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IMPACT OF BINARIES ON STELLAR 
EVOLUTION 

q  Algols & blue stragglers 
q  Barium (dwarfs, sgCH & giants)  
q  Post-RGB, He WDs & sdB 
q  R stars (no binaries) 
q  (Asymmetric) Planetary Nebulae 
q  Type Ia SN, gravitational-wave emitters...                                   
 

Classes of stars for which duplicity (or non-duplicity!) is essential: 



1. Main sequence

2. KIII, MIII

3. S(Tc)

4. SC(Tc)

5. C(Tc)

6. post-AGB 

7. PN Abell 35-like

8. hot WD WIRRing (KVBa)

9. WD dwarf
Ba (F strong Sr4077)
C

10. subgiant CH

11.
giant Ba
CH

12.
S or C (no Tc)
yellow symbiotic

13. C (Tc) (+ WD)

14. post-AGB (+ WD)

15. wide WD pair

Evolution of low- and intermediate-mass stars 

with carbon and heavy-element 
enhancements   = 
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(case B) Algols & blue stragglers 

Evolution of binary low- and intermediate-mass stars 

= One of the first historical cases 
of impact of binarity on stellar  
evolution ! 

S (no Tc)  

S (Tc) , C 



Siess et al., 2013, A&A 550, A100  

Mass transfer starts here (case B) ... 

... and here starts the mass dump 
                                             on the companion 

Main sequence 

Phase of rapid mass-transfer (RLOF) 

Case B mass transfer : 6 Mo + 3.6 Mo , P = 2.5 d 

Evolution of Algols   (BINSTAR code                          ) Siess et al. 2014, A&A 565, A57 



Evolution of Algols   (BINSTAR code                          ) Siess et al. 2014, A&A 565, A57 

Siess et al., 2013, A&A 550, A100  

Phase of rapid mass transfer (RLOF) 

Case B mass transfer : 6 Mo + 3.6 Mo , P = 2.5 d 



Deschamps et al. A&A 557, A40 (2013) 

Classification of Algols 
based on      and q   !M

Evolution of Algols   (BINSTAR code                          ) Siess et al. 2014, A&A 565, A57 



Evolution of Algols   (BINSTAR code                          ) Siess et al. 2014, A&A 565, A57 

Deschamps et al. A&A 557, A40 (2013) 



Evolution of Algols   (BINSTAR code                          ) Siess et al. 2014, A&A 565, A57 

Siess et al., 2013, A&A 550, A100  

Phase of rapid mass transfer 

Does it leave signatures on circumstellar environment? 
                         

Definitely YES ! 

Is mass-transfer really fully conservative ? Definitely NOT ! 

Case B mass transfer : 6     Mo + 3.6 Mo  =  9.6 Mo   P = 2.5 d   INITIAL 
    non-conservative      1.7  Mo + 6.5 Mo   =  8.2 Mo , P = 8.3 d   FINAL 



Deschamps et al., 2015, A&A 577, A55 

Evolution of Algols: Detection of circumstellar matter 

using WISE and 2MASS photometry 

Deschamps et al. 2015, A&A 577, A55  

Temperature index 
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 22 vs 3.4 µm  

12 vs 3.4 µm  



Mayer et al., 2016, A&A 587, A30 

Evolution of Algols: Detection of circumstellar matter 

WISE W4 images 
       (22 µm)   

CX Dra π Aqr 

φ Per 
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(case B) Algols & blue stragglers 

Evolution of binary low- and intermediate-mass stars 

= One of the first historical cases 
of impact of binarity on stellar  
evolution ! 



Siess et al., 2013, A&A 550, A100  

Evolution of Algols producing Blue stragglers 

Case B mass transfer :   6    Mo + 3.6 Mo  

        è  1.7  Mo + 6.5 Mo  



Detecting Blue stragglers  

If case C mass transfer from AGB,  
then barium enhancement predicted  

Milliman, Mathieu & Schuler, 2015, AJ 150, 84  

NGC 6819 
2.5 Gyr 
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Case C 

Evolution of binary low- and intermediate-mass stars 

Main sequence barium star  blue straggler 

with carbon and heavy-element 
enhancements   = 

 



Milliman, Mathieu & Schuler, 2015, AJ 150, 84  

Detecting blue stragglers barium stars  

Blue straggler barium stars 
 
 
  

Just a problem:  
Only 1/5 shows signature of duplicity !  



Detecting blue stragglers barium stars  

Just a second problem:  
Same e – P diagram but not all are barium stars 

Milliman, Cambridge conference on binary stars, 2015 

Barium and related systems Open-cluster blue stragglers 



Gaia collaboration, Babusiaux et al. 2018, A&A 616, A10 

Especially promising in the Gaia era 

Detecting blue stragglers (barium stars)  
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Case C 

Evolution of binary low- and intermediate-mass stars 

(Blue straggler) main sequence barium star  

Giant barium or CH star  

Subgiant CH star  

with carbon and heavy-element 
enhancements   = 

 

In fact, a whole zoo  
whose beasts may now be  
easily located 
in the Gaia HR diagram 
 



Escorza et al. 2017, A&A  608, A100 

Locating the “barium-enhanced” zoo in the HR diagram 

More about mass distributions in next talk  
by A. Escorza 

including WD masses ! 



