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SUBDWARF B STARS 

Subdwarf B stars and blue-
horizontal branch stars in the 
field, … (Greenstein & 
Sargent 1966)

with evolution tracks for 
EHB stars with Mcore=0.5 
Msun (Saffer et al. 1997)



NORMAL SDB STAR SURFACES 
He and C - S: ⊙ / 10 
N, Fe, Ni: ⊙ 
Ar - Pb: ⊙ × 10-100

Diffusion dominates in a high gravity radiative envelope
Gravitational settling and selective radiative levitation
Data: Geier 2013, O’Toole+Heber 2006, Ahmad+2007



Michaud et al. 2011 A&A 529, 60:  sdB, M=0.51 M⊙,  Teff=30100 K, t=25 Myr

Diffusion dominates in high gravity radiative envelope
Gravitational settling and selective radiative levitation



HOT SUBDWARFS BY HELIUM ABUNDANCE

Distribution of helium abundance with Teff for the  
Galex subdwarf sample, and including IHe subdwarfs.  

log y = log nHe/nH  (from Nemeth et al. 2012).
What does surface composition tell us? Which ones pulsate?
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 LS IV-14º116: PULSATIONS

Ahmad & Jeffery 2005
Jeffery 2011
Green + 2011



Data: Nemeth+2012, Ahmad+2007, Naslim+2010



LS IV -14º116: 
ZIRCONIUM + 

Zr IV, Ge III and Sr III lines never previously seen in 
optical spectrum of a star. Not AGB, ∴ not s-process.
Thin clouds in photosphere supported by radiation?

Naslim+2010



Data: Naslim+2010





LS IV-14º116: RADIAL VELOCITIES+
2011: VLT/UVES
 
rv peak power: f1=1953s.
rv amp ∝ line depth

Jeffery+2015

2015: VLT/UVES …  
being analysed
2015: HST/STIS …  
failed due to high PM
2017: K2 Field 16 …  
 
Meanwhile …



LEAD!

Pb IV never seen in optical spectra, seen in UV for some sdB stars.
Optical spectroscopy of IHe and EHe sdBs (WiFES/FEROS…)
Narrow lines: vrot sin i < 5 km/s,     Pb: 4 dex overabundant.

Naslim+2012HE1256-2738



K2 Field 5: EPIC 211623711     “one of Simon’s stars”

Jeffery+ 2016



Subaru/HDS service obs

a new super lead-rich 
intermediate-helium subdwarf 
…
GALEX J082832.8+145205

Jeffery+ 2016



 =  UVO 0825+15:  a UV-bright hot  subdwarf

Jeffery+ 2016



Jeffery+ 2016,  Data also from Edelman 2003, Naslim+2012, Dorman+1993



Jeffery+ 2016,  Data also from Edelman 2003, Naslim+2012



Jeffery+ 2016



KINEMATICS

Martin+2016, under review

Randall+14 noted peculiar RV of LS IV-14 116.  
We checked RV for other intermediate and 
extreme helium subdwarfs.

Normal subdwarf kinematics consistent with disk.

Several heavy-metal and other intermediate and 
extreme helium subdwarfs have halo-like orbits.  

UVO 0825+15

UVO 0825+15



OTHER
SDO PULSATORS

Pulsating hot O subdwarfs in ω 
Centauri: mapping a unique instability 
strip on the extreme horizontal 
branch

Randall + 2016,  A&A 789, A1, 17





Discovery of a pulsating lead-rich hot subdwarf: 
UVO 0825+15
CSJ + Baran, Behara, Kvammen, Martin, Naslim, Østensen, 
Preece, Reed, Telting & Woolf:   MNRAS 2017  in press
• CP sdOs show g-mode pulsations (probably)
• CP means CP,  very CP
• Lead floats on light 

CHALLENGES for HEAVY-METAL SUBDWARFS
What masses and luminosities ?
Why surface chemistries ? (mixing, mass transfer, diffusion, …) 
What drives pulsations ?
Why slow rotation ?
Why high space velocities ?
What origin ? (merger, common-envelope, … )



‘Acoustic’  
modes

‘Thermal’  
modes

HS+DK

SJ+HS

Strangford Lough  
Ireland, 2014‘Gravity’ modes


