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ABSTRACT

This study presents results obtained from the data of KIC 6044064
(KOT 6652). KIC 6044064 was observed by the Kepler Mission for a total of
1384.254 days. 525 minima times were determined, 264 of which were primary
minima and the rest were secondary minima. The OPEA model was derived and
its parameters were obtained. On the secondary component, there are two different
spot bands latitudinally outstretched, consisting of three spots located with a phase
interval of 0.33. The average migration period was found to be 623.063 +4.870 days
(1.71 £ 0.01 years) for the first spot group, while it was 1125.514 £ 7.305 days
(3.08 4 0.02 years) for the second group. The spectral types of the components
seem to be G7V + K9V. Their masses and radii were determined to be 0.86M
and 0.89R for the primary component and 0.54M, and 0.62R for the secondary
component.

RESUMEN

Presentamos resultados obtenidos con los datos de KIC 6044064 (KOI 6652)
que fue observada por la misién Kepler durante un total de 1384.254 dias. Se
determinaron 525 tiempos de minimo, de los cuales 264 fueron minimos primarios
y el resto ssecundarios. Se obtuvo el modelo OPEA y sus parametros. En la
componente secundaria se encuentran dos bandas distintas de manchas extendidas
en latitud, con tres manchas ubicadas a 0.33 de intervalo de fase. Se determiné
un perfodo promedio de migracién de 623.063 + 4.870 dias (1.71 & 0.01 afnos) para
el primer grupo de manchas, y de 1125.514 4+ 7.305 dfas (3.08 + 0.02 afios)para
el segundo grupo. Los tipos espectrales de las componentes son G7V + K9V. Se
obtuvieron valores para las masas y radios de las componentes de 0.86M, y 0.89R¢
para la primaria, y de 0.54My v 0.62R para la secundaria.

Key Words: binaries: eclipsing — methods: data analysis — stars: flare — stars:
individual: KIC 6044064 — techniques: photometric

1. INTRODUCTION

Chromospheric activity is an interaction between the
magnetic field and the plasma. Solar spots and
flares are well-known examples of this phenomenon.
The oldest records of sunspots are found in Chinese
records dating back 2000 years (Clark & Stephenson
1978; Wittmann & Xu 1987). For the first time in
the literature, Kron (1950) discovered that UV Ceti
stars also exhibit spot activity. Kron (1950) de-
tected the sinus-like variations in the light curve of
an eclipsing binary YY Gem, and then Kunkel (1975)
called this event the BY Dra Syndrome, in which the
variation is caused by a heterogeneous temperature
distribution on the stellar surface.

Berdyugina & Usoskin (2003) found on the solar
surface two active longitudes separated by 180°, and
found that these longitudes are semi-stable. Accord-
ing to some authors, such as Lopez Arroyo (1961);
Stanek (1972); Bogart (1982), these active longitudes
vary versus the time. The dominant active longi-
tude also varies in time; this phenomenon is called
Flip-Flop event. These events are very important to
understand the north-south asymmetry that the stel-
lar magnetic topology exhibits. In these events, the
angular velocity is an important parameter because
this parameter determines the rotational velocities
of the latitudes where the spots or groups of spots
are seen.
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A flare event is a consequence of magnetic re-
connection in the outer convective envelope of the
star (Pettersen 1989). Flare activity was first de-
tected on the solar surface by Carrington (1859)
and Hodgson (1859). UV Ceti is the first star on
which flare activity was detected. According to Sku-
manich’s law, the younger stars have a higher rota-
tional velocity, which causes the activity level to in-
crease (Skumanich 1972; Marcy & Chen 1992). This
is the reason why the dwarfs found in open clusters
mostly show flare activity (Mirzoian 1990; Pigatto
1990). This is also the reason why the number of
UV Ceti type stars decreases with increasing cluster
age (Marcy & Chen 1992; Pettersen 1991; Stauffer
1991).

