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We model the line profile variability (lpv) in spectra of clumped stellar atmospheres using the
Stochastic Clump Model (SCM) of the winds of early-type stars. In this model the formation
of dense inhomogeneities (clumps) in the line driven winds is considered as being a stochastic
process. It is supposed that the emission due to clumps mainly contributes to the intensities of
emission lines in the stellar spectra. It is shown that in the framework of the SCM it is possible
to reproduce both the mean line profiles and a common pattern of the lpv.

1 Introduction

In the beginning of 70th the first indications of the
presence of high density regions (blobs or clumps) in
the atmospheres (winds) of the early-type (hot) stars
were emerged. Now the strong inhomogeneity of the
winds of the early-type stars appears to be evident
both from theoretical works and observations.

This inhomogeneity can be described in the clump
model. In this model a stellar wind is proposed to be
composed of the numerous dense clumps and more
rarefied interclump medium. Total number of the
clumps exceeds 103. The ions of the low and moder-
ate ionization stages are located dominantly in the
clumps while the interclump medium is strongly ion-
ized.

2 Stochastic clump model

A random character of the clump connected lpv al-
lows us to conclude that clumps born and dissipate
randomly. A random ensemble of clumps in the
atmosphere may be described in the framework of
the Stochastic clump model suggested by Kostenko
& Kholtyhin (1999) and Kudryashova & Kholtygin
(2001) and close to that propose by Lepine & Mof-
fat (1999). In this case one can say only about the
probability for clump has a determined values of the
mass, size, flux in the line and other parameters.
For each cloud these values are defined through the
distribution of clumps on masses, sizes and other
parameters.

The total flux in the line formed by a clumped
atmosphere in a frequency interval [ν, ν + dν can be
presented as

F (ν)ν = F icl(ν)ν + F cl(ν)ν + F cl−icl(ν)ν . (1)

Here the value of F icl(ν) is the part of the
line flux formed by the homogeneous interclump

medium only, F cl(ν) is the clumps contribution and
F cl−icl(ν) refers to the contribution of the clump -
interclump medium interactions to the line profile.

As it was shown by Kostenko & Kholtygin (1999)
the contribution of the interclump medium into the
total intensity of many lines in the hot star spectra
(e.g. lines of ions CIII, HeI-II, etc.) is small. The in-
teraction of clumps with the interclump medium give
contribution mainly in the X-ray region and weakly
impacts on the profiles of optical and UV lines con-
sidered. It means that the intensity of these lines
are mainly determined by clumps.

Due to of the large velocity gradients in the winds
the contributions of the separate clumps into the to-
tal line flux can be considered independently and a
part of the total line flux formed by clumps

F cl(ν) =

∫

(4π)

∫ Mmax

Mmin

∫ ∞

R∗

Ncl(Mcl, R, Ω) (2)

×Fcl(R, ν) dΩ dMcl dR .

Here Mmin and Mmax are the minimal and maxi-
mal masses of clumps in the whole clump ensemble;
a function Ncl(Mcl, R, Ω) describes a distribution of
clumps on masses Mcl, distances from the centre of
a star R (R∗ is a stellar radius) and directions Ω.

Studies of lpv for O and WR stars (Kaper et al.
1999, Lépine & Moffat 1999) specify that clumps are
mainly formed in a narrow area of an atmosphere
near the stellar core. It means that distribution of
clumps on distances from the stellar core, masses
and directions can be considered independently:

Ncl(Mcl, Rcl, Ω) = Nm(Mcl)Nr(Rcl)NΩ(Ω) . (3)

2.1 Modelling the clump ensemble

We present a distribution of clumps on masses in at-
mospheres of early-type stars as Nm(Mcl) ∼ (Mcl)

−γ

and adopt the values of γ ≈ 2.0 (see arguments in a
paper by Kudryashova & Kholtygin 2001).
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For modelling the distribution Nr(Rcl) we suppose
that clumps are formed near the stellar core, the
total clump number in the atmosphere is constant
and their distribution on radius R is determined by
a relation R2Nr(R)(R)Vcl(R) = const. For clump
velocity Vcl(R) we adopt standard β-law. We use
mainly the spherical-symmetric distribution NΩ(Ω)
of directions of clumps.

Figure 1: Mean line profile in the SCM in a depen-
dence on a parameter τmax

cl .

We assume that each clump forms a detail of the
line profile (subpeak) with gauss distribution of in-
tensity. Dependencies of a total flux in the differ-
ent lines formed by separate clump at the distance
R to star were calculated by Kostenko & Kholty-
gin (1999). Follow Lépine (1994) we suppose that
the full fluxes of subpeaks Fi ∝ σ2

i , where σ2
i is a

velocity dispersion inside a clump with number i.
Follow Kudryashova & Kholtygin (2001) we sup-

pose that mean clump lifetime is determined by a
relation T cl = T max

cl (Fmax
cl /Fcl)

γ , where T max
cl is a

lifetime of a clump with the maximal flux Fmax
cl and

γ ≈ 1 (see Lépine (1994 for details). We suppose
that after its lifetime a clump can exists by does not
emit in the considered line. It means that lifetime
of clump depends of the line considered.

