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Abstract. We review recent developments regarding radiation drivaestoss from OB-stars. We
first summarize the fundamental theoretical predictions, then compare these to observational
results (including the VLT-FLAMES survey of massive stafSypecially we focus on the mass
loss-metallicity dependence and on the so-called bid#iahimp.

Subsequently we concentrate on two urgent problems, weadsveind wind clumping, that have
been identified from various diagnostics and that challengepresent understanding of radiation
driven winds. We discuss the problems of “measuring” mass-tates from weak winds and the
potential of the near infrared, Br-alpha line as a tool tobdma@ more precise quantification, and
comment on physical explanations for mass-loss rates teamach lower than predicted by the
standard model.

Wind clumping, conventionally interpreted as the consagaeof a strong instability inherent
to radiative line-driving, has severe implications for thieerpretation of observational diagnostics,
since derived mass-loss rates are usually overestimated elimping is present but ignored in the
analyses. Simplified techniques to account for clumpingaie overestimates by factors of 2 to 10,
or even more. If actually true, these results would have mdtiz impact on the evolution of, and
the feedback from, massive stars. We discuss ongoing atginpluding own work) to interprete
the corresponding observations in terms of more sophisticaodels. By allowing for porosity in
density and velocity space, and for a non-void inter-clungglimm, such models might require only
moderate reductions of mass-loss rates.
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1. INTRODUCTION

Massive stars are critical agents in galactic evolutioth hothe present and in the early
Universe (e.g., re-ionization and first enrichmemfass losss a key process, which
modifies chemical profiles, surface abundances, and lumigmsFurthermoremass
loss has to be understooguantitativelyin order to describe and predict massive star
evolution in a correct way. The standard theory to descrite fhassive star winds is
based on radiative line-driving, and has been proven to woackessfully in most evolu-
tionary phases (OB-stars, A-supergiants, and LBVs in theiretj phase). Also for the
pivotal Wolf-Rayet (WR) stadium, line-driving is still the mqgsromising acceleration
mechanism [1, 2].

In this review, we summarize fundamental predictions oftbe®ry, as well as corre-
sponding observational evidence, and subsequently ctratenn two urgent problems
that challenge our understanding of line-driven winds, dbecalled weak-wind prob-
lem and wind clumping. We concentrate on the winds from “redfn®B-stars in all



evolutionary phases (for corresponding results and pnablegarding WR-winds and
additional material, see the contributions by Hamann aiteHithis volume).

2. LINE-DRIVEN WINDS FROM HOT STARS — THEORETICAL
PREDICTIONS

To be efficient, radiative line-driving requires a large renof photons, i.e., a high
luminosity L. SinceL O Tef*R.2, not only OB-supergiants, but also hot dwarfs and A-
supergiants undergo significant mass loss via this meamafigpical mass-loss rates
are of the order oM ~ 0.1 ... 10-10-%M,yr—1, with terminal velocities/, ~ 200
... 3,000 kms?. Another prerequisite is the presence of a multitude of tspklines,
with high interaction probabilities, close to flux maximuimplying that the strength of
line-driven winds should strongly depend on metallicity.

Pioneering work on this subject was performed by Lucy andi®oh [3] and Castor,
Abbott & Klein ([4], “CAK"), where the latter still builds theheoretical foundation
of our present understanding. Improvements with respeatgioantitativedescription
and first applications were provided by Friend and Abbottdadl Pauldrach et al. [6],
whereas recent reviews on the topic have been published dkitkki and Puls [7] and
Puls et al. [8].

The principle idea of radiative line-drivingelies on two processes.
1. Momentum is transferred to the wind matter via line absongemission processes,
mostly resonance scattering, with a net changadhial momentum

h
AP adial = c (Vin COSBin — VoutCOSBout) (1)

wherevi, and vy, are the frequencies of the absorbed and emitted photons a&nd
the angle between the photon’s direction and the radialvaaitor. Thanks to the fore-
aft symmetry of the emission process, on aver@gsd,,;) = 0, whereagcos6;,) ~ 1,
since (most) of the absorbed photons originate from thiastirface. ThusAR agia) ~
hvip/c, and the total radiative acceleration exerted on a masseelefim per time
interval At can be derived from considering all participating lines,
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2. Due to the huge number of metallic lines as compared toe¥edbzens from hy-
drogen and helium, mostly just the metal ions directly accelerated. Their momentum
needs to be transferred to the bulk plasma (H, He), via Coulooliisions. The veloc-
ity drift of the metal ions with respect to H/He is compensdier by a frictional force
(“Stokes law”) as long as the ratio between drift and therwebcity is small (e.g.,
[9, 10, 11]). Otherwise (at very low wind-densities) the aikt ions might decouple
from the wind, and the wind no longer becomes accelerated.

