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Winds fi-om Disks ill Compact Binaries

Christopher W. Mauchc

• Labo_utory for Experimental Astrophysics, lawrence Livermore National
Laboratory, L-401, P.O. Boz 808, Livermolv, CA 94550

" Abstract. We herein present an observational and theoretical review of
the winds of compact binaries. After a brief consideration of the accretion
disk coronae and winds of X-ray binaries, tile review concentrates on the
winds of catazJysmic variables (CVs). Specifically, we consider the related
problems of the geometry and mass-loss rate of the winds of CVs, their
ionization state and variability, and the results from studies of eclipsing
CVs. Finally, the properties of bona fide accretion disk wind models axe
reviewed.

1. Introduction

As evidenced by the P Cygni profiles of their ultraviolet resonance lines, high-
M cataclysmic variables (CVs; nova-like variables and dwarf novae in outburst)
axe known to loose mass to the interstellax medium in the form of lfigh-velocity
winds. In analogy with the winds of early-type staxs, the winds of CVs axe
thought to be driven by radiation pressure, a process which results in high-
velocity outflows with mass-loss rates limited by the conservation of momentum
to Mwind ;_ L/Vooc, where L is the luminosity of the radiation field and Voo
is the terminal v.elocity of the wind. In CVs, these quantities can be written
as L = _GMwdM/Rwd and Voo = fV,,,,c = f (2GMwa/Rwd) 1/2, respectively,
where ¢" and f axe constants of order unity, tlence, the mass-loss rate of the
wind is _/wina _ _f-1 (GMwd/2C2Rwd)l/2 Jf/l ,,_ 0.01 (_f-1 21)/. Unfortunately,
existing measurements of eclipsing CVs do not allow the source of the wind to
be uniquely located: it could be either the boundary layer between the accretion
disk and the surface of the white dwarf, or the accretion disk itself.

The situation in X-ray binaries is very different: there, mass is simply
•. 'boiled' off the surface of the disk. Because the scale height of an accretion disk

increases with radius, a fraction of the luminosity generated in the boundary
layer and inner disk is invariably intercepted by the outer disk. In those regions

• where the ratio of the radiation pressure to gas pressure is sufficiently high that
radiative heating and cooling processes overwhelm two-body cooling, a corona is
formed above the surface of the disk. In X-ray binaries, the spectral temperature
of the r_tdiation field of the boundary layer and inner disk is so high that the
coronet is Compton heated to tcml)eraturcs in excess of 10 7 K. Mass loss in the
form of a thermM wind results where the sound Sl)eed of the coronal gas exceeds
the loca,1 escape velocity.



The , " , _'_.xlst_.nc. of extended X-ray-emitting coronae and possil_ly m;tss loss
in low-mass X-ray binaries (I,MXIls) is evidenced by the broad, shMlow eclipses
of high-inclination systems such ms X 1822-371 and X 2129+470 (White & ltolt
1982; McClintock et al. 1982). Unfortunately, little work has been done to inte-
grate the results from the theory of the winds of LMXBs and AGN (Begelman,
McKee, & Shields 1983;Begelman & McKee 1983; Shields ,et al. 1986; Woods
et al. 1992, 1993)with observations: the accretion disk coronae of LMXBs are
typically modeled simply as a uniformly bright optically thin sphere which is
occulted by the secondary and by the azimutha] structure on the rim of tlie

. accretion disk (see, e.g., Ilellier & Mason 1989). Given the limited amount of
quantitative information available for the accretion disk coronae and putative
winds of LMXBs, we limit the scope of this review to the winds of CVs.

2. Geometry & Mass-Loss Rate

The genesis of the history of the study of the winds of CVs began with the
launch of IUE, the first UV spectroscopic satellite with sufficient sensitivity and
spectral resolution to first discover (Heap et al. 1978), and subsequently to study,
the P Cygni profiles of the ultraviolet resonance lines of CVs: namely N V _1240,
Si IV _1400, and C IV ,k1550. The 'early' papers reporting IUE observations of
classical novae, nova-like variables, and dwarf novae in outburst (e.g., Krautter
et al. 1981; Klare et al. 1982; Greenstein & Oke 1982; Guinan & Sion 1982;
C6rdova & Mason 1982, 1985; Sion 1985) all contain an analysis of the P Cygni
profiles of these lines.

