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SUMMARY: We present photometric observations in Sloan filters g/,i/ of the
short-period eclipsing stars KR Lyn, CSS J110212+4244412, NSVS 4917488 and
NSVS 7336024. The light curve solutions revealed that all targets are overcontact
binaries whose components are G and K stars. Their temperature differences do
not exceed 300 K but they differ considerably in size and mass. NSVS 4917488
and NSVS 7336024 reveal total eclipses and their parameters can be considered as
well-determined. We found that KR Lyn, NSVS 4917488 and NSVS 7336024 are of
W-subtype while CSS J110212+4244412 is A-subtype W UMa-type star.

Key words. binaries: close — binaries: eclipsing — Methods: data analysis — Stars:
fundamental parameters — Stars: individual: KR Lyn, CSS J110212+4+244412, NSVS

4917488, NSVS 7336024

1. INTRODUCTION

The W UMa stars consist of two stars sur-
rounded by a common convective envelope lying be-
tween the inner and outer critical Roche surfaces. As
a result, the difference between the surface tempera-
tures of their components usually is less than several
hundred kelvins.

Binnendijk (1970) divided the W UMa bina-

ries into two subclasses based on observational char-
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acteristics. The light curves of the A-type systems
show deeper primary minimum due to the transit
eclipse of the larger, more massive, hotter compo-
nent. In the W-type systems the deeper primary
minimum corresponds to the occultation eclipse of
the smaller, hotter, less massive component. More-
over, the A-type systems are of earlier spectral type
(from A to G) and have longer periods, higher lumi-
nosity, larger mass, smaller mass ratio and larger
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Table 1. Parameters of the targets from the VSX database.

Target RA DEC mag ampl P type
KR Lyn 08 24 33.51 5124 40.82 12.70 0.50 0.3465186 EW
CSS J1102+24 11 02 12.08 24 44 12.40 13.52 0.42 0.259016 EW
NSVS 4917488 10 41 04.56 38 54 14.80  11.60 0.53 0.351664 EwW
NSVS 7336024 07 52 07.40 30 17 45.90 13.73 0.89 0.269553702 EwW

degree of contact than the W-type systems (Van
Hamme 1982, Smith 1984).

The mass ratio of the W UMa binaries is an
important parameter for the W/A subclassification

but it is very seldom available from spectral data
due to their faintness (Rucinski 2002). Moreover, the
rapid rotation of their components does not allow to
obtain precise spectral mass ratio from measurement
of their highly broadened and blended spectral lines
(Bilir et al. 2005, Dall and Schmidtobreick 2005).
That is why the W UMa binaries are poorly studied.
It is supposed that their components are in a similar
evolutionary state, near or just above the main se-
quence, but there is still not a satisfactory theory for
their origin, structure, evolution and ultimate fate
(Van Hamme 1982a,b, Li et al. 2007).

This paper presents photometric observa-
tions of the short-period W UMa-type systems KR
Lyn, CSS J1102124-244412 (further CSS J1102+24),
NSVS 4917488 and NSVS 7336024. Table 1 presents
information about their coordinates and variability
from the VSX database (Clark 2014). The goal of
our study was to determine their parameters by light
curve solutions of our data. They could be useful for
improvment of the empirical relations of short-period
W UMa-type systems.

2. OBSERVATIONS

Our CCD photometric observations of targets
in the Sloan ¢’, i’ bands were carried out with the 30-
cm Ritchey Chretien Astrograph (located into the
IRIDA South dome) using a CCD camera ATIK
4000M. Information about our observations is pre-
sented in Table 2 (for data see the Appendix).

Table 2. Journal of our photometric observations.