The real challenge is to evaluate Eqg. 2 (see also Owocki andegahis volume).
Following CAK, this is conventionally done by (i) applyingetSobolev theory [12]



to approximate the line optical depths and thus the intemagirobabilities, and (ii)
to replace the summation by appropriate integrals over itteestrength distribution
(resulting from detailed NLTE calculations), where theshstrengtik is the line-opacity
measured in units of the Thomson-scattering opacity. Thgilbution can be fairly
well approximated by a power-lawNgk) /dk O Negt k%2, with Neg the effective (flux-
weighted) number of lines and ~ 0.6...0.7 (e.g., [13]). Note that both quantities
depend on metallicity and spectral type. As a final regylis O ((dv/dr)/p)9, i.e.,
depends on thepatialvelocity gradient and on the inverse of the density.

Scaling relations and WLROnce the above quantities are inserted into the hydrody-
namic equations (adopting stationarity), the latter carsddeed (almost) analytically,
returning the following scaling relations for mass-losteraelocity law, and terminal
velocity:
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with EddingtonF, (photospheric) escape velocitys, anda’ = a — d, whered ~ 0.1
describes the run of the ionization [14]. The velocity-fiekponent 3, is of the order
of 0.8 (for O-stars) to 2 (for BA-supergiants).

Using these scaling relations, a fundamental predictiotirfe-driven winds becomes
apparent if one calculates the so-called modified wind-nmdom rate,

3/2-1/a’
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and accounts for the fact that' is of the order of 2/3. Then the wind-momentum
rate becomes independent on mass landnd can be expressed in terms of ted-
momentum luminosity relatiqiWWLR), discovered first by Kudritzki et al. [15],

Iog(l\'/lvoo(R*/R@)l/z) ~ xlog(L /L) + D(z spectral type (5)

with slopex = 1/a’ and offsetD, which depends olgs and thus on metallicitg and
spectral type. Originally, it was proposed to exploit the WlbRmeasuring extragalactic
distances on intermediate scales (up to the Virgo cludbet)nowadays the relation is
mostly used to test the theory itself (see below).

Theoretical 1-D modelsThough the basic scaling relations for line-driven winds ar
known since the key paper by CAK (and updates by [14, 5,gixntitativepredictions
require consistent NLTE/radiative-transfer calculagioto derive the line-force as a
function of spectral type and metallicity, as well as thdusmn of processes neglected
in the original work, for example line-overlap (e.g., [1G)]1L

The most frequently cited theoretical wind models (staign1-D, homogeneous)
are those from Vink et al. [18, 19]. Based on the Monte-Carlaeggh developed by
Abbott and Lucy [20], they allow multi-line effects to be ®idered. In these models,



the mass-loss rate is derived (iterated) froglmbal energy conservation, whilst thg+)
velocity field is pre-described and the NLTE rate equatiaresteeated in a simplified
way. Pauldrach [21] and Pauldrach et al. [22, 23], on therdihad, obtain a consistent
hydrodynamic solution by integrating the (modified) CAK etjoias based on a rigorous
NLTE line-force using Sobolev line transfer. Moreover, iKkia and Kubat [10, 24, 25,
26] and Krtcka [27] solve the equation of motion by means of a NLTE, Sebdhe-
force, including a more-component description of the fl@idcglerated metal ions plus
H/He) that allows them to consider questions regarding-gefocities, non-thermal
heating, and ion decoupling. Also, Kudritzki [28] (see faalritzki et al. [29]) provides
an analytic “cooking recipe” for mass-loss rate and terinwredocity, based on an
approximate NLTE treatment, and Grafener and Hamann [1p8io self-consistent
solutions (applied to WR winds) by means of a NLTE line-fora@leated in the
comoving frame (see Mihalas et al. [30, 31, 32, 33] and Hamtéasvolume). Finally,
Lucy [34, 35] and Mdller and Vink [36] derive the wind-propies from aregularity
condition at thesonicpoint, in contrast to most other solutions that invok&ragularity
condition at the CAKeritical point of the wind (see comments by Owocki, this volume).

