Long-term optical activity of the microquasar
V4641 Sgr

Astronomical Institute, Academy of Sciences of the Czech Republic, 25165 Ondřejov, Czech
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We present an analysis of the optical activity of the microquasar V4641 Sgr using the visual and
photographic data. We analyze four smaller (echo) outbursts that followed the main outburst
(1999). Their mean recurrence time TC is 377 days, with a trend of a decrease. We interpret the
characteristic features of the recent activity of V4641 Sgr (the narrow outbursts separated by a
long quiescence, a clear trend in the evolution of their TC ) as the thermal instability of the accretion disk operating in dwarf novae and soft X-ray transients. We argue that the luminosity of four
echo outbursts is too high to be explained by the thermal emission of the accretion disk. We interpret them as due to the thermal instability, in which the outburst gives rise to a jet radiating also
in the optical. This supports the finding by Uemura et al., PASJ 54, L79 (2002). The pre-outburst
observations (1964–1967) reveal ongoing activity of the system. It displays low-amplitude fluctuations on the timescale of several weeks, independent on the orbital phase. In addition, a larger
brightening which lasted for several tens of days and occurred from the level of brightness higher
than in other years can be resolved.
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Vojtěch Šimon

Long-term optical activity of the microquasar V4641 Sgr

1. Introduction

2. Data analysis
The recent photometric history of V4641 Sgr in the optical passband was investigated using
the visual data from the American Association of Variable Star Observers (AAVSO) International
database [4]. Since our analysis was focused on the long-term activity with large-amplitude events,
the accuracy of these data proved to be quite sufficient. This lightcurve contained the 1999 main
outburst and four smaller echo outbursts (Figure 1a). Each of them is defined by multiple observations. The echo outbursts display multi-peak structure and accumulation of the points near the
peak magnitude (Figures 1c and 1d).
The evolution of the recurrence time TC of the outbursts was investigated using the method of
the O–C residuals in a similar way as in [15, 11] (Figure 1b). It can be seen that the O–C values
of the echo outbursts display a clearly defined trend in their time evolution, with the superposed
outburst-to-outburst fluctuations having a significantly smaller amplitude. In the case of one missing echo outburst in the epoch E = −2 (falling into the seasonal gap) also the main outburst follows
the extrapolation of the O–C curve of the echo outbursts.
In order to compare the peak magnitude of the echo outburst with that of soft X-ray transients
(SXTs), the relation of the absolute visual magnitude MV of SXTs at the outburst maximum vs.
Porb was investigated (Figure 1e). The parameters of 10 SXTs come from [10]. Three values of the
distance to V4641 Sgr were considered.
Photometric history of V4641 Sgr in the epoch long time before the 1999 main outburst was
studied on the photographic plates from the archive of the Bamberg Observatory. These plates
were blue-band sensitive, which is similar to the B filter. The exposure time was 60 min. These
observations covered the years 1964–1967 (Figure 1f). The points are connected by line in densely
covered segments. Typical uncertainty is 0.05 mag. Magnitudes are displayed with respect to
the star GSC 0684802768. The statistical distribution of the brightness is displayed in Figure 1g.
Notice the prevailing skewness toward the higher brightness. The data were folded with the orbital
phase according to the ephemeris of [2]: Min I = 2 451 764.298 + 2.81728 E. It was found that the
orbital modulation is precluded by the long-term brightness variations (Figure 1h).
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V4641 Sgr is a binary system consisting of the black hole accretor and a B9III donor at the
distance of 7–12 kpc [8]. Its orbital period is Porb = 2.81728 d [2]. It is the optical counterpart
of the X-ray transient SAX J1819.3–2525 [13]. The first outburst was detected on a photographic
plate in 1978 [1]. The major outburst which occurred in September 1999 was observed in Xrays, optical, and radio. Radio structures suggest superluminal jet ejection [5]. This event was
preceded by an increased X-ray activity starting already in February 1999 (e.g. [7]). The major
outburst was associated with an episode of super-Eddington accretion onto the black hole. During
outburst, extended optically thick envelope/outflow has been formed [9]. Several smaller outbursts
followed the 1999 event in the subsequent years. The continuum brightened during these events
[6]. P Cygni profiles indicated rapid changes in matter ejection. Rapid optical fluctuations indicate
that the emission from an inner accretion region significantly contributes to the optical flux. It was
interpreted as cyclo-synchrotron emission associated with magnetic flares [14].
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Figure 1: (a) The AVVSO visual light curve of V4641 Sgr. The peak of the 1999 main outburst is near
the left hand edge of the plot. The echo outbursts are marked by arrows. (b) O–C curve for TC of the main
and echo outbursts. Two positions of the main outburst are shown: (1) two missing echo outbursts; (2)
one missing echo outburst. Dashed horizontal lines represent the length of the reference period of 377 d to
show the relatively small scatter of TC of the echo outbursts. (c, d) Examples of the echo outbursts. (e) The
absolute visual magnitude MV of SXTs at the outburst maximum vs. Porb (filled diamonds). The parameters
of 10 SXTs, except for V4641 Sgr, are from [10]. Closed circles denote V4641 Sgr at the maximum of
the echo outburst. Open circles mark V4641 Sgr in quiescence. Three values of the distance are assumed.
(f) The photographic light curve of V4641 Sgr from the Bamberg plates (1964–1967) (relative mag). (g)
Statistical distribution of the brightness in the Bamberg data. (h) The Bamberg data folded with the orbital
period. See text for details.
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3. Results
We present an analysis of the optical activity of V4641 Sgr on the timescale of years.
The mean TC of four echo outbursts that followed the main outburst is 377 days, with a trend
of a decrease. The evolution of their TC is analogous to that in outbursts of dwarf novae (e.g. [11])
and some SXTs (e.g. [12]). If one echo outburst in E = −2 was missed due to a seasonal gap, the
main outburst nicely fits the evolution of TC of the echo outbursts.

