
I. Introduction:
• Galaxy clusters contain 100 to 1000 galaxies, spanning 1-10 Mpc (or 106 - 107 light 

years). Fig. 1 is an example of one of these clusters.
• Intra-cluster Medium (ICM), hot diffuse gas in the space between constituent 

galaxies, contains a majority of the mass.
• ICM is the source of strong X-ray emission. Interaction between magnetic fields 

and relativistic electrons in the ICM produces faint, diffuse radio emission.
• Radio emission often lies below detection capabilities. We add, or stack, images of 

many clusters to detect presence of this emission.

II. Method:
• Selected 111 nearby clusters with high X-ray luminosities. Radio images from 

Sydney University Molonglo Sky Survey (SUMSS).
• Processed images using Astronomical Image Processing System (AIPS):
 Modeled clusters as 1 Mpc wide Gaussian structures.
 Images scaled to same physical size, as opposed to angular size.
 Compact, bright sources of radio filtered out (such as galaxies).

• Processed control fields as well: images of regions outside clusters.
• Stacked 111 real images and 111 control images, Fig. 2.

III. Results:
• In Fig. 2 there is diffuse 

emission at the center of the 
real stack (left) that is above 
the level of the control stack 
(right).

• Fig. 3 -4 are a statistical 
representation of this result.

IV. Further Testing
• Contamination still possible from diffuse emission 

related to individual galaxies, not ICM:
• Inserted fake sources of various sizes (0.25 – 1 Mpc) and 

processed as before.
• About 1% of the flux from a .125 Mpc source, the most 

likely size of contamination from a radio galaxy, 
remained.

• Even if results contaminated, emission from ICM is no 
greater than 3.24e+23 W/Hz at 1.4 GHz.
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VI. Next Steps:
• Better identify relationship between X-ray and radio emission:
 Separate clusters into X-ray luminosity bins to better 

identify which clusters contain the emission.
 Separate merging clusters from relaxed clusters and repeat.

• Above tests will further improve upon upper limit reached.
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V. Conclusions:
• Successfully detected diffuse radio 

emission from central regions of 
galaxy clusters in southern sky.

• Worst case scenario: results still 
contaminated by diffuse emission 
from individual galaxies, not cluster 
itself. 

• Set upper limit for emission at 
3.24e+23 W/Hz at 1.4 GHz

• Fig. 5 compares results (red line) 
to previous calculations of the 
upper limit by Brrunetti et. al. 
(blue arrows). We have improved 
upon this previous assessment.
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Diffuse emission detected! 

Fig. 1: (right): For 
illustrative purposes: 
one of the more studied 
clusters, the Coma 
Cluster, in 
radio, optical, and X-ray

Fig. 3-4 (left): Top distribution 
shows an extended tail to the right 
of the peak the right of the control 
(lower graph). This is a statistical 
detection of emission

Fig. 2 (above): Real stack (left) and control (right) of filtered clusters and radio 
radio emission. Real stack shows bright spot in center: a detection of diffuse 
emission.
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Fig. 5 (right): Shown in 
red is our upper limit 
for the diffuse radio 
emission, superimposed 
on plot from Brunetti et. 
al. (2009). The blue 
arrows are previous 
upper limits, while 
points along the line are 
flux values for clusters 
with strong radio and
X-ray emission. 
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