Results and predictions from hydrodynamic modeligst of the various approaches
yield consistent results, e.g., when comparing the “mass-tecipe” from Vink et al.
[18] with similar investigations utilizing different codg28, 23, 25]. Moreover, the
WLR concept is impressively confirmed by the simulations @aned by Vink et al.:
The obtained modified wind-momenta follow an almost penpester-law with respect
to stellar luminosity alonendependent of luminosity classnd, for solar abundances,
“only” two distinct relations covering the complete spattiange have been found, one
for 50 kK > Tegr > 27.5 kK and the other for 22.5 ki T > 12 KK, respectively. In
other words, the spectral type dependencearidD in Eq. 5 seems to be rather mild.

Also regarding the predicted metallicity dependence, #mgous results agree satis-
factorily (note that the-dependence of is rather weak):

Kudritzki [28]: Ve O 222, Krtigka[27]: Ve O 2206,
Vinketal.[19: M O 2%forO-stars M 0O 2254 for B-supergiants
Krticka[27): M O 2% for O-stars.

3. OBSERVATIONS VS. THEORY

In the last decade, various spectroscopic NLTE analysestatarsand their windhave
been undertaken, in the Galaxy and in the Magellanic Cloud$e UV, in the optical,
and in a combination of both. For a compilation of these mabions (without Galactic
Center objects and objects analyzed within HheMES survey of massive stars, see
below), see Tables 2 and 3 in Puls [37], to be augmented by YhBWinvestigation of
Galactic O-stars by Fullerton et al. [38], the UV+opticabbssis of Galactic O-dwarfs
by Marcolino et al. [39], and the optical analysis of LMC/SMGs@rs by Massey et al.
[40]. Most of this work has been performed by means of 1-De-laanketed, NLTE,
atmosphere/spectrum-synthesis codes allowing for theepoe of winds, in particular



CMFGEN (Hillier and Miller [41]), wm-Basic (Pauldrach et al. [23]), arrhSTWIND
(Puls et al. [42]).

Central results.The results of these investigations can be roughly sumetaEs fol-
lows. (i) The mass-loss rates from SMC stars (witkr 0.2 z., see [43] and refer-
ences therein) are indeed lower than those from their Galaounterparts. (ii) For
O- and early B-stars, the theoretically predicted WLR fromkvt al. [18] is met, ex-
cept for O-supergiants with rather dense winds, in whichaibserved wind-momenta
are higher (by factors around three) than the predictiofsgfwmight be explained by
wind-clumping effects, see Sect. 5), and for a number of Gaxigwarfs (and a few O-
giants), in which the observed wind-momenta are much loteen the predictions (this
Is the so-called “weak-wind problem”, see Sect. 4). (iii) @srgiants below the “bi-
stability jump” (Tesr< 22 kK) show lower wind-momenta than predicted, as outlimed i
the following.

The bi-stability jump: predictions and observatiodsfundamental prediction by Vink
et al. [18] is the occurrence of two distinct WLRs, one for hotibjects and one for
cooler objects, with the division located aroundtZs5 kK. This rather abrupt change is
due to the so-called bi-stability mechaniswhich relies on the fact that the mass-loss
rates of line-driven winds are, for typical chemical composs, primarily controlled
by the number and distribution afon-lines, because of their dominant contribution
(~50%) to the total line acceleration in the lower wind [13, 28]. Below roughly
25 KK, the ionization of iron is predicted to switch abrupltgm Felv to Felll, and
since Fell has more driving lines than Fe at flux maximum, the mass-loss rate must
increase. Quantitatively, Vink et al. [18] predict an irgse inM by a factor of five and
a decrease of, by a factor of two, so that, overall, B-supergiants (excepttie earliest
sub-types) should have higher wind-momenta than theira@estunterparts at the same
luminosity.

