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Hot subdwarf stars

T ~20000K — 100000 K
e logg ~45 — 6.5

* M~0.5Mg

* R~01Ry — 0.3Rg

* L~10Ly — 1000 Ly

- Stripped core of RGB-star
- Formation:

- Requires binary evolution with mass exchange
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Formation FAU

 Binary star evolution

- Common envelope evolution

Unstable RLOF

- Stable Roche-Lobe overflow (RLOF) .,_.

1
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- White dwarf merger

Common envelope

He WD merger
{1 or 2 CE phases)
He He

Short-period sdB binary

gravitational radiation

©

Ms
e @®

Podsiadlowski 2008




The Hamburg Quasar Survey (HQS) EAU

« Hamburg Quasar Survey (HQS)
- wide-angle objective prism survey in the 1980s/90s
~ 80 cm Schmidt telescope in Calar Alto, Spain
- Main goal: Quasars

~ HQS spectral resolution 45 A at Hy

Follow-up spectroscopy required



Spectral observations

L

FAU

« Spectroscopic follow-up to HQS
- 1990s: detailed spectra of candidates
- 3.5m/ 2.2m telescopes in Calar Alto

- Spectral resolutions ~10x better

> sdB sample studied by Edelmann et al. (2003)
» sdO sample: left-over from the original project
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Spectral observations

« Spectroscopic Analysis
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Spectral energy distribution

« Photometric analysis
- Spectral Energy Distribution (SED)

— Input T, log g and He/H from spectra

- Fitfor:
- Angular diameter 6
- Colour Excess E(B — V)

FA3 (10~ ergem=2s7! A2)
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Parallaxes and stellar parameters: R, L, and M |E/A\U

« Gaia and parallaxes
- Parallax - Distance
- Gaia mission (ESA)
- DR3 (Jun. 13, 2022) parallax for 1.5 billion sources

. Stellar Parameters
— Combine: ESA 2013

~ atmospheric parameters 7. ,log g

- angular diameter 6

~ parallax @

b
20

~ Radius R = Luminosity L = 4noR?*T.q* Mass M = g %




HQS sdB and sdO combined: Kiel diagram
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Evolutionary tracks. Post-EHB (black), 0.35+0.35 M He-WD merger track (blue)




HQS sdB and sdO combined: HRD
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HQS sdB and sdO combined: Masses
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Outlook F/A\\U

« The future is bright !

~ Gaia improvement DR4

4 Calibration
lllumination
Units

Wide Field
Corrector

— better stellar parameters for more stars

in particular He-rich sdO (more distant)

Fibre
Positioner

- Spectroscopic survey 4MOST

- Large samples

High-Resolution
Spectrograph

4 Low-Resolution
2436 Science Fibres Spectrographs

4MOST
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Summary |,.§/A,é\\\U

. New homogenous grid of stellar atmospheres and synthetic H, He spectra

« Subdwarfs from the HQS form a homogenous set of optical spectra: 20 years later
« SED + parallax: R, L, and M from T.¢, log g

« Masses: hydrogen-rich: 0.45 Mg , eHe: 0.75 Mg

« HRD: helium poor subdwarfs consistent with EHB evolution,

helium-rich on the He - MS with higher masses
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Backup: Abundances
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Backup: Spectra

« Optical spectra

0.8

Normalized flux

0.6

h =

'h'll; Tt |

Normalized flux

&
2

-He n-
—Hel
1N}

]
g

X
th = tn

S'|_|||i;|||—11.|_||||||||||| [

sdB-star

sdO-star

14



L

FAU

Backup: He/H vs T

extremely He sdO

intermediate He-sdO
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Backup: Composite sdB stars |§/A\U

« SED fit: E(B-V), Tt (FGK), Surface ratio

+ parallax: R and L of both components HS2151+0857

« Edelmann et al. (2003): F -
18 sdB composites from DI
".'= 1
spectral features: o
All confirmed by SED fit (IR excess) ="
S I ]
« 3 new composites from SED or —_
A :
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Backup: Composite sdB stars EAU

» Stellar Parameters from single model fits

- Composites: The subdwarf

- ZAEHB

TAEHB
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Backup: Composite sdB stars EAU

. Stellar Parameters

- Composites: The main-sequence companion
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Backup: Model atmospheres and synthetic spectra: FAU
The ADS approach

» ATLAS9/12 Temperature-density stratification

— for preselected metal abundance distribution

ATLAS9 F] » DETAIL:NLTE departure coefficients for

[atmuspharic structure in LTE using OD

v H and He levels
[ ~ ALTAS12 _ J . .
R e e » SURFACE: Spectrum synthesis of H and He lines
SETATL » Input physics: One fits all
[NLTE population numbers and & J

» homogeneous grid of synthetic spectra and spectral

Y

T

PSS I toy b N S energy distributions for the entire parameter space:

and accurate line broadening

— Teff =15000...11 SOOOK, logg = 4670,

log He/H=-5..43, log Z=-2, -1, 0,41 * Standard
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Backup: The HQS sdB sample
— a benchmark for the new model generation

Analysis Edelmann et al. 2003

NLTE vs metal line blanketing

~ Tegr < 27000 K: LTE (metal
line blanketing, Heber et al.
2000)

~ Teee > 35000 K, NLTE, no
metals (Napiwotzki 1997)

~27000 K < Tor < 35000 K:
mean of LTE and NLTE
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Backup: Hot subdwarf targets |§/A\U

B Parallax
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Backup: Formation

i
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a b C
Stable RLOF + CE channel CE-only channel Stable RLOF channel
(massratio< 1.2 -1.5) (mass ratio > 1.2 -1.5) (mass ratio< 1.2 - 1.5)
Stable RLOF

WD N‘S
Wide binary

Unstable RLOF Unstable RLOF Stable RLOF near tip of RGB

Common envelope Common envelope

Short-period sdB binary Short-period sdB binary sdB with MS/SG companion
WD MS
SR e °c0® ®  Wide binary .
P, =0.1-10days P ,=0.1-10days P, =10-500days
M., =0.40-0.49 M, M, =0.40 - 0.49 M, M, =0.30-045M,
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