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Abstract We present the firsBV R photometry, period variation and photometric light curvelgsis

of two poorly studied eclipsing binaries, V1321 Cyg and CRi.T@bservations were carried out from
November 2017 to January 2020 at the observatory of UzhhNedmnal University. Period variations
were studied using all available early published as welllaswinima times. We used the newly developed
ELISa code for the light curve analysis and determinatiophaftometric parameters for both systems. We
found that V1321 Cyg is a close detached eclipsing systemavibw photometric mass ratio f= 0.28
which suggests that the binary is a post-mass transfemsyste significant period changes in this system
are detected. CR Tau is, on the other hand, a semi-detackiarswhere the secondary component almost
fills its Roche lobe. We detected a long-term period increaserate ofl.49 x 10~ d yr—!, which supports
mass transfer from the lower mass secondary component todhemassive primary.

Key words: binaries: close — binaries: eclipsing — stars: individu&l821 Cyg, CR Tau)

1 INTRODUCTION angular momentum loss (e.g¥ang et al. 200p and/or
magnetic brakingApplegate 199
Eclipsing binaries are an important group of variable In this paper, we present photometry, period and LC
stars, where both components are obscured from thenalysis of two neglected detached binaries, which were,
observer during their mutual motion around a commorup to now, not studied in more detail in literature:
center of mass. They exhibit features in their light curves /1321 cyg (NSVS 5731097) was mentioned as an
(LCs), which are specific and well recognized among allecjipsing variable for the first time iRomano(1967. In
variable stars. The shape of their LCs depends on thge gatabase dfreiner (2004, the period of the system
physical properties of the components and geometricas jisted asP = 0.3640924 dOtero et al. (2006 redefined
configuration dilditch 2001, PrSa 2019 Analysis of LCs  the system as an Algol-type binary with an orbital period
of eclipsing binaries can reveal, among other aspectsp=0.72818d. In the catalog @kvakumova et al(2013,
relative dimensions of stars, their effective temperature the orbital period of the system was again set to half
orbital inclination, eccentricity of the orbit and poteaiti of the previous value. The distance to the system is
spots. Together with radial velocities obtained from735:12 pc according to Gaia Data Release 2 (DR2)
spectroscopic observations, we can determine masses @ajler-Jones et al. 20).8
the components, their distances and radii. CR Tau (GSC 01862-01633) was discovered by
The shapes of components in binary stars arédoffmeister(1949 who also determined ephemeris from
described by Roche geometriyr§a 2012 According to  minima times of photographic plates. The system was
this, three configurations of binary systems are possiblajeglected till the paper frovdgerer(1999, who presented
detached (both components are in their Roche lobes), senthe first CCD LC of the system and determined new
detached (one component fills its Roche lobe) and contacgphemeris with periodP? =0.6827035d. It is included
where both components overfill their Roche lobes. All thisin the catalog of Algol-type eclipsing binaries from
is reflected in the LCs and also has other observationd&udding et al.(2004 and in the catalog®lalkov et al.
consequences like a period change due to mass transf€00§ and Avvakumovaetal.(2013. This eclipsing
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wl e L S ,!ﬁ“""""“*ﬂ*‘%a& were selected manually according to the similarity of

the studied binaries (brightness and distance on the
sky). This approach significantly improves the quality of
photometric measurements. Due to not having stable night-
to-night observing conditions, the average precision of ou
measurements reached.02 mag inV and R filters and
~0.04 mag inB filter for CR Tau. Similarly, for the fainter
binary V1321 Cyg, the average precision of individual
measurements is a little worse0.03 mag inV and R
filters and~0.05 mag inB filter. The comparison stars
considered in our study together with their magnitudes
from the NOMAD Catalog Zacharias et al. 20042005
are listed in Table.

The resulting LCs of all eclipsing binaries are depicted
in Figurel. The LCs were phased according to ephemeris
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The study of period changes for both systems was carried
Fig.1 Phased LC of the V1321 Cygtap) and CR out using theirO — C diagrams. In our analysis we
Tau (bottom) systems inBV R passbands by dates of paye considered all available published minima times as

observations. can be found in theD — C gateway, minima times
binary was also monitored by the Optical Monitoring determined from our observations (weighted averages

Camera (OMC) onboard the INTEGRAL satellite which from BV R LCs), minimatimes determined from available
provided photometry measurements in the Johngen SUPErWASP dataRollacco etal. 2006and INTEGRAL-

band @Alfonso-Garzon etal. 2032 The distance to the OMC observationsAlfonso-Garzon et al. 20920ur new
system was established to be 798 pc according to Gaia minima times were calculated following the phenomeno-