Observations confirm the “velocity-part” of this picturé|east qualitatively. For stars
with Te> 23 KK, the observed ratio i8./Vesc = 3, whereas it decreasgsadually
towards cooler temperatures, reaching valuegHfes~ 1.3...1.5 for stars witfeg<
18 kK [45, 46, 47]. With respect to the predicted increasklirhowever, the situation
is different. As shown by Markova and Puls [47], the mass-lades of B-supergiants
below theobservedi-stability jump (Tesr< 22 kK) actuallydecreaseor at least do no
change. This is a first indication that there are still profdan our understanding of
line-driven winds.

The FLAMES survey of massive starfurther progress has been obtained within the
FLAMES survey of massive stars (P.I. S. Smartt), a project thabpad high resolution
multi-object spectroscopy of stars located within eightiyg and old clusters in the
Galaxy and the Magellanic Clouds. In total, 86 O-stars andB¥5ars were observed
(for introductory papers and a brief summary, see Evans &l 49, 50]). The major
scientific objectives of this survey were to investigatetiig relation between stellar
rotation and abundances (i.e., to test the present theoogaifonal mixing), (ii) the role

of binarity, and (iii) stellar mass-loss as a function of ailétity.

1 denoted after some peculiar behaviour of theoretical nsaidelthe wind of P Cygni [44].



Regarding the last objective, Mokiem et al. [51, 52] analyaetbtal of ~ 60 O-
and early B-stars in the SMC and LMC, by meansaSTwIND and using a genetic
algorithm [53]. The results were combined by Mokiem et aB][4vith data from
previous investigations, to infer the metallicity depemck of line-driven mass-loss
based on a significant sample of stars. Using mean abundahees 0.5 z;, (LMC)
andz = 0.2 z, (SMC), a metallicity dependence af [ (z/z.)%13, and a correction for
clumping effects (see below) following Repolust et al. [S#ky derived arempirical
relation _

M O (Z/Z®)0.7Z-I:O.15’ (6)

with rather narrow confidence intervals. This result is ¢stesit with theoretical predic-
tions, both from line-statistics [13] and from hydrodynammodels (see above).

4. WEAK WINDS

The results as summarized above imply that line-driven roagssseems to be basically
understood, though certain problems need further corsider In particular, from early
on there were indications that the (simple) theory mighttkrdown for low-density
winds. E.g., Chlebowski and Garmany [55] have derived mess-tates for late O-
dwarfs that are factors of ten lower than expected. By mean$\eline diagnostics,
Kudritzki et al. [56] and Drew et al. [57] have derived magsd rates for two Bl stars
that are a factor of five lower than predicted, and Puls etcdl}] have shown that the
wind-momentum rates for low-luminosity dwarfs and giaitg /L, < 5.3) lie well
below the empirical relation for “normal” O-stars.

The last investigation illuminated an immediate problensiag for low-density
winds. ForM < (5...1) - 1078 M.yr—1, the conventional mass-loss indicator He-
comes insensitive, and only upper limits fdrcan be derived (for a recent illustration
of this problem, see [39]). Instead, unsaturated UV resomdines (Qv, Siiv, Ciil)
might be used to obtain actual values kr(e.g., [59, 8, 39)).

By means of such UV-diagnostics, strong evidence has acateduthat a large
number of late type O-dwarfs (and a few giants of intermedsgectral type) have
mass-loss rates that are factors of 10 to 100 lower thansmoreling rates from both
predictions and extrapolations of empirical WLRs. In patacusuchweak windshave
been found in the Magellanic Clouds (O-dwarfs in NCG 346 (LMC)uix et al. [60];
extremely young O-dwarfs in N81 (SMC): Martins et al. [59])dain the Milky Way
(O-dwarfs and giants: Martins et al. [61]; late O-dwarfs:rbtdino et al. [39]).

Two points have to be stressed. (i) Until now, it is not clelaetierall or only part of
the late type dwarfs are affected by this problem. (ii) Thevéel UV mass-loss rates are
not very well constrained, since they might be contamirfafiean X-rays embedded in
the wind (due to shocks, see next Section). The higher thay>emission, the weaker
the lines, and the higher tleetualmass-loss rates (see Figs. 19 and 20 in Puls et al. [8]).
However, to “unify” the present, very lov-values with “normal” mass-loss rates by
invoking X-rays,unrealistically highX-ray luminosities would be required [39].

