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t. We dis
uss the 
onne
tion between wind overloading and dis
reteabsorption 
omponents in P Cygni line pro�les from O stars. Overloading 
an
reate horizontal plateaus in the radial wind speed that 
ause the extra ab-sorption in the line pro�le. The upstream propagation speed of these velo
ityplateaus is analyzed. The se
ond part of the paper deals with X-ray emissionfrom O stars. X-ray line pro�les observed with Chandra and XMM are oftensymmetri
, 
ontrary to what is expe
ted for lines from a homogeneous wind. Wedis
uss the in
uen
e on line symmetry of photon es
ape 
hannels in a strongly
lumped wind.1. Overloaded windsMany OB stars show propagating, dis
rete absorption 
omponents, DACs, intheir UV P Cygni line pro�les (Kaper et al. 1996 and referen
es therein). TheseDACs are probably 
aused by 
orotating intera
tion regions, CIRs, in the wind(Mullan 1984). Numeri
al O star wind simulations show that not the CIRdensity enhan
ement itself 
auses a DAC, but an a

ompanying velo
ity plateauthat lies starwards (Cranmer & Owo
ki 1996). Note that the Sobolev line opti
aldepth s
ales as � �=(dv=dr), and 
an be large either due to large gas densities orshallow velo
ity gradients. The velo
ity plateau propagates upstream in a fast,super
riti
al 
ow, hen
e is adve
ted outward at a speed slower than the windspeed.A remarkable property of observed DACs is that both their propagationand re
urren
e time (of order a day) are longer than the wind 
ow time (fewhours). While 
ertainly longer than the wind 
ow time, the times
ale of CIR-indu
ed DACs is not fully understood. On its starward fa
ing side, the velo
ityplateau 
ausing the DAC joins the inner, steeply a

elerating wind via a weakdis
ontinuity, i.e., a jump in dv=dr or a kink. In gas dynami
s, weak dis
ontinu-ities propagate at the 
hara
teristi
 wave speed, whereas strong dis
ontinuitiesin v and � itself or sho
ks propagate (mu
h) faster. Sin
e the radiative line for
ein O star winds depends nonlinearly on dv=dr, it appears that not v itself is1



2 Feldmeier et al.the fundamental 
uid variable in a 
hara
teristi
 analysis, but instead dv=dr(Abbott 1980; Bjorkman 1995).Our question is therefore: do kinks in line driven 
ows propagate upstreamas weak dis
ontinuities at the radiative-a
ousti
 wave speed, or as strong dis-
ontinuities and therefore mu
h faster? To answer this question, we study kinkpropagation in 1-D 
ow simulations. To form kinks in a 1-D 
ow without CIRs,we arti�
ially 
reate a se
ond 
riti
al point in the 
ow, above the original CAK
riti
al point (Castor et al. 1975).For the Laval nozzle, 
riti
al points 
oin
ide with minima of the nozzle areaor throat fun
tion. This 
an be generalized to stellar winds, and the generalizedthroat fun
tion is then proportional to the 
ow tube area, the radiative 
ux,and inverse gravity (Abbott 1980). A wind that is laun
hed subsoni
 in thephotosphere rea
hes 
riti
al wave speed at the �rst nozzle minimum. Whathappens at the se
ond minimum? As suggested by Holzer (1977) for the Lavalnozzle or the solar wind, a deep minimum, i.e., a narrow throat, 
auses the 
owto be
ome mass overloaded, and a sho
k forms.Line driven winds, by 
ontrast, need not to develop a sho
k (strong dis
on-tinuity), but 
an over
ome the se
ond, overloaded 
onstri
tion by swit
hing to ade
elerating solution, dv=dr < 0. In Sobolev approximation, this swit
h o

ursvia a weak dis
ontinuity, i.e., a kink, in the velo
ity law. The left panel of Fig. 1shows an O star wind forming a steady kink shortly before the se
ond throatminimum.What happens if the throat is made ever narrower? Eventually, the 
owde
elerates so strongly that negative speeds o

ur. Gas falls ba
k to the pho-tosphere and 
ollides with gas streaming upward, resulting in gas 
ompressionand sho
ks. This bears resemblan
e to the model by Howk et al. (2000), whosuggest that ba
kfalling blobs o

ur in the wind of � S
o, 
ausing the hard X-ray emission from this star. But whereas Howk et al. suggest that ba
kfalling
louds surround the star at all times in a kind of quasi-steady equilibrium, we�nd that the 
ow avoids mass overloading. A sho
k forms at the se
ond throatminimum and propagates inward. Interestingly, this sho
k 
an pass throughthe inner, CAK 
riti
al point, the �rst throat minimum. The sho
k rea
hes thephotosphere and adapts it to the mass loss rate sustainable at the outer nozzleminimum. The resulting 
ow, shown in the right panel of Fig. 1, is a breezeat the inner throat minimum (the former CAK 
riti
al point), and is a 
riti
altransition for radiative-a
ousti
 waves at the outer minimum. No overloadingo

urs.In the near future, we shall analyse kink propagation in more detail usingthis 1-D 
ow model, in order to better understand the times
ale of observedDACs in UV P Cygni line pro�les.2. Fra
tured windsThere is, on large, twofold eviden
e for 
lumping and sho
k produ
tion in hotstar winds: blob turbulen
e (Mo�at 1994) and X-ray emission (Lu
y & White1980). Wind sho
k models are 
hallenged by Chandra and XMM observationsof X-ray emission lines. If these lines indeed originate in the wind, photons fromthe stellar ba
k hemisphere (with respe
t to the observer) have a longer pathway



