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Outline

www.hot-subdwarfs.com;

binary evolution;

asteroseismology;
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bulge Zoccali et al. 2003;
elliptical galaxies Brown et al. 1997,2008;

6



Where - sdB

Humason & Zwicky 1947,  
Greenstein & Sergent 1974

globular clusters;
disk Green et al. 1986; 
bulge Zoccali et al. 2003;
elliptical galaxies Brown et al. 1997,2008;

6

UV upturn

UV-upturn O’Connell 1999;
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 Formation channels

Podsiadlowski (2008)



 Formation channels

Podsiadlowski (2008)

Proposed scenarios:

• enhanced stellar wind on the RGB
(D'Cruz et al. 1996)

• merger of two He-core WD stars
(Iben 1990, Saio & Jeffery 2000)

• CEE by giant planet that evaporates
in the process (Soker 1998)

•   low-mass brown dwarf merging along CE
•   a hierarchical triple (Clausen & Wade 2011)
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wide mass distribution 
up to 0.8  M ;



Binary population synthesis 

CEE :

P ~ 0.1-10 d, mass distribution @ 0.46 M ;

RLOF :

P ~ 10-500 d, mass distribution 0.3-0.49 M ;
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X
Tanks to observation !
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Han et al. 2003

Observed Theoretical

Orbital period distribution
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PG1018-047
Deca et al. 2012, MNRAS, 421, 2798

Porb = 760 ± 6 d 

sdB + K5

• 10 years of 
spectroscopic 
monitoring

• INT, WHT, NOT, 
SAAO, HET
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First results
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First results

Vos et al. 2017
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Vos, Vučković et al. 2019

Porb  - eccentricity relation Porb  - mass ratio relation

Observations
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Maja Vučković IFA, UV 
with  

Joris Vos University of Potsdam, DEU 
Alexey Bobrick, Lund University, SWE 
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Vos et al. 2020

Formation of wide sdB binaries
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Vos et al. 2020

MESA
Paxton et al. 2015

1.2 M⊙ + 0.85 M⊙

Pi=350 d 

[Fe/H] = −0.15

-> thin disk
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Population properties 
Mass distribution: Kroupa et al. 2004
Mass ratio: flat distribution
Orbital period: Log normal distribution 

Metallicity: 

• fixed 

• uniform
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Besancon model for Galactic evolution (Robin et al. A&A 409 2003)

→ Aims to explain currently observed galaxy

Voilà !
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Galactic populations in P - q 
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Basic model for binary interaction
+

Besancon model for Galactic evolution

P - q relation for wide sdB binaries

Galactic evolution is important for BPS studies!

Relavant for WDs, ELMs, sdAs, BHBs as well

Take home message
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Hvala na pažnji



SAAO 1m

Kilkenny et al. 1997 MNRAS, 285, 640

Steward Observatory 1.54 m
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some are pulsating !!! 

1st sdOB conference @ La Palma 2005



pulsating sdB

Kilkenny et al. 1997 MNRAS, 285, 640 Green et al. 2003 ApJ, 583, 31 

EC14026 / V361 Hya Betsy stars / V1093
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EC 14096 or V361 Hya
(Kilkenny et al. 1997): 
P-mode pulsators, periods of 60-
580 s, 0.3-64 mmag.
- 10% of the objects show 

pulsations.

PG 1716 or V1093 Her
(Green et al. (2003): 
G-mode pulsators, periods 1000-
14600 s, 0.4-4.1 mmag.
- 75% of the objects show 

pulsations.
Green et al. (2011) 

pulsating sdB
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pulsating sdB

Hybrids (Schuh et al. 2006):
p - and g-modes.
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Jeffery & Saio (2016)

Pulsating stars across HRD



Betsy Green & Roy Østensen 
private communication
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pulsating sdB 



Asteroseismology
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g-modes

Equal period spacings for n >> l

where

=>

p-modes

Equal frequency spacings for n >> l



good old KEPLER…

7 March 2009 -11 May 2013

48 sdB stars observed
19 pulsators :

100s frequencies/star
mostly g-mode
1 pure p-mode
equal period spacings

l=1 and l=2 modes
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stellar rotation rates: 
too slow ! 

interior structure of g-mode pulsators: 
core too big !



good old KEPLER…

7 March 2009 -11 May 2013

stellar rotation rates: 
too slow ! 

interior structure of g-mode pulsators: 
core too big !

very efficient angular momentum loss on the RGB

very efficient angular momentum transport on the RGB
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KEPLER rebirth
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K2 mission

KEPLER rebirth
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TESS mission

Transiting Exoplanet Survey Satellite 
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TESS mission 

Uzundag et al. 2021
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TESS mission



Conclusion on sdBs
• Stellar masses: 

• asteroseismology -> core !
• binary characteristics

• synchronisation (sub-synchronised rotation!)
• Binary stellar evolution
• Circumbinary planets ?

• formation & survival
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Hvala na pažnji


