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Bullet Cluster: Direct Proof of Dark Matter
The “Bullet Cluster” is an extremely important object for astrophysical research including studies of dark matter.
This cluster was formed after the violent collision of two large clusters of galaxies moving at great speeds.
The Bullet Cluster is located about 3.8 billion light years from Earth.

This composite image shows the galaxy cluster 1E 065756, also known as the “Bullet Cluster.” This cluster was
formed after the collision of two large clusters of galaxies,
the most energetic event known in the Universe since the
Big Bang.
Hot gas detected by Chandra in X-rays is seen as two pink
clumps in the image and contains most of the “normal,”
or baryonic, matter in the two clusters. The bullet-shaped
clump on the right is the hot gas from one cluster, which
passed through the hot gas from the other larger cluster
during the collision. An optical image from Magellan and
the Hubble Space Telescope shows the galaxies in orange
and white. The blue areas in this image show where
astronomers find most of the mass in the clusters. The
concentration of mass is determined using the effect of
so-called gravitational lensing, where light from the distant

objects is distorted by intervening matter. Most of the matter
in the clusters (blue) is clearly separate from the normal
matter (pink), giving direct evidence that nearly all of the
matter in the clusters is dark.
The hot gas in each cluster was slowed by a drag force,
similar to air resistance, during the collision. In contrast, the
dark matter was not slowed by the impact because it does
not interact directly with itself or the gas except through
gravity. Therefore, during the collision the dark matter
clumps from the two clusters moved ahead of the hot gas,
producing the separation of the dark and normal matter seen
in the image. If hot gas was the most massive component in
the clusters, as proposed by alternative theories of gravity,
such an effect would not be seen. Instead, this result shows
that dark matter is required.

NASA’s Marshall Space Flight Center in Huntsville, Alabama, manages the Chandra program for NASA’s Science Mission Directorate in Washington. The
Smithsonian Astrophysical Observatory in Cambridge, Massachusetts, controls Chandra’s science and flight operations.
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