Observationally, the P Cygai profiles of CVs differ from the profiles of early-
type stars in two significant ways, both of which are illustrated in the spectra
shown in Figure 1. First, whereas the deepest part of the blueshifted absorption
component of the line profiles of early-type stars is near the terminal velocity,
the deepest part of the line profiles of CVs is near zero velocity. Second, the
absorption components of the line profiles of early-type stars are often axe black,
whereas in CVs they are at most roughly half the depth of the continuum.
As judged by the velocity of the blue edge of the absorption component of
the profiles, the terminal velocity of the wind is roughly 5000 km s-1. This
coincidence between the terminal velocity of the wind and the escape velocity
of the white dwarf has suggested to many that the winds of CVs originate from
deep in the accretion disk, the boundary layer, or the white dwarf itself.

As in early-type stars, the P Cygni profiles of the ultraviolet resonance lines
of CVs are formed by scattering in their winds. Specifically, the line profiles

" are formed by the scattering of continuum photons of frequency v which come
into resonance with the radially-accelerating wind at a point in velocity space
given by Y(r) = (v- Vo)c/vo, where v0 is the rest frequency of the transition.

' The material in the wind moving toward the observer in front of the continuum
source scatters photons out of the line of sight, and so produces a blueshifted
absorption feature. From all other regions of the wind (except the region hidden
behind the continuum source), we receive photons which have b_n scattered
into our line of sight. Since the projected velocities of these parts of the wind
range from positive to negative, the emission feature so produced is roughly
symmetric about v0. In the Sobolev approximation to the radiation transfer in
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Figure 1. Typical short-wavelength IUE spectra of the nova-like vari-
ables IX Vel and V3885 Sgr.

the expanding wind, the fraction of scattered photons varies as 1 -exp[-r(r)],
_heretheopti_ depth_(_)_,M._d_(_)_-_V(_)-_[avc_)/dd-_'wherev(_)
and _(r) axe respectively the velocity and ionization laws chaxa_ztedzing the
wind.

Possibly different wind geometries aside, the winds of CVs differ from the
winds of early-type stars in the source function of the scattered continuum, which
is the photosphere of the star in the former case, and the accretion disk in CVs.
Because of this differing source of illumination, and because of the inclination
dependence introduced by the presence of the accretion disk, .the theoretical
P Cygni profiles of early-type stars (e.g., Olson 1978; Castor & Lamers 1979)
cannot be applied to the profiles of CVs. In order to understand why this is
so, it is instructive to consider the case of a spherical wind emanating from the
center of a luminous accretion disk. If the disk is observed edge-on, no part
of the wind lies in front of the disk, and so no absorption results; the P Cygni

" profile consists simply of an emission component whose full width is given by the
terminal velocity of the wind: Av = 2voVoo/c. As the inclination from which
the disk is observed decreases, the fraction of the wind seen in projection against

" the disk increases, thereby increasing the strength of the absorption component
of the line profile. At the same time, the strength of the emission component
decreases due to both the trade-off of emission for absorption regions, and the
corresponding increase of the volume of the wind hidden behind the disk. In
the limit of a face-on disk, roughly half the wind is hidden behind the disk

and roughly half is seen in projection against the disk; the resulting profile
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has a strong absorption component and little or no emission. This inclination
dependence of the P Cygni profiles of CVs is demonstrated in Figure 2.

Given this important difference between the P Cygni profiles of CVs and
early-type stars, and the possibility that the geometry of the winds of CVs is
more nearly bipolar than spherical, theoretical profiles appropriate to the pecu-
llar conditions of CVs must be constructed in order that well-founded conclusions
can be drawn concerning the nature of their winds. In addition to the mass-loss
rate, velocity law, and ionization law characterizing the wind, one must specify
the source function and geometry of the wind, as well as the source function of
the scattered continuum, which is typically taken to be given by the Shakura _z

Sunyaev (1973) temperature distribution of the accretion disk--itself dependent
on the mass-accretion rate and the mass and radius of the white dwarf--and
the emissivity of the Planck function: I_0(r) = B_0[T(r; Mwd, R,,a,/_/)]. Given
this plethora of variables, the first models of the P Cygni profiles of CVs (Drew
1987; Mauche & Raymond 1987) were designed with aerodynamic simpUcity:
the wind was assumed to originate in the boundary layer or inner disk, the ion-
ization state was assumed to be constant with radius, and the velocity law was
assumed to be given by either a power law or linear function of the radius.

