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Stellar wind of A supergiants

similar properties as stellar wind of OB stars

accelerated by the absorption of radiation
mainly in the resonance lines of C, N, O or Fe

the domain of A supergiants seems to be
overlooked by wind theorists up to now
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NLTE models of stellar wind

(Krticka & Kubat 2004)

spherically symmetric stationary wind models

radiative force calculated using level
occupation numbers obtained from the
solution of statistical equilibrium equations

wind density, velocity and temperature
calculated as the solution of hydrodynamic
equations

enable prediction of M, v.,
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Continuum radiative tr ansfer

OI(r,v,p) 1 —p>0I(r,v,up)

| :_]777
H— . R n — xI(r,v,um)

wind motion neglected
I(r,v,u) 1S the specific intensity of radiation

1 = cos 6 Is the direction cosine, v Is the
frequency

x(r,v,u), n(r,v,u) are the emissivity and
absorption coefficients

solution obtained using Feautrier method

224 “The A-Star Puzzle”. Poprad. Slovakia. Julv 8-13. 2004 — p.



Lineradiativetransfer

Solution using Sobolev approximation
jij — (1 — 6)323 + 60107
Jij = [, dv f_ll du ¢ij(v)I(r,v,p) is the mean
intensity, ¢;;(v) is the line profile
] IS the specific intensity of star,
f d,u — , Be =
1/2
NENS (1_R3/T ) / ;

source function S;; = 7;;/xi;.




Statistical equilibrium eguations

Occupation number N; of atoms in the state 7 Is
given by the solution of

P;; are rates of all processes that transfer an
atom from a given state : to state 7,

radiative excitation and deexcitation, radiative
lonization and recombination and
corresponding collisional processes
contribute to B,
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| ncluded 1onization states

Hi-11 Hel-1til Ci-tv - NI-Iv
Ol-1lv  Nel-iv Nal-1it Mgii-1v
Al 1-v Sii-v - Si-v - Arli-1v
Call-iv. Fell-v  Nil-v

model atoms are taken mostly from TLUSTY
code (Hubeny & Lanz 1992, 1995)

the original set is extended using data from
Opacity Project and Iron Project



Hydrodynamic equations

continuity equation

d .
- (r’pv,) = 0 = M = 471*pv, = const.
-

p IS the wind density
v, IS the radial velocity
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Hydrodynamic equations

equation of motion

dv’r‘ __ rad 1d 2
Urdfr — 9 I pdr (a '0)

g IS the gravity acceleration

a IS the isothermal sound speed

gd = glad 4 grad js the radiative

acceleration

877 v, : -
Jings = WU_ZVHc/dUM(1+U“2) (1—e™)

2
cCcr
P lines
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Hydrodynamic equations

energy equation

3 da® a’pd |, q
SUrp | 2 dr (T UT) — Qra

2 dr
(" is the radiative heating/cooling
calculated using the thermal balance of
electrons method (Kubat et al. 1999)
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Stellar wind of HD 12953

Allae supergiant with parameters
Teff — 9 100 K, R — 145 R@ and M — 97 M@
(Kudritzki et al. 1999)

observed wind mass-loss rate is
M = 4.3 x 107" M, year—! and observed wind

terminal velocity is v, = 150 km s~ (Kudritzki
et al. 1999)

calculated wind parameters are
M =13x10"" M, year ! and
Voo = 140 km s~



Wind model of HD 12953

observed terminal velocity —
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Conclusions

we presented NLTE code which Is capable to
calculate wind models of A supergiants,

predicted wind parameters agree relatively
well with observed parameters of HD 12953,

model improvements are necessary (e.d.
consistent radiative transfer, inclusion of
X-rays, etc.)

more model testing Is necessary.
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