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A stellar cluster is a group of stars born at the same place, roughly at the same time,
and of the same chemically homogeneous cloud of gas and dust (Karttunen et al. 2003).
Clusters offer useful observational tests to a variety of astrophysical and galactic studies.
Their geometrical, physical, and chemical properties are directly related to processes and
mechanisms of star formation and evolution. Binary star systems are very important
in astrophysics because calculations of their orbits allow us to determine the masses of
their components, that in turn allows other stellar parameters, such as radius and density,
to be indirectly estimated. The orbital periods of binary stars are expected to become
shorter during their evolution, e.g. as a result of magnetic braking mechanism. The theory
and details of angular momentum loss has been described by Schatzman (1962), Huang
(1966), Mestel (1968) and more recently Li et al. (2005), Eggleton (2006), Hussain (2011)
and Stepien (2011). The observational data has been discussed by Mochnacki (1981) who
estimated the time scale of this effect in W UMa stars is about 10° — 10 years.

Our study on ( Lyrae- (EB) and W UMa-type (EW) eclipsing binaries was focused on
stars that belong to open and globular clusters only, i.e. probable members and concen-
trated on systems with relatively short orbital periods (less than few days). We searched
the literature for variable stars discovered in the fields of open and globular clusters pub-
lished after 1990 AD. From them we selected the EB and EW-type stars that, according
to the authors, belong to the cluster. There were several different methods to establish
the cluster membership probability in those publications, e.g. they used the position of
the star on the HR—diagram, the apparent distance of the star from the cluster geomet-
rical center; proper motion technique or the formula of Rucinski & Duerbeck (1997) to
compare the system’s distance to the cluster’s distance modulus. We are aware that the
membership of some stars may be more or less doubtful. Our goal was to gather infor-
mation about periods and ages for as many as possible eclipsing binary stars (EB and
EW-type) inside clusters to create a catalogue to investigate the period—age correlation.
Taking this into consideration we think that the completeness of our catalog is high.
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As a result, we collected 159 objects (35 EB and 124 EW type) from 34 open clusters,

and 56 binary stars (6 EB and 50 EW type) from 13 globular clusters in the Galaxy. We
considered only binary stars that, based on the literature data, belong to the cluster.
If for a given star there is more than one paper, then the results of orbital periods were
averaged. All binary systems from our list with main parameters (periods, ages) and
references are listed in Tables 1 and 2. We refer to the catalogues that include eclipsing
binary stars in open clusters: Popova & Kraicheva (1984) and Clausen & Gimenez (1987).
Update of these catalogues was highly timely and necessary, consequently we performed
this update.
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Figure 1. A relation between the orbital period of EB stars and open and globular cluster age.

In Fig. 1 we plotted the orbital period of EB stars (providing that age of binary stars
is the same as the cluster age). Stars marked as triangles were rejected during fitting a
linear relation. We fitted a linear trend that resulted in an equation:

Pgglday] = (—0.47 £ 0.05) log(age) + (4.88 4 0.35), (1)

the correlation coefficient was found to be 0.89.

For contact systems (Fig. 2) we do not observe such a significant trend. We found
only one open cluster with one EW-star. That suggest that stars of this type are rare in
young open clusters. Since the membership of a young EW-star is disputable, we removed
this system from the further analysis. We took an average orbital period for each star
from cluster, errors are represented by a standard deviation (vertical bars). In a result
we obtained the relation:



IBVS 6021 3

Prwlday] = (—0.09 £ 0.03) log(age) + (1.17 £ 0.25), (2)

with the correlation coefficient 0.53. However, the maximum error obtained at the
three sigma level suggests us to consider the age-dependence insignificant. It would be
better to repeat the analysis if more EW—type stars would be discovered in less advanced
age clusters. Lack of such systems in the younger clusters makes it difficult to draw gen-
eral conclusions.
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Figure 2. A relation between the orbital period of EW stars and open and globular cluster age.

