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We report first spectral results of radio quiet QSO Kaz102 in X-ray observation with
Suzaku and XMM-Newton. This source was observed with ASCA as a part of an X-ray
spectroscopy of a complete hard X-ray flux-limited sample of bright AGNs, and showed
an unusually hard apprently featureless X-ray spectrum. In addition, Kaz102 has shown
a spectral variability over the time scale of up to years in the X-ray band. In Suzaku and
XMM-Newton observation, X-ray spectra have become softer than that obtained with ASCA,
and soft excess is seen in both spectra when extrapolated a single power-law fit at 2–10 keV
to 0.3–2 keV range. Neutral Fe-K emission line (∼ 6.4 keV) is also detected, and marginal
decrease of line intensity is indicated when compared with ASCA.

§1. Introduction

Kaz102 is an optically-bright RQQ at z = 0.136 with broad lines (Hα FWHM
≈ 5000 km s−1),1),2) and was already recognized as a very hard X-ray source by
Einstein observation. During our ASCA observations in 1999, it showed an unusually
hard X-ray spectrum with a photon index of Gamma=1.0 with no sign of deep
neutral absorption or prominent spectral features.5) This was consistent with the
1979 observation with the Einstein satellite, but in 1990-1991, during ROSAT All-
sky survey observations, the spectrum softened to that of a normal type 1 AGN
with Gamma=2.2. This apparent hard power-law was difficult to reproduce in the
standard theory with Compton scattering of a hot corona, or warm absorber. In
order to further investigate the physical nature of the enigmatic hardness and spectral
variability of this object, we have made XMM-Newton and Suzaku observation of
Kaz102 in 2006.

§2. Suzaku observation

Kaz102 was observed with Suzaku on June 09, 2006 for 34.1 ks by HXD nominal
pointing position. In XIS image, a weak source was detected close to Kaz102, which
was also seen in PN image of XMM-Newton. So that, smaller extraction radius of
2.1’ are chosen for source region. We also used annulus region with different center
for the background. In this observation, significant flux variability was not seen.

The XIS data were screened with XSELECT as standard, and processing version
∗) shino@astro.isas.jaxa.jp

typeset using PTPTEX.cls 〈Ver.0.9〉
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Fig. 1. Source spectra of BI–XIS1 (red) and

FI–XIS0,2,3 (black) detectors in Suzaku

observation.

Fig. 2. Source spectra of PN (black) and

MOS1/MOS2 (red,green) detectors in

XMM-Newton observation.

was rev 1.2. The response and auxiliary response files were provided by response
generators xisrmfgen and xissimarfgen respectively.7) We firstly fitted the obtained
spectra in 2–10 keV band energy range with the model ”constant×wabs× (power-
law + zgauss)” using XSPEC v11.3.2t. The constant factor accounted for possible
normalization difference between XIS FI/BI sensors. The wabs model was fixed to
the Galactic neutral hydrogen column density, NH = 4.6 × 1020 cm−2. The zgauss
was added to evaluate the Fe-K line feature at ∼ 6.4 keV in rest frame, which was
also seen with ASCA, fixing the redshift parameter, z = 0.136. Fig. 1 show the
best-fit spectra for Suzaku and the residuals of observed spectra to the model when
extrapolated below 2 keV are presented in bottom panel.

Table I. Results of spectral fitting for Suzaku.

Model PL + Fe line broken PL + Fe line

Fit-range 2–10 keV 0.3–10 keV

χ2/dof 193.4/186 259.9/265

Γ 1.65 ± 0.054 1.66+0.048
−0.052

Ebrk(keV) 1.90+0.30
−0.22

Γ (< Ebrk 1.97+0.049
−0.052

Line energy (keV) 6.270 ± 0.070 6.273+0.067
−0.072

Sigma (eV) 16.7+179
−16.7 31.5+133

−31.5

EW (eV) 85+55
−44 87+63

−50

2–10 keV flux 1.92+0.05
−0.06 1.88

(10−12cgs)

0.5–1.0 keV flux 0.42 0.57

Clear excess is seen for Suzaku spec-
tra, hence we next fitted the whole 0.3–
10 keV band spectra replacing power-
law to broken-power-law. Fit results
for each model for Suzaku XIS spectra
are summarized in Table I.

