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Abstract. We report the discovery of a transient jet in the su- RXJ0925.7-4758 and RX J0019.8+2156 (Beuermann et
persoft X-ray source RX J0925.7-4758. The jet was obsern/&895) are the only two luminous and steady supersoft X-rg
in the Hx line during a single night in June 1997 and had disources known so far in the Galaxy. RX J0925.7-4758 was d
appeared one day later. RX J0925.7-4758 is the third supersoftered in the ROSAT all-sky survey and optically identifie
source to exhibit collimated outflows. The peak jet velocity aofith a V~17 heavily reddened object (Motch et[al.”1994). Be
5,200kms!, strongly argues in favour of a white dwarf incause of the large interstellar absorption, only the very hig
RXJ0925.7-4758. Simple modelling of the jet profile suggestnergy part (E> 0.5 keV) of the intrinsically soft energy distri-
half opening angles in the range of°1fd 41° although the out- bution is offered to observation. The resulting X-ray spectru
flow may be narrower if part of the observed spread in velocipeaks at 0.8 keV and is uniqgue among supersoft sources (H
is intrinsic to the jet. X-ray spectral modelling (Ebisawa et amann & Heise 1997). Optical photometric and spectroscop
[1996; Hartmann & Heide 1997) indicates distances of the orddyservations suggest an orbital period-a3.8 d (MotcH 1995).
of 10 kpc or more with the consequence that RX J0925.7-4758 The existence of bipolar jets with velocities in the range @
may be the most optically luminous supersoft source knowh000-4,000 kms! has been recently reported in two superso
The overall observational picture points to a massive whiseurces, (RX J0513.9-6951: Crampton €t al. 1.996; Southwell
dwarf which may be close to the Chandrasekhar limit. al.[1996 and RX J0019.8+2156: Tomov et al. 1998; Quaintre

& Fendel 1998; Becker et al. 1998). In this paper we report d
Key words: X-ray: stars — stars: white dwarfs — stars: binarieshe discovery of a well formed bipolar outflow with a projecte
close — stars: mass-loss — stars: individual: RX J0925.7-4758elocity of ~ 5,200 km s! in RX J0925.7-4758.

2. Observations

RXJ0925.7-4758 was observed during two consecutive nig
on 1997 June 7 and 8 UT with the ESO-Danish 1.54 m telesco
Supersoft X-ray sources are believed to be accreting whited DFOSC equipped with the LORAL-Lesser 2K3EB-C1W
dwarfs burning material on their surface (van den Heuvel et ahip. All spectra have 15 mn exposure times and on all occ
[1992) in a more or less steady fashion. Quasi-stable H busiens we used grism #7 with a slit width of 2.5 order to
ing requires high mass transfer ratéd (107 Mg, yr—!, accommodate the rather bad seeirg2() prevailing during
Iben[1982). Such high transfer rates which are at least a féwe entire run. In addition to these spectroscopic data, seve
tor 10 higher than those occurring in cataclysmic variables maynn long V band exposures were accumulated over the t
be achieved by thermally unstable Roche lobe overflow whaights. During the first night, 3 spectra were obtained in abo
the mass donor star is more massive than the accreting objgédtour from JD start times 2,450,606.5499 to 2,450,606.582
Steady thermonuclear burning allows the white dwarf to if-he 5 spectra collected during the second night span 2.8 ho
crease its mass since processed material can remain at thefsam JD 2,450,607.4666 to 2,450,607.5823.
face of the accreting object. A large fraction of SNIa could orig- All data were reduced using standard MIDAS procedure
inate in such systems when the white dwarf mass approacie® dimensional spectra were calibrated in wavelength usi
the Chandrasekhar limit. A recent review of these systems dda+ Ne arclamps exposures closestin time to the science fral
be found in Kahabka & van den Heuvel (1997). A S/N optimized procedure extracted one dimensional spect
The spectral range extends from 3,800 to 6,800ith a pixel

Send offprint requests 1€. Motch size of 1.47A. Spectral resolution is degraded by the large sl
* Based on observations obtained at the European Southern Obgégith and bad seeing. FWHM resolution estimated from t
vatory, La Silla (Chile) with the ESO-Danish telescope minimum observed width of H is about 7.3.
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Fig. 2. Individual 15 mn long spectra obtained on June 7. Spectra are
shifted in flux for clarity. Time goes from bottom to top

spectrum to the othe~(20 mn). Such variations are not seen
during the following night.

