
AL >1.5 Eclipsing Binaries 20864
log (RMS) >95Mpercentile Large variations 45486

cut is expected to improve the identification of detached eclipsing
binaries. We also identify sources with a light-curve RMS larger
than the 95th percentile for the other stars in magnitude bins of
0.25 mag (Fig. 6) in order to select sources with significant flux
variations.

The variability cuts and the number of variable candidates
isolated through each cut are summarized in Table 1. The com-
bination of these cuts helps identify different variable sources and
increase our completeness when compared to relying on just one
or two parameters. Through these variability cut-offs, we identified
~60000 unique candidates. This amounts to ~5 per cent of the
sources on the initial list.

3.3 Variability classification

We derived periods for the ~60 000 variable candidates following
the procedure described in Jayasinghe et al. (2018a,b). The as-
trobase implementation (Bhatti et al. 2018) of the GLS (Scargle
1982; Zechmeister & Kiirster 2009), the multiharmonic analysis of
variance (Schwarzenberg-Czerny 1996), and the box least squares
(Kovics, Zucker & Mazeh 2002) periodograms were used to search
for periodicity in these light curves. For each periodic source, we
calculate the improvement in the Lafler—Kinmann string length
statistic when phased with the best period (7(¢|P)) when compared
to the string length statistic calculated on the temporal light curve

(T,

_T@IP) =T
- T(1)

Following the period search, we use the variability classifier
implemented in Jayasinghe et al. (2018b) to classify these variable
candidates. We choose to visually review the classifications in order
to improve our catalogue. For the visual review, we select the
sources with periods P < 40 d if § < 0.05 AND 7(¢) < 0.75. The
majority of the periodic variables within this period range should

8 &)

show significant improvements in the string length statistic when
phased with a period. Sources with P > 40 d are selected if they have
T(t) < 1. All irregular and aperiodic sources are also selected for
visual review. In total, we visually reviewed ~23 000 variable can-
didates. During the process of visual review, we identified incorrect
classifications (3 per cent) and periods (4 per cent) and corrected
them. Sources with significant systematic and spurious variability
were removed (46 per cent). We also changed the classifications of
~1300 (6 per cent) sources to the generic variability type (‘VAR’).
At this stage, our list of variables consisted of ~12300 sources.
This means that our initial candidate list had a false positive rate
of ~80 per cent. Part of this is that we were deliberately generous
in our initial selection so that we can use the results to improve
this aspect of the pipeline as we progress with our effort to identify
variable sources over the full sky.

3.4 Blending corrections

The large pixel scale of the ASAS-SN images (8.0 arcsec) and
the FWHM (~16.0 arcsec) results in blending towards crowded
regions. The APASS catalogue was constructed with images that
have a significantly smaller pixel scale (2.6 arcsec), and as a result of
this, multiple APASS sources can fall into a single ASAS-SN pixel.
We do not correct for the contaminating light in the photometry of
the blended sources, but we identify and correct blended variable
groups in our catalogue.

