Variable Stars in the Local Group
ASP Conference Series, Vol. 310, 2004
Donald W. Kurtz € Karen R. Pollard, eds.

Decoupling of helium in the winds of chemically peculiar
stars

Jifi Kubét

Astronomicky istav AV CR, CZ-251 65 Ondrejov, Czech Republic
Jifi Krticka

UTFA P#F MU, Kotlérskd 2, CZ-611 37 Brno, Czech Republic

Abstract. We calculate hydrodynamic multicomponent models of ra-
diatively driven winds in B type stars. Our wind models consist of four
components, namely hydrogen, helium, accelerated ions, and electrons.
We solve equations of continuity, motion, and energy for all components
and we take into account mutual collisions. The resulting models show
large heating caused by friction. Results of our calculations show that
the explanation of helium chemical peculiarity by the helium decoupling
from the mean wind is unlikely.

1. Introduction

It is generally believed that peculiar abundances of chemical elements in stellar
atmospheres are caused by diffusion processes (for a review, see Alecian 1995 or
Vauclair 2003). However, the influence of a stellar wind should not be overlooked.
Decoupling of individual elements in a stellar wind may lead to their leakage from
the stellar atmosphere. This may serve as an additional mechanism of creating
peculiar abundances in B and A stars. Based on hydrodynamical calculations of
Babel (1996), Hunger & Groote (1999) suggested the idea that the fractionated
wind may cause He abundance anomalies in B stars.

Here we present a solution of the hydrodynamical equations which may lead
to a fractionated stellar wind. Preliminary test calculations have already been
shown in Krticka & Kubdt (2001).

2. The physical model

The line radiatively driven stellar wind in our model is described as a four com-
ponent gas consisting of accelerated ions, hydrogen, helium, and electrons. For
each component we solve a set of hydrodynamic equations (e and b indicate par-
ticular components — accelerated ions, hydrogen, helium, and electrons), namely
the continuity equation

1d
S (rpavra) =0, (1)
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the momentum equation

dvrg rad 1d,, Urp — Urq
= = LR+ E Glzgp) ——, (2
Urq dr 9a g Pa dr (aaPa) Mg Pa kab $ab)' Urb — Ura]’ (2)

and the energy equation

3. pdl, o, 14

Ek’uraT—n_aTiT_ + aapa—Q(-i— (T‘Q'UTG) = Qzad‘Jr'
2k (T — T, exp
Z ma:_m:) ab +Z o + abG(fﬂab)lvrb —vm[. (3)

The equations are solved using the complete linearization method (see Krticka
2001, 2003).

2.1. Frictional coupling and decoupling

The most important term, which determines whether the decoupling is present
or not, is the frictional term. Mutual collisions of particles assure transfer of mo-
mentum between them. The Coulomb collisions, which are the main interaction
mechanism between charged particles, depend heavily on a charge (cf. Eq. 5).

The momentum is transferred from the metallic ions (accelerated by line
absorption) to non-accelerated (passive) atoms of hydrogen and helium via
Coulomb collisions that give rise to a frictional force,

Rop = —nanpkepG(ap), (4)

where n,, np are number densities of individual components,

ko 4r(in A)ngf Vrq — Urb (5)
o kTop |Um - Urbl

kqp is the friction coefficient, g, g are charges of individual components, To, =
(meTp+mpTy)/ (ma+mp), Tap = |Vra — Vrb|/ @b is the velocity difference in ther-
mal units, a2, = 2k (maTy + mpTy) /(Mems), Vrqe, vrp are velocities of individual
components, and G(zg) is the Chandrasekhar function.

The amount of momentum transferred by Coulomb collisions depends heav-
ily on the charge of the colliding particles and their densities. Therefore, for O
and hot B stars, where the ionization degree is high, friction is large, and no
decoupling in the wind occurs.

On the other hand, for weaker winds of cooler B stars the ionization de-
gree is lower, and, consequently, friction is also lower. This makes the effect of
decoupling possible. However, as was found by Krticka & Kubat (2000), decou-
pling does not always occur in these winds, sometimes only a significant change
of wind dynamics takes place. Conditions for decoupling are more subtle due
to the nonlinear dependence of the radiative acceleration on the velocity gradi-
ent. Alternatively, the multicomponent flow may become unstable in this case
(Krticka & Kubat 2002, Owocki & Puls 2002).
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Figure 1.  Four-component winds from main sequence B3 and B6

stars. Panels in the first row display the velocity profile of the wind,
the second row panels show the temperature structure of the friction-
ally heated wind, the third row panels display the charge of individual
components, and the lowermost panel displays the velocity profile of
an A0 supergiant (Tegr = 10000K, R = 70Rg, and M = 15Mg).
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3. Winds from main sequence stars and supergiants

The case of a wind from main sequence stars is shown in Fig. 1. For the case of a
B3 main sequence star (Teg = 19 100K, log g = 4.12), friction is effective due to a
high charge of all components and causes only little heating and no decoupling of
the wind components occurs. However, starting from a B6 main sequence stellar
type (Teg = 14100K, logg = 4.12), in addition to heating, helium decouples
since helium charge is low, and may fall back to the stellar surface (see also
Porter & Skouza 1999). As a consequence, we obtain a helium-free wind which
may lead to an overabundance of helium in a stellar atmosphere. However, since
He-rich stars are observed mainly among early B type Stars, we conclude that
the explanation of helium overabundance by the helium decoupling suggested
by Hunger & Groote (1999) is unlikely.

In addition to the winds from main sequence stars, we calculated multicom-
ponent wind models from supergiants. These stellar winds have different ioniza-
tion and density structure compared to the main sequence wind models, thus the
helium decoupling occurs for different stellar effective temperatures. As an ex-
ample, we present a multicomponent wind model for a star with Tog = 10000 K,
R =70Rg, and M = 15Mg (an AQ supergiant). A clear decoupling of helium
was found. By detailed analysis the boundary between helium coupling and
decoupling was estimated at Ty = 10 700K for A supergiants.

4. Conclusions

For cool B stars, decoupling of a radiatively driven wind is possible. It may lead
to selective mass-loss and cause abundance anomalies. However, the explanation
of helium overabundance by its decoupling is doubtful.
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