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Abstract

We analyze X-ray spectra of 43 Palomar-Green quasars observed with XMM-Newton in
order to investigate their mean Fe K line profile and its dependence on physical properties.
The continuum spectra of 39 objects are well reproduced by a model consisting of a power
law and a blackbody modified by Galactic absorption. The spectra of the remaining four
objects require an additional power-law component absorbed with a column density of
∼ 1023cm−2. By combining black hole masses estimated from the virial method and
bolometric luminosities derived from full spectral energy distributions, we examine the
dependence of the Fe K line profile on Eddington ratio. The sample is divided into
four groups according to the Eddington ratio, and an average spectrum is derived in
each group. As the Eddington ratio increases, the line becomes systematically stronger
(EW = 130 to 280 eV), broader (σ = 0.1 to 0.7 keV), and peaks at higher energies (6.4 to
6.8 keV). This result suggests that the accretion rate onto the black hole directly influences
the geometrical structure and ionization state of the accretion disk. We also study the
luminosity dependence of the Fe K line. As the luminosity increases, the peak energy and
the width become higher (6.4 to 7.1 keV) and broader (0.2 to 1.2 keV), respectively.

1 Introduction

Fluorescent Fe K lines are common in the X-ray spectra of accreting black holes, ranging
from X-ray binaries to active galactic nuclei (AGNs), and provide one of the best probes for
studying accretion disks. If the Fe K line is emitted from the inner part of the accretion
disk, it becomes broad and asymmetric due to both Doppler shift and gravitational redshift
(Fabian et al. 1989). Broad Fe K lines have been observed in many sources and are thought
to be common in the X-ray spectra of Seyfert 1 nuclei (Nandra et al. 1997a; see also Yaqoob
2007). However, recent observations of AGNs with XMM-Newton show that the broad Fe K
line is not as common as previously believed. While a few Seyfert 1 galaxies (e.g., MCG–6–
30–15, Mrk 205, Mrk 509) indeed show an unambiguous broad line, Fe lines in other galaxies
are dominated by a relatively narrow feature (Page et al. 2004, Yaqoob & Padmanabhan
2004). It is still controversial whether or not relativistically Fe K emission is truly common
in nearby AGNs.

2 The Sample

We selected 43 PG quasars (Boroson & Green 1992) observed with EPIC-PN onboard XMM-

Newton. Their redshifts, central black hole masses, and Eddington ratios are well known from
optical spectra. The quasars in our sample have relatively low redshifts (z ≤ 0.5), and the
central black hole masses range widely from 106 to 109

M¯. The Eddington ratio, which is
one of the most important parameters to characterize an accretion disk, ranges from 0.05
to 4.50. This wide range enables us to study the Eddington ratio dependence of the Fe line
profile.
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3 Results

3.1 Spectra of Individual Objects

We fitted the spectra of the 43 quasars systematically by using a model consisting of a power
law, a blackbody component to represent the soft excess below ∼2 keV, and a Gaussian emis-
sion line around 6 keV, all modified by Galactic absorption. Some objects show absorption
features around 0.65−0.95 keV. We multiplied one or two edges to the above model for such
cases. The spectra of 39 objects are well reproduced by this model. The spectra of the
remaining four objects require an additional absorbed power law with a column density of
1023 cm−2.

3.2 Adding All Spectra

We derived a co-added rest-frame spectrum of the 43 quasars to examine the average shape
of the Fe K line (Figure 1) (see Inoue et al. 2007 for technical details). Since each object
has a different redshift and thus a different observed line energy, the detector response,
which is energy dependent, is different for each object. Therefore, spectra derived here is
for presentation purpose only, and we applied simultaneous fits in order to characterize the
mean Fe K line profile quantitatively. We used a model consisting of the best-fit continuum
model and a Gaussian. A common peak energy and a width were used for the Gaussian and
the normalizations were left free individually. The best-fit parameters are E=6.48+0.05

−0.04 keV,
σ=0.36+0.08

−0.08 keV, and EW=248±168 eV, where the EW is the mean equivalent width and its
error is a standard deviation of the distribution of the EW.

3.3 Eddington Ratio Dependence of the Fe K Line Profile

The sample was divided into four groups according to the Eddington ratio and averaged
spectra were derived in each group. The co-added spectra are shown in Figure 2 for presen-
tation purposes. We fitted the spectra in each group simultaneously to quantify the Fe line
shape. The best-fit parameters are shown in Figure 3. The peak energy of the Fe K line
becomes higher (6.4 to 6.8 keV) and its width becomes broader (σ=0.1 to 0.7 keV) as the
Eddington ratio gets larger. The mean equivalent width is EW≈280 eV except for the lowest
Eddington ratio group (EW≈130 eV). These results indicate that the physical state of the
accretion disk, such as the inner radius of the optically thick disk and/or ionization state,
changes with the Eddington ratio.

3.4 Luminosity Dependence of the Fe K line Profile

We also divided the sample into four groups according to the 2–10 keV luminosity and
derived averaged spectra in each group. The co-added spectra are shown in Figure 4. The
spectra in each group was fitted simultaneously to quantify the Fe line shape. The best-fit
parameters are shown in Figure 5. The peak energy and width in the highest luminosity
group are 7.1 keV and 1.2 keV, respectively. This suggests that the accretion disk is ionized
as the luminosity increases.
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Figure 1: Data-to-model ratio for co-added spectrum of 43 PG quasars. The vertical dotted
line is at the energy 6.4 keV.
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Figure 2: Eddington ratio dependence of the Fe-K line
profile. The vertical dotted line is at the energy 6.4 keV.

Figure 3: Eddington ratio depen-
dence of the peak energy (top) and
the width (bottom). The horizontal
dotted line is at the energy 6.4 keV.

Figure 4: 2–10 keV luminosity dependence of the Fe-K
line profile. The vertical dotted line is at the energy
6.4 keV.

Figure 5: 2–10 keV luminosity depen-
dence of the peak energy (top) and
the width (bottom). The horizontal
dotted line is at the energy 6.4 keV.
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