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ABSTRACT

The UV spectra of nova-like variables are dominated by donisfom the accretion disk, modified by
scattering in a wind emanating from the disk. Here, we mdukelspectra of RW Tri and UX UMa, the only
two eclipsing nova-like which have been observed withHlubble Space Telescopethe far-ultraviolet, in an
attempt to constrain the geometry and the ionization streaf their winds. Using our Monte Carlo radiative
transfer code, we computed spectra for simply parametesizisymmetric biconical outflow models and were
able to find plausible models for both systems. These repethe primary UV resonance lines \N Si IV,
and CIV — in the observed spectra in and out of eclipse. The distabwif these ions in the wind models is
similar in both cases as is the extent of the primary scatjeregions in which these lines are formed. The
inferred mass-loss rates are 6% — 8% of the mass accretemfaatthe systems. We discuss the implication of
our point models for our understanding of accretion diskdsim cataclysmic variables.

Subject headingsaccretion, accretion disks — binaries: close — novae, batanic variables — radiative
transfer — stars: individual (RW Tri, UX UMa) — stars: windsjtflow

1. INTRODUCTION are in the quiescent, low mass-transfer state. The signa-
ture of the wind is imprinted on the spectra in the form of
P Cygni-like and/or blueshifted absorption profiles of res-
onance lines, such as N, Si Iv, and C IV. The blue

Mass outflows are associated with accretion via a disk onto
compact objects in a wide range of astrophysical systems,

ranging from proto-stellar objects to close binaries and ac 3 > Y L .
tive galactic nuclei. The presence of mass outflow in allehes €d9es of the absorption profiles imply velocities exceeding
3000 kms~! in some systems (see, for a recent example,

systems, which cover a wide range of scales and system pas .
rameters, suggests an important connection between the praiartiey etal. 2002). ThdUE observations were used to

cesses of accretion and the outflow. Cataclysmic variablesS"OW that the emission features are generally weak or ab-
(CVs) are the closest astrophysical examples of such sgstem sent in systems viewed at low inclination and progressively

and hence are an important test case for our understandingjorel’ prdo[mi]genbt at higher in::lingtion (La Dméshl%:_l). Triwme-
of outflows from disks. CVs are close binary systems con- [€S0lved U E observations also demonstrated that line shapes

sisting of a white dwarf (WD) and a low-mass late-type sec- N €clipsing and nearly eclipsing systems vary systemiica
ondary star. The secondary overflows its Roche lobe, lead-hrough secondary conjunction, showing not only that the

ing to mass transfer to the WD. Due to angular momentum €Mission lines had to arise from a region at least compara-
conservation. the transferred material builds up an aocret ble in size to that of the secondary star but also that the out-
disk around t’he WD (unless the magnetic field of the WD is flowing material was likely rotating (Cordova & Mason 1985;

large enough to disrupt the flow). Disk emission usually dom- Prew 8& Verr?ur)t 1|988)' Wh"% initial ml_()(_jeli?g of CVVWi%dS
inates other sources of light at visible wavelengths.  Many f@vored spherical geometry for simplicity (Drew & Verbunt

CVs undergo outbursts of 3 — 5 mag lasting from days to 1985; Mauche & Raymond 1987), the observed characteris-

weeks on timescales of weeks to years. The outbursts are dulicS Of the resonance lines in CVs have over time led to a con-
to a thermal instability in the disk which transforms thekdis SENSUS picture of a biconical mass outflow originating from

from a relatively cold, largely neutral gas to a hot, ionized th€innerdisk. .
plasma, increasing the accretion rate in the inner disk from ‘Shlosman & Vitello (1993), hereafter SVO3, were the first

aboutl x 10~ M yr—' t010~9 — 108 M, yr—! (Hoshi to develop a radiative transfer code based on the Sobolev ap-

1979; Mineshige & Osaki 1983). The frequency of outbursts proximation that was capable of determining the ionization

depends on the longer term mass-transfer rate from the secstructure of a biconical outflow emerging from the disk and

ondary, which for systems that undergo outbursts must be be2f modeling C1V line profiles. They then used this to at-

tween the quiescent and outburst rate (Caniizzol1993). tempt to constrain the wind geometry of non-magnetic CVs.
Far-ultraviolet (FUV) spectra of CVs obtained with the Vitello & Shlosman [(1993) found that they could reproduce
ternational Ultraviolet Explore(IU E) were the first to show  the observed profiles of  in three systems — RW Sex, RW
that CVs drive winds when the disk is in the high mass- ' a.nd V Sge — with plausible geometries and mass-loss
transfer statel (Krautter etlal. 1981; Greenstein & Oke 1982;ates; they also found that they could produce similave

Cordova & Masoin 1982). Winds are not observed when Cvs Profiles with quite different accretion rates by changirtgeot
parameters in their kinematic description of the wind. Sub-

sequently, Knigge, Wood & Drew (1995), hereafter KWD95,

MD 2ase TSISezCOpe Science Institute, 3700 San Martin Drtéinibre, 40 /610ned another Monte Carlo radiative transfer code hvhic
2Max Planck Institute for Astrophysics, Karl-Schwarzsdfitr. 1, solved the radiative transfer exactly using a slightlyetiéint
85748 Garching, Germany kinematic prescription for a biconical wind. Their code did

SO?%%%”&(GN of Physics, University of Southampton, Soufftam not calculate the ionization balance in the outflow and axdte
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assumed constant ionization fractions throughout. As had
Shlosman & Vitello|(1993), they were able to reproduce qual- 5 ‘ ‘ ‘
itatively many of the basic characteristics of\Cline profiles 4 1148A - 14354 |

in disk-dominated CVs. Knigge & Drew (1997) applied their ‘
S V% i

code to high-resolution time-resolvadubble Space Tele-
2 -
1+ \ |

scope(HST) spectra of CIvV of the eclipsing nova-like vari-
—0‘.12 —0‘.10 —0‘.08 —0‘.06 — ‘.04 —0‘.02 0.00

able UX UMa, concluding that one not only needed a fast
wind with a wide opening angle but a relatively dense, slow-
moving transition region between the photosphere of thie dis
and the wind.

Despite the clear observational indications for the pres-
ence of mass outflow in CVs, much is still unknown about

=
0 T T T T

T T T
1376A - 1663A |

total flux [107" erg s~! ecm™2]

the physics of these winds, in particular the driving mecha- N \ |
nisms. By analogy with O-star winds, most have assumed \

that the winds of CVs are radiatively driven. Hydrodynarhica L "
simulations seem to broadly support this picture (Progélet a T O T T ZRTY]
2002), even though questions regarding whether CV disks are phase ¢

luminous enough to drive the required mass outflow remain

(Drew & Proga 2000). Alternatives, magnetically driven or Figurel1. Light curves of the two RW Tri observations that were usedito ¢

magnetic?’-”y assisted flows from.the disk or boundary layer struct average pre-eclipse and mid-eclipse spectra. Tasepf each mea-
region exist, based on suggestions that can be traced tosurement was derived with the revised ephemeris of RW TiriraioGet al.

among others, Blandford & Payrie (1982) and Pringle (1989), (2004). The measurements in the upper panel all cover theshavelength
and are widely discussed for other disk systemvs fangingba”d from 1148\ to 1425A, the observations in the lower panel were taken
from young stellar objects to active galactic nuclei’ (see e in the band from 137 to 1663A. The phase intervals that were used for

. . th i haded in gray.