The next step was to check the period-age relation for all eclipsing binaries together
(Fig. 3). After empirical testing the best correlation was found for a non-linear function
of the form y = az~! + b with correlation coefficient equal 0.91. As a result, we obtained
the relation:

Pgpspw|day] = (31.19 & 1.78)[log(age)] ™ — (2.87 + 0.21). (3)

The orbital periods of binary stars in clusters become shorter with time. This is a strong
effect for binaries in open clusters younger than about 600 Myr. This suggests that the
orbital period of binary systems in young star clusters decrease with time. Perhaps other
stars in these clusters can receive a part of the orbital energy from the binary system
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Figure 3. A relation between the orbital period of all eclipsing binaries and open and globular cluster
age.

during close approach. But for the oldest systems with an age of several hundreds of
Myrs orbital periods are almost constant.

A similar conclusion was obtained by Li et al. (2005) using Eggleton’s code (Eggle-
ton 1971, 1972, 1973). They noted a quasi-periodic behavior for orbital period around
a constant value. So our results confirm their predictions. On the other hand Tylenda
et al. (2011) observed a merger binary system. Maybe this is a result of the Darwin
instability, where the tidal forces transport angular momentum from the orbit to the spin
components (Chandrasekhar 1969) or it can also be caused by the aforementioned mag-
netic braking mechanism or a combination of both. In general the evolutionary paths of
contact binaries are not exactly known and there is no unified theory in this subject, so
probably this issue is more complicated (Webbink 2003, Csizmadia & Klagyivik 2004).
Probably we need more well-studied binaries that belong to clusters to better understand
their evolution outside and in clusters.
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na Wydziale Fizyki, Astronomii i Informatyki Stosowanej UMK”. RE would like to thank
DFG for support in project NE 515 / 34-1.
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Table 1. List of binary stars in open clusters, ID — identification number or the name of a star
according to refereed papers, P — the period of variation, log(age) — decimal logarithm of the age (given
in years). Type: EB and EW are 8 Lyrae and W UMa respectively.

