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Close binary stars (CBS)

“close binary”

> P is short

«—> tidal force & RLOF play important roles
2> AM, cMT,ncMT, ML, AML and NE

*=> synchronously rotating
«=> circular orbit

CBS types:

-Detached (D) [e.g, RS CVn, Giant+MS, Giant+Giant]
-Semi-detached (SD) [e.g. NCB, CV, X-ray binaries, AM CVn, .]
-Contact (C) [e.g., LTCB=W UMa, ETCB]
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Hypothetical mass-loss and dynamo activity during the Sun's evolution.
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1-Non-Conservative Evolution of Close/Interacting Binary Stars:
Low-mass binary systen
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TABLE 1
PHysicaL PARAMETERS OF WELL-DETERMINED LTCBs

P 7 7> M, M> R, R> L, L>
B Sp1 Sp2 (days) (K) (K) Mz) Mz) @Rz) Re) L) (L) N2 x* x5 References
@) 3 “ (&) ©) (€2] (&) (&) ao (an a2 a3) a4 as) aey Qa7
A F4 VvV F4+F5 0.4118 6500 6421 1.18 0.24 1.40 0.70 3.12 0.74 0.210 0.022 0.049 M9O5
W G2V G8+G1 0.3319 5495 5888 1.01 0.49 1.05 0.77 091 0.63 0.130 0.024 0.036 HS88d, D02
A\ F8 V G4+F7 0.3050 5810 6200 1.12 0.59 1.01 0.76 1.05 0.77 0.080 0.016 0.023 B0O4a
A G5V G6+G6  0.5068 5700 S680 1.05 0.88 1.40 1.30 1.85 1.57 0.220 0.058 0.064 HOl1
W Fo V F9+F7 0.3703 6030 6256 1.40 0.50 1.31 0.84 2.02 0.96 0.190 0.029 0.050 S97, L99
W GOV G2+F8 0.4060 5860 6123 1.31 0.40 1.37 0.82 1.99 0.84 0.160 0.022 0.041 KO3a
A F7V F7+F8 0.4941 6215 6141 1.68 0.28 1.89 0.91 4.75 1.06 0.670 0.060 0.143 Vo1
A% F2 VvV F2+F1 0.6035 6700 6775 1.64 0.33 1.98 0.96 7.05 1.75 0.030 0.003 0.007 Z04b
W G5V G4+F7 0.3171 5800 6180 0.93 0.40 1.13 0.83 1.29 0.90 0.870 0.141 0.215 R90a
A G2V G1+GS 0.2976 5890 5754 0.72 0.11 0.97 0.43 1.02 0.18 0.130 0.011 0.029 H88c, A89
A FOo VvV A9+FO 0.3705 7200 7102 0.93 0.15 1.21 0.54 3.54 0.66 0.050 0.005 0.011 MBS83, A84
Al F7 F7+F6 0.3551 6200 6291 1.42 0.15 1.48 0.59 2.89 0.48 0.650 0.044 0.126 KoO4a
A% FSsV F6+F5 0.4295 6338 6450 1.61 0.82 1.50 1.13 3.24 1.97 0.280 0.053 0.076 0O04
W G5V G7+G1 0.3299 5590 5900 1.12 0.49 1.09 0.76 1.04 0.62 0.120 0.021 0.033 BO4a
