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Abstract. Fe K emission line is a powerful probe of the inner part of an accretion disk. We
analyze X-ray spectra of 43 Palomar-Green (PG) quasars taken from Boroson & Green (1992)
observed with XMM-Newton and make an averaged Fe K line profile. We study the Eddington
ratio dependence of the Fe K line profile. The width of the Fe line becomes broader (σ = 0.1 to
0.7 keV) and its peak energy becomes higher (6.4 to 6.8 keV) as the Eddington ratio gets larger.

These results indicate that the physical state of the accretion disk, such as the geometrical
structure and/or ionization state, changes with the Eddington ratio.
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1. 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 Ed-
dington 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.

2. Results
We fitted the spectra of the 43 quasars systematically by using a canonical model

consisting of a power-law, a blackbody, an edge for objects showing signature of warm
absorbers, and a Gaussian, all modified by the Galactic absorption. The spectra of 38
objects are well reproduced by this model. The spectra of the remaining five objects
require an additional absorbed power law with a column density of 1023 cm−2.

In order to characterize the mean Fe K line profile quantitatively, we fitted all spectra
simultaneously with a model consisting of the best-fit continuum model and a Gaussian.
The Fe K line in each quasar has a different peak energy in the observed frame according
to their redshifts. In order to properly treat the detector response, which is energy depen-
dent, we applied simultaneous fits rather than fits to a composite spectrum. 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.

The sample was then 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 1
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Figure 1. Eddington ratio dependence of the Fe-K line profile.
The vertical dotted line is at the energy 6.4 keV.

Figure 2. Eddington ratio dependence of the peak energy (left) and the width (right).
The horizontal dotted line is at the energy 6.4 keV.

for a presentation purpose. We fitted the spectra in each group simultaneously to quantify
the Fe line shape. The best-fit parameters are shown in Figure 2. 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.
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