g., [Konigl et al.[ 2010} Campbell 2010). An important ob- UiﬂaveraHgmg process are s ahe " ?;ay ted t train th

stacle to a confident identification of the driving mechanism >'v'&- MOWEVET, No one has atiempted to constrain the prop-

is that even basic wind parameters, such as the mass-los§'ti€s of the wind in these systems by modeling all of the

rate, the acceleration, collimation, and ionization swre, ~ Prominentwind lines simultaneously. The remainder of this

remain poorly constrained. Thus obtaining reliable infarm Faper IS (?rgrém?)ed as tf_ollowsf. Rl\r;VF:i_e_ctg LZJ*XWSI\/?GSQH:ththe

tion on the wind structure, and especially about the iofizat (I;mg;jresdom'e hoRser\I/at.lonsso ) n aﬂ GHRS a Vé' th €

in the wind, should lead to a much better understanding of theG2ddard High Resolution Spectrograph ( ) and the se-
lection of the spectra we attempt to model. In Secfibn 3,

hysics underlying CV winds. In the long term, this might ' > o
2\,2:{” allow us tg ggin insight into othertypgs of accretinggsy we describe briefly the radiative transfer code developed by
tems, as mass outflows seem to be a general feature of suchond-&Knigge [2002) to produce synthetic spectra from pa-
syste,ms rameterized models of biconical outflows, which we use to

Nova-like variables are disk-dominated CVs, which, unlike generate synthetic spectra. Then, in Sedfion 4, we describe

most other CVs, are nearly always observed in the “outburst’ € Strategy we used to identify models for the systems, and
PR ; i Sectior[ b, we discuss the degree to which we were able to

~ reproduce the observe spectra and the implications of the re

mass-transfer rate than other types of CV (e.g., dwarf novae sults on the wind geometry of RW Tri and UX UMa. Finally,

Schreiber & Gansicke 2002). Nova-like variables havetatbi Sectior® ; hatwe h | dth b
periods just above the period gap in non-magnetic CVs, where/" S€ClIOILD, WE Summariz€ what we have iearned through our

magnetic braking is thought to produce the largest mass-attemptto model the pre-eclipse and eclipse spectra of RW Tr
transfer rates in the long-term evolution of C\/s (Howelleta 2nd UX UMa.

2001). Because they stay in the high mass-transfer state for 2 OBSERVATIONS

long periods of time, they may be the closest examples to

steady-state accretion disks among the CVs. RW Tri and UX_ . - ! :
UMa are the two brightest eclipsing examples of this class. {&ined with the GHRS instrument ddSTin late 1996 and

Eclipsing systems are of particular interest in the study of €7y 1997 (as part of programs 6494 and 6024) and are de-
CVsp, ang, ir): particular, the I\3vinds of CVs, since time-reedK/ scribed by Mason et al. (1997). Both systems were observed
observations of the eclipse provide spatial informatioautb N Order to explore time variations in the spectra as a foncti
the disk and wind properties that is unavailable for systems©f the orbital phase. All of the observations discussed here
viewed at lower inclinations. were performed with the G140L grating, providing a wave-
Here, we describe our efforts to model “HsTspectra of |ength resolution of OSA, in the I‘apld read-out mode, In
RW Tri and UX UMa in an attempt to place constraints on v_vh|ch spectra were recorded at5s intervals. _Each observa-
the wind geometry and the ionization structure. These aretion covers one of two overlapping wavelength intervalshea
the only eclipsing nova-like CVs for which medium spec- with a bandwidth of about 28& so that spectra from sepa-
tral resolution, time-resolved UV spectra exist. The obser rate observations must be combined to yield the full spectra
vations of RW Tri have been briefly discussed by Mason let al. range from 115@ to 1660A. The observations of UX UMa
(1997); the observations of UX UMa have been discussedand RW Tri each comprised about niR&T orbits. An ob-
more extensively by Mason etlal. (1995), Mason et al. (1997), servation log is presented in Talle 1. To carry out this study
Knigge & Drew (1997), Baptista etlal. (1998), Froning €t al. we retrieved and used the final reprocessed data frotd &ie
(2003), and Linnell et al/ (2008). With the partial exceptio archive.
of IKnigge & Drew (199F), the earlier studies were primar-  To facilitate comparison of the synthetic spectra to the ac-
ily focused on modeling the accretion disk and WD in UX tual spectra of RW Tri and UX UMa, we averaged the ob-

UV spectra of the nova-like RW Tri and UX UMa were ob-
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Table 1
Observation Log foHSTSpectra of RW Tri and UX UMa. Lo w w \ \ w
. oshy #  1148A - 1435A |
ObsID Obs. Start (MID) Spectral rang®) ( Phase Coverage & w""‘“j

UX UMa g o \ P
z31y0304t  50398.2014 1148-1435 0.654-0.701 < oap Iy
z3fy0306t 50398.2132 1376-1663 0.714-0.762 @ ol B
z3fyal02t* 50395.1085 1148-1435 -0.073-0.033 o0
z3fya302t 50398.2554 1148-1435 -0.071-0.093 Ca') O'Ufo‘.ns 70‘.04 70‘.03 70‘.02 70‘.01 0.50 0.61 n.‘oz 0.‘03
z3fyb102t  50395.1751 1376-1663 0.027 - 0.377 T 104 ‘ : : : ‘ ‘ : :
z3fyb104t  50395.1998 1148-1435 0.391-0.431 = . . 1376A - 16634 )
z3fyb106t  50395.2422 1148-1435 0.607 - 0.647 ] 05 Pl ot J
z3fyb108t 50395.2526 1376-1663 0.660-0.771 o= 06 e >
z3fybl0at *  50395.3091 1376-1663 0.053-0.111 R e, w.f |

RW Tri 2 R Ry
z3kxal02t  50471.3006 1148-1435 0.395-0.433 020 iy
z3kxalO4t  50471.3446 1148-1435 0.585-0.718 00— e e T T T 0
z3kxalO6t* 50471.4116 1148-1435 -0.126 - 0.007 phase ¢
z3kxa202t 50470.6978 1148-1435 0.796 - 0.893
z8kx@204t - 50470.7418 1148-1435 0.015-0.118 Figure2. Light curves of UX UMa. The phase of each measurement was
Z3kxas02t 50474.3154 1148-1435 0.395-0.433 degtermined \?\/ith the ephemeris of UX UMg derived by Baptistallg1995).
z3kxa304t 50474.3593 1376-1663 0.585-0.718 The upper panel shows the observation in the short wavéldragid. In the
z3kxa306t *  50474.4263 1376-1663 -0.126 - 0.007 lower panel, the observation covering the long wavelengtiultis displayed.
z3kxa402t  50473.7126 1376-1663 0.796 - 0.833 The average spectra were constructed from the shaded segion
z3kxa404t 50473.7566 1376-1663 -0.015-0.118
z3kxb102t 50471.4786 1376-1663 0.162 - 0.296
z3kxb302t 50474.4933 1376-1663 0.163 - 0.296

1.6 ‘

Note. Average spectra are constructed from observations laétacin ) pre-eclipse
asterisk (*) — 12H - - diskfit =

0.8
served spectra over specific phase intervals. There were cel

tain difficulties associated with this. At any time observa-
tions only covered parts of the spectral range of interedt an ', 00

0.4F
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the phase coverage was also not ideal for either UX UMa or » ‘ ‘ ‘ ‘ ‘

RW Tri, as indicated in Table 1. For RW Tri, two observa- " mid-eclipse 2

tions sampled pre-eclipse and mid-eclipse orbital phake. T L 12 \ b

other observations covered only parts of the mid-eclipsean = | » » . |

the post-eclipse state. In both cases, one observatioredxis 5 | o . % - @ 5

for each wavelength band. For UX UMa, there was only one = o} T | 7 o \ e

observation covering the eclipse in the 1375 — 18@5and, o L1 M ‘ ‘ _/L
1300 1400 1500 1600

but two covering the shorter wavelength band from 1848 o oo
to 1435A. To construct representative spectra for the mid-
eclipse and the pre-eclipse phase, both RW Tri observations

i ; ; Figure 3. Average RW TriHSTpre-eclipse and mid-eclipse spectra obtained
containing information of these two states were taken. Forby averaging over the regions highlighted in Figlfe 1. In fire-eclipse

UX UMa, the two observations in the 1148 — 1486and had panel, the result of fitting the continuum to an accretiork déliating as an
different overall pre-eclipse flux levels but showed ndkatig ensemble of stellar atmospheres is also shown. The mairsiemines are
differences in spectral shape. Therefore, only the obierva ~ Shown in the lower panel.

