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Abstract

We present spectroscopic and photometric analysis of the eclipsing binary KIC 7385478. We find that the system is
formed by F1V + K4III-1V components. Combining results from analysis of spectroscopic data and Kepler photometry,
we calculate masses and radii of the primary and the secondary components as M; = 1.71 £ 0.08 Mg, M, = 0.37 £ 0.04
Mg and R} = 1.59 £ 0.03 Ry, R, = 1.90 £ 0.03 R, respectively. Position of the primary component in HR diagram
is in the region of y Doradus type pulsators and residuals from light curve modelling exhibit additional light variation
with a dominant period of ~0.5 d. These are clear evidences of the y Doradus type pulsations on the primary component.
We also observe occasional increase in amplitude of the residuals, where the orbital period becomes the most dominant
period. These may be attributed to the cool star activity originating from the secondary component.

Keywords: (stars:) binaries: eclipsing —stars: fundamental parameters —stars: individual (KIC 7385478) —stars: oscillations
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1 INTRODUCTION

High precision optical photometry from space telescopes is a
milestone for modelling of eclipsing binary systems, where
current models can not reproduce very small amplitude vari-
ations adequately. Even though, reasonable light curve mod-
elling of these systems provides not only absolute physical
properties, but also reveals additional small amplitude light
variations beside the eclipse events and binarity effects (i.e.
reflection, gravity darkening, etc.). This leads us to find ac-
curate position of the components of these system on HR
diagram and evaluate their variation nature more accurately.

There is a few indicators to reveal the internal layers of
the stars. One of them is the stellar pulsation. Unfortunately,
the pulsations can not be observable for each star. On the
other hand, the initial analysis and some studies in the lit-
erature, such as Uytterhoeven et al. (2011), indicated that
KIC 7385478 is one of the candidates for the eclipsing bina-
ries with pulsating component. Moreover, the pulsation be-
haviour seen in the stars is very important pattern to under-
stand the stellar itself and its evolution. According to the
observations lasting as long as several decades indicate that
there are several type pulsating stars such as Cepheid, y
Doradus, and & Scuti type pulsating stars in the Instability
Strip in the Hertzsprung—Russell diagram, especially on the
main sequence. All these types are separated by their loca-
tions in the Instability Strip from each other. Analysing the
pulsation frequencies, which is generally known as stellar
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seismology called asteroseismology, the physical processes
behind both the pulsating nature and stellar interiors can be
revealed. This is why the pulsating stars have an important
role to understanding stellar evolution (Cunha et al. 2007;
Aerts Christensen-Dalsgaard).

KIC 7385478 is an interesting eclipsing binary whose
out-of-eclipse variation does not seem regular. The system
was identified as a variable star in ASAS catalogue (ASAS
J195058+-4259.8) for the first time (Pigulski et al. 2009) with
a variation period of 1¢.6551 and V — I colour of 0".661.
Variation amplitude in V and [ filters are given as 0™.12 and
0™.19, respectively. Later, Slawson et al. (2011) compiled the
Kepler eclipsing binary catalogue', including KIC 7385478.
Extracted high precision light curves, ephemeris, period, and
effective temperature estimation for most of the system are
provided in the catalogue. The catalogue provides the effec-
tive temperature of KIC 7385478 as 6 477 K. Pinsonneault
et al. (2012) revised the temperature to 6 735 K. More re-
cently, Armstrong et al. (2014) estimated the effective tem-
peratures of the primary and the secondary components of
KIC 7385478 as 6 346 and 4 719 K, respectively, which are
based on spectral energy distribution fitting. The ephemeris
and the period were revised by Borkovits et al. (2016), who
provided eclipse timing analysis of the system. Their anal-
ysis revealed the orbit of a third body physically bound to
the eclipsing binary and they estimated the minimum mass

Ihttp://keplerebs.villanova.edu/
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of the third body as 0.27 M. Beyond these studies, there is
no comprehensive analysis of the system published so far.
In this study, we focus on spectroscopic and photometric
modelling of the system. In the next section, we give summary
of photometric observations, and spectroscopic observations
including reduction process. Section 3 comprises spectro-
scopic, orbital, and light curve modelling together with cal-
culated physical properties and evolutionary status of the sys-
tem. In addition, we further give analysis on residuals from
light curve modelling in order to investigate out-of-eclipse
light variations. In the final section, we summarise and dis-

cuss our findings.

2 OBSERVATIONS AND DATA REDUCTIONS

2.1. Kepler photometry

There is no ‘true’ photometric filters in photometer of the
Kepler space telescope, hence Kepler photometry contains
no colour information. However, response function of the
photometer covers a very broad wavelength range, which is
between 4 100 and 9 100 A and this allows to collect pho-
tons from a large part of the optical spectrum and increases
the photometric precision, thus enables to detect light vari-
ations with a sub-milimag amplitude, such as planet transit
and small amplitude oscillations. Photometric measurements
are collected in short cadence and long cadence mode, which
have typical exposure times of 58.89 s and 29.4 min, respec-
tively. In this study, we use long cadence (29.4 min) data
of KIC 7385478 available at Kepler eclipsing binary cata-
logue. We consider detrended and normalised fluxes (PrSa
et al. 2011; Slawson et al. 2011) in the catalogue. How-
ever, observations from quarter 12 and 13 are not included
in the catalogue data file; hence, we downloaded data files
of these missing quarters from MAST? data archive centre,
in fits format. In order to evaluate these data together with
the catalogue data, we consider simple aperture photometry
(SAP) measurements in the fits data files of quarter 12 and
13. Then we detrend and normalise SAP fluxes as described
in Slawson et al. (2011). The final data set covers ~4 yrs of
time span with 65 722 data points in total. MAST archive re-
ports 0.9% contamination level in the measurements, which
indicates negligible contribution to the measured fluxes of

KIC 7385478, if any.

2.2. Spectroscopy

We carried out spectroscopic observations of KIC 7385478
by 1.5-m Russian—Turkish telescope equipped with Turkish
Faint Object Spectrograph Camera (TFOSC) at Tubitak Na-
tional Observatory®. Spectra were recorded on a back illumi-
nated 2 048 x 2 048 pixels CCD camera with a pixel size
of 15 x 15 um?. Observed spectra were obtained in échelle
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mode, which provides an effective resolution of R=A1/AX =
2500, which indicates A value of 2.6 A around 6 500 A re-
gion. The spectra covers usable wavelength range between
3900-9 100 A in 11 orders.

We obtained nine optical spectra of KIC 7385478 between
2014 and 2016 observing seasons. Exposure time of obser-
vations are 3 200 and 3 600 s depending on atmospheric
seeing conditions. Signal-to-noise ratio (SNR) of observed
are between 80 and 145, which are estimated via photon
statistic . We further obtained high SNR spectra of ¢ Psc
(HD 222368, F7V, v, = 5.656 km s~!), and HD 184499
(GOV, v, = —166.1 km s~!) to use as radial velocity tem-
plate and spectroscopic comparison.

We used standard IRAF* packages and tasks to reduce all
observations. In each observing run, several bias and halogen
lamp (flat field) frames were obtained as well as comparison
lamp (Fe—Ar) images, just before or after the target star obser-
vation. In the beginning of the reduction process, master bias
frame obtained from nightly taken 8—10 bias frames were sub-
tracted from all object, Fe—Ar comparison lamp and halogen
lamp frames. Then, normalised master flat field frame was
produced from bias corrected halogen lamp frames and all
target and Fe—Ar spectra were divided by the normalised flat
field frame. Cosmic rays removal and scattered light correc-
tions were applied to the bias and flat field corrected images.
The spectra from reduced frames were extracted with IRAF
task ‘apall’ under noao.imred.echelle package. Fe—Ar im-
ages were used for wavelength calibration and finally wave-
length calibrated target star spectra were normalised to the
unity by using cubic spline functions.

3 ANALYSIS

3.1. Spectral type

Instead of the published effective temperature estimations
in the literature, we use the advantage of having medium
resolution spectra of the system to estimate the spectral type
and effective temperature, which would be more accurate.
Our preliminary light curve analysis indicates that the sec-
ondary component makes ~15% contribution to the total light
of the system, which means the contribution of the secondary
component in the spectra taken around secondary minimum
would be negligible in our resolution. We have a good spec-
trum taken at orbital phase ~0.45 (see Table 1) where the
signal of the secondary component fairly diminishes in the
resolution of our spectrum, so that we mainly observe the
spectrum of the primary component. We adopt this spectrum
as reference spectrum for the primary component and com-
pare it with the observed spectra of ¢ Psc and HD 184499.
The comparison shows that the primary seems hotter than the
both standard stars, therefore, we switch to synthetic spec-
trum fitting method. In general, we use the latest version

2 http://archive.stsci.edu/kepler/
3 http://www.tug.tubitak.gov.tr/rtt150_tfosc.php
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4 The Image Reduction and Analysis Facility is hosted by the National Op-
tical Astronomy Observatories in Tucson, Arizona at URL iraf.noao.edu.
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Table 1. Log of spectroscopic observations together with mea-
sured radial velocities and their corresponding standard errors (o)

inkms™!.

