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Abstract. IUE observations of the cataclysmic variable
1H0551-819 obtained at three di�erent epochs reveal P-
Cygni type pro�les in the CIV line. The shape of these
pro�les is modulated with the orbital period of the sys-
tem. The observations suggest the presence of a wind in
the system. We considered several models of wind, disc
and continuum emitting hotspot that could account for
the orbital modulation of the line pro�les but none of them
gave satisfactory results.
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1. Introduction

The X-ray source 1H0551-819 has been optically identi-
�ed by Buckley et al. (1993, hereafter B93) with a blue
cataclysmic variable showing strong emission lines. The
moderate intensity of the HeII 4686�A line compared to
H� and the hard X-ray 
ux has led B93 to classify this
source as a possible Intermediate Polar (IP). These sys-
tems are a sub-class of cataclysmic binaries, consisting of
a magnetic white dwarf which accretes matter from a late
type star �lling its Roche lobe (see reviews by Berriman
1988 and Patterson 1994). The rotation of the white dwarf
at a period Pspin is faster than the orbital motion: for most
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con�rmed IPs the ratio of periods is close to 0.1. (King &
Lasota 1991, Warner & Wickramasinghe 1991). The X-ray
and optical 
uxes are modulated at both spin (Pspin) and
orbital (Porb) periods as well as at their orbital sideband,
or beat, periods (Warner 1986, Hellier 1991). The pres-
ence of an accretion disc around the white dwarf in IPs is
still debated (King & Lasota 1991, Hellier 1991, Buckley
1995).
Optical photometric data of 1H0551-819 have revealed a
period of 3.34h which has been con�rmed to be the orbital
one from radial velocity data (B93). Variability on di�er-
ent timescales is also present, in particular quasi-periodic
oscillations with periods of 1781s and 1390s have been
occasionally detected but it is di�cult to identify them
with coherent spin or beat periods. The periodic spin re-
lated pulsations might be hidden by the large degree of

ickering in the system. Therefore 1H0551-819 cannot be
unambigously classi�ed as an IP.
We have undertaken a systematic study of UV spectra of
intermediate polars in order to provide a complete energy
budget from X-rays to the optical/IR. In this framework
we have observed 1H0551-819 with IUE and discovered
atypical emission line pro�les. An indication of a P-Cyg
pro�le is found in some spectra. Such pro�les are observed
in di�erent kinds of cataclysmic variables (dwarf novae in
outburst, novalike systems) and are thought to be associ-
ated with the presence of a wind (see recent reviews by
Drew & Kley 1993, Cordova 1995).

2. Observations and data reduction

1H0551-819 was observed with the IUE satellite on
Apr. 22 1990, Apr. 16 and Nov. 08 1991 in the low resolu-
tion (6�A) mode and with the large aperture (10"x20") in



Table 1. Log of the IUE observations

IUE Image mid.exp. exp. time � V

No HJD(244+) (min.) (FES)

April 22 1990

SWP 38644 8003.57761 24 0.66 13.46

LWP 17784 8003.60096 24 0.84 13.34
SWP 38645 8003.62432 24 0.01 13.55

LWP 17785 8003.65900 24 0.26 13.55

SWP 38646 8003.68499 24 0.45 13.73
LWP 17786 8003.70899 24 0.62 13.46

SWP 38647 8003.73986 48 0.84 13.38

LWP 17787 8003.77093 24 0.06 13.46
SWP 38648 8003.80820 46 0.33 13.59

LWP 17788 8003.83717 23 0.54 13.66

SWP 38649 8003.85892 22 0.70 13.42
April 16 1991

LWP 20158 8362.79807 24 0.91 13.40

SWP 41399 8362.84113 75 0.22 13.68
November 08 1991

SWP 43037 8568.70032 48 0.47

LWP 21666 8568.74016 48 0.75 13.96
SWP 43038 8568.77109 28 0.98 15.19

both SWP (��1150�1950) and the LWP (��1950�3250)
cameras. The nearby star at 3" of spectral type K0 (B93)
was thus also included in the aperture. The log of obser-
vations is reported in Table 1. Orbital phases have been
computed using the ephemeris given by B93. Phase 0 cor-
responds to the time of the optical photometric maxi-
mum. The accuracy of this ephemeris leads to an un-
certainty of up to 0.05 for the furthest Nov. 91 spec-
tra. The exposure times were chosen to be near multiples
of 24 minutes, close to one of the possible spin periods.
The UV spectra have been reduced manually from two-
dimensional images. They have been checked for correct
centering and for spurious defects, in particular around
the CIV line. The extracted spectra have been compared
with one-dimensional calibrated spectra obtained by the
automatic standard procedure: IUESIPS, at VILSPA. No
signi�cant di�erences have been found. The degradation
of the camera sensitivity between April 90 and Nov. 91
is less than 1.3% for SWP and 2.2% for LWP (Garhart
1992). Fine Error Sensor (FES) measurements were ac-
quired before each spectrum exposure. In April and Nov.
91 the new reference point in the FES �eld has been used.
In Nov. 91 only two measurements could be done because
of the bright level of the background due to scattered light.
The V magnitude was computed using the calibration de-