DR2 (Bailer-Jones et al. 2018 logical method described irMikulaSek (2015. This
method gives a realistic and statistically significant erro
2 OBSERVATIONS AND DATA REDUCTION in determining minima times. Newly calculated minima

times are listed in Tabl2.
Observations of all studied eclipsing binary systems The O — C diagram of V1321 Cyg compiled from
were carried out at Derenivka Observatory of Uzhhorodarchived CCD and newly determined ones contains a
National University, Ukraine (Lat: 48.563417 N; Long: total of 88 times of light minima. We have omitted old
22.453758 E). Measurements were collected fronphotographic minima times obtained before 1968 because
November 2017 to January 2020. For our observatiomf their large scatter. We also excluded visual observation
we employed a Newtonian telescope with a diameter o he precision of CCD minimatimes is in the rangd of 4
400 mm and a focus of 1750 mm. It was accompaniedl. A weighted least-squares (LS) solution using all minima
by an FLI PL9000 CCD camera (array 30568056, (weights were calculated a&2, whereo is an error in the
pixel size 12um) with JohnsonBV R photometric filters. minimum) leads to the following linear ephemeris of the
The field of view of such configuration of the system issystem (errors of parameters are given in parentheses)
1_.21 >§1.21 . The journal of our CCD observations is Min T = HJD 2458428.879(3) + 09.7281849(5) x E.
given in Tablel.

The CCD images were reduced in the usual wayTh. h . tilized t te he- C di (1)
(bias and dark subtraction, flat-field correction) utilzin 'S ephemers was uliized to create te- 'agram

the software package CoLiTecVSdvanevych et al. 2017 dlslplaye((dj gclggut:eZ (Ie:t). Desptne t:\e fact tf;tat Weth
Parimucha et al. 20)9This package was also used for only use observations, quite a farge scatter in the

aperture photometry, calculation of differential magdés L http://var2.astro.cz/ocgat el
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Table 1 The journal of CCD photometric observations. Phase is
calculated according to ephemeris determined in Sect.

System Date Time (UT) Phase Filters
V1321 Cyg Nov 05 18 16:27 — 23:22 0.047-0.442 BVR
Nov 06 18 16:32 -19:55 0.426-6.618 BVR
Nov 15 18 19:59 - 21:31 0.977-0.053 BVR
Oct 15 19 17:09 — 23:56 0.500-0.882 BVR
Oct 17 19 16:39 - 00:19 0.213-0.635 BVR
Oct 22 19 16:54 — 01:02 0.093-0.544 BVR
Oct 27 19 16:57 — 18:47 0.961-0.068 BVR
Jan 15 20 16:40 — 20:04 0.808-0.971 BVR
CR Tau Nov 30 18 18:31-04:31 0.945-0.562 BVR
Oct 25 19 23:13-03:24 0.146-0.401 BVR
Oct 27 19 20:45 — 04-02 0.927-0.371 BVR
Nov 30 19 20:05 -03:07 0.688-0.117 BVR
Jan 16 20 19:37 - 21:43 0.503-0.634 BVR

413

Table 2 Comparison stars used for a determination of artificial canspn starsBV R magnitudes are
taken from the NOMAD CatalogZ@acharias et al. 2002005

System Comparison stars Coordinates B \% R
NOMAD «(2000) 5(2000)

V1321 Cyg 13150399331 20:23:35.66 +41:32:52.8 14.780 14.330 15.240
1315-0399475 20:23:48.84 +41:31:36.3 12.590 12.380 11.460
1314-0397913 20:23:33.94 +41:27:56.5 14.190 13.680 14.240
1315-0399386 20:23:41.82 +41:35:23.5 13.160 12.810 13.380

' 1315-0399546 20:23:55.19 +41:30:28.6 15.140 14.520 14.950

CR Tau 1140-0090488 05:51:17.48 +24:04:56.1 12.456 12.072 10.95
1140-0090531 05:51:21.78 +24:04:31.5 12.500 12.178 11.91
1140-0090614 05:51:32.65 +24:04:55.0 14.813 14.101 13.41
1141-0092118 05:51:38.19 +24:06:58.2 14.642 13.073 11.77

Table 3 New times of minima for studied objects. BVR - weighted agerdrom ourBV R LCs, SWASP -
SuperWasp minima, OMC - INTEGRAL-OMC minima. The errors ahima times are given in parentheses.

