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A b s t r a c t . The wind structure diagnostic possibilities offered by combined study of photo-
, spectro-, and polari-metric variability are discussed using data from the Montréal group. 
These demand the presence in the wind of localised density inhomogeneities and in par-
ticular of large 'blobs' denser than the 'mean' wind and put bounds on the size, mass, and 
density of individual blobs and their distributions, with implications for theories of blob 
formation. Blobs responsible for Polarimetrie variability must be present at the stellar sur-
face rather than forming in the wind, and the relation of this to spectrometric indications 
that blobs are only detectable at several stellar radii is discussed. 
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1. I n t r o d u c t i o n 

Broad W R emission line profiles exhibit narrow features in both emission 
and absorption. Absorption features could be due to thin shells in a spheri-
cal wind, but narrow emission features (e.g., Robert 1992; Moffat & Robert 
1992) demand the presence of very localised enhanced emission regions. 
Their spectral narrowness requires source localisation in the angle θ their 
motion makes with the line of sight, while their transience shows their 
sources to be moving and of small radial extent. On the assumption that the 
transients, of similar time-scale, in broad-band photometry and polarimetry 
originate in the same structures, the degree of polarisation and its distinct 
position angle for each transient show them to be also localised in source 
azimuthal angle. Such 'blob' da ta have been studied by Moffat et al. and 
their physics discussed by Brown et al. (1994). Here we will summarise work 
in progress on conditions in these blobs, both individually and collectively, 
from photometric, spectrometric and Polarimetrie data, both as currently 
available and with future simultaneous coverage in all three modes. 

2. T h e o p t i c a l l y t h i n a p p r o a c h 

Analysis of the undoubtedly important radiative transfer effects in W R 
winds is mainly restricted to steady spherical winds which can say nothing 
about transient inhomogeneities. In Brown et al. (1994) and the present dis-
cussion, analysis of blobs will be in optically thin terms. Horrifyingly naive 
as this is for RT gurus, it has proved very fruitful in Polarimetrie modelling 
of hot star envelopes (Brown & McLean 1977; Brown et al. 1978; Brown & 
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Wood 1992; Wood et al. 1993) since although predicted fluxes may be in 
error, their geometric, temporal, and spectral distributions are remarkably 
accurate and the simple treatment makes the connection between da ta and 
model parameters transparent. 

3. Size and dens i ty e s t i m a t e s for s ingle b lobs 

We consider here how the size and density of a single blob can be inferred 
from simultaneous observations of its narrow feature flux, spectral width, 
and its broad-band polarisation. No truly simultaneous da ta of this kind 
exist so we will use typical values of each for prominent narrow features 
(obtained by somewhat hazardous subtraction of a smooth mean profile). 

The (diluted) degree Ρ of broad-band polarisation of starlight singly scat-
tered in a localised blob depends only on the total blob electron content 
Ne = riV', where η, V are the blob electron density and volume, and on the 
blob location-distance r from the star 's centre and scattering angle Θ. If the 
blob speed is fairly constant and follows the wind speed, θ is known from the 
narrow feature shift δλ = Δ λ ο ο X cos0 where Δ λ ο ο / λ ο = v^/c with λο, ^ o o 

the line rest wavelength and wind terminal speed. It is harder to determine 
r though various methods are feasible with good da ta (Brown et al. 1994). 
However, the fact that Ρ maximises at a certain r (Cassinelli et al. 1989; 
Brown et al. 1989) yields the relation (e.g., for the case θ « π / 2 ) 

Ne = 8 π ν / 3 — P m a x = 6.5 χ 1044R2

UP.3 (1) 

where σχ is the Thomson cross section, R = 1 0 n i ? n cm is the photospheric 
radius, and P-3 = 1 0 3 P m a x . 

Secondly, the total line luminosity L of a blob for a collisionally dominated 
(e.g., recombination) line (like Hell Λ5411) is given by f(T)N2/V where 
/ ( T ) is the line emissivity (erg c m 3 s " 1 ) at temperature T. Assuming / is 
known approximately, then L gives the value of n2V while Ρ gives N€ — nV 
so that η (and V) can be found, viz. (for θ « π / 2 ) 

where L33 = 10~33L and / _ 2 6 = 1 0 2 6 / . 
Another estimate of η can be obtained from Eq. (1) if we can estimate the 

blob linear size / from the narrow feature spectral width Δ λ . This depends 
on assumptions about the blob physics. Neglecting thermal ion motion and 
electron scattering within the blob for a supersonic optically thin blob, the 
simplest assumption concerning broadening is that the blob ions are moving 
ballistically with constant blob angular size ΑΘ (Brown et al. 1994). Con-
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sidering again blobs near θ = π / 2 the broadening in this case is given by 
the spread in ν cos θ across Δ 0 , leading to 

A , = i ^ (3) 

and Ζ = Γ Δ 0 where r « R where Ρ = P m a x . Combination of the above leads 
to a second estimate of n, viz. 

