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Outline

www.hot-subdwarfs.com;
binary evolution;
asteroseismology;

space missions;




Luminosity (compared to the sun)
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Where - sdB

f Humason & Zwicky 1947,
'Greenstein & Sergent 1974

+ globular clusters;

+ dlSk Green et al. 1986,

+ bulge Zoccali et al. 2003,

+ elliptical galaxies Brown et al. 1997,2008;
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Dwarf Elliptical Galaxy M32 HST - STIS

NASA and T. Brown (NASA Goddard Space Flight Center) .
) STScl-PRC99-40
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Where - sdB

f Humason & Zwicky 1947,

'Greenstein & Sergent 1974
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What are sdB stars?

MS RG Evolved RG HB

- 0-@-0
-

B-stars
Subdwarfs
He-burning
Hydrogen-poor: H less than 0.01MSun
¢ Typically ~0.1RSun, 0.40-0.48MSun
e Live for ~100Myr

(Heber, 2016) - review












Stable RLOF + CE channel
(massratio< 1.2-1.5)

Stable RLOF

Short-period sdB binary

WD
@e

P, =0.1-10days

M, =0.40 - 0.49 M,

CE-only channel
(mass ratio > 1.2 -1.5)

Unstable RLOF

'o--‘

Short-period sdB binary
MS

P =0.1-10days
M., =0.40-0.49 M,

C

Stable RLOF channel
(mass ratio < 1.2 - 1.5)

Stable RLOF near tip of RGB

sdB with MS/SG companion

® \idebinary @

P, =10- 500 days
M, =0.30-045M,
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Formation channels
” A - Proposed scenarios:

A P

"

e enhanced stellar wind on the RGB

(D'Cruz et al. 1996)
e merger of two He-core WD stars

- - (Iben 1990, Saio & Jeffery 2000) *
e CEE by giant planet that evaporates
/ \ in the process (Soker 1998) :
i e Jow-mass brown dwarf merging along CE
* a hierarchical triple (Clausen & Wade 2011) |
@ M= 045 - 049N |
L + wide mass distribution
@ (=
upto0.8 M _;
@ M= 0.40 - 065 M, '
f
Podsiadlowski (2008) |
R R R e o e S e )

10



- e e

i i i i

B T -l i g S Nl i e e i il

Binary population synthesis

Han et al. 2002, 2003

+ CEE:

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

4+ RLOF:

+ P~ 10-500 d, mass distribution 0.3-0.49 Mo ;
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Binary population synthesis

Han et al. 2002, 2003

+ CEE:
4+ P~0.1-10 d, mass distribution @ 0.46 M _ ;
4+ RLOF:

+ P~ 10-50() d, mass distribution 0.3-0.49 Mo ;

Tanks to observation !
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PG 1018-047: the longest period subdwarf B binary

Figure 3. Radial velocity curve for the sdB component of PG 1018-047. We have averaged the RVs per observation run. The small lower panel
shows the residuals. The black squares are the 7 RVs from the HET spectra, the red dot is the NOT/FIES data point, yellow squares ae the
SAAD observations. the blue left miangles and red right tiangles aze the respectively blue and red INT data points, and @e cyan up and magenta
down wiangles comrespond 1o (e blue and red WHT radial velocities.
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Fig. 1. The radial velocity curves for BD+29°3070 (left), BD+34°1543 (center) and Feige 87 (right). Top: spectroscopic orbital
solution (solid line: MS, dashed line: sdB), and the observed radial velocities (HERMES: blue circles, FOCES: green squares, filled
symbols: MS component, open symbols: sdB component). The measured system velocities of both components are shown by a
dotted line. Middle: residuals of the MS component. Bottom: residuals of the sdB component.




700 800 900 1000 1100 1200 1300 1400
Period (days)




e
w

e
-1

&
)

£
p=
~
2‘-’!5 0.6
Y
=
%
-

S
P

e
&

600 800 1000 1200 600 800 1000 1200
Orbital Period (days) Orbital Period (days)




- Maja Vuckovié IFA, UV
. . -with -

e § Joris Vos University of Potsdam, DEU

' Alexey Bobrick, Lund University, SWE



- Maja Vuckovi¢ IFA, UV
with '
Joris Vos University of Potsdam, DEU
Alexey Bobrick, Lund University, SWE



0.7—-2.0My 0.4 —-1.9 Mg
MS MS
100 — 800 days

MS

M Z, 10_5 M®/yr

RG MS

0.43 — 0.48 My, AM < 0.05 M,
sdB MS*

500 — 1500 days
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f Population properties
. Mass distribution: Kroupa et al. 2004