HJD (2400000+) Filter || HJD (2400000+) Filter || HJD (2400000+) Filter
V1321 Cyg 54371.4324(10) SWASP 54070.6860(10) SWASP
54278.5914(17) SWASP 54394.3668(18) SWASP 54118.4750(10) SWASP
54279.6808(9) SWASP 54398.3755(12) SWASP 54179.5762(8) oMC
54282.5926(9) SWASP 58429.2438(4) BVR 54141.3452(3) SWASP
54298.6130(6) SWASP 58774.4070(9) BVR 54142.3747(9) SWASP
54318.6419(10) SWASP 58779.4987(4) BVR 54143.3917(5) SWASP
54335.3949(22) SWASP 58784.2343(4) BVR 54145.4408(9) SWASP
54337.5702(21) SWASP CR Tau 55070.5057(2) OMC
54339.3939(11) SWASP 54030.7452(5) SWASP 55454.1833(6) oMC
54340.4820(29) SWASP 54050.5426(9) SWASP 55455.8888(2) OoMC
54344.4887(7) SWASP 54056.6889(2) SWASP 58453.3040(1) BVR
54345.5821(29) SWASP 54067.6108(4) SWASP 58784.4165(1) BVR
54363.4224(5) SWASP 54069.6594(3) SWASP 58818.5517(3) BVR

resulting diagram is apparent in the range of about 10 mirthe system
However, no significant period changes in this system are
detected.
Min T = HJD 2452500.125(3) + 04.6827039(4) x E,

The O — C diagram of CR Tau contains 48 CCD (2)
times of minima, including archival and new points. We which was used to create tlie — C' diagram depicted in
again excluded old photographic minima times obtainedrigure 2 (right). Unlike the previous case, there is some
by Hoffmeister(1949, because of their very large scatter visible variation on theD — C' of CR Tau. Because of
(up to 2 hr on the) — C diagram). The precision of CCD the lack of minima times and insufficient coverage, we
minima times is in the range ab—* d. As in the previous can only speculate about their nature. The first explanation
case, we produced a weighted LS solution including alcan be a mass transfer between components in the system.
minima and determined the following linear ephemeris ofWe calculated a weighted LS solution of residuals and
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Fig.3 The fit (red line) of the O — C diagram of CR Tau systems according to a quadratic ephefhegtjsand 3¢ body
(right), with residuals at the bottom.

obtained the quadratic ephemeris best solution (displayed in Fi@.- right) led to the highly
Min I = HJD 2452500.1267(12) + 09.6827026(6) x £ eccentrice = 0.8 orbit of the body with an orbital period

of almost 28 yr.
+1.395(64) x 10710 x E2. y
3)
This solution is depicted in Figur@ (left). According to
ephemeris ), a long-term period increase at a rate of

1.494(8) X 107 "dyr—tis pletectepl. The second possibley . £/ 152 code Cokina etal. 2021 It is a newly de-
expla_natlon of the) — C diagram is the_ presence of& veloped cross-platform Python software package dedicated
boij'” _the system,whu_:h.we do n_ot_dlregtlysee. It causeg, modeling close eclipsing binaries including surface
a light-time effect, a shifting of minima times according ¢g5¢res such as spots and pulsations. ELISa utilizes

to the movement of the visible binary around the common. Jern approaches to the EB modeling with an emphasis
center of massHilditch 2007). We have used code from

Gajdos & Parimuchd2019 to test this hypothesis. Our 2 https://github. com ni kecoki na/ el i sa

4 LIGHT CURVE ANALYSIS

For the analysis of LCs of both systems, we relied on
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Fig.4 The synthetic model fitted on observational data of V1321 Qgf) and the results of the MCMC sampling
displayed in the form of the corner plaight).
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Fig.5 The synthetic model fitted on observational data of CR Teft) @nd the results of the MCMC sampling displayed
in the form of the corner plot{ght).

on computational speed while maintaining a sufficientof V1321 Cyg, 7% was kept within £300K of the
level of precision to process a ground-based and spacealue 6770K obtained from LAMOST spectra during
based observation. In this paper, we take advantage of itee fitting procedure Qian etal. 2018 On the other
capability to model the LCs of close eclipsing binaries withhand, 7t of CR Tau was constrained within-a1000 K
the built-in capability to solve an inverse problem using th interval from the value 8200K provided by Gaia DR2
LS and Markov Chain Monte-Carlo (MCMC) methods.  (Gaia Collaboration et al. 201.8

Observations in all passbands were normalized ac- For the components with convective envelopes (effec-
cording to flux in the maxima and were simultaneouslytive temperatures below7000 K), the albedod; and A,
fitted by the LS method to find initial approximate of components were set to 0Ricihski 1969 and gravity
solutions. Subsequently, MCMC sampling was employediarkening factorsy; andg., to 0.32 Lucy 1967. In the
to produce & confidence intervals of the fitted system case of a radiative envelope (abov&000K), the values
parameters. Each system was fitted with a model contairef albedo and gravity darkening factor were both set to 1.0.
ing six free parameters: orbital inclinatianphotometric ~ Castelli & Kurucz (2003 models of stellar atmospheres
mass ratiog, surface potentials of both componefits  were applied. The linear limb darkening coefficients for
and 2, and effective temperatures of the primary andeach component were interpolated from tlam Hamme
secondary componeni¥™ and 75 respectively. In case (1993 tables.
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Fig.6 Three-dimensional (3D) models with the most likely surféemperature distributions of V1321 Cytgft) and
CR Tau ¢ight) binary systems based on parameters obtained from LC flititegl in Tabled. The displayed temperature
distributions take into account gravity darkening and ftection effect using standard techniques based on thevils
Devinney code\(Vilson & Devinney 1971

