
Cosmic dust is a natural byproduct of stellar evolution, though the composition 
and structure of cosmic dust is directly tied to the specific environments in 
which the dust grains formed as well as those regions through which the dust 
grains have passed.  Cosmic dust has been detected in environments such as 
the intracluster media of galaxy clusters and smaller galaxy groups.  This was a 
bit of a surprise, since many clusters possess hot, 10 million degree Kelvin gas 
which emits X-rays with energies that can easily dissociate dust grains.  Even 
though there are a number of modes for the deposition of grains into the ICM 
(e.g. blowout by supernovae, strong stellar and galactic winds, RAM pressure 
stripping, etc.), expected grain lifetimes can be as short as 1 million years in 
many clusters.  I will discuss my current plan to look for environmental 
variation in the distribution of intergalactic dust using data from the Sloan 
Digital Sky Survey by stacking measurements from galaxy clusters of varying 
total mass, by separating them on the basis of the abundance and temperature 
of their X-ray gas, exploring the influences of recent galaxy merger history and 
cluster-wide star formation rates, and by exploring other factors which may 
affect the dust population with the aim to develop new diagnostics for the 
study of the history of intracluster gas in the Universe.   

Josh Nollenberg, Dept. of Physics and Astronomy, SUNY College at Oneonta 

Abstract 

Environment: Groups vs. Clusters 

Figure 1 
Above:  The small but dynamic  
galaxy group, Stephan’s Quintet. 
 
Right:  The very large and rich  
Galaxy cluster, Abell 1689 

Galaxy groups are small associations of galaxies. Groups can be as small as 
pairs, or they can have as many as a few dozen galaxies.  Galaxy clusters are 
typically much larger, and they can contain thousands of galaxies.   
 
The Milky Way is actually the second-largest member of the Local Group, 
which also includes the Andromeda Galaxy (M31), the Triangulum Galaxy 
(M33), and roughly 50 smaller galaxies which are their satellites.  By contrast, 
the massive galaxy cluster Abell 1689 has hundreds of galaxies (see Figure 1), 
including dozens of galaxies larger than the Milky Way and Andromeda.   
 
Larger galaxy clusters have more galaxies within them, and more large 
galaxies as well.  Because they are formed from larger primordial density 
perturbations, large galaxy clusters are much more rare than galaxy groups.  
Large clusters are also more concentrated, as is shown in Figure 2 which 
relates the amplitude of the spatial galaxy-galaxy correlation function with 
the richness of the cluster.   
 
Because the force of gravity is the mechanism which causes the concentration 
of mass in galaxy clusters, we would also expect that more massive clusters 
(and richness is a proxy for mass) have hotter ICM than small groups.  This 
actually bears out in observations (see Figure 3), and it is due to the larger 
amount of work done on the intracluster gas by the force of gravity in large 
clusters.   
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Evolution of Dust in Galaxy Clusters 

Cluster X-ray Halo: Hot gas 
(T ~ a few x 106 K) 

Supernovae Blow gas and dust into ICM 

Galaxy Cluster 

A burst of star formation 
sends dust of its original galaxy 
 via strong stellar winds. 
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Tidal interactions 
cause dust to escape as 
galaxies are torn apart by 
one another’s  gravity. 

 via strong 

Infalling galaxies (mergers) 
lose their gas and dust due to 
the pressure from their motion 
relative to the ICM (RAM Pressure 
Stripping). 

Intracluster stars may   
contribute dust to the ICM 
through stellar winds and  
especially when they form 
Planetary nebulae.   

X-rays emitted by intracluster 
gas, as well as atoms 
And cosmic rays in the gas 
destroy dust grains in high 
energy collisions. 
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- Clouds of gas and dust can  
fall into nearby galaxies. 

Figure 5 
Above:  Modes by which dust is injected (+) into the intracluster medium and through which dust is destroyed or removed (-)  from 
the ICM.    

Dust extinguishes and reddens light from background sources 

Background Light 
Source 
(Galaxy or QSO) 

Observer 

Blue light is also preferentially scattered 
By intervening dust. (Reddening)  

Figure 2 
Correlation amplitude of galaxy clusters from a number of  
different Sky surveys vs. richness.  Note that larger galaxy clusters 
are denser concentrations of galaxies.  This bears out in measurements 
of the ICM of clusters, with hotter ICM found in the largest clusters. 