Open cluster log(age) 1D Coordinates o § J2000.0 Type Period
for the binary system [day]
Berkeley 39! 9.952 V3 07:46:46.9 —04:38:21.2 EW 0.38104
V4 07:46:51.3 —04:36:07.4 EW 0.38132
V5 07:46:52.9 —04:40:18.3 EW 0.30634
V6 07:47:00.6 —04:38:44.4 EW 0.28444
A\ 07:46:46.2 —04:42:01.1 EW 0.27798
V8 07:46:34.0 —04:42:27.9 EW 0.22876
V9 07:46:47.2 —04:42:279 EB/EW 0.25863
Berkeley 393 9.952 V4 07:46:51.3 —04:35:07 EW 0.3813
V5 07:46:52.9 —04:40:18 EW 0.2656
V6 07:47:00.6 —04:38:44 EW 0.2844
V7 07:46:46.2 —04:42:01 EW 0.278
V8 07:46:33.9 —04:42:27 EW 0.2288
V9 07:46:47.2 —04:42:28 EW 0.2598
Vi1 07:46:32.7 —04:45:17 EW 0.2254
Collinder 228* 6.83%  DW Car - EB 1.3277493
Collinder 261° 9.452 V2 12:37:13.6 —68:28:20 EW 0.355
V4 12:37:57:9 —68:27:05 EW 0.3817
V13 12:38:11.8 —68:24:10 EW 0.37494
V15 12:38:18.5 —68.23:41 EW 0.31575
V17 12:37:53.9 —68:23:22 EW 0.45709
V19 12:37:47.3 —68.23.04 EW 0.34314
V24 12:38:42.6 —68:22.04 EW 0.3543
V25 12:38:16.5 —68:22:13 EW 0.40091
V26 12:37:45.1 —68:22:17 EW 0.46133
V28 12:38:10.0 —68:21:30 EW 0.38446
V30 12:37:31.3 —68:21:28 EW 0.35132
V3l 12:37:57.5 —68:21:14 EW 0.38196
V32 12:37:57.5 —68:20:02 EW 0.51901
V33 12:38:12.1 —68:19:33 EW 0.28997
V37 12:38:06.4 —68:17:39 EW 0.42947
V39 12:39:07.3 —68:27:26 EB 0.4307
V43 12:39:03.6 —68:16:25 EW 0.373
IC 4996° 6.852 V2 20:14.42 +39:29:00 EB 1.499643
M11 (NGC 6705)7 8.452 HV10 18:50:59.4 —06:13:43.3 EW 0.394555
HV16 18:51:14.2 —06:17:42.1 EW 0.25532
M11 (NGC 6705)8 8.452 243 18:51:14.8 —06:18:26.3 EB/EW  0.86577
2740 18:50:59.4 —06:13:43.5 EW 0.39464
8146 18:51:10.2 —06:12:50.1 EW 0.29357
8641 18:51:09.3 —06:11:47.1 EW 0.4595
M37 (NGC 2099)°  8.02 V3 05:52:33.03 +32:32:41.7  EW 0.4224
V4 05:52:53.26 +32:33:01.2 EW 0.5585
V5 05:53:00.63 +32:24:50.8 EW 0.3579
M37 (NGC 2099)19 8.92 V3 05:51:33.12 +32:30:33.8 EW 0.422483
V4 05:51:37.12 +32:40:23.4 EW 0.55819
V7 05:51:45.62 +32:27:16.7 EW 0.357735
V20 05:52:17.60 +32:30:12.6 EW 0.289456
V24 05:52:40.10 +32:36:10.4 EW 0.252674
V855 - EW 0.564829
V1160 - EW 0.242092
V1181 - EW 0.25817
V1194 - EW 0.269735
V1447 - EW 0.296877
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Open cluster log(age) ID Coordinates o 6 J2000.0 Type Period
for the binary system [day]
M67 (NGC 2682)!* 9.552 5018 - EW 0.28
Melotte 662 9.44513 V4 111.57849 —47.69664 EW 0.402
V5 111.56815 —47.64329 EB 0.7413
V6 111.72366 —47.76692 EB 0.6974
V7 111.56230 —47.72299 EB 0.5942
V8 111.54562 —47.71756 EW 0.32903
V9 111.71073 —47.75736 EW 0.2386
NGC 1245 9.052 20176 03:15:30 +47:14:37 EW 0.301
20534 03:14:53 +47:16:32 EW 0.281
60193 03:14:28 +47:11:07 EW 0.39
NGC 164715 8.215 M dwarf 04:46:32.86 +19:01:43.2 EB 0.61879
NGC 18506 7.8510 39 05:08:42.8 —68:52:07 EB 1.4978
NGC 188'7 9.52 V1 0:46:54.15 +85:21:44.1 EW 0.289744
V2 0:47:33.50 +85:16:24.8 EW 0.306905
V3 0:50:27.77 +85:15:09.0 EW 0.285728
V4 0:50:50.21 +-85:16:12.4 EW 0.342457
V5 0:48:22.65 +85:15:55.3 EB/EW  0.585984
V6 0:47:16.51 +85:15:35.9 EW 0.3304345
V7 0:46:12.23 +85:14:02.5 EW 0.3281916
NGC 188'8 9.52 Vi1 0:46:54.02 +85:21:43.58 EW 0.2897
V2 0:47:33.37 +85:16:24.14 EW 0.3069
V4 0:50:50.01 +85:16:11.66 EW 0.3425
V5 0:48:22.53 +85:15:54.72 EB/EW 0.586
V6 0:47:16.44 4+85:15:35.31 EW 0.3304
V13 0:51:14.99 +85:24:51.17 EW 0.3583
V28 0:52:08.82 +85:19:05.97 EW 0.304
NGC 2099 (M37)™ 8.6 \Z! 05:52:53.272 +32:33:01.33 EW 0.4224
KV12 05:51:29.340 +32:24:18.06 EB 0.864
NGC 215829 9.12 V12 06:07:18.7 +24:06:50.1 EW 1.0573
V22 06:07:37.7 +24:07:40.2 EW 2.1311
V24 06:07:43.4 +24:06:22.9 EwW 2.3042
NGC 220421 9.22 892 06:15:55.42 -18:44:51.7 EW 0.45178
NGC 224322 9.5823 V2 06:29:33.80 —31:17:02.8 EW 0.2853
V3 06:29:44.87 —31:18:18.8 EW 0.356455
NGC 2243% 9.58%3 V2 6:29:33.81 —31:17:03.4 EW 0.2853011
V3 6:29:44.92 —31:18:19.4 EW 0.3564557
V12 6:29:33.01 —31:17:53.6 EW 0.28598
NGC 2243% 9.58%3 V2 06:29:33.81 —31:17:03.4 EW 0.285
V3 06:29:44.92 —31:18:19.4 EW 0.356
NGC 224425 6.362° V578 Mon 06:32:00.61 +04:52:40.9 EB 2.40848
NGC 230177 8.452 V7 06:51:56.68 +00:25:49.2 EB 0.642
V9 06:51:41:53 +00:23:45:5 EB 0.873
NGC 250628 9.052 V9 08:00:05.4 —10:43:39 EB 0.9392
NGC 2516%° 8.12 V392 Car 07:58:10.47 —60:51:57.5 EB 3.17499
NGC 45730 7.352 V3 01:19:09 +58:17:25 EB 0.642
Vi2 01:20:43 +58:28:21 EB 0.873
NGC 625331 9.42 41404 254.656188433 —52.616197780 EW 0.4968
31606 254.800782797 —52.669356128 EW 0.2934
30341 254.720919972 —52.690243537 EW 0.2692
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Table 1. — cont.