2 via a modified ionization equilibrium.



The weak-wind problem is a prime challenge for the radidine-driven wind theory.
Martins et al. [59] investigated a variety of candidate psses (e.g., ionic decoupling,
shadowing by photospheric lines, curvature effects ofaigldields), but none of those
turned out to be strong enough to explain the very low mass4ates that seem to be
present. At the end of this review, we will return to this pieshb.

5. WIND CLUMPING

During the last years, overwhelming direct and indirectlemce has accumulated that
one of the standard assumptions of conventional wind mptelmogeneityneeds to
be relaxed. Nowadays the winds are thought to be clumpy,istorg of small scale
density inhomogeneities, where the wind matter is compresso0 over-dense clumps,
separated by an (almost) void inter-clump mediugM). Details on observations and
theory can be found in the proceedings of a recent workshBjuniping in hot star
winds” [62].

Theoretically, such inhomogeneities are consideredaelit structure formation due
to the line-driven (“de-shadowing”) instability, a strongstability inherent to radiative
line-driving (cf. Owocki, this volume). Time-dependentdngdynamic models allow-
ing for this instability to operate have been developed byo€kivand coworkers (1-
D:[63, 64, 65]; 2-D:[66, 67]) and by Feldmeier [68, 69], arttb® that the wind, for
r 2 1.3R,, develops extensive structure consisting of stremgerseshocks separating
slower, dense material from high-speed rarefied region®iwden. Such structure is
the most prominent and robust result from time-dependemwmtetmy, andthe basis for
our interpretation and description of wind clumping/ithin the shocks, the material
is heated to a couple of million Kelvin, and subsequentlyleddy X-ray emission
(which has been observed by all X-ray observatories), witlical X-ray luminosities
Lx /Lpol = 107 (for newest results, see Sana et al. [70]).

Clumping effectdJntil now, most diagnostic methods to investigate the ¢$fe€clump-
ing use the following assumptions: The clumps aptically thin theicwm is void, the
velocity field remains undisturbed, and the so-called cimgyfactor, f;, measures the
over-density inside the clumps with respect to the averagsity. This simple model of
micro-clumpingallows one to incorporate clumping into NLTE-codes withanoy major
effort, namely by multiplying the average (wind-) density 3 and by multiplying all
opacities/emissivities by the inverse gf (i.e., by the volume filling factor).

~ The most important consequence of such optically thin ceim@ reduction of any
M derived fromp?-dependent diagnostics (e.g., recombination based mesesich
as H, or radio-emission), assuming smooth models, by a factoy/&f. That there
is areductionis conceivable, since, under the assumptions made, theesgfidhe
over-density “wins” against the smaller absorbing/emgtvolume. Thus, a loweM

is sufficient to produce the same optical depths/emissicasores as in smooth models.

Note, however, that in this scenario avyderived fromp-dependent diagnostics (e.g.,

UV-resonance lines) remains uncontaminated, since irc#ss the over-density cancels
against the smaller absorbing/emitting volume. Finatlghould be mentioned that a
clumpy medium also affects the ionization equilibrium, doenhanced recombination

(e.g., [71]).



Results from NLTE-spectroscopy allowing for micro-clumpeithds are as follows.
(i) Typical clumping factors ardg~ 10...50, and clumping starts at or close to the
wind base, the latter in conflict with theoretical prediosoDerived mass-loss rates are
factors of 3 to 7 lower than previously thought [72, 73, 60]. Td strong winds, the
inner region is more clumped than the outer off¢ £ 4...6 x fg}“’), and the minimum
reduction of smooth K mass-loss rates is by factors between 2 and 3 [74].

The Pv problem.From a mass-loss analysis using the FUV Resonance linefor a
large sample of O-stars, Fullerton et al. [38] (see also)[@bhcluded that the resulting
mass-loss rates ame factor of 10 or more lowethan derived from | and/or radio
emission using homogeneous models, implyiiggz 100! Similar results have been
found from unsaturated P Cygni lines from lower luminosityupsrgiants [76].