which was closest to the overall flux level of the only measure

ment set in the longer wavelength band was used. The spectr@Ma is believed smallE(B-V)<0.04, Verbuni 1987), so no
used in our study were obtained by averaging over represencorrection was made for UX UMa.

tative phase intervals. Choosing the width and the posdfon The pre-eclipse spectra of both RW Tri and UX UMa show
these intervals was, at least in the pre-eclipse case, seatew rather flat continua with a number of superimposed resonance
arbitrary, but tests showed that the overall flux level arel th lines. During eclipse the continuum is suppressed and the
spectral features in the average spectra were not verytisensi - spectrum is dominated by the emission lines that, becaese th
to these choices. In the end, we used the highlighted regionsiisk is eclipsed, must arise from an extended region.

in Figured 1 and]2 for the averaging process. The resulting The three major resonance lines present in both systems
spectra were finally merged to cover the entire wavelengthare the doublets Nv A\1239,1243, Si IV A\1394, 1403,
band from 1148 to 1665A by averaging over the overlap- and C IV A\1548,1551. Apart from these there are addi-
ping region. FigureEl3 arid 4 show the resulting pre-eclipsetional, weaker lines of low-ionization state metals suc ais

and eclipse spectra for UX UMa and RW Tri, respectively. A1333, C 1l A1176, and Si lll AA1295 — 1303 and lines
According tol Rutten et al! (1992), RW Tri is thought to lie of both hydrogen (HI Lymana A1215) and helium (Hell
along a line of sight wittE(B—V)of 0.1, and so to facilitate ~ \1640) are visible. In the pre-eclipse state of both systems,
comparisons with models the spectra for RW Tri were cor- the low ionization state lines, especially those ofi Q1333
rected for reddening. Reddening along the line of sightto UX and Silll AA1295 — 1303 are seen as deep absorption dips,

wavelength [A]
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field properties (radiation temperattifg and dilution factor
I ‘ W) are recorded for each grid cell in the wind and used to
|| T data pre-eclipse make an improved estimate of the wind ionization state and
L2 oo diskfit 1 kinetic temperaturé., for use in the next iteration.
08l 4 Once the wind properties reach convergence, a final se-
quence of additional Monte Carlo simulations for the con-
verged wind properties are used to obtain the observed spec-
‘ ‘ ! ! ! trum for the desired inclination angle. In these final simula
1200 1300 1400 1500 1600 tions, a modified version of the technique describeld by Woods
‘ mid-éclipse ‘ ‘ (1991) is used: in every interaction with the wind medium the
12k | packet contributes to the final spectrum according to thbJro
ability of emission into the observer’s line of sight aftbet
h interaction.

flux [1072 erg s em 2 A 1]

> g
Tea

3.1.1. Radiation sources

1200 130 i 1500 1600 The calculations presented in this work include radiatipn b

wavelength [A] the WD and its accretion disk. The disk is the primary source
of radiation in non-magnetic CVs in the high mass-transfer

Figure4. Average UX UMaHSTpre-eclipse and mid-eclipse spectra. Again  state. It is treated as a geometrically thin but opticaligkh

emission lines are identified in the lower panel and the diskiouum fit is disk which follows the standard temperature distributialg(,

shown in the upper panel. Wadd 1984)

suggesting that the main concentration of these ions litreein

line of sight. The UX UMa pre-eclipse spectra generally show ) 1/4 3/4 1/4

many absorption features, including in the main resonance,, <3GMachWD> (RWD) (1 B an)

lines: for example, two prominent narrow dips are present eff = 8o R R R
in the SilVv line and one in the QV line. )
3. RADIATIVE TRANSFER CODE AND WIND MODELS The disk radiation is composed from an ensemble of 300

_ . . concentric annuli each of which radiates a spectrum at the
In order to place limits on the geometry of the winds in |5ca| value of7,¢. The inner and outer boundaries of each
RW Tri and UX UMa using the spectra, we need to model 5nnyjus are determined by the requirement that all annuli
the effect of the wind on the spectra. Our working hy- should emit an equal fraction of the total disk luminosity.
pothesis is that the winds arise in a biconical outflow. To gqr this study, we model the spectrum from each disk an-
model the spectra we parameterize the outflow using onepyjys as a black body during the iteration processes used
of two kinematic descriptions for the wind and we use a {4 gptain the ionization state. In the spectrum calculation
Monte Carlo radiative transfer cod@Y(THON, developed  ihe disk emission is described by synthetic stellar spectra

by lLong & Knigge| 2002, with improvements described by created with TLUSTY/SYNSPEC (Hubeny & Lanz_1995).
Sim et al.. 2005) to calculate the ionization structure of the \when synthetic spectra are used, the calculation of the ef-
wind and to create synthetic spectra. The chemical compo+ective gravity of the disk follows the prescription give b
sition of the wind material is fixed to the solar abundances|gerter et al. (1979). To describe the WD radiation, a sin-
determined by Anders & Grevesse (1989). Here, we give agle plack body/Hubeny model is used. The secondary star
short summary of the important features of this program andig treated as a dark absorber.

the two classes of parameterized wind models which we use The pyTHON code can also account for radiation from a

in this study (for full details, see Long & Knigge 2002). boundary layer parameterized by a luminosity and tempera-
ture as described hy Long & Knigge (2002). We found, how-
3.1. Monte Carlo approach ever, that if we included a hot luminous boundary layer (such
PYTHON operates by performing a sequence of Monte as introduced by Knigge & Drew 1997) the wind was typi-
Carlo simulations in which the quanta are packets of ragiati cally too highly ionized to obtain a good match with observed
energy. These packets are launched in accordance with thepectra. We therefore opted to exclude any such boundary
specified radiation sources (see below) and propagateghrou layer from the calculations. This may imply that either the
a parameterized model for the CV disk wind. As the pack- WD has significant rotation or that the boundary layer geom-
ets propagate, they can interact with the wind material via etry is such that much of the wind is not exposed to its radia-
electron scattering, resonance line scattering, bouad-db- tion.
sorption, or free—free absorption. Their trajectoriesfenaly The energy emitted by the radiation sources is discretized
terminated when they either escape, lose all their energlyto  into energy packets, each with its own direction of propaga-
sorption in the wind, or are lost from the simulation by strik tion, frequency, and weight. The packets are initializethwi
ing the WD, disk surface, or companion star. weights corresponding to the fraction of the physical lumsin
Since the ionization and heating of the wind are controlled ity carried by the package and frequency sampled randomly
by the radiation, the ionization and thermal state must be-co  from the luminosity spectra of the WD and accretion disk an-
puted self-consistently with the local radiation field peop  nuli. Initial directions of propagation are assigned assgm
ties. This is achieved via an iteration sequence. In eacha linear limb-darkening law and initial positions are laght
iteration, the wind properties are held fixed while a Monte on either the WD or disk surface, as appropriate. In addi-
Carlo simulation of the radiation field is performed. During tion to the primary radiation sources, the code also acsount
the Monte Carlo simulation, estimators for the local radiat  for free—free, free—bound, and bound—bound emission by the
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wind, based on its local ionization state and kinetic teraper
ture.

3.1.2. Wind conditions

A key component of modeling the wind spectrum is a
realistic treatment of the wind ionization state. In con-
trast to some previous studies in which uniform ioniza-
tion conditions throughout the wind were assumed (e.g.,
Knigge, Wood & Drew! 1995)p Y THON computes the ioniza-
tion state as a function of position using the modified nabula
approximation described by Mazzali & Lucy (1993)

T,

m) (e

Here, W is a dilution factor¢ is the fraction of recombina-
tions that go directly to the ground state, dndndTy are the
electron and radiation temperatures, respectively. Tter-as
isk denotes quantities to be evaluated in local thermodymam
equilibrium atTg.