Mass ratio: flat distribution
~ Orbital period: Log normal distribution

| Metallicity:
| snfrxed

:  uniform
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Fe/H] = -1, constant SFR Fe/H] = 0, constant SFR
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A single metallicity population does not work



Uniform [Fe/H], constant SFR
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Better, but still lacking something



Galactic Besancon model
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O Disk observable

°

Disk non observable

0.50 1

Mass ratio (Msdb/Mms)

.50
0.8

* Bulge is old with high [Fe/H] = thus longer periods

1.0
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* Can be a test for the model
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Take home message

Basic model for binary interaction
+
Besancon model for Galactic evolution

P - g relation for wide sdB binaries

Galactic evolution is important for BPS studies!

Relavant for WDs, ELLMs, sdAs, BHBs as well

27






some are pulsating !!!

' Steward Observatory 1.54 m 1st sdOB conference @ La Palma 2005
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EC 103 mnu-':‘.ua
m ordinate 2% and 2926, Ordinate ¢ 4 by D01 l-;-unplndtla‘-pnad
s e s e e pulsatoes: PG 17164426 (R filter), PG 0850+ 170 (R), PG 1338+481 (B), PG
10 right and 10p to bottom, reuency 833 Conspic : ow i1 16274017 (R). PB 5450 (R), and PG 17394489 (V). The time between peaks
0.387. by = P - varies from about 33 1o nearly 120 minutes.

FiG. 1.—Discovery light curve for PG 1716+426 (rop, observed with a V
filter), followed by typical light curves for the
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pulsating sdB

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.

51

V361 Hya stars

Green et al. (2011)
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pulsating sdB

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.

Hybrids (Schuh et al. 2006):
p - and g-modes.

31

V361 Hya stars

Green et al. (2011)




C 14026 PG 1716

- 1 Myo = VY

T weewt
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+ each pulsation mode is
explained with spherical

harmonics Ylm( 0,9);

+ 1 degree of a mode;

+ m azimuthal number;

+ stars have unresolved disk;

36
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+ each pulsation mode is
explained with spherical

harmonics Ylm( 0,9);

+ 1 degree of a mode;

+ m azimuthal number;

+ stars have unresolved disk;

R & T & Mtot & Menv

p

36
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+ each pulsation mode is
explained with spherical

harmonics Ylm( 0,9);

+ 1 degree of a mode;

+ m azimuthal number;

+ stars have unresolved disk;

[
- - v : l N 1
— V(j)l./.U + ’]I * ( 1 - C”./) * m Cn,,f ~ f(f 1)

R & T & Mtot & Menv
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Vgn.l.m = vgn.l,() +m - (l T CH./) ’

+ each pulsation mode is
explained with spherical

harmonics Y1 m( 0 P);

+ 1 degree of a mode;

+ m azimuthal number;

+ stars have unresolved disk;

1L !
Prot e+ 1)

R & T & Mtot & Menv
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Vgn.l.m = Vgn.l,() +m - (l T CII./) ’

+ each pulsation mode is
— explained with spherical

harmonics Y1 m( 0 P);
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+ 1 degree of a mode;

+ m azimuthal number;

+ stars have unresolved disk;
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good old KEPLER...

7 March 2009 -11 May 2013
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good old KEPLER...

+ 48 sdB stars observed
+ 19 pulsators :
+ 100s frequencies/star
* mostly g-mode
* 1 pure p-mode
+ equal period spacings
+ I=1 and I=2 modes

7 March 2009 -11 May 2013
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good old KEPLER...

* stellar rotation rates:
* too slow !

* Interior structure of g-mode pulsators:
* core too big !

7 March 2009 -11 May 2013
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good old KEPLER...

* 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

7 March 2009 -11 May 2013
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Ricker+2014



1
Tos 2200005 100
logg = 5.26 £ 0.07

TIC
Ton = 27710 £ 810
logg =5.21£0.12

TIC 138707823
Ty = 26390 £ 1000

logg = 5.35 £ 0.06

TIC 10
Tor = 24710 £ 1000
logg =56.20£0.15

C 415339307
et = 24510 £ 640

logg=5.26+0.14




Phase

tess2018206045859-s0001-0000000092865531-0120-s_Ic, P = 33.79 h
1400




Conclusion on sdBs

® Stellar masses:
® asteroseismology -> core !
® binary characteristics
® synchronisation (sub-synchronised rotation!)
® Binary stellar evolution
® Circumbinary planets ?
® formation & survival