rived by Barylak (1990) for the April 90 data and by Perez
(1991) for April and Nov. 91. No correction due to the fo-
cus was taken into account, which leads to a maximum
error of 0.02 mag. Since the size of the �eld of view in-
cludes the contribution of the nearby star, a colour cor-
rection (B�V = 0:27, B93) was applied. The resulting V
magnitude, after subtracting the contribution of the com-
panion, is reported in Table 1 with an estimated accuracy
of 0.05. The Nov 91 FES measurements contaminated by
scattered light correspond to a very low optical brightness
level of the source, not con�rmed in the UV, and thus
will be disregarded. The typical V value is quite consis-
tent with previous optical measurements (B93).

3. UV continuum

3.1. Mean spectrum and reddening

Fig. 1. Dereddened averaged energy distribution. The UV data

are from the average SWP+LWP spectrum and UBVRI data
are from B93. The best blackbody disc model �t is reported

(see text for the corresponding parameters). Note the excess

at short wavelengths.

Since the source did not exhibit any strong changes in the
UV during the three epochs of observations (see below),
an average spectrum in each wavelength range has been
produced. In the short wavelength range it mainly shows
emission lines of SiIV and CIV superimposed on a blue
continuum, while at long wavelengths the MgII line, of-
ten observed in emission in cataclysmic variables, is very
weak. To study the energy distribution, the UV 
ux has
been averaged into 50�A intervals. Only the wavelengths
in regions free of lines have been used. Error bars for each
measurement at a given UV wavelength correspond to
the errors on the mean 
ux within the 50�A band and
thus do not re
ect the deviation between the 9 SWP or



7 LWP spectra which have been averaged. Although no
strong reddening is immediately apparent around 2200�A,
an eye-estimate, based on plots of a grid of dereddened
continua from 0.05 to 0.19 with a step of 0.02, leads to a
plausible reddening value in the range 0.09 to 0.15. A �t
of the average SWP+LWP continuum, with a reddened
power law (Seaton 1979) which is assumed to be the en-
velope of an `ideal' un-blanketed continuum, gives a value
of EB�V = 0:12 with a slope � = �1:42 (F� � ��) but
this result, corresponding to a minimum reduced �2 of
16.9, is formally not acceptable. A reddening value of 0.12
will be assumed in the following. It is lower than, and
hence compatible with the HI interstellar measurements
by Burstein & Heiles (1982) in the direction of the source
(0.15 < EB�V < 0.18). Using an average absorption of 1.6
mag/kpc (Allen 1973) yields a distance of 230 pc. Though
very uncertain, this distance estimate falls within the dis-
tance scale of the K dwarf population computed in the
direction of 1H0551-819 from the galactic disc scale height
derived by Kuijken & Gilmore (1989).

In keeping with the line pro�le synthesis study (see sec-
tion 5), the average energy distribution from the UV to
the optical (UBVRI) has been formally �tted with a stan-
dard blackbody accretion disc model (Frank et al. 1992),
neglecting all other possible contributions such as the sec-
ondary, the white dwarf, a possible gas stream and hot
spots. An average V magnitude of 13.51 obtained from
the thirteen reliable FES values and colours derived by
B93 have been used. The error bars are determined from
the error on the average V magnitude. We note that the
optical 
uxes are in agreement with the UV distribution.
The model is parameterized by a characteristic temper-
ature T�= (3GM _M=8��)0:25R�0:75

