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The Extreme Horizontal Branch (EHB) stars 

Hot (Teff ~ 30 000 K) and compact stars (log g ~ 5.5) belonging to Extreme 
Horizontal Branch (EHB), an intermediate stage of evolution 

       

 
I.  He → C+O fusion (convective core) 
II.  radiative He mantle  
III.  radiative H-rich envelope 
(Menv ~ 10-5 - 2.10-2 Msun pour M* ~ 0.5 Msun) 

Internal structure: 

He/C/O core 

He mantle 

H-rich envelope 

log q≡ log (1-M(r)/M*) 

-∞ 

0 
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The Extreme Horizontal Branch (EHB) stars 

Hot (Teff ~ 30 000 K) and compact stars (log g ~ 5.5) belonging to Extreme 
Horizontal Branch (EHB), an intermediate stage of evolution 

       

>  short-periods (P ~ 80 -  600 s), A ≤ 1%, p-modes 
(EC14026, V361Hya, sdBV_r,…)  
 
>  long-periods (P ~  30 min - 3 h), A ≤ 0.1%, g-modes 
(PG1716, V1093 Her, Betsy stars, sdBV_s,…) 

  
 + hybrids  (many of them) 

  

Two classes of multi-periodic EHB pulsators: 

 
I.  He → C+O fusion (convective core) 
II.  radiative He mantle  
III.  radiative H-rich envelope 
(Menv ~ 10-5 - 2.10-2 Msun pour M* ~ 0.5 Msun) 

Internal structure: 
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Excitation mechanism in sdBs 

κ mechanism, by partial ionization of heavy elements (e.g. Iron) in the 
envelope of the star 

•  the Z-bump region is a driving region for pulsations 
•  but, inefficient at solar metallicity 

considering microscopic diffusion  
(gravitational settling - radiative levitation) :  
local iron surabundances in the envelope 

•  Prediction of short period 
sdB pulsators, p-modes     

 (l≤4; k≤7-8)  
(Charpinet et al., 1996, 1997) 
 
•  Same mechanism for long 
periods sdB pulsators, 

 g-modes 
            (l≤4; k~10-50) 
(Fontaine et al., 2003) 

lo
g 

N
(F

e)
/N

(H
) 

log κ 

log q log q 

log Teff = 4.62 log Teff = 4.46 

log Teff = 4.58 log Teff = 4.42 

log g = 5.80 

+ importance of nickel 
(Jeffery & Saio, 2006, 2007; Hu

+2011, Bloemen+2014) 
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PG 1219+534: photometric observations 

PG 1219+534 = single sdB pulsator (no companion) 
 

•  Koen et al. (1999) : discovery of a rapidly pulsating sdB star, with 4 pulsations in the range 
129-148 s 

 

•  Charpinet et al. (2005), 4 nights @CFHT, 9 independent pulsations 122-172 s 
 
 

•  This work: 198.7h @61”(1.6m) Mont Bigelow telescope (3/2/2007-3/5/2007), Arizona (USA) 

Formal resolution:  
           0.13µHz  
Noise level:  
           43 ppm 
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PG 1219+534: Fourier analysis 
 

Fourier transform + prewithening techniques to extract pulsation properties  

Real FT 

Model FT 

Difference 
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PG 1219+534: Fourier analysis 
 

Fourier transform + prewithening techniques to extract pulsation properties  

Zoom in p-
modes region 
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PG 1219+534: Fourier analysis 
 

Fourier transform + prewithening techniques to extract pulsation properties  

Zoom in g-
modes region 
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PG 1219+534: Fourier analysis 

p-modes 

Stable pulsation spectrum over the years! 
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PG 1219+534: Fourier analysis 

g-modes 
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Multiplets structure is present 

Most probable explanation: rotational multiplets (see later) 

l=1? 

PG 1219+534: Fourier analysis 
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PG1219+534: spectroscopy 

MMT spectra, 1Å resolution, (moderately) high S/N 
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PG1219+534: spectroscopy 

90’’ 2.3m Bok telescope spectra, 6Å resolution, high S/N 
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PG1219+534: spectroscopy 

90’’ 2.3m Bok telescope spectra, 9Å resolution, high S/N 
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PG1219+534: spectroscopy 

H/He NLTE + metals « à la Blanchette al. (2008) »  
(1/10 Solar: C, O, Si; solar: N, S, Fe) 

Teff= 34,258 ± 170 K 
log g= 5.838 ± 0.030 

log N(He)/N(H)=-1.475±0.030 

NB: Same, without metals:  Teff= 33,824 ± 137 K 
log g= 5.824 ± 0.028 
log N(He)/N(H)=-1.479±0.028 
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Models for sdB stars seismology 

 > 2nd generation (2G) models:  
•  static envelope structures; central regions (e.g. convective core) ≡ hard ball  
•  include detailed envelope microscopic diffusion (nonuniform envelope Fe abundance in 
an otherwise pure H envelope),  
•  4 input parameters : Teff, log g, M*, envelope thickness log (Menv/M*) 