Star Date Exposure Number error

KR Lyn 2017 Jan 28 120,120 141, 141  0.004, 0.007
CSS J1102+24 2016 Apr 12 120,120 88, 88 0.006, 0.009
2016 Apr 13 120,120 24, 18 0.009, 0.011

2016 Apr 14 120,120 82, 80 0.006, 0.010

NSVS 4917488 2017 Feb 13 60, 90 74, 74 0.003, 0.004
2017 Feb 14 60, 90 111, 111  0.003, 0.004

2017 Feb 15 60, 90 56, 56 0.003, 0.004

2017 Feb 17 60, 90 108, 108  0.003, 0.004

2017 Apr 01 60, 90 25, 25 0.003, 0.004

NSVS 7336024 2016 Dec 19 120, 150 92, 92 0.007, 0.009
2016 Dec 21 120, 150 35, 35 0.008, 0.011

The photometric data were reduced by
ATP4WIN2.0 (Berry and Burnell 2005). An aper-
ture ensemble photometry was performed with the
software VPHOT using more than six standard stars
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(Table 3) in the observed field whose coordinates
were taken from the catalogue UCAC4 (Zacharias et

al. 2013) and their magnitudes from the catalogue
APASS DR9.

To determine the times of minima we used the
software MINIMA (Nelson 2007) that allowed us to

apply different methods (Ghedini 1982): parabolic
fit, digital tracing paper, bisectors of chords, Kwee
and van Woerden (1956). The obtained times of min-
ima (Table 4) lead to the following ephemerides:

HJD(MinI) = 2457782.34333(6)
+ 0.3465186 x E (1)
for KR Lyn,
HJD(MinI) = 2457491.41688(8)

+ 0.25901623(3) x E (2)
for CSS J1102+24,

HJD(MinI) = 2457802.37212(9)
+ 0.351664 x E (3)

for NSVS 4917488, and

HJD(Minl) = 2457742.47425(7)
+ 0.26953702 x E (4)

for NSVS 7336024.

3. LIGHT CURVE SOLUTIONS

We carried out the modeling of our data by
the package PHOEBE (Prsa and Zwitter 2005). It
is based on the Wilson-Devinney (WD) code (Wil-
son and Devinney 1971, Wilson 1979, 1993) but also
provides a graphical user interface alongside other
improvements, including updated filters as the Sloan

ones used in our observations.
The observational data (Fig. 1) show that

our targets are contact or overcontact systems and
we modelled them using the corresponding modes
”Overcontact binary not in thermal contact” of

PHOEBE. We used the formal convention the
deeper minimum to be the primary eclipse (phase

0.0). We determined in advance the mean tem-
peratures T, of the binaries (Table 5) by their in-
frared color indices (J — K) from the 2MASS catalog
and the calibration color-temperature of Tokunaga
(2000).
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Table 3. List of standard stars.