The mass loss rate increases with increasing flare
activity level. The solar mass-loss rate is known to
be 2 x 107'* M, per year due to the flare activ-
ity (Gershberg 2005). In the case of UV Ceti-type
stars, it reaches almost 10710 My, per year due to the
higher flare activity level. The higher mass-loss rate
explains why these stars lose most of their total an-
gular momentum in the earliest main sequence stages
(Marcy & Chen 1992). Although it is a well-known
phenomenon that stellar evolution is absolutely af-
fected by the high mass loss due to flare activity,
flare events are not yet fully explained.

Among the parameters of flares, energy is an im-
portant one. There is a marked difference between
the flare energies obtained from stars of different
spectral types. The energies measured from two-
ribbon flares generally have a level between 103° and
103! ergs (Gershberg 2005; Benz 2008). RS CVn
binaries have many flares with an energy level of
103! erg (Haisch et al. 1991). According to the long-
term observations, the energies of the flares detected
from dMe stars range from 10%® to 10%* erg (Ger-
shberg 2005). The flare energies measured from the
members of the Pleiades cluster and Orion Associa-
tion can reach 1036 erg (Gershberg & Shakhovskaia
1983). Although the observations show that there
are significant differences between solar and stellar
flares when it comes to mass-loss ratio or flare en-
ergy levels, stellar flare events are still explained by
the solar flare processes. In the studies such as As-
chwanden et al. (2017); Gershberg (2005) and Hud-
son & Khan (1996), it is argued that magnetic recon-
nection processes are the dominant energy source in
flare events.

In this study, both flare and spot activities of
KOI 6652 (KIC 6044064) are examined. The results
are compared with the chromospheric activity be-
haviour of UV Ceti-type stars.

The JHK brightnesses of the system are given as
137.485, 12™.976, 12™.853 in the 2MASS All-Sky
Survey Catalogue, respectively (Cutri et al. 2003). A
detailed light curve analysis of the system cannot be
found in the literature. However, the temperatures
of the components were estimated by Kjurkchieva
et al. (2017) to be 5095 K for the primary com-
ponent and 3032 K for the secondary component.
In the same study, the mass ratio (¢) of the sys-
tem was estimated as 0.4138. Examination of the
light curves obtained from the Kepler observations
revealed that the orbital period of the system is
5.063157 days. The mass and radius for the tar-
get are given as 0.71Mg and 0.68Rg, respectively
(Morton et al. 2016). The radius is given by Zhang
& Showman (2018) as 4.151Rs at the distance of
3186.626 pc. Davenport (2016) first noticed that
the target exhibits flare activity. In this study, we
analysed the light curve of the system and derived
its synthetic curve. Considering the obtained syn-
thetic curve, we have tried to detect the flare activity
present.

2. DATA AND ANALYSES

The Kepler Space Telescope, which has observed
more than 150,000 sources, was launched for the
discovery of exoplanets (Borucki et al. 2010; Koch
et al. 2010; Caldwell et al. 2010). The Kepler ob-
servations are the most sensitive photometric data
ever obtained (Jenkins et al. 2010a,b). In addition
to exoplanets, many variable stars have also been dis-
covered (Slawson et al. 2011; Matijevi¢ et al. 2012).
There are many single and binary stars exhibiting
spot and flare activity among them (Balona 2015).
For the target, photometric data were taken from
the Kepler Database (Slawson et al. 2011; Matijevic¢
et al. 2012).

Long cadence (hereafter LC) data were used
in all analyses. KIC 6044064 was observed
for 1384.254 days, from JD 2454964.512414 to
JD 2456424.001369, with some technical interrup-
tions. After removing observations with large errors
due to the technical problems, the phases were calcu-
lated using the ephemerides from the Kepler Mission
database. The data were arranged into appropriate
formats for the analysis of different variations such
as flare activity, spot activity and (O —C) variations.
All the available long cadence data of KIC 6044064
are shown in Figure 1.