In contrast to Mazzali & Lucyl (1993), however, we do not
assume a simple relationship betwé&apandT, but instead
calculateT, independently from the assumption of thermal
equilibrium (i.e., the heating and cooling rates are in Botui
rium at every point in the wind). As noted abo{g,, W, and
T, are not known a priori, but are determined by an iterative
sequence of Monte Carlo experiments. In practiGejs the
most important parameter for the ionization balance (giwen
Equation[(2)) and is primarily determined by the tempemtur
distribution in the disk. This in turn depends on the adopted

Tj41Me
nj

—W[5+W<1—s>1<

SV 93

Figure5. Left: wind geometry as parameterized by KWD95. The black
circle denotes the WD and the horizontal line the accretisk. d\Note that
the wind shape is controlled by only one collimation paramet, which

is usually given in units oRRwp. Right: wind geometry as parameterized
by SV93. In both panels, the mass outflow region is shadedaw. gFor
illustrative purposes only one half of the wind structuretiswn (the wind is
symmetric under reflection in they-plane).

3.2.1. KWD95 wind model

KWD95 parameterize the wind as a biconical outflow from
the entire accretion disk and characterize its geometnynby o
one parameted. By definition, this parameter specifies the
position of a point on the rotational axis where extrapoladi
of all streamline cones meet. Together with the disk extent
[Rwp, Raisk], d defines the opening angles of the wind. Fig-
ure[d illustrates the wind geometry of the KWD95 treatment.

The wind region itself is characterized by a density and a
velocity. The density in the wind is specified by the mass-los
rate per area in the disk. This quantity is assumed to follow

system parameters (WD mass and radius, and the mass accréhe temperature distribution in the disk

tion rateM).

3.2. Wind models
For our simulations, we adopt two classes of simply param-

eterized wind models, those developed by SV93 and KWD95.
We carried out our studies using both wind models so that we

could investigate any sensitivity of our results to the pzaa

T (R)
JAATER)
The integral in the denominator ensures the normalization t

the total mass-loss rat¥,,;,q when integrated over the disk
surface from which the wind emerges. The exponrealiows

m(R) = waind (5)

terization. As demonstrated below, however, we find that our the mass-loss rate per unit area to be tied to the local disk

conclusions are relatively insensitive to this choice. Bot

effective temperaturex = 0.25) or the luminosity & = 1.0)

these models describe the wind as a stationary biconical outin the disk. The mass-loss rate per area can be used together

flow emerging from both sides of the accretion disk. In each
case, the velocity in the wind consists of a rotational compo
nentvy and a poloidal componeny,. The rotational compo-
nent is obtained assuming that the wind streamlines risa fro
a disk in Keplerian rotation and that specific angular momen-
tum is conserved as the flow moves outward:

Vg (1) = V(0 (R R, 3)
vy (R) = | 2. @

Here, and in the following; stands for the radial position of
a point in the wind, whileR denotes the radius at which the

wind streamline passing through the point reaches the accre

tion disk. The poloidal velocity field in the wind causes mate
rial to spiral on streamline cones away from the disk. The de-

tailed geometry of these cones depends on which of the wind

prescriptions is used. This, together with the way of parame
terizing the poloidal velocity and calculating the wind digy,

with the poloidal velocityq ¢ at the streamline base and the

polar angle of the streamlin® = arctan % to calculate the

density at the base of the streamline

m(R)

po(R) = V(q,0)(R) cosd '

(6)
As the wind rises from the disk, the density decreases as

o) = uth) (55 e

Here ¢ denotes the distance to the poihbn the rotational
axis. The poloidal velocity componenj(r) depends on three
parameters, the acceleration lendth acceleration exponent
B, and terminal velocity,,:
B
) ®

d
qcosd

(7)

Ry
Ry +1

vall) = ex(R) + [vso — ex(R)] (1 -

is the main difference between the two classes of wind modelsThe terminal velocity is parameterized as a multigledf the

we consider.

local escape speed
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/ 2G]\/[WD . . RA COS G(R)

= = _ R - Mwin 3 . 14

Vo .f’chc f R (9) m( ) dj dA/R/)‘ COS G(R/) ( )
and the poloidal velocity is assumed to be equal to the localThe normalization ensures that calculating the total nhass-
sound speed at the base of the wind streamlines. rate is given by\lyinq While A allows for variation in the mass

loading of wind streamlines. The density in the wind is then
Ter (R i
cs(R) =10 - fo(4 Jkms 1. 10y  9givenby
L . _ RdR m(R)
The quantityl in Equation [(8) represents the distance of the p(r,z) = —— (15)

pointr to the accretion disk, measured on the streamline cone. rdr vy(r,2)

In total there are six parameteis, o, 8, Myina, f, and The R/r dR/dr factor results from the increasing area be-
R which specify the CV wind in the KWD95 parameteri- tween streamlines the further the wind is away from the disk
zation. Although the true geometry is controlled onlydyy  which, in the special case of streamlines on a cone with angle
the extent of the wind region in which the ion concentrations ¢, simplifies to
are sufficiently high to lead to strong spectral lines isragigp
sensitive to the distribution of mass outflow from the disk, a dr I(d0/dR)

determined b)Mwind anda. In particular, high values of the dR 1+ cosf (16)

exponenty will cause a very high density near the rotational , S . .
center of the wind and a very dilute outflow at the outer edgesffr‘]se'gtﬁggnlfl\ilxgggndeescr'pt'ori’ is the distance to the disk on

of the wind while decreasing moves more material to the In total, the SV93 prescription requires ten parameters to
outer edges. Thus, the effective collimation is determimgd define the Windzy, Rumns Rusaes Ornins o, A R v, £, and

a combination of] anda. . ! ; e ] . .
Mying. The collimation of the wind is primarily determined

3.2.2. SV93 wind model by Orin @aNdOax, supplemented by the effects bf

SV93 presented a wind model that is more flexible than the 4. FINDING FIDUCIAL MODELS: BASIC APPROACH
KWD95 treatment, but involves more free parameters. In the
SV93 description, the wind does not necessarily emerge from
all parts of the disk. Instead, the wind region is specifie@ by
minimum and a maximum disk radiug,,;, and R.x. Sim-
ilarly, the collimation of the wind is specified by a minimum
and a maximum streamline anglg,;, and 6,,,... Figure[%
illustrates the wind geometry in the SV93 model. The distri-
bution of streamline angles throughout the disk is detegchin
by an additional parameterdefined via

Our primary objective is to constrain the physical propserti
of the wind. The empirical wind models described in the pre-
vious section involve a rather large number of parameteas, t
many for it to be computationally practical to compute large
grids of model spectra that explore the complete parameter
space. Therefore, we have chosen to accept previous determi
nations of the system parameters, where possible, and focus
our study on the major parameters of the wind itself.

Thgldistance to RW Tri has been determined to/be=
3417 55 pc fromits parallax (McArthur et &l. 1999). This is al-
O(R) = fmax + (Fmax — Omin)2(R)7 , (11)  modtidentical to the distance obtained by Rutten et al.2199
from the analysis of the optical eclipse light curve. Accord

where
ing to/Rutten et al.| (1992) the WD mass for RW Tri is about
R — Ruin 0.7 M, which is typical of WDs in other systems and the
o(R) = p——p—. (12)  massratio is fairly close to 1. In their study they also eatin

that the inclination for RW Tri is about ?5although this is

As in the KWD95 descriptionR is the radius of the pointat somewhat uncertain and values as low &s@aitchuck et al.
which the streamline passing through pairdrosses the disk  [1983) and as high as 8@¢Mason et al. 1997) have been sug-
plane. gested. From spectroscopic studies, Kaitchucklet al. (1983

The rotational velocity in the SV93 wind model is exactly also determined th& velocity of the WD. The amplitude of
the same as in the KWD95 description (see Equat{dns (3) andhis velocity is roughly 200km s~!. Table2 lists the system
(4)). The poloidal velocity 4,) at a distancé measured on  parameters we adopted for RW Tri.
the streamline cone is specified in terms of three parameters The main source for the continuum flux in nova-like vari-
an acceleration length scal&, acceleration exponent and ables is normally the accretion disk. For a given wind model,

the terminal velocity ., the ionization structure is primarily determined by theiaad
tion temperaturdr, which, for a steady state, is controlled
(I/Rs)™ by the effective temperaturd’{z) of the disk. Assuming
vq(l) = vo + (veo = v0) (/Ry) + 1 (13) that the disk radiates as an ensemble of stellar atmospheres
as described by Equatiohl (1), then the mass accretion rate
We follow SV93 in adoptingygy = 6 km s t. As in the is a function of the observed flux, the distance, inclingtion
KWD95 prescription, the terminal velocity is specified in and the mass and radius of the WD. Thus, we can use the
units of the local escape speed (see Equaliibn (9)). observed continuum flux and system parameters to constrain

