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Abstract. We present multiwavelength (optical, IR, radio) obtion of new dust atthe inner edge of the envelope, or modification
servations of ClI Cam, the optical counterpart to the transiesftthe composition of the dust due to X-ray irradiation.
X-ray source XTE J0421+560. Pre-outburst quiescent observa-
tions reveal the presence of a dusty envelope around the systi€éay. words: stars: binaries: general — stars: circumstellar matter
Pronounced short term variability is observed at all wavebandstars: individual: Cl Cam — stars: winds, outflows — X-rays:
from U-K, but no indication of prior flaring of a similar mag-stars
nitude to the 1998 April outburst is found in these data.
Data obtained during the 1998 April X-ray flare reveal pro-
nounced optical-radio flaring. The optical flux was observed to .
quickly return to quiescent levels, while the radio flare was éﬁ‘ Introduction
much longer duration. The optical component is likely to resufthe bright X-ray transient XTE J0421+560 was first detected
from a combination of free—free/free—bound emission, emissipf the Rossi X-Ray Timing Experiment (RXTE) All-Sky Mon-
line and thermal dust emission, caused by re-radiation of the dor, with the onset of the flare on 1998 March 31, and the peak
ray flux, while the behaviour of the multiwavelength radio dafi@ flux on 1998 April 1 (JD 2450905) in the 2-12 keV band
is consistent with emission from expanding ejecta emitting vigmith et al. 1998). Emission at energies of up to 70 keV was
the synchrotron mechanism. also detected by the Burst and Transient Source Experiment
Post-outburst (1998 August-1999 March}-M broad- (BATSE; Harmon et al. 1998) experiment aboard the Compton
band photometric observations reveal that while the optic@amma Ray Observatory (CGRO; Fishman et al. 1989). The
(UBYV) flux remains at pre-outburst quiescent levels, near Kdurce was observed to fade quickly, with an initial e-folding
(JHK LM) fluxes exceed the pre-outburst fluxesby.5 mag- time of ~0.5 days (Belloni et al. 1999; henceforth B99). The
nitudes. Modelling the pre- and post-outburst spectral enerngytay spectrum was found to be consistent with both thermal
distribution of CI Cam reveals that the structure and/or conUJeda etal. 1998) and non-thermal interpretations with evidence
position of the dusty component of the circumstellar envelopgr variable intrinsic absorption during the outburst (B99, Orr
appearsto have changed. Due to alack of information onthe pseal. 1998). The bright (V11) B[e] star CI Cam (=MWC 84)
cise chemical composition of the dust within the system sevei@s found to lie near to the centre of 1’ radius error circle deter-
explanations for this behaviour are possible, such as the prodsied from PCA RXTE observations (Marshall & Strohmayer
1998). Spectroscopic observations of Cl Cam by Wagner et al.
Send offprint requests td.S. Clark (1998) on 1998 April 3 revealed a rich emission line spectrum
Correspondence tdjsc@star.cpes.susx.ac.uk) with Her in emission. These features had been absent from
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Table 1. Summary of observations giving details of telescope and detector used, photometric bands observed in and dates of observations.
Note the following abbreviations have been employed: JKT-Jakobus Kapteyn Tel.; CLSAI-Crimean Laboratory of SAl; SPh—St.Petersburg
University; CrAO—Crimean Astrophys. Obs.;McD—McDonald Obs.; T-Sh-Tien-Shan Obs.; TCS—Telescope Carlos Sanchez.

Observatory Size(m) Date Detector Bands
JKT 1.00 Apr.1998 TEK4 CCD UBVRI
CL SAI 0.60 Apr.1998 EMI 9789, ST-6UV  UBVRI
CL SAI 1.25 Dec.1998-Sep.1999  InSb JHKLM
SPb 0.70 Aug.1998-Sep.1998  InSb JHKLM
SPb 0.20 Mar.1999 CCD BVRI
CrAO 1.25 Sep.1998-Jan.1999 photomult. UBVRI
McD 0.90 Apr.1998 White Guider CCD  no filter
McD 2.10 Apr.1998 White Guider CCD  no filter
McD 2.70 Apr.1998 CCD UBVRI
T-Sh 1.00 Aug.1998-Mar.1999 photomult., PbS UBVRIJHK
TCS 1.50 0Oct.1998-Oct.1999  CVF JHK

previous spectra (Downes 1984), and by analogy with other X-BV RI filter set and McDonald observations with the White
ray Binaries CI Cam was proposed as the optical counterp@uider CCD camera, with observations on 1998 April 15.1 and
to J0421+560 (Wagner et al. 1998). On 1998 April 1 Hjellming7.1 using the 0.9 m telescope and those on April 19.1 and 20.2
& Mioduszewski (1998a) detected a transient 1.4 GHz sourasing the 2.1 m.
with a flux of 19 mJy coincident with the optical position of  Simultaneous JohnsdhBV RIJ H K photometry was ob-
CI Cam, thus confirming the identification of CI Cam as th&ined at the 1.0 m telescope of the Tien-Shan Observatory
optical counterpart. The discovery of rapid radio variability e¢7-Sh; Fesenkov Astrophysical Institute, Kazakhstan) with a
tablished that the emission was of non thermal (synchrotramjo-channel photometer-polarimeter of the Pulkovo Observa-
origin (Hjellming & Mioduszewski 1998b). tory equipped with a thermoelectrically cooled GaAs photomul-
Inthis paper we present broadbdn@&V RIJH K LM pho- tiplier and a PbS detector (Bergner et al. 1988).
tometric observations of Cl Cam obtained between 1989-1999. JH K LM photometry was obtained from the Telescope
We compare the optical-IR behaviour to the X-ray and rad@arlos Sanchez (TCS), Tenerife, the 1.25 m telescope at CL
lightcurves of the source during the X-ray outburst. We use tB&I, and the 0.7 m telescope at SPb. TCS data were acquired
pre-outburst data from Bergner etal. (1995) to define amean quith the CVF detector and CL SAl and SPb data with an InSb
escent state for Cl Cam and model both pre- and post-outbuicptiid nitrogen cooled photodiode photometer. These observa-
data, in conjunction with IRAS photometry between 12460 tions are summarised in Table 1. Additional outburst photometry
and an IRAS LRS spectrum, with the code DUSTY (Iweet were obtained from Robinson et al. (1998), Garcia et al. (1998)
al. 1999). Finally we investigate the properties of the increasadd VSNET observations. The Johnson filter system was as-
IR emission present in the system since the 1998 outburst. sumed as the default for VSNET observations; we note that
this approximation does not affect our conclusions (the data are
2. Data reduction and flux calibration plotted only in Fig. 1, and not analysed further). Eq. (1) and the
calibration constantg},, given in Telting et al. (1998) and re-

