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Abstract

We analyzed a persistent state of a type-I X-ray burster, GRS 1747−312. The XIS spectrum was
fitted with an absorbed power-law + blackbody model. The spectrum clearly changed through the 110
ks observation. This variability can be explained by a decrease in absorption and an increase in intensity
of the blackbody component. In addition, a dip was seen in the light curve. This dip was not coincident
with the timing of eclipses expected from the past observations.

Key words: nutron star — LMXB — X-ray burster — Suzaku

1. GRS 1747−312

GRS 1747−312 (l = 358.◦573 , b = −2.◦163) is an X-ray
transient source located in the 9.5 kpc distant globular
cluster, Terzan 6. GRS 1747−312 is thought to be an
LMXB, and is known to have an eclipsing period of 12.36
hours (J.J.M. in’t Zand et al. 2000, 2003).

A type-I X-ray burst from this source was detected
in part of Suzaku mapping observations of the Galactic
center region. Peculiarly, the burst lasted a few hours.
This burst was discussed in Iwai et al. (2014). In this pa-
per, we focus on the period excluding the burst. Figure
1 shows an X-ray light curve in the 0.5–10 keV band and
the hardness ratio defined by the ratio of hard (> 4 keV)
and soft (< 4 keV) X-ray photons. The hardness ratio
clearly decreased during the 110 ks observation. To dis-
cuss the time variability, we defined 6 time intervals.

2. Spectrum

Figure 2 shows spectra acquired from XIS1 in each inter-
val. Each spectrum was fitted with an absorbed power-
law + blackbody model. An averaged value of the col-
umn density, photon index, and blackbody temperature
are NH = 9.7× 1022 cm−2, Γ = 1.25, kT = 0.13 keV, re-
spectively. In the upper panels of Figure 2, red lines show
the best-fit model of the spectrum of interval A. The
best-fit parameters are NH = 12.3+0.9

−1.1 × 1022 cm−2, Γ =

1.1+0.1
−0.1, and no blackbody component (χ2

ν = 0.98(184
d.o.f.)). Lower panels show the χ of the data and the
model. In the interval B+D and F, the spectra were
softer than that in the interval A.

Fig. 1. X-ray light curve in the 0.5–10 keV band and the hardness
ratio during the observation, acquired from XIS0, 1 and 3. We
can see a clear decrease in the hardness ratio. Based on the count
rates and the hardness ratio, we defined 6 time intervals (A – F).

In the energy band of 3–10 keV, the change of the
spectrum can be explained by the decrease in column
density. Thus time variabilities of the column density
and the luminosity of the blackbody were studied by fit-
ting the spectra with the photon index and temperature
of the blackbody fixed to the averaged value.
Figure 3 shows the time variability of the column den-

sity and the unabsorbed luminosity of the blackbody. In
the first half of the observation, due to the strong ab-
sorption, only upper limits of the unabsorbed luminosity
of the blackbody were obtained. After 60 ks from the
start of the observation, both the column density and the
unabsorbed luminosity of the blackbody were increased.
These two changes were likely to be synchronized.
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Fig. 2. XIS1 spectra of interval A, B+D and F. Upper panels : XIS1 spectrum in each interval, compared with the best-fit model of the
spectrum of interval A. Lower panels : χ of the data and the best-fit model obtained from the spectral fit of interval A.

Fig. 3. Time variability of column density (upper panel) and unab-
sorbed luminosity of the blackbody component (lower panel). The
errors are estimated as a 90% confidence range.

3. Dip

In J.J.M. in ’t Zand et al. (2003), the orbital pe-
riod of GRS 1747−312 was estimated to be P =
0.514980303(7) day. According to their results, eclipses
can be expected in the time periods shown as the blue
bands in Figure 4. The observed dip was outside of the
expected periods. Moreover, X-rays from GRS 1747−312
were detected during the expected periods.

4. Long-term variability

X-ray fluxes acquired from several observations are sum-
marized in Table 1. The flux changed by three orders of
magnitude during about 10 years.

Table 1. Long-term variability of the flux (2–10 keV)

Observation 2–10 keV observed flux
(erg cm−2 s−1)

BeppoSAX (1998,1999) 6.5× 10−10

XMM Newton (2004) 2.7× 10−13

Suzaku (2009) 1.1× 10−11

Fig. 4. The light curve with the intervals of the eclipse that were
predicted from the past observation. Blue bands indicate the
estimated time.

5. Summary and discussion

5.1. Change of the spectrum

The spectral change was explained by the simultaneous
decrease in the column density and increase in the lumi-
nosity of the blackbody. Since there were known periodic
eclipses, the companion is thought to be a giant. Thus
the companion may blow out a lot of gas, and then the
neutron star may pass through these blow-out clouds.
When the neutron star go into a deep cloud, the degree
of the absorption increase. At the same time, more gas
falls onto the neutron star and may emit soft X-rays.
This scenario can explain the change of the spectrum.

5.2. Dip and eclipse

Only one dip was detected, which interval was outside of
the expected periods of the eclipse. We think it is hard
to specify what caused this phenomenon, only from the
data obtained this time.
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