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1. Introduction to sdB stars

Hot (Teff  20 000 - 40 000 K) and compact (log g  5.2 - 6.2) stars 

belonging to Extreme Horizontal Branch (EHB)

• convective He-burning core (I), radiative He mantle (II) and very thin H-rich envelope (III)

• lifetime of ~ 108 yr (100 Myr) on EHB, then evolve as low-mass white dwarfs

• At least 50% of sdB stars reside in binary systems, generally in close orbit (Porb  10 days)

>  short-periods (P ~ 80 - 600 s), A  1%, p-modes (envelope)

>  long-periods (P ~  45 min - 2 h), A  0.1%, g-modes (core). Space observations required !

Two classes of multi-periodic sdB pulsators:

He/C/O core

He mantle

H-rich envelope

log q log (1-M(r)/M*)
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2. Single and binary formation scenarios

• Single star evolution (enhanced mass loss at tip of RGB)

Mass range in 0.40 - 0.43  M*/Ms  0.52 (Dorman et al. 1993)

• Binary star evolution (Han et al. 2002, 2003)

Common envelope ejection (CE), stable mass transfer by Roche lobe overflow 
(RLOF), and He-white dwarf mergers

CE 

RLOF

mergers

Weighted mean distribution

for binary evolution:
(including selection effects)

0.30  M*/Ms  0.70

peak ~ 0.46 Ms (CE, RLOF)

high masses (mergers)

Figures from Han et al. (2003)
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Search the star model(s) whose theoretical periods best fit all the observed 
ones, in order to minimize

• Static models including detailed envelope microscopic diffusion (nonuniform envelope 
Fe abundance)

• Efficient optimization codes (based on Genetic Algorithms) are used to find the minima 

of S2, i.e. the potential asteroseismic solutions

3. Method for sdB asteroseismology

> Example: PG 1336-018, pulsating sdB + dM eclipsing binary

 Light curve modeling (Vuckovic et al. 2007):

I. Mtot  0.389  0.005 Ms et R  0.14  0.01 Rs

II. Mtot  0.466  0.006 Ms et R  0.15  0.01 Rs

III. Mtot  0.530  0.007 Ms et R  0.15  0.01 Rs

 Seismic analysis (Charpinet et al. 2008):

Mtot  0.459  0.005 Ms et R  0.151  0.001 Rs

 Our asteroseismic method is sound and free of significant systematic effects
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4. Available samples (of sdBs with known masses)

I. The asteroseismic sample

15 sdB stars modeled by asteroseismology
(we took the most recent value in case of several analyses)
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4. Available samples

II. The extended sample 
(sdB + WD or dM star)

Need uncertainties to build a mass distribution

 5 sdB stars retained in this subsample

Light curve modeling + spectroscopy  mass of the sdB component

Extended sample: 15+5  20 sdB stars with accurate mass estimates

• 11 (apparently) single stars

• 9 in binaries (including 4 pulsators)
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I. Assumption of a normal distribution

5. Mass distributions

Extended sample:   0.468 Ms  and    0.026 Ms

Asteroseismic sample:   0.467 Ms  and     0.027 Ms

95.4% (2)

68.3% (1)

+: most probable  and 

Contours at 0.9, 0.8, etc.

: mean mass

: standard deviation
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II. Model-free distribution

5. Mass distributions

(only i’s are assumed to obey normal distribution law)

Red curve: addition of all sdBs (mass with uncertainties) in extended sample

Blue curve: normal distribution (  0.468 Ms and   0.026 Ms)
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5. Mass distributions

Extended sample:
(white)

Mean mass: 0.469 Ms

Median mass: 0.471 Ms

Range of 68.3% of stars:

0.436-0.501 Ms

Binning the distribution in the form of an histogram (bin width    0.026 Ms)

No detectable significant differences between distributions

(especially between singles and binaries)

Asteroseismic sample:
(shaded)

Mean mass: 0.470 Ms

Median mass: 0.471 Ms

Range of 68.3% of stars:

0.441-0.499 Ms
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6. Comparison with theoretical distributions

Empirical distribution agrees well with expectations of stellar evolution 
theory...but still small-number statistics !
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2. Single and binary formation scenarios

• Single star evolution (enhanced mass loss at tip of RGB)

Mass range in 0.40 - 0.43  M*/Ms  0.52 (Dorman et al. 1993)

• Binary star evolution (Han et al. 2002, 2003)

Common envelope ejection (CE), stable mass transfer by Roche lobe overflow 
(RLOF), and He-white dwarf mergers

CE 

RLOF

mergers

Weighted mean distribution

for binary evolution:
(including selection effects)

0.30  M*/Ms  0.70

peak ~ 0.46 Ms (CE, RLOF)

high masses (mergers)

Figures from Han et al. (2003)



Valerie Van Grootel - KITP, October 2011 12

Conclusions and room for improvement

 No significant differences between distributions of various samples 
(asteroseismic, light curve modeling, single, binaries, etc.)

 Single star evolution scenario does exist 

 Importance of the merger scenario ? (single stars with fast rotation)

Our empirical mass distribution agrees well with theoretical expectations...

But:

 Currently only 20 objects: 11 (apparently) single stars and 9 binaries

 Among  2000 known sdB, ~100 pulsators are now known (e.g. thanks 
to Kepler) 

 Both light curve modeling and asteroseismology are a challenge 
(accurate spectroscopic and photometric observations, stellar models, etc.)


