Irregular X-ray Variation of LMC X-3
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1 Introduction

LMC X-3 is an X-ray binary in the Large Magellanic Cloud. It was discovered by
UHURU and observations with various satellites showed that the X-ray source
was variable by a factor of up to 100 (e.g. Treves et al. 1988). Using the GINGA
and HEAO-1 observations, Cowley et al. (1991) found a strong ~ 198 (or possibly
~ 99) day modulation in the X-ray luminosities of LMC X-3. They suggested
that this modulation may be due to an accretion disc precession, or periodic
variations in the mass transfer rate, or a combination of both. ,

We observed LMC X-3 with the TTM in 1988-1990. The present paper gives
some results from the analysis of the data obtained.

2 Observations and Results

The TTMis a coded mask telescope on board the MIR space station. It is capable
of producing images in the energy range 2-30 keV with a spectral resolution of
about 18% at 6 keV (Brinkman et al. 1985). :

We monitored LMC X-3 with the TTM in the periods 1988 November 13
-1989 March 2, 1989 May 30-June 14, and 1990 December 22. During the ob-
servations of 1988 November 13-December 11, while the hard X-ray (7-28 keV)
flux of LMC X-3 remained almost constant at about 1.5 counts s~1, the 2-7 keV
flux decreased gradually by 74% in 28 days. Although the X-ray spectrum on
1988 December 11 was not well determined owing to the source weakening, the
analysis of the other spectra indicates that it is likely that LMC X-3 underwent
a transition from a high to a low state in this period. LMC X-3 became bright
again on 1989 January 3-6 and on around March 2 the 2-7 keV flux reached the
highest level 14.7 4+ 0.3 counts s~! (55 mCrab), more than a factor of 8 larger
than that observed on 1988 December 11. In 1989 May-June, the source flux in
the 2-7 keV range was back to the level of 1988 November 13; however, the 7-28
keV flux was generally higher.

We have folded the 2-10 keV fluxes of LMC X-3 from the TTM measurements
with the ephemeris given by Cowley et al. (1991). We plot the folded light curve
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in Fig. 1. It is clear that the TTM observations on 1988 November 13-15, 1989
May 30-June 6, and 1990 December 22 follow the 198 day modulation. However,
the observations made from 1988 November 29 to March 2 with the TTM, and
also with the GINGA LAC (on 1988 December 12 and 1989 February 10, see
Fig. 1), indicate that the source showed large irregular variations with the inten-
sity rapidly decreasing from 1988 November 29 and gradually increasing from at
least 1989 January 4 until March. In this period the 198 day modulation law was
largely violated by LMC X-3. If the 198 day modulation reflects the precession
of the accretion disc, it is possible that the X-ray variation in the period 1988
November 29 to 1989 March 2 is caused by the change of the mass accretion
rate. As the hard X-rays showed little change in this period, we assume that
the variation of the soft X-rays (and the temperature of the soft X-ray emitting
region) is directly related to the change in the mass accretion rate.

The TTM spectra of LMC X-3 can be described with a model consisting
of a multi-temperature disc blackbody (Mitsuda et al. 1984) and a power-law.
We find that both components are variable and there is no correlation between

them.
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Fig. 1. X-ray (2-10 keV) intensities of LMC X-3 folded with the ephemeris of Cowley
et al. (1991). The open circles represent the TTM measurements. The open squares
and crosses are the GINGA fluxes. The dashed lines illustrate the 198 day modulation.
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