UBV RIJH K LM photometry has been obtained from a nunproduced in Table 2 were employed for conversions between
ber of instruments both during and after the 1998 April Xmagnitude and fluxes.

ray -radio flareU BV RI photometry was obtained from the

1.0 m Jacobus Kapteyn Telescope (JKT) on La Palma, the 0.6m

and 1.25 m telescopes of the Crimean Laboratory of StetAgfy = —0-4mx — Cx 1)
berg Astronomical Institute (CL SAl), the 1.25 m telescope of

the Crimean Astrophysical Observatory (CrAO) and the 0.9 m 15 GHz radio observations of C| Cam were made from the
and 2.1 m telescopes at McDonald Observatory (McD). Datg/le Telescope, and were reduced following the method de-
from CL SAI were obtained with an ST-6UV CCD and pulsgailed in Pooley & Fender (1997), using B0415+572 as a phase
counting photometer with an EMI 9789 photomultiplier, andalibrator, and the flux density determined from observations
filter set consistent with the Johnson system. All measuremegtRC 48 and 286. 8.3 & 2.25 GHz observations were obtained
made at the CrAO were carried out with the double beafibm the public access lightcurves of the NRAO/NASA GBI

five channel computer-controlled photopolarimeter developgglescope (eg Waltman et al. 1994, Frontera et al. 1998; hence-
in Helsinki University (Finland) by Piirola (1988). Additionalforth F98).

BV RI observations were obtained with the 0.2 m telescope

of St.Petersburg University (SPb) with a ST-8 CCD, using a
Cousins filter set. JKT observations were made with the TEI§4

: ; .Radio observations
CCD camera mounted at the Cassegrain focus, using the Harris
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Table 2. Calibration constants)'y, used to convert magnitudes to fluxes in ergzllsﬂ-|z, using lod",=-0.4my — C\.

Filter U B \Y, R I J H K L M
System

Johnson  19.764 19.348 19.436 19.556 19.650 19.802 19.996 20.200 20.562 20.807
Crimean 19.743 19.388 19.426 19.548 19.648 19.795 19.983 20.166 20.551 20.794
Cousins  19.742 19.371 19.439 19.511 19.593

TCS 19.804 20.007 20.179

3.1. Pre-outburst observations that these two periods corresponded to increased system noise

Several radio observations of this region of sky had been ma{g@peratures, and we believe that they should be discounted.

prior to 1998. Observations made at 10.6 GHz in 1973 May and
July provide upper limits of 25 mJy (Altenhoff et al. 1976) and. Optical-IR broadband photometry
5mJy (Woodsworth & Hughes 1977) respectively. The 87GB

survey by Gregory and Condon (1991) provided an upper linfitl: Pré-outburst observations: 1970-1992

tothe 4.85 GHz flux of 25 mJy in 1987 October. The 7C surveyBtoad band photometric measurements dating from the early
151 MHz gives a & limit of 150 mJy in 1993 November (Vessey1970's of V=11.4, H=6.14 and K=5.0 are reported by Allen &
& Green 1998), while the NVSS shows no evidence of emissi@ivings (1976). IRAS observations provide fluxes of 8.23 Jy,
at 1.4 GHz, implying an upper limit o1 mJy on 1994 January 2 84 Jy and 0.76 Jy at 12, 25 and 60 microns respectively; the
18-19 and 21-22 (J. Condon, priv. comm.). Unfortunately thesgtical-IRAS spectral energy distribution (SED), is indicative
are no other contemporaneous data to determine if the systgmmission from hot dust, and is shown in Fig. 7.
was in a ‘quiescent’ or ‘active’ state during these observations. Bergner et al. (1995) report long terthBV RIJH K ob-
servations made between 1989-1992. Variability on day to day
3.2. Outburst observations timescales, with an amplitude 6f0.4 mag, was observed in all
wavebands over this period at greater than thiegel. Mirosh-
The 15, 8.3 and 2.25 GHz radio lightcurves are reproducedrjghenko (1995) performed a Fourier analysis of these data and
Fig. 1; their behaviour can be explained in terms of the evolutigifentified a quasi-period of 11.7 days, which he interpreted as a
of an expanding shell of ejecta emitting via the synchrotrg§pssible binary orbital period. Colour/magnitude plots of these

mechanism. The ejecta are optically thin &t& 8 GHz in all  data are presented in Figs. 2 and 3. and discussed in Sect. 5.1.1.
observations, but show a transition between optically thick and

thin emission at 2 GHz between JD 2450907-09 (1998 April b b . i
3-5). In the simple model of synchrotron emission from a2 Outburst Observations: 1998 Apri

expanding source of van der Laan (1966), the maximum flyxultiwavelength lightcurves covering the outburst are shown
density observed at a given frequency occurs just before {heFig. 1; it is immediately apparent that a large optical-radio
transition to the optically thin regime; as the opacity hag’a outburst has accompanied the X-ray flare. Due to the delay in
dependence one expects the peak flux at a given wavelenggBociating the X-ray transient with Cl Cam, the lightcurve is
to be delayed relative to emission at shorter wavelengths, msorly sampled before 1998 April 3, with just one R band obser-
is indeed seen. Further, detailed analysis of these data will\kgion during this time, and thus it is not possible to determine
presented by Hjellming et al. (in prep.); therefore we refraifthe peak in optical-radio flux is displaced from the peak in
from further discussion here. the X-ray flux. Unfortunately no reliable near-IR photometry of
The fluxes at all three wavelengths continued to fall (Hjellmhe source was obtained during the outburst. Howelef i
ing et al.; in prep), and by.JD 2451100 (October 13) both thespectra obtained on April 5-6 clearly indicate the presence of a

2 & 8 GHz flux had fallen below the detection threshold of thQubstantiaI near IR flaring component at this time (B99), which
GBI (~ 10mJy). Further observations of the 15 GHz flux untthey attribute to heating of the circumstellar dust.

1999 October indicate the flux has continued to decrease mono-The decline in flux evident in th& BV R lightcurves (see
tonically (Fig. 5). There is no indication of significant flarintalso Goranskii et al. 2000) is consistent with the exponential
in this data set around or after JD 2451232-24511245 (19%9&cay reported by other workers at other wavelengths (eg F98,
February 22—-March 7), when BATSE detected a marginal }¥99). Decay rates for the CL SABV R lightcurves between
ray flare in the 20-100 keV band (see Sect. 4.4). We note thgbg April 3—10 give a mean e-folding time ©13.4+0.4 days,
on two occasions the 8 GHz GBI flux increased for a few daygile those obtained between April 15-20 (McD data set)
(JD 2451185-2451201 and JD 2451235-2451242; 1999 JgRowed that the decay rate had fallen significantly, with a mean
uary 10-26 and February 26-March 5 respectively), the latierfolding rate of~24 days at this time. The mean value ob-
such ‘flare’ coinciding with the 20-100 keV flaring observed byained between April 3—10 is consistent with optical and 8 GHz
BATSE. However, after consulting the observing log we notgdio decay rates determined for the same time period by F98.
Additionally, it is marginally consistent with that measured
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for the BeppoSAX 1.5-10 keV band flux (Z8.3; 2 differ- The correlation between the optic& ' RI) and 2 GHz flux is
ence), but not with that obtained for the 0.3-3 keV band fluxeaker, due to the relatively late peaking of the 2 GHz flux (due
(7=1.2+£0.2 days; & difference) (F98). to the greater optical depth at this wavelength; Sect. 3). Given
We find a very strong linear correlation during the decafpat the spectral index inferred from the radio data would imply
phase of the outburst in the broadbaB# RI fluxes during amuch greater optical flux than is observed (after correction for
the outburst, and also with thé& & 8 GHz radio flux (Fig. 1). interstellar reddening; see Sect. 5.0), it appears unlikely that the
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Fig. 3. Near IR Colour/Magnitude plots for CI Cam showing quies-