Locating the “barium-enhanced” zoo in the HR diagram: 
 

A zoom on dwarf and subgiants Escorza et al. 2019, arXiv:1904.04095 

dwarf Ba 
subgiant CH 

dwarf Ba 
giant Ba, reclassified as subgiant 
subgiant CH 

Different class names but same location in the HRD ! 
 
→  Necessity to re-classify the peculiar stars in a homogeneous manner, 
     especially in view of the forthcoming/existing large surveys 
 
 



Locating the “barium-enhanced” zoo in the HR diagram: 
 

A zoom on dwarf and subgiants Escorza et al. 2019, arXiv:1904.04095 

dwarf Ba 
subgiant CH 

dwarf Ba 
giant Ba, reclassified as subgiant 
subgiant CH 

CAVEAT : Are the DR2 parallaxes of binary stars reliable ? 



Pourbaix, this conference 
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Parallax (Single-star model) [mas] 
 

Orbital period [d] 

CAVEAT : Some DR2 (single-star-model) parallaxes of binary stars may be unreliable! 

Comparing single-star parallaxes with binary-star parallaxes (pre-DR3) 

Gap around 1 yr:  
orbital motion 
confused with parallax, 
hence binary-star model  
does not see the binary! 

Binary stars with  
inaccurate (single-star) parallaxes 



Locating the “barium-enhanced” zoo in the HR diagram: 
 

CAVEAT : where are the inaccurate parallaxes located ? 

Parallax (Single-star model) [mas] 

Escorza et al. 2019, arXiv:1904.04095 

Black dots = Barium stars  

Pourbaix, this conference 

NO THREAT ! 

Binary stars with  
inaccurate single-star 
parallaxes 

              Parallax (Orbital model)  /  Parallax (Single-star model)    < 1.25       
1.25 <=  Parallax (Orbital model)  /  Parallax (Single-star model)    < 1.75  
1.75 <=  Parallax (Orbital model)  /  Parallax (Single-star model)  
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Locating the “barium-enhanced” zoo in the HR diagram: 
 

CAVEAT : Are the DR2 parallaxes of binary stars reliable ? 

Escorza et al. 2019, arXiv:1904.04095 

Black dots = Barium stars  

Long periods yield  
“acceleration solutions”: 
orbital motion sensed as an  
accelerated proper motion 

Parallax (Single-star model) (mas) 
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Case C : Barium zoo 

Evolution of binary low- and intermediate-mass stars 

Case B : Algols and blue stragglers 
post-RGB, He WD & sdB 



Evolution of binary low- and intermediate-mass stars: 
 

Post-RGB stars in the LMC 

Kamath et al., 2015, MNRAS 454, 1468 

signature of 
duplicity 



 
subgiant K0 companion in a long-period, eccentric orbit    P = 1071 d , e = 0.25 

Evolution of binary low- and intermediate-mass stars: 
 

He WDs 

Very difficult to produce from  
standard binary evolution models  
 
because RLOF forbidden  
              (predicts short P and e = 0 !) 
 

Mercator / HERMES Vr 

One prototypical case: IP Eri                                           (see Merle et al. 2014 A&A 567, A30) 
                                     EUV source by ROSAT and EUVE satellites 

Teff = 29 290 K ,  log g = 7.5   →   M = 0.43 M⊙   →    He WD 
 



End product  
difficult to get !! 

Siess et al. 2014, A&A 565, A57 



Vos et al., 2017, A&A 605, A109 
Merle et al. 2014 A&A 567, A30  

Evolution of binary low- and intermediate-mass stars: 
 

He WDs and their sdB analogs  

He WD 
sdB 
 
Barium & co. 
 
K,M pre-mass-transfer 
 

IP Eri is representative of  
sdB e – P values 

Hence similar binary evolution  
channels ? 
 
except  
 
sdB = core He-burning with  
                  thin H envelope 
 
He WD = never reached He ignition 
  



Siess et al. 2014, A&A 565, A57 

Evolution of binary low- and intermediate-mass stars: 
 

The case of IP Eri (sg K0 + He WD) 

Initial conditions: 
 
1.5 + 1.45 Mo ! 
 
P = 415 d 
e = 0.4 
 
+ 
 
tidally-enhanced wind 

THE SOLUTION :  



IMPACT OF BINARIES ON STELLAR EVOLUTION : 
 
SUBSTANTIAL PROGRESS IN OUR UNDERSTANDING! 

q  Algols & blue stragglers :  
q non conservative mass transfer 
 

q  Barium (g, d & sgCH) :  
q clarification needed in classification 
 

q  Post-RGB, He WDs & sdB :  
q  found possible evolutionary channel  

   even for long P, large e systems 
 