Primary Secondary
HID Orbital  Exposure
(24 000004)  phase time (s) V; o V: o
56845.4821 0.2399 3600 —54.5 52 159.0 199
56845.5248  0.2657 3600 —46.8 7.0 1582 239
56846.4677  0.8352 3600 10.2 63 —177.1 225
56887.4623 0.5984 3200 8.1 6.8 —128.1 38.6
57591.5291 0.8948 3600 11.0 102 —1362 416
57600.5477  0.3425 3600 —46.8 10.9 132.6 324
57601.3798  0.8452 3600 243 132 —152.0 38.1
57617.2875 0.4543 3600 —27.3 47 — —
57672.3540  0.7174 3600 244 84 —1915 253

of python framework iSpec (Blanco-Cuaresma et al. 2014),
which provides easy use of various synthetic spectrum cal-
culation codes. Among these codes, we adopt SPECTRUM?
code (Gray & Corbally 1994) and calculate synthetic spectra
by using ATLAS-9 (Castelli & Kurucz 2004) model atmo-
spheres in conjunction with line list from the third version
of the Vienna atomic line database (VALD3) (Ryabchikova
et al. 2015). Grids of model atmospheres are taken from the
temperature range between 6 000 and 7 500 K in steps of
250 K and gravity (log g) range between 4.5 and 3.5. In all
calculations, we adopt 2 km s~! of microturbulence velocity
and solar metallicity. Calculated spectra are convolved with a
Gaussian line-spread function to match the resolution of the
reference spectrum and this convolution is done either by aux-
iliary programme smoot h provided by the SPECTRUM code
or by built-in function of iS pec code. However, we do not con-
sider the rotational broadening and other broadening mech-
anisms, which could be ignored due to the relatively large
instrumental broadening in our spectra. The models with the
temperature 7 000 K and log g values 4.5 and 4.0 provide very
close matches to the reference spectrum. However, calculated
physical properties of the system show that the log g value
of the primary component is 4.27 (see Section 3.4). We also
use synthetic spectrum fitting routine in iSpec, which mainly
adopts method of minimising x? value of the difference be-
tween the reference spectrum and synthetic spectra. For this
purpose, we choose wavelength region of 4 750-5 700 Aand
executed fitting routine by fixing log g value and choosing
different starting parameters for the temperature and metal-
licity. This method confirmed primary star temperature as
7 000 K and solar metallicity assumption. This temperature
corresponds to the F'1 spectral type according to the cali-
bration given by Gray (2005). Considering calculated error
of the temperature from x2 minimisation method, temper-
ature steps in ATLAS-9 grids and current resolution of the
observed spectra, uncertainty of the temperature is estimated

3 http://www.appstate.edu/~grayro/spectrum/spectrum.html
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Figure 1. Representation of the observed (black), best matched (red) syn-
thetic spectrum, and residuals (blue) for three regions. Note that we shift the
residuals upwards by 0.3 for the sake of simplicity. Panels a, b, and ¢ show
the regions around Hg, Mg I triplet, and metallic absorption lines around
5500 A, respectively.

to be 150 K. We plot the observed reference spectrum and the
best matched synthetic spectrum in Figure 1 for three differ-
ent regions.

3.2. Radial velocities and spectroscopic orbit

We calculate radial velocities of the system by cross-
correlating each observed spectrum with a template spectrum
using fxcor task in IRAF (Tonry & Davis 1979). Here, we
adopt ¢ Psc as the template since it provides the most similar
spectrum to KIC 7385478 and obtained with the same instru-
mental setup. We consider absorption lines in échelle orders
3,4, 5, and 6, which cover 5 000-6 800 A, except strongly
blended lines and broad lines, such as H, and NaI D lines. In
Figure 2, we show cross-correlation functions of two spectra
obtained around orbital quadratures.

We give log of observations in Table 1, together with
measured radial velocities and their standard errors. Orbital
phases in the table are calculated via ephemeris and period
given in Borkovits et al. (2016), which we also adopt for
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Figure 2. Cross-correlation functions of two spectra obtained in orbital
quadratures. The letter ¢ shows corresponding orbital phase.

further analysis. Investigating Table 1, one can easily no-
tice the large standard error values for the measured radial
velocities of secondary component. This is primarily caused
by the small contribution of the secondary component to the
total spectrum of the system, which can be evaluated from
the cross correlation peaks of components given in Figure 2.
We note that 3 600 s of exposure time corresponds to 0.025
orbital phase step and estimated radial velocity shift during
this exposure time is about 8 km s~'at the orbital quadra-
tures for the secondary component, and much smaller for the
primary component. These shifts are negligible compared to
the standard errors of the measured radial velocities; there-
fore, we can safely ignore the velocity shift due to the long
exposure time.

Preliminary light curve examination of KIC 7385478 indi-
cates no evidence for eccentric orbit; therefore, we calculate
spectroscopic orbital elements of the system by assuming
circular orbit. In addition, we fixed the orbital period and
ephemeris to the values given by Borkovits et al. (2016). We
use a simple python script written by us, which applies differ-
ential corrections by least squares method to all radial veloc-
ities, as described in Aitken (1935). We tabulate calculated
spectroscopic orbital elements in Table 2 and plot measured
radial velocities together with theoretical spectroscopic or-
bit and residuals from solution in Figure 3. Residuals, which
belongs to the primary component scatters over zero level,
while the residuals of the secondary component occupy the
sub-zero level and this may be interpreted as if the whole
fit could be improved further. However, if one consider the
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Table 2. Spectroscopic orbital elements of KIC 7385478. M, and
M, denote the masses of the primary and secondary component,
respectively, while M shows the total mass of the system.

Parameter Value
Pory (d) 1.655473 (fixed)
Tp (HID2454+) 954.534784 (fixed)
y (kms™h) —162+038
K; (kms™ 1) 38.34+2.7
K> (kms™1) 178.8+2.7
e 0 (fixed)
asini (Rg) 7.10+0.12
M sin® i (Mg) 1.75440.061
Mass ratio (g = M2 /M) 0.211+0.02
Fit rms (km s~ 1) 6.5
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Figure 3. (a) Observed radial velocities of the primary and the secondary
(blue and red filled circles, respectively) and their corresponding theoretical
representations (blue and red curve). (b) Residuals from theoretical solution.

total rms of the fit given in Table 2 (last row) as one o, then
the scatter of residuals is inside ~1.5 o level and indicates
that any further improvement to the orbital solution has no
statistical significance, but only cause slight changes in stel-
lar parameters, which would still stay inside corresponding
standard error.

3.3. Light curve modelling

In case of KIC 7385478, light curve modelling would not
be practical by considering 65 722 long cadence data points;
therefore, we first phase the whole data with respect to the
orbital period and then calculate binned light curve with a
phase step of 0.002 by using freely available fortran code
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Figure 4. (a) Phase binned light curve of KIC 7385478 (black filled circles)
together with best fit models with and without spot (yellow and red curves,
respectively). (b) Close up view of the light curve at light maxima. Panel (c)
and (d) show residuals from the solutions without and with spot, respectively.

Ichin® written by John Southworth. We use the phase binned
light curve for modelling the eclipsing binary. The first step
of the light curve modelling is to find geometric and phys-
ical parameters of the system, based on phase binned data
and the second step is to calculate theoretical light curve
with the best geometric and physical parameters and subtract
the theoretical model from the whole long cadence data in
order to inspect possible out of eclipse variations. We plot
the phase binned light curve in Figure 4, panel a.

By the quick inspection of the phase binned light curve, one
may see that the system is on a circular orbit and there is a pos-
sibility of semi-detached configuration for the system. It may
also be noticed that light level around 0.75 phase is slightly
higher than the light level around 0.25 phase (see Figure 4,
panel b), which means this effect is dominant through 4 yrs
of Kepler observations. Difference in the depth of the pri-
mary and secondary minima is another important feature of
the light curve, which indicates large difference between the
temperatures of the components. Shape of the light curve at
out of eclipse phases indicates variations beside the geomet-
ric eclipse events, such as distortion in geometric shape of
the components, reflection, spots, and even oscillations as
we will focus on in the next section.

