XMM-Newton Observations of the Toothbrush and Sausage Clusters

INTRODUCTION OBSERVATIONS

Galaxy clusters are the largest gravitationally-bound
objects in the universe. The member galaxies are
embedded in a hot X-ray emitting Intra Cluster Medium
(ICM) that has been enriched with metals produced by
supernovae over the last billion years. Here we present
new results from XMM-Newton archival observations of
the merging clusters 1RXSJ0603.3+4213 and CIZA
J2242.8+5301. These two clusters, also known as the
Toothbrush and Sausage clusters, respectively, show a
large radio relic associated with a merger shock North of
their respective core [4,5].

1RXS J060313.4+421231 - core (EPIC MOS1, MOS2)
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The Fe abundance distribution and enrichment history in
major mergers have not been studied yet in detail. In this
work, we re-analyse archival XMM-Newton observations of
these two clusters [1,2]. In both cases, the investigation
of the regions close to the shock by XMM-Newton data is
presented for the first time. We show the distribution of
temperatures and Fe abundances with respect to the
merger structures in these two clusters. The results are
derived from spatially resolved X-ray spectra from the
EPIC instrument on board XMM-Newton.
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Figure 2: EPIC spectra of the core of the Toothbrush cluster.

Fi 1: EPIC | f the Tooth h cluster.
1gure C image of the Toothbrush cluster The background components have been carefully modelled.

The radio contours (white) are adapted from [4]. The energy range is 0.2-2 keV.

M ETH ODS The yellow dashed lines show the regions we investigated for spectroscopy.
o B S - CIZA J2242.8+5301 — core (EPIC MOS1, MOS2)

The X-ray images presented here (Figs. 1 and 3) are
adaptively smoothed for both clusters. For the Toothbrush,
we use the XMM-Newton data from the observation on 3
October 2011. The observation of the Sausage cluster was
taken on 13 December 2010. The total net exposure times
are 74 ks and 72 ks for the Toothbrush and the Sausage
clusters, respectively.
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The EPIC MOS 1, MOS 2 and pn data reduction is performed
using the XMM Science Analysis System (SAS), the point
sources have been detected and discarded. The spectral
analysis is conducted with SPEX. To fit the spectra we used
Gaussian differential emission measure (GDEM) model and
we fit MOS 1, MOS 2, and pn simultaneously. Apart from
the normalizations and temperature, abundances of O, Ne,
Mg, Si, S, Ar, Ca, Fe and Ni are left free and allowed to
vary between 0-3 proto-solar [5]. We binned the spectra
optimally following the method of [6]. Note that the
background has been carefully modeled using 5

components [3]. The temperature and Fe abundance Figure 3: EPIC image of the Sausage cluster. Figure 4: EPIC spectra of the core of the Sausage cluster.
distributions of the two clusters are presented in Figs. 5, The radio contours (white) are adapted from [5]. The energy range is 0.2-2 keV The background components have been carefully modelled.
6.7. and 8 The yellow dashed lines show the regions we investigated for spectroscopy.
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RESULTS AND CONCLUSIONS
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Figure 5: Fe Distribution of the Toothbrush Cluster Figure 6: Temperature Distribution of the Toothbrush Cluster
I : ] ] 2 T I
Core : N Sectors Relic | Core : N Sectors Relic
| - o : 5
| z 5 i
= 'S ' ' 5 5 i
[ K - B | 3
g @ | el . 5 5 i
o ! > i [ + i
= i | 2 z 5 |
Q i : : | 1 ~ i : : i
& 5 5 i : z 5 i
'g : : | Iz :
S wl | i i ! i |
s © : 5 i i
o | ‘ ‘ 5 ! 0 - | .
LL ; : | '
- + | i :
I : : : i
E : : ! .
' s . ! . . |
o R S S S
0 5 10 15 0 5 10 15
Distance from main sub—cluster (arcmin) Distance from main sub—cluster (arcmin)
Figure 7: Fe Distribution of the Sausage Cluster Figure 8: Temperature Distribution of the Sausage Cluster