A% F2 VvV F4+F2 0.4983 6530 6700 1.85 0.82 1.76 1.25 5.05 2.84 0.330 0.057 0.088 BO4a
W F8 V G1+F7 0.3830 5888 6165 091 0.50 1.13 0.87 1.37 0.98 0.210 0.042 0.059 H88c¢
W K1 K3+K1 0.4059 4790 4980 0.74 0.35 1.11 0.80 0.58 0.35 0.220 0.040 0.060 M99, Z01
W Ks v* K4+K3 0.2337 4410 4736 0.75 0.38 0.75 0.56 0.19 0.14 0.130 0.025 0.036 ZO4a
A F2 VvV FO+F2 0.6060 6920 6760 2.09 0.45 2.24 1.07 10.31 2.14 0.052 0.007 H88c, K&84b
V752 Cen........... W F8 V GO+F7 0.3700 5955 6221 1.30 0.40 1.27 0.75 1.83 0.76 0.090 0.012 0.023 B93
W Fo VvV G1+F9 0.3432 5900 6000 0.88 0.59 1.01 0.85 1.10 0.83 0.140 0.032 0.040 MB84, K84a
W K2 VvV K1+KO 0.2783 5010 5250 0.93 0.40 0.93 0.64 0.49 0.28 0.180 0.031 0.049 H88c, KO2a
A% G5 V* G8+G6 0.3169 5450 5630 1.06 0.61 1.00 0.78 0.80 0.55 0.030 0.006 0.009 RB82
W KoV KO+GS8 0.2373 5120 5400 0.56 0.20 0.71 0.46 031 0.16 0.170 0.026 0.044 M87
A% F7V F7+F5S 0.3385 6165 6450 1.23 0.55 1.12 0.78 1.62 0.94 —0.001 0.004 HS88c¢
W K5 K6+KS5 0.2210 4170 4365 0.79 0.43 0.75 0.58 0.15 0.11 0.240 0.048 0.067 HS88c¢
A F2 VvV FO+F3 0.5914 7100 6640 1.72 0.22 2.12 0.88 10.27 1.34 0.300 0.023 0.063 G93
A F8 V F8+F8 0.3766 6135 6142 1.43 0.35 1.45 0.82 2.66 0.86 0.630 0.073 0.146 PO2b
A F6 vV F6+F7 0.3166 6340 6160 1.25 0.10 1.31 0.44 2.50 0.25 0.270 0.015 0.051 Z04b
A A8 A8+F2 0.4707 7500 6700 1.74 0.53 1.70 1.02 8.16 1.89 0.300 0.041 0.075 BO4a
A FO V* F2+F3 0.5827 6700 6650 1.68 0.49 1.98 1.19 7.08 2.49 0.460 0.060 0.112 RO2, WOO
A F2 Vv F2+F3 0.7859 6700 6590 1.60 0.51 2.51 1.64 11.37 4.53 0.920 0.123 0.216 A92
A A6V AG6+A6 0.5919 8000 7920 2.35 1.89 2.02 1.84 14.94 11.91 0.190 0.049 0.056 KO3c
A% K1 Vv K3+KO0O 0.2855 4780 5200 0.64 0.43 0.80 0.67 0.30 0.30 0.130 0.030 0.038 HO92
W F7V F7+F6 0.3501 6245 6345 1.04 0.43 1.11 0.75 1.69 0.82 0.110 0.019 0.030 KB86
W F8 V F9+F7 0.2922 5980 6164 0.92 0.26 0.98 0.56 1.11 0.41 0.140 0.018 0.035 K86
Ac: Fo VvV F9+F8 0.4240 6000 6054 1.81 0.29 1.72 0.80 3.43 0.77 0.460 0.041 0.099 PO1b
W F8 V G4+F8 0.3067 5800 6133 1.17 0.29 1.13 0.62 1.29 0.48 0.240 0.029 0.058 Vo1
