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state 
 
 
 

the nuclear 
reaction network 
 
(from core to surface 
radiative/convective) 

hydrostatic 
equilibrium 
  
(pressure vs. 
gravity) 

the radiative opacity 

Convection with 
the mixing-length 
theory  

tidal friction 
(circularize orbits) 

stellar wind 
mass-loss  
(dynamo 
action) convective core 

overshooting 

semi-convective 
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rotationally driven mixing and diffusive 
separation of abundances (Ap, Am and 
Fm stars) 

Evolution Codes 

EV Code 
-Yakut & Eggleton (2005) 
-Eggleton (2006) 
-Eggleton & Yakut (2017) 
 

Cambridge STARS Code 
-Eggleton (1971-73) 
-Pols, Tout, Eggleton, Zhanwen (1995) 
-Hurley, Pols, Tout (2000) 
-Eldridge+ 



Close binary stars (CBS) 
“close binary”  
• à P  is short 
• à tidal force & RLOF play important roles   
• à AM, cMT,ncMT, ML, AML and NE 
• à synchronously rotating  
• à 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] 



M, y, z, α, dM/dt +   Mt, q, Pbin, dMt/dt, P3, … close binary stars (CBS) 



Single Star: Model of the Sun from its birth to its dead 
Hypothetical mass-loss and dynamo activity during the Sun's evolution. 
 

Today 

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

BC 4.525.000.000 



1-Non-Conservative Evolution of Close/Interacting Binary Stars: 
Low-mass binary system    

Yakut & Eggleton (2005, 2018)  

1.19 Ms + 0.94 Ms, 0.75 days 





8 Yaşarsoy & Yakut (2013) 
[AJ, 145, 9] 

2- Non-Conservative Binary Evolution: 
High-mass binary system  V382 Cyg (O6.5 V + O6 V) 

New observationsà Ege University Observatory 



3-Binary system with giant components: 
 

60 systems 

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



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

Primary- Aa 

Secondary Ab 

Figure 1. Evolutionary tracks for the components α Aur (Capela). Observed values are plotted as squares.  
 

The model of Capella seems to fit the observations very well!!! 
 



Close binaries in open clusters 

NGC 6791  V568 Lyr 

V523 Lyr 

……. 



V497 Cep (D) 
P=1.2 day 
V=9.1 mag 
B3 V 

EM Cep (C,SD) 

P=0.8 day 

V=7.1 mag 

B 0.5 V 

NGC 7160: young open cluster 
t ~ 20 Myr 

Yakut et al. (2003) [A&A, 405, 1087] 



NGC 188 

NGC 188 

Cep 

 

V369 Cep (C) 

ES Cep (C) 
V371 Cep (SD) 

V370 Cep (C) 

ER Cep (C) 

V372 Cep (FK Com) 

13 LTCBs, >25 
variable stars 

ES Cep (LTCB) 

V371 Cep(Algol) 

V370 Cep(LTCB) 

V369 Cep(LTCB) 

V371 Cep(FK Com) 

 

t~7 Gyrs 

d~2 kpc 

 

Observations: 

RTT150, 

Mercator 

BVR filters 



M67 : Solar age open cluster 

Contact binary 

CCD photometry of 
M67 was obtained 
using Russian-
Turkish and 
Mercator telescopes 
during 2005-2017.  
 



M67 

NCB 



M67 

RS CVn 

M67à C + SD + D 



Yakut; Eggleton; Kalomeni; Tout; Eldridge, (2015)  
[MNRAS, 453, 293] 

M1i =1.0994  Ms 
M2i =0.8603  Ms 
Pspin =2 d 
Porb=15.79 d 
ei = 0.3 
 
We find a good fit with a 
metallicity of Z=0.04 and an 
age of 7.7  Gyr.  