Fig. 2. Optical quour/Magnitude plots for CI Cam s.h'owir)g qUiesE:ent (1989-1992; open squares) and post-outburst (1998 August—solid
cent (1989-1992; open squares), outburst (1998 April; solid squar?ﬁ?ingles) observations. In both plots there is a significant increase in

and post-outburst (1998 August-solid triangles) observations. Note Hb‘:ét-outburst emission, probably due to increased thermal dust emis-
offset of post-outburst points in the (V-R)/R plot due to the increas

R band emission; we interpret this as an increased contribution from
gaseous thermal emission (f—f/b—f and recombination line).

timescales of-1 hour, but find no further variability at later

times. Observations on 1998 April 13 with the McD 0.92m McD
optical emissionis due to synchrotron emission, asis inferred tetescope and an unfiltered PMT provided an upper limit to vari-
the radio emission. Unlike F98 we find evidence for a significaability of <1 per cent rms between 1808g > 10s on that date.
reddening of the system at this time in thB — V)/V and Subsequently, we obtained further time series photometry of CI
(V — R)/R colour/magnitude plots (Fig. 2). Although the dat&am on several separate occasions to search for variability. On
are sparse, there appeared to be no significant change in col®88 April 19.1 observations were made with the White Guider
in the (U — B)/B colour magnitude plot (not shown). Thes€cCD camera on the 2.2m telescope at McDonald Observatory,
relationships, and the possible sources of emission are discusE®ds. 72 consecutive 1.5-s exposures were taken iR tiend
in Sect.5.1.2. spanning 36-min. StandargaF data reduction procedures and

F98 report flickering in broadband and R photometry aperture photometry were used to obtain absolute instrumental

obtained on 1998 April 6, with an amplitude 0.3 mag on magnitudes (no sufficiently bright comparison star was avail-
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Fig. 4.Post-outburst broadbadBV RI lightcurves for Cl Cam. Note Fig. 5. Post-outburst broadbandH K LM lightcurves for CI Cam.

that for most points the errors are smaller than the symbol size. THete that for most points the errors are smaller than the symbol size.

15 GHz (Ryle) radio lightcurve has been presented in the bottom paiibk 15 GHz (Ryle) radio lightcurve has been presented in the bottom

for comparison; note the clear lack of correlation between radio apdnel for comparison; as with the optical data there is no correlation

optical fluxes (15 GHz data presented in log(mJy)). between radio and near-IR fluxes (15 GHz data presented in log(mJy)).
Please note the longer baseline of near-IR observatioh§ (onths)
compared to optical observations§ months).

able). However, no variability was found to be present at a level
greaterthan 1 percent. Cl Cam was subsequently observed twiceHowever, a significant excess in emission over the pre-
more with a high-speed photometer in white light (3500 to 60@tburst data is seen longwards of the V band (eg Figs. 3 and 5);
A) on the 0.92-m telescope at McDonald Observatory for twhe lack of correlation between thel and JH K LM bands
hours on October 28 and four hours on October 29 (UTC) soiggesting emission from two or more components. The first
search for periodic variations in the post-outburst light curvpost-outburst observations, obtained months after the X-
No periodic variability between 1000s t > 2s was observed ray outburst indicated that CI Cam wag).2 mag. brighter
to limits of <0.07 per cent (October 28) ard0.05 per cent than the mean quiescent valueRpand~0.4 mag. brighter in
(October 29) of the continuum flux at this time. JHKLM.TheRIJH K magnitudes were observed toincrease
monotonically, with theR1 bands fluxes reaching a maximum
4.3. Post-outburst observations: 1998 August—1999 Februatﬁélu”ng 1998 D_ecember, and_tl:YeHK bands peaking in 1999
arch. Following these maxima the (somewhat sparse) obser-
Broadband photometryU{BV RIJH K LM) was obtained vations of theRI bands indicate a reduction in flux, while the
from a number of sites in the period 1998 August—1999 Marchi K fluxes remain~constant (Figs. 4 and 5). band fluxes
and is presented in Tables 3 and 4, and Figs.4 and 5. Thex&re observed to rise by0.3 mag. between 1998 August—1999
is no evidence for significant optical emission in excess of tl8&eptember, while no overall trend was observed inithband
pre-outburst flux, indeed it is possible that Cl Cam is marginalfjuxes throughout this period{M/ <0.2 mag.). There appears
fainter in theU band than the mean of the 1990-94 data. Meambe no correlation between the variations inthie- R) colour
B andV band magnitudes differ little, if at all from the pre-index andR band magnitude at this time, although Cl Cam is
outburst means; the data also lie in the same region of the meggider than during 1990-94. Likewise, the increasd HFiK
nitude/colour plot (Fig. 2), and demonstrate the sarie mag flux is not accompanied by colour changes (Fig. 3).
colour independent fluctuations as the pre-outburst data. There
is some indication of increased variability in theband during
1998 December; however this is not seen inh& V bands.
If this is indicative of variable emission from a hot componer@etween 1999 February 22—March 9 BATSE detected an en-
within the system, such as an accretion disc or an irradiateahced X-ray flux in the 20-100 keV energy range (Fig. 6). The
body we might expect increased X-ray emission at this timBATSE Large Area Detectors (LADs) can monitor the whole
however this is not observed. sky almost continuously in the energy range of 20 keV-2 MeV

4.4. A second flaring episode?
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Table 3. Post-outburst/ BV RI photometry from 1998 August — 1999 February. Calendar and Truncated Julian Dates are given in Columns 1
and 2. Column 3 indicates the source of the data using the abbreviations given in Table 2. The magnitudes and associated errors for UBVRI
bands given in Columns 4-7. All data are quoted in the Johnson filter system.