6 http://www.astro.keele.ac.uk/~jkt/codes.html#lcbin
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We use 2015 version of the Wilson—Devinney code (Wil-
son & Devinney 1971; Wilson & Van Hamme 2014) for light
curve modelling. Thanks to our spectroscopic observations,
we have already determined the two most critical parameters
of the light curve modelling process, i.e. effective temper-
ature of the primary component and the mass ratio of the
system. We fixed these two parameters during the modelling.
Since the effective temperature of the primary component
is at critical location where the convective outer envelope is
very thin or almost becomes radiative, we carried out solu-
tions by setting gravity darkening (g;) and albedo (A|) values
to 0.32 and 0.5, respectively (for convective envelopes) and
setting both parameters to 1.0 (for radiative envelopes). In
both cases, there is almost negligible difference between so-
lutions with radiative envelope and convective envelope as-
sumption, where convective envelope assumption leads to a
slightly lower residuals; thus, we continue with 0.32 and 0.5
values for g; and A, respectively. We adopt g, and A, val-
ues as 0.32 and 0.5 for the secondary component, which are
typical for convective envelopes. Both light curve and spec-
troscopic orbit solution indicate circular orbit for the system;
therefore, we assume synchronous rotation for the compo-
nents, which is proper for circular orbits, and fix rotation
parameter (F') of each component to 1.0. Here, F is defined
as the ratio of the axial rotation rate to the orbital rate. Linear
limb darkening coefficients (x;, x,) of the components are
adopted from van Hamme (1993).

We start analysis with detached configuration, therefore,
we consider inclination of the orbit (i), temperature of the sec-
ondary component (73), dimensionless omega potentials of
the primary and the secondary component (€21, €2;), luminos-
ity of the primary component (L) as adjustable parameters.
In addition, we observe a general phase shift of 0.002 in the
phase binned light curve, which possibly arises from a shift
in the adopted ephemeris due to the third body (Borkovits
et al. 2016); hence, we also adjust phase shift during analy-
sis. In a few iterations, we observe that the €2, value jiggles
around the inner critical potential value and secondary com-
ponent has entirely filled its Roche-lobe in the corresponding
Roche geometry. Then we switch to the semi-detached con-
figuration and fixed €2,. In this case, we consider distorted
shape of the secondary component and adopt g;, A,, and x;
as adjustable parameters during iterations. After a few itera-
tions, we achieve statistically the best parameter set, however,
we still observe that the residuals from the solution exhibit
additional wave-like variation through an orbital cycle.

During the iterations, we noticed that the contribution of
the secondary component to the total light is not more than
15%; therefore, we expect negligible contribution from the
secondary component to the wave-like variation in residu-
als. The most possible explanation could be that the Roche-
lobe filled secondary star transfers its own mass to the pri-
mary component through the inner Lagrange point, L1, of
the system. The transferred mass possibly hits directly to the
photosphere of the primary component without forming an
accretion disk, thus forms a local region warmer than the
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Table 3. Light curve modelling results of KIC 7385478. (r;) and
(r,) denote mean fractional radii of the primary and the secondary
components, respectively. Spot parameters are given in the order
of co-latitude (6), longitude (¢), radius (rgpo), and temperature
factor (TF). Internal errors of the adjusted parameters are given in
parentheses for the last digits. Asterix symbols in the table denote
fixed value for the corresponding parameters.

Parameter Value

q 0.21*

T (K) 7 000*

g1, 82 0.32%, 0.270(5)
Ay, Ay 0.5%, 0.699(3)
h=F 1.0*
Phase shift 0.00160(2)
i(°) 70.966(8)

T2 (K) 4293(150)
Q 4.9582(43)
Q) 2.2574*
Li/(Ly1+Ly) 0.8590(6)
x1bol, xpbol 0.471*,0.531*
X1, %2 0.462*, 0.344(8)
(r1), (r2) 0.2114(2), 0.2527*
0(°) 98(6)

(°) 93(1)

Tspot (%) 13(1)

TF 1.022(2)
Model rms 1.1 x 1074

surrounding photosphere. Therefore, we consider this hot re-
gion as a bright spot on the primary component and add a
single bright spot into our light curve model. At first step,
we adopt spot longitude and radius as adjustable parameters
together with eclipsing binary parameters and fixed the spot
co-latitude and temperature factor to 45° and 1.03, respec-
tively. After these parameters are adjusted, we fix the spot
longitude and radius, and adjust spot co-latitude and temper-
ature factor. Until we achieve the best solution, we adjust
different number of spot parameters simultaneously with a
different combinations. When we reach the best solution, we
adopt all parameters (spot and eclipsing binary) adjustable
and run a single iteration in order to obtain statistical uncer-
tainties. We tabulate our results in Table 3. Note that we do
not give the internal error of the 75 since it is unrealistically
small (~ 1 K); therefore, we adopt the uncertainty of 7} esti-
mated in Section 3.1 as the uncertainty of 7. In Figure 4, we
over plot the best fit models of spotless and spotted solutions
(panel a and b) and show residuals from both solutions in
panel c and d in the same figure.

3.4. Physical properties and evolutionary status

Combining results from spectroscopic orbital solution and
light curve modelling, we calculate absolute physical parame-
ters of the system listed in Table 4. Inspecting the parameters,
we immediately see that the secondary component has a very
large radius compared to its mass which causes lower grav-
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Table 4. Absolute physical properties of KIC 7385478. Error of
each parameter is given in parenthesis for the last digits.

Parameter Primary Secondary
Spectral Type F1v K4 1II-1V
Mass (Mp) 1.71(8) 0.37(4)
Radius (Rp) 1.59(3) 1.90(3)
Log L/Lg 0.737(52) 0.043(82)
log g (cgs) 4.269(7) 3.444(31)
My (mag) 2.91(13) 4.64(21)

ity compared to a typical main sequence star. A typical main
sequence star has a radius of ~0.41 Rg(Gray 2005). Adopt-
ing temperature calibration of Gray (2005), we estimate the
spectral type of the secondary as K4 III-IV. All these indi-
cate that the lower mass secondary component has already
evolved off the main sequence, which seems contradictory
to the stellar evolution theory. However, we know that the
secondary component has already filled its Roche-lobe and
there must be mass transfer from secondary to the primary via
inner Lagrange point, L1. The situation could be explained
as the secondary component was actually the more massive
component in the system and as it evolved off the main se-
quence, it filled its Roche-lobe and started a mass transfer to
the less massive component (in our case, the primary compo-
nent). We observe the effect of the mass transfer as hot spot
on the primary component. Continuous mass transfer in time
finally reversed the mass ratio of the system; therefore, the fi-
nal configuration became like a more massive main sequence
star and a less massive sub-giant star. This is typical scenario
adopted for Algols, which are well known to have reverted
their mass ratio because of Roche-lobe overflow.

In Figure 5, we show the position of the primary com-
ponent of KIC 7385478 on Hertzsprung—Russel diagram,
together with some eclipsing binaries with known y Do-
radus type pulsating components, i.e. VZ CVn (Ibanoglu
et al. 2007), CoRot 102918586 (Maceroni et al. 2013),
KIC 11285625 (Debosscher et al. 2013), KIC 9851142
(Cakarl1 2015), KIC 9851944 (Guo et al. 2016), V2653 Oph
(Cakarli & Ibanoglu 2016), CoRot 100866999 (Chapellier &
Mathias 2013). Our target is located in the middle of the y
Doradus instability strip given by Warner et al. (2003), which
takes us to the possibility of y Doradus type pulsation on the
primary component.

3.5. The out-of-eclipse variations

In order to inspect the out-of-eclipse variations, we first con-
struct a theoretical light curve by using the parameters in
Table 3, then subtract it from whole long cadence data and
obtain residuals. In this process, we first divide the whole long
cadence data into subsets where each subset covers a single
orbital cycle. Then, we run differential correction programme
of the Wilson-Devinney code by only adjusting ephemeris
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Figure 5. Position of the primary component of KIC 7385478 on
Hertzsprung—Russel diagram (star symbol in blue). Black dots show con-
firmed y Doradus stars from Henry, Fekel, & Henry (2005), filled large black
circles denote discovered pulsating components in eclipsing binaries. Red
dashed lines indicate theoretical cool and hot boundary of y Doradus insta-
bility strip (Warner, Kaye, & Guzik 2003). Black continuous curves show
zero age and terminal age main sequences, taken from Pols et al. (1998).

reference time of the related subset and keeping all remain-
ing parameters fixed. This process eliminates any shift in the
ephemeris reference time due to the light time travel effect
caused by the third body and gives correct residuals.

In Figure 6, we plot the whole residuals (panel a), and a
sample of residuals covering a time span of a month (panel
b and c). One may easily notice that removing eclipsing bi-
nary model from the data unravels a clear variation with a
dominant period of ~0.5 d (panel b) with variable amplitude,
which suggests the possibility of y Doradus type pulsation
(Kaye et al. 1999) on the primary component, with a beat pe-
riod of about 12 d. In addition, we observe occasional increase
in amplitude of residuals (panel ¢), where the most dominant
period becomes the orbital period, however, by keeping 0.5
d variation as small humps and pits through an orbital cycle.

