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We observed 5 regions around the Galactic center with the XIS and HXD/PIN detectors onboard

Suzaku satellite and detected significant hard X-ray emission from all regions. The spectra obtained

with the two detectors are clearly different from those of point sources. Considering the difference of

the field of view between two detectors, they rather seem to have extended origin.

Offset observations data were also used to estimate the contribution of bright X-ray point sources,

which exist outside the XIS field of view but inside that of the PIN, to the detected emission. After the

subtraction of three bright point sources near the target regions, about a half of original flux remained.

1. Introduction

X-ray emission along the Galactic plane has been observed for more than 20 years (e.g., Warwick et
al. 1985; Koyama et al. 1986), and has been revealed to consist of three spatial components, namely
the Galactic ridge component (Kaneda et al. 1997), the Galactic center (GC) component (Yamauchi &
Koyama 1993), and the Galactic bulge component (Kokubun 2001). There are mainly two explanations
for the emission mechanism; one truly diffuse emission (Dogiel et al. 2002; Masai et al. 2002), and the
other superposition of large number of unresolved point sources (Revnivtsev et al. 2005).

While the Galactic plane emission is spectrally dominated by hot plasma emission up to ∼ 10 keV, a
clear excess has been observed in higher energies (Yamasaki et al. 1997; Valinia et al. 2000). However the
high surface density of bright X-ray point sources around the GC prevented us from examining whether
the hard excess is also associated with the GC component.

The PIN silicon detector of the HXD (Takahashi et al. 2007) onboard the Suzaku satellite has a tightly
collimated field of view (FOV) of 34′ × 34′ (FWHM) and is hence suitable to observe the GC diffuse
emission avoiding contamination of bright point sources. We report the HXD-PIN detection of intense
hard X-ray flux from the GC region, which appears to have truly diffuse origin.

2. Observation

Suzaku observed 5 regions around the GC (l = −0◦.5 ∼ +0◦.5) in 2005 September and 2006 March,
each for an exposure of 30-70 ks. As shown in Fig.1, we hereafter call these regions A, B, C, D and E.
Regions A and B were both observed twice with a time separation of a week, so we distinguish them by
putting subscripts 1 and 2. In 2005 September, three offset regions were observed additionally, to look
for bright X-ray point sources which may exist outside the XIS FOV but inside the PIN FOV, and to
estimate to what extent they contaminate the diffuse emission, which is the main target of this study.
For detailed analysis of the XIS data of these regions, Koyama et al. (2007) may be referred to.

3. Detection of Diffuse Hard X-rays

Figure 2 shows spectra of the 5 regions taken with the XIS (2-10 keV) and PIN (10-40 keV), after
subtraction of non X-ray background (NXB). In the PIN energy range, we detected from every region
intense hard X-ray signals, which is a few times higher than the NXB counts.

In Fig.2, the XIS and PIN spectra do not connect smoothly to each other. To show this more clearly,
we plotted in Fig.3 a model spectrum of a Crab-like point source superposed on the spectrum of Region
A. Thus, the observed PIN signals much exceed what we would expect when a single point source, which
matches the XIS counts, was present near the HXD/XIS FOV. We can explain this flux discrepancy
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Fig. 1 A mosaic image of the GC region, taken by the XIS. The orange square centered on Region

A indicates the FWHM FOV of the HXD-PIN. Three encircled point sources are the targets of

offset observations (*1:1A1742-294, *2:KS1741-293, *3:1E17431-2843, see Section 4).

assuming either that the emission is extended and hence the HXD with the larger FOV receives higher
counts than the XIS, or that bright point sources, which reside outside the XIS FOV but inside the PIN
FOV, are contributing to the PIN flux. Although there are some bright sources in this region, the latter
case is hardly realistic because the same flux discrepancy is observed in all the 5 regions. Furthermore,
the observed vs. predicted flux discrepancy, factor 3.5 ∼ 4.5, is comparable to the difference between
the XIS FOV (18′ × 18′) and that of the HXD-PIN (34′ × 34′ FWHM), with a ratio of ∼ 3.6. From
this simple spectrum consideration, we can say that there is largely extended (and possibly diffuse) hard
X-ray emission in the GC region, although there should be contribution by bright point sources (see §4).

Fig. 2 Wideband(2-40 keV) spectra of the 5 GC

pointings. Color of each spectrum corresponds

to that of regions shown in Fig.1. Night earth

data and modeled non X-ray background were

subtracted from the XIS and PIN spectra, respec-

tively.

Region A1
Crab-like model
(photon index=2.1)

Fig. 3 The modeled spectra of a Crab-like point

source (black), with an intesity of 1/200 Crab, com-

pared with the Region A data (red). The model flux

was set so as to be equal to the Region A flux in the

XIS range.