Open cluster log(age) ID Coordinates a 6 J2000.0 Type Period
for the binary system [day]
NGC 6259%2 8.552 V3 17:00:18.83 —44:38:02.7 EB/EW __ 0.763
V15 17:01:13.97 —44:34:05.6 EW 0.6126
V16 17:00:20.56 —44:44:02.2 EW 0.6588
NGC 63333 7.431 V2 - EB 1.025
NGC 6791 9.552 V3 19.354380 +37.769349 EW 0.31764
V4 19.348396 +37.806652 EW 0.32568
V5 19.346258 +37.813354 EW 0.31274
V7 19.340271 +37.821892 EW 0.39174
V8 19.341938 +37.865810 EW 0.33406
V29 19.354796 +37.751386 EB 0.43662
V117 19.343433 +37.665848 EW 0.36644
V118 19.347500 +37.651222 EW 0.30623
V119 19.351961 +37.916328 EB 0.30197
014418 19.339422 +37.778118 EW 0.24544
NGC 679136 9.552 3 19:21:14.96 437:46:09 EW 0.318
5 19:20:53.62 4-37:48:47 EW 0.2705
7 19:20:25.30 +37:49:19 EW 0.3935
NGC 679137 9.552 V4 - EB 0.325482
Vb5 - EB 0.270117
NGC 681938 9.252 52004 19:41:25.87 +40:12:22.2 EwW 0.348687
V2388 19:41:10.33 4+40:15:18.3 EwW 0.366025
V2396 19:41:28.58 4+40:16:24.8 EW 0.293151
V2393 19:41:22.61 +40:11:07.1 EW 0.303209
V2394 19:41:22.91 4+40:14:39.5 EW 0.2561
NGC 6866° 8.8%0 V5 20:03:34.93 +44:14:50.4 EW 0.321742
V6 20:04:00.17 +44:14:03.5 EW 0.366528
V7 20:03:49.82 +44:11:08.8 EW 0.41501
V8 20:03:55.96 +44:10:46.5 EB 0.6222
V9 20:03:38.79 +44:04:53.1 EW 0.43414
NGC 6866 8.840 0074 20:03:34.93 +44:14:50.1 EW 0.321750
0248 20:03:38.79 +44:04:53.0 EB 0.437446
0487 20:03:49.82 +44:11:08.5 EW 0.415110
NGC 68714 6.958%2 V453 Cyg 20:06:34.967 +35:44:26.28 EW 3.89
NGC 69393 9.152 V20 20:33:22 +60:37:14 EW 0.2951
NGC 7044%3 9.152 V3 21:13:16.97 +42:29:44.5 EW 0.46057
V4 21:13:06.83 +42:29:18.7 EW 0.50262
NGC 7160** 7.352 V497 Cep 21:52:00.4 +62:21:02 EB 1.2028351
NGC 7789% 9.152 V2 23:57:33.51 +56:44:32.6 EW 0.72
V3 23:57:39.49 4+56:40:59.7 EW 0.5585
V6 23:56:46.67 +56:43:23.7 EW 0.70
V8 23:57:25.73 +56:43:32.8 EB 0.85
NGC 77896 9.152 V4 23:57:49.41 +56:46:59.91 EwW 0.3375
V7 23:57:24.45 +56:45:13.00 EW 0.4567
V16 23:59:23.01 +56:35:51.05 EW 0.2317
V20 23:57:10.65 +56:33:27.07 EW 0.279
V22 23:56:38.70 +56:43:58.76 EW 0.3063
NGC 95747 7.12 V2 23:30:8.17 +57:28:11.8 EB 0.47192
Tombaugh 248 9.12 V1 - EB 0.6775
V2 - EW 0.3278
V3 - EW 0.4712
V4 - EW 0.3105
V5 - EW 0.3533
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Table 1. — cont.