" In the context of these models, Drew (1987) and Mauche & Raymond (1987)
came to the following conclusions regarding the nature of the winds of CVs.
First, the wind can originate near the white dwarf only if its acceleration is
very slow compared to the winds of early-type stars. Specifically, the wind
must not reach a significant fraction of its terminal velocity before reaching a
distance from the white dwarf comparable to the distance to the peak of the
distribution of the resonant continuum in the accretion disk, which for typical
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parameters is at _ 10 white dwarf radii. Second, the mass-loss rate of the
wind is ,,¢ few × 10-11 _c]v Mo Yr-l, where _c IV is the ionization fraction of
C IV. With typical mass-accretion rates of M ,,_ 10-s Mo yr -1, the ionization
fraction of C IV must then be no less than a few tenths if the wind is driven by
radiation pressure. Finally, some type of bipolarity in either the wind density
profile (.e.g., n(r, 9) = n(r, 0)1cosl 01) or the radiation field [Le., limb darkening:

. I(0) = ½(1 + 3[ cos0[)I(0)] is required to avoid the formation of an absorption
component in the line profiles of high-inclination systems.

3. Ionization State

In order to fully characterize the winds of CVs, we also need to know their
ionization state. It is, after all, the absolute concentrations of the ions which
ultimately determine the wind's mass-loss rate, the relative concentrations of
the ions which determine the relative strengths of the line profiles, and radial
variations in the concentrations of the ions which, in collusion with the velocity
law, determine the shapes of the profiles. Unfortunately, we have few observa-
tional handles on the ionization state of the wind other "_han those provided by
the N V, Si IV, and C IV resonance lines. HUT has recently provided informa-
tion for transitions in the 1200-912/_ bandpass, but for only a few systems (e.g.,
Long et al. 1991). Into this near vacuum, theory guides us.

Despite many theoretical attempts to understaud the ionization state of the
winds of CVs, investigators repeatedly find that if the temperature and luminos-
ity of the radiation generated in the boundary layer is as given by simple theory
(e.g., Pringle 1977; Patterson & Kaymond 1985), and if the wind is smooth and
represents a mass-loss rate which is a modest fraction of the accretion rate, the
wind will be ionized beyond the observed ionization stages of N V, Si IV, and
C IV. Drew & Verbunt (1985) found that a relatively slow velocity law, as well
as variations in the temperature and luminosity of the boundary layer, help to
increase the io_zation fractions of the observed ions, but not by an amount

sufficient to explain the strengths of the line profiles. Kallman & Jensen (1985)
suggested that the resolution of the related problems of the ionization state of
the wind and the apparent discrepancies between observations and theoretical
predictions of the luminosity and temperature of the boundary layer radiation
was to be found in a wind of sufficient density to photoelectrically absorb the
EUV and soft X-ray flux emitted by the boundary layer. However, they found
that the required mass-loss rate of such a wind exceeds the mass-accretion rate,
a possibi.lity excluded by the conservation of energy, which limits the mass-loss
rate to Mwind A ¢-f-1 M. In an attempt to solve this problem, Mauche _ Ray-
mond (1987)investigated the consequences of introducing shock compression in
the wind in an attempt to reduce its ionization state relative to that of a smooth

wind. In order to produce, reasonably !arge C IV ionization fractions, they found
that mass-loss rates of Mwind "_ 0.3 M are required if shocks are present with
velocities of ,-_100 km s-1. Although this solution allows a wind on energetic
grounds, Mauche & Raymond found that such a wind produces much larger UV
line fluxes than are observed and (in their view) is far too efficient in absorbing
the soft X-rays generated in the boundary layer.



Since that time, observations (Mauche eta]. 1991; van Teeseling, Verbunt, &
]teise 1993) and theory (]toare & Drew 1991) have (again) called into question
the parameters characterizing the boundary layer radiation, ttoare & Drew
(1993) have therefore considered wind models with cool, luminous boundary
layers and no boundary layer at all. They found that the observed strength of
the C IV and N V fines can be matched by models with luminous, cool boundary
layers (5-9 eV) or with disk-only models if the accretion rate is M ,,_ 2-4 x
10 -s Mo yr -_. The softer radiation fields of these models allow low mass-loss

