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He{sdO sta rs

� The spectral class of \sub dw arf O" sta rs includes all low mass, evolved
sta rs, hot enough to pro duce HeI I lines

� Mixed bag of sta rs with widely di�erent parameters and evolutiona ry
histo ry

� Here: restrict to He-sdOs. Hot, helium-rich sta rs

� t ypical parameters: Te� = 37000 � 55000 K, log g = 5:5 � 6,
L = 20 � 100 L �

� less well understo od than sdBs. Partly , because of problems with mo d-
elling the spectra (until recently).

� space densit y virtually unkno wn

2



He{sdO sta rs
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Hot sta rs: sub dw arf B and O sta rs
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F ormation of He{sdO sta rs

� p ost{sdB sta rs. H envelop e stripp ed o� by weak wind and/o r mixing
pro cesses (e.g. MacDonald & Arrieta 1994)

� late 
ashers (Castellani & Castellani 1993; D'Cruz et al. 1996).
He-
ash after the sta r left the RGB

� Merging of two He core white dw arfs. Ignition of He-burning after the
merger (Saio & Je�ery 2000)
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SN Ia P rogenito r surve Y

UVES at UT2/Kuey en of VL T
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SPY { ESO SN Ia Progenito r Survey

SPY project with UVES at the VL T

� high resolution echelle-sp ectrograph

� mounted at 8 m UT2 of ESO VL T

� 200slit ) resolution at H� � 0:3 �A

� observations of mo re than 1000 WDs

� we to ok two spectra in di�erent nights

T ypical accuracy of � RV : � 2 km/s

Systematic erro rs: � ( RV ) � 0:7 km/s (telluric lines)
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SPY sample of sdBs and sdOs

� The aim of SPY is the check of the double degenerate (DD) scenario
fo r progenito rs of sup ernova t yp e Ia

� In the DD scenario two white dw arfs in a close bina ry merger due to
orbital decay caused by gravitational wave radiation

� A total of 1014 white dw arf candidates was observed

� SPY sample \contaminated" by 78 sdBs and 33 He{sdOs
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T emp erature & gravit y

Stro eer et al. (2007)
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Abundances

Abundance classi�cation:

class N
C C lines present 11
N N lines present 13

C&N C and N lines present 9
0 neither 0

Stro eer et al. (2007)
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Radial velo cit y measurements
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Bina ry sdBs and sdOs

Sub dw arf B sta rs:

Maxted et al. (2001): � 70%

Napiw otzki et al. (2004): � 40%

Sub dw arf O sta rs:

33 He-sdOs of which are

1 He-sdO +G/F companion

1 only one spectrum tak en

31 He-sdOs check ed

1 RV variable bina ry sdO = 3%

Note: the He-sdO bina ry is double lined and consists of t w o He-sdOs
(Lisk er et al. 2004). Another He-sdO+He-sdO bina ry kno wn (Ahmad &
Je�ery).

12



Co rrections fo r detection e�ciency

13



Co rrections fo r detection e�ciency

sdO 0:5M � + 0:2M �
observed e�ciency corrected

Gaussian 3% 89% 3%
Flat 3% 88% 3%

sdO 0:5M � + 0:6M �
observed e�ciency corrected

Gaussian 3% 94% 3%
Flat 3% 94% 3%
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Bina ry sdBs and sdOs

Sub dw arf B sta rs:

Maxted et al. (2001): � 70%

Napiw otzki et al. (2004): � 40%

Sub dw arf O sta rs:

33 He-sdOs of which are

1 He-sdO +G/F companion

1 only one spectrum tak en

31 He-sdOs check ed

1 RV variable bina ry sdO = 3%

Note: the He-sdO bina ry is double lined and consists of t w o He-sdOs
(Lisk er et al. 2004). Another He-sdO+He-sdO bina ry kno wn (Ahmad &
Je�ery). (Philipp Podsiadlo wski: double-co re envelop e ejection of � 5M � +
5M � bina ry)
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Kinematic classi�cation

Kinematic classi�cation { thin disk, thick disk, halo.
Criteria

� z{extend of orbit

� eccentricit y

� angula r momentum
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Classi�cation of sdB and sdO sta rs from SPY

Sub dw arf B sta rs:
thin disk 54% 38{82%
thick disk 31% 21{46%
halo 15% 7{26%

He-sdO:
thin disk 32%
thick disk 39%
halo 29%

La rge erro r limits. Classi�cation of individual He-sdO sta rs often uncertain.

(Richter et al. 2006)
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Simulated He-sdO p opulation

� Based on Besan�con structure mo del of the Milky W ay (Robin, et al.
2003)

� Lo cal white dw arf densit y � = 5:0 � 10 � 3pc� 3 (Holb erg, Osw alt, & Sion
2002)

� Relative densit y of thin disk, thick disk, halo white dw arfs based on
kinematic analysis of the SPY white dw arf sample (P auli et al. 2003;
Pauli et al. 2006)

� Tw o alternative hyp otheses fo r the He-sdO space densit y

{ prop ortional white dw arf densities ( � merging)

{ sta rs are He-sdOs fo r �rst 100 Myr after leaving RGB/A GB ( � late
He-
ashers)
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Simulated He-sdO p opulation
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Simulated He-sdO p opulation
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Estimate of p opulation memb erships

Simplest case: 1000 sta rs selected from a small volume, i.e. no variation
of densities { clear-cut classi�cation.

thin d. thick d. halo

probabilit y 50% 20% 30%

N 500 200 300

Observed numb ers should corresp ond to the relative densities predicted
in the volume by the mo del population.

If not, the mo del has to be adjusted to get a self consistent solution .
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Estimate of p opulation memb erships

Less simple case: 1000 sta rs selected from a small volume, i.e. no variation
of densities { only probabilities pi fo r individual sta rs.

N � !
P

pi

thin d. thick d. halo

probabilit y p 50% 20% 30%

P
pi 500 200 300

The probabilities pi dep end on the predicted mo del densities. Iteration is
necessary.
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Estimate of p opulation memb erships

Mo re realistic case: each sta r is selected from a di�erent volume with
di�erent relative densities.

Npop � !
P Npop

Ntotal

Same reasoning as befo re, but fo r each sta r individual densities and proba-
bilities have to be computed.

Again, the probabilities pi dep end on the predicted mo del densities. Iteration
is necessary.

For the self-consistent solution fo r each population should

X
pthin =thick =halo

i =
X Nthin =thick =halo

N total
(1)
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Estimate of p opulation memb erships

Result fo r the SPY sample

thin disk 12.6

thick disk 12.1

halo 6.3

He-sdOs are pro duced by all stella r populations.

What didn't pro duce clear results so far: distinction between \merger" and
\late He-
ash" scenario" via population synthesis.

Halo population app ears to be less pro ductive by facto r 2. . . 3.
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Origin of He{sdOs

� Very low bina ry frequency (lo wer than in C/O white dw arfs)

� ) He{sdO are not the progeny of sdBs!

� He-sdOs are pro duced by all galactic populations

� Merging low mass white dw arfs app ear to be a promising explanation

� Abundance classes C vs. N could point to di�erent mixing pro cesses
during the merging.

� Formation channel fo r He{sdO + He{sdO bina ries very di�erent from
single He{sdOs. He-sdOs in these systems lik ely not representative fo r
\no rmal", single He-sdOs.
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