Date J.D. Source U B V R |
-2450000

Mean 1990-94 - - 12.0 12.4 11.6 10.6 9.6
28/08/98 1051.46 T-Sh 12.2D.05 12.54-0.03 11.690.04 10.43-0.04 9.53:-0.02
17/09/98 1074.57 CrAO 12.18.03 12.49-0.03 11.630.03 10.45%0.03 9.44-0.03
18/09/98 1075.56 CrAO 12.1#30.03 12.42-0.03 11.59-0.03 10.45-0.03 9.42-0.03
24/09/98 1081.59 CrAO 12.380.02 12.49-0.02 11.64:0.03 10.45-0.02 9.4740.04
20/10/98 1107.54 CLSAl 12.18.03 12.4740.02 11.62-0.03 10.39-0.04 9.33:0.04
05/12/98 1153.29 T-Sh 12.3D.03 12.420.02 11.690.02 10.24-0.03 9.14-0.02
06/12/98 1154.25 T-Sh 12.2M0.03 12.45-0.01 11.63-0.02 10.25-0.03 9.16:0.02
08/12/98 1156.28 T-Sh 11.99.03 12.43-0.01 11.62-0.02 10.2240.03 9.24:-0.02
09/12/98 1157.25 T-Sh 12.2D0.01 12.5%#0.01 11.76:0.01 10.3#0.03 9.22-0.02
11/12/98 1159.27 T-Sh 12.2D0.01 12.49-0.01 11.66-0.01 10.2@-0.03 9.270.02
12/12/98 1160.27 T-Sh 12.80.02 12.480.01 11.680.01 10.25-0.03 9.15:0.02
13/12/98 1161.24 T-Sh 12.60.06 12.55-0.02 11.690.02 10.22-0.03 9.21-0.02
20/12/98 1168.23 T-Sh 11.9D.03 12.44-0.02 11.580.02 10.1A0.03 9.03:0.02
23/12/98 1171.33 T-Sh 12.89.02 12.45-0.02 11.62-0.01 10.21#0.02 9.13:0.02
18/01/99 1197.33 CrAO 12.20.02 12.51#0.04 11.66-0.03 10.39-0.04 9.33:0.03
09/03/99 1247.16 T-Sh 12.20.04 12.44-0.01 11.63-0.01 10.24-0.02 9.21:0.02
15/03/99 1253.00 SPb - 1239.04 11.553-0.04 10.46:0.04 9.52-0.04
16/03/99 1254.00 SPb - 1240.04 11.52-0.04 10.46:0.04 9.50:0.04

Table 4.Post-outburs H K L M photometry from 1998 August — 1999 February. Calendar and Truncated Julian Dates are given in Columns 1
and 2. The telescope the data were taken with is indicated in Column 3 (adopting the naming convention used in Table 2), magnitudes and
associated errors for JHKLM bands given in Columns 4-8. All data are quoted in the Johnson filter system. Mean values for pre-outburst
(1990-94) and post-outburst data are also indicated.

Date J.D. Source J H K L M
-2450000

Mean 1990-94 - - 7.6 6.2 5.0 - -
19/08/98 104555 CL-SAl 7.290.03 5.7#40.03 4.73:0.03 3.13:0.02 2.46-0.08
22/08/98 1048.45 T-Sh 7.29.11 5.78:0.04 4.56:-0.04 - -
25/08/98 1051.46 T-Sh - 5.90.01 4.69:0.01 - -
26/08/98 1052.56 SPb 7.20.03 5.78:0.02 4.60:0.03 2.96:0.03 2.310.04
04/09/98 1061.48 SPb 7.49.07 5.76:0.03 4.7740.03 2.9740.04 2.55:0.11
08/09/98 1065.48 SPb 7.289.03 5.9200.04 4.52:0.02 2.8%0.04 2.62-0.10
10/09/98 1067.58 SPb 7.3D.06 5.9200.03 4.59:0.05 3.03:0.06 2.42-0.06
11/09/98 1068.57 SPb 7.1®.05 5.8740.04 4.53:0.01 2.96:0.01 2.510.04
16/09/98 1073.60 SPb - - 45®.04 2.86:0.04 -
27/10/98 1114.58 TCS 7.180.01 5.68:0.01 4.36:0.01 - -
27/10/98 1114.74 TCS 7.3®.01 5.81%0.01 4.52-0.01 - -
28/10/98 1115.58 TCS 7.19.01 5.76:0.01 4.37#0.01 - -
16/12/98 1164.47 CLSAl 7.10.01 5.65:0.01 4.44:0.01 2.96:0.02 2.43-0.04
28/12/98 1176.32 CLSAl 7.150.01 5.69-0.01 4.49:0.01 2.93:0.01 2.52-0.02
01/01/99 1180.34 CL SAlI 7.050.01 5.60:0.01 4.42-0.01 2.88-0.02 2.49-0.01
20/01/99 1199.28 CL SAlI 7.060.01 5.57#0.01 4.36:0.01 2.840.02 2.34:-0.02
26/01/99 1205.26 CL SAlI 7.00.01 5.610.01 4.39:0.01 2.86:0.01 2.510.02
09/03/99 1247.16 T-Sh 6.2390.05 5.38:0.01 4.19:0.01 - -
27/07/99 1387.72 TCS 7.63.02 5.53:0.02 4.0%40.02 - -
28/07/99 1388.74 TCS 7.6400.02 5.510.02 4.040.02 - -
29/07/99 1389.74 TCS 7.60.02 5.57#0.02 4.16:0.02 - -
01/8/99 1392.72 TCS 7.10.03 5.58-0.03 4.11#0.02 - -
29/08/99 142056 CL SAl 7.040.01 5.64-0.01 4.36:0.01 2.740.02 2.49:0.02
25/09/99 144752 CLSAlI 7.00.01 5.62-0.01 4.36:t0.01 2.7G:0.01 2.406:0.02
02/10/99 1454.56 TCS 7.69.02 5.570.02 4.08:0.02 - -
03/10/99 1455.69 TCS 7.680.02 5.53:0.02 4.06:0.02 - -

04/10/99 1456.67 TCS 7.39.03 5.610.03 4.12:0.02 - -
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0.03 T of many of the galactic B[e] stars, (especially those of Allen
I 1 & Swings Group 2, displaying numerous low-excitation fe
002 - lines) is not yet known. A distinct class of stars which show
observational features similar to those of the galactic Group 2

l l 7 Ble] stars was identified by Zickgraf et al. (1986) in the Mag-

X-ray Flux (Crab)

ellanic Clouds (MC), consisting of high-luminosity {0° L)
F I evolved objects. Lamers et al. (1998) proposed a series of sub-
[ l 1 classifications for B[e] stars based bath their spectral mor-
001 [ oy ] phology and evolutionary status (since several different types of
] object share the observational properties of B[e] stars). Difficul-
ties arise in classifying galactic B[e] stars due to uncertainties in
determining distances and hence luminosities. CI Cam, classi-
fied by Allen & Swings as a Group 2 object, has been proposed
as the first B[e] star identified as a mass donor in a High Mass
X-ray Binary (henceforth HMXB; Clark et al. 1999, B99). Be-
low we try to estimate the luminosity and distance to CI Cam
2 - o T o o e e in order to find its place in the B[e] star classification scheme
TID (-2451000) of Lamers et al.