Label Star ID RA Dec g 7
v KR Lyn 08 24 33.51 51 24 40.82  13.130  12.52
Chk  UCAC4 707-047037 08 24 25.65 51 20 20.40  13.054  12.315
c1 UCAC4 708-048557 08 25 27.70 51 25 09.17  12.849  12.618
C2  UCAC4 708-048546 08 24 59.16 51 27 37.80  13.152  12.063
C3  UCAC4 708-048537 08 24 39.14 51 32 47.84  14.025  13.005
C4  UCAC4 708-048531 08 24 30.25 51 34 00.03 14.030  13.475
C5  UCAC4 708-048528 08 24 24.94 51 34 59.20  13.675  12.983
C6  UCAC4 708-048525 08 24 22.72 51 30 42.57  12.111  11.627
C7  UCAC4 708-048535 08 24 34.57 51 24 13.39  14.034  13.285
C8  UCAC4 707-047041 08 24 35.01 51 20 59.93  12.578  11.58
C9  UCAC4 707-047035 08 24 20.75 51 19 26.48  14.014  13.141
C10  UCAC4 707-047038 08 24 26.92 51 14 44.03  13.648  12.938
C11  UCAC4 707-047031 08 24 15.33 51 16 31.76  13.572  12.954
v CSS J1102+24 1102 12.08 24 44 12.40 13.829  13.057
Chk  UCAC4-803-018811 11 01 55.42 24 40 48.82  14.553  13.774
c1 UCAC4 574-046294 11 01 44.42 24 39 00.81  14.040  12.936
C2  UCAC4 573-048335 11 02 36.97 24 35 41.47  13.686  12.564
C3  UCAC4 574-046322 11 03 00.52 24 44 29.06  13.592  12.832
C4  UCAC4 574-046318 11 02 50.86 24 45 59.97  12.420  11.891
C5  UCAC4 574-046312 11 02 40.82 24 45 19.21  12.783  11.603
C6  UCAC4 575-046935 11 02 29.94 24 52 08.23  13.544  12.890
C7  UCAC4 575-046910 11 01 14.92 24 48 40.58  14.397  13.621
C8  UCAC4 575-046926 11 02 03.98 24 58 02.04  13.073  12.651
v NSVS 4917488 10 41 04.56 38 54 14.80  11.720 11.09
Chk  UCAC4 645-048700 10 40 01.79 38 53 57.28  13.445  12.231
c1 UCAC4 646-049052 10 40 27.05 39 02 02.62  12.702  12.348
C2  UCAC4 645-048712 10 40 58.39 38 54 52.19  13.897  13.401
C3  UCAC4 645-048731 10 41 56.54 38 55 24.99  12.732  12.316
C4  UCAC4 645-048730 10 41 55.43 38 49 32.16  12.641  12.288
C5  UCAC4 644-047762 10 40 52.66 38 46 16.92  14.002  13.584
C6  UCAC4 645-048726 10 41 32.60 38 56 02.70  14.018  13.496
v NSVS 7336024 07 52 07.40 30 17 45.90  13.970  12.93
Chk  UCAC4 602-042451 07 52 08.80 30 15 48.39  13.331  12.282
c1 UCAC4 601-043207 07 51 31.09 30 10 06.61  14.013  13.41
C2  UCAC4 601-043211 07 51 36.48 3009 35.16  12.695 12.346
C3  UCAC4 602-042453 07 52 11.54 30 12 16.97  12.259  11.627
C4  UCAC4 602-042490 07 52 50.04 30 13 47.89  13.551  13.033
C5  UCAC4 602-042413 07 51 25.65 30 19 47.41  12.373  11.332
C6  UCAC4 602-042433 07 51 44.06 30 15 18.27  13.686  13.189
C7  UCAC4 603-043529 07 51 52.22 30 25 10.65  13.491  12.897
C8  UCAC4 602-042493 07 52 51.84 30 17 00.27  14.105  13.136
C9  UCAC4 602-042492 07 52 50.37 30 18 51.02  14.003  13.487
C10  UCAC4 602-042479 07 52 38.65 30 23 40.88  12.727  12.216
C11  UCAC4 602-042446 07 51 59.94 30 13 28.70  14.328  13.756
C12  UCAC4 601-043274 07 52 38.18 30 09 59.19  13.502  12.605
C13  UCAC4 601-043275 07 52 38.37 30 09 22.59  12.813  12.39
Table 4. Times of the observed light minima at Table 5. Target temperatures.
Rozhen.
Target KR Lyn CSS NSVS NSVS
Target Type of minima  Times of minima, HJD J1102+24 4917488 7336024
KR Lyn I 2457782.34333(6) T 5830 5338 5700 5010
KR Lyn 11 2457782.51748(9)
CSS J1102+24 i 2457491.28614(7)
CSS J1102+24 I 2457491.41688(8) The procedure of the light curve solutions con-
CSS J1102+24 1 2457491.54436(6) sists of several steps. First, we adopted the primary
CSS J1102+24 1T 2457492.32140(7) ¢ T — T d hed for the best fit
CSS J1102+24 I 2457493.35845(9) emperature 17 = 1, and searched for the bes
CSS J1102+24 1 2457493.48931(4) varying: the secondary temperature T5; mass ratio q;
NSVS 4917488 I 2457799.38297(6) orbital inclination ¢ (in the range 60-90° correspond-
ESXS igégégi III ;ig;gg;g;;ﬁ(g) ing to the eclipse depths); potential Q. We adopted
NSVS 7336024 I 2457742.47425(7) the coefficients of gravity brightening 0.32 and re-
NSVS 7336024 I 2457742.61105(6) flection effect 0.5 appropriate for late stars (Table
NSVS 7336024 I 2457744.36101(8)

The light curves of NSVS 4917488 and NSVS
7336024 (Fig. 1) reveal a flat primary minimum (oc-
cultation) that implies the W-subtype binaries, i.e.
searching for solutions with ¢ > 1. For the partially-
eclipsed binaries KR Lyn and CSS J110212+244412
we had to vary mass ratio arbitrarily.

5). The limb-darkening coefficients were chosen ac-
cording to the tables of Van Hamme (1993).

