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Review of low-mass X-ray binaries near the Galactic center
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Results of observations of several LMXBs in the Galactideeregion carried out with the ART-P telescope
on boardGRANAT observatory are briefly reviewed. More than dozen sources vesealed in this region
during five series of observations which were performed \ligh ART-P telescope in 1990-1992. The
investigation of the spectral evolution of persistent eois of two X-ray bursters GX3+1 and KS1731-
260, discussion of QPO and spectral variations detecten the very bright Z-source GX5-1 and studying
the pulse profile changes of the pulsar GX1+4 were carried out

1 Introduction

The Galactic Center is one of the most interesting and intelysobserving in X-ray region populated
by many sources, including dozens of low-mass X-ray bisariehe ability of the telescope ART-P on
board observatorGRANAT to investigate simultaneously X-ray emission from sevpaaht like sources
located within its field of view predetermined the choice lué Galactic center as a favorable target for
observations. The total ART-BRANAT exposure time of the Galactic center field observationswa&0

ks. Such a long exposure allowed to build the detailed X-rap wf this region, to investigate persistent
and transient sources emission, to discover four new ss(ifavlinsky et al. 1994). Several years later this
region was observed by the telescopes of the BeppoSAX andR¥§ervatories (Sidoly et al. 1999, in’'t
Zand 2001) in approximately the same energy band. Now th&BHAL observatory begin to intensively
investigate the Galactic center in gamma rays.

In this paper we present briefly results of observations of ¥aray bursters GX3+1 and KS1731-260
carried out with the ART-RBRANAT telescope in 1990-1992. These objects are regular souf tgseol
bursts, which are thought to be resulted from thermonudl@as on the surface of accreting neutron stars.
We present here also the preliminary results of spectratiaridg investigations of very bright low-mass
X-ray binary GX5-1 and X-ray pulsar GX1+4.

2 Results

The image of the Galactic center field reconstructed on thebamation of the ART-P observations carried
outinthe fall of 1990 is presented in Hily.1. Fifteen poinirees were revealed. Most of them were studied
in several previous ART-BRANAT papers (see for example Pavlinsky et al. 1992, 1994, Gretedrad.
1995, 1996, Lutovinov et al. 2001, Molkov et al. 2000, 2004 eeferences there). Below we focus of our
attention on the four least studied sources.
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Fig. 1 Galactic center image obtained in the 3-20 keV energy batidtive telescope ART-P in 1990. Contours show
the significance of source detection at the level 3,4,5,1dhd more standard deviations.

2.1 GX3+1

This source was observed with ART-P four times during@®RANAT Galactic center field survey in the
fall of 1990 with total exposure more than 60 ksec. The amslysthe data led to one interesting finding
— a strong X-ray burst was detected from GX3+1 on 14 Oct. Thesiigation of the source persistent
emission in this day shows that its luminosity was30% less than the luminosity measured in the other
days and equa} 5 x 1037 erg s™! in the 3-20 keV energy band. Such behavior is in agreemehtrestults

of Makishima et al. (1983). It was only second case afteHABEUCHO observations when GX3+1 was
found in the bursting state. Now the number of X-ray burstected from GX3+1 increased to 81; a part
of these bursts were observed during source high state (dengdet al. 2003).

The spectrum of the source measured in the high state is simowig[d. It can be good approximated
by the model of comptonization of soft photons on hot elexdrof plasma. However obtaining values
of parameters indicate that the model may be not physicalisect because it does not take into account
effects of free-free absorption. Two more suitable modeisiescription of emission from GX3+1 were
discussed in Molkov et al. (1999). The power spectrum of GX8#presented in Fig.3 and doesn't
demonstrate any peculiarities.