If such large reductions iiM were true, the consequences for stellar evolution and
feed-back would be enormous. Note that an “allowed” redumcfrom evolutionary
constraints is at most by a factor of 2 to 4 (Hirschi [77]).

Porosity and vorosityA possible resolution of this dilemma might be provided by
considering theporosity [78] of the medium, also suggested to explain the observed
X-ray line emission (cf. the contributions by Oskinova etaid Cohen et al. in [62],
and particularly the discussion on X-rays). Whenever theaplibecome optically thick
for certain processes, as might be true for the-IPe, the geometrical distribution
of the clumps becomes important (size vs. separation, $hbpthis macro-clumping
approach (see also Hamann, this volume), the effectiveitypaecomes reduced, i.e.,
the wind becomes more transparent (“porous”), becausatradican propagate through
the “holes” provided by thecwm. Additionally, clumps hidden behind other clumps
become ineffective because the first clump is already dptittack.

Oskinova et al. [79] used a simple, quasi-analytic treatroémacro-clumping (still
assuming a smooth velocity law) to investigat® i parallel with H, from { Pup.
Whereas macro-clumping had almost no effect gn since the transition is optically
thin in the clumps, R turned out to be severely affected. Thus, only a moderatecred
tion of the smooth mass-loss rate (factors 2 to 3) was negessét the observations,
consistent with the evolutionary constraints from above.

This model has been criticized by Owocki [80], who pointed that not only the
distribution/optical thickness of the clumps is importabit also the distribution of
the velocity field, since the interaction between photorglaresis controlled by the
Doppler-effect. Also the “holes” inelocity spacedue to the non-monotonic character
of the velocity field, lead to an increased escape (thus, hedcthis process velocity-
porosity = “vorosity”), whilst the different velocity graehts inside the clumps lead to
an additional modification of the optical depth.

Resonance line formation with porosity and vorosity.clarify in how far the above ar-
guments/simulations depend on the various assumptiodstoacharacterize/quantify
the various effects from inhomogeneous windsddferent sub-structuresa current

project in our group investigates the resonance-line ftionan such winds. To this
end, pseudo 2-D hydrodynamic models (based on differeqiséioas of corresponding

3 unsaturated due to the low phosphorus abundance.
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FIGURE 1. Left: Density contours of stochastic (upper) and pseudo 2-Dddgdramic wind models as
investigated by our groufRight: Line profiles for an intermediate strong line formed in intamaneous
winds with different sub-structures. See text.

1-D models from Owocki and Feldmeier, aligned as indepetrsl@es of opening angle
©), as well as 2-D models based on a stochastic descriptior, lien created (Fig. 1,
left panel). For these models thendetailedMonte-Carlo line transfer (discarding the
Sobolev-approximation) is performed. The right panel of Bishows prototypical pro-
files from such simulations, based on the stochastic 2-D wegtription, for an inter-
mediate strong line that would be marginally saturated inadimmodels (dashed). The
grey dashed-dotted profile displays the effects of poraaiype (i.e., a smooth veloc-
ity field has been used), using a rather low clumping factgr= 3.3, and an average
separation of clumps R, in the outer wind. Already here, a strong de-saturation ef th
profile is visible. The grey dashed-dotted-dotted line ldigpthe other extreme, namely
vorosity alone (i.e., now the density is smooth), using alsstic description of the ve-
locity field, characterized by a “velocity clumping factdds defined in [80], Fig. 1je|

= 0.3. Interestingly, the de-saturation of the profile isi&nto the porosity-effect alone.
The solid black line displays the combined effect from pdyosnd vorosity, with a fur-
ther de-saturation. If compared to a line from a smooth mofigimilar profile strength
(dotted), it turns out that the effective opacity in the stamed model(s) has been re-
duced by a factor of 20, i.e., the actidlwould be a factor of 20 higher than derived
from a smooth model. Thus, structured models invoking pty@nd vorosity might
indeed resolve the discordance between the results byrteullet al. and evolutionary
constraints.

