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Abstract

A faint X-ray transient source XTE J1856+053 was first discovered during the Galactic ridge survey
by the RXTE/PCA on September 17 and 18, 1996. After re-examining the RXTE/ASM data, the source
was detected on September 10. Following the 1996 outburst, XTE J1856+053 was detected again on
February 28, 2007 by the RXTE/ASM. This source was observed in 2007 by the four X-ray satellites:
XMM-Newton, Swift, RXTE and Suzaku. Based on the XMM-Newton data, Sala et al. (2008) reported
that the X-ray spectrum showed a typical high/soft state of the black hole candidates (BHCs). In this
paper, we present the results on a X-ray spectral analysis of the BHC XTE J1856+053 in the 1996 and the
2007 outbursts. We compiled all the available data, in total 7 pointing observations from Suzaku, RXTE,
Swift and XMM-Newton. All the X-ray spectra of XTE J1856+053 showed typical characteristics of the
high/soft state of the BHCs and the innermost temperature about 0.7 keV. The mass of this source is
estimated to be about 5 solar masses assuming a distance of 10 kpc and an inclination angle of 0 degree.
Based on thoes obsevational characteristics, we conclude that the central object is likely a black hole.
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1. Intoroduction

An X-ray transient XTE J1856+053 was discovered with
a 2–10 keV flux of 66 mCrab during the Galactic ridge
survey by PCA onboard the RXTE on September 17 and
18, 1996 (Marshall et al. 1996). The soft X-ray peak
in the light curve on September 15–17 was delayed to
the hard X-ray peak on September 7–9. After the 1996
outburst, this source was detected again on February 28,
2007 by ASM on RXTE. The maximum X-ray flux of this
source in 2007 was about 110mCrab (Sala et al. 2008).
Here we report on X-ray spectral analysis of the BHC
XTE J1856+053 by compiling all available data, in total
7 observations.

2. Observation and Data Analysis

Table 1 shows the list of the 1996 and the 2007 observa-
tions of XTE J1856+053 used in this study. The source
was observed once in 1996, and three times in 2007 by
RXTE. The other satellites also observed this once in
2007. For Suzaku, We used the data of XIS 0, 3 and

Table 1. List of X-ray observations of XTE J1856+053.

Instrument Day Exposure Mode
[ksec]

Suzaku/XIS 2007/03/19 24.5 1/4Window
Suzaku/HXD 2007/03/19 20.1 –
Swift/XRT 2007/03/10 1.2 Photon

Counting
RXTE/PCA I 2007/03/09 2.9 –
　　　　　 II 2007/03/24 3.1 –
　　　　　 III 2007/06/10 1.2 –
　　　　　 IV 1996/10/01 4.0 –
XMM-Newton 2007/03/14 1.5 Timing

HXD-PIN. For XMM-Newton, we used only the data of
XIS 0, 3 and HXD-PIN. For XMM-Newton, we used only
the data from EPIC-pn. We analyzed the XMM-Newton
data using the Science Analysis Software version 12.0.1.
The other data was analyzed using the HEADAS version
6.14. The error is quoted at statistical 90% confidence
level.
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Table 2. Best-fit parameters with diskbb model.

Model Parameter Suzaku Swift RXTE I RXTE II RXTE III RXTE IV XMM-Newton

diskbb Tin(keV) 0.73+0.01
−0.01 0.74+0.09

−0.09 0.73+0.01
−0.01 0.71+0.01

−0.01 0.78+0.03
−0.03 0.67+0.01

−0.01 0.75+0.02
−0.01

rin(km) 32.3+0.5
−0.5 42.2+21.1

−11.6 35.8+1.6
−1.6 37.4+1.6

−1.6 37.0+0.5
−0.5 39.0+1.8

−1.7 28.2+2.0
−1.9

χ2/d.o.f 423.3/367 66.0/74 23.0/29 26.5/29 39.3/29 11.5/28 122.2/95

3. Results

3.1. Spectral Fitting

First we fit the XIS and HXD-PIN spectra jointly with
a multi-color disk (MCD) model (diskbb) (Mitsuda et
al. 1984; Makishima et al. 1986) and its Comp-
tonization model, wabs×smedge×(simpl

⊗
diskbb) in

XSPEC. The wabs model represents a photoelectric ab-
sorption in the interstellar medium, and the simplmodel
produces a powerlaw-like spectrum due to the Compton
scattering (Steiner et al. 2009). The smedge model has
been frequently applied for as an approximation of the
broad edge-like strucure above 7 keV seen in the energy
spectra of BHC (Sobczak et al. 1999 ; Yamaoka et al.
2012 ). The fitting range for the XIS and HXD is 0.9–
10.0 keV and 12–40 keV respectively. The fitting was
done by XSPEC versin 12.8.1 based on the chi-square
fitting algorithm. This model gives a resonable fit to
the Suzaku data giving a χ2 of 423.3 for 367 degree of
freedom (d.o.f). We fit RXTE, Swift and XMM-Newton
spectra with the same model. The energy range 3.0–17.0
keV, 1.0–7.1 keV, and 2.0–10.0 keV for RXTE, Swift,
and XMM-Newton respectively. The smedge was not re-
quired for the Swift and XMM-Newton data because of
the limited energy range. The best-fit parameters are
shown in Table 2.
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Fig. 1. Time variation of spectral parameters.

Figure 1 shows the time variation of spectral parame-
ters of the diskbb model for all seven observations. The
innermost temperature spans in the ranges of 0.66–0.78

keV, and the innermost radius is kept almost stable at
about 35 km, assuming a distance of 10 kpc and an in-
clination angle of 0 degree.

4. Discussion

All the X-ray spectra of XTE J1856+053 were well fitted
by the MCD model plus Compton power-law tail. This
is typical characteristics of the high/soft state in BHCs.
Furthermore, the innermost radius is kept constant at
around 35 km during the outbursts of 1996 and 2007.
Assuming that 1) these constant innermost radii coin-
cide with the innermost stable circular orbit (ISCO) and
2) the BH is non-rotating, the innermost radius should
be three times of Schwarzschild radius. The rin in table
2 is uncorrected for a color radius, hence we correct the
formulae Rin = ξκ2rin (Kubota et al. 1998). The cor-
rected Rin is 41.5 ± 0.6 km. Then, we can calculate the
mass of the central object as follows.

M =
c2Rin

6G
= 4.7± 0.1(cos θ)−

1
2
D[kpc]

10[kpc]
M⊙ (1)

If the source is located within our Galaxy, M> 3M⊙
and the luminosity relative to the Eddington luminos-
ity (L/LE) ranges in 0.04–0.7, we can constrain the BH
mass and the distance as follows: 3 ≤ M[M⊙] ≤ 34.4 and
4.7 ≤ D[kpc] ≤ 23.
To determine detailed BH parameters, we tried another
model kerrbb (Li et al. 2005) in XSPEC. We fit seven
data jointly with wabs×smedge×(simpl

⊗
kerrbb).

The derived constraint on the mass and distance are
3 ≤ M[M⊙] ≤ 32.8 and 4.7 ≤ D[kpc] ≤ 23. These
constraints are similar to those estimated from diskbb
model.
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