Again, the wind density is determined by the disk mass- the mass accretion rate and avoid treating it as a completely
loss rate per unit area. In the SV93 prescription, this is not  free parameter in our studies. For this exercise, we résstric
specified in terms of the local disk temperature but is assume the wavelength range for the continuum fits to the regions
to follow the relation between the Silv, C Iv, and He Il lines which show a
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Table2 structure of the mass outflow in UX UMa and RW Tri, we
System Parameters for RW Tri and UX UMa. usedPYTHONto develop “point” models for both systems. To
avoid the computationally demanding brute-force method of
System  Parameter Value Reference computing grids of models and searching for the best-match
RWTi  Mwp 0.7 Mg Rutten et al. (1992) spectrum, we adopted a hierarchical approach to searching
My 0.6 Mg Rutten et al. (1992) the wind parameters. Our basic methodology was to come
i 75° Rutten et al. (1992) as close as possible to the observations by adjusting the ove
D 330 pe Rutten et al. (1992) all ionization structure in the wind first. For that we stalrte

Mace  ~ 10759 Mg yr=!  Rutten etal. (1992) with the KWD95 descriptions and the wind parameters de-

K ~ 200 kms Kaitchuck et al. (1983) rived by[Knigge & Drew|(1997), applied to both our subjects
UXUMa  Mwp 047007 Mo Baptista et al. (1995) of study, RW Tri and UX UMa, and explored different val-

0.78 £0.13 Mg Vande Putte et al. (2003) ! g !

M, 0.47 + 0.10 Mo, Baptista et al. (1995) ues of the mass accretion and the mass-loss rate — these are
0.47 + 0.07 Mg, Vande Putte etal, (2003)  the primary parameters that determine the ionization condi

i 71.0 + 0% Baptista et al. (1995) tions. However, we restricted the mass accretion rate to the

D 345 4 34 pc Baptista et al. (1995) values compatible with the results of disk continuum fite(se

Mace  1078:0%0-2 Mg yr—1  Baptista et al. (1995) above). After exploring th@/ying x Macc parameter space,

K1 ~ 200 kms~! Schiegel et al. (1983) the influence of each of the remaining free wind parameters

on the spectrum was tested, allowing us to successivelyjrobta
closer agreement with the observations. When using SV93
point models, the same approach was used except that the

in an accretion rate of.3 x 107% Mg yr—! (see Figurél3). : ,
Accounting for the uncertainties in the inclinatiof5( 3 °), Myina X M. Space was not re-explored and wind param-
. 138 eters which roughly correspond to the best KWD95 model
the distancedd1 3, pc) and the WD mass (here, an uncer- ere ysed as a starting point. With this approach we were
tainty of one-tenth of the solar mass was assumed), the validgpje t explore the sensitivity of the spectrum to the main pa
range for the accretion rate would Ber x 10~° Mo yr rameters although it did not lead to an exhaustive investiga
02.6 x 10™° Mg, yr—, correspondingto a maximum effec-  tion of the complete parameter space. In general, detenmini
tive temperature of the disk betwe@h = 4.9 x 10" Kand ¢ “hest” models involved subjective criteria since petfe
6.9 x 107 K. . . matches were never obtained. In these choices, we preatitiz
The most determined effort to establish the system param+e gyerall strength and shape of the major emission lines.
eters for UX UMa was made by Baptista et al. (1995). They — applying these strategies, we were able to find good point
used a (different) set of high time resolution, low speateal o qels for both systems using both wind treatments, SV93
olutionHSTspectra, and modeled the time-dependent contri- 54 KWDY5. The following sections are dedicated to present-
bution of the disk and WD to the continuum to identify the 4 these models (both their successes and failures) and the
phases associated with the eclipse of the WD. From this, theyeonclusions drawn from them. Throughoutour discussion, we
inferred a WD mass 00.47 + 0.07 Mo, and a mass ratio  focys on the three prominent emission lines of Nsi IV, and
(M>/Mwnp) of 140.1 and an inclination of1 £ 1°. They ¢y As we shall show, these lines form across a wide range
then derived a distance of 3434 pc from eclipse maps of ¢ conditions in the wind and, together, probe a significant
the system obtained from the combination of UV @band fraction of the outflowing material. In addition, as resocen
light curves. _Since then, most workers, including most re- jineg in Li- and Na-like ions, they involve relatively singpl
cently|Linnell et al. (2008), have adopted these parametersyiomic physics which should be well described by our radia-
for UX UMa. There are various reasons to question the ac-yje transfer simulations. We will, however, also comment o
curacy of the measurements. First, if correct, the WD massginer spectroscopic features formed by lower ionizatiatest
in UX UMa is much lower than that of most WDs (includ-  etq) jons (which exist predominantly in the coolest/dehse

ing most WDs in CV systems), and the mass ratio is at the pa(s of the models) and recombination line features of both
limit allowed by conservative mass transfer. Second, at theyy 5nd He.

temperature determined by Baptista etlal. (1995) for the WD,
the WD should have been evident in th&JSE spectra of 5 RESULTS
UX UMa, but/Froning et &l..(2003), analyzing time-resolved :
FUSEobservations of UX UMa, were unable to identify the ~ We now present our point models for both RW Tri and
WD ingress and egress in the light curve. Despite these conUX UMa (see below) and then discuss the similarities and
cerns, we too adopt the parameter$ of Baptistaleit al. (1995)differences we infer for the wind structures in these system
since no alternative values have been proposed with greater Since we allowed for some flexibility in the mass accretion
credibility. They are also listed in Tablé 2. The value fog th rate for a given set of system parameters, we have also al-
K velocity of UX UMa, again~ 200 kms~! was adopted lowed some freedom in the distance we adopt for both objects.
from|Schlegel et al! (1983). Specifically, we always renormalized the model spectrado th
According to the continuum fit (see Figlire 4), the accretion observations in the discussion below. For this renormaliza
rate for UX UMa is a little higher than RW Tri. It was deter- tion the continua of model and data were compared between
mined asl.2 x 10~ M., yr~! but values within the range of ~ Si IV and CIV. However, the implied deviations from the dis-
6.9x 1072 Mg yr~'t01.9 x 1078 M, yr—! would still be tances given in Tablg 2 are well within the uncertaintiessin
consistent with the system parameters considering therunce the point models for both systems have accretion rates very
tainties in the WD mass, the inclination, and distance. This close to the values determined by our disk continuum fits. We
corresponds to a maximum disk effective temperature rangelso corrected all pre-eclipse model spectra foriheeloc-
of Tog = 4.6 x 10* Kt0 4.9 x 10* K. ity (redshift) of the WD. This shift however was rather small

In order to study the wind geometry and the ionization — from 0.3 A at the blue end t.6 A at the red end of the

clean continuum in the observations (in contrast to the com-
plex FUV region). For RW Tri, the continuum fits resulted
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Table 3
Parameters for Our Best KWD95 Model for RW Tri and UX UMa. 1.6 L
pre-eclipse
Parameter RW Tri UX UMa — 1.2
Point Model Point Model KD 9F* |
Mwp 0.7 Mg, 0.47 M, <X 08
My 0.6 Mg, 0.47 Mg B
RwpD 8.0 x 10% cm 9.7 x 108 cm g o4
Raisk  2-4 x 1010 cm 2.9 x 1010 cm = ‘ y "
i 7590 71°0 | 0.0 [ | L |
pb 349 pc 374 pc n 1200 1300 1400 1500 1600
Mgie 8.0x1072 Mg yr™! 1.3 x 1078 Mg yr=12.7 x 1078 Mg yr—! %D 1.6 : : : — s —
Togp © 5.7 x 104 K 5.1 x 104 K - . mid-eclipse o| — data
Mging 48 x 10710 Mg yr=11.0 x 1079 Mg yr=11.0 x 1079 Mg yr—1 n 19 o [ | — model H
d 20 35 15 = |
@ 0.1 0.5 0.5 — L > B
0.8 —
f 3.0 3.0 3.0 é = 4 % =
Rs 4.0 x 1010 cm 4.9 x 1010 cm 4.9 x 1010 cm = o4l < B o @ 2
B 4.5 1.0 4.5 : @O ‘
0 JL l AM | il ,‘AL
Notes. ﬂOU 1200 1300 1400 1500 1600 1700
a System and wind parameters from Knigge & Dréw (1997). These wavelength [A]

parameters were used as a starting point when deriving dnir podels.
b Distance implied by the renormalization of the model camtim.