n 2 « T T = "ΐς / a χ / a \ — Τ = 1-6 x 10 cm ö

 n / A . / Λ x — ( 4 ) 
4θ 3 £ σ Γ ( Δ λ / Δ λ ο ο ) 3 Α ι χ ί Δ λ / Δ λ ο ο ) 3 

where Ρ_3 = Ρ/(0.001). Results m, ri2 in Eqs. (2) and (4) are in remarkably 
good agreement and can be compared with the mean density η associated 
with the estimated mass loss rate M for a smooth spherical wind, namely 
η « 10 1 3 cm"" 3 M_5/Änü 8 near the star for M = l O " 5 M _ 5 M 0 y r _ 1 and wind 
speed ν = l O ^ e c m s " 1 . The fact that τ?ι, η·2 > η shows that the wind must 
be fragmented (i.e., have a small filling factor) and is simply another way 
of saying that M can be reduced for a given total wind emission rate by 
fragmenting it (i.e., increasing fv n2dV for a given fv ndV). 

4. T h e b l o b d i s tr ibut ion funct ion 

In Section 3 we considered only single blobs. Some theories of blob origin 
also predict the distribution of blob parameters 7Ve, /, n, e i c , in the wind as 
a whole, and correlations between them which are testable with data of the 
above sort, as discussed by Moffat et al. (1992, 1993) for their turbulence 

model according to which η oc Ζ""1 so Ne oc I2 and L oc N^2 while the blob 
size distribution is given by dN/dNe α Ν~Ί where 7 « 1 — 2 in hierarchical 
turbulent systems. These properties are claimed to be in good agreement 
with observed data, but we are in the process of considering the rigour of 
the tests and uniqueness of the interpretation. For example our ballistic blob 
assumption leads to the relation L α Δ λ while the Moffat et ai (1993) 
model predicts L α Δ λ 2 . The latter is closer to the statistical trend in 
Robert's (1992) data but the former gave individual large blob densities 
in good agreement with an independent method. A second example where 
more work is needed is on relating dN/d.Ne to the observed photometric 
and Polarimetrie light curve variations, allowing for the distribution of blob 
sizes and locations, and the Polarimetrie cancellation of contributions from 
different azimuths. Preliminary analytic and numerical results (Richardson 
& Brown 1994a,b) lend insight into why the Polarimetrie variability is much 
less than the photometric. For rather flat dN/dNe the variances turn out 
to be dominated by the few large blobs present and a ratio is predicted 
°f tfphot/^pol = ö jV 1 / 2 where Ν is the number of large blobs. The typical 
number of narrow features seen at one time is Ν « 10 giving a ratio of 
tfphot/^pol ~ 20, very close to that observed. 
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5. T h e origin of t h e blobs 

An important question is whether W R wind blobs arise by non-uniform 
mass loss at the stellar surface or as a result of instability processes in the 
wind, as advocated by Moffat et al. (1993). A strong argument in favour of 
the former is given in Brown et ai (1994) on the basis of the polarimetry 
transients. After an initial increase at r « i£, the optically thin polarisation 
contribution of a blob depends only on Ne/r

2, and so can only decrease 
since Ne is invariant under (e.g., turbulent) redistribution of η within it. 
This fact seems contrary to the Moffat et ai (1993) result that blobs are 
NOT seen at small r insofar as the hot inner wind is best probed by lines 
of high ionisation potential ions. Resolution of this contradiction may lie 
in large blob optical depths obscuring individual blob line emission in this 
inner region. 
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DISCUSSION: 

Israélien: Wha t is the difference be tween small emission features in the flat-topped emission 

lines and discrete absorption components? Are they both due to b lobs or shells? 

Brown: Discrete absorption components can b e due to spherical shells and also to b lobs which 

h a p p e n to lie on the line of sight to the photospheric disk. The latter should b e seen 

occasionally. Na r row emission features ( Δ λ / λ ο « i W c ) cannot b e due to spherical shell 

emission because this produces all Δ λ / λ ο « ( υ ° % ) cos θ be tween ± υ°°/α A blob of 'width' Δ θ 

« 1 produces observed flux only in Δ λ / λ ο - Δ θ ( υ ° % ) . 

M o f f a t : (1 ) In Ρ Cyg lines w e do see strong stochastic variations in the absorption edges , 

implying that w e indeed are seeing b lobs in strong absorption along the line of sight to the 

stellar disk. 

(2) Lepine has now extended his wavelet analysis to emission lines of high ionization. They do 

indeed show blob structures, albeit at a relatively lower level (in units of the global line strength) 

than lines of low ionization. This is compatible with Robert 's (1992 , P h D thesis) calculations 

of the global variability of lines, showing that lines of higher ionization do vary, but at a lower 

relative level compared to low-ionization lines. 

Brown: I am glad that your spectrometric data have now, contrary to your previous conclusions, 

p r o v e d cons is tent with the existence of b lobs close to the star, as I have shown from the 

polarimetry. Thus both data sets support a subphotospheric rather than a wind origin for the 

blobs . 
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