The optical luminosity of the echo outbursts is too high to be explained by the thermal emission of the accretion disk analogous to that in SXTs of a comparable Porb . The very luminous donor
of V4641 Sgr outshines the thermal emission of the disk even in outburst. The morphology of the
echo outbursts shows that their optical lightcurves decay very steeply, faster than what corresponds
to the thermal timescale of the accretion disk in the system with Porb = 2.8 d, provided that the
mass exchange occurs via Roche lobe overflow. The flat-top profile is inconsistent with a single
expanding bubble emitting synchrotron radiation, but can be explained by a jet or a series of successive bubbles. The very short duration of the echo outburst resembles the radio flares observed
during the X-ray outburst of the microquasar GRO J1655–40 [3].
We interpret the characteristic features of the recent activity of V4641 Sgr (the narrow outbursts separated by a long quiescence, a clear trend in the evolution of TC ) as the thermal instability
of the accretion disk operating in dwarf novae and SXTs. The intense optical emission of the echo
outbursts in V4641 Sgr is due to a jet radiating cyclo-synchrotron emission [14]. The thermal emission of the disk itself remains outshined by the donor even in outburst. This scenario also explains
why no other echo outburst was observed in V4641 Sgr. The thermal instability gives rise to the
cyclically repeating outbursts, but if no jet radiating in the optical is launched during this outburst,
the thermal emission of the hot disk remains outshined by the donor.
V4641 Sgr was active also in 1964–1967, that is long time before its main outburst. In this
epoch, the activity usually displays low-amplitude fluctuations (< 1 mag) on the typical timescale
of several weeks. They are independent on the orbital phase and preclude the modulation observed
by [2], although their amplitudes are comparable. These fluctuations, including a larger brightening
near JD 2 438 950, suggest persistent strong activity of the system. The prevailing skewness of the
statistical distribution in Figure 1g toward the higher brightness indicates faint outbursts.
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The accumulation of the data points near the peak magnitude of the echo outburst implies that
these events do not consist of a long series of short, narrow peaks starting from the quiescent level
of brightness.
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