¢ Maximum effective temperature in the disk determined viadipn [1)
from Mwp, Rwp, Mdisk-

Figure6. Comparison between RW THST observations and our best
KWD95 model.

spectrum. 5021072 S U

— data
— model
2.5
1.5+ -
2.0
R: 1.0 -
P JQNR Si IV

5.1. RW Tri

Table [3 gives the parameters of our best model for
RW Tri obtained with the KWD95 wind description via
our strategy described in Sectign 4. Exploration of the
Myina X Mace space for this object led us to pref&f,.. ~
8 x 1079 Mg yr~! combined with Myinq ~ 4.8 x
10710 My yr=1 (~ 0.06M.c). This best value of/,.. is
comfortably within the allowed range discussed in Sedfion 4 1ok
and implies a distance to RW Tri @ = 350 pc which is rea- 05k i
sonable. We found that a low value of the mass-loss exponen ,
« was required to achieve an acceptable match to the relative = j\A
line strengths in this system. A low value afmeans that
the density near the rotational axis of the system is smlall, a 00505 00 05 5 "2 =05 00 05
lowing for a mean higher ionization state in this region. sThi doppler Veloclty [10° cm s7']
was required in order to produce a sufficiently strongvN
emission line, relative to ©/. Our exploration of parameters  Figure7. Detailed comparison of line profiles for RW Tri and our KWD95
indicated that the collimation of the RW Tri wind is not very model during pre-eclipse (left) and mid-eclipse (right).
strongly constrained by the spectra. Only very low collima-
tions (low values ofl < 10) can clearly be ruled out since electron densitiesi,) at the base of the flow, allows relatively
they lead to clear P-Cygni profiles in @ which are not ob-  low-ionization state material to dominate this regioniVds
served. In our best model, a slightly higher collimation was present across a much wider region of the wind than either
adopted than in Knigge & Drew (1997), since we found that N V or Si IV, occupying most of the space between the polar
it led to a slightly better match with the data. regions (rich in NV) and the equatorial band of 8. C Iv

The spectrum obtained for this model at an inclination an- also exists throughout much of the outer wind allowing for a
gle of 75° is compared to the observations in Figlite 6. De- significantly extended region of line formation. This is aeo
tails of the line profiles for the major resonance transi&ion sequence of the relatively uniform distributionB§ andn.
of N v, Si Iv, and C IV are shown in Figur€l7. These in the outer parts of the flow (see Figlide 9).
are in good agreement with the observations with regard to In Figure8, contours are drawn to indicate the line-forming
both line width and strength. Since they form under différen regions. Specifically, these contour lines indicate whhee t
ionization conditions, they are present in quite differest last scattering events for Monte Carlo quanta which couateb
gions of the wind; see Figufé 8. In particularM\orobes the  to specific resonance lines took place. As one would expect
highest ionization state material which exists in the inmast from the ion distribution, Qv has a somewhat extended re-
streamlines where the radiation temperature is high owing t gion of line formation, while N\v and Silv are more confined
the abundance of ultraviolet photons radiated by the iner r to the inner parts of the flow, being concentrated in the polar
gions of the disk (see Figuké 9). In contrast)\8is confined or more equatorial regions, respectively. Given theseifsign
to a relatively narrow equatorial band lying across the ldise  icant differences in region of line formation, it is a powerf
flow streamlines that rise further out in the disk. This regio confirmation of the wind model that the relative strengths an
has lowerTy since it is exposed to the radiation field from shapes of these main line features can be reproduced, both in
the cooler outer disk regions. This, combined with the high and out of eclipse, by a single model in which the ionization

+ offset [erg s ! em 2 A']
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Figure 8. Number densities for various ions as a function of positionur
wind model for RW Tri (adopting the KWD95 prescription). ®rhe inner
portion of the wind that produces substantial scatteringh®wvn (our com-
putational grid extended t©03 cm). The black contour lines indicate the
line-forming regions of the main three resonance lines ¢appnels). Specif-
ically, they are contours of the number of relevant lasttedag events in a
computational grid cell normalized by the cell volume. Therfcontours are
drawn for one decade intervals in this quantity which, azeiqdl, decreases
outward.
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Figure9. Temperature, dilution factor, and density structure of RV Tri
KWD95 model.
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conditions are controlled by the radiation produced by the a
cretion disk.

In addition to the three major lines, several metal linesass
ciated with lower ionization state material appear in thecsp
tra. In the pre-eclipse spectrum, absorption byl C\1333
and Silll AA1295 — 1303 are present in both model and ob-
served spectra although @i is rather too weak in the model.

Table4
Parameters for Our Best SV93 Models for RW Tri and UX UMa.
Parameter RW Tri UX UMa
Mwp 0.7 Mg 0.47 Mg
Mo 0.6 Mg 0.47 Mg
Rwp 8.0 x 108 cm 9.7 x 108 cm
Raisk 2.4 x 100 cm 2.9 x 100 cm
) 75°0 71°0
D& 345 pc 374 pc
Mgisk 8.0x107% Mgyr~t 1.3x1078 Mg yr—!
Teg P 5.7 x 10* K 5.1 x 10* K
Mying 4.8 x 10710 Mg yr=! 1.0x 1079 Mg yr—!
Rmin Rwp Rwp
Rmax Rdisk Rdisk
Omin 299 1°4
Omax 5623 36°9
¥ 1 1
A 0.6 —0.5
f 3 4
Rs 2.0 x 10 cm 4.9 x 101 cm
2.2 1.0
Notes.

@ Distance implied by the renormalization of the model camtim.
b Maximum effective. temperature in the disk determined viadipn [1)
from Mwp, Rwp, Majsk-

is also predicted by the model. For He the recombination
line strength is too small in the model but for Hy« it is
significantly too strong in the pre-eclipse spectrum. Tims |
forms rather deep in the wind models, meaning that its emis-
sion line flux is significantly affected during eclipse (ccan@
model line strengths in Figufé 6). It is therefore much more
sensitive to the structure at the base of the wind than thes oth
strong emission lines and may indicate a shortcoming of our
wind models in describing those regions.

To establish the sensitivity of our conclusions about the li
formation regions to the choice of how the wind is parameter-
ized, we have also developed a wind model for RW Tri using
the SV93 wind prescription. The parameters for this model
are given in Tabl€l4 and its spectrum is shown in Figude 10.
These show comparably good agreement in the spectral fea-
tures as found with the KWD95 model. Moreover, despite the
difference in parameterization, they indicate charastiedlly
similar geometries for the distribution of ionization staias
found with the KWD95 wind prescription.

5.2. UX UMa

We employed a similar methodology to obtain point models
for UX UMa with both the KWD95 and SV93 wind prescrip-
tions. The parameters of these models are given in Tables 3
and4.