Overloaded and fra
tured winds 3through the wind than front hemisphere photons. The red line wing should thenbe stronger suppressed than the blue wing. In 
ontrast, many of the observedX-ray line pro�les are symmetri
.
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Fig.1. Left: temporal evolution of the 
ow speed v of a line driven wind. The 
owpasses through two minima in the nozzle fun
tion, at r1 and r2. The �rst minimumis a 
riti
al transition (CAK 
riti
al point), the se
ond one is mass overloaded. Thewind swit
hes to a de
elerating solution before the se
ond nozzle minimum, forminga steady kink in v(r). Right: the same 
ow, with a deeper se
ond nozzle minimum.Flow de
eleration results in negative speeds. A sho
k propagates to the photosphereand adapts it to the outer nozzle minimum, whi
h be
omes now 
riti
al. No overloadingremains.Two e�e
ts 
ould help to make X-ray lines appear symmetri
: �rst, X-rays probably originate in reverse sho
ks on the starward fa
ing side of denseshell fragments. Therefore, photons from the near hemisphere 
an be absorbedby their natal shell, whereas ba
k hemisphere photons 
annot. Se
ond, if thewind gas is 
on
entrated in a small number of highly 
ompressed shells, ba
khemisphere photons 
an pass freely between two shells at low altitude.We set up a simple model of a fra
tured, X-ray emitting wind, shown inFig. 2. A �nite wind sphere of normalized radius 1 is 
ut into N� wedges of
onstant opening angle Æ� = 2�=N�. Ea
h wedge of angular extent � is 
ut intoN� = N�=2 
ones of opening angle Æ� = Æ�. In ea
h 
one reside Nr spheri
alshell fragments, distributed randomly and uniformly between radii 0 and 1. They
ould result from fragmentation of highly 
ompressed shells formed by the linedeshadowing instability. We assume that the fragments are 2-D layers of in�nite
ompression. The photons propagate along the wedges, the observer is lo
atedat � = 0. The number of wedges and 
ones shall be large, but Nr may be small.
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Fig. 2. Fra
tured windgeometry. (A) A �nitewind sphere is 
ut into
ones of opening angleÆ� = Æ�, with Nr �1 geometri
ally thin shellfragments in ea
h 
one.(B) The hit probabilityÆw for a single fragmentequals the normalized dis-tan
e Ær the photon trav-els through a 
one. (C)For ea
h impa
t parame-ter p and latitude �, theshell hits along an az-imuthal ring of 
ubes withedges [r Æ�, r sin �Æ�, Ær℄are Poisson distributed.We assume for the moment Nr = 1 randomly distributed shell fragmentsper 
one. The probability, Æw, that the photon hits su
h a fragment is givenby the radial distan
e the photon travels through the 
one, divided by the 
onelength. From Fig. 2, Æw = p 
os � Æ�sin2 � ; (1)with normalized impa
t parameter p of the photon ray. The hit probabilityÆw goes to zero with the opening angle Æ� of the 
one. At the same time, thenumber of azimuthal 
ones with given p and � goes to in�nity. These are therequirements for a Poisson distribution: small event probability per trial pluslarge number of trials. Note that the wedges along whi
h the photons propagateare mutually independent. The single parameter of the Poisson distribution isits expe
tation value, �, � = N� Æw = 2�p 
os �sin2 � : (2)To give an example, forNr = 1, p = 1=2 and � = 450, on average � = �p2 = 4:44shell fragments are hit on the ring, independent of N�. If the number N� ofazimuthal 
ones is doubled, Æ�, Æ�, and therefore Æw drop by a fa
tor of two.The probability wk that k shell fragments are hit along the ring iswk = �kk! e��; k = 0; 1; 2; : : : (3)We 
an now 
al
ulate the photon throughput of the ring. Due to di�erent photonhistories, the input intensity of ea
h 
one di�ers. For simpli
ity, we 
onsider hereonly an average input intensity, hIii. The output intensity, Io, isIo = Io1 + : : :+ IoN� = N�hIoi = hIii 1Xk=0wk(N� � k + ke�� ); (4)



Overloaded and fra
tured winds 5where � is the opti
al depth of the fragments, assumed to be a fun
tion of ronly. Using (3) and the binomial formula in (4), and assuming that the numberof shell hits is mu
h smaller than the number of 
ones along the ring, i.e., thatthe sum 
onverges at small k, one �ndshIoi = hIii e�� 1Xk=0 �kk!  1� 1� e��N� !k ; (5)This is the power series expansion of the exponential,hIoi = hIii e��e��1� 1�e��N� � = hIii e�� 1�e��N� = hIii e�Æw(1�e��): (6)Using (6), one 
an 
al
ulate opti
al depths over �nite distan
es in the wind(and for arbitrary Nr), and 
an perform line synthesis 
al
ulations. Details onthis will be given in a forth
oming paper. We here only summarize two 
entralresults/problems that emerged from these 
al
ulations. (1) Wind fragmentation
an make the line pro�le appear less asymmetri
. But the basi
 asymmetryremains, the blue emission line wing is always stronger than the red wing. (2) Ifabsorption in the natal shell is in
luded, the line pro�le be
omes bla
k aroundrest-frame frequen
y. E�e
tively double-peaked line pro�les result, whi
h arehowever not observed. This is further dis
ussed in the paper by Oskinova etal. in the present pro
eedings.A
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