We apply multi-frequency analysis to the residual data us-
ing pysca software package (Herzberg & Glogowski 2014)
to investigate these variations. In case of continuous and long
time series photometry, pysca is very practical to automat-
ically extract significant frequencies above a defined SNR
limit. We start with Fourier analysis of the data for the fre-
quency between 0 and 24.498 cycle/d (c/d), where the 24.498
denotes the nyquist frequency. In Figure 7, we show ampli-
tude spectrum of the residuals (panel a). We observe that the
dominant frequencies are located in lower frequency region
(f < 5 c/d) and consider this region for frequency extrac-
tion process. In this process, the most dominant frequency
in the amplitude spectrum is determined. Then its amplitude
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and phase are calculated via A; Xsin[27 (fit + ¢;)], where ¢
is the time of the corresponding measurement, while A;, fi,
and ¢; show the amplitude, frequency, and phase of the ith
frequency, respectively. Next, this frequency is removed from
the data and the same process is repeated for the remaining
‘prewhitened’ residuals. We adopt criteria of Breger et al.
(1993), which puts a lower SNR limit of 4 for a frequency
to be accepted as significant. Uncertainties of the extracted
frequencies are estimated as ~ 7 x 1073 d~!, which is deter-
mined by using the Rayleigh criterion.

This process leads to 735 frequencies above SNR limit
of 4. The most dominant two peaks are located at 2.0252
and 1.9427 c/d, corresponding 0.4938 and 0.5147 d and we
define these frequencies as y Doradus type pulsation fre-
quencies. Third and fourth peaks are 0.6034 and 0.6023 c/d,
corresponding 1.6573 and 1.6603 d, and these frequencies
indicate the orbital frequency. Beyond the first four frequen-
cies, we do not find any independent frequency but low- and
high-order combination of pulsation and orbital frequencies.
We list the extracted frequencies in Table Al.

In Figure 7, we also show close view around orbital fre-
quency (panel b) and pulsation frequencies (panel ¢ and d).
One may easily notice that peaks at pulsation frequencies
are single and sharp peaks, while the peak at the orbital fre-
quency is more shallow in amplitude and broader. This picture
leads us to calculate amplitude spectrum of long cadence data
for each Kepler data quarter separately and investigate be-
haviour of the dominant peaks in 4 yrs time range. We plot am-
plitude spectrum of each quarter separately in Figure 8. Am-
plitudes of the pulsation frequencies are almost stable in all
quarters, while the amplitude of the orbital frequency clearly
varies in time, which causes shallow and broader peak(s) at
the orbital frequency in the amplitude spectrum of the 4 yr
long cadence data.

4 SUMMARY AND DISCUSSION

Photometric and spectroscopic analysis of KIC 7385478
shows that the system is a low mass ratio (¢ = 0.21) eclips-
ing binary formed by an F1V primary, and a K4III-IV sec-
ondary components which entirely fills its Roche-lobe. This
means the system can be classified as semi-detached. Phys-
ical properties of the components suggest that the low mass
secondary component has already evolved off the main se-
quence before the dwarf primary component, which is not
expected in the scope of the stellar evolution theory. Con-
tinuous mass transfer between the components could explain
this situation, which could change the roles (and masses) of
the components in long time scales. If the mass transfer does
not lead to a disk, a hot spot forms on the photosphere of the
mass gaining component, where the streaming matter directly
hits to its photosphere. Almost continuous Kepler long ca-
dence photometry through 4 yrs indicates a brightness level
difference between orbital quadrature phases (i.e. 0.25 and
0.75 phases), which could be explained by this kind of a
hot spot on the primary (mass gaining) component. At that
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Figure 6. (a) Residuals from whole long cadence data. (b) Portion of residuals around BJD = 2 455 723, where the variation amplitude
is smaller. (¢) Residuals around BJD = 2 455 200, where the variation amplitude is larger.

0.005
0.004
0.003
0.002
0.001

0.000
0

0.005
0.004
0.003
0.002
0.001
0.000

0

Amplitude (mag)

0.005
0.004
0.003
0.002
0.001

000
1.91 1.92 1.93 1.94 1.95 1.96

5 10 15 20 25

A Al MMNV,\"\/\_W A L

.56

0.57 058 059 060 0.61 0.62 0.63

! 4

2.00 2.01 2.02 2.03 2.04 2.05
Frequency (c/d)

Figure 7. (a) The whole amplitude spectrum of the residuals. (b) Close view of the frequency range
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frequencies.

point, the assumption of an impact system (no disc) can be
justified by the mass ratio (0.22) and fractional radius of the
primary (0.21) according to Lubow—Shu criterium (Lubow
& Shu 1975) for disc formation. Furthermore, we do not ob-
serve any emission feature in H,, indicates the absence of the
disk and this is consistent with impact system assumption.
The position of the primary component on HR diagram
corresponds to the middle of the region where y Doradus
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variables are located and suggests intrinsic light variations
related to pulsation. When we subtract the eclipsing bi-
nary model from the long cadence data, we see clear signal
which has a dominant period of ~0.5 d indicating y Doradus
type pulsations and confirms the intrinsic variation suggested
by the position on HR diagram. However, we also observe
occasional increase in the amplitude of the residuals where
the dominant period becomes the orbital period, including
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~0.5 d variation as a smaller amplitude variation. Multiple
frequency analysis of the residuals results in 735 frequen-
cies, where the first two frequencies indicate y Doradus type
pulsations, while the third and the fourth frequencies corre-
spond to the orbital frequency. Most of the remaining 731
frequencies correspond to either the orbital frequency or its
harmonics. This indicates an additional light variation with
a period almost identical to the orbital one and this variation
is usually suppressed by the light variation originating from
pulsations.

Figures 7 and 8 clearly show that the amplitude of the
orbital frequency varies in time and this causes broad and
shallow peak structure at the orbital frequency in amplitude
spectrum of 4 yr data, which is another evidence for the ad-
ditional light variation mentioned above. Possible star spot
activity originating from the cool secondary component could
easily cause this kind variation, thus leads to many low- and
high-order combinations of the pulsation and orbital frequen-
cies in the amplitude spectrum, especially in period analysis
of continuous long-term data, which covers ~4 yrs in case
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of KIC 7385478. It is also known that stellar magnetic ac-
tivity may cause orbital period modulations via mechanism
proposed by Applegate (1992). Another possibility for orbital
period modulations is variable mass transfer rate in the donor.
Since the typical time scales for Applegate mechanism and
variable mass transfer rate are decades or longer, these are
not comparable to the modulations observed in residual data
of KIC 7385478, therefore are not likely.

Estimated spectral type and luminosity class of the sec-
ondary component provide support for the spot activity pos-
sibility. According to the eclipsing binary model, 14% con-
tribution of the secondary component to the total light is ex-
pected at very broad band Kepler filter, which means we
may observe small amplitude light variation due to the possi-
ble spot activity of the secondary star. However, when we
check the observed spectra of the system, we do not ob-
serve any emission feature in Ca II H & K lines, which are
very sensitive to the chromospheric activity in cool stars.
Considering the temperatures and radii of the compo-
nents, one may easily conclude that the contribution of the
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secondary component to the total light around 3 950 A is
almost completely negligible, hence, considering only the
spectroscopic indicators, we may not arrive at the conclusion
on the existence of star spot activity in case of KIC 7385478.
Therefore, we can still speculate that the secondary com-
ponent might have star spot activity, which seems the most
possible cause of the occasional amplitude increase in the

light residuals.
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A Multi-frequency analysis results

Table Al. Extracted frequencies in multi-frequency analysis. N,
F, A, P, and SNR means number, frequency (in c/d), amplitude (in
mmag), phase, and signal-to-noise ratio, respectively.

N F A P SNR
1 2.0252 0.470 0.2618 275.8
2 1.9428 0.315 0.6111 210.5
3 0.6035 0.183 0.7206 105.5
4 0.6023 0.169 0.5600 84.7
5 0.6563 0.143 0.5643 76.2
6 0.6055 0.127 0.1400 715
7 1.8052 0.124 0.0554 91.7
8 0.7138 0.115 0.7896 69.5
9 2.4208 0.102 0.4827 87.2
10 0.6048 0.090 0.3848 62.7
11 0.6062 0.079 0.5564 50.9
12 1.2087 0.058 0.1224 50.2
13 1.2119 0.064 0.5436 48.1
14 0.6008 0.065 0.7873 422
15 0.4780 0.061 0.4596 422
16 2.1178 0.060 0.4606 54.5
17 3.7537 0.058 0.3023 67.9
18 0.6110 0.062 0.5936 389
19 0.6002 0.054 0.2745 39.7
20 0.6084 0.045 0.1297 38.7
21 0.6028 0.050 0.7349 36.8
22 1.2041 0.051 0.3854 35.8
23 0.5983 0.034 0.3999 294
24 1.2051 0.036 0.5672 32.1
25 0.8446 0.036 0.8880 27.6
26 1.2110 0.036 0.6077 28.4
27 1.8109 0.033 0.6449 29.9
28 0.6041 0.035 0.0754 252
29 0.6075 0.034 0.5545 26.5
30 1.2099 0.032 0.5354 273
31 0.5956 0.030 0.6500 223
32 1.1569 0.026 0.9567 23.0
33 0.5993 0.030 0.3687 232
34 1.6469 0.024 0.7514 23.8
35 0.5918 0.025 0.1310 19.6
36 0.5970 0.021 0.9181 20.0
37 0.0008 0.024 0.8344 18.6
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Table A1l. Continued. Table A1l. Continued.