Based on the fits to the continuum, we require a lower ef-
fective temperature for UX UMa meaning that the inner disk

C Il 1176 also appears in both model and observation but radiation is redder than in RW Tri. Thanks to this, a good

its character is less well represented — in particular iempp ~ Match to the relative strengths of emission iVNC IV and

as absorption in the model pre-eclipse spectrum but emissio Si IV was obtained without having to adopt a low valuedor

in the data. During eclipse this feature is in emission in the (cf. discussion of N in RW Tri above). An important differ-

model but it is too weak. Taken together, this suggeststieatt ence in the observed spectra of UX UMa compared to RW Tri,

wind model may place @l too close to the disk plane — a however, is the appearance of narrow absorption dips in the
better match might be obtained if more of this ion existed in Si IV profile out of eclipse. We could not reproduce these

the extended (uneclipsed) wind region with less lying along dips via simple changes in eithédy,;,q or a. To explain

our relatively high-inclination line of sight. Recombirat these features, it is necessary to introduceé\Sions along

line emission in both H Lymana A1215 and Hell A1640 the observer’s line of sight which requires a more equatori-
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Figure 10. Details of line profiles for the RW Tri SV93 model during pre-

eclipse (left) and mid-eclipse (right).
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ally concentrated SV population. By exploring the velocity-
law parameters, we found that this could readily be expthine

by a more-rapidly accelerating flow (specifically, we reduce
the acceleration exponefit qualitatively similar results can
be obtained with a smaller acceleration lenggl. A more
rapid acceleration reduces the density allowingh\&ito re-
place Silll around the base of the wind. Together with a rather
high collimation of the wind, which was necessary to ensure -
the right width and blueshift of the $7 absorption dips, this
approach led to a reasonable match of the three main line pro
files (see Figurds11 and]12). Our low valuedof 1.0 is the
most substantial difference in the wind parameters betweer
this study and that of Knigge & Drew (1997): they favored a
significantly more gradual acceleratiofi & 4.5) but mod-
eled only the Qv profile and did not compute the wind ion-
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ization state in detail. Admittedly, they obtained a somatvh

better fit to the Qv profile than we have (see their Figure 4);

0.0

however, we find that the additional constraints on the wind
properties by the complex $v line profile require a modi-

fication to the density structure around the base of the windFigure 12. Details of line profiles for the UX UMa KWD95 model during
which are consistent with much more rapid acceleration. A pre-eclipse (left) and mid-eclipse (right).
negative consequence of the change in the density structure
around the base of the wind is that this model significantly un model, the ionization conditions (and therefore line erigs

derpredicts the strengths of features associated witlogesit
ionization material (e.g., @ and Silll wind features are en-
tirely absent from the model spectra, while the recombamati

H I Lymana and Hell A1640 lines are too weak).

that was explored in detail by Linnell etlal. (2008) withaat,
our opinion, finding an obviously better model for the disk
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in the wind would change. Although this might be accounted
for by modifications to other wind parameters, on balance we
favor an alternative possibility, namely, that the misrhatt

the continuum slope is the result of occultation of the inner
While the major emission lines in the model match the data portion of the disk along our line of sight. This is certainly
well, there is a discrepancy between the slope of the modelnot an established fact, but UX UMa is known to exhibit pre-
and the observed disk continuum in the pre-eclipse state. Th eclipse dips in the UV that are attributed to this effectsit i
model continuum, which reflects that of a steady-state disk,possible that portions of the disk are occulted all of theetim
is steeper than the observed spectrum, a fact that has beeas is known to be the case in some SW Sex stars, including
known about UX UMa for some time (see, €.g. Knigge et al. DW UMa (Knigge et al. 2004). It seems less likely to us that
1998). One possibility is that the run of temperatures in the the disk is truncated because this would necessarily reduce
disk simply departs from that of a steady-state disk, an ideathe peak value of g in the disk and therefore predict a less

ionized wind.
The ionization structure of the UX UMa wind model

emission. Our models would suggest that, despite the ap{shown in Figure13) is different in detail but similar in cha

parent mismatch in the continuum slope, the ionization con-acter to that in the models fit to RW Tri.

The main differ-

ditions in the wind required to produce the correct relative ence is the extension of the low-ionization region near thle d
strengths of the emission lines can be obtained from a stanwhich is much smaller in this model. This is a consequence
dard, steady-state disk configuration: if we were to signifi- of the reduction in3 that was required to reproduce thel@i

cantly alter the distribution df.g for the disk in our fiducial

the absorption dips.
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major line formation occurs around the regions where the rel
evant ions are most populated and is concentrated within the
innermost few tens of WD radii.

Our studies of the two systems have favored mass loss rates
which are a few percent of the accretion rates (6% and 8%).
Our models suggest that these values are fairly robust — sim-
ple changes in the mass-loss rate by a factor of 2 (in either
direction) leads to results which are strongly inconsisiéth
the observations.

The main differences between our models for RW Tri and
UX UMa lie in the details of the wind structure and are con-
nected to the differences in the KWD95 parametefsnass
loss exponent) and (acceleration exponent). In RW Tri, a
small value ofx was necessary to avoid under-producing N
Thea-parameter is less strongly constrained for our UX UMa
point model -« = 0.5 agrees very well with the observations

0 10 20 30 40 ) 10 20 30 4

N
CIII 4 4

0 10 20 30 40

z [10° em]

IOg Njon [Cm43]

_
x [10° em] S and leads to a simple wind structure but higher or lower v&alue
cannot be strongly excluded. Thus, our models do not rule out
the possibility that both systems have somewhat similaatad
dependence of the mass-loss rate per unit area.

On the other hand, our results relating to the wind accelera-
tion law do seem to suggest real differences between the sys-

0 0

>
0 10 20 30 40 0 10 20 30 40

Figure 13. lonization structure of the UX UMa KWD95 model. Again the
line-forming regions are shown by contour lines (cf. Fidg8ye

sl Lop 20 : tems. The3-parameter cannot be very significantly reduced
— .l — i?ot;el for RW Tri because this would eventually introduce strong
L el absorption features in $ and CIV, neither of which is ob-
o 1dp 4 08 b served. (The high acceleration exponent ensures that time ma
g Si IV region is located far above the disk, outside the line of
2onr 1 sight.) A large value ofg also allows for a low-ionization
w ol sl T | state region close to the disk (below the main\Biconcen-
%" tration) where absorption lines seen in the pre-eclipsetspe
= o 1 oal | (e.g., C1l) can form. However, the UX UMa spectra also
o6l | place relatively strong constraints on the wind velocity la
g /',,v/\\* for that system. Here, 3V absorption dips are seen, favoring
: 04 NV 02f - a higher ionization state closer to the disk compared to RW
R M | Tri. In our model, this increase in the ionization state was
realized via a rapid acceleration (low acceleration exptne
0000 s T s *0 05 o0 05 T s leading to a low density. We note that this is in contrast to

doppler velocity [10° cm s7'] the study of UX UMa by Knigge & Drew (1997) in which a
high g-value (i.e.,slowacceleration) was invoked to account
Figure 14. Details of line profiles for the UX UMa SV93 model during pre- fOI’ z_;lbsorptlt_)n dips in @ In their ap_proach, a constant lon-
eclipse (left) and mid-eclipse (right). ization fraction was assumed meaning that deeper absorptio
) , arises from higher densities. In our case, we have to account
As for RW Tri, we were able to transform the wind pa- {or the fact that the density affects not only the opticalttiep
rameters to the SV93 prescription and obtain a wind model girectly but also the ionization balance. The net effechis t
which produced comparably good spectra to the best KWD95jg thatlower densities are needed to (see Figlres 9[and 15)
model (Figuré 14). Some minor differences appear in the pro-gpain the Siv dips because high densities lead to too low an
file shapes, in particular the 8/ absorption dips are slightly  jonization state. Thus, we find that significantly fasteredcc
deeper. However, once again, the characteristic windtstreiC  eration is required to model the UX UMa spectra than those
is qualitatively similar, as are the line-forming regions. of RW Tri, likely pointing to a real physical difference ingh
5.3. Similarities and Differences between the RW Tri and UX mingg\:vlrrlls\i/(\;fg%f} mz ?ggb%véz caf(atggitt)\//v grf)ﬁ]tg rphseaggsder I\cl)?rt]he
UMa wind Models flow in our UX UMa model is that the low-ionization state
Compared to previous studies in which the ionization state material is pushed very close to the disk. Thus, we lose
of the wind has been imposed, our approach has the imporany trace of emission or absorption signatures from very low
tant advantage that the ionization conditions in the wirel ar ionization state material in the model spectra. This sugges
treated self-consistently with the radiation field. This loi& that a more complex wind structure (e.g., clumping) may be
rectly led us to wind models with simple, physically pladsib  needed at the highest inclination to allow for the simultarse
ion distributions that are characteristically similar karth the appearance of absorption features in both relatively hogh i
objects we have studied with both wind prescriptions. The fa ization state lines (e.g., 3V) and significantly less ionized
vored picture always involves a polar concentration o/ N material (e.g., Al). We generally found that these classes of
equatorial Silv (and lower ions), and Qv filling most of absorption features could not be simultaneously creatdd wi
the space between. This basic configuration was able to rethe kinematic wind models we have considered.
produce the observations, despite the differences in the UX An additional, less significant difference between the poin
UMa and RW Tri observed spectra. As one would expect, themodels of UX UMa and RW Tri is the degree of wind colli-
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dicted by our models for RW Tri while Hé is dramatically