_ Zorec (1998) and B99 both estimate that Cl Cam is at a
Fig. 6.20-100 keV flux as measured by BATSE (top panel) and 15 GHigstance of~2kpc, with interstellar E(B — V') ~0.80 (and

][I‘ﬁgo fw;éﬁﬁfttﬁgzcgpsgf;r(;i'lzt‘i’;:'%? ng;frggszfé?nzefclg?: iif':ﬁylarge contribution to the total extinction from material local
(spa.rse) radio lightcurve {5 the system). We derive a further estimate of the interstellar
' extinction to CI Cam ofE(B — V)=0.65+0.2 from analysis
of the diffuse interstellar bands (DIB) present in a WHT op-

with a typical daily 3 sigma sensitivity of better than 100 mCralical spectrum (Clark et al., 2000). Assuming an average ex-
Detector counting rates with a timing resolution of 2.048 setinction curve Ry = 3.1), this corresponds to an interstellar
onds were used for the data analysis. To produce the Cl Cdm = 2.0 + 0.6. Making the further assumption that the aver-
light curve shown in Fig. 6, single step occultation data wegge extinction-distance relation of Neckel et al. (1980) for the
taken using a standard Earth occultation analysis technique uiggion of CI Cam is applicable, the inferred distance-&6—
for monitoring hard X-ray sources (Harmon et al. 1992). Inte?-0kpc, implying an upper limit to luminosity of10*5L;
ference from known bright sources were removed. Based on gg#@sistent (to within a factor of 2) with those derived by both
spectral analysis of the initial outburst in the BATSE data (Ha£orec (1998; 10" 7 L) and B99 (1~~10"? L, ). We therefore
mon et al. 1998) a photon spectral index of -3.7 was used. Tagopt an interstellab'(B — 1/)=0.80, a distance of 2kpc and a
single occultation step data were then fit with a power law withean luminosity of-10*8 L, for the rest of the paper.
this index to determine flux measurements for two day averages This value is consistent with the ‘classification’ of CI Cam
of the data in the 20—-100 keV band. as an unclassifiable or unclBJ[e] star, according to the criteria

During this period the 15 GHz radio flux continued to slowlpf Lamers et al. (1998). This classification is reserved for those
decline (eg Figs. 5 and 6), and although there appeared to b&t@ts showing the B[e] phenomenon but having an uncertain
increase in the 8 GHz flux density as measured by the GBI, &kolutionary state. Clearly, the presence of an evolved com-
discount this increase as discussed in Sect. 3.2. Unfortunatggfion to CI Cam demonstrates that it is likely that it is in a
photometric data at this time is somewhat sparseRAmroad- Post Main Sequence (MS) stage of its evolution; indeed it is
band photometric observation of CI Cam on 1999 March 8 @ly marginally less luminous than the evolved supergiant B[e]
suggestive of increased emission at this time; however given {ggB[€]) stars first identified in the MC by Zickgraf et al. (1986;
difficulty in defining a “quiescent” flux tis difficult to determine See above). Recently Gummersbach et al. (1995) have suggested
if this is associated with the X-ray activity.H K photometry that the B[e] phenomenon in the MC extends down to lower
obtained on the same date shows the system to be in a bright0" L) luminosities; it is possible that CI Cam represents a
state, but it appears likely that this could be the result of tig&lactic counterpart to such lower luminosity MC stars. Indeed,
general trend to increasing near-IR luminosity evident at ti@gice such evolved low luminosity10"*® L) galactic B[e]
time. star has already been identified in the young cluster Wd 1; the
unusual star Ara C (Clark et al. 1998). However, a suggestion of
Miroshnichenko et al. (1999) that the galactic Group 2 B[e] stars
are post-MS binary systems, which are similar to MS Be/X-ray
Galactic B[e] stars are a rather heterogeneous class of objégaries but with longer orbital periods, can not be ruled out.
firstidentified by Allen & Swings (1976). These authors further
divided this new class of emission line object into 3 groups 1. photometric variability
ings, based on their spectral morphology. However, the nature
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5.1.1. Pre-outburst variability their data that théV — R) colour index remains-constant

Pre-outburst variability in Cl Cam appears to be characteristhéoughom the outburst. However, it is clear from our data that
by ~0.4 ma variatioyns in all wavé)tt)ands over timescalest s is incorrect; ClI Cam was significantly redder during out-
y ~0. 9. Bl%{st, becoming bluer as it faded (Fig. 2), suggesting that the

days-weeks. As showninFig. 2, the_varlatlons ofth_e broadbagx ra emission component is cooler than the stellar temperature.
.UBVRI fluxes are nc_)t co_rrelated with correspond|_ng chang iven that thermal emission from hot dust inferred by B99 is
![';]g?llg:rr_:gﬁ;&;giéﬁiﬂ;gge:g?;st';gosrgecr?ﬁoprlrzcgted?’vvtuﬁﬂIikely to contribute much flux at such short wavelengths it
is no correlation between tHe b'and and.{ — K) colour in?j.ex’ gﬁ%ears more likely to come from a combination of line and
and only a slight correlation (in the sense that the s sterﬁ continuum emission from hot gas, either a result of X-ray heat-

y ght cor Y k?r?g of the circumstellar envelope, or due to an increased mass
comes redder as it brightens) betwééand (H — K). However,

: I rate (which might have acted to trigger th tburst). How-
when theH K magnitudes are compared to tti¢o .J band data 0SS a_e( ¢ ght have ac ed o trigger the ou burst). Ho
it is found that as the svstem briahtens at shorter wavelen vser, without photometric observations of the system before the
. Y 9n T waveleng -fay outburst, or orbital parameters for the compact object we
there is no corresponding change in ftié( fluxes, indicating

e re unable to distinguish between these scenarios.
that the system becomes bluer at this time (plots not shown f 9

or ; . C
. . At . o Wi hat th I h for th ;
reasons of brevity). This behaviour is suggestive of two dIStln%t © note.t at this re ationship fsot seen for thely band;
o L the (U — B) index remains-constant throughout the outburst.
emission components varying independently of one anotr\ﬁi

) AT . hether or not this indicates emission from a further hot, blue
Possible sources of variability in the system include therm@ (gywithinthe system is at present unclear, B99 pre$éhk’

dust emission at longer wavelengths and free—free/ free—bo . . s
(ff/f—b) wind emission at shorter wavelengths (see below). "Yectra of CI Cam obtained shortly after the X-ray flare indicat

Unfortunately, only limited long term monitoring of Othering that there was also a substantial increase in the near-IR flux,
. ' which th ri X-ray heating of the circumstellar .
galactic B[e] stars has been undertaken. Of the small num ch they attribute to X-ray heating of the circumsellar dust

: ) ?trhough it is likely that at least some of the near-IR flux orig-
of candidate Bfe] stars that have been the subject of such g :_ites in a greater contribution from the gaseous component of

. I
servations, most have shown only a low degree of hotomr} . . :
y 9 P e circumstellar envelope, this observation supports our gen-

ric variability. Exceptions include the MC binary system R : : o .
. . ral conclusion that the optical flaring is most likely a result of
(AV~0.7mag; Zickgraf et al. 1986) and the galactic stars Hrft)aradiation of the X-ray flux.

