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Abstract

A number of recent studies have traced the hot intracluster medium (ICM) to the virial radius in a
sizeable sample of galaxy clusters. Many of these observations have been performed with Suzaku, and
the results have begun to clarify the thermodynamic conditions at the edge of clusters, constraining
models of cluster growth and structure. We are currently embarked on a program to observe a large
sample of relaxed clusters with Suzaku, leveraging complementary data from XMM and Chandra. Our
results, presented in a companion poster, support the idea that the ICM is not in hydrostatic equilibrium
in the cluster outskirts, where we see indications of low-entropy substructures and some evidence for
azimuthal variations in temperature and surface brightness. The large sample of clusters now assembled
is remarkable for the apparent “universality” of thermodynamic profiles out to very large radius, yet
there are notable deviations. We present the host of systematic issues that can bedevil these challenging
low-surface-brightness observations, including unresolved point sources, diffuse background fluctuations,
scattered light, and instrument calibration uncertainties.
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1. Motivation & Project Overview

Over the past several years, a number of studies have
traced the hot intracluster medium (ICM) to the virial
radius and beyond in a number of galaxy clusters. Many
of these observations have been performed with the
Suzaku X-ray Observatory, and the results have begun to
clarify the ICM conditions at the edge of clusters, helping
to constrain models of cluster growth and structure.

We are currently embarked on a program to observe
a large sample of relaxed clusters with Suzaku, leverag-
ing complementary data from XMM and Chandra (see
Table 1. Our analysis indicates that the ICM is not
in hydrostatic equilibrium in the cluster outskirts, where
we see clear azimuthal variations in temperature and sur-
face brightness. However, a host of systematic issues can
bedevil these challenging low-surface-brightness observa-
tions. We explore some of these issues.

2. Systematic Issue 1 Unresolved Point Sources

Due to the small size of our extraction regions, the Pois-
son variation of point sources just below the Suzaku de-
tection threshold limits our surface brightness sensitivity.

Assuming a Moretti et al. (2003) power law model for the
AGN luminosity distribution function, the uncertainty in
the surface brightness is:

σSB = 6.5× 10−14 [Ω/arcmin2]−1/2

erg cm−2 s−1 arcmin−2

≈ 3.0× 10−15 erg cm−2 s−1 arcmin−2

(Suzaku alone)
≈ 0.8× 10−15 erg cm−2 s−1 arcmin−2

(Suzaku + Chandra)

(1)

where Ω is the solid angle of the extraction region. Iden-
tifying point sources with Chandra increases the sensi-
tivity by a factor of four. Even a Chandra snapshot
observation of 5 ksec is sufficient to reach the necessary
detection threshold.

3. Systematic Issue 2 Molecular Contamination

The optical blocking filters on the Suzaku/XIS instru-
ments have molecular contamination build-up that re-
duces the effective area below 1 keV (Koyama et al.
2007). The amount of contamination varies with time
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Table 1. Cluster sample list and observations

cluster z r200 ksec date obs.
A383 0.187 9.3 110 July 2010
A1413 0.135 14.8 170 May 2010 + arch.
A1795 0.063 26.0 260 June 2009 + arch.
A1914 0.174 14.5 160 June 2010
A2204 0.151 11.8 140 Sep 2010 + arch.
A3378 0.137 12.2 150 May 2010
A773 0.216 9.5 200 May 2011
A2667 0.221 10.0 200 July 2011
A1068 0.147 10.8 200 Oct 2011
A665 0.179 11.7 200 April 2012
A2597 0.080 15.0 200 Feb 2013

and location in the FOV1, leading to uncertainties in the
temperature and surface brightness of the cluster and X-
ray background emission.

Here we examine the effects of errors in contamina-
tion calibration on cluster outskirts results. Using Abell
3378, observed in 2010, we reduce the contamination in
the background region by 25% while keeping it the same
in the other regions of the cluster. We then perform iden-
tical spectral fits using the updated background response
(see Figure 1). The lower inferred background flux re-
sults in higher cluster flux and temperature near r200.
These effects alter the entropy and gas fraction profiles
in subtle but meaningful ways.

4. Summary

Systematic errors limit our ability to probe the very faint
ICM surface brightness in the outskirts of galaxy clus-
ters. In addition to the point source variance and molec-
ular contamination discussed here, issues such as stray
light, PSF smearing, and attitude wobble affect Suzaku
observations in particular. Fortunately the effects are
sensitively dependent on the details of the observation
(size of extraction region, roll angle, epoch), and differ-
ent observing strategies can help alleviate these issues.
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*1 See http://space.mit.edu/XIS/monitor/contam.

temperature

gas fractiondensity

entropy

Fig. 1. (top) Molecular contamination thickness across the XIS FOV
for ca. 2005 (blue line), 2008 (red line), and 2010 (black line),
as modeled from the CALDB. We compare spectral fits for Abell
3378 (= RXCJ 0605) using the “correct” CALDB data (black
points) and replacing the outermost contamination with a value
25% lower (red point, equivalent to 2008). (bottom) Thermody-
namic profiles for Abell 3378, using the two contamination models,
with the same color scheme as the top panel.

- 405 -