2.1. Orbital Period Variation

The minima times of the system were obtained with-
out correction from the LC data. The minima times
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Fig. 1. The light variation obtained from the long cadence data taken from the Kepler database is plotted versus the
phase depending on the orbital period.
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Fig. 2. The variations of (O — C)rr residuals obtained
after a linear correction are shown. The filled blue dots
represent the (O — C) s residuals computed from the pri-
mary minima times, while the filled red dots show those
computed from secondary minima times. The color fig-
ure can be viewed online.

were calculated using a script depending on the
method described by Kwee & van Woerden (1956).
Each minimum in the light curves was fitted sep-
arately using the high-order spline functions. Us-
ing these fits, a total of 525 minima times were ob-
tained. 264 of them were computed from the pri-
mary minima, while 261 of them were calculated
from the secondary minima. The deviations between
observed and calculated minima times were calcu-
lated as (O — C) differences. We show these differ-
ences by the term of (O — C');. We noticed that
the (O — C) differences show a linear trend due to
the incorrect orbital period, which needs to be ad-
justed. Using the least squares method, we modelled
the distribution of the (O — C) differences versus the

observation time. To remove the linear trend of the
distribution, a linear correction given by Equation
(1) was applied to the (O — C) distribution.

JD (Hel.)=24 549666.71483(2)+5%.0630559(2) x E,

(1)
where the term HJD (Hel.) is the Heliocentric Ju-
lian Day, while the first term on the right side of
the equation is the epoch, and the second term is
the orbital period of the system. The number in
parenthesis seen in the equation is the error of each
term on the right side. The parameter E is the cycle
number.

In the last step we computed the deviations be-
tween the linear fit and the (O — C); differences; we
call these the secondary residuals (O — C)y. In Fig-
ure 2, an interesting variation is seen in the plane of
(O —C)yy versus time. The (O — )y residuals vary
in time, but in different directions. The (O — C)y;
residuals of the primary minima still vary in a linear
trend, while those of the secondary minima vary in
a sinusoidal form. As indicated by Tran et al. (2013)
and Balaji et al. (2015), the secondary minima are
strongly affected by the position of the spotted area
and its movement on the component, while the resid-
uals of the primary minima are not affected as much.

2.2. Light Curve Analyses

To obtain an acceptable solution from the light curve
analyses of the LC data, the distortion caused by
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Fig. 3. The light curve obtained by using the data av-
eraged with the interval of 0.005 and the synthetic light
curve are shown. In the figure, the filled circles represent
the observations, while the red line represents the syn-
thetic light curve. The color figure can be viewed online.

the flare activity was removed from the light curve.
Finding two consecutive cycles that were least af-
fected by the sinusoidal variation, we averaged their
data with a phase interval of 0.005. Using the
PHOEBE V.0.32 software (Prsa & Zwitter 2005), the
light curve analysis was performed for these average
data, shown by the filled black circles in Figure 3.
The method used in the PHOEBE V.0.32 software is
based on the 2015 version of Wilson-Devinney Code
(Wilson & Van Hamme 2014). Several modes were
first tried in the light curve analysis. The astrophysi-
cal and statistically acceptable solution was obtained
in the detached mode, known as Mode 2.

There are several studies in the literature on the
components of KIC 6044064. The temperatures of
the primary and secondary components were given
as 5095 K and 3032 K by Kjurkchieva et al. (2017),
respectively. However, the initial analyses did not
yield a statistically acceptable solution by taking
these values. Because of this, using the calibra-
tions given by Tokunaga (2000), we calculated the
de-reddened colours from the infrared (H — K') and
(J—H) color indexes given by Cutri et al. (2003) and
then we calculated the temperature as 5375 K from
these values. In the light curve analysis, the tem-
perature of the secondary component was taken as a
free parameter, while the temperature of the primary
component was taken as 5375 K. The values for the
albedos (A1, As) and the gravity darkening coeffi-
cients (g1, g2) were determined according to convec-
tive stars for both components (Lucy 1967; Ruciniski
1969). In addition, the linear limb-darkening coeffi-
cients (x1, x3) were taken from van Hamme (1993).
The dimensionless potentials (€, 5), the luminos-
ity fraction of the primary component (L1), and the
inclination (2) of the system were taken as adjustable
parameters. The synthetic curve obtained from the
light curve analysis is shown in Figure 3, while the
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Fig. 4. The positions of the components are shown
among UV Ceti type stars in the plane of mass-radius.
The filled circles represent the target’s analogues listed
by Gershberg et al. (1999). The open triangle represents
the primary component of KIC 6044064, while the as-
terisk shows the secondary component. The theoretical
ZAMS model developed by Siess et al. (2000) is shown
by the line.