We note, however, that the profile-strength reduction preskein Fig. 1 corresponds
to a “most favourable case”, using rather ideal parametes. investigations have
shown how details on porosity, vorosity, and tkea, all are important for the forma-
tion of the line profiles. In fact, the strengths of similaofiles calculated from our
pseudo 2-D hydrodynamic models are only reduced-liy0%, because of insufficient
vorosity inherent to structures from present time-depahd®deling (see also Owocki
[80]). Such a modest reduction is much lower than neededdwviate the discrepancy



discussed above. Also, as it turns out, thel is a crucial parameter if to de-saturate
intermediate strong lines and, at the same time, allowiegdhmation of the observed
saturated profiles. Tests have shown that, with a Mg the formation of saturated pro-
files is only possible if the average clump separation (adimg the porosity) is very
small, but then the de-saturation of intermediate strongslibecomes marginal. Only
by assuming amcm with sufficient density & 0.01psmoot) We have been able to form
saturated lines in parallel with de-saturated ones of imégliate strength. This finding
is consistent with results from Zsargo et al. [81], who peihout that thecwm is crucial
for the formation of highly ionized species such agiO

Further details and results from our investigations wilgb&n in a forthcoming paper
(Sundgvist et al., in prep for A&A), including a systematwestigation of different key
parameters and effects. Future plans include a comparighremission lines, and the
development of simplified approaches to incorporate ptytsirosity effects into NLTE
models.

6. WEAK WINDS AGAIN —BR 4 AS A DIAGNOSTIC TOOL

In the preceeding paragraphs, we have argued that (i) massdtes from unsaturated
UV line-profiles aremuchlower than those from K or radio emission, and that (ii)
this discordance might be mitigated by porosity/vorositigas. Recall here that the
mass-loss rates from weak winds discussed so far (Sectly4ypmethe same UV-line
diagnostics, and the question arises whether one enceumt@milar problem, i.e., an
under-estimation of the “true” mass-loss rates due to fitseint physics accounted for
in the diagnostics. Thus, to clarify in how far the weak windblgem is a real one,
independent diagnostics are required!

Already in 1969 Auer and Mihalas [82], based on their firstegation of NLTE,
hot-star model atmospheres, predicted that the IR-IBre should show significant
photosphericore emission, due to an under-population of its lower lgvel 4) relative
to the upper onen(= 5), resulting from a very efficient decay channel43. Indeed,
such core emission has meanwhile been observed in varicalswiad candidates such
ast Sco (B0.2V), HD 36861 (O8lli(f)), and HD 37468 (09.5V) (Najar Hanson and
Puls, in prep. for A&A). Recent simulations (Puls et al. [8igs: 21/22) actually show
that such photospheric + wind emission can fit the obsematioiite nicely, and that the
core of B is a perfect tracer for the wind density also for thinner vgirfds opposed
to Hg). Astonishingly, theheight of the peak increases for decreasig which is
related to theonsetof the wind, i.e., the density/velocity structure in thensaion
zone between photosphere and wind, and not due to radiatinsfer effects. The
higher the wind-density, the deeper (with respect to optiegth) this onset, which
subsequently suppresses the relative under-populatioe-¢f due to efficient pumping
from the hydrogen ground-state. Moreoverg B3 only weakly affected by the presence
of X-rays, and thus an ideal tool to infer very low mass-lostes. From fits to the
observations, it turns out thdt is actually very low (of the order of T3°M.yr~1 for
HD 37468, and even lower, if the wind-base were clump&dus, weak winds seem to
be a reality!



What may then be the origin of weak winds? IKkia and Kubat [26] argue that weak-
winded stars display enhanced X-ray emission, maybe telatextended cooling zones
because of the low wind density. Already Drew et al. [57] pethout that strong X-
ray emission can lead to a reduced line acceleration, beazus modified ionization
equilibrium, and since higher ions have fewer lines. Thusakvwinded stars might be
the result of strong X-ray emission. Let us now speculatetidresuch strong emission
might be related to magnetic fields. Note that weak winds @astiongly affected by
relatively weakB-fields, of the order of 40 Gauss according to the scalingiogla
provided by ud-Doula and Owocki [83], which is below the gneisdetection threshold.
In this case then, colliding loops might be generated, whidlhirn generate strong and
hard X-ray emission in the lower wind, which finally might uéince the ionization and
thus radiative driving. Future simulations coupling magr@diation-hydrodynamic
wind codes with aself-consistentlescription of the line-acceleration will tell whether
this mechanism might work.
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