
A thermonuclear X-ray burst with photospheric expansion

from GRS 1747–312 observed with Suzaku

Masachika Iwai1,2, Tadayasu Dotani2,1, Masanobu Ozaki2, Yoshitomo Maeda2

Hideyuki Mori3 and Shigetaka Saji3

1 Tokyo Institute of Technology, 12-1, Ookayama 2-chome, Meguro-ku, Tokyo, 152-8550, Japan
2 Institute of Space and Astronautical Science, Japan Aerospace Exploration Agency

3 Department of Physics, Faculty of Science, Nagoya University
E-mail(MI): iwai@astro.isas.jaxa.jp

Abstract

We analyzed a thermonuclear X-ray burst from GRS 1747–312 observed with Suzaku to constrain the
mass-radius relation of nutron stars (NSs). It was an exceptionally large burst with photospheric radius
expansion (PRE), whose duration exceeded one hour. We utilized an apparent change of the Eddington
luminosity during the PRE phase, which yielded a gravitational red shift of 1 + z = 1.4± 0.2. We discuss
the sources of relatively large uncertainty of this result, mostly originated from the deviation of the burst
spectra from a blackbody.
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1. Introduction

NSs are the most compact object in the universe (except
for the black holes), and their mass-radius relation can
provide crucial information on the nature of the ultra
dense matter. In this respect, type I X-ray bursts from
NSs are important because their emission can be approx-
imated by a blackbody. We can derive in principal the
NS radius from the burst spectra if the source distance
is known. However, it is usually not the case. Thus,
we adopt an alternative method which is independent of
the distance to measure the gravitational redshift of the
NSs.

In this paper, we analyze thermonuclear X-ray bursts
with PRE and measure the gravitational red shift from
the apparent change of the Eddington luminosity at dif-
ferent photospheric radii (van Paradjis et al. 1989).

2. Suzaku archive data

GRS 1747–312 is a type I X-ray burst source located
in the globular cluster Terzan 6. It was observed with
Suzaku as a part of Galactic bulge mapping in 2009
September for a total exposure of 45.3 ks. Details of
these Suzaku data are found in Saji et al. (2014).

Fig.1 shows a light curve obtained with X-ray Imaging
Spectrometer (XIS). A large X-ray burst was detected
with a long tail exceeding an hour. We carefully exam-
ined data for photon pile-up and telemetry saturation,
and those not suited for the analysis were excluded. Fig.2
shows the close-up light curve during the burst. Unfor-

0 5!104 105

0
.1

1
1
0

192 s/bin

0.5 - 10 keV

Seconds since 2009/09/16 07:21:35

C
o
u
n
ts

/s

A

Fig. 1. XIS0+3 light curve of GRS 1747–312. An X-ray burst is indi-
cated by an arrow. The region A is used to subtracted persistent
emission from the burst data.

tunately, most of the decay of the burst was not observed
due to the satellite passage through the South Atlantic
Anomaly (SAA).

3. Analysis and Results

To describe the properties of the X-ray burst, we car-
ried out time-resolved spectroscopy. The spectral data,
which were accumulated in consecutive time bins of 8
s, were fitted with an absorbed blackbody model with
constant absorption of NH = 1.46 × 1022 cm−2. The
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Fig. 2. Close up light curve of the burst. No data were obtained after
250 s due to the SAA.

region prior to the burst in Fig.1 was used to subtract
persistent emisson from the burst data. Although the
persisitent emision level may have changed during the
burst, it hardly affect the analysis results because its
contribution is negligibly small.
We show the history of apprent radii, color temper-

atures, and bolometric luminosities in Fig.3. It can be
seen from the figure that a clear and moderate PRE oc-
cured in initial 80 s after the burst onset and an aparent
change of the luminosities was associated. If we take
data between 100-150 s in Fig.3, the Eddington luminos-
ity changed from 2.7±0.1×1038 erg/s to 2.0±0.3×1038

erg/s. The apparent radius decreased by a factor of
2.5 ± 0.3 in the same period. From the variation of the
Eddington luminosities ∆LEdd in Fig.3 and the method
described in van Paradjis et al (1989), the gravitational
red shift was estimated to be 1+z = 1.4±0.2. Here, the
color correction factor fc = Tcol/Teff was adopted from
Suleimanov et al. (2011). We assumed that the compo-
sition of the NS atomosphere did not change during the
burst. Small variations of the Eddington luminosity de-
pending on the temperature of the NS atomosphere and
Compton scattering were ignored.
During the spectral analysis, we detected a broad ab-

sorption feature in the energy spectrum above 7 keV in
the cooling phase of the burst. Details of the analysis
results on this possibly rotation-broadened absorption
edge will be presented elsewhere.

4. Discussion

The method using the apparent change of the Edding-
ton luminosity during the PRE phase is useful, but suf-
fers from several uncertainties. Most important one is
the deviation of the energy spectra from a blackbody.
The deviation is generally represented by the color cor-
rection factor fc. Because fc cannot be determine ob-

 5

 15

 25

 0  50  100  150  200  250

 1

 2

 3

 1

 2

 3

!LEdd

PRE phase Cooling phase

TIME s

R
b
b
 (k

m
) 

k
T

c
o
l  (k

e
V

) 
L
 (
"

1
0

3
8
 e

rg
/s

) 

Fig. 3. History of spectral parameters during the burst. The source
distance is assumed to be 9.5 kpc (Kuulkers et al. 2003).

servationaly, we have to rely on numerical calculation.
In this respect, model atomosphere calculations of the
PRE burst are strongly anticipated. Furthermore, en-
ergy spectra of some time bins did not provide good fit
with an absorbed blackbody model. Thus the energy
spectra may contain local structures not represented by
fc. This introduced extra uncertainties in bolometric
corrections and the burst luminosities.
In spite of all these sysytematic errors, this method is

independent of the distance to the source, and is a po-
tentially useful tool to constrain the mass-radius relation
of NSs.
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