solution parameters are tabulated in Table 1. The
parameters 77 and T, are the temperatures, while
r1 and 7o are the fractional radii of the components.
The parameters Co— Lat, Long, Repot, Tspor are the
latitude, longitude, radius and temperature for each
spot on the active component, respectively. The sec-
ondary component should be the active component,
considering the temperatures of the components.
Using the calibrations given by Tokunaga (2000),
the spectral types of the components were deter-
mined as G7V 4+ K9V. Using the same calibrations,
the mass of the primary component was determined
as 0.86 Mg and that of the secondary as 0.54 M.
Using Kepler’s third law, the semi-major axis of the
system was estimated to be a = 13.88Rg. Consid-
ering the estimated semi-major axis, the radii were
obtained as 0.89R, for the primary component and
0.62R¢ for the secondary from their fractional radii.
Considering the variation at out-of-eclipses, we
notice that the system exhibits chromospheric activ-
ity. At this point, we compare the system with its
analogues listed in the Gershberg et al. (1999) cat-
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TABLE 1

THE PARAMETERS OBTAINED FROM THE
LIGHT CURVE ANALYSIS

Parameter Value
q 0.94840.005
i(°) 83.04+0.03
T1(K) 5375 (fixed)
Th(K) 3951450
931 0.8134-0.014
Qo 0.486-+0.018
Li/Ly 0.694+0.0010
La/Lr 0.306 (fixed)
g1, 92 0.32, 0.32 (fixed)
Ay, Az 0.50, 0.50 (fixed)
T1;bol » T25bol 0.61, 0.61 (fixed)
x1, T2 0.736, 0.736 (fixed)
<ri> 0.5585+0.0003
<ry> 0.2515-£0.0013
Co — Latg ), 1.186(fixed)
Long§d), 2.513(fixed)
Ry, 0.611(fixed)
Trspots 0.550 (fixed)
Co— Lat{ed, 1.196 (fixed)
LongG ey, 0.207 (fixed)

e 0.122 (fixed)
Tyspotrr 1.350 (fixed)

alogue in the mass-radius plane, shown in Figure 4.
The filled circles in the figure represent well-known
active stars listed in the catalogue, while the line rep-
resents the zero-age main sequence (ZAMS) taken
from Siess et al. (2000).

2.3. Rotational Modulation and Stellar Spot Activity

It was seen that there is a remarkable sinusoidal vari-
ation excluding the flares at out-of-eclipses. Consid-
ering both the dominant flare activity and the com-
ponents’ temperatures, it is clear that this variation
should be a rotational modulation effect caused by
the stellar spots. Examination of the consecutive cy-
cles in the light curves, their minimum location, and
level change over a few cycles, shows that the spot-
ted area must evolve rapidly and move on the active
component. Therefore, it is not possible to model
all the light variation at once. For this reason, the
data were split into several sets, considering the spot
minimum phases with their levels for the consecu-
tive cycles. Consequently, the entire LC data were
divided into 11 subsets and modelled with two sinus
waves. In this calculation, a Python script based on
the Fourier method is used, and an example model
is shown in Figure 5.
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Fig. 5. The sinusoidal variation at out-of-eclipse between
JD 2454982.188225 and JD 2454971.419273 is shown.
In the figure, the black dots represent the observations,
while the red line shows the model obtained by using the
Fourier Method. The color figure can be viewed online.

The minima phases of the first sinusoidal vari-
ation show a temporal migration towards the early
phases, while the minima phases of the second sinu-
soidal variation migrate in the same direction, but
twice as fast as the previous one. This means that,
at first sight, there are two spotted regions. How-
ever, we have noticed an interesting phenomenon
that both the first and second sinusoidal variations
should be caused by three separate spots in each
area. Each of them separates into at least three
spots because their minimum phases are separated
into three parts by a phase interval of 0.33. These
two distinct groups of spots and their migrations over
time are shown in Figure 6.

