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Abstract

We report an X-ray spectral analysis of 12 PG quasars at low-redshift (z < 0.3) observed with Suzaku.
Several parameters characterizing X-ray spectra of PG quasars are obtained from spectrum fitting. Prin-
cipal component analysis indicates that 98.2% of the X-ray property’s variance can be explained by three
eigenvectors. We interpret the three X-ray eigenvectors (XEVs) as follows: geometrical distribution of the
surrounding gases or an inclination for XEV1, physical conditions of the central engine for XEV2, and a
covering factor of the partial covering absorber for XEV3. We also find two moderately strong correlations;
XEV1-Eddington ratio and XEV3-BH mass correlations. The former might indicate that Boroson et al
(1992)’s Eigenvector 1 is due to geometrical effect.
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1. Introduction

PG quasars are blue (U − B < −0.46) and luminous
(B < 16.16) quasars found in the Bright Quasar Survey
(Schmidt & Green 1983). Boroson et al. (1992; hear-
after B92) investigated PG quasars statistically by using
a principal component analysis (PCA) method, finding
strong correlations among the UV/optical spectral fea-
tures. The strongest correlation (i.e., the Fe II-[O III]
anticorrelation) was named “Eigenvector 1”. After that,
Boroson (2002) showed that the principal driver of the
Eigenvector 1 is Eddington ratio. However, its physical
background remains poorly understood.

In this paper, we will investigate X-ray properties of
12 PG quasars observed with Suzaku in order to ex-
tend the Eigenvector 1 study into X-ray region. Since
Suzaku has a better sensitivity at > 10 keV than Chan-
dra and XMM-Newton, it is especially suitable to inves-
tigate hard X-ray properties.

2. Sample

From archival search, we find that Suzaku has observed
13 PG QSOs and 22 shots are public at the moment
(2014 Feb). We removed the highest redshift object PKS
0528+134 (z = 2.07) from this study, since the available
energy range in rest frame is much different from others.
Our final sample thus consists of 12 PG QSOs (z < 0.3)
and 20 shots. For optical spectra, B92’s original KPNO
spectra are available except for two objects. For these
two objects, we retrieve their optical spectra from HST
archive.

3. Analysis

3.1. Suzaku analysis

XIS and PIN data are reduced in a standard manner
to extract their spectra and light curves. Our spec-
trum model consists of three components: power-law
like intrinsic emission, reflective emission, and the soft
excess. Galactic and quasar intrinsic extinctions are also
taken into account. In XSPEC, the model is written
as PHABS * ZPHABS * (BRKPOW + PEXRAV). It is
noted that a combination of the intrinsic power-law and
the soft excess is expressed as a single broken power-
law model BRKPOW in this study. Free parameters are
as follows: photon indices, breaking energy where soft
and hard power-law emissions intersect, normalizations
of each components, and intrinsic column density. The
other parameters are fixed.

3.2. UV/optical analysis

Full width at half maximum (FWHM) of an emission line
(Hβ or C IV λ1549) is measured by fitting two Gaussians.
A black hole (BH) mass is estimated with a single-epoch
spectrum by adopting the virial mass estimate method
given by Vestergaard & Peterson (2006). Bolometric lu-
minosity is estimated from monochromatic luminosity at
1350Å or 5100Å by using borometric corrections given in
Shen et al. (2011).

4. Result

4.1. Spectrum fitting

Most spectra are well fitted with our three-component
model (χν < 1.5), while three spectra, showing a strong
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Fig. 1. Flux ratios with respect to the intrinsic power-law component
as a function of redshift for PG 1211+143. XIS-FI, XIS-BI and
PIN data are plotted.

Table 1. Rank correlation coefficients of X-ray eigenvectors.

XEV 1 XEV 2 XEV 3

Property 61.7%† 84.1%† 98.2%†

Γ(int) −0.532 −0.527 −0.206
norm(int) −0.352 +0.205 −0.608
Ebreak +0.640 +0.036 −0.283
Γ(SE)/Γ(int) +0.465 +0.314 +0.498
norm(ref)/norm(int) −0.872 −0.543 +0.087
N int

H +0.864 −0.029 +0.004
L(2− 10 keV) −0.020 +0.153 −0.913
Fvar −0.198 −0.096 +0.562

diskline feature, do not fit well (χν = 2−3). Fig.1 shows
flux ratios with respect to the intrinsic power-law for PG
1211+143; the soft excess and the reflection feature are
clearly seen at < 1 keV and > 10 keV, respectively.

4.2. PCA on X-ray properties

PCA is performed with the R language. Investigated
X-ray properties are as follows: photon index and nor-
malization of intrinsic emission, breaking energy (at rest
frame), photon index ratio between the soft excess and
the intrinsic emission, intrinsic column density, luminos-
ity at 2-10 keV, variability amplitude of a light curve
Fvar. Spearman’s rank correlation coefficients of the ob-
tained X-ray eigenvectors (XEVs) are summarized in Ta-
ble 1. We find that XEV1 to XEV3 can explain 98.2%
of the variance.

5. Discussion

5.1. Interpretation of X-ray Eigenvectors

XEV1 is characterized by anticorrelation between intrin-
sic column density and reflection strength. It seems to
imply geometrical distribution of absorbing and reflect-
ing gas around the central engine. Furthermore, it might

Fig. 2. Correlations of XEVs with Eddington ratio and BH mass.

indicate an inclination; emissions would be absorbed
by disk winds if the viewing angle is large. However,
whether there is a possible geometrical gas distribution
to lessen the reflection strength in the large viewing angle
is unclear. XEV2 is almost the same as XEV1 except for
little dependences on the intrinsic column density and
the breaking energy. Little dependence on the intrin-
sic column implies that this is not by extinction effects.
Although it is too conjectural, XEV2 might reflect dif-
ference in physical conditions of the central engine or
the source of the soft excess. XEV3 is characterized by
anticorrelation between luminosity and the variable am-
plitude of the light curve. From the viewpoint of the
partial covering scenario (e.g., Miyakawa et al. 2009), it
might reflect the covering factor; if the absorbing gas is
little (i.e., covering factor is small), luminosity becomes
large and spectral variability would be small.

5.2. Connections between optical and X-ray eigenvectors

We find a moderately strong correlation between XEV1
and Eddington ratio (Fig.2). Since the main driver of the
B92’s Eigenvector 1 is Eddington ratio, our XEV1 should
be closely connected with the Eigenvector 1. Therefore,
from the characteristics of the XEV1, we propose that
the physical background of the Eigenvector 1 is geometri-
cal gas distribution. We also find a correlation between
XEV3 and BH mass, consistent with Piconcelli et al.
(2005). This might indicate AGN age, i.e., young AGN
with small BH mass is largely covered by optically thick
gases, which may be the falling gas toward central region
caused by the preceding major/minor mergers.
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