N F A P SNR N F A P SNR

38 1.4211 0.022 0.8007 20.5 100 24168 0.011 0.4929 15.5
39 2.8693 0.022 0.3247 24.7 101 1.8152 0.016 0.2536 14.6
40 2.6815 0.022 0.0867 23.9 102 1.2604 0.012 0.3536 13.4
41 0.6091 0.026 0.5645 18.4 103 0.0039 0.010 0.0208 10.5
42 0.6101 0.022 0.8878 20.5 104 2.2210 0.013 0.3379 15.1
43 1.2078 0.020 0.8653 20.3 105 1.2201 0.011 0.5429 13.3
44 0.0129 0.021 0.2401 15.2 106 2.8073 0.012 0.3263 16.0
45 1.8117 0.020 0.2413 20.2 107 0.7347 0.012 0.5311 12.2
46 1.3322 0.019 0.7038 18.6 108 0.0472 0.008 0.4934 10.1
47 0.6197 0.021 0.8756 16.6 109 4.2289 0.010 0.0992 19.0
48 3.8374 0.020 0.9090 254 110 0.2200 0.010 0.1354 10.8
49 1.1790 0.018 0.4249 17.4 111 0.0095 0.014 0.4078 10.5
50 0.6662 0.017 0.4237 15.9 112 3.7550 0.012 0.4206 17.9
51 3.0771 0.019 0.1901 22.3 113 0.5854 0.014 0.8983 11.5
52 0.5902 0.016 0.0661 15.7 114 0.2844 0.011 0.3917 10.5
53 0.6144 0.017 0.9196 15.4 115 2.3913 0.011 0.1483 14.5
54 0.6162 0.016 0.5804 15.6 116 1.0857 0.011 0.1677 12.5
55 1.2030 0.018 0.0640 17.3 117 4.9631 0.011 0.7112 20.1
56 0.0441 0.018 0.9902 13.9 118 0.5891 0.013 0.5727 11.8
57 0.0103 0.025 0.7827 13.7 119 1.8169 0.011 0.4276 13.5
58 2.4687 0.018 0.5315 18.9 120 1.3692 0.011 0.2257 12.6
59 4.4414 0.017 0.7160 24.4 121 0.0432 0.014 0.1173 9.8
60 0.8171 0.018 0.0733 15.3 122 1.4164 0.011 0.6597 12.3
61 2.7390 0.018 0.4742 19.9 123 1.8143 0.012 0.6238 13.6
62 0.6216 0.018 0.4458 15.1 124 0.0846 0.010 0.7156 9.7
63 1.2849 0.017 0.1149 16.3 125 0.0069 0.012 0.4976 9.6
64 4.6194 0.016 0.5229 23.7 126 2.9924 0.010 0.7486 14.9
65 2.3371 0.016 0.3393 17.2 127 3.6239 0.012 0.3657 16.7
66 1.1995 0.018 0.3142 14.7 128 3.0247 0.012 0.2936 15.0
67 1.2005 0.018 0.6592 17.3 129 3.9680 0.011 0.6050 17.3
68 2.6293 0.014 0.3300 17.5 130 4.3590 0.011 0.5049 18.0
69 0.4964 0.013 0.1267 13.2 131 0.0565 0.013 0.4973 9.4
70 4.8330 0.013 0.6804 22.5 132 24153 0.011 0.3813 13.8
71 3.0200 0.014 0.3884 18.4 133 0.0533 0.011 0.3310 9.6
72 0.0309 0.014 0.8959 11.9 134 0.5943 0.011 0.9709 10.9
73 1.2133 0.014 0.6766 14.5 135 0.5597 0.011 0.2706 10.4
74 0.6301 0.011 0.8103 13.1 136 2.6142 0.010 0.3255 14.1
75 3.1345 0.014 0.0059 18.4 137 1.8084 0.010 0.6916 12.5
76 0.0524 0.017 0.4613 114 138 4.7018 0.010 0.8318 17.8
77 3.6250 0.010 0.0494 19.6 139 0.3418 0.008 0.7422 9.5
78 1.8136 0.013 0.6465 15.2 140 0.0026 0.011 0.8688 9.1
79 0.6280 0.014 0.5003 12.7 141 1.2124 0.012 0.7828 12.9
80 0.6128 0.014 0.0515 13.1 142 4.8318 0.011 0.7306 18.1
81 1.5403 0.014 0.3901 14.6 143 0.5695 0.008 0.4827 9.9
82 4.0154 0.014 0.2136 20.2 144 0.6245 0.010 0.5124 10.1
83 2.5991 0.014 0.2656 16.6 145 2.5468 0.009 0.2065 13.1

84 0.6177 0.014 0.2119 12.7 146 0.1052 0.010 0.6602 9.0
85 3.4113 0.013 0.2584 18.7 147 0.0336 0.010 0.5657 8.4
86 0.0019 0.015 0.5863 11.6 148 0.1134 0.008 0.2306 9.0
87 0.1168 0.012 0.4075 11.0 149 1.5992 0.009 0.8162 11.7
88 3.2333 0.013 0.5021 18.2 150 0.0214 0.010 0.0713 8.6
89 2.6566 0.014 0.8287 16.6 151 0.0449 0.009 0.0795 9.2
90 1.3387 0.013 0.1568 14.1 152 0.5877 0.011 0.1086 10.1
91 1.4590 0.013 0.0607 14.5 153 0.5797 0.009 0.1969 10.0
92 1.2062 0.015 0.4634 14.7 154 1.8645 0.009 0.9255 11.9
93 0.5925 0.011 0.3193 12.6 155 1.2036 0.012 0.7640 12.9
94 1.7284 0.013 0.1816 14.9 156 1.3178 0.009 0.8759 11.2
95 0.0826 0.009 0.3652 10.7 157 0.5740 0.009 0.2844 9.9
96 0.6016 0.011 0.1482 12.8 158 0.0288 0.007 0.6727 8.8
97 0.5811 0.013 0.7875 12.2 159 4.2278 0.010 0.6653 16.5
98 2.1706 0.012 0.0829 15.3 160 4.8369 0.009 0.8982 17.0
99 1.2105 0.013 0.4646 16.1 161 1.7958 0.009 0.3709 11.6
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Table Al. Continued. Table A1. Continued.