2.2 KS1731-260

The transient X-ray source KS1731-260 was discovered if ¥89& the telescope TTM on boaRDENT-
GEN observatory and was recognized as a burster (Sunyaev €Q%0).1The source was observed many
times withRXTE andBeppoSAX observatories and coherent X-ray oscillations with periotd 9 ms were
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Fig. 2 Spectrum of GX3+1 measured by ART-P on Fig. 3 Power spectrum (without dead-time correc-
Oct 11, 1990. Solid line is the best-fit comptonization tion) of the ART-P light curve of GX3+1 obtained on
model with temperaturéT” = 2.3 keV. Oct 14, 1990.

discovered during several bursts (Smith et al. 1997). Alserg powerful superburst with duration of
several hours was detected from the source (Kuulkers e0aR)2

KS1731-260 was observed with the ART-P telescope four tim#issan interval of one year. Two X-ray
bursts with approximately the same time profile were detkftten the source (Fifil4). The photon spectra
of the source obtained on 23 Aug and 7 Oct 1990 are shown {B.Aigboth cases the spectra were equally
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Fig. 4 Two X-ray bursts detected by ART-P from Fig. 5 Spectra of source persistent emission ob-
KS1731-260. Gap in the light curve is related to the tained on 23 Aug (open circles) and 7 Oct (dark cir-

data transfer from the telescope buffer to main satel- cles) 1990. The best-fit models are presented by cor-
lite memory. responding lines.
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Fig. 6 Observations of two different types of the sourse pulse lpr¢gingle asymmetric peak and double peak) and
their dependence on the energy.

well described by the Sunyaev-Titarchuk comptonizatioomically thin thermal bremsstrahlung models,
but the source luminosity in the 4-20 keV energy band measare7 Oct (when the X-ray burst was
detected) was 30% lower that ones in another day. Such aborebetween source low state and bursting
activity was observed for several other bursters.

The detailed analysis of the KS1731-260 persistent andsansissions is in progress.

2.3 GX1+4

The hard X-ray pulsar GX1+4 in low-mass binary was obsereséral times during th&RANAT obser-
vatory operationsin 1990-1992 (Lutovinov et al. 1994). iDgithe observation on 23 Aug 1990 the source
was detected in the soft state where the observed phototrgmewas fitted well by a simple powerlaw
with a photon indexx ~ 2. The X-ray luminosity in the 3-20 keV range was equahM®.6 x 1036 erg
s~ ! for a distance of 8.5 kpc.

The X-ray pulsations with period dfl4.66 4+ 0.01 s were detected from the source with a double peak
structure in different energy bands on Oct 7, 1990 [[Fig.ba)ying observations on Sept 7, 1991 the pulse
profile of GX1+4 showed a single broad feature with perldd.14 + 0.13 s (Figl®b). This change in
the pulse profile from a double to a single pulse structurébisuaione year indicates either activation of
the opposite pole of the neutron star if the magnetic fieldysranetric or possibly a change in the beam
pattern from a pencil beam to a fan beam.

2.4 GX5-1

GX5-1 is a second brightest source in X-rays after Sco X-is.dalled Z-source after the approximate “Z”
shape describe in an X-ray colour-colour diagram and in aay<hardness-intensity diagram (Hasinger,
van der Klis 1989). GX5-1 was observed by ART-P many times980t1992 with intensity in the 3-
20 keV energy band of 1 Crab. To investigate the source spectral variations weiegph b the spectra a
few simple models, such as Sunayev-Titarchuk Comptowizati soft photons on hot electrons of plasma,
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Fig. 7 The GX5-1 spectra variations as observed Fig. 8 The power spectrum (without the dead-time
with ART-P in Sept-Oct 1990. Lines are best-fit mod- correction) of the ART-P light curve of GX5-1 ob-
els for three different sessions of observations, points tained on Oct 20, 1990. The broad QPO feature in
are the source spectrum obtained during one of them. the rangel3 — 20 Hz is obviously visible.

optically thin thermal bremsstrahlung and Boltzmann laiguFelT illustrates this issue showing the spectra
measured on the autumn of 1990. 7

We estimated also the power spectra of the source by caluyithe Fourier amplitudes of the signal for
the all sessions of observations. The QPO with centroidifeaqy~ 16 Hz was detected on 20 Oct 1990
(Fig[d). The measured frequency correspond to the typicaiZzontal branch’ QPO (van der Klis 1985).
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