Dust in the ICM would tend to be destroyed through collisions with 
high energy photons, such as the thermal radiation from the hot  
~106 – 108 K gas, or through collisions with ions and cosmic rays as 
well.   
 
Given that larger clusters have denser and higher temperature 
intracluster gas, then one would also expect that dust grains would be 
destroyed more efficiently within their environments.   
 
However, insertion of dust into the ICM is also much more efficient in 
larger clusters than it is in groups.  This dust can be introduced to the 
ICM through a number of process which cause the dust to escape 
individual galaxies, where it is produced during stellar lifecycles.  
Given that richer clusters (containing more galaxies) also tend to be 
more strongly concentrated, it would then follow that the 
gravitational perturbations which given rise to bursts of star 
formation would enable a higher level of dust production.   
 
Star formation and its after effects, planetary nebulae and supernova 
explosions, would be enough to deposit dust into intracluster gas  

Figure 3 
The relationship between galaxy cluster mass and the 
temperature of their Intracluster Media (ICM), as 
sampled from the ROSAT All-Sky Survey.  
1 keV ≈ 12 million K 
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on their own but the ICM is also denser in large clusters, so processes such as RAM pressure stripping can effectively remove 
dust rom star-forming galaxies as they enter the central regions of the cluster.   
 
There are also more galaxies within closer quarters, so gravitational tidal interactions can force gas, stars, and dust to escape 
from individual galaxies into the intracluster environment more efficiently.  Each of these processes are pictured in Figure 4 
below.   

Figure 6 
As light from distant objects passes through clouds of dust, some of the light is absorbed.  Of the remaining light, blue light is 
preferentially Rayleigh scattered away from the line of sight.  The resulting image of the object at the location of the observer is a 
dimmer, reddened image of the background object.   

Some light is absorbed by intervening dust 
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Figure 7 
Left: Reddening due to dust is 
plotted relative to the distance 
from the centers of the respective 
clusters and groups.  

Nollenberg, Williams & Maddox (2003) 
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The degree to which the 
increased efficiency of dust grain 
destruction and insertion into the 
ICM may imply that the location 
of these grains relative to the 
cluster center may be important, 
and the observed presence of 
dust would imply relatively 
recent events in the history of 
the cluster.  This could be used 
along with longer-lived 
diagnostics such as stellar 
populations and chemical 
abundances to develop a more 
complete picture of cluster 
histories.   

The Plan 
A recent study by Ménard et al. (2009) did investigate the distribution of dust 
in galaxy clusters, but that study was a cosmological study which really sought 
to determine the extent to which dust in clusters would impact measurements 
of gravitational lensing estimate of cluster mass.  As a result, it returned 
universally averaged results.  It did not focus on exploring the impact of 
galaxy cluster environments on the evolution of dust within clusters.   
 
As a result, I plan to look for trends in the abundance of dust and in the type 
of dust as functions of the conditions of their environments, especially 
measured by proxies such as the density and temperature of X-ray gas in 
cluster ICM, the masses of the clusters or groups, metal abundances within the 
clusters, and the rates of star formation taking place within cluster galaxies. 
 
This study will employ roughly 1TB of data regarding ~500 million galaxies 
found within the Sloan Digital Sky Survey (York et al. 2000), as well as galaxy 
clusters selected from a number of surveys based on the parameters discussed 
above.   
 
Using photometric redshift information, I will compare the colors and 
brightness of galaxies which lie behind foreground galaxy clusters to estimate 
the levels of extinction and reddening due to dust within my cluster sample 
following the technique of Nollenberg, Williams & Maddox (2003).  I can then 
follow up by using the galaxy-color correlation function developed in Ménard 
et al. (2009) to map the distribution of dust within the clusters in which dust 
is detected.  High-redshift QSOs from the Sloan Digital Sky Survey Quasar 
Catalogue (Pâris et al. 2012) will also be used.   
 
The results will consist correlations between galaxy cluster characteristics 
(e.g. mass, temperature, density, star formation rate, etc.) and the 
abundance and types of dust which exist within the clusters.   
 
In instances where the detection of dust is strong enough, it may also be 
possible to map the dust distribution within individual galaxy clusters.  This 
would allow us to expand on our understanding of cluster dynamics because 
tidal streams and cloud remnants from RAM pressure stripping give us 
information regarding the 3-dimensional motion of galaxies within clusters.  
(Astronomers are typically limited to measurements of motion along the line 
of sight using Doppler spectroscopy.) 


