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ABSTRACT

The OSSE instrument on the Compton Gamma-Ray Observatory (GRO)
made 4 observations of Cygnus X—3 between May 1991 and December 1992.
OSSE observed a substantial change in the average hard X-ray flux, which has
previously been observed to be stable (variations < 20%). Over a 2-3 day period
the flux above ~ 50 keV decreased by roughly a factor of 3. This occurred about
15 days prior to a large radio flare from this source. OSSE detected the 4.8 hr
period and observed significant orbital modulation of the hard X-ray (= 50 keV)
flux, in conflict with some extrapolations from lower energies. The spectrum in
the hlgh state is consistent with a power law, oc E73C,

1. INTRODUCTION

Cygnus X-3 is a bright X-ray source located in the plane of the Galaxy
behind enough material to make it effectively unobservable at optical wavelengths.
Soft X-ray and infrared observations have established that it has a very stable 4.8
hour period and an asymmetric light curve. The period probably corresponds to
the orbit of a compact source around a primary star. This perlod is typlcal of
low-mass X-ray binaries; however, there is evidence that the companion is actually
a high-mass Wolf- Rayet star (van der Kerkwijk et al. 1992). Cyg X-3 produces
occasional, very intense radio flares, reaching levels up to 20 Jy (e.g., Waltman et
al. 1991), with associated jets (Geldzahler et al. 1983; Molnar, Reid, & Grindlay
1988). Bonnet-Bidaud & Chardin (1988) have published a valuable review of Cyg

X-3 observations and theories.

2. OBSERVATIONS

The Oriented Scintillation Spectrometer Experiment (OSSE) on GRO
(Johnson et al. 1993) consists of 4 large, independent Nal/Csl phoswich detectors
collimated to 3.8° x 11.4° fields of view and covering the energy range 50 keV to 10
MeV. OSSE observed Cyg X-3 four times: 1991 May 30 — Jun 15 (viewing period
2), Aug 8 - 15 (VP 7), Nov 28 — Dec 11 (VP 15), and 1992 Dec 9 — Dec 15 (VP
203). Spectral data were accumulated in two-minute intervals, alternating be-
tween source and background pointings. There was no significant contamination
from Cyg X-1 in any of the pointings. Using the standard OSSE analysis tech-
niques, estimated background spectra were subtracted from each source spectrum.

OSSE detected significant flux from Cyg X-3 up to ~ 200 keV.
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Figure 1: The daily average Cyg X-3 intensity, 47-120 keV, for the four OSSE
observations. The inset shows an expanded view of the decrease during VP 2.
Also included at the bottom of the plot is the 2.25 GHz radio intensity, showing
the flares following the hard X-ray decrease.

3. HARD X-RAY STATE CHANGES

The soft X-rays from Cyg X-3 have two distinct intensity states, with state
changes occurring on times scales of ~ 0.5-2.0 years (Smale & Lochner 1992;
Priedhorsky & Terrell 1986). Prior to OSSE, all hard X-ray experiments measured
approximately the same average flux from Cyg X-3 with no significant variations
during their observations, even when the soft X-ray flux changed state (e.g., White
& Holt 1982; Hermsen et al. 1987). This suggests that the hard X-rays may
represent a separate physical component.

OSSE observed about a factor of 3 decrease in the average hard X-ray in-
tensity of Cyg X-3 over a period of several days during VP 2 (Fig. 1). The flux
remained low for the rest of the observation. When OSSE observed this source
again the flux had risen to a level higher than that seen prior to the decrease.
The flux in the final three observations was roughly constant. The X-ray decrease
occurred about 15 days prior to an intense (5 Jy) radio flare (R. Fiedler, private
communication).

4. ORBITAL LIGHT CURVES

The two-minute integrated background-subtracted count rates (47-120 keV)
during each of the four observation intervals were epoch folded using both the
quadratic and cubic X-ray ephemerides of van der Klis & Bonnet-Bidaud (1989)
to produce orbital light curves. The EXOSAT template light curve (van der Klis
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Figure 2: The average Cyg X-3 high-state light curve, 47-120 keV, folded using
the cubic X-ray ephemeris of van der Klis & Bonnet- Bidaud (1989)

& Bonnet-Bidaud 1989) was fit to the OSSE light curve for each observation,
allowing the phase, amplitude, and background (DC) level to vary. The “zero
phase” of the fitted light curve produced using the cubic ephemeris (0.046 +0.015)
was marginally consistent with 0 but the phase using the quadratic ephemeris
(0.879 + 0.016) was not. The average light curve in the high state is shown in
Figure 2, along with the best fit of the soft X-ray light curve from EXOSAT.

EXOSAT measured the modulation ((max - min)/max) in the orbital light
curve as a function of energy (Willingale, King, & Pounds 1985) and found only
weak modulation in the 20-50 keV band. In contrast, OSSE observed strong
modulation of the 2 50 keV flux as seen in the average light curve (Fig. 2). The
average value of the modulation is 0.38 + 0.04 for all the observations. There
is no statistically significant variation in this value between observations. The
amplitudes of the EXOSAT template fitted to the OSSE light curves are also
consistent with a constant value for all the observations. The statistics are not
adequate to determine if the light curve amplitude changes with the drop in DC
flux during VP 2.

5. SPECTRA

The integrated spectrum from each interval was consistent with a photon
power-law, though other models cannot be excluded. The spectral index during
all the high state observations (VP 7, 15, and 203) was —3.0 £ 0.1. The index in
the low state was —2.2 + 0.4, consistent with the high state value at the 2o level.
The index for the first part of VP 2 was —2.5 4+ 0.1, marginally (~ 40) harder
than that seen in the high state. This may be a third distinct state or a mixture
of the high and low states. Figure 3 compares the high and low state spectra.
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Figure 3: The hard X-ray spectra of Cyg X-3 in both the high and low states.

We accumulated the two-minute background-subtracted spectra for each
observation interval into 8 orbital phase bins. The spectra from each interval and
phase bin were then fit to a power-law photon spectrum. We saw no statistically
significant phase variation of the spectral hardness 2 50 keV in the high state.
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