Since we extracted light curves for the positions of APASS
sources, we can have two or more such sources inside a single
ASAS-SN resolution element. If we select the sources with another
APASS neighbour within 30.0 arcsec, we find that 559 of the
~12 300 variables had a neighbour within 30.0 arcsec. We compute
the flux variability amplitudes for these sources using a random
forest regression model (Jayasinghe et al. 2018b). The majority of
the variable groups consisted of two sources, with a few groups
consisting of up to three sources. For each variable group, we
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Table 2. Variables by type.
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VSX type Description LMC Not LMC New discoveries
CWA W Virginis type variables with P > 8 d 10 - 1
CWB W Virginis type variables with P < 8 d 4 8 2
DCEP Fundamental mode Classical Cepheids 577 12 12
DCEPS First overtone Cepheids 280 9 10
DSCT 8 Scuti variables - 44 42
EA Detached Algol-type binaries 103 1109 865
EB B Lyrae type binaries 129 523 353
EW W Ursae Majoris type binaries 97 1961 1228
ELL Ellipsoidal variables 1 11 12
HADS High-amplitude § Scuti variables - 102 61
ROT Rotational variables - 881 813
RRAB RR Lyrae variables (type ab) 42 444 44
RRC First overtone RR Lyrae variables 4 443 217
RRD Double-mode RR Lyrae variables - 4 3
RVA RV Tauri variables (subtype A) 9 1 1
SR Semiregular variables 1017 1487 1340
L Irregular variables 298 137 262
GCAS y Cassiopeiae variables 191 49 128
YSO Young stellar objects 2 8 6
ROT: Uncertain rotational variables - 186 174
DSCT: Uncertain § Scuti variables 4 63 48
GCAS: Uncertain y Cassiopeiae variables 10 - 3
VAR Generic variables 40 1390 1385
T T T T T T -14 T T T T T T
—~10.0F Not LMC 4
—12} LMC
=751 b —10k
=5.0r E —_8t
m ,
§ -2.5} 1 § —6f
0.0 1 —4r
2.5F ®  Cassiopeiae stars 4 -2r
@  Cepheids
Delta Scuti
e  Eclipsing Binaries ot
5.0F ® RRLyrae y
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Figure 7. The Wesenheit Wgp versus Gpp — Grp colour—magnitude diagram for the variables, outside the LMC (left) and in the LMC (right).
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Figure 10. The sky distribution of the variables in equatorial coordinates. The points are coloured as in Fig. 7.
consider the source with the largest flux variability as the ‘true’ and
variable, and remove the other overlapping sources from the final
list. Following this treatment, our list of variables consisted of Wik = Mg, —0.686(J — K) (N

~11 700 sources.

4 RESULTS

The complete catalogue of ~11700 variables is available at
the ASAS-SN Variable Stars Database (https://asas-sn.osu.edu/
variables) along with the V-band light curves for each source.
Table 2 lists the number of sources of each variability type in the
catalogue.

In Paper II, we used the reddening-free Wesenheit magnitudes
(Madore 1982; Lebzelter et al. 2018)

Wip = Moy — 1.3(Gpp — Grp). ©®)

MNRAS 485, 961-971 (2019)

for variability classification. The Wesenheit Wgp versus Ggp — Ggp
colour-magnitude diagram for all the variables is shown in Fig. 7.
We have sorted the variables into groups to highlight the different
classes of variable sources. Owing to the magnitude limit of ASAS-
SN, we are only able to detect sufficiently bright sources (V < 16
mag, Wgp < 1.5 mag) in the LMC. This is evident in the Wesenheit
colour-magnitude diagram for the LMC sources. For the sources
outside the LMC, we probe a wider range of magnitudes (Wgp
< 6 mag), including RR Lyrae, rotational variables, and § Scuti
variables.

We have also plotted the Wesenheit Wgp versus Ggp — Ggp
colour—-magnitude diagram for all the periodic variables in Fig. 8,
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Figure 11. Phased light curves for examples of the newly discovered periodic variables. The light curves are scaled by their minimum and maximum V-band
magnitudes. Different coloured points correspond to data from the different ASAS-SN cameras. The different variability types are defined in Table 2.

with the points coloured according to the period. This essentially
highlights the large dynamic range in period probed by the ASAS-
SN light curves.

We note that the identification of Mira variables in the LMC is
hindered by blending. Due to blended light, the observed ASAS-SN
amplitudes of these sources fall below the amplitude threshold of
V > 2 mag that is used to define a Mira variable in our pipeline.
In reality, some fraction of the LMC semiregular variables in this
catalogue are actually Mira variables. From the sample of known
semiregular variables in the LMC, we estimate that the fraction of
Mira variables classified as semiregular variables is ~23 per cent.

Using the same colour scheme, the combined Wesenheit Wk
period-luminosity relationship (PLR) diagram for the periodic
variables is shown in Fig. 9. The PLR sequences for the Cepheids
and semiregular variables in the LMC are well defined (Soszynski
et al. 2005). Most of the eclipsing binaries identified in the LMC
are either detached or semidetached systems, and do not follow the
well-defined PLR for contact binaries that is observed in the PLR
diagram for the sources outside the LMC.

We also show the sky distribution of the variables identified in
this work in Fig. 10. We see that the distribution of eclipsing binaries

and rotational variables (black points) is random, but the distribution
of Cepheids is strongly clustered towards the LMC as is expected.
We also note the clustering of semiregular/irregular variables (red
giants) towards the LMC and the Galactic disc.