N F A P SNR N F A P SNR
162 1.0052 0.009 0.6319 10.2 224 0.6488 0.007 0.7964 8.0
163 0.9951 0.008 0.3070 10.3 225 0.0397 0.007 0.1003 73
164 0.0895 0.012 0.7737 8.5 226 0.0354 0.006 0.4586 7.6
165 0.0143 0.007 0.5967 8.2 227 0.0938 0.007 0.1194 7.1
166 3.4937 0.009 0.4420 14.3 228 1.1982 0.007 0.5649 8.6
167 3.6173 0.008 0.7603 14.6 229 0.9672 0.006 0.0567 8.3
168 0.1378 0.010 0.3321 8.2 230 2.8896 0.007 0.9090 10.8
169 0.0480 0.007 0.8814 8.3 231 1.2020 0.009 0.0116 9.4
170 0.0186 0.006 0.1057 8.4 232 3.1509 0.007 0.9775 11.2
171 0.0509 0.008 0.9190 8.6 233 0.5869 0.009 0.8703 8.1
172 0.0803 0.010 0.6598 8.4 234 1.2355 0.007 0.5330 8.6
173 0.0087 0.013 0.7656 8.7 235 3.0208 0.007 0.4495 11.1
174 2.5259 0.008 0.5191 12.1 236 2.7926 0.006 0.8003 10.5
175 2.3384 0.008 0.8083 119 237 0.3717 0.007 0.5017 7.2
176 1.9985 0.009 0.7772 114 238 1.2140 0.008 0.0111 8.7
177 4.4100 0.009 0.5855 154 239 0.0222 0.009 0.8167 6.8
178 1.2272 0.009 0.9901 10.0 240 0.5759 0.007 0.5043 7.7
179 0.5964 0.008 0.1089 9.3 241 0.5772 0.006 0.1883 8.2
180 0.6187 0.012 0.3725 10.3 242 0.0739 0.006 0.3209 6.7
181 0.6206 0.011 0.0193 10.2 243 0.0574 0.005 0.2890 7.2
182 0.0315 0.014 0.7970 8.1 244 0.0077 0.006 0.9595 7.0
183 0.0623 0.006 0.0421 8.4 245 4.4674 0.006 0.2380 12.8
184 1.2171 0.010 0.5839 10.1 246 0.9993 0.006 0.4145 8.1
185 1.1873 0.007 0.8383 10.1 247 0.0322 0.007 0.6979 6.5
186 1.2160 0.009 0.6245 10.3 248 1.1968 0.006 0.3491 8.2
187 0.0263 0.012 0.1299 8.4 249 0.6349 0.004 0.1773 7.5
188 4.2328 0.010 0.9689 14.6 250 0.0787 0.006 0.2070 6.8
189 4.9498 0.007 0.6767 15.7 251 4.6394 0.006 0.1738 12.8
190 0.6314 0.004 0.0839 8.8 252 2.0074 0.006 0.1696 9.1
191 1.9218 0.008 0.8825 10.8 253 0.6599 0.006 0.8010 7.3
192 3.3306 0.008 0.2377 13.0 254 1.2186 0.006 0.7455 8.1
193 3.6288 0.007 0.7552 13.6 255 2.4178 0.007 0.2341 10.0
194 4.0977 0.008 0.3866 14.4 256 0.1532 0.006 0.5155 6.4
195 0.2130 0.008 0.6613 8.0 257 3.6261 0.008 0.0635 11.5
196 0.0049 0.010 0.9493 8.6 258 1.8128 0.006 0.4256 9.2
197 0.0986 0.006 0.4770 7.8 259 0.0178 0.009 0.9468 7.1
198 2.4135 0.006 0.6587 11.3 260 0.1111 0.007 0.2124 6.6
199 4.8254 0.008 0.1253 15.5 261 0.0609 0.009 0.2394 6.6
200 3.6223 0.007 0.8083 13.6 262 0.1258 0.009 0.3570 6.6
201 1.2242 0.007 0.4654 9.5 263 1.2226 0.008 0.0595 8.1
202 0.0368 0.007 0.6030 7.4 264 0.6411 0.006 0.8622 72
203 0.5729 0.007 0.7046 8.7 265 0.6323 0.008 0.4660 7.4
204 0.6579 0.007 0.6780 8.4 266 3.0235 0.007 0.6443 10.0
205 0.1018 0.006 0.3971 7.5 267 4.8395 0.006 0.7207 12.3
206 0.6838 0.008 0.5788 8.2 268 3.0726 0.005 0.2607 9.9
207 0.1426 0.004 0.4217 7.3 269 0.0494 0.007 0.2219 6.7
208 0.6423 0.010 0.2468 8.1 270 0.0755 0.009 0.6666 6.8
209 1.8185 0.008 0.1807 9.9 271 0.5363 0.004 0.8838 6.9
210 0.0864 0.010 0.2549 7.4 272 1.0775 0.006 0.5053 7.6
211 0.3955 0.007 0.6943 7.7 273 42214 0.006 0.7295 114
212 0.0670 0.007 0.2321 7.4 274 1.9485 0.006 0.3600 8.5
213 3.0194 0.008 0.8203 11.5 275 2.0246 0.007 0.7458 8.6
214 2.2032 0.007 0.1224 10.2 276 0.5568 0.007 0.1948 6.7
215 0.0063 0.011 0.2367 7.7 277 0.5676 0.005 0.3004 6.8
216 0.0630 0.008 0.2310 7.5 278 0.4949 0.006 0.3021 6.7
217 0.0156 0.010 0.9619 7.5 279 4.8282 0.006 0.0358 11.8
218 0.0198 0.009 0.9606 8.3 280 4.8343 0.007 0.7484 12.1
219 0.6261 0.006 0.1145 8.1 281 0.1558 0.006 0.2316 6.2
220 0.5823 0.010 0.3587 8.2 282 0.1548 0.007 0.8164 7.1
221 2.4091 0.008 0.4653 10.3 283 0.1661 0.006 0.3987 6.2
222 1.8695 0.007 0.6241 9.6 284 0.5587 0.006 0.9196 7.1
223 2.4186 0.008 0.1687 10.4 285 0.0972 0.005 0.5152 6.0
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KIC 7385478: An Eclipsing Binary with a y Doradus Component 13
Table A1l. Continued. Table A1l. Continued.

N F A P SNR N F A P SNR

286 0.0644 0.005 0.9109 6.2 348 0.0032 0.007 0.6035 6.7
287 1.9416 0.006 0.6954 8.5 349 0.0710 0.007 0.0744 6.0
288 1.1844 0.006 0.0778 7.4 350 1.2278 0.005 0.1573 7.3
289 1.2148 0.007 0.6590 7.7 351 1.5472 0.005 0.6609 7.2
290 24615 0.005 0.7649 8.7 352 4.2246 0.005 0.6882 10.2
291 1.1953 0.005 0.1796 7.5 353 4.9421 0.005 0.9629 10.7
292 0.1286 0.006 0.4343 6.2 354 4.2356 0.005 0.0066 10.0
293 2.4120 0.006 0.6780 8.6 355 1.6815 0.005 0.2665 7.3
294 24219 0.006 0.3595 9.1 356 0.0746 0.005 0.9862 6.2
295 0.6379 0.004 0.7334 6.8 357 0.0954 0.006 0.5252 6.0
296 4.2270 0.006 0.2032 10.9 358 0.1461 0.004 0.0825 59
297 0.1249 0.005 0.5003 6.2 359 0.1349 0.006 0.1508 5.6
298 4.8304 0.005 0.5935 11.5 360 0.1538 0.005 0.2414 6.8
299 3.6203 0.006 0.6814 10.0 361 0.1685 0.003 0.3625 59
300 1.3331 0.006 0.5969 7.6 362 3.0186 0.005 0.4121 8.6
301 0.1817 0.005 0.4327 6.0 363 3.0253 0.005 0.3291 9.0
302 2.0261 0.005 0.5292 8.5 364 3.0164 0.005 0.1152 8.6
303 3.6231 0.005 0.0308 10.3 365 2.4682 0.006 0.6312 9.4
304 0.6272 0.004 0.4733 6.9 366 2.6966 0.005 0.9016 8.0
305 0.5521 0.006 0.5181 6.4 367 0.6939 0.006 0.4330 6.2
306 0.3340 0.004 0.7556 6.1 368 0.7096 0.005 0.8726 6.4
307 1.8001 0.005 0.0146 7.8 369 0.6475 0.005 0.5853 6.5
308 4.8848 0.005 0.8176 11.1 370 0.4486 0.004 0.3846 6.0
309 3.6273 0.006 0.9809 10.2 371 0.1957 0.005 0.3543 5.6
310 0.6629 0.006 0.2632 6.5 372 0.0682 0.007 0.6588 54
311 0.6367 0.004 0.9079 7.0 373 0.4859 0.005 0.9815 6.0
312 0.5779 0.004 0.0337 6.7 374 0.5481 0.004 0.8305 6.0
313 0.5818 0.006 0.3530 7.0 375 0.4665 0.004 0.0094 59
314 2.5455 0.005 0.4428 8.3 376 4.2807 0.004 0.0670 9.6
315 2.6639 0.005 0.3763 8.5 377 1.3744 0.004 0.5523 6.7
316 0.5716 0.005 0.1861 6.5 378 2.3970 0.004 0.0194 7.6
317 0.1264 0.005 0.8625 5.8 379 0.5398 0.005 0.0810 59
318 0.1182 0.005 0.3956 59 380 0.6700 0.004 0.3677 6.0
319 3.6767 0.005 0.8874 9.7 381 0.7127 0.004 0.9816 6.2
320 1.3373 0.005 0.4933 7.1 382 0.6172 0.007 0.1135 7.0
321 0.6556 0.004 0.4132 6.5 383 0.6520 0.005 0.4788 6.0
322 2.2856 0.005 0.4427 8.1 384 3.2654 0.004 0.9935 8.2
323 1.4763 0.005 0.9978 7.2 385 1.2430 0.004 0.7093 6.4
324 1.1644 0.005 0.8101 7.0 386 0.0962 0.008 0.7486 5.9
325 1.1924 0.004 0.0803 7.2 387 0.1095 0.004 0.6922 52
326 1.2013 0.005 0.5915 7.5 388 24161 0.004 0.9073 7.4
327 0.2462 0.005 0.7426 59 389 0.4732 0.003 0.0929 5.6
328 0.1468 0.005 0.8532 5.9 390 0.6307 0.006 0.1380 6.0
329 0.1618 0.005 0.2239 5.8 391 0.6096 0.008 0.1899 9.0
330 0.0583 0.007 0.2740 6.2 392 0.6119 0.007 0.5343 7.2
331 0.5860 0.004 0.5058 7.0 393 0.0780 0.004 0.7264 54
332 0.6462 0.006 0.1790 6.4 394 1.0790 0.004 0.6642 6.2
333 1.5799 0.005 0.3919 7.3 395 3.4950 0.004 0.1871 8.2
334 2.4147 0.005 0.8363 8.4 396 1.4275 0.004 0.7428 6.4
335 3.0223 0.005 0.4275 9.0 397 1.1896 0.005 0.6146 6.3
336 3.6313 0.006 0.2562 9.5 398 1.2056 0.007 0.1518 8.3
337 0.1632 0.004 0.8586 5.8 399 0.0242 0.006 0.5848 5.7
338 3.7341 0.005 0.4397 9.5 400 0.0770 0.004 0.6703 5.9
339 1.8209 0.005 0.2187 7.6 401 0.0135 0.004 0.5155 5.7
340 1.8070 0.005 0.6261 7.7 402 0.0463 0.005 0.7925 6.2
341 0.1010 0.007 0.7478 5.7 403 2.5190 0.004 0.9394 7.3
342 0.0763 0.006 0.2092 5.7 404 4.7032 0.004 0.3849 9.5
343 0.0330 0.002 0.8370 6.3 405 4.3381 0.004 0.6858 9.1
344 0.0377 0.007 0.2750 6.2 406 1.8194 0.004 0.3103 7.1
345 0.1044 0.005 0.3752 5.8 407 0.5656 0.006 0.0322 5.8
346 0.6069 0.006 0.4180 6.9 408 2.7636 0.004 0.0579 7.5
347 0.6444 0.008 0.2527 6.5 409 0.6157 0.006 0.1911 6.9
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14 Ozdarcan and Dal
Table Al. Continued. Table A1. Continued.