4. Estimation of Contribution from Bright Point Sources

In Fig.1, we detected three bright point sources, denoted *1, *2 and *3. As given in the caption to
Fig.1, they have been identified with catalogued sources, known from past observations. To estimate
their contributions to the 5 PIN spectra, we fitted their spectra with an absorbed cutoff powerlaw model,
which is appropriate for low-luminosity binaries. Then using those model parameters, we simulated the
contribution of these point sources to the PIN flux considering the angular response of the detector.
These point sources are variable so we estimated the contribution only for Regions A1, A2, B1 and B2,
which were observed within a week since the point sources were observed. Figure 5 shows the NXB
subtracted spectrum of Region B1 (black), those of the three point sources (red, blue, green) and the
signal spectrum which remains after subtracting the point source contribution (light blue). In this case,
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about half the original flux of Region B1 remains after the subtraction.

nH=6.6*1022cm-2
Ecut=30 keV, photon index=1.6

Fig. 4 Spectra of 1A1742-294 (source *1 in Fig.1)

taken with the 3 XIS-FI sensors, compared with the

best fit cutoff powerlaw model. The cutoff energy

refers to the value given in INTEGRAL General Ref-

erence Catalog (Ebisawa et al. 2003).

Fig. 5 An example of subtraction of the three point

sources, from the PIN spectra. Black data points are

the NXB subtracted PIN spectrum in Region B1.

Red, blue, and green spectra are the estimated con-

tributed of *1, *2 and *3 respectively, while light blue

is the residual signals obtained after subtraction of

the NXB and the three point sources.
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Fig. 6 Galactic longitudinal distribution

of the surface brightness of the emission in

12-40 keV. Red and green points show the

results before and after subtraction of the 3

point sources.

Figure 6 compares the PIN surface brightness be-
tween the GC region and other on-plane regions. The
data points at l ∼ 8◦ and l ∼ −12◦ refer to HXD-PIN
results from pointings on virtually blank skies on the
Galactic plane, performed in 2005 September to 2006
April. We can see that the residual surface brightness
of the GC emission still exceeds the value of the galac-
tic plane emission even after subtracting the 3 source
contributions. Although Region C shows about twice
higher excess emission than those of other GC regions,
this could be contaminated by point sources which may
exist outside the XIS FOV but inside the PIN FOV.

5. XIS-PIN Simultaneous fitting Region D
photon idex=1.85+/-0.08

kThigh=7 keVkTlow=0.8 keV

Fig. 7 XIS and HXD/PIN spectra of re-

gion E, fitted with two thermal models

(MEKAL; black and red) and a powerlaw

(blue).

The GC diffuse emission in the PIN range is ex-
pected to be dominated by a non-thermal component,
like the Galactic plane diffuse emission. We tried to
distinguish the non-thermal component in the emis-
sion by utilizing XIS-PIN simultaneous fitting, which
is one of the most impressive features of Suzaku.

As an example, we show the result of Region D in
Figure 7. We applied the model spectrum consisting of
two thermal components (MEKAL), a powerlaw com-
ponent and a gaussian for the 6.4 keV neutral Fe peak.
We assumed that the emission is distributed uniformly
in the circle of radius of 1◦ around the center of the
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HXD FOV. These components were subjected to a common photoelectric absorption. The model has
given an acceptable joint fit with χ2/ν = 785.6/728. The PIN vs. XIS relative normalization, which
was left free in this fitting, turned out to be 1.22±0.05, confirming that the emission is extended over
1◦. The derived two temperatures (kTlow = 0.45 ± 0.03 keV, kThigh = 7.2 ± 0.3 keV) are close to the
values of the Galactic plane emission, and the powerlaw component has been shown to have a photon
index Γ = 1.85± 0.08. The fit implies that the non-thermal (powerlaw) flux exceeds that of the thermal
emission in energies of > 10 keV.

The best fit parameters in the 5 regions are shown in Table 1. Thus, except for the much enhanced
flux in Region C, the essential spectral properties are shared by the 5 regions.

Table 1 The best fit model parameters for the spectra of 5 regions.

Region kTLow(keV) kTHigh(keV) Photon index Γ constant factor†

A1 0.566±0.01 6.48±0.13 2.29±0.05 0.98±0.02
A2 0.517±0.03 6.66±0.15 2.22±0.05 0.91±0.03
B1 0.474±0.01 6.93±0.18 2.11±0.06 1.85±0.06
B2 0.565±0.02 7.27±0.24 2.02±0.10 1.86±0.07
C 0.516±0.04 7.67±0.30 1.96±0.04 3.41±0.08
D 0.448±0.03 7.24±0.27 1.85±0.08 1.22±0.05
E 0.499±0.02 7.88±0.22 1.85±0.04 1.76±0.05

† The normalization ratio of PIN/XIS applied to all model components. The ration is

defined to be 1.00 if the emission comes from a uniform disk of 1◦ radius centered on the

HXD FOV.

6.Summary

We detected intense hard X-ray emission from all of 5 pointings in the GC region, and the PIN vs.
XIS flux ratios are much higher than that of a point source. The emission is likely to be of diffuse origin.

Contribution of three bright point sources to the hard X-ray flux observed with PIN was estimated.
Even after the subtraction of their contamination, about half the original flux remiained.

Simultaneous fittings between the spectra of the XIS and PIN show that each region contains a hard
X-ray component which is described with a powerlaw model of photon index 1.85-2.29 in addition to,
the hot thermal components which is responsible for the strong ionized Fe-K lines in the XIS spectra.
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