
 
Dark matter makes up approximately 26% of our Universe and outweighs normal, 
visible matter by a factor of roughly six to one.  The matter we do observe - stars, 
gas and dust - makes up only 4% of the Universe. There are many lines of evidence 
for Dark Matter. Observations of the rotation of stars and gas in galaxies and of the 
motion of galaxies in clusters show that there must be more mass present then we 

actually observe in order to keep these 
structures together. Gravity is a binding 
attractive force that keeps everything 
together and it is the gravitational effects of 
Dark Matter that allow us to measure how 
much of it there is in the Universe. In this 
lecture we will explore the evidence for dark 
matter and review the many experiments 
which are trying to find this elusive particle. !!!

We can measure the amount of Dark matter in the Universe using a technique 
called gravitational lensing. When light leaves a galaxy and travels through the 
universe towards us, its path can be distorted by intervening galaxies. The amount 
of distortion depends on the amount of mass in these galaxies or clusters of 
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galaxies. The picture above shows the effect of gravitational lensing of background 
galaxies by the Abell 2218 cluster.  This process magnifies, brightens and distorts 
images of objects which lie behind the cluster. !
The image below has been made using data from the Hubble Space telescope, the 
Magellan Telescopes, the Very Large Telescope and the Chandra X-ray 
Observatory. The picture shows the Bullet Cluster which is actually the wreckage 
of a giant merger of two galaxy clusters which lies 3 billion light years away. The 
hot X-ray emitting gas is shown in red. The majority of the dark matter mass of the 

cluster, inferred from 
gravitational lensing, is 
shown in blue. During the 
collision the dark matter in 
each galaxy passes though 
relatively unaffected while 
the hot gas has stalled at the 
middle of the cluster. There 
is a clear spatial separation 
between the two types of 
matter - the visible luminous 
matter we are familiar with 
and the collisionless Dark 
Matter.  !
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