N F A P SNR N F A P SNR
410 0.5847 0.006 0.4052 6.1 472 4.8361 0.004 0.9403 9.3
411 0.2017 0.005 0.3462 5.3 473 49617 0.004 0.5742 8.9
412 3.1300 0.004 0.3363 7.8 474 0.0945 0.006 0.3966 5.3
413 3.6218 0.004 0.9463 9.4 475 1.9475 0.004 0.4560 6.5
414 0.1365 0.005 0.1730 5.2 476 0.6667 0.006 0.1897 6.1
415 0.0390 0.007 0.8282 5.7 477 0.6985 0.004 0.1118 5.4
416 0.0361 0.004 0.4996 6.2 478 0.6803 0.004 0.6363 54
417 0.0617 0.005 0.8663 5.7 479 0.0303 0.006 0.8319 5.3
418 0.1883 0.004 0.8337 5.5 480 0.7038 0.004 0.1086 5.3
419 1.2639 0.004 0.5090 6.2 481 0.3299 0.004 0.7127 4.9
420 0.6332 0.005 0.4889 6.3 482 0.3033 0.004 0.6330 5.0
421 0.6255 0.006 0.7199 7.0 483 0.1611 0.004 0.0336 4.9
422 0.5789 0.005 0.9912 6.3 484 0.2035 0.004 0.1517 4.8
423 0.7763 0.004 0.4223 5.9 485 0.2694 0.004 0.9749 4.8
424 2.7876 0.004 0.8879 7.4 486 3.9009 0.004 0.1089 7.7
425 4.2334 0.005 0.4100 9.3 487 0.1649 0.004 0.5565 4.9
426 0.1212 0.005 0.7227 5.6 488 1.1698 0.003 0.7949 54
427 0.1320 0.003 0.9835 5.4 489 1.2301 0.004 0.3618 5.6
428 0.6236 0.006 0.3066 6.2 490 1.5136 0.003 0.8284 5.6
429 0.1128 0.005 0.7081 5.3 491 0.5192 0.004 0.6906 4.9
430 3.0132 0.004 0.7375 7.7 492 0.5221 0.003 0.0884 5.0
431 2.8910 0.004 0.2992 7.5 493 0.3680 0.003 0.2712 4.8
432 3.8303 0.004 0.1565 8.4 494 0.4213 0.003 0.8097 5.0
433 0.6917 0.005 0.3599 5.7 495 0.1854 0.004 0.4820 4.7
434 0.5977 0.005 0.6593 6.4 496 0.4602 0.003 0.5508 5.0
435 0.0149 0.004 0.3717 5.7 497 0.2642 0.004 0.2734 4.6
436 4.8290 0.004 0.8955 9.6 498 0.0652 0.008 0.0828 5.4
437 0.5458 0.003 0.7050 5.6 499 0.0732 0.004 0.9467 4.8
438 0.5373 0.006 0.0530 5.8 500 0.0555 0.007 0.3539 5.0
439 1.2251 0.004 0.0145 6.4 501 0.1031 0.004 0.4012 5.0
440 0.8858 0.004 0.5837 5.8 502 0.1074 0.005 0.6009 4.7
441 0.6359 0.006 0.8781 6.3 503 4.0991 0.003 0.6757 7.6
442 2.5803 0.004 0.7516 7.0 504 0.5535 0.003 0.4260 5.0
443 1.2408 0.005 0.6651 6.1 505 2.8701 0.003 0.3971 6.6
444 2.8122 0.004 0.3518 7.3 506 1.9436 0.004 0.2756 6.1
445 4.8352 0.005 0.3182 9.8 507 4.8374 0.004 0.7261 9.0
446 1.8091 0.004 0.9382 6.6 508 4.0504 0.003 0.7416 7.6
447 0.5834 0.007 0.3102 6.4 509 3.0118 0.003 0.3390 6.7
448 0.5275 0.006 0.9830 5.6 510 0.5441 0.003 0.0740 5.0
449 0.1141 0.005 0.0340 5.3 511 0.4287 0.004 0.6468 4.8
450 0.0929 0.007 0.1916 5.7 512 0.7063 0.003 0.3598 5.0
451 0.2924 0.005 0.9228 5.1 513 2.4231 0.004 0.6310 6.4
452 4.2316 0.005 0.9844 8.8 514 1.2313 0.004 0.4308 5.5
453 4.2304 0.004 0.4969 9.4 515 1.8756 0.003 0.3359 5.8
454 4.3576 0.004 0.8228 8.8 516 1.1806 0.004 0.1709 54
455 1.8041 0.004 0.9325 6.7 517 0.1280 0.005 0.5063 4.8
456 2.2187 0.004 0.9185 6.8 518 0.1297 0.005 0.3037 55
457 4.8310 0.004 0.1935 9.3 519 0.1899 0.004 0.9423 4.8
458 1.2346 0.004 0.5441 6.1 520 0.0457 0.005 0.1781 5.0
459 1.8602 0.004 0.0884 6.3 521 2.0281 0.003 0.1735 59
460 3.5830 0.004 0.8596 7.7 522 0.1244 0.005 0.9761 4.8
461 0.6746 0.004 0.0340 5.4 523 0.1475 0.004 0.1391 4.5
462 0.5685 0.005 0.8404 6.0 524 0.1595 0.004 0.5191 4.8
463 0.5419 0.004 0.7589 5.6 525 0.5283 0.004 0.5056 5.0
464 0.2362 0.004 0.7916 5.0 526 0.5327 0.004 0.6999 49
465 0.1931 0.003 0.8427 5.0 527 1.2648 0.004 0.9720 5.6
466 3.5256 0.004 0.5599 7.6 528 1.2326 0.004 0.1543 5.5
467 1.1938 0.004 0.1118 5.9 529 1.2165 0.006 0.9131 7.4
468 0.0705 0.007 0.8385 5.6 530 1.2177 0.004 0.0758 6.4
469 0.6673 0.006 0.7820 5.6 531 3.6302 0.003 0.3329 7.3
470 0.6685 0.005 0.2409 5.8 532 1.0497 0.003 0.6360 5.1
471 0.4626 0.004 0.8015 5.1 533 1.2232 0.004 0.6588 6.2
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KIC 7385478: An Eclipsing Binary with a y Doradus Component 15
Table A1l. Continued. Table A1l. Continued.