15 0.0 underpredicted for UX UMa. The failures are most likely as-
40 I, };F 40 W e sociated with the manner in which our wind models describe
30 2 5 12 . the very base of the wind where it is densest and, perhaps, has
" 10 = oI 207 the most complex flow geometry. _ _
’ e e We have used two different classes of simply parameterized
—, 1f T2 10f -32 flow models (those due to KWD95 and SV93) and confirmed
E o 5 0 . o that both parameterization are able to reproduce the observ
0 10 20 30 40 0 10 20 30 40 . . ..
2 tions with comparable accuracy and that they lead to similar
= 5.0 conclusions relating to the ionization and structure ofline.

N w Te o 0 T The wind structure our models suggest for both RW Tri and
30 X 5 UX UMa are characteristically similar. Both require wind
ol 0 | mass-loss rates whiqh are6% — 8% of the accretion rate. We

368 also found some evidence suggesting that obtaining a wind
1 o able to simultaneously account for all three of the majon+es
e I Tt X e R IR TR nance lines may favor models in which the mass-loss per unit

x [10° cm] area of the disk is not strongly coupled to the local disk ef-
fective temperature. In particular, for RW Tri we found that
adoptinga. = 1 for the KWD95 prescription (meaning that
the mass loss is proportional to the local disk luminosiiy) s
mation. As noted above, there is a certain freedom for this nificantly underpredicts the N emission. To reproduce the
parameter in RW Tri since the spectra are not very strongly observed NV line strength, we found that a much lower value
affected by it. We can, however, exclude very low collimatio of o ~ 0.1 was required. Qualitatively similar results were
since it produces P-Cygni & profiles which are in conflict  obtained from the SV93 prescription. In UX UMa, we found
with observation. In UX UMa, winds with very low collima-  that the relative line strengths were less constraininghen t
tion can also be excluded for the same reason. But in thisdistribution of mass loading in the wind but are also consis-
system, the absorption features inI8igive additional con-  tent witha-values somewhat less than 1.0. These conclusions
straints on the collimation. A moderately high wind collima are likely to be affected if there are any additional soufes
tion gives the correct blueshift and width of these features ionizing radiation (e.g., a hot boundary layer) that thecgal
introduced by the slowly accelerating wind. lations presented here do not include. Nevertheless, tlagy m
implicate mechanisms other than the radiation force alone i
6. CONCLUSIONS launching the wind since it suggests the connection between
We have presented point models for the winds in the eclips-the local mass loss and luminosity in the disk may be weak.
ing CVs RW Tri and UX UMa which are able to reproduce  We found some evidence for real differences in the wind
the main characteristics of the major UV resonance lines of properties between the two systems. In particular, our mod-
N V, Si IV, and CIV both in and out of eclipse. The ion- els suggest that the acceleration around the base of the flow
ization conditions in our models are primarily determingd b is significantly more rapid in UX UMa than in RW Tri. This
the temperature distribution in the wind which, in turn,&d  conclusion mainly stems from the presence of absorptios dip
termined by the effective temperature distribution of thekd in the out-of-eclipse Siv profile of UX UMa which are ab-
Accounting for this, we found that agreement with observa- sent from RW Tri. Our attempts to model these features as
tion could be obtained for winds with a characteristic struc part of the wind argue against a universal kinematic outflow
ture in which NV forms around the inner edge of the wind model and may suggest that there are real differences in the
(exposed to the hottest disk radiation), while\&is restricted  wind launching regions of different systems. However Hart
to a region around the base of the flow that extends along thestudy of the structure around the base of the wind (including
equatorial edge of the flow. The equatorial location of\Gi consideration of lower ionization state spectral featLisee-
allows for narrow absorption dips to appear in the line pro- quired to confirm this and we cannot yet rule out that the ab-
file, as observed in UX UMa out of eclipse. The formation of sorption dips in Siv might have some different origin (e.g.,
the resonance lines of bothWand SilV is restricted to the  in the rim of the accretion disk).
innermost boundaries of the wind (within a few tens of WD  Overall, our results support conclusions drawn from previ-
radii of the central object). The outer wind has ionizatitates ous theoretically motivated considerations of the stngctf
intermediate between these edge zones and it is here that th€V disk winds and their physical origin. In particular, as-di
strong CIV line is formed. The wind volume reasonable for cussed by Drew & Proga (2000), the mass-loss rates predicted
this line is significantly more extended than for either af th from simulations of radiatively driven outflows (Proga et al
other major resonance lines but still concentrated withis) 1998) are likely too small to account for the strength of ob-
WD radii of the central object. served spectral features._(Drew & Praga 2000; Proga et al.
Although our focus has been the major resonance lines, ou2002). Our results strongly support this conclusion: ourdwi
models include some wind regions of even lower ionization mass-loss rates are indeed significantly higher than those e
state material which are able to introduce some absorptionpected for line-driven disk wind models with a plausibleneal
features in the RW Tri pre-eclipse spectra due to, e.gll, C of the Eddington ratio (see Figure 1lof Drew & Proga 2000),
and Silll. In agreement with observations, our models also while the disk accretion rates we have used are close to (or
predict weak Qll emission during eclipse and some recombi- below) the lower limit of the regime in which radiation pres-
nation emission from both Hand Hell. The details of these  sure alone might be able to drive a flow. In addition, we have
features are less well reproduced than those of the main reseoncluded that the range of radii from which mass loss is
onance lines: in particular, HLy« is significantly overpre-  launched is significantly more extended than one might ex-

Figure15. Temperature and density structure of the UX UMa KWD95
model.
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pect for a radiative driven flow (i.e., the lowrvalue which

Greenstein, J. L., & Oke, J. B. 1982, ApJ, 258, 209

we require for RW Tri). This is in line with the discussion of Groot, P. J., Rutten, R. G. M., & van Paradijs, J. 2004, A&A7 4283

Proga et al.[(2002) in which they also argue that line-drive
disk wind simulations do not succeed in launching fast out-
flows from as extended a region of the disk as suggeste

n Hartley, L. E., Drew, J. E., Long, K. S., Knigge, C., & Proga,ZD02,

MNRAS, 332, 127

cET)shi, R. 1979, Prog. Theor. Phys., 61, 1307

erter, T., Lacasse, M. G., Wesemael, F., & Winget, D. E. 19§483S, 39,

by observations. Thus, although the accretion and mass-los 513

rates implied by our models for the eclipsing nova-like vari
ables are undoubtedly in the range where radiation forces{j

Howell, S. B., Nelson, L. A., & Rappaport, S. 2001, ApJ, 55878
ubeny, I, & Lanz, T. 1995, ApJ, 439, 875
aitchuck, R. H., Schlegel, E. M., & Honeycutt, R. K. 1983, AR67, 239

should be dynamically important, additional physics — most Knigge, C., Araujo-Betancor, S., Gansicke, B. T., LongSK, Szkody, P.,

plausibly magnetic phenomena — likely has a part in driving

the mass loss.
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