In order to reproduce the O’Connell effect we
used cool spots and varied their parameters (longi-
tude A, latitude (3, angular size o and temperature
factor k).

After reaching the best solution (correspond-
ing to the minimum of x?) we adjusted the stellar
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Fig. 1. Top: the folded light curves of the targets and their fits; Bottom: the corresponding residuals (shifted
vertically by a different amount to save space). The observational data are accessible in the form of tables
(whose samples A1-A are shown in the Appendiz) at http : //www.irida—observatory.org/Observations/iri

da — 14 — SerAJ.zip.

temperatures 77 and T around the value T, by the
formulae (Kjurkchieva and Vasileva 2015)

T =17 — AT
C+1’ 2 1

(5)

where the quantities ¢ = Lo/L; (the luminosity ra-
tio) and AT = T,, — Ty are determined from the

PHOEBE solution.
PHOEBE gives a possibility to calculate all

values (polar, point, side, and back) of the relative
radius r; = R;/a of each component (R; is linear ra-
dius and a is orbital separation). Moreover, one can
determine the luminosity ratio ¢ = Lao/Ly = lo/ly
from the PHOEBE output parameter M2, — M} .

The formal PHOEBE errors of the fitted pa-
rameters were unreasonably small. That is why we
estimated the parameter errors manually based on
the following rule (Dimitrov et al. 2017). The error
of parameter b corresponded to that deviation Ab
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from its final value b/ for which the mean residuals
increase by 35 (& is the mean photometric error of
the target).

In order to take into account the effect of pos-
sible correlation between the mass ratio and orbital
inclination we carried out the ¢-search analysis. For
this aim we fixed the component temperatures and
radii as well as the spot parameters and calculated
the normalized x? for a two-dimensional grid along i
and ¢. Fig. 2 illustrates the result from this g-search
procedure for KR Lyn.

Table 6 contains the final values of the fitted
stellar parameters and their uncertainties: inclina-
tion ¢; mass ratio g; potential 2; secondary temper-
ature T5.

Table 7 exhibits the calculated parameters:
stellar temperatures T1f7 o; relative stellar radii 7q 2

(back values); fillout factor f; luminosity ratio
Ly/Ly. Their errors are determined from the un-
certainties of fitted parameters used for their calcu-
lation.
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Table 6. Fitted parameters of the best light curve solutions.

Star 9 q T> Q
KR Lyn 66.4+0.2 1.996+0.005 5557+£15  5.184+0.03
CSS J1102+24 69.7£0.2 0.305+£0.004  5119+20  2.44240.003
NSVS 4917488 83.9+0.2 3.807£0.003  5574+10  7.52340.01
NSVS 7336024  82.754+0.1  2.878+0.005 4783+25  6.42040.02

Table 7. Calculated parameters.

Star Tlf T2f ry ro f Lo/Ly

KR Lyn 601915 5746410 0.329+0.004 0.449+0.004 0.104 0.445
CSS J1102+4-24 550745 5288415 0.497+0.002 0.293£0.002 0.187 0.295
NSVS 4917488 579842 567248 0.28440.003 0.512+0.002 0.232 0.286
NSVS 7336024 518346 4956+19 0.295+0.002 0.478+0.002 0.057 0.311

65.0 65.5 66.0 66.5 67.0 67.5

Fig. 2. lllustration of the g-search method for
K}% Lyn.

Table 8 reveals the spot parameters reproduc-
ing the light curve distortions. Due to the correla-
tion between spot parameters we present parameters
of the equatorial spots which have minimum radii.

The synthetic curves corresponding to the pa-
rameters of our light curve solutions are shown in
Fig. 1 as continuous lines while Fig. 3 exhibits the
3D configurations.

KR Lyn SS J1102+24
C o)
NSVS 4917488 NSVS 7336024

Fig. 3. 3D configurations of the targets.

Table 8. Spot parameters.

Star (component) A «a K
[°] [°]
CSS J1102+24 (1) 313+1 13+1 0.84+0.01
(1) 178+1 16+1 0.87+0.01
NSVS 4917488 (1) 13941 18+1 0.84£0.01
NSVS 7336024 (1) 16141 29+1 0.87£0.01
(2) 178+1 2441 0.84+0.01

4. RESULTS AND CONCLUSIONS

The main results from our study of the W
UMa-type binaries KR Lyn, CSS J11024-24, NSVS
4917488, and NSVS 7336024 are as follows.