Open cluster log(age) ID  Coordinates o 6 J2000.0 Type Period
for the binary system [day]

Trumpler 37%° 6.6%9 3132 - EW  0.3759

3218 - EB  1.3649

6690 - EB  2.0236

7446 - EB  2.8247

9532 - EB  1.7577

References — ] Mazur et al. 1999; 2l Bukowiecki et al. 2011; ] Katuzny et al. 1993b; 4 Southworth &
Clausen 2007; [ Mazur et al. 1995; [6) Pietrzynski 1996a; [7) Koo et al. 2007; [ Hargis et al. 2005; [
Kiss et al. 2001; ' Hartman et al. 2008; 'Y Sandquist 2006; 2 Zloczewski et al. 2007; '3 Mermilliod,
J. C. 1996, http://www.univie.ac.at/webda/; ['* Pepper & Burke 2006; %1 Hebb et al. 2006; ¢ Sebo
& Wood 1995; 7 Zhang et al. 2002; ['8] Mochejska et al. 2008; ' Kang et al. 2007; 2% Koo et al.
2007; 21 Rézyczka et al. 2007; 22 Kaluzny et al. 1996; [23] Anthony-Twarog et al. 2005; 24 Katuzny
et al. 2006; 2°! Kaluzny et al. 1996b; 26 Hensberge et al. 2000; 27 Kim et al. 2001; 28] Arentoft et
al. 2007; 29 Debernardi & North 2001; 3% Maciejewski et al. 2008a [3') De Marchi et al. 2010; 132
Chciechanowska et al. 2006; 33 Pietrzynski 1997; 34 Pietrzyriski 1996b; [35] De Marchi et al. 2007; [36]
Katuzny & Ruciniski 1993a; 37 Rucinski et al. 1996; [33] Talamantes et al. 2010; [39] Molenda-Zakowicz
et al. 2009; 97 Joshi et al. 2012; 1“1 Southworth et al. 2004; 42 Maciejewski et al. 2008b; (43] Kopacki
et al. 2008; [*4 Yakut et al. 2003; [*°! Jahn et al. 1995; [*6) Mochejska & Katuzny 1999; 47 Bukowiecki
et al. 2009; 8] Kubiak & Katuzny 1992; 49 Errmann and the YETI team, in preparation

Table 2. List of binary stars in globular clusters, ID — identification number or the name of a star
according to refereed papers, P — the period of variation, log (age) — the logarithm of age. Type: EB
and EW are § Lyrae and W UMa respectively.