87643 (which faded by-1 mag since the 1960's), and MWC
342 (AV~0.6 mag). Of these, only HD 87643 showed a long
term trend in colour with brightness, becoming redder as it fadedL.3. Post-outburst variability

(Miroshnichenko 1998). Significant post-outburst variability is observed in data long-

wards of thel” band, and appears to arise from two different
5.1.2. Qutburst variability sources, given the lack of correlation betweenRtieandJ H K

. . . bands. We tentatively attribute this emission to two different
The 1998 April outburst is clearly of a very different character . i Y S S
from the variability observed durina auiescence. almost ¢ nr1_echan|sms,thermal (f—f/f—b and recombination line) emission

X y . 949 ' Fom agaseous component of the circumstellar envelope respon-
tainly as a result of interaction between the compact compani

0] . . . .
and the dense circumstellar environment of ClI Cam. Possilzlgle for the increased emission in tReand/ band (Sect. 5.3),

sources of excess continuum emission during the X-rav o _d a combination of f—f/f—b and increased emission from hot
: . o 9 Y Olist at longer wavelengths (Sect. 5.2). The apparent decrease
burstinclude increased f—f/f-b emission from an enhanced win o .
. - . . inthe RI band emission after 1998 December could arise from
with a larger mass loss rat®l}, X-ray heating of the primary

and/or circumstellar envelope, thermal reradiation from the dis gumber of different causes; a decrease in either the ionising
be, the o Y3iation flux or the emission measure of the circumstellar enve-
cloud and synchrotron (and possible f—f/f—b) emission from the

ejectaresponsible for the radio flux. Additionally, given the ricﬁ)pe’ or an increase in the temperature of the emitting material
J p ' ¥: 9 nalysis of contemporaneous optical spectra of the source may

emission line spectrum, the contribution of line emission to the

rcadband ptomety s kel o be nonnegighl s il o= o9 P ese possbies e e
be quantified in Clark et al. (2000).

B99 remark on the similarity between the HMXB systenqew‘ hot dust at the inner edge of the envelope; this is discussed

. InSect.5.2.
A0538-66 and Cl Cam, and suggest that the optical-near Irﬂ? : i - i
flaring in CI Cam may have the same origin as seen in A0538- The increased hard (BATSE) X-ray activity observed be

. : ; ween 1999 February 22—March 7 differs considerably from
66. During Qutburst A0538_66 is observed to _brlghten by up H_at observed during the 1998 April flare. The X-ray luminos-
~2.5 mag. in the optical, and also become significantly blue

. . ) |{’ is much lower, peaking at onk30 milliCrab, compared to
Densham et al. (1983) interpret this as being due to reproce, Yiux in excess oll?l Cragb at thlgbpeak of the 1998[3April flare.

ing of )'(-rays by th? gaseous pirc;gmstellar envelope qf the ually, the 1998 flare was far more rapid (rise time-6f1 days
star primary. De_splte the similarities between the optical a%fd an e-folding decay timescale of 0.56 days) compared to the
?r(]-re:)):t ;'T:)aldlsng;'?ssCg(laesz?r:ec(l) Ct'ir;]li flf;?nex;:lsugee ripnrgc;f;fnggg flare (lasting for a total of6 days). No associated flar-
N9 y u Pt ng yil ing comparable to that observed in the 1998 April outburst was
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For both of the dust types a large number of models with dif-
ferent parameters were calculated, and the emergent theoretical
SEDs were compared to the observed pre-outburst data, after the
addition of a second component of reddening attributed to inter-
stellar extinction, and calculated from the interstellar extinction
law of Savage & Mathis (1979). When fitting the post-outburst
datathe interstellar extinction was fixed at the best-fit value from
the pre-outburst data modelling. The best fits to the data were
determined using the weighted least square method.

The results of the modelling are presented in Fig. 7. We find
that the envelope made of the MRN dust should have a large
optical depth (of the order of 1.5 in the optical region) and a
much smaller interstellar extinction than observed. The syn-
thetic spectrum also displays noticeable silicate emission fea-
tures at 9.7 and 18 microns which do not appear to be presentin
the IRAS LRS spectrum. However, changing the average grain
size by removing the smaller grains will reduce the strength
of the emission features; considering the ease with which CI

Fig. 7. Results of the DUSTY model fits to the un-dereddened pr(g:-am Cjan gject S.ma”er grains (see below), this is perhap_s an
outburst (solid circles) and post-outburst (open circles) optical-IR SEgstractive proposition. The envelope made of carbon dust gives
of CI Cam. The dotted line represents a best fit to the pre-outoupsfeatureless IR spectrum and has a small optical depth, that
data assuming a MRN dust composition (no fit was attempted to tiggjuires a rather large interstellar extinction (or another local
post-outburst data). Solid and dashed lines represent best fits togbarce of reddening) in order to fit the observed SED; indeed
pre- and post-outbursts data respectively, assuming dust composeidl i3f somewhat in excess of that derived from analysis of the
amorphous carbon. optical spectra (see Sect. 5.0).
Best fit model parameters for the carbon dust include

T;,=1500 K, A, =3.71 mag.T,,: =110 K, Y,,; =1000 and
observed at other wavelengths, suggesting the outburst wasthgtdensity distribution power law indgx1.75 for both the
sufficiently energetic to produce an impulsive ejection of matéLliescent pre- and post- outburst SED of CI Cam. Hereand

rial, as was inferred for the 1998 outburst (Mioduszewski et dlou: @ré the temperature at the inner and outer eddeshe
in prep.). extinction to the system (initially assumed to be of interstellar

origin) andY,,; the ratio of the outer and inner envelope radii.
The best fit parameter sets differ onlysin (the overall optical
depth of the envelope), which is 0.06 for the pre- and 0.09 for the