rate (3:/wind _ 6 x 10-X°Moyr -1 ,'_ 0.02,_/) winds, capable of being driven
• by radiation pressure. The presence of blueshifted absorption in Si IV remains

a problem, however, as does the origin of the soft X-rays observed in SS Cyg,
U Gem, VW Hyi, and OY Car (C6rdova et al. 1980, 1984; van der Woerd, Heise,
& Bateson 1986; Naylor et al. 1988). If the wind is driven by radiation pressure,
a natural alternative for the origin of the soft X-rays is shocks in the wind
(Mauche & Raymond 1987; Naylor et al. 1988). However, this solution leaves
open the question of the production of the quasi-periodic oscillations observed in
the soft X-ray flux of SS Cyg, U Gem, and VW Hyi (C6rdova et al. 1980, 1984;
van der Woerd et al. 1987), as well as why the X-rays generated in the winds
of CVs should be so much cooler than the X-rays produced by the winds of O
stars. Clearly, more work is needed in this area. Much concerning the ionization
state of the wind could be done with the additional information from the far-
ultraviolet waveband supplied by HUT and the extreme-ultraviolet waveband
supplied by EUVE. Indeed, EUVE observations of SS Cyg in outburst show a
rich emission-line spectrum (Mauche et al. 1994b); a spectrum so different from
theoretical expectations that it may radically change our understanding of the
boundary layers and winds of CVs.

4. Variability

As is evident from the variability of the P Cygni profiles, the winds of CVs
are not time-steady. At one extreme, the winds are observed to develop and
subsequently to decay as the outbursts of dwarf novae evolve (e.g., Verbunt
et al. 1984; la Dous et al. 1985; HassM1, Pringle, & Verbunt 1985; Verbunt
et al. 1987). At the other extreme, the winds are observed to vary on timesc_les
of hours down to tens of minutes (e.g., Prinja, Rosen, & Supelli 1991; Prinja,
Drew, & Rosen 1992); about as quickly as UV spectra can be obtained with IUE.
Variations on the orbital phase are also observed; the most spectacular being
the orbital phase-dependent profile and equivalent width variations observed in

the line profiles of the dwarf nova YZ Cnc (Drew & Verbunt 1988). The series
of observations precipitated by this discovery (e.g., Woods, Drew, & Verbunt

, 1990; Woods et al. 1992) prove, if nothing else, that line profile variations are
common on the orbital period. The cause of these variations is less than clear. In
general, profile variations can be produced by an azimuthal asymmetry in either
the brightness distribution of the accretion disk, or in the wind's geometry,
velocity field, or ionization structure. The trick is understanding how these
asymmetries are produced, and why they are stable. The answer may tell us
something important about the accretion disk or the wind, but little quantitative
information exists at the present time to narrow the selection of possibilities.
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Figure 3. Radial velocity variations of the broad Si IV absorption fea-
tures of the nova-like variable IX Vel. Curves represent: best sinusoidal
fit to the data (solid curve); radial velocity of the white dwarf and ac-
cretion disk offset by -400 km s-1 (dotted curve); and best sinusoidal
fit to the radial velocity of the wind (dashed curve). From Mauche

(001).

One potentially important, but apparently little-studied, diagnostic observ-
able of the winds of CVs is the radial velocity variations of their P Cygni pro-
files. Mauche (1991) discovered such variations in high-resolution IUE spectra
of the nova-like variable IX Vel. As shown in Figure 3, the radial velocity vari-
ations of the P Cygni profiles of the Si IV doublet of this system are well fit by
Vsi rv(_) = -350 - 200 sin[21r(_- 0.1)] km s-1. The difference between this
solution and the radial velocity solution of the white dwarf and accretion disk
is Vwind(_) _" --400 -- 130 sin[2_r(_- 0.75)]: the radial velocity of the wind lags
the white dwarf and accretion disk by 90° . One interpretation of this result is
that the velocity of the wind in which the Si IV ion dominates varies according

to Vwind(_) _" 400- 130 cos(27r_o), where 7_is the azimuthal angle between the
. white dwarf and the secondary: the effective velocity of the wind is lowest on the

side facing the secondary and highest on the side facing away. This type of vari-
ation may not be that uncommon: Mauche et al. (1994a) found similar radial

: velocity variations in the N V, Si IV, C IV, and He II emission lines (presumably
P Cygni profiles) of the eclipsing nova-like variable V347 Pup (see Fig. 4); Drew,
Hoare, & Woods (1991)observed velocity shifts in the N V and CIV profiles of
the dwarf nova DX And. Given the diagnostic potential of these radial velocity

variations, it seems clear that much could be learned from radial velocity studies
of other CVs, particularly those for which the orbital ephemeris is well known.
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Figure 4. C IV emission line flux, gaussian width, and radial velocity as
a function of orbital phase for the nova-like variable V347 Pup. Best
sinusoidal fit to radial velocity variation is overplotted; line flux is
measured in units of 10-13 erg cm-2 s-1. From Mauche et al. (1994a).