As a result of the linear models created by
the regression calculations with the least squares
method, the spot migration periods of the first
group were found to be 600.796+3.653 days
(1.66+0.01 year), 657.726+3.653 days (1.8040.01
year) and 610.665+7.305 days (1.674+0.02 year)
from phase of 0.00 to 1.00, respectively. The
spot migration periods of the second group
were calculated as 1134.754+7.305 days (3.11+0.02
year), 1135.787+10.957 days (3.114+0.03 year) and
1106.286+7.305 days (3.03+0.02 year).

2.4. Flare Activity and OPEA Model

To study the flare behaviour of the system, all the
variations apart from the flares are removed from the
light curve. For this aim, we have used the synthetic
curves derived by the light curve analysis for the ge-
ometrical effects and by the Fourier method for the
sinusoidal variations.
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shown. In the figure, the filled black circles show the
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defined by the Fourier method. The color figure can be
viewed online.

In order to calculate the flare parameters, first
of all, the flare beginning and end times need to be
determined. Two examples are shown with their qui-
escent levels defined by the synthetic curves in Fig-
ure 7. In total, 44 flares with their parameters were
determined. In the calculation, the equivalent dura-

tions were calculated using equation (2) defined by
Gershberg (1972):

P / [ tare — Io)/ Toldt, (2)

where P is the flare equivalent duration in seconds,
Ifiare is the flux at the moment of the flare, and
Iy is the quiescent flux of the system calculated by
the Fourier method. As explained by Dal & Evren
(2010, 2011), the term L in the flare energy calcula-
tion (E = L x P) causes an incorrect decomposition
of the stars in the plane (B — V) - log(P,) when
comparing the flares of stars from different spectral
types. For this reason, we do not calculate the flare
energies, and the equivalent duration parameter is
used for the analyses or comparisons.

Examining the relationships between the flare
parameters, it is seen that the flare equivalent du-
rations as a rule are distributed as a function of
the total flare time. Following Dal & Evren (2010,
2011), regressions in SPSS V17.0 (Green et al. 1996)
and GraphPad Prism V5.02 (Dawson & Trapp 2004)
software were used to try to find the best function
to model the distribution of flare equivalent dura-
tions via the flare total time on a logarithmic scale.
In this step, the regression calculations showed that
the best model is an exponential function known as
the One Phase Exponential Association (hereafter



CHROMOSPHERIC ACTIVITY NATURE OF KIC 6044064 357

TABLE 2
PARAMETERS DERIVED FROM THE OPEA
MODEL"
Parameter Values 95 % Confidence Intervals
Y0 0.958951 0.447653 to 1.47025
Plateau 3.9833 3.33968 to 4.62692
K 0.00002272 0.00001006 to 0.00003537
Tau 44022.7 28272.0 to 99399.2
Half — time 30514.2 19596.6 to 68898.3
Span 3.02435 2.53178 to 3.51692
R? - 0.85

*Using the least squares method.

OPEA) function. The OPEA is a special function
with term Plateau defined by Equation (3) (Motul-
sky 2007; Spanier & Oldham 1987):

y = yo + (Plateau — yp) x (1 — ek X ), (3)

where the term y is the equivalent duration in the
logarithmic scale; k is a constant and z is the total
flare time, while yq is the theoretical flare equiva-
lent duration obtained for the minimum total flare
time (Dal & Evren 2011). The term Plateau defines
the upper limit for the equivalent duration obtained
from a given star. It means that the Plateau param-
eter gives a certain information about the maximum
flare energy level of that star. In fact, the Plateau
is the maximum equivalent duration. For this rea-
son, the Plateau parameter is defined as the satura-
tion level for the flare activity in the observed wave-
length range for this particular target (Dal & Evren
2011). In order to derive the synthetic curve of the
best model, we used the program GraphPad Prism
V5.02, in which we used the least squares method
for the non-linear regression calculations.

The obtained model is shown in Figure 8. The
calculated model parameters are listed in Table 2.
The span value listed in the table is the difference
between Plateau and yq values. The hal f —life value
is half of the first = value at which the maximum flare
equivalent duration is reached. In other words, it is
half of the total flare time at which the first highest
flare energy is seen.