(1) We determined initial epochs for all targets
and improved the period of CSS J11024-24.

(2) All targets are overcontact binaries with
the fillout factor in the range 0.06-0.23. Hence,
their mass ratios should be considered with confi-
dence (Terrell and Wilson 2005).

(3) KR Lyn and CSS J1102+24 undergo par-
tial eclipses while NSVS 4917488 and NSVS 7336024
reveal total eclipses. Hence, the parameters of
the last two targets could be considered as well-
determined.

(4) The components of all targets are G or K
Zt()%rSK whose temperature differences do not exceed

(5) The components of all targets differ con-
siderably in size and mass (Tables 6-7).

(6) The light distortions of CSS J1102+24,
NSVS 4917488 and NSVS 7336024 were reproduced
by one/two cool spot(s) with angular radii 13-29°.
The photospheric activity is an expected character-

istic for these cool stars.
7) The light curve solutions revealed that

NSVS 4917488, NSVS 7336024 and KR Lyn are of
W-subtype while CSS J1102+4-24 is of A-subtype.

This investigation added four new members to
the family of short-period binaries with determined
parameters which may be used for improving their
empirical relations.
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APPENDIX

Table A1l. Photometric data for KR Lyn.

7

JD error g’
2457782.21397178  13.227 0.004
2457782.21711172  13.200 0.003
2457782.22028165  13.197 0.003

JD i error i’
2457782.21555175  12.612 0.006
2457782.21870168  12.599 0.006

2457782.22186162

12.580

Table A2. Photometric data for

CSS J110212+4-244412.

3

JD g error g’
2457491.26939790 14.124 0.006
2457491.27257768 14.143 0.006
2457491.27573747  14.170 0.006

JD i’ error i’
2457491.27098779 13.315 0.009
2457491.27416758 13.351 0.010

2457491.27730736

13.361

0.010

* The complete table is available at
http://saj.math.rs/196/TableA2.dat.

Table A3. Photometric data for NSVS 4917488.

7

JD g error g’
2457798.22995132  11.734 0.003
2457798.23209133  11.741 0.003
2457798.23426133  11.737 0.003

JD i’ error i’
2457798.23103133  11.110 0.004
2457798.23316133  11.093 0.004

2457798.23533133

11.108

0.004

* The complete table is available at
http://saj.math.rs/196/TableA3.dat.

Table A4. Photometric data for NSVS 7336024.

7

JD g error g’
2457742.31829715  14.253 0.007
2457742.32187731  14.332 0.007
2457742.32547747  14.422 0.007

JD i error i’
2457742.32005723  13.211 0.010
2457742.32367739  13.302 0.010

2457742.32731756

13.355

0.011

http://saj.math.rs/196/TableA4.dat.
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Cmpyumu wAaHaK

Y panmy mnpeacraBmbaMO (HOTOMETPUjCKa
HocMaTpama  KPATKONePUOIWYHUX  EKJIMICHO
mBojuux 3se3na KR Lyn, CSS J1102124-244412,

\}S 4917488 u NSVS 7336024 CIpOBeseHa Ko-

pmmhe}beM CJonHOBMX (bHJITepa g',i'. Kpuse

cjaja IHOKa3yjy Ha Cy CBe IOCMATPaHe 3Be3ne
KOHTAKTHU [OBOJHM CUCTEMHU Y KOJUMa Cy KOM-
mounenTe cuekrpasaux kimaca G u K. Paszmuka

y TeMmmeparypaMa KOMIIOHCHTU He IpeJasn 300,
aay ce camMe KOMIIOHEHTE OUTHO DPAa3JUKyjy IO
BemmuuHA 1 Macu. NSVS 4917488 u NSVS 7336024
MOKa3yjy MOTIOyHA MOMpavyema U HUXOBE mapa-
MeTpe MOH{GMO cMaTpaTé Moy3maHo oxpebenuM.
[Iporabeno je ma cy cumcremn KR Lyn, NSVS
4917488 u NgVS 7336024 W-nonruna, m0K CSS
J110212+244412 A-noarun 3Be3na tumna W
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