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The barium star
problem



Barium stars
G- and K-type giants which present overabundances of s-process 
elements on their surface.
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elements on their surface.

The slow-neutron-capture process of nucleosynthesis 
takes place at the end of the AGB phase.

● Stage of evolution of Ba stars ?
● Source of neutrons ?
● ...
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G- and K-type giants which present overabundances of s-process 
elements on their surface.

Ba stars are formed 
through binary interaction



Barium stars

Theoretical evolutionary models 
of post-mass-transfer objects 
are not able to reproduce their 
observed orbital properties.

Izzard et al. (2010)
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Eccentricity-pumping 
mechanism needed



Barium stars
- A smooth transition between wind mass loss and RLOF mass loss regime
(Bonačić Marinović et al. 2008; Abate et al. 2013; Chen et al. 2013)

- Enhanced mass-transfer at periastron
(Soker 2000)

- Tidally-enhanced wind mass loss
(Tout & Eggelton 1988)

- Kicks to the white dwarf at its birth
(Izzard et al. 2010)

- Resonant interactions with a circumbinary disk
(Artymowicz & Lubow 1994; Dermine et al. 2013; Vos et al. 2015)

Eccentricity-pumping 
mechanism needed



Goal of our project

Why barium stars?

● Known to be binaries with a white 
dwarf companion.

● We can use both observed orbital 
parameters and chemical 
abundances to put constraints on the 
models.

To compare observational and 
theoretical e-logP and HR diagrams to 
improve our models and increase our 
knowledge of evolution and interaction 
in low- and intermediate- mass binary 
systems.
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Orbital analysis of (d)Ba stars
Our data sets:

- 70 known orbits of giant Ba stars
(Gorlova et al. 2014; Jorissen et al. 2016)

- Radial velocity data of 41 dwarf Ba stars from the 
CORAVEL spectrometer
(from a sample in North et al. 2000)

- High resolution spectra of 23 dwarf Ba stars from the 
HERMES spectrograph at the Mercator Telescope

HERMES spectrograph
(Raskin et al. 2011)

Mercator Telescope (P. I. Pápics)



Observational e-logP diagram

70 giant Ba stars
 (Gorlova et al. 2014; Jorissen et al. 2016)

17 dwarf Ba stars 

Orbital analysis of (d)Ba stars



HD 95241: P ~ 5300 days
     e ~ 0.8

Orbital analysis of (d)Ba stars



HD 48565: P ~ 73 days
     e ~ 0.2

Orbital analysis of (d)Ba stars



HD 48565: P ~ 73 days
     e ~ 0.2

Orbital analysis of (d)Ba stars



HD 48565: P ~ 9400 days
     e ~ 0.05

Orbital analysis of (d)Ba stars



Will Ba dwarfs 
become Ba giants?  
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Orbital analysis of (d)Ba stars
Will Ba dwarfs 

become Ba giants?  



Orbital analysis of (d)Ba stars
   Theoretical distributions:

Gaussian distribution for M1 and 
M2  and random orientation on the 
sky.

Ba giants

  M1 = 1.60 M⊙
  M1 = 0.3 M⊙

  M2 = 0.6 M⊙

  M2 = 0.04 M⊙

Ba dwarfs

  M1 = 1.45 M⊙
  M1 = 0.1 M⊙

  M2 = 0.67 M⊙

  M2 = 0.06 M⊙



Modelling of
binary systems



Modelling of binary systems
BINSTAR:

Binary stellar evolution code developed at the Institut d’Astronomie et d’
Astrophysique of the ULB and based on the STAREVOL  single-star code.

It solves the equations of stellar structure for both stars up to the last stages and 
computes  the evolution of the orbital elements simultaneously.

L. Siess, E. Dufour and M. Forestini (2000)
L. Siess (2006)
L. Siess and M. Arnould (2008)
L. Siess, R. G. Izzard, P. J. Davis and M. Deschamps (2013)
L. Siess, P. J. Davis and A. Jorissen (2014)



Modelling of binary systems
Circumbinary disk as e-pumping mechanism:

● Post-AGB binaries show evidence of being surrounded by stable dusty disks
(e.g., Van Winckel 2003; Gezer et al. 2015)
(Hans Van Winckel’s talk)

● Suggested as e-pumping mechanism for other binary systems:

- Young binaries (e.g., Lubow & Artymowicz 1996)

- Post-AGB binaries (Dermine et al. 2013)

- sdB stars (J. Vos, poster n.6)

- ...



Modelling of binary systems
Disk models  (as described in Artymowicz & Lubow 1994)

with



Modelling of binary systems
Disk models: Example

- M1 = 2.0 M⊙
- M2 = 1.0 M⊙
- Pi = 16000 days
- ei = 0.1
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Modelling of binary systems
Disk models: Example

- M1 = 2.0 M⊙
- M2 = 1.0 M⊙
- Pi = 16000 days
- ei = 0.1

- Pf ~ 3300 days
- ef ~ 0.2



Summary...
● Strong observational constraints: 

70 known orbits of Ba giants
Different data sets covering a total time of ~30 years
~ 7 years of HERMES high resolution spectra of new Ba stars

… and more coming!!          HERMES monitoring program for wide binaries

● Theoretical models:  State-of-art binary evolution code BINSTAR
    Circumbinary disks seem to be a promising e-pumping mechanism

… and future prospects
We plan to investigate the possible evolutionary channels towards the formation of 
barium star binary systems



Thank you for
your attention

Ana Escorza