We tried to correct the red jet component profile for con-
taminating Ha and Hei lines by subtracting the mean June
8 spectrum shifted by the 44 km5velocity difference. In the
wavelength intervals void of sharp line features (i.e. excluding
the Hx and Hea/Her lines), we smoothed the June 8 contin-
uum with a Gaussian of 78 FWHM, equal to the spectral
resolution. This procedure preserves the best statistics and al-
lows correction for weak water vapour absorption bands which

are abundant bluewards ofHThe resulting ‘pure’ jet spectrum
is shown on Fid.13. Peak intensities of both components com-
pare remarkably well. After correction, the slight asymmetry of
Fig. 1. Mean spectra obtained on June 7 showing the jet feature plotig@ raw red component profile (see Fig. 2) seems to have van-
together with that obtained on June 8 representing the normal Stat?s?lfed. This could be due to changing e line emission
the source. The June 7 spectrum is shifted up by 3 flux units for clarify, o, 4y perween the first and the second night. Independently
Upper panel: kk reg|c_>n._Low_er panel: No jet feature is detected arounOf any correction error due to HéHerr lines, the red and blue
the Herr \4686 emission line. The Ni-Ciir A\4640-60 complex . . o
emission is also visible whereasdis not detected qompo_nent prof|Ie§ appear to have different widths, the red pro-
file being about & (360kms ') less extended towards low
absolute velocities than the blue one. The EW of the blue com-
ponent is 4.4, slightly larger than those of RX J0019.8+2156

In Fig.[l we plot the average of the three June 7 spec(@,&, Becker et al 1998) and RX J0513.9-6951 (ﬁ,@outh-
exhibiting the jet feature together with the average of the fivge|l et al.[1995). In contrast, the EW of the central m_g,&)
June 8 spectrawhich are typical of the normal state of the sourggd Har A4686 (7.83) lines in RX J0925.7-4758 are signifi-
The redshifted 4 component unfortunately coincides in wavecantly smaller than those of other supersoft sources exhibiting
length with the He \6678.15 and Ha A\6683.2 emission lines. jets. The upper limit on the He \4686 to Hv EW ratio for
No jet feature is seen at HeA4686 which is the second bright-p|ueshifted components(0.6) is compatible with those ob-
est emission line in the observed wavelength range. Using Herved in other sources and does not suggest a lower excitation
jet lines as template, we can put an upper limit of 2 the |evel in the jet of RX J0925.7-4758.
equivalent width (EW) of the blue He component. Average  The V magnitude of RX J0925.7-4758 was 17.208016
spectra of both nights show evidence for P Cyg profile in thgd 17.133-0.026 on June 7 and 8 UT respectively. These mag-
central Hv emission. nitudes are within the range of those reported for the source since

Fig.[2 shows that the jet velocity does not change on a timgg2 (Motch et al, 1994; Motc¢h 1996) and there is therefore no
scale of one hour. Within the statistical uncertainties, the jg¥idence that the appearance of the jet is accompanied by any
profile remains constant, showing a clear asymmetric extensjgfye change in optical continuum emission.
towards low absolute velocities. During the first night, the cen-
tral Ha line exhibits shoulders moving in velocity from one
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Fig. 3. Jet spectrum obtained by subtracting the average June 8 speg- 4. Blue shifted Hy velocity profile. A best fit model profilex@,
trum shifted in velocity from the average June 7 one. =38.1) witha = 20.7, i = 24.6’, v; = 5,600 km s is also shown for
comparison

