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Abstract

We present the first long Suzaku observation of the hyperluminous infrared galaxy IRAS 09104+4109
which is dominated by a Type 2 AGN. The infrared to X-ray SED indicates that the source is an obscured
quasar with a Compton-thin absorber. However, the 3σ hard X-ray detection of the source with the
BeppoSAX PDS suggested a reflection-dominated, Compton-thick view. The high-energy detection was
later found to be possibly contaminated by another Type 2 AGN, NGC 2785, which is only 17 arcmin away.
Our new Suzaku observation offers simultaneous soft and hard X-ray coverage and excludes contamination
from NGC 2785. We find that the hard X-ray component is not detected by the Suzaku HXD/PIN (effective
energy band 14-45 keV). Both reflection and transmission models have been tested on the latest Suzaku
and Chandra data. The 0.5-10 keV spectrum can be well modelled by the two scenarios. In addition, our
analysis implied that the absorption column required in both models is NH ∼ 5× 1023 cm−2. Unless IRAS
09104+4109 is a “changing-look” quasar, we confirm that it is a Compton-thin AGN.
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1. Introduction

The luminous infrared (IR) galaxy IRAS 09104+4109 (z
= 0.442) hosted in a cD galaxy in a rich cluster (Klein-
mann et al. 1988) is one of the most powerful (IR lumi-
nosity> 1046 erg s−1) sources within z = 0.5. The ASCA
observation showed that the source is bright in X-rays,
with a powerlaw spectrum which is typically seen in most
AGNs Fabian et al. (1994). The peaked X-ray surface
brightness profile resolved by ROSAT implied that the
cluster has a strong cool core (Fabian & Cawford 1995,
Crawford & Vanderriest 1996).

Franceschini et al. (2000) reported a 3σ detection of a
transmitted component above 10 keV by the BeppoSAX
PDS, which indicated that the spectrum should be inter-
preted as a reflection continuum absorbed by a Compton-
thick absorber. The equivalent width of the strong iron
line further supports the reflection-dominated scenario.
However, Piconcelli et al. (2007) indicated a possibility
of “contamination” from nearby sources, as the field of
view of the PDS instrument of BeppoSAX is large (1
degree × 1 degree). Vignali et al. (2011) presented a
54-month Swift BAT map (15.0-30.0 keV band) which
shows that the hard X-ray emission detected by Bep-

poSAX is probably associated with a z = 0.009 Type
2 AGN NGC 2785, which is only 17 arcmin away from
IRAS 09104+4109.

2. New Suzaku Observation

The recent observation with Suzaku offers simultaneous
X-ray data of 0.5-10.0 keV and 14.0-45.0 keV of the
source. Given that the field of views of Suzaku X-ray
Imaging Spectrometer (XIS) and PIN are 17.8 arcmin
17.8 arcmin and 34 arcmin 34 arcmin, respectively, emis-
sion from the nearby AGN NGC 2785 is likely included
in the PIN detector if the pointing is aimed at IRAS
09104+4109. The Suzaku PIN is a non- imaging instru-
ment and emission from other sources cannot be simply
excluded by region extraction. Therefore we shifted the
pointing 6 arc-min west and assigned a 90 degrees roll an-
gle in our observation. The entire source still lies within
the XIS detector after the change of pointing, and con-
tribution from NGC 2785 should be ex- cluded from the
field of view (FOV) of PIN.
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Fig. 1. The upper panel shows the PIN data (before background
correction) in black points and the total background in red points.
The lower panel compares the Non-X-ray background and the
earth-occulted background, which are shown in blue and green
points, respectively.

3. Non-Detection of PIN

The count rate of source before background correction is
0.340±0.002 counts s−1 in the effective PIN energy band
14.0-45.0 keV, appearing below the total background
level (0.343± 0.001 counts s−1). The lower panel in Fig.
1 shows that the earth-occulted background (green data
points) and the NXB (blue points) are in good agree-
ment. There is no need to replace the NXB with earth-
occulted background, confirming the non-detection in
the PIN band.

 

     1 2   5     10
Energy (keV)

0.001

0.010

0.100

N
or

m
al

iz
ed

 C
ou

nt
s 

s-1
 k

eV
-1

Suzaku FI XIS
Suzaku BI XIS
Chandra
Chandra nucleus

Fig. 2. The figure shows the spectra we extracted from both Suzaku

and Chandra Observations. The data points have been mildly
re-binned for clarity. The differences below ∼ 1 keV between the
Suzaku FI and BI XIS spectra are due to different calibrations.
We ignore the Suzaku BI XIS data above 7 keV due to poor
signal-to-noise ratio.

4. Two-Component Iron Line

A strong iron line at 6.64± 0.05 keV with an equivalent
width EW ∼ 300-1200 eV (e.g. Franceschini et al. 2000;
Iwasawa et al. 2001; Piconcelli et al. 2007) has been
reported in all previous X-ray studies of this source. We
examined the iron line profile (see Figs. 2 & 3) and
found it is a blend of two compnents - 6.4 keV and 6.7
keV emission features. The 6.4 keV Fe Kα seems to come
from the central AGN, and 6.7 keV one from the cluster
gas.
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Fig. 3. The figure shows the data/model ratio of the Chandra nucleus
(magenta points) and 55-arcsec (blue points) spectra, which have
been fitted with a simple powerlaw. It can be seen that the line
energies are different.

5. Conclusion

We avoided possible high-energy contamination from the
nearby Type 2 AGN NGC 2785. Our result does not con-
firm the 3σ detection by the BeppoSAX PDS instrument.
Both the reflection and transmission models have been
tested on our data sets. Statistically the data are consis-
tent with either of the interpre- tations and both models
behave very similarly from the low-energy band to ∼ 40
keV. Nevertheless, both models indicate a Compton-thin
absorber in this source. We need high spatial resolution
X-ray spectroscopy such as Astro-H and NuSTAR to dif-
ferentiate the scenarios.

References

Crawford and Vanderriest, 1996 MNRAS, 283, 1003
Fabian and Crawford, 1995 MNRAS, 274, L6
Franceschini et al., 2000 A&A, 353, 910
Iwasawa et al., 2001 MNRAS, 321, L15
Kleinmann et al., 1988 ApJ, 328, 161
Piconcelli et al., 2007 A&A, 473, 85
Vignali et al., 2011 MNRAS, 416, 2068

- 316 -