The weights of individual data points were establishedsecondary component’s mass was transferred onto the
as 1o?, where o is the standard error of a point primary component. We detected no significant period
derived during photometric measurement. Initially, thechanges in this system and it also supports the idea that
LS algorithm was used with suitable initial parametersthe system is detached. We found two viable solutions,
to find an approximate solution and then the parametenowever only one was located within the temperature
space near the solution was explored with an MCMCrange derived by the LAMOST spectra while the second
sampler with 500 walkers and 500 iterations with the initialdiscarded solution contained a much colder primary
300 iterations being discarded as they belonged to theomponentwithe 6000 K, well below the expected value.

thermalization stage of the sampling. The resulting and 5 the other hand. a photometric analysis of the
derived parameters of both systems, like a critical poéénti | -5 of CR Tau revealed that the system is a semi-

{eri, corresponding radiufeqiy and periastron radii in - getached system where the secondary component almost
Semi-major Axis (SMA), are listed in Tabke The best- g5 jis Roche lobe, as detected in some other near-

fit models with observed LCs and resulting flat chains,gntact systems, like EG CegZHu etal. 2009 or BF
displayed in the form of the corner plot are shown iny;, (Zhuetal. 201p The main consequence of such a
Figures4 and>. In Figure6 we also display 3D models of qnfiguration is a mass transfer from the secondary to
the systems with a temperature distribution, correspandini,o primary component, which is reflected on the- C

to a best fitting solution listed in Table diagram as a parabolic variation according to the epoch. If
the mass is transferred from a less massive star to a more
massive one, we detect period increase, as observed in our

In our study we have presented the first multi-caldir R data (see FigB - Ieft_). We can hencg cpncludethat the_most
photometry of two, so far neglected, eclipsing binariesProPable explanation fap — ¢’ variations of CR Tau is a

V1321 Cyg and CR Tau. We have analyzed their periodnass transfer and further observations should confirm that.

variations considering archival data and our new minima  Subtraction of the best fit from the observed multi-
times as well as performing a photometric analysis of theicolor data (Fig.5 - left) uncovered phase correlated
LCs. residuals centered around the primary eclipse. This can
The analysis of our multi-color photometric observa-also be explained by the mass transfer from the less
tions demonstrates that V1321 Cyg is a close detachemassive and much cooler secondary component onto the
binary with a low photometric mass ratio = 0.28f8:8§. heavier primary component. The surface of the primary
Such a low value of combined with a secondary potential component is obscured by a fraction of the relatively
Qo = 2.7f8:} being relatively close to the critical potential cold stream of matter from the secondary component. A
Qerit,2 = 2.43f8;82 suggests that V1321 Cyg is a post- slight shift in the position of residuals to the beginning of
mass transfer system, where a significant portion of théhe eclipse can be explained by the Coriolis force acting

5 DISCUSSION AND CONCLUSIONS
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the ELISa code. The description of parameters is given in @zodness of the obtained fits are provided

in the form of coefficient of determinatioR?.

Parameter V1321 Cyg

Primary Secondary Primary Secondary
P (HJD) 0.7281849 0.6827039
To (HID) 2458428.879 2452500.125
i (deg) 88.670°9
q Ma/M1) 0.287042
T (K) 681%%}4 566%218 7790}()%%% 4916}(?’2}1
: et 27 b 23088 st
e S, e ot g
Reqiv(SMA) 0.34370602 0.214%0002 0.40170603 0.28870 003

Periastron radii (SMA)

Tpolar 0.336f§1§§§ 0.207t§;§§§ 0.386f§1§§§ 0.2684i§;§§§
Thackward 0.35070 005 0.22210-00% 0.41470003 0.3117F000%
Tside 0.34570602 0.211F0602 0.402715502 0.2794F0-602
0354+ 410 02074 {1 0427 4 076700
R? I 0.932 I 0.994

@ - adopted values of period and epoch from linear ephemerides

on the falling stream of matter. Additionally, it is worth Hilditch, R. W. 2001, An Introduction to Close Binary Stars
mentioning other observed proximity effects such as the (Cambridge Univ. Press)

deformation and heating of the secondary component oHoffmeister, C. 1949, Erg. AN, 12, 1

CR Tau on the part of the surface facing the primaryKreiner, J. M. 2004, Acta Astronomica, 54, 207

component due to the close proximity of the componentd-ucy; L. B. 1967, ZAp, 65, 89

and large temperature difference between the component¥alkov, O. Y., Oblak, E., Snegireva, E. A., & Torra, J. 2006,
surfaces. A&A, 446, 785
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