W G5 V* G9+G7 0.3210 5362 5600 1.54 0.62 1.20 0.80 1.06 0.56 0.100 0.017 0.027 NB86, Y99, M94
W F8 V G1+F8 0.3581 5890 6100 1.31 0.44 1.26 0.79 1.72 0.77 0.230 0.033 0.059 KO03c
W F3 V F3+F1 0.4713 6622 6787 1.65 0.30 1.81 0.92 5.65 1.59 0.710 0.067 0.153 NO95
W: G2 'V G1+G9 0.3581 5900 5380 0.86 0.37 1.07 0.74 1.25 0.42 0.200 0.034 0.054 Z04b
W Fo VvV Fo9+F6 0.4190 6000 6280 1.36 0.35 1.46 0.81 2.47 0.92 0.250 0.030 0.061 N6, R99
W Fo VvV G6+F8 0.4497 5721 6100 1.37 0.35 1.55 0.87 2.30 0.94 0.340 0.041 0.082 YO04b
Az G2 vV G1+F9 0.3278 5900 6012 1.44 0.16 1.42 0.59 2.20 0.41 0.860 0.059 0.165 QOSs, L99
W G3 V* G9+G6 0.3207 5347 5630 0.98 0.78 1.03 0.94 0.78 0.80 0310 0.078 0.089 A04
W K2V K4+K2 0.2841 4524 4850 0.82 0.50 0.86 0.69 0.28 0.23 0.060 0.013 0.017 YO3a
A F7 F8+F7 0.4304 6150 6250 1.46 0.43 1.46 0.85 2.75 0.98 0.060 0.008 0.015 KO3c¢c
A GO V* G1+G9 0.3583 5900 5380 1.48 0.38 1.33 0.73 1.92 0.40 0.130 0.016 0.032 Z04b
W F6 V* F9+F7 0.4150 6045 6262 1.36 0.50 1.45 0.96 2.52 1.28 0.460 0.070 0.117 Vo1
A F8 V FO9+F8 0.4457 5980 6088 0.94 0.13 1.41 0.59 227 0.43 0.130 0.011 0.028 HS89
A\ G2 G1+F7 0.4534 5880 6165 1.38 0.48 1.45 0.89 2.25 1.03 0.000 —0.008 HS88c
A Fo VvV Fo+G3 0.3448 6000 5830 1.01 0.52 1.07 0.80 1.33 0.66 0.100 0.019 0.028 Lo90
A F1V FO+F1 0.4096 7000 6881 1.40 0.33 1.47 0.79 4.65 1.25 0.035 0.068 NO3
A F7 V* F3+F4 0.4090 6650 6554 1.64 0.50 1.50 0.90 3.94 1.33 0.230 0.031 0.058 PO2a
A F3 VvV F1+Fe6 0.8023 6900 6349 1.80 0.34 2.64 1.35 14.12 2.63 0.650 0.063 0.142 YO04a
W F8 V* F7+F6 0.4234 6200 6314 1.53 0.98 1.40 1.15 2.60 1.90 0.150 0.034 0.043 G994
W: G2 Vv G2+G3 0.3748 5860 5841 1.15 0.38 1.25 0.78 1.65 0.63 0.240 0.035 0.061 PO2b
W G99V G9+G7 0.2804 5300 5528 1.02 0.38 0.97 0.63 0.67 0.34 0.190 0.030 0.050 S91
W Gl G1+F7 0.3624 5888 6166 1.38 0.63 1.26 0.90 1.72 1.05 0.210 0.037 0.057 HS88c, BO4b
W GOV GO+F6 0.2968 5960 6380 1.02 0.18 1.09 0.52 1.36 0.40 0310 0.029 0.069 PO2b
A F8 F7+F8 0.4198 6210 6093 1.21 0.22 1.50 0.75 3.01 0.70 0.640 0.061 0.139 YO3b
A FO V* A9+AOQ 0O 4157 7300 7194 1.70 0O 64 1 SR 107 6 38R 276 OS50 0O 0RkR4 0O 139 YO3c