1
, the outer to inner

disc radius ratio R0/R1 and C the normalization factor
(C=(4�hc2) cos i R2

1
/d2). Here M and _M are respectively

the white dwarf mass, the accretion rate, and i the incli-
nation angle. The best �t, plotted in Fig. 1, is obtained
for the following parameters : R0/R1= 27, T� = 77000 K,
C=4.2 103 erg cm�2s�1 but it is however formally not ac-
ceptable (reduced �2=44.1). The outer to inner disc ratio
is expected to be smaller if the contribution of the com-
panion would have been taken into account. If the disc
�lls 90% of the white dwarf Roche lobe, the inner radius
corresponds to 1.2 Rwd, assuming a main sequence red
star �lling its Roche lobe and a typical white dwarf mass
of 0.6 M�. An accretion rate of 5 10�9 M�/yr and an
upper limit for the distance of 360 pc are then derived.
However, an excess in the observed 
ux with respect to the
model remains at short UV wavelengths. This could be at-
tributed to a heated white dwarf (T � 85000K). However
steady-state blackbody disc models generally fail to ac-
count for the energy distribution of cataclysmic variables.
Moreover the brightness temperature-radius pro�les de-
rived from eclipse-mapping studies of some novalike vari-
ables appear to be 
atter than expected from a steady-

state disc (Rutten et al. 1992). Models synthesised from
plane-parallel stellar atmospheres do not give satisfactory
�ts either (Wade 1988) and are not applicable for various
reasons as discussed by Hubeny (1990). No theory of the
vertical structure of a stationary accretion disc has yet
achieved widespread acceptance. The approach of Shaviv
& Wehrse (1991) leads to a good agreement of their mod-
els with the energy distribution of some novalikes over a
large energy range. In particular, as is true also of stellar
atmosphere models (Wade 1984), they predict a 
ux in-
crease at short wavelengths which is not observed in the
blackbody disc model of the same accretion rate. If such
models are appropriate, they would eliminate the need
to invoke an additional 
ux component due to the white
dwarf or a boundary layer. In any case, the UV energy
distribution does not seem to require the presence of an
extended hole in the accretion disc (see section 5.2).

3.2. Orbital modulation

In Fig. 2, continuum 
uxes at 1450�A and 2650�A, measured
in individual spectra, are shown versus orbital phase, as
well as the optical 
ux derived from the FES (Nov. 91
excluded). Error bars for the UV 
uxes correspond to the
error of the mean 
ux within the 50�A band, while a typical
error value of 0.05 mag for the V magnitudes derived from
the FES was estimated. Di�erent symbols are attributed
for data obtained at di�erent epochs. The contribution of
the nearby K0 star is negligible at these two speci�c UV
wavelengths. The UV and optical 
uxes show variations at
the orbital period as well as long-term changes. We note
that the SWP continuum of the April 1991 long exposure
(75 min.) spectrum exhibits the highest value, while the
corresponding LWP 
ux and V measurements have more
typical values. Also the total SWP 
ux (1230-1950�A) and
LWP 
ux (1950-3200�A) have been measured and they ex-
hibit the same behaviour as 
uxes at 1450�A and 2650�A
respectively. The 
ux modulation has been �tted for the
April 1990 data only, assuming a sinusoidal shape. The
amplitudes and maximum phases of the modulation are
10:1� 1:1%, 17:6� 0:7%, 14:4� 2:2% and 0:658� 0:013,
0:908�0:005, 0:791�0:022 respectively for 1450�A, 2650�A
and the V magnitude, with corresponding minimum re-
duced �2 of the �t of 1.56, 21.7 and 2.13 (error bars at
1� level). The optical 
ux measured with the FES is not
at maximum at the expected phase 0.0 (maximumuncer-
tainty due to the present accuracy of the orbital period of
0.05) and the amplitude is larger than that derived from
the average optical light curve �tted by B93 (4.5%), but
large 
uctuations have been observed (B93) from one cycle
to the next. These 
uctuations may explain the discrep-
ancy in phase, although if present such scatter would also
distort the shape of the modulation. Contrary to the FES
measurements which are acquired in a short time (less
than one minute), the SWP and LWP 
uxes cover tens of







Similar problems were encountered by Prinja, Drew &
Rosen (1992) who modelled the UV resonance lines in the
spectrum of V795 Her in much the same way. They pro-
posed that one of the ways to improve the model was
to postulate the presence of a `disc hotspot' that pro-
duces line rather than continuum emission. In the case
of 1H0551-819 this type of model seems to be even more
appropriate. A `background' source of line emission would
be covered, over some fraction of the binary orbit, by `cold'
out
owing material. Unfortunately, our data quality is not
good enough to allow an attempt at modelling this.

Fig. 4. Best wind model �t for pro�les close to phase 0 (top)

and phase 0.5 (bottom). Corresponding parameters are given
in the text.