 > 3rd generation (3G) models:  
•  complete static structures; including detailed central regions description  
•  only for sdB on EHB (He-burning) 
•  include detailed envelope microscopic diffusion (nonuniform envelope Fe abundance) 
•  input parameters : M*, log (Menv/M*), log (Mcore/M*), Xcore(C+O) (with C+O+He = 1)  

Static models = Parametrized models (independent of stellar evolution) 

 > 4th generation (4G) models: idem 3G models+ 
•  double transition H/He envelope (2 parameters) 
•  C-contamination of the He mantle (during He-flash) possible (2 parameters) 
•  “smoothness” of the chemical transition profiles (4 parameters) 
=> Up to 12 input parameters 
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Models for sdB stars seismology 

log q≡ log (1-M(r)/M*) 

Up to 7 % of C in the He mantle 
on ~ 90% of the mantle  
 

H/He envelope (+Fe) 

Pure H 
lq_envl_diff 

lq_envl 
lq_core_flash 

lq_core 
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Method for sdB stars seismology 

Search the stellar model(s) whose theoretical periods best fit all the 
observed ones, in order to minimize 

 

    

Under external constraints from spectroscopy + mode identification (if available, 
ex. from observed multiplets) 

 > Results: structural and core parameters of the star (M*, Menv, Mcore, etc.),         
internal chemical stratification 

 

 

> Optimization procedure: Efficient optimization codes (based on Genetic 
Algorithms) to thoroughly explore the parameter space and find the minima of S2 

•   0.3 ≤ M*/Ms ≤ 0.7 (Han et al. 2002, 2003) 
•   -6.0 ≤ log (Menv/M*) ≤ -3.5 
•   Teff, log g @ 3σ spectroscopy 
•   -0.40 ≤ log (Mcore/M*) ≤ -0.10 (3G, 4G) 
•   0 ≤ X(C+O) ≤ 1 (3G, 4G) 
•  H(envelope): 60-100% + location of the transition (4G) 
•  C(mantle): 0-7% + location of the transition (4G) 
•  Steep to smooth profiles (4G) 

!  Search parameter space  
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Seismic modeling with 2G models (Charpinet et al. 2005) 

Teff=33,640 ± 1360 K 
log g= 5.8071 ± 0.0057 

log (Menv/M*)=-4.254±0.147 
M*/Msun=0.457±0.012 

Fit to 9 modes (p-modes): <dX/X>~0.6%, <dP>=0.8s  
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Seismic modeling with 3G models (M.J. Péters) 
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Fit to 9 periods (p-modes):  <dX/X>~0.35%, <dP>=0.37s  
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Comparison 2G/3G results 

Fit to 9 periods (p-modes):  <dX/X>~0.35%, <dP>=0.37s  

2G/3G very similar + PG 1219+534 is at the end of He burning 
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Seismic modeling with 4G models (only p-modes) 

2 models emerged (more exhaustive search ?) 
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Seismic modeling with 4G models (only p-modes) 
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Seismic modeling with 4G models (only p-modes) 

Not constrained by p-modes: •  C pollution of the He mantle 
•  « Slopes » of chemical transitions 

Little constraints on double-transition in the envelope: 65-75% H abundance, 
transition up to pure H very « high » the star 
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Seismic modeling with 4G models 

•  Including the 6 g-modes: similar models and fits (dX/X~0.16%); do not 
help to further constrain core/mantle properties (high-order g-modes) 

•  Preliminary conclusions, 4G models for PG 1219+534: 
•  including a double-transition envelope improves the fit 
•  The structure of the envelope can be (little) constrained 
•  p-modes (and high-order g-modes) do not constrain mantle and 

core detailed properties 
•  Models too far in terms of fit quality ? (see example of white 

dwarfs, work and poster of N. Giammichele) 
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Rotation of PG 1219+534 

Based on two firm multiplets: 128.1s & 133.5s  
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Rotation of PG 1219+534 

Slow rotation: 1st-order perturbative approach 

; 

Solid-body rotation  

Ckl <0.02 for p-modes 
Ckl~0.5 for ell=1 g-modes 
Ckl~0.2 for ell=2 g-modes 

; 
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Rotation of PG 1219+534 

Assuming solid-body rotation: 

Prot = 34.91±0.91 d 

g-mode triplet: if ell=2 (Ckl~0.16), Δν=0.54 µHz (observed: 0.52µHz)  
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Rotation of PG 1219+534 

Internal rotation profile 

The star rotates as a solid-body at least down to ~0.5R* 

(TO DO: include g-mode triplet) 
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Conclusions 

•  PG 1219+534:  

Prospects: 
      
! All data from Mt Bigelow campaign (PG 1336-018, Feige 48, PG1605+072, 
PB5450,…) and Kepler/K2 to analyze – not a trivial task ! 

-  “Canonical” mass sdB star: 0.46 ± 0.02 Msun 
-  Star at the end of He-burning: 85±6% of He burnt 
-  Slow rotator (35 d), solid body at least down to 0.5 R* 
-  p-modes neither (the 6) high-order g-modes can constrain  

-  extension of the convective core 
-  possible contamination by C in He mantle 
-  “slopes” of chemical transition 


