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Abstract: In this thesis, we have performed the multi-wavelength monitoring observations
of Galactic low-mass X-ray binaries and studied the X-ray spectral evolution and spectral
state transitions in bright X-ray binaries, the properties of transient sources during the out-
bursts and the evolution of multi-wavelength emission during the outburst and the relation
between different wavelengths. The large dynamical range of X-ray luminosity is invaluable
for studying the accretion physics, since we can watch the evolution of the system through
the full range of accretion rates and follow causal sequences between them. The results of
our study improve our understanding of accretion physics, especially in some unresolved
problems, such as the key role in determining the X-ray spectral transitions, the relation
between jet and X-ray spectral states and the origin of emission in different X-ray spectral

states.

Firstly, we systematically studied the different spectral states and state transitions in
the bright Galactic X-ray binaries during the past more than ten years. We could study the
long term evolution in different energy bands by using the soft (2-12 keV) and hard (15-50
keV) X-ray monitoring light curves. The hardnessratio of the two energy band can be used
to describe the X-ray spectral evolution and define the spectral states and state transitions.
We confirmed that the luminosity of hard-to-soft state transition positively correlates with
the peak luminosity of following soft state, and also found positively correlation between
the luminosity of hard-to-soft state transition and the rate-of-increase of luminosity. These
two empirical correlations indicate that the brightest hard state and the hard-to-soft state
transition are determined by the non-stationary accretion which is characterised by the
rate-of-increase of mass accretion rate. Both correlations do not show any saturation or

cut-off in the high luminosity end, which implies that the brighter outbursts and brighter
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hard states are permitted by physics and can be observed in the Galactic X-ray binaries,
and these phenomena might have been observed in ultra-luminous X-ray sources in nearby
galaxies. We then have statistically studied the rise timescales of outbursts in low-mass
X-ray binary transients during the past more than ten years. The results shows the rise
timescales are nearly constant with large scatter in different outbursts, which supports the
positive correlation between the rate-of-increase of luminosity and peak luminosity. We also
found that the mean value of rise timescale is about several days and weakly correlates with
the orbital period. Our results indicate that the rise timescale may correspond to the viscous
timescale at some outer radius in the accretion disc, and somehow correlates with the size

of the accretion disc.

We have also performed the analysis of the multi-wavelength observations (including
ultraviolet, optical and X-ray) cross the state transition during the 2010 outburst of GX
339-4 by Swift. We found that the UV flux positively correlates with the 0.6-10 keV X-ray
in a form of fyy o f§‘52i0‘04, and 10 days before the hard-to-soft state transition, UV flux
shows a rapid drop, during which the X-ray flux still increases. We argued that the UV
emission was dominated by jet during this outburst, and the optically thick spectrum can
extend to higher frequency in a more powerful jet in a hard state. The drop in UV flux
indicates the jet starts to switch off before hard-to-soft state transition, and could be used

to predict the occurrence of the hard-to-soft transition.
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