6. Discussion

While the UV continuum shape of 1H0551-819 is typical of
the class of IPs (Bonnet-Bidaud & Mouchet 1988) its line
behaviour di�ers from most of these objects. In addition
to the absorption component observed at speci�c phases

in the CIV line the spectra do not show a strong He II
line while the optical HeII 4686�A is clearly detected (B93),
albeit weakly compared to most IPs. We now compare the
orbital UV modulation in 1H0551-819 with those observed
in known IPs, and discuss the existence of a wind.

6.1. Continuum orbital modulation

The analysis of the continuum modulation at a speci�c
wavelength or on a wider wavelength range provides ten-
tative evidence that the continuum 
ux at short UV wave-
lengths is out of phase with the optical 
ux, while it is
nearly in phase at long wavelengths. Similar behaviour is
observed to a lesser extent in the intermediate polars FO
Aqr (de Martino et al. 1994) and BG CMi (de Martino
et al. 1995). By analogy with the optical modulation ob-
served in AO Psc, B93 conclude that in 1H0551-819 the
white dwarf is in front of the secondary at phase 0.0. This
requires that the radial velocity of the emission lines is
attributable to the hotspot, though no S-wave is present
in the optical line pro�les. However the spectral data set
reported in B93 are rather limited. The relative UV and
optical phasing is in agreement with the explanation pro-
posed by de Martino et al. (1994, 1995) for the orbital UV-
optical modulation, requiring two distinct X-ray illumi-
nated regions: one identi�ed with the heated hemisphere
of the secondary star, and the other with a hot, vertically
extended structure on the disc close to the white dwarf,
possibly a result of the accretion stream over
owing the
disc (Lubow 1989). This hotspot should be displaced from
the line of centres in order to account for the phase shift
between the far UV and the optical.

6.2. Presence and geometry of the wind

P-Cygni pro�les have often been observed in non-
magnetic cataclysmic variables but only one IP (TV Col)
clearly shows such pro�les during normal quiescent states
(Bonnet-Bidaud et al. 1985) and during mini-outbursts
(Mateo et al. 1985) (Note that AO Psc also shows indica-
tions of an absorption component (Drew 1991)). Moreover
TV Col is also similar to 1H0551-819 in that its spin pe-
riod (33 min.) is not yet detected in optical photometry.
V795 Her, which also exhibits P-Cygni pro�les, was sug-
gested to be an IP but this is not yet con�rmed by any
X-ray observations (Prinja & Rosen 1993). The presence
of a wind is directly related to high accretion rates as are
present in dwarf novae during outbursts and in novalike
systems. However, for IPs, because of their high magnetic
�eld and strong X-ray 
ux, the physical conditions for pro-
ducing such a wind might be altered.
Apart from eclipsing systems, variations on a timescale of
a few hours in the CIV wind pro�les have been observed in
several CVs (Drew 1993) and in the IP TV Col (Bonnet-
Bidaud et al. 1985). These variations are orbitally mod-



ulated in most cases (Woods et al. 1990, 1992, Drew &
Verbunt 1988). In V795 Her these variations are periodic
but with a period (P=4.86h) quite di�erent from the opti-
cal spectroscopic period (2.60h) (Prinja et al. 1992, Prinja
& Rosen 1993). A range of alternative explanations of this
modulationhas been mooted in the past: speci�cally, mod-
ulation due to an additional continuum contribution, such
as from a disc hotspot (Woods et al. 1992, Prinja et al.
1992), an inclined bipolar wind (Drew & Verbunt 1988,
Prinja et al. 1992), or an additional asymmetric emission
line component (Prinja et al. 1992, Knigge et al. 1994).
Objections have been raised against all but the last pos-
sibility.
In 1H0551-891, we have tried, with no success, to repro-
duce the absorption component observed at phase 0.0 by
adding a hotspot at the inner disc rim, which should be
situated behind the white dwarf, at that point in the orbit,
to account for the most prominent blueshifted absorption.
However any source of line emission coming into view at
speci�c phases and conveniently superposed on the spec-
trum can �ll in this blueshifted absorption.

7. Conclusion

On the basis of its UV properties, 1H0551-819 cannot be
�rmly related to the class of intermediate polars although
one source of this class, TV Col, shows similar properties,
in particular the presence of P-Cygni pro�les in the CIV
line. Moreover it is striking that this line pro�le is mod-
ulated with the orbital period as for TV Col. No simple
wind model can reproduce the shape of the pro�les ob-
served at the two opposite phases, 0.0 and 0.5. However
high temporal resolved UV spectra at high signal-to-noise
ratio are necessary to con�rm the existence of a wind and
the origin of the asymmetry.
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