KIC 6044064 was observed for a total of 1384.254
days (33222.09917 hours). From these observations,
44 flares were detected. The phases of 44 flares were
calculated depending on the orbital period of the sys-
tem, and the flare phase distribution of 44 flares is
shown in Figure 9. The sum of equivalent durations
is 35519.622 seconds over all flares. Two separate
flare frequencies, N; and Nj, have been defined in
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Fig. 8. The OPEA model obtained for 44 flares is shown.
In the figure, the filled circles represent the log(P) values
computed from the observed flares, while the red line
shows the derived OPEA model. The color figure can be
viewed online.
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Fig. 9. The flare cumulative frequency distribution and
its the exponential model derived for 44 flares are shown
in the upper panel, while the residuals are shown in the
bottom panel. The color figure can be viewed online.

the literature by Ishida et al. (1991). These frequen-
cies are given by equations (4, 5):

Ny = Sny / ST, (4)

N, = P /3T, (5)

where Yny is the total number of flares, and X7} is
defined as the total observation time. P is the sum
of the equivalent duration over all flares. According
to these definitions, the frequencies were found to be
N; =0.00132 h~! and N, =0.00030.

We also computed the flare cumulative frequency
distributions depending on each different energy
limit. Gershberg (1972) defined the flare cumula-
tive frequency distribution calculated separately for
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Fig. 10. The distribution of the flare total number ob-
tained in the phase intervals of 0.05 is shown versus the
phase.

each different energy limit to reveal the character
of the flare energy for given a star. Because of the
above reasons, the flare equivalent durations is also
used instead of the flare energy to compute the flare
cumulative frequencies in this study. The obtained
flare cumulative frequency distributions are shown
in Figure 9. As can be seen in the figure, the flare
cumulative frequencies exhibit a distribution in the
form of an exponential function. In fact, the least
squares method showed that an exponential func-
tion seems to be the most appropriate function to fit
these distributions; hence we modelled the distribu-
tions with the exponential function. The obtained
exponential functions are represented by the red line
in Figure 9.

The standard models show that the flare energies
emerge in the magnetic loops where the spots are
located (Gershberg 2005; Benz 2008) at their foot
points. Therefore, both the cool spots and the flares
are expected to have the same phase distribution. To
compare the phase distributions of these two activity
structures obtained from KIC 6044064, the phase of
each flare was calculated depending on the orbital
period, then we obtained the total number of flares
in each 0.05 phase interval. Their variation is shown
in Figure 10.

3. RESULTS AND DISCUSSION
3.1. Orbital Period Variation

The (O — C)jy residuals seem to vary in different
ways. According to Tran et al. (2013) and Balaji
et al. (2015), magnetic activity causes an affect on
the variations of the minima times. The trends of
primary and secondary minima time variations are
expected to separate from each other due to the chro-
mospheric activity. In the case of KIC 6044064, this

effect reveals itself on the time variation of the sec-
ondary minima. The residuals of the secondary min-
ima times exhibit a sinusoidal variation around zero
with a large amplitude, although the primary min-
ima times still show a linear trend. The linear cor-
rections could not reduce the trend of the primary
minimum residuals to zero, since the (O — C)y trend
of the secondary minima times has a larger slope
than that of the primary minima. It is more likely
that the (O — C)yy residuals of the primary minima
should be a small part of a sinusoidal long-term os-
cillation due to the chromospheric activity.

3.2. Classification

The temperature of the primary component was
found to be 5375 K, and that of the secondary
was 3951 K. Thus, their spectral types were de-
termined as G7V + K9V depending on the JHK
brightness. Considering the temperatures and the
estimated masses, we compared the system with its
analogues. For this aim, we compared the compo-
nents with other young flare stars on the mass-radius
plane, which can be seen in Figure 4. It is expected
that the flaring young stars listed by Gershberg et al.
(1999) should be close to the ZAMS modelled by
Siess et al. (2000). However, these stars appear to
be somewhat evolved out of the main sequence, ac-
cording to their positions on the mass-radius plane.
It is possible that their calculated radii could be too
large due to the high level chromospheric activity ef-
fects. Both the positions of the components in the
mass-radius plane and the observed flare and spot
activities indicate that KIC 6044064 should be an
eclipsing binary system of the BY Dra type.