3. Jet modellin
J accepted ranges of inclinationgre 7 to 13° and 20 to 29

The detailed Shape of the shiftedvHines, in particular their and those of half-opening jet anglasare 17 to 27° and 34
extended wings towards small absolute velocities potentiaity41°. Large inclination angles correspond to small jet openi
contains valuable information on jet geometry and kinematiGgngles. The range of values compares well with that derived
We therefore designed a simple kinematic jet model derivgst RX J0019.8+2156 by Becker et dl. (1998). In the framewo
from that used by Becker et al. (1998). The jet is described @&his simple model the difference in profile shape between t
a cone of half opening angle in which all atoms move with pjue and red components could reflect different opening ang
velocity v;. Within the cone, material is assumed to be flowingassuming inclinations are identical).
uniformly per unit solid angle. In order to compute line profiles  Alternatively, the width and asymmetry of the blueshifte(
we further assumed that the outflow emission region is OptiC&HyOf”e could be due to an intrinsic Spread of material velod
thin and convolved the model profile with a Gaussian of FWHhﬂy in the outflow. This would allow much narrower Openin
= 333kms™! (o = 142kms') representing the instrumentalangles, more consistent with the conception of a jet. In this pi
profile. ture, the difference in profile shape and extent between the b
Since we only have a snapshot observation at an unknos red components may be for instance interpreted in ter
orbital phase, we cannot constrain the orientation of the jet wigh occultation of the low velocity part of an accelerating jet b
respect to orbital plane or with respect to the axis joining the twe accretion disc. Finally, line profiles may also be intrins
stars. In our case, the only relevant anglescaend the angle cally broadened by Keplerian velocity in the inner parts of th
1 between the line of sight and the jet axis. In this simplifiegccretion disc (Becker et 98)
geometry, the jet axis is aligned with theaxis and the line of
S|ght is contam_ed m_the-z plane. A f_Iow making an angl_é 4. Discussion and conclusions
with respect to jet axis and an anglavith respect to the: axis
will have a projected componeft = v; (sinfBcos¢sini + RXJ0925.7-4758 is the third supersoft source in which coll
cos B cos i) on the line of sight. mated outflows are observed demonstrating that jets are ca
The jet components extend in velocity from about 3,800 taon phenomena in this class of high mass transfer rate accret
5,800 km st with a peak at 5,200 knts. Any effect related to binaries.
orbital motion is likely to be negligible since the K amplitude However, compared to other supersoft sources, the jet
of the Heii line is only ~80kms! (Motch[1996) and since RX J0925.7-4758 appears to be a rather rare and rapidly va
the duration of the observation-(1 h) is small with respect to able phenomenon. The jet was detected during only one amd
the suspected orbital perioddR, ~ 3.8d). 23 nights of observation performed since the identification ¢
Considering the uncertainties resulting from thetHe1r  the source in 1992, and it disappeared in less than 24 h. For cg
line contamination, we did not try to fit a model jet profile tgarison, the jet of RXJ0513.9-6951 is almost constantly se
the redshifted 4 component. The width of the blue componerat about the same velocity. Crampton etlal._(1996) report no
profile and its asymmetry, namely its larger extension towardstection during only one or two nights. On the other hand, t
low absolute velocities, can be accurately represented by a wetlof RX J0019.8+2156 is transient on time scales of mont|
opened jet seen at rather low inclination. As shown on[Fig.@ecker et al.1998).
the fit is surprisingly good considering the simplicity of the The observation of a jet with a projected velocity o
model (2, = 38.1). At the 99% confidence level, the formal5,200km s* confirms that RX J0925.7-4758 belongs to th
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class of supersoft sources in spite of its unusual X-ray spectrdominosity vary significantly on a time scale of a week. If the
In particular, if the jet velocity is of the order of the escape veppearance of the jet is due to a sudden increase of the mass
locity from the central object (see e.g., Livio_1997) then thaccretion rate onto the white dwarf, only the much weaker ac-
M/R ratio of the source is similar to that of a white dwarf. Winatretion luminosity may vary on short time scales. Therefore, no
velocities of the order of 6,000 knt$ are indeed observed inlarge and fast change in bolometric nor optical luminosity is
some cataclysmic variables (Dréw 1997) expected to accompany the jet, in agreement with the V band
Fits of NLTE model atmospheres to ASCA data (Ebisawa photometry.
al.[1996) and ROSAT PSPC data (Hartmann & HEiSe 1997) in- Jet inclinations larger than- 60° seem unlikely as they
dicate high effective temperatures close to 70 eV and amazinglguld imply outflow velocities in excess of the escape veloc-
small source radii in the range of 160-3d@0l(kpc) km. The re- ity of the most massive white dwarf§(,. ~ 11,000kms?1).
duced emitting area has been sometimes considered as evidértéhe other hand, if the velocity dispersion is mainly of geo-
that the source was in fact a neutron star with an extendedragtric origin then the shape of thextblue component profile
mosphere (Hartmann & Heise 1997, Kylafis & Xilouris 1993)mpliesi < 29°. Since the jet is likely to be emitted perpen-
If the jet originates from the close surrounding of the X-raglicularly to the plane of the accretion disc (Becker ef al. 1998)
emitting surface then the source radius is of the order dtf® it is probable that RX J0925.7-4758 is seen at low inclination
for solar masses objects, independently of the actual natureangles, consistent with the lack of detected X-ray eclipses. As
the central engine, white-dwarf or shrouded neutron star. Fréon RX J0019.8+2156 (Becker et al. 1998), such low inclina-
this point of view, RX J0925.7-4758 does not look different frorions may be incompatible with the relatively large amplitude
other supersoft sources and its distance should be at least 10dftbe photometric light curve. However, possible jet precession
in order for the X-ray emitting region to reach a radius simildn RX J0925.7-4758 does not allow to draw definite conclusions.
to that of the jet producing region. At 10 kpc, the bolometric As a whole, the high effective X-ray temperature, small
luminosity is 5 167 ergs! and the radius of the source is asource radius and large jet velocity hint at a massive white dwarf,
most 3,700 km suggesting a very massive white dwarf. Howhich may be close to the Chandrasekhar limit.
faver, as the bulk of the engrgy dlstrlputlop (.)f R>.< ‘10925.'7_475A8 knowledgementd.thank M. Pakull and E. Janot-Pacheco for dis-
is masked by photoelectric absorption, it is still possible thaf <" . )
. . . cussions and comments on an early version of this paper and | am
spectra_l fits give somewhat biased source parameters. grateful to the referee for suggesting several valuable improvements.
Optical data do not rule out such large distances. The in-
terstellar absorption towards the sourcey(N 1.3 162 cm™2,
Motch et al"T994) is similar to the integrated galactic valJgéferences _ _
while a large part of the reddening probably takes place ratf§cker. C-M., Remillard, R.A., Rappaport, S.A., McClintock, J.E.,
locally in the Vela sheet molecular cloud located at 425 pc. At 1998, preprint astro-ph/980545