Given the increasing post-outburst IR excess of ClI Cam, West-outburst SED, respectively; consistent with the production
have used the radiative transfer code DUSTY (légkienkova ©Of new dust. We note that Waters et al. (1998) found amorphous
& Elitzur 1999) to investigate changes in the physical propertigrbon dust around the binary sgB[e] star GG Carinae, with a
of the dusty envelope over time. The code solves the radiati®fD compatible with an® density gradient, similar to that
transfer problem for spherical dusty envelopes, calculating ti@ind for CI Cam, and Bjorkman (1998) also found amorphous
dust temperature distribution self-consistently and controlliffgrbon dust to be present around the MC sgBl[e] star R126.
flux convergence at different radii in the envelope. However, caution must be applied to the results of these

The pre-outburst quiescent SED was constructed from ti@dels, due to the uncertainty in the geometry and composition
averaged/ BV RI.JH K L photometry of Bergner et al. (1995),0f the circumstellar envelope around CI Cam. Changing the
12-60um IRAS fluxes, and an IRAS LRS spectrum. The LRgeometry of the envelope can act to produce a featureless mid-
spectrum was noisy, and so we averaged over every 4 condBcspectrum; for instance an optically thick-disc like envelope
utive points, and smoothed the resultant spectrum using #euld also produce such a spectrum. Such a disc-like geometry
Savitsky-Golay method (Press et al. 1992). The post-outbus@ttractive, as it has previously has been suggested for the MC
SED was constructed from the averagéd®V RIJHK LM S9B[e] stars (Zickgraf et al. 1986). However, since a hot, stellar
data obtained in 1998. Stellar radiation was described by a Kigmponent is present in the SED of CI Cam, such an optically
rucz (1994) model for T; ;/=30,000 K and log g=3.5 (the exactthick disc must also be both geometrically thin and seen almost
value was found to have a negligible effect on the emergeifige on so that it produces little obscuration of the stellar disc,
SED). We computed the SED for two different types of circun@nd an additional source of extinction or reddening close to the
stellar dust; interstellar dust (MRN mixture: Mathis, Rumplegystem is then required, since omly=2.1 can be explained by
Nordsieck 1977) and amorphous carbon (Hanner 1988); in edléfi interstellar component of extinction (Sect. 5.0).

case a single power law density gradient of the ferth was The chemical composition and grain size in Cl Cam are also
adopted. uncertain, due to the lack of high quality IR spectroscopy. Typ-

L | | ]
0 1 2
Log A(um)

5.2. The dusty envelope of CI Cam
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ically, the dust around the broad class of B[e] stars is found tellar extinction or reddening exists. Possible sources include
be a mixture of olivines~{60 per cent), FeO~30 per cent) circumstellar dust extinction (which for dust composed of amor-
and a small amount of C rich material (van den Ancker, priphous carbonwe find to be small; Sect. 5.2) or f-f/f-b emission (a
vate communication), although B[e] stars are a very heterogentribution from which is notincluded in the model results pre-
neous class of object, with some stars (eg GG Carinae) showsegited in Sect. 5.2). If CI Cam is surrounded by a gaseous disk
substantially different dust chemistries. Indeed, changes in {tige Balmer line profiles indicating a non-spherical distribution
composition of the dust due to X-ray irradiation could lead tof the gaseous component; Clark et al. 2000) with a structure
changes in the emissivity, and hence SED. However, given tlahilar to that inferred foclassicalBe stars, reddening from the
this would be an impulsive event, this scenario appears unlikgigseous envelope may reach values as hidf(&s— V") ~0.3;
inthe light of the gradual increase in near-IR flux over the coursach values would also imply significant emission, which may
of ~9 months. contribute as much a8V ~1 mag (these values being obtained

If the conclusion that additional dust has formed in the aifa the framework of an isothermal Be disk-like model similar to
termath of the flaring episode is correct, one can ask where dhat described by Waters et al. 1987). Note that true sgB|e] stars
how it was formed, given that dust formation in hot stellar windsre also expected to have dense gaseous circumstellar discs that
requires high densities at sufficiently large radii to permit there also likely to contribute a significant amount of f—f emis-
dustto condense. From Eq. (15) of Bjorkman (1998), and adoptan; however to date this contribution has yet to be accurately
ing a dust condensation radius of 580'2 m, we find that for quantified.
a spherical wind with a uniform mass loss rate, we need an un- Under the assumption of an ionised, constant velocity
realistically highM to allow dust condensation (assuming thesothermal wind we can derive upper limits tol/(V,,) from
terminal velocity of the wind/,, >100kms !, typical for hot, the non-detection of f—f/f~b emission at 1.4 GHz using Eq. (1)

luminous stars), of Leitherer et al. (1995)

M /107" Mg) = 25(Vao /30kms ™" 2 %

(1/ o) = 25(Vao /30kms 1) @ [ iz (W,)g/g "
suggesting instead that dust either forms in a circumstelfg"r ' Voot a3

discorindense shells of ejecta, possibly resulting from shocks in
the wind. The episodic dust formation observed in some WR- Wheres, is the flux density in mJy, the frequency in Hz,
O star binary systems is thought to occur in shocked regiohdhe distance in kpc (Zkpc; Sect. 3}t is given in units of
caused by the colliding winds of the two luminous componert® °Meyr~! and Ve in units of 100kms*. y, Z, -y are the
(eg WR 125 and WR 19; Williams et al. 1994 and Veen et dnean molecular weight, the rmsionic charge and the mean num-
1998 respectively); since radio maps provide evidence for thgr of electrons per ion respectively; we adopt the values given
formation of an expanding shell of ejecta following the outbur8y Leitherer et al. (1995) for the B stars in their sample for Cl
(Mioduszewski et al., in prep), it is tempting to speculate th&@m. The free-free Gaunt factgy, was calculated with Eq. (3)
the dust formed may be associated with this region. of Leitherer et al. (1995), adopting a value ffr, the electron

The suggestion of episodic (or quasi-continuous) dust fdgmperature of the wind appropriate for the B stars in Leitherer
mation is also consistent with the claim of B99 that the du§t al- (1995), noting thay, only has a weak dependance’fin
shell around CI Cam appears to be composed of comparativEf}e upper limit to the 1.4 GHz flux ef1mJy therefore implies
large particlgszéosum), which they attribute 'Fo radiatiqn prgs—g%-{/voo) <348 4)
sure removing the smaller particles. Assuming a luminosity
~10°L and a mass of£20M, (Zorec 1998), we can apply the  \When compared to the lower limits tM(VOO) implied for
analysis of Sitko etal. (1994) to Cl Cam. From Eq. (2) of Sitko efust condensation in a spherical wind we find that Cl Cam would
al. (1994), under the assumption of weak coupling between duate been detected at 1.4 GHz if the wind density was suffi-
and gas, we find that it is very easy for CI Cam to eject graigfently high to permit dust to form, strengthening the case for
of radius 0.3um or less (indeed much larger grains would alsgust formation in a equatorial disc or shocked ejecta. We note
be ejected). Even with a strong coupling between gas and digit the 1.4 GHz flux estimates assume that the winzbis-
(such that the radiation field had to eject both dust and gas) pletelyionised; if the wind in ClI Cam is not fully ionised then
find that the radiation field of CI Cam would still be able tgM/V,.) could exceed the value given.
efficiently accelerate particles of sizeslum or larger. Since
dust particles of this size are inferred to be present, it appe
likely that the dust is being continually replenished within th
system. We have presented long term photometric observations of Cl
Cam, the proposed counterpart to the X-ray transient XTE
J0421+560 before, during and after the 1998 April X-ray flare.
We find evidence for photometric variability in pre-outburst,
Modelling the SED of Cl Cam, we determine a colour excessytburst and post-outburst datasets. Pre-outburst rapid variabil-
E(B — V) ~1.1 mag. However we determine an interstellaty is characterised by variability 0£0.4 mags. in all wave-
E(B — V) ~0.8 (Sect. 5.0), indicating that additional circumbands; there is no indication of significant flaring in these data.