Both flare and stellar spot activities make it one
of the stars having a high level of activity. The
target has several rapidly evolving spots located on
three active longitudes, which are separated from
each other by 120 degrees inside two latitude bands.

In addition, the flare parameters are much higher
than those obtained from all other chromospheric ac-
tive stars. For example, KOI 6652 has a higher ac-
tivity level than YY Gem, which has the same phys-
ical properties as KOI 6652 (Kochukhov & Shulyak
2019).

3.3. Spots

Indeed, KIC 6044064 has a high level of chromo-
spheric activity. Apart from the flare activity, a sinu-
soidal variation is seen with a rapidly changing asym-
metry at out-of-eclipses. This variation is caused by
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the evolving cool spots as well as their rapid longitu-
dinal migration. There are two active longitudes on
the solar surface, known as Carrington Coordinates,
with a separation of 180° from each other. According
to Bonomo & Lanza (2012), there are several active
longitudes where stellar spots are formed. Accord-
ing to some authors, the active longitudes are stable
structures with a constant rotational velocity rela-
tive to each other, although some authors claim that
the active longitudes cannot have a constant rota-
tional velocity, but have different rotational veloci-
ties relative to each other (Richardson 1947; Lopez
Arroyo 1961; Stanek 1972; Bogart 1982). In the case
of KIC 6044064, there are two different spot groups
consisting of three spots located with a phase inter-
val of 0.33 relative to each other. The phase inter-
val of 0.33 corresponds to a longitude difference of
120°. Both spotted areas on the stellar surface show
migration in the same direction, but with different
velocities. It is noteworthy here that each spot in a
spot group shows the same longitudinal motion with
a longitude interval of 120° at the same velocity. In
particular, all three spots in the second group move
at exactly the same velocity, so that their longitudi-
nal positions on the stellar surface do not change at
all relative to each other. For this reason, the slopes
of the linear models of their longitudinal migrations
have almost the same value up to the 4th digit.

As a result, the average migration pe-
riod was found to be 623.063+4.870 days
(1.71£0.01 year) for the first spot group, while
it was 1125.51447.305 days (3.08+0.02 year) for the
second group. The values of the migration periods
indicate that KIC 6044064 is generally a solar ana-
logue. This is because the period of each group is
in agreement with the periods between 1.5-3.0 years
found for the active longitude migrations of the solar
spots (Berdyugina & Usoskin 2003). The existence
of fixed migrations and the migration period values
can help us to configure the stellar surface. It is
clear that both groups of spots should be located in
the latitudes above the stellar co-rotation latitude,
assuming that KIC 6044064 exhibits the standard
differential rotation. The spots are located at a
latitude where the rotation velocity is lower than
the mean stellar rotation velocity, hence the minima
of the sinusoidal variations migrate toward the
increasing phases in the light curves. Moreover, the
fact that the spots in each group move as if they
were locked to each other indicates that the spots
in each group should be located at nearly the same
latitude. All these situations give the impression
that there must be two spot-belts in two upper

latitudes. The spotted regions should surround the
stellar surface at two different latitudes above the
co-rotation latitude, and different regions of the
belts appear more active than other parts. Taking
into account the average longitudinal migration
periods, the trend of which is shown in the bottom
panel of Figure 6, the second spot belt should be at
higher latitudes. However, it should be noted here
that these spot belts may not be located on the same
component. This is because both components are
most likely candidates for exhibiting chromospheric
activity.

3.4. Flares

There should be three active longitudes on the sec-
ondary component, and the active longitudes are lo-
cated with a longitude interval of 120 degrees. Ac-
cording to this scenario, it is possible that an ob-
server can detect some flares from the longitudes per
120 degrees on the surface of the secondary compo-
nent. In this case, we expect a nearly homogeneous
phase distribution for the flares coming from the tar-
get. On the other hand, as can be seen in Figure 10,
the total number of flares detected in each phase in-
terval of 0.05 increases towards phases 0.15 and 0.85.
The flare number starts to increase after phase 0.70
and decreases before phase 0.40. However, at phase
0.00, the flare number suddenly drops to almost zero.
It is possible that during the primary minima, the ac-
tive component is eclipsed by the other component
towards the observer. Consequently, the flare fre-
quency varies from one phase interval to the next;
and it must reach a maximum between phases 0.85-
0.15. Because of tidal effects, the flare occurring pos-
sibility on the surface facing the other component
becomes higher than anywhere else on the surface,
although the flares can occur anywhere on the stellar
surface.