The resonance lines of the most of ions in the
atmospheres of hot stars have the strong absorp-
tion components. Assume the next procedure taking
into account the absorption in the violet wing of the
line. Suppose that clumps which are located on a
line of sight can absorb the radiation of the stellar
photosphere and the total optical depth for absorp-
tion of the continuum radiation can be presented
as a sum of all optical depths of the clumps on a
line of sight. To calculate an optical depth τi(ν) of
a clump with a number i in the central frequency

of the considered line we use the scaled relations
τi(0) = τmax

cl (Fi/Fmax)
µτ , where τmax

cl is an opti-
cal depth of a clump with a maximal line flux Fmax.
From the calculations of the ionization structure of
the hot stars (Kostenko & Kholtygin 1999) we can
conclude that parameter µτ ≈ 2.

2.2 Results of the line profile
calculations
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Figure 2: Dynamical spectra in the SCM for pa-
rameters σmax = 0.20, ε = 10−3 and
τmax
cl = 0 and for 10h of total time of

”quasi-observations”.

The relation (2) gives us the instantaneous line pro-
file only, whereas the observed line profiles are the
mean of all instantaneous profiles over the whole in-
terval of the observations. For evaluating the quasi-
observed line profile we average all instantaneous line
profiles on the typical time of observations of one line
profile – ∆T .

For obtaining the difference spectra we calculate
the averaged quasi-observed line profiles over the
whole period of observation Tobs. The difference
spectra are an individual quasi-observed profile mi-
nus this average profile.

For example we plot a dependence of mean line
profile versus T max

cl in Fig. 1 for a resonance dou-
blet CIVλ 1548,1550. For the sake of simplicity
we use a dimensionless frequencies in a line x =
(ν − νik)/∆ν∞, where ∆ν∞ = νik(V∞/c) is a full
width of a line, νik is the central frequency of the
line, and V∞ is a wind terminal velocity.

Main parameters of the model are σmax, ε and
τmax
cl , where σmax is a velocity dispersion in a clump

with a maximal flux, ε is a ratio of a minimal and

168



Modelling the stochastic lpv

a maximal fluxes of line formed by an ensemble of
clumps. For an illustration we plot the typical dy-
namical spectra for line CIII λ 5696 for the typical
parameters of a clump ensemble at a total duration
T full = 10h of quasi-observations.

2.3 Using wavelets for testing clumps

For OB stars the clump contribution in the total line
profile is not so significant as for WR ones. Because
of this we need to use the more elaborate methods for
testing a clump contribution in the line profile. The
most convenient tool for solving such problem is a
wavelet analysis. Kholtygin et al. (2006) described
a procedure of construction the dynamical wavelet
spectra for lines in spectra of OB stars. Those are
the wavelet transform of the difference spectra for
studied line in the velocity V space in a dependence
of the time of observation t for the fixed scale S. For
scales in an interval S = 1 − 5 km/s the dynamical
wavelet spectra is determined by the noise contribu-
tion mainly, whereas for large scales S > 25 km/s
mainly regular variations in the dynamical wavelet
spectra can be detected (see Kholtygin et al. 2006)
for details.
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Figure 3: Dynamical wavelet spectra for the Hα line
in the spectrum of δ Ori A

At the same time for intermediate scales (S ∈
[5− 25] km/s) the contribution of the stochastic lpv,
connected with the clumps contribution can be seen.
Figure 3 illustrate the stochastic variations in the
dynamical wavelet spectra of line Hα in a spec-
tra of a bright triple system δ Ori A (O9.5II ) for

scale S = 10 km/s with using the Mexican Hat as a
Mother wavelet.

3 3-phase model of winds of

early-type stars

Early-type stars are the powerful sources of X-Ray
emission (e.g., Oskinova et al. 2006). For explana-
tion both the UV optical an X-Ray spectra of these
stars we postulate the 3-phase model of winds. In
this model we suppose that wind consist of 3 phase:
homogeneous warm wind with a mean temperature
≈ 105 K, cold clumps with T ≈ 104 K and hot
clumps (hot zones with T up to 108 K. Warm wind
and cold clumps emit in an optical and UV range,
whereas a radiation of hot zones are mainly in a X-
Ray region.

For WR stars clumps give the main contribution
in the line emission, but for OB stars clumps give the
smaller one. There exist a phase transitions between
hot and cold phases. Cold clumps can be heated by
shocks up to 108 K (Bychkov & Aleksandrova 2000),
whereas hot zones cool very fast with cooling time
is less than 1 min and convert to cold clumps. In a
support of our model we can mention a connection
between optical and X-Ray variability (see Oskinova
et al. 2001 and reference therein).
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Lépine, S., Moffat, A.F.J. 1999, ApJ, 514, 909

Oskinova, L.M., Clarke, D., Pollock, A.M.T. 2001,
MNRAS, A&A, 378, L21

Oskinova, L.M., Feldmeier, A., Hamann, W.-R.
2006, MNRAS, 372, 313

169



A.F. Kholtygin

Moffat: In the time-series spectra of the few
O stars that have been observed so far (e. g. ζ Pup,
HD93129A), the sub-peaks seem to have similar ve-
locity compared to those seen in WR stars. Is this
compatible with your statement that clumps in O
star winds have spatially smaller clumps compared
to these in WR stars?

Kholtygin: As far as I remember, direct evidence
for clumps in the atmosphere of an O star is only
found for ζ Pup. But this star is untypical for O
stars and the properties of its clump ensemble can
be very different from that of other O stars. We have
estimated the clump sizes for α Cam and found that
these clumps are really smaller than in WR stars.
For other O stars this conclusion must be checked.
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