N F A P SNR N F A P SNR

534 1.2741 0.003 0.7266 54 596 2.2870 0.003 0.4770 5.6
535 2.7576 0.003 0.1622 6.2 597 1.1522 0.003 0.4301 4.9
536 0.1188 0.002 0.7721 4.8 598 4.2264 0.003 0.4045 7.1
537 1.6829 0.003 0.8629 5.6 599 0.8963 0.003 0.7366 4.7
538 4.1255 0.003 0.6723 7.3 600 0.4467 0.003 0.6903 4.5
539 2.0233 0.004 0.9011 59 601 0.4499 0.003 0.9200 4.6
540 2.0022 0.003 0.7112 5.8 602 0.5465 0.004 0.9503 4.8
541 0.5383 0.004 0.3036 5.1 603 0.5610 0.004 0.6445 4.9
542 1.2296 0.004 0.4024 6.5 604 0.6393 0.004 0.5014 5.1
543 0.6535 0.005 0.5351 5.0 605 0.5499 0.004 0.6060 4.8
544 0.4335 0.003 0.3702 4.7 606 0.5237 0.004 0.2401 5.1
545 0.4434 0.003 0.2898 4.7 607 0.8415 0.003 0.1400 4.7
546 0.4587 0.004 0.4281 4.8 608 0.1488 0.003 0.3449 4.6
547 0.5246 0.003 0.5612 5.0 609 0.0056 0.005 0.1989 5.5
548 1.1910 0.004 0.9239 53 610 0.1081 0.004 0.6553 4.8
549 0.4798 0.004 0.5885 4.8 611 1.8214 0.003 0.4326 6.3
550 0.0913 0.005 0.3688 4.6 612 0.0407 0.005 0.0419 4.9
551 0.0795 0.006 0.8252 5.0 613 0.0276 0.004 0.0953 5.5
552 0.1801 0.003 0.0581 4.7 614 0.1749 0.004 0.7462 44
553 1.4486 0.003 0.7212 53 615 0.1999 0.004 0.2315 4.5
554 2.3145 0.003 0.8615 59 616 3.8855 0.003 0.1700 6.4
555 0.1409 0.004 0.2184 4.5 617 0.4890 0.003 0.9331 4.6
556 0.1437 0.004 0.1211 4.8 618 0.5404 0.004 0.2466 52
557 0.1703 0.003 0.8933 4.6 619 0.7427 0.003 0.1378 4.6
558 0.0870 0.006 0.5919 5.0 620 0.5490 0.003 0.4207 5.1
559 0.0228 0.004 0.8220 4.8 621 2.5877 0.003 0.1844 5.6
560 2.5159 0.003 0.2398 59 622 2.7741 0.003 0.7614 5.6
561 1.6358 0.003 0.9488 54 623 1.2389 0.003 0.2676 4.9
562 0.2373 0.004 0.6719 4.7 624 0.7211 0.003 0.4624 4.6
563 0.3482 0.003 0.6624 4.6 625 0.7292 0.003 0.0699 4.6
564 2.4675 0.003 0.4860 6.1 626 0.5024 0.003 0.4594 4.5
565 0.4299 0.004 0.1855 4.6 627 0.7781 0.003 0.1803 4.6
566 0.1220 0.003 0.7294 4.6 628 0.7586 0.003 0.1115 4.6
567 0.6679 0.005 0.4403 54 629 2.0355 0.003 0.9931 53
568 0.5514 0.003 0.6977 4.8 630 4.6816 0.003 0.5198 6.9
569 0.1510 0.003 0.6110 4.6 631 0.7543 0.003 0.4304 4.5
570 0.0880 0.004 0.0630 5.1 632 0.7321 0.003 0.9189 4.6
571 0.1727 0.004 0.9597 4.6 633 1.8888 0.003 0.5241 5.1
572 0.0193 0.005 0.0172 5.2 634 3.0178 0.003 0.8478 5.9
573 1.2469 0.003 0.1794 52 635 2.5127 0.003 0.0020 5.5
574 24113 0.003 0.7440 5.9 636 0.3277 0.003 0.4628 43
575 0.6451 0.003 0.6764 5.1 637 1.3621 0.003 0.6154 4.8
576 0.7395 0.004 0.9102 4.8 638 0.5667 0.004 0.1746 5.0
577 0.7075 0.003 0.6798 4.9 639 4.8276 0.003 0.3592 7.0
578 1.8285 0.003 0.3248 5.5 640 1.9965 0.003 0.7240 5.2
579 0.7002 0.003 0.8695 4.8 641 2.0227 0.003 0.3445 54
580 0.7624 0.003 0.9665 4.8 642 3.0476 0.003 0.8341 5.7
581 0.6500 0.003 0.8338 5.1 643 1.8024 0.003 0.1989 52
582 0.5005 0.003 0.4009 4.7 644 0.0853 0.003 0.1046 44
583 0.5097 0.004 0.7355 4.7 645 0.4362 0.003 0.3771 44
584 0.1838 0.004 0.3237 44 646 0.9193 0.003 0.7840 4.5
585 4.2229 0.002 0.0815 7.1 647 0.5041 0.003 0.7596 4.6
586 0.2413 0.003 0.9250 43 648 0.3401 0.003 0.7471 4.2
587 3.2706 0.003 0.4784 6.2 649 0.8521 0.003 0.9344 4.5
588 0.6871 0.003 0.5815 4.7 650 2.4583 0.003 0.2607 53
589 1.9979 0.003 0.9963 5.6 651 1.2073 0.004 0.7362 6.0
590 0.2699 0.003 0.8092 4.7 652 1.2888 0.003 0.1126 4.8
591 0.0172 0.005 0.0429 4.9 653 1.1932 0.003 0.8973 4.9
592 3.6189 0.003 0.2065 6.4 654 1.2812 0.003 0.9554 4.8
593 3.6282 0.003 0.9859 7.2 655 1.2681 0.003 0.2097 4.8
594 3.6195 0.003 0.5458 6.7 656 0.2740 0.003 0.1674 4.2
595 1.1290 0.003 0.3133 4.9 657 0.2670 0.003 0.7951 4.3

PASA, 34,017 (2017)
doi:10.1017/pasa.2017.11

https://doi.org/10.1017/pasa.2017.11 Published online by Cambridge University Press



https://doi.org/10.1017/pasa.2017.11
https://doi.org/10.1017/pasa.2017.11

16 Ozdarcan and Dal
Table Al. Continued. Table A1. Continued.

N F A P SNR N F A P SNR
658 0.3104 0.003 0.4277 4.3 697 1.9362 0.003 0.8072 5.0
659 0.3823 0.003 0.4068 4.3 698 1.3772 0.003 0.8655 4.7
660 0.3237 0.004 0.9759 4.3 699 2.4126 0.003 0.1311 54
661 0.3218 0.003 0.3380 4.4 700 0.6570 0.003 0.2109 4.9
662 0.2936 0.003 0.3850 4.3 701 0.5151 0.003 0.4084 4.4
663 0.2917 0.003 0.0415 4.4 702 0.8439 0.003 0.7323 4.3
664 0.6267 0.004 0.7148 6.0 703 1.0644 0.003 0.8552 4.5
665 0.0980 0.003 0.8208 4.9 704 1.8472 0.003 0.5657 4.9
666 0.2730 0.003 0.6144 4.6 705 42238 0.003 0.9221 6.5
667 0.5753 0.003 0.1982 4.8 706 0.9428 0.003 0.3426 4.3
668 2.4105 0.003 0.8714 54 707 0.6134 0.004 0.3359 5.1
669 3.7541 0.003 0.6437 7.1 708 0.5909 0.003 0.1009 4.9
670 3.2042 0.003 0.1118 5.5 709 0.3504 0.003 0.7099 4.0
671 3.0146 0.003 0.5768 5.7 710 0.3447 0.003 0.9244 4.2
672 3.0274 0.003 0.4952 5.7 711 0.6714 0.004 0.3836 4.5
673 3.0283 0.003 0.5680 6.0 712 0.6435 0.003 0.1370 53
674 4.5341 0.003 0.3938 6.5 713 0.5451 0.003 0.1752 4.8
675 1.3341 0.003 0.6482 4.9 714 0.6725 0.003 0.7879 4.7
676 0.3005 0.003 0.5771 4.2 715 0.6979 0.003 0.8107 4.7
677 1.2216 0.003 0.0587 5.2 716 0.7168 0.003 0.7007 4.4
678 3.9971 0.003 0.4223 6.1 717 0.6623 0.003 0.1877 49
679 1.8259 0.003 0.3384 5.0 718 3.9300 0.003 0.8226 59
680 1.8076 0.003 0.8685 5.2 719 1.2402 0.003 0.0255 4.7
681 2.8270 0.003 0.5419 5.4 720 1.2586 0.003 0.6966 4.7
682 0.4640 0.002 0.4254 43 721 0.5260 0.003 0.7856 4.5
683 0.4567 0.003 0.5376 4.4 722 2.8341 0.002 0.3379 5.2
684 0.0664 0.004 0.5410 4.8 723 0.2627 0.003 0.1238 4.1
685 4.8297 0.003 0.6131 6.8 724 0.5121 0.003 0.0645 4.4
686 0.0549 0.004 0.5179 4.8 725 0.7406 0.003 0.0371 4.5
687 0.0425 0.004 0.6134 4.5 726 0.5621 0.003 0.6052 4.7
688 0.3584 0.003 0.0050 4.3 727 0.4930 0.003 0.8863 4.3
689 0.1907 0.003 0.9363 4.6 728 1.8162 0.003 0.0778 5.1
690 0.1162 0.003 0.8436 4.8 729 0.8539 0.002 0.1619 4.3
691 0.3911 0.003 0.3221 4.3 730 1.2447 0.003 0.8448 4.7
692 0.6542 0.003 0.7953 4.6 731 3.9228 0.002 0.3068 5.7
693 0.1395 0.003 0.6188 4.3 732 1.3589 0.002 0.2463 4.5
694 0.2577 0.003 0.0831 4.2 733 3.2856 0.002 0.2462 5.3
695 0.1088 0.003 0.7113 4.6 734 3.8896 0.002 0.5791 5.7
696 2.0526 0.003 0.3691 5.1 735 0.2824 0.002 0.4703 4.0
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