The Plateau value was determined to be 3.983 s
over 44 flares detected from KIC 6044064. This
value is so high that the secondary component must
be compared with similar close binaries exhibit-
ing flare activity. In this regard, we compared its
flare nature with those obtained from KIC 9641031,
KIC 9761199, KIC 11548140, KIC 12004834 (Yoldag
& Dal 2016, 2017b,a, 2019). This value was
found to be 1.232 s for KIC 9641031, 1.951 s
for KIC 9761199, 2.312 s for KIC 11548140 and
2.093 s for KIC 12004834. The plateau values of
KIC 6044064 are much higher than those of its ana-
logues. For this reason, it should be much more
appropriate to compare the target with UV Ceti
type single stars, which exhibit flare activity with
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high frequency and high energy level. Therefore, we
compared the secondary component with EV Lac.
The plateau value of EV Lac is 3.014 s (Dal &
Evren 2011). It is clear that the plateau value of
KIC 6044064 is also higher than that obtained from
EV Lac, which is known to be one of the most active
UV Ceti-type stars. This means that KIC 6044064
has a remarkably high level of magnetic activity,
which makes the system an important target to un-
derstand the magnetic activity behaviour in binary
systems.

According to the longitudinal migration be-
haviour, the secondary component should have a
Solar-like nature. On the other hand, if we con-
sider the flare phase distribution together with its
computed plateau value, the tidal effect between the
components should have a dominant effect on the
magnetic activity of the target. The flare frequency
distribution versus phase is effected by both the tidal
effect and the overall flare power. In fact, its plateau
value is much higher than the values obtained from
any other single or binary targets.

Dal & Evren (2010, 2011); Dal (2012); Yoldag
& Dal (2016, 2017b,a, 2019); Dal (2020) discuss that
the plateau parameter depends on both the magnetic
field strength and the electron density. Thus, con-
sidering this target having the highest plateau pa-
rameter among its analogues, KIC 6044064 should
have the highest magnetic field strength or/and the
highest electron density. This situation should be a
consequence of its binary nature under a strong tidal
effect.

Apart from the plateau value, the half-life pa-
rameter was found to be 30514.2 s. This value is
almost 70 times greater than the values obtained for
single flare stars, while it is about 13 times greater
than the value obtained for binary systems contain-
ing a dMe-type component. The half-life parameter
is 433.10 s for DO Cep, 334.30 s for EQ Peg, and
226.30 s for V1005 Ori (Dal & Evren 2011). Sim-
ilarly, it is 2291.7 s for KIC 9641031, 1014 s for
KIC 9761199, and 2233.6 s for KIC 1548140. For
the flare time scales, the longest observed flare of
KIC 11548140 has a total flare time of 22185.361 s,
while it is 114760.368 s for KIC 6044064. The flare
time scale values are an indicator of the length of the
magnetic loop. In this case, the magnetic loop length
of KIC 6044064 is remarkably larger than that of all
other targets (Dal 2012, 2020). This situation should
also be an indicator of the tidal interaction between
its components, making the target an important lab-
oratory for researchers modeling the magnetic inter-
action of binary systems.

3.5. Summary

As a result, KIC 6044064 appears to be a BY Dra
binary whose components should be cool main se-
quence stars with the potential to exhibit chromo-
spheric activity. Incidentally, the spot distributions
and their movements are quite remarkable. Consid-
ering the longitudinal spot migration behaviour, the
target appears to be a solar analogue. In this case,
it should not be a young star like the pre-main se-
quence stars. Therefore, the target is expected to
have a stable activity cycle like the Sun. To de-
termine whether it has a stable cycle or not, more
observations are needed. For this reason, the tar-
get appears to be one of the important systems that
should be included in the long-term photometric or
high-resolution spectral observation patrol.
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