
Constructing the Universe with Clusters of Galaxies, IAP 2000 meeting, Paris (France) July 2000
Florence Durret & Daniel Gerbal eds.

A DEEP CHANDRA OBSERVATION OF MS1137.5+6625

LAURA GREGO1, JOHN CARLSTROM2, LARRY DAVID1, MARSHALL JOY3, JOSEPH
MOHR2, SANDEEP PATEL4, ERIK REESE2, LEON VAN SPEYBROECK1, ALEXEY

VIKHLININ1 , JAN VRTILEK1 , PING ZHAO1

1Harvard-Smithsonian Center for Astrophysics, 60 Garden St., Cambridge, MA 02139; 2University of

Chicago, Department of Astronomy & Astrophysics, 5640 S. Ellis Ave., Chicago, IL 60637;
3Department of Space Science, SD50, NASA Marshall Space Flight Center, Huntsville, AL 35812;

4Department of Physics, University of Alabama, Huntsville, AL 35899

We present results from a deep Chandra observation towards the MS1137.5+6625 cluster of
galaxies. MS1137.5+6625 is a distant (z=0.783), massive cluster of galaxies, which appears
relaxed and regular in the X-ray image. With less than a handful of similarly massive clusters
currently known at such high redshifts, and this observation provides much needed information
on the dynamical state of these rare systems. We discuss the density and temperature structure
of the cluster, and compare the X-ray image with a deep optical image and with interferometric
Sunyaev-Zel'dovich e�ect data.

1 Introduction

A deep observation of the galaxy cluster MS1137.5+6625 with the Chandra Observatory's Ad-
vanced CCD Imaging Spectrometer (ACIS) reveals that this massive, distant cluster appears
relaxed and symmetric, and an ideal subject for cosmological tests.

2 Observations

MS1137.5+6625 was observed for 120 kiloseconds with the Chandra ACIS instrument as part
of the Van Speybroeck Guaranteed Time Observation (GTO) cosmology project. The GTO
observations are designed to create a set of X-ray observations of galaxy clusters which is suitable
for measuring cosmological parameters to high accuracy. Most notably, a cluster's cosmology-
dependent angular diameter distance, DA, can be determined from the temperature and X-ray
surface brightness pro�le of the cluster, when the X-ray data are analyzed in conjunction with
a measurement of the cluster's Sunyaev-Zel'dovich e�ect (c.f. Hughes & Birkinshaw4; Reese et

al. 6; Patel et al. 5).
The observations are chosen so that the dataset includes a suÆcient number of cluster

observations to overcome systematic errors in the cluster distance determination which arise
from cluster ellipticity and orientation. The clusters in the sample are also distributed widely



Figure 1: Raw image of MS1137.5+6625, blocked into 200 pixels.

in redshift, including the most distant X-ray emitting clusters known, so that the evolution of
Hubble's constant with redshift can be used to constrain cosmological parameters. Over 1,250
kilseconds of Chandra time is scheduled in A01 and A02 for this project, and it is expected to
include over 40 clusters by the close of A02.

The Chandra Observatory has unprecedented angular resolution in the X-ray band, and
is well-suited to studying the detailed structure of distant clusters. This resolution, and the
observatory's ability to measure X-ray spectra up to high energies (kTe � 10 keV) make the
Chandra observatory a very good instrument with which to study the distant, massive clusters
in the cosmology project. In Figure 1, we present a raw image from this observation, without
background subtraction, blocked into 200 pixels.

3 Intracluster Medium Temperature

We �t the cluster emission within the central arcminute to a MEKAL plasma model, using
a background spectrum from a number of long integrations on blank �elds . We �nd the
emission-weighted mean temperature for the intra-cluster medium (ICM) to be 7.62+3:00

�1:74 at 90%
con�dence. The best-�t metal abundance is 0.22 times the solar abundance. We determine the
two-parameter con�dence regions for emission-weighted ICM temperature and metal abundance,
as shown in Figure 2; the constraint on metal abundance is the strongest constraint on high-
redshift clusters yet determined.

We compare these results to those obtained by Donahue et al.3, who use ASCA observations
of this cluster to determine kTe = 5:7+2:1

�1:1 and an abundance of 0:43+0:40
�0:37. These results are

formally consistent with the Chandra results, though the electron temperature is noticeably
lower. This is partially due to the presence of a strong X-ray point source about 6500 from
the cluster center which is removed from the Chandra data but is necessarily included in the
ASCA-derived spectrum. If we mimic the ASCA observation by allowing the point source 
ux
to contribute to the Chandra cluster spectrum, the best-�t electron temperature is lower.



Figure 2: Two-parameter con�dence region for emission-weighted temperature (kTe) and metal abundance. The
regions correspond to 68.3%, 90%, and 99.0% con�dence on the two parameters. The `+' marks the best-�t

value.)

4 Image

To describe the cluster's surface brightness pro�le, we �t an image made from the energy range
0.3 keV to 10.0 keV to a beta-model (c.f. Cavaliere & Fusco-Femiano 1; Cavaliere & Fusco-
Femiano 2), which parametrizes the X-ray surface-brightness pro�le in the form:

SX = SX0

�
1 + (�=�c)

2
�3��=2

; (1)

where � is the power law index and �c is the cluster's core radius, its characteristic size. We
�t a two-dimensional beta-model, in which the pro�le can be elliptical, rather than spherical.
The best �t axis ratio for the cluster is 1.0. Using the centroid from the two-dimensional �t, we
derive a one-dimensional surface brightness pro�le from the image and �t it to the beta-model in
Equation 1. In Figure 3 we show the data, the best �t model, and the �t residuals; the best-�t
model has �=0.63 and a core radius of 12.500. The con�dence intervals on the surface-brightness
shape parameters are shown in Figure 4. The small core radius of this cluster reinforces the
importance of Chandra's high angular resoution for studying high-redshift clusters.

5 Hardness Ratio

To investigate whether there is any temperature or metallicity structure in this cluster, we make
adaptively smoothed background-subtracted images in the 0.3-2.5 keV and 2.5-10.0 keV energy
ranges and make a map of the high energy band divided by the low energy band. This image is
shown in Figure 5. There is some small structure, most likely due to the statistical 
uctuations
from the small numbers of photons outside of the cluster, but no signi�cant structure is apparent.

6 Conclusions

The distant galaxy cluster MS1137.5+6625 appears regular and relaxed with a small core radius
and no discernable temperature or metallicity structure.



Figure 3: One-dimensional surface brightness pro�le of cluster MS1137.5+6625, its best-�t beta-model, and �t
residuals.
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Figure 4: Two-parameter con�dence region for � and �c for the one-dimensional beta-model �t to MS1137.5+6625.
The con�dence contours correspond to 68.3%, 90%, and 99.0% con�dence on the two parameters. The best-�t

model is marked with an `x'.

Figure 5: Thank you



Figure 6: Hardness-ratio map of MS1137.5+6625. The background-subtracted cluster image in the 2.5-10.0 keV
energy range is divided by the equivalent 0.3-2.5 keV image. The dotted lines follow the total 0.3-10.0 keV surface

brightness contours.


