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Abstract

We search for luminous active galactic nucleus (AGN) with the X-ray luminosity in the 14 − 195 keV
band of over 1045 erg s−1 in the central galaxy of clusters by referring both the Planck Sunyaev-Zel’dovich
cluster catalogue and the Swift 70-Month catalogue. We find two clusters out of 861 clusters sample. One
is the Phoenix cluster and the other is H 1821+643. The central galaxy of the Phoenix cluster has a type 2
quasar, while that of H 1821+643 has a type 1 quasar. We detect a clear neutral iron K-line from not only
the type 2 quasar but also the type 1 quasar with the Suzaku/XIS, which indicates that a large amount
of cold gas surrounds these supermassive black holes. We estimate that the time scale of AGN feedback
of radiative mode is ∼ 20Myr and the radiative mode is less effective than the kinetic mode.

Key words: Galaxies: active — Galaxies: quasars: general — Galaxies: clusters: general

1. Introduction

Most massive black holes are in brightest cluster galaxies
(BCGs). Their masses are estimated to be 109−10 M¯
(e.g., McConnell et al. 2011). Studies of cosmologi-
cal simulations indicate that host galaxies of quasars at
the early Universe end up BCGs in nearby clusters (e.g.,
Springel et al. 2005). Their evolution may be just an ex-
treme case of those for galaxies in general or significantly
different from those for active galactic nuclei (AGNs) in
field galaxies. If there is a difference, the evolution must
be heavily affected by their environment.

From the point of view of cluster scale, SMBHs in
the central galaxies (i.e., BCGs) are considered as the
sources to heat the intracluster medium (ICM). Thus,
the cooling flow (e.g., Fabian 1994) is suppressed by their
activity so-called the AGN feedback (e.g., McNamara &
Nulsen 2007). It is important to clarify the time scale of
their activity in the age of clusters.

Recently, X-ray observations have revealed extended
X-ray emissions surrounding some quasars at z > 0.2
(e.g., Allen et al. 2001). These quasars are embedded in
the BCGs of rich clusters. They are important sources to
reveal the evolution of quasars, their host galaxies, and
host clusters. In this paper, we systematically search
for quasars in BCGs. We adopt H0 = 70 km s−1 Mpc−1,
ΩM = 0.27, and ΩΛ = 0.73. Unless otherwise specified,
all errors represent a 90% confidence level.

2. Sample Selection Criteria and Results

To search for luminous SMBHs in BCGs, we adopt the
Planck Sunyaev-Zel’dovich cluster catalogue (hereafter
the Planck catalogue; Planck collaboration et al. 2014)
and the Swift 70-Month catalogue (Baumgartner et al.
2013). Our sample selection criteria are as follows. First,
we calculate an angular separation (θd) between a Planck
cluster for which identification was made by the Planck
team and an Swift source and select with θd < 0.2. Next,
we apply further selection by their redshifts; the redshift
matches within 0.05. Third, we employ the AGN that
their X-ray luminosity in 14−195 keV is over 1045 erg s−1.

Thus, we find two clusters out of 861 clusters sample
in the Planck catalogue. One is the Phoenix cluster at
the redshift of z = 0.596, which hosts a type 2 quasar in
its BCG (McDonald et al. 2012, Ueda et al. 2013). The
other is H 1821+643 at the redshift of z = 0.297. A type
1 quasar is in its BCG. Although H1821+643 was firstly
identified as a type 1 quasar (e.g., Pravdo & Marshall
1984, Russell et al. 2010), Schneider et al. (1992) found
its host galaxy is the central galaxy in a rich cluster.
Therefore, we adopt H 1821+643 as the name of host
cluster.

3. Discussion

We find two clusters out of 861 clusters, which host lu-
minous SMBHs in their BCGs. Rafferty et al. (2006)
reported that the Eddington ratio of the SMBHs in the
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BCGs in nearby cool-core clusters (z < 0.1) is typically
less than 1%. To reveal the X-ray properties of both
quasars, we analyze the data observed with Suzaku (Mit-
suda et al. 2007).

3.1. X-ray Properties of Both Quasars

Ueda et al. (2013) reported that the X-ray proper-
ties of the type 2 quasar in the BCG of the Phoenix
cluster with the Suzaku/XIS (Koyama et al. 2007) &
HXD (Takahashi et al. 2007, Kokubun et al. 2007).
The equivalent width (EW) of a narrow neutral iron
K-line (Fe I) is 149+139

−58 eV at the rest frame, the NH

is 3.2+0.9
−0.8 × 1023 cm−2, and the X-ray luminosity in

2−10 keV is (4.7±0.7)×1045 erg s−1. This X-ray luminos-
ity corresponds to the 27% of the Eddington luminosity.

We measure the properties of the type 1 quasar in the
BCG of H 1821+643 with the same manner described in
Ueda et al. (2013). We clearly detect the lines of Fe I,
Fe XXV, and Fe XXVI from the type 1 quasar and its
host cluster separately, for the first time. We measure
the EW of the Fe I line, the NH, and X-ray luminosity in
2− 10 keV for 82± 7 eV at the rest frame, < 1020 cm−2,
and (2.16± 0.02)× 1045 erg s−1, respectively. The values
of the EW and NH are consistent with that reported by
Fang et al. (2002) with the Chandra/HETG. This X-
ray luminosity corresponds to the 57% of the Eddington
luminosity.
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Fig. 1. Relation between the EW of Fe I and X-ray luminosity in
10 − 50 keV. The red points show the data of the quasars in the
BCGs of Phoenix cluster and H 1821+643. The black points show
those of field galaxies reported by Fukazawa et al. (2011).

The Fe I line from both quasars indicates that a large
amount of cold gas surrounds the SMBHs, which are
likely the tori. Indeed, the NH and EW of Fe I of the
type 2 quasar indicates that its object is heavily obscured
by the torus (McDonald et al. 2012, Ueda et al. 2013).

3.2. Time Scale of the AGN Feedback of Radiative Mode

In this paper, we obtain that the fraction of clusters host-
ing luminous SMBHs in their BCGs is 2/861 or 0.23%.
Assuming that the age of a cluster is 10Gyr, we esti-
mate the time scale of the AGN feedback of radiative
mode to be ∼ 20Myr. This time scale is consistent with
the lifetime of typical quasars (Hopkins et al. 2005).

The time scale we obtained indicates that the heating
with radiations from an SMBH in a BCG is much smaller
than the AGN feedback of kinetic mode (e.g., Fabian
2012). That also suggests that the masses of the SMBHs
in the BCGs have already grown into ∼ 109 M¯ before
the era of cluster evolution.
3.3. EW - LX Relation for the Quasars in the BCG

Black points in Fig. 1 shows the relation between the
EW of Fe I and X-ray luminosity in 10− 50 keV for field
galaxies (Fukazawa et al. 2011). This relation is so-called
the X-ray Baldwin effect (Iwasawa & Taniguchi 1993).
The EWs of Fe I of the quasars in the BCGs, plotted
in red in Fig.1, are larger than the trend for the field
galaxies. The X-ray Baldwin effect is explained with a
luminosity dependent covering factor around an SMBH.
by the decrease of an opening angle of the torus due to
the radiation from an SMBH (e.g., Ricci et al. 2013).
Our result suggests that the quasars in the BCGs have
a smaller opening angle. On the contrary, their column
densities might be larger than those of field galaxies.
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supported by JSPS Research Fellowship for Young Sci-
entist (12J01190).
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