The source spectrum of HXD/PIN
data in 10–100 keV energy range was
also created from the standard screen-
ing criteria,3).4) The spectral shape
was marginally consistent with best-fit
model of XIS spectra extrapolated to
100 keV, while somewhat excess was
seen between 12–18 keV band. However,
2–10 keV X-ray flux during Suzaku ob-
servation was about half of that during ASCA, and sufficient spectral fitting for
HXD/PIN was not done because of few photons.
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§3. XMM-Newton observation

Table II. Results of spectral fitting for XMM-

Newton.

Model PL + Fe line broken PL + Fe line

Fit-range 2–10 keV 0.3–10 keV

χ2/dof 261.2/246 722.2/726

Γ 1.49 ± 0.061 1.63+0.026
−0.049

Ebrk(keV) 0.84+0.30
−0.22

Γ (< Ebrk 2.03+0.19
−0.07

Line energy (keV) 6.422+0.087
−0.097 6.423+0.067

−0.072

Sigma (eV) 0.0(fixed) 0.0(fixed)

EW (eV) 58+47
−44 73+42

−51

2–10 keV flux 1.89 ± 0.07 1.88

(10−12cgs)

0.5–1.0 keV flux 0.31 0.43

Kaz102 was also observed with
XMM-Newton on August 16, 2006. The
exposure time were 18.5/14.9 ks with
MOS1,2 and PN detectors respectively.
In XMM-Newton observation, there was
a background flare at the end part of the
observation, however no significant vari-
ability for the source was seen after the
background subtraction in the source
light curve. We selected circular region
within 50”/1.0’ radius for MOS / PN
detectors, respectively. Background was
extracted from polygonal region around
source area for PN, while annulus region
for MOS1,2 detectors.

We have reduced the XMM-Newton
data using the Scientific Analysis system (SAS ver 6.5.0). The spectral analysis were
obtained by using XSPEC as same to for Suzaku analysis. Fig. 2 shows the best-fit
spectra for XMM-Newton and fit results for each models are shown in Table II.

§4. Discussion

Fig. 3. Unfolded E F (E) spectra in Suzaku

and XMM-Newton observation with ASCA,

ROSAT All-sky Survey, and Einstein ob-

servation.

Fig. 4. History of Photon indices.

In the ASCA observation, the GIS and SIS spectra could be fitted with Γ =
1.02± 0.06 with no heavy absorption feature by intrinsic neutral gas, and that were
not sufficient to discriminate among the three models of 1) single power-law, 2)
reflection component included, and 3) warm (ionized) absorption. The 2–10 keV
indices have become to the AGN ”canonical” value of Γ ∼ 1.7 in Suzaku and XMM-
Newton observations, from the extreme hard state in ASCA. In addition, Featureless
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soft excess are seen with both Suzaku and XMM-Newton, and the former exhibited
somewhat stronger excess. Fig. 3, 4 show Unfolded E F (E) spectra in all X-ray
observation and X-ray spectral change history of Kaz102. It shows that X-ray spectra
in Suzaku and XMM-Newton are intermediate photon indices between in ROSAT
and ASCA.

Fig. 5. Relation between line energy and the normalization of neutral Fe-Kα line. The equiva-

lent width detected in ASCA, Suzaku and XMM-Newton observation are 170, 85 and 58 eV,

respectively.

There are statistically significant Fe-K emission line features at ∼ 6.4 keV, sug-
gesting a reprocessed X-ray emission by a cold neutral matter (Fig. 5). The Fe line
intensity appears to decrease gradually, in both normalization and equivalent width
(EW), although that’s marginal. Small energy shifts (±0.1 keV ∼ 4700 km/s) are
also suggested among the three occasions (ASCA, Suzaku, and XMM-Newton). The
existence of the Fe-K neutral line implies the contribution of reflection component,
however further observation with Suzaku and/or XMM-Newton is required at the
hard state of Kaz102, to constrain it precisely. In particular, wide-band spectroscopy
with Suzaku is essential to unveil the physical nature of this object.
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