. ) . euermann, K., Reinsch, K., Barwig, H., Burwitz, V., de Martino, D.,
10kpc, the intrinsic V magnitude of RX J0925.7-4758 i M etal,, 1995, AZA 294, L1

= —4, two magnitudes brighter than the brightest of the Magyampton, b., Hutchings, J.B., Cowley, A.P., Schmidtke, P.C., Mc-
ellanic supersoft sources, RX J0513.9-6951. This high optical Grath, T.K., et al., 1996, ApJ 456, 320
luminosity could reflect the long orbital period and large accr@rew, J.E., 1997, ASP Conference Series, Vol 121, Eds. D.T. Wickra-
tion disc of RXJ0925.7-4758. In supersoft sources, the white masinghe, L. Ferrario, G.V. Bicknell, p465
dwarf luminosity due to nuclear burning is much larger than ttisawa, K., Asai, K., Mukai, K., Smale, A., Dotani, et al., 1996, in
total accretion luminosity of the disc and X-ray reprocessing in _“Supersoft X-ray sources”, Ed. J. Greiner, p91.
the disc and on the secondary atmosphere should play an imBgfimoto. M., 1982, ApJ 257, 767
. artmann, H.W., Heise, J., 1997, A&A 322, 591

tantrole (see e.g. Popham & DiStefano 1996). If as for low-mags,\ | 1982 ApJ 259, 244
X-ray binaries M; scales as 1.67log(Po,1) (van Paradijs and kanapka, P., van den Heuvel, E.P.J., 1997, ARA&A, 35, 69
McClintock[1994), then the larger orbital period and accretiaylafis, N.D., Xilouris, E.M., 1993, A&A 278, L43
disc in RX J0925.7-4758 may already explain a 1.2 magnitudigio, M., 1997, ASP Conference Series, Vol 121, Eds. D.T. Wickra-
difference. Different disc rim structures (Meyer-Hofmeister et masinghe, L. Ferrario, G.V. Bicknell, p845.
al.[1997) and uncertainties onAcould account for the rest of Meyer-Hofmeister, E., Schandl, S., Meyer, F., 1997, A&A 321, 245
the difference in absolute magnitude between RX J0925.7-47’é%t°h’ C., Hasinger, G., Pietsch, W., 1994, A&A 284, 827
and RX J0513.9-6951. In addition, a large visual flux emissi otch, C., 1996, in “Supersoft X-ray sources”, Ed. J. Greiner, p83

: ) ! - ; pham, R., DiStefano, R., 1996, in “Supersoft X-ray sources”, Ed. J.
from the X-ray heated structures of the binary would explainthe " ,ainer p65.
absence of detectable late type features in the optical spectrgiiintrell, H., Fender, R.P., 1998, A&A 335, L17
Ina~ 3.8d orbit, the Roche lobe filling evolved star is expectesbuthwell, K.A., Livio, M., Charles, P.A., O’'Donoghue, D., Suther-
to have M; ~ 0 (Motch[1996). land, W.J., 1996, ApJ 470, 1065

For stable shell burning, the nuclear luminosity mainly dgomov, T., Munari, U., Kolev, D., Tomasella, L., Rejkuba, 1998, A&A
pends on the mass of the burning envelope and is thus insensi-333, L67
tive to short time scale changes in mass accretion rate (Fujim¥?g dén Heuvel, E.P.J., Bhattacharya, D., Nomoto, K., Rappaport, S.A.,
[1982). Only for the most massive white dwarfs which under 1992, A&A 262, 97
. ’ . N %n Paradijs, J., McClintock, J.E., 1994, A&A 290, 133

high accretion rates and retain light envelopes can the nuclear
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