ACTIVITY OF THE UNIQUE X-RAY TRANSIENT CI CAM (XTE J0421+560 )
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ABSTRACT

We emphasize the large difference between the optical
color behaviour during the 1998 outburst and during the
consequent quiescent interval of CI Cam. The variations
of the optical/IR continuum on the time scale of weeks
and months play a significant role after the outburst and
cannot be explained by the changes of the extinction in-
trinsic to ClI Cam. We find that the variations of the
source of the optical light appear to be related to those of
the X-ray source. We argue that the 1998 outburst can be
explained by the thermal instability of the accretion disk,
analogous to the outbursts of soft X-ray transients, if the
disk in CI Cam heats up an extended envelope and/or a
strong jet is formed.
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1. INTRODUCTION

Cl Cam MWC 84 is an optical counterpart of the unique
X-ray transient XTE J0421+560 (e.g. Frontera et al.
(1998)), interpreted as a periastron passage of the com-
pact object (Hynes et al., 2002) or a disk instability
(Robinson et al., 2002). The outburst changed the ap-
pearance of the system (e.g. Clark et al. (2000); Hynes
et al. (2002)). A possible orbital periag,, = 19 days
was reported by Barsukova et al. (2005a). The distance
is about 3-5 kpc (Miroshnichenko et al., 2002; Robinson
et al., 2002).

2. DATA SOURCES AND ANALYSIS

The optical data were obtained by Maksutov
180/1000 mm, SBIG ST-6 (Ondfejov) and 400/1700 mm
tel., SBIG ST-7 (Brno), and were supplemented by

those of Barsukova et al. (2002, 2005b); Henden
(2002); Henden & Sumner (2004). The 1.5-12 keV
observations fromdSM/RXTE (Levine et al., 1996)
(http://xte.mt.edu), BeppoSAX (Parmar

et al., 2000) andX M M (Boirin et al., 2002) served as
the X-ray data. The resulting curves are shown in Fig. 1.

3. RESULTS

The form of the optical and near-IR activity of CI Cam
changed from rapid variations prior to the 1998 outburst
(Bergner et al., 1995) to smooth gradual variations occur-
ring on the time scale of weeks and months (Fig. 1a). The
most prominent variations are observed in théand,
with the amplitude decreasing toward tfidandU) pass-
band. The brightness variations are accompanied by com-
plicated shifts in the color diagrams (Fig. 1bcd) — they
cannot be explained by the changes of the extinction in-
trinsic to ClI Cam. There are large differences between
the color variations during the 1998 outburst and after it.
We argue that the variations of the optical/IR continuum
must significantly contribute to the color changes, since
the variations in the individual filters are not independent
on each other. There appears to be a relation of the source
of the optical light and the X-ray source in quiescence
(Fig. 1ef). Evenifthe donor star and its wind are the dom-
inant sources of the optical luminosity in quiescence, they
still appear to affect both the intensity and absorption of
X-rays which are likely to come from the accretion onto
the compact object. We offer an interpretation in terms of
a density enhancement in the transferring matter.

We can constrain the emission mechanism in outburst
(Fig. 1g). SinceMy of SXTs in outburst tends to brighten
with the increasing?,,1, (and hence with a larger disk ra-
dius), CI Cam would have to possess a very large disk if
this disk were the site of the luminosity during the out-
burst, in contradiction with the very short duration and
rapid decay in the X-ray (e.gASM/RXTE, Robinson

et al. (2002)) and optical region. We argue that most of
the luminosity observed during the 1998 outburst comes



from a site different from the disk — this is also supported
by the reddening o8 — V andV — R during the outburst
(Fig. 1c) (a bluer color at maximum is expected in the
case of the brightening of the disk of a roughly unchanged
radius). We offer an interpretation in terms of the ther-
mal instability of the disk + heating of the extended en-
velope by the brightened small disk and/or a formation of
a strong jet. We note that CI Cam is not the only SXT
that reddened during outburst (e.g. 4U 1543-47 (Buxton
& Bailyn, 2004)). The periastron passage is an unlikely
explanation, since no other outbursts have been observed
by ASM/RXTE since 1998 in spite oP,,;, = 19 days
proposed by Barsukova et al. (2005a).
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Figure 1. (a) Examples of the post-outburst light curves
of CI Cam (daily means). The smooth lines represent
the fits by the code HEC13 (author: Dr. P. Harmanec,
method: Vondik (1969, 1977)). (b) Examples of the time
evolution of the color indices, determined from the fits in
(a). The short vertical lines denote the positions of the ob-
servations for which the fits were made. (cd) Color-color
diagrams. The lines connecting the points denote the time
evolution. The vectors mark the reddening of Cl Cam
E(B — V) = 0.85 according to Robinson et al. (2002).
The relation between the optical (e) and X-ray activity (f).
The dashed vertical lines in (e) represent the moments of
the X-ray observations. The points in (f) are connected
by the line only for convenience. The data in JD 2451595
are the upper limits, as marked by the arrow. (g) Absolute
magnitudeMy, of soft X-ray transients (SXTs) (filled cir-
cles) at the outburst maximum verstlg,,. The parame-
ters of 10 SXTs, except for CI Cam, come from Shahbaz
& Kuulkers (1998). My of ClI Cam in quiescence and
outburst are marked by the horizontal lines.



