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GRAVITATIONAL REDSHIFT OF EMISSION LINES
IN THE AGN SPECTRA

Nata�sa Bon 1 , Edi Bon 1 , Paola Marziani 2 and
Predrag Jovanovi�c 1

Abstract
The detection of gravitationally redshifted optical

emission lines has been reported just for a few active
galaxies. In this paper we give a short overview of stud-
ies that analyzed or exploited the detection of the grav-
itational redshift in optical AGN spectra. In addition,
we tested the consistency of gravitational redshift as
the physical origin of the redward shifts observed in
their spectra using a sample of� 50 Hamburg-ESO in-
termediate to high redshift quasars that are among the
most luminous quasars known (1047 <� L <� 1048 erg/s),
and are expected to host very massive black holes. To
this aim we modeled the line pro�le with accretion disk
models around a black hole.
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1 Introduction

A large fraction of active galactic nuclei show red asym-
metries in their broad optical emission lines. The asym-
metry is strong in Balmer lines, but even stronger red-
ward asymmetry is displayed in the lines that originate
closer to the central black hole (BH) such as HeII� 4686,
HeI� 5876 or CIV � 1549 (Peterson & Wandel 1999;
Peterson 2001; Kollatschny 2003). One of the pro-
posed explanation of the red asymmetry is that the
broad emission line gas is gravitationally dominated
by the central black hole. In this regard, following
the dichotomy of quasars proposed by Sulentic et al.
(2000) onto Pop. A and Pop B. according to their
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spectral properties, a high fraction of Pop. B objects
that are associated to AGN with the most massive BHs
(Zam�r et al. 2010) show redshifted pro�les. Corbin
(1995) gave the quantitative test if the gravitational
redshift (zgrav ) model is possible, by calculating the
mass of the central source, and found that the mass
corresponding to the shift z � 0.001 should yield to
the mass of around 109M � . This mass is close to the
largest masses estimated for quasar black hole, since
they rarely exceed 5� 109 M � , and are almost always
. 1010M � (Czerny et al. 2004; Sulentic et al. 2006;
Marziani & Sulentic 2012).

In this paper we give a brief overview on previ-
ous gravitational redshift analyses. Also, we con-
sider the origin of the redshift in the sample of � 50
Hamburg-ESO (HE) intermediate to high redshift
quasars, that are among the most luminous quasars
known (1047 <� L <� 1048 erg/s), and are expected to
host very massive black holes. We then matched simu-
lated relativistic emission line pro�les obtained by ray
tracing method with the optical emission H� line pro-
�les from HE sample, for the cases where centroids of
line widths measured on 1/4 of maximum line intensity
were signi�cantly shifted to the red, in order to see if
their shapes could be distorted by gravitational red-
shift.

The paper is organized as follows. In Section 2 an
overview on the gravitational redshift hypothesis is pre-
sented. Implications of gravitational redshift in the case
of weak gravitational �eld are analyzed in Section 3. In
Section 4 we consider the possibility that the gravita-
tional redshift shapes the red wing of H� pro�le. Sec-
tion 5 gives our conclusions on the gravitational redshift
search in optical AGN spectra.
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