2- Non-Conservative Binary Evolution:
High-mass binary system V382 Cyg (06.5V + 06 V)

New observations—> Ege University Observatory

Table 6
Observed and Model Parameters of the Components
Star M logR logT logL P Age
(M) (days) (yr)
Observed A 208 09269 45367 4954 1.8855
B 279 09868 45563 5.152
Model No.28 A 280 08687 4.5783 5.0039 1.6960 8.6 x 10°
B 235 08252 45532 48163
Model No.201 A 20.83 009224 45401 4.9581 1.8860 3.85 x 10°
B 27.65 09741 45606 5.1440
Yasarsoy & Yakut (2013)
[AJ, 145, 9]
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Figure 3. Non-conservative evolution of V382 Cyg in an H-R diagram (top
pancl) and the log R vs. M plane (bottom pancl). More massive and less massive
stars arc shown respectively in red and green; their respective Roche lobe radii
are dark blue and light blue. Initial parameters are 28.0 My, 23.5 M,, and
1.72 days with an assumed solar composition. The original primary is now the
secondary.



3-Binary system with giant components:

No. Name P e K, K> Via AV Ay T T> plx i Type
spectra (d) (kms™')  (kms™") (mas) GoF
z
1 SMC-130 120470 0.000 33.42 3254 16783 —072 024 4515 4912 00162 8309 E
G7II 0.001  0.000 0.12 011 0010 010 002 150 150 00008 0.0 108
+ K1 120470 0.000 33.42 3254 16783 —095 024 4365 4812 00180 83.09 004
2 SMC-126 635000  0.042 18.48 1854 16771  —0.192 024 4480 4510 00160 8692 E
K211 0.009  0.002 0.110 010 001 002 002 150 150 00030 009 092
+ K1 635.000  0.042 18.48 1854 16771 —0222 024 4250 4350 00165 8692 004
3 SMC-101 102.900  0.000 39.44 4103 17177  —0203 020 5170 5580 00154 8804 E
K211 0.000  0.000 0.20 012 0010 0020 002 95 9 00003 023 105
+ K11 102900  0.000 39.44 4103 17177  —0203 020 5170 5280 00154 88.04  .004
4 HD 4615 302771 0435 27.52 308 682 —110 025 4400 8700 248 714 N
K211 0.020 0003 0.10 09 002 020 005 200 500 059 20 017
+A2V 302771 0435 27.52 308 682 —110 025 4400 8500 268 714 02
5 n And 11573 0.003 17.98 1903 440  -054 005 5050 5000 133 305 A
G8III 002 0.002 0.09 011 002 002 001 200 200 05 020 040
+ GSIII 11573 0.003 18.04 1892 440  —054 005 5000 5050 133 305 02
6 SMC-108 185220 0.000 37.85 3796 15205 0081 028 4955 5675 001562 7887 E
F9II + G7II 0002 0.000 0.08 009 001 002 002 105 9 000030 010 0.0
+G7HI 185.220 _ 0.000 37.85 3796 15205 0.081 028 4955 5675 001562  78.87 004
60 systems
Name (Myr)
Ev. Type Py eo mig ) n Age P e mp my logR; logR>, logT; logT»
Quality GoF
1 SMC-130 1205 0000 1806 1855 1673 1409 3655 3.691
AGB +AGB 1388 0300 1910 1908 5066 12560 1198 0000 1848 1856 1673 1369 3638 3.678
BM— 108 1205 0000 1807 1856 1696 1361 3.640 3682
2 SMC-126 6350 0042 1675 1669 1652 1603 3.651 3.654
FGB +FGB 5939 0100 1725 1724 2293 13540 6332 0088 1644 1669 1726 1610 3.624 3.641
A 092 6350 0042 1675 1.669 1727 1644 3628 3.638
3 SMC-101 1029 0000 2838 2728 1380 1249 3713 3747
GKGC +GKGC 1185 0300 2870 2820 2920 397.1 1046 0000 2836 2795 1362 1293 3721 3722
A 105 1029 0000 2838 2728 1380 1313 3713 3723
4 HD 4615 3028 0435 2818 2518 1547 0603  3.643  3.940
AGB + MS 6073 0700 2900 2520 1773 5250 3037 0422 2797 2520 1513 0580 3.651  3.930
A 0.13 3028 0435 2818 2518 1513 0585 3643 3929
5 n And 1157 0003 2391 2259 1028 0933 3703 3.699
GKGC+FGB 1330 0300 2368 2268 1969 8097 1172 0000 2327 2264 1040 0912 3.698 3.705
A 040 1157 0003 2371 2260 1041 0920 3.699 3703
Eggleton & Yakut (2017) 6 SMC-108 1852 0000 4435 4423 1813 1664 3.695 3.754
[MNRAS 468, 3533] BL + BL 2132 0300 4.540 4430 3555 1336 1881 0.000 4478 4385 1813 1629 3.699 3761
) ’ A+ 000 1852 0000 4435 4423 1813 1.664 3.695 3754
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Figure 1. Evolutionary tracks for the components a Aur (Capela). Observed values are plotted as squares.