5. Eclipse Studies

Even more diagnostic are studies of eclipsing CVs. IUE studies of UX UMa,
RW Tri, OY Car, Z Cha, and V347 Pup (Holm, Panek, & Schiffer 1982; King
et al. 1983; C6rdova & Mason 1985; Drew & Verbunt 1985; Naylor et al. 1988;
ttarlaftis et al. 1992a, 1992b; Mauche et al. 1994a) all demonstrate that the

" ultraviolet emission lines of CVs are not completely extinguished in eclipse,
strongly indicating that they are formed in a region with dimensions comparable
in size to the size of the secondary. In addition, the relative depths of the eclipses

' of these lines give some indication of the relative dimensions of the regions in
which their profiles are formed. The case of V347 Pup is representative: there,
the ratio of the eclipse to mean out-of-eclipse flux of the NV, SiIV, and CIV
emission lines are 35%, 33%, and 53%, respectively (Mauche et al. 1994a, see
Fig. 4). The weak eclipse of the C IV profile relative to the those of N V and Si IV
indicates that the region of the wind in which the C IV ion dominates is more
extensive than for these other two ions; a conclusion which is consistent with
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the stronger emission component of tile l ) Cygni protile of C 1V relative to N V
and Si IV in lower inclination systems. These results lead us to conclude that
carbon exists in tile form of C IV throughout a large fraction of tile outer wind,
while nitrogen and silicon exis in tile form of N V and Si IV, respectively, in a
smaJler volume of ttle inner wind. This scenario is consistent with theoretical

expectations, since nitrogen and silicon will exist as N I_ and SiV in those

. regions of the wind where C IV dominates (see, e.g., Mauche & Raymond 1987).
In much the same way that eclipse mapping probes the brightness temper-

ature distribution of the accretion disks of CVs (see, e.g., Horne 1994), eclipse
studies also constrain the surface brightness distribution of the winds of CVs,
and hence constrain the wind's source function and geometry. Although IUE
does not supply the combination of effective area and spectral and temporal res-
olution required to do true eclipse mapping, some conclusions can be drawn from
the existing data. The case of V347 Pup is instructive: as shown in Figures 4
and 5(a), the C IV emission profile decreases both in strength and in width as
the wind is eclipsed by the secondary. In contrast, as shown in Figure 5(b), the
profiles of existing wind models (Drew 1987; Mauche et al. 1994a) increase in
width in eclipse. Although this difference between observations and models can
be reconciled a number of ways, the results for the optical emission profiles of
V347 Pup suggest that the UV emission profiles may be broadened significantly
by rotation. If this is the case, it implies that the wind arises from the surface
of the accretion disk rather than from near the white dwarf.

6. Disk Winds

Accretion disk winds actually have a number of qualities to recommend them
over a wind originating near the white dwarf. First, the gravitational poten-
tial at the surface of the accretion disk is much lower than at the surface of
the white dwarf. This difference implies a reduction in the energy required to
drive the wind of a given mass-loss rate to escape velocity. Second, since a disk
wind arises from the same region responsible for the resonant photons which
produce ttLe P Cygni profiles, lower mass-loss rates are required to produce a
given column density, and hence a given line strength, than the mass loss-rate
required of a wind originating near the white dwarf. Third, since a disk wind
arises from a spatially extended region, the volume of the wind in which photons
are resonantly scattered is likely to be larger than the corresponding volume of a
wind originating near the white dwarf. The size of this volume has implications
for the depth and width of the eclipse of the line-forming region in systems in
which the secondary eclipses the white dwarf. Since the eclipse depths are ob-

: served to be fairly small, an extended scattering region is very desirable. Fourth,

, tile r-2V(r) -1 increase in the density of the wind associated with a sphericaJly
symmetric geometry is eliminated in the case of a disk wind. This difference
removes the high density component of the wind overlying the boundary layer
and allows soft X-rays to emerge through the wind.