Open cluster log(age) ID Coordinates a § J2000.0 Type  Period
for a globular cluster [day]

NGC 104 (Tucanae 47)1 10.132 V214 00:24:05.67 +72:04:52.6 EW 0.2737

V221 EW 0.3135

V225 EW 0.2346

V227 EwW 0.3788

V238 EwW 0.2506

V244 EwW 0.3837

V245 EW 0.2789

V249 EW 0.3226

NGC 2883 10.04% V10  00:52:45.24 —26:34:57.4 EW 0.4388
NGC 3201° 10.11° Vi1 10:17:36.82 —46:24:44.9 EW  0.303587
V2 EW  0.345095

V6 EW  0.37307

NGC 43727 10.048 V5 12:25:45.40 —72:39:32.4 EW 0.3403
V16 EW 0.3084

V22 EW 0.4150
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Table 2. — cont.

Open cluster log(age) 1D Coordinates o 6 J2000.0 Type Period
for a globular cluster [day]
NGC 5139° 9.4810 V10 13:26:47.24 —7:28:46.5 EW 0.3687
(w Centauri) V11 - EW 0.3073
V12 EB 0.2759
V13 EW 0.3055
V19 EW 0.3982
V20 EW 0.3418
V21 EW 0.2493
V44 EW 0.2963
V49 EB 0.3663
V54 EW 0.2838
V56 EW 0.2812
V58 EW 0.6309
V61 EW 0.4158
V64 EW 0.3851
V65 EW 0.5122
NGC 5466 10.10™2 NH19 14:05:27.29 +28:32:04.0 EW 0.3421
NH30 EW 0.2975
NGC 6121 (M4)13 10.0914 V44 16:23:35.22 —26:31:32.7 EW 0.2637
V47 EW 0.2700
V48 EW 0.2825
V49 EB 0.2976
V50 EB 0.2665
V51 EW 0.3031
V53 EW 0.3085
V55 EB 0.3108
NGC 6362'° 10.0816 V39 17:31:54.99 —67:02:54.0 EB 0.3633
NGC 639717 10.14™3 V7 17:40:42.09 —53:40:27.6 EW 0.2716
V8 EW 0.2710
NGC 6397" 10.14"8 V7 17:40:42.09 —53:40:27.6  EW  0.26992
V19 EW 0.25382
NGC 675229 10.13%1 V4 19:10:52.11 —59:59:04.4 EW 0.2502
V8 EW 0.3150
V14 EW 0.3175
NGC 6838 (M71)*2  10.087%3 V1 19:53:46.49 +18:46:45.1 EW 0.3490
V2 EW 0.3672
V3 EW 0.3739
V5 EW 0.4045
M22 (NGC 6656)24 10.08%°  M22.03 18:36:23.94 —23:54:17.1 EW 0.220502
M22_05 EW 0.242792
M22_06 EW 0.239431
M55 (NGC 6809)%°  10.102%7 V53 19:39:59.71 —30:57:53.1 EW  0.32524682

References — [ Kaluzny et al. 1998; (2] Hesser et al. 1987; [3] Katuzny et al. 1997b; (4 Catelan et al.
2002; ©®! von Braun & Mateo 2002; (9 Layden & Sarajedini 2003; [7l Katuzny & Krzeminski 1993c; [8]
Alcaino et al. 1991; ¥ Kaluzny et al. 1997¢; [19 Hilker et al. 2004; 'Y Mateo et al. 1990; ['2] Fakadu
& Sandquist 2007; 13 Katuzny et al. 1997a; 14 Caputo 1985; 1°) Mazur et al. 1999b; 16 Brocato et
al. 1999; 17 Katuzny 1997d; ['8] Gratton et al. 2003; [*?) Katuzny & Thompson 2003; 2%/ Thompson et
al. 1999; 21 Layden, et al. 1999; 2] Yan & Mateo 1994; [23] Grundahl et al. 2002; *4 Pietrukowiecz &
Katuzny 2003; [25] Davidge & Harris 1996; [26] Katuzny et al. 2010; 27 Jimenez & Padoan 2008
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