The model of Capella seems to fit the observations very well!!!
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Table 4 — continued
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Name (Myr)
Ev. Type Py eo mio myo n Age P e m my logRy logR, logT, logT,

Quality GoF
22 OGLE-10567 1179 0.000 3.347 3.184 1.405 1558 3.705 3.672
GKGC + Helgn 135.8 0.300 3.400 3.350 2079 240.9 1159 0.000 3367 3.330 1.444 1.548 3.702 3.680
BM+ 0.0 1179  0.000 3.347 3.184 1.405 1.558 3.705 3.672
23 OGLE-26122 771.8 0419 3591 3408 1.505 1.352 3.698 3.699
GKGC + GKGC  773.0 0.420 3.600 3.450 2650 252.9 7654 0402 3.538 3426 1489 1352 3.699 3.701
A+ 0.0 771.8 0419 3591 3408 1.505 1.352 3.698 3.699
24 « Aur 104.0 0.001 2571 2486 1.100 0951 3.692 3.754
GKGC + HG 117.7 0.300 2.620 2.491 1758 620.3 1045 0.000 2553 2485 1.108 0935 3.697 3.767
A+ 0.54 1040 0.000 2571 2486 1.089 0919 3.692 3.771
25 OGLE-15260 1573  0.000 1.427 1440 1.621 1355 3.635 3.673
FGB + FGB 181.2 0.300 1.497 1495 2324 2043.0 161.5 0.000 1424 1458 1.621 1376 3.631 3.663
A 0.0 1573 0.000 1.427 1440 1.621 1355 3.635 3.673

Eggleton & Yakut (2017) [MNRAS, 468, 3533]



Close binaries in open clusters

Cluster Star Type Sp.T. 2000 32000 my Period
(mag) (days)

NGC 6383 V701 Sco C B3V 173425  -323016 8.97 0.76187

NGC 7160 V497 Cep D B3V 215326  +623513  8.98 [.20283
EM Cep SD B0O.5V 2135348 4623652  7.03 0.80618

M67 AH Cnc C F6.5V 085138  +1150357 13.31] 0.36046
EV Cnc SD - 085128  +114928 12.89 0.44830
ES Cnc RSCVn K4V 0851 21 +1153 26 [1.22 [.06780
EX Cnc o Scu ATV 085134  +115111 10.97 -
EW Cnc o Scu - 085133 +115041 12.27 -
EU Cnc AM Her - 085127 +114657  20.77 0.08710
EY Cnc BY Dra - 085135 +115032 19.94 -

NGC 188 EQ Cep C KOV 004734  +851624 17.3 0.30690
EP Cep C KOV 004654 +852144 17.5 0.28974
ER Cep C GoV 005028  +851509 15.83 0.28574
ES Cep C KOV 005050 4851612 15.76 0.34250
V369 Cep C - 004612 +851403 16.9 0.32820
V370 Cep C - 004716  +851535 7.1 0.33040
V371 Cep C - 004822  +851555 15.87 0.58600

NGC 6791 V568 Lyr

V523 Lyr



NGC 7160: young open cluster
t ~20 Myr
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Figure 2. The light curves of AH Cnc using the Mercator and RTT150 telescopes
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A turn-off detached bii st
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