%.rSSummary

5.3. Emission from a gaseous envelope
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During and immediately after the X-ray flaridgBV R1 broad- also thank I.A. Steele, R.P. Fender and M. van Ancker for stimulating
band photometry clearly indicates a substantial brighteningdigcussions.

all wavelengths. Although near-IR photometry was not avail-

able, JH K spectra obtained during Fhe putburst suggest thaberences

the system had also undergone flaring in the near-IR as well

(B99). Multivavelength radio observations at this time sho@len D.A., Swings J.P., 1976, A&A 47, 293

a corresponding radio flare which appears to evolve accordfiVggnhoff W.J., Braes L.L.E., Olnon F.M., Wendker H.J., 1976, A&A
to the behaviour expected for expanding, synchrotron emittin ”463 11 . q K | q
ejecta. Subsequent long term monitoring of the 15 GHz ra g oni T, Dieters S., van der Ancker etal., 1999, ApJ, accepted (B99)

. . ergner Yu.K., Bondarenko S.L., Miroshnichenko A.S., et al., 1988,
flux shows a monotonic decay for thel 8 months following the Izvestia Glavn. Astron. Observ. v Pulkove 205, 142

1998 X-ray flare. BATSE 20-100 keV observations SUggeskRrgner Yu.K., Miroshnichenko A.S., Yudin R.V,, et al., 1995, AZAS
possible second X-ray flare (of significantly smaller magnitude 112 221

than the 1998 April outburst) around 1999 March 2; howevejorkman J.E., 1998, In: Jaschek, C., Hubert, A.M. (eds.), B[e] stars.
no indication of a corresponding radio or optical flare was ob- A.M. Kluwer Academic Publishers, p. 189
served. If the second BATSE outburst is due to another p&srk J.S., Fender R.P., Waters L.B.F.M., et al., 1998, MNRAS 299,
by the compact companion through the circumstellar envelope L43
then the time interval between the two outburst885 days) ClarkJ.S., Steele | A., Fender R.P., Coe M.J., 1999, A&A 348, 888
reflects the orbital period (or some multiple of it). Clark J.S., etal., 2000, in prep.

Post-outburst photometry showed that Cl Cam was Signﬁgnsham R.H., Charles P.A., Menzies J.W., etal., 1983, MNRAS 205,
icantly brighter at longer wavelengths than in the pre-outburst 1117

. . . S ownes R.A., 1984, PASP 96, 807
state, and continued to brighten in the near-IR, indicating djo o0 G.J., et al. 1989, In: N. Johnson (ed.), Proc. Gamma-Ray

fering emission mechanisms for the optical-near IR and radio opservatory Science Workshop, Greenbelt: Goddard Space Flight
fluxes. We tentatively attribute this increase in emission to a center, p. 2-39

combination of f—f/f~b emission from a gaseous component pfontera F., et al., 1998, A&A 339, L69 (F98)

the circumstellar envelopeR(& I bands) and increased emisGarcia M.R., Berlind P., Barton E., McClintock J.E., 1998, IAUC 6865
sion from a hot dust component ff K LM bands). Using the Goranskii V.P., Lyuty V.M., Metlova N.V., 2000, Astron. Zhurn., in
DUSTY code of Ivezt we model both pre- and post-outburst press

data, and find that there appears to have been an episod&fggory P.C., Condon J.J., 1991, ApJS 75, 1011

dust formation at the inner edge of the dusty envelope. We n&gmmersbach C.A., Zickgraf F.-J., Wolf B., 1995, A&A 302, 409
however, that these results are subject to significant uncertaiig"e" M-S., 1988, Infrared Observations of Comets Halley and Wil-

. .~ son and Properties of the Grains (NASA89-13330), 22
due to the poor quality of the IR spectroscopy used to ConStria—,.Qrmon B.A,, et al. 1992, in: Proc. Compton Observatory Science

the dust Che.mistry of the e,”Ye'Ope- We rejeqt thg h_ypOtheS'S Workshop, C.R. Shrader, N. Gehrels, B. Dennis (eds.), Washing-
of a change in dust composition due to X-ray irradiation since (4. NASA. 69

this would lead to an impulsive change in the near-IR emissie@rmon B.A., Fishman G.J., Pasciesas W.S., 1998, IAUC6874
while we observe ageneralincrease in near-IR flux over a perigi@liming R.M., Mioduszewski A.J., 1998a, IAUC 6857
of ~1 year. Likewise we find no evidence for continued X-ragjeliming R.M., Mioduszewski A.J., 1998b, IAUC 6862
emission from the compact object that could be responsible feezic Z., Nenkova M., Elitzur M., 1999, User Manual for
the increased near-IR flux via reprocessing in the pre-existing DUSTY, Internal Report, University of Kentucky, accessible at
dusty envelope. However, we find a discrepancy between the http:/www.pa.uky.edw/moshe/dusty/
reddening to the system inferred from the DIB, and that deriv&§rucz R.L., 1994, Smithsonian Astrophys. Obs., CD-ROM No. 19
from the modelling, suggesting a second source of redden se;; '—1|'1‘]7'G'L'M" Zickgraf F.-J., de Winter D., et al., 1998, A&A
IOC".’“ o the system, WhICh we suspect may arise from =t-0, 1 erer C., Chapman J.M., Koribalski B., 1995, ApJ 450, 289
emission from hot gasin the_cm_:umstellar_envelope. Howevfg‘[arshall F.E., Strohmayer T.E., 1998, IAUC 6857
further discussion must await higher quality IR spectroscopifathis J.S., Rumpl W., Nordsieck K.H., 1977, ApJ 217, 425 (MRN)
observations to determine the dust composition so that m@fRoshnichenko A.S., 1995, Astronomical & Astrophysical Transac-
accurate modelling of the SED of ClI Cam can be undertaken. tions 6, 251

Miroshnichenko A.S., 1998, In: Jaschek C., Hubert A.M. (eds.), B[e]

stars, Kluwer Academic Publishers, p. 145
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