Shlosman & Vitello (1993) and Vitello & Shlosman (1993) have recently
explored the properties of disk winds. They assume that the wind originates
from an annulus of the accretion disk (see Fig. 6), tilat it rotates initially with
its local Keplerian vMue and conserves angular momentum as it az_celerates

-- 9
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Figure 5. (a) Eclipse (lower curve) and mean out-of-eclipse (upper
curve) CIV line profiles of V347 Pup. (b) Model line profiles at orbital
phases _b= 0, 0.03, 0.04, 0.05, 0.06, 0.08, and 0.25. From Mauche et al.
(1994a).

outward, and that its terminal velocity scales with the local escape velocity. In
total, nine free parameters (plus Mwd, Rwd, -_/, and Mw_d) are required to fully
characterize the wind. The model calculates the wind ionization structure self-
consistently under the assumptions of constant temperature and local ionization
equilibrium and treats the radiation transfer in the Sobolev approximation.

ViteUo & Shlosman find that disk winds are capable of providing good fits
to the line profiles of tLW Sex, RW Tri, and V Sge for reasonable parameters,
but note that unique fits are not possible, given the many degrees of freedom
in the model and the limited number of quantities characterizing the profiles.
They find that the introduction of rotation in the wind introduces a radial shear
in the velocity which decreases the optical depth, resulting in a reduction in
the line center intensity and a broadening of the emission component of the

" line profile. In agreement with observations, significant absorption does not
occur at high inclination angles because the wind is confined within an angle
0max, which is typically taken to be 65°. Interestingly, rex/shifted absorption

' is produced by disk winds in systems with low-to-intermediate inclination. As
expected, compared to winds which originate near the white dwarf, disk winds
require lower mass-loss rates to produce a given line strength, and naturally
explain the shallow line eclipse depths of eclipsing CVs. Yet to be demonstrated
is whether a single manifestation of Shlosman & ViteUo's kinematic model can

be applied successfully to a wide range of systems with well-constrained white
dwarf masses, accretion rates, and inclination angles. As these authors point

10

................................. , ............. ,, ,, _ _ Hill ' IIIII II I I I'1111
...................................................... ................... ............ _ ._._i_._ ,,_, ............ i T_Ir_,rrr+i,nlllm "



Azi

I _OminI
I I
I I
I I
I I

White Dwarf I I
• I I

I II--

.° ==,= ._. =====.=_

r
I
I

Boundary II Accretion
Layer I Disk

I
!
I
I
I
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out, what is ultimately required is a self-consistent dynamical model for the
two-dimensional outflow from a disk.

7. The Future

The era of IUE studies of the winds of CVs is coming to a close. Although it

remains amazingly productive, IUE is getting old, is in increasingly poor health,

and may be put down in 1994 for lack of operating funds. However, IUE will
not soon be forgotten; active research will continue with the enormous archive
that has accumulated over the past 15 yeaxs. A small subset of this archive
has already appeared in the form of a 500-page c_talogue of low-resolution CV

spectra (la Dous 1990), but the real power of the archive lies in the ability to do
quantitative analysis of thousands of spectra of over one hundred CVs. A small

number of high-resolution IUE spectra also reside in the archive (e.g., C6rdova
• 1986; Mauche, tLaymond, & C6rdova 1988; Mauche 1991), but these spectra

seem to have failed the promise they first appeared to offer to reveal the secrets
of the winds of CVs.

' For additional observational progress to be made, higher quality (higher

signal-to-noise ratio, higher spectral resolution, higher temporal resolution) spec-
tra are required. When it can be wrestled away from the 'big boys' working on
Ilo and q0, 11ST provides the required properties in the ne_r-UV, but the im-
portance of the f_r-UV and the EUV to the study of the winds of CV cannot be
overstated. HST has already observed the eclipsing CVs UX UMa and OY Car;
HUT has observed UX UMa, Z Cam (Long et al. 1991), and IX Vel; ORFEUS
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recently observed Z Cam, V3885 Sgr, and VW Hyi; EUVE has observed SS Cyg.
With ttle one exception, all these data sets are currently being analyzed. With
some luck, these and subsequent data sets will prove much of what we under-
stand about the winds of CVs to be wrong.
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