‘We matched our list of variables to the VSX (Watson, Henden &
Price 2006) catalogue available in 2018 October, with a matching
radius of 16.0 arcsec to identify previously discovered variables.
The variables discovered by the All-Sky Automated Survey (ASAS;
Pojmanski 2002) and the Catalina Real-Time Transient Survey
(CRTS; Drake et al. 2014) are included in the VSX data base.
We also match our variables to the catalogues of variable stars
discovered by ASAS-SN (Jayasinghe et al. 2018a), the catalogues of
variable stars in the Magellanic clouds and the Galactic bulge from
the Optical Gravitational Lensing Experiment (OGLE; Udalski
2003; Pawlak et al. 2016; Soszynski et al. 2016, and references
therein), the Gaia DR2 catalog of variables (Gaia Collaboration
2018a; Gaia Collaboration 2018b; Holl et al. 2018) , the catalogue
of variables from the Asteroid Terrestrial-impact Last Alert System
(ATLAS; Heinze et al. 2018; Tonry et al. 2018), the catalogue
of KELT variables (Oelkers et al. 2018), and the variables from
MACHO (Alcock et al. 1997). Of the ~11 700 variables identified
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Figure 12. Light curves for examples of the newly discovered irregular variables. The format is the same as for Fig. 11.

in this work, ~4700 were previously discovered by other surveys,
as also listed in Table 2. The majority of these known variables
consist of eclipsing binaries (~31 per cent), irregular/semiregular
variables (~28 per cent), and Cepheids (~19 per cent).

This leaves ~7000 new variables. Most of the new discoveries
are eclipsing binaries (~35 per cent) and irregular/semiregular vari-
ables (~23 per cent). Example light curves for the newly discovered
periodic variables are shown in Fig. 11. We also discovered 128
new GCAS variables, 81 of which are located in the LMC. GCAS
variables are rapidly rotating early-type irregular variable stars
(typically Be stars) with mass outflow from their equatorial regions.
Example light curves for the newly identified GCAS variables are
shown in Fig. 12.

We also discovered another long-period detached eclipsing binary
(ASASSN-V J080709.46—591028.3) in this work. ASASSN-V
J080709.46—591028.3 is located away from the LMC and has an
orbital period of Py, ~ 682 d (~1.9 yr). Its light curve shows
evidence of both a primary and a secondary eclipse with a primary
eclipse depth of ~1 mag (Fig. 11).

A non-negligible fraction of these new discoveries were clas-
sified as generic variables (~20 per cent). These are mostly low-
amplitude or faint sources. Example light curves are shown for a

MNRAS 485, 961-971 (2019)

subset of the newly discovered periodic and irregular variables in
Figs 11 and 12.

5 CONCLUSIONS

We systematically searched for variable sources in a ~1000 deg?
region surrounding the Southern Ecliptic Pole. This region is
coincident with the southern continuous viewing zone for the TESS
satellite and thus, a large majority of these sources will have
excellent TESS light curves.

Through our search, we identified ~11 700 variable sources, of
which ~7000 are new discoveries. Variable sources identified in
the LMC largely consist of luminous variables, including Cepheids,
GCAS variables (Be stars), and red giants. We identify a broader
sample of variables outside the LMC, including RR Lyrae, eclipsing
binaries, rotational variables, and § Scuti variables.

We have developed a user-friendly interface to retrieve pre-
computed ASAS-SN V-band light curves for APASS sources. The
V-band light curves of all the ~1.3M sources studied in this work
are available online at the ASAS-SN Photometry Database (https:
/lasas-sn.osu.edu/photometry). To highlight the possible blended
sources, a flag is assigned to each source if the distance to the
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nearest APASS neighbour is <16.0 arcsec. The new variable sources
have also been added to the ASAS-SN variable stars data base
(https://asas-sn.osu.edu/variables).

As part of our ongoing effort to systematically analyse all the
~50 million V < 17 mag APASS sources for variability, we will
gradually update this data base with the light curves for the sources
across the remainder of the sky over the course of 2019. This work
provides long-baseline V-band light curves for a large fraction of
the sources in the TESS southern CVZ and is a useful supplement to
the short-baseline TESS light curves that possess better photometric
precision.
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