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Exercise Sheet 10

To be handed in on Thursday Jan 31 in the exercise class
Questions: Thorsten Lisker, Tel. 062284-1857, tlisker@ari.uni-heidelberg.de

12 — The bullet cluster
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Figure 1:Left: Optical image of the “bullet cluster”, 1E 0657-538ght: X-ray image showing the hot
intracluster gas. In both panels, the density contoursirddafrom a gravitational lensing analysis are
shown. From Clowe et al. (2006).

The bullet cluster is an intriguing object due to the disttibn of its galaxies and hot
intracluster gas. Both gas and galaxies show two primargeatnations, which, however,
are not aligned with each other. It is likely that these artealty two clusters that have
just passed through each other and are now moving apart.dibe friction that the gas
experienced in the passage, it now lags behind the galaxies.

a) The X-ray temperaturd of the gas is roughly 10keV. Determine the total X-ray
luminosity Ly of the cluster using Fig. 2. Note that you need to divide yalue by
h?, with h = Hy/(100 km st Mpct). Useh = 0.7.

b) Theluminosity density L,q, i.€. the total amount of energy emitted per second per unit
volume by the hot intracluster gas, depends on the gas tatupel and on the
number density, of free electrons:

Ne

Lo = 1.42. 107 (m)z (—) T wm? (1)
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Fig 7.12 (D. Horner) 'Galaxies in the Universe' Sparke/Gallagher CUP 2007

Figure 2:X-ray temperature vs. X-ray luminosity. From Sparke & Ggliar.

The diameter of the X-ray bright region is about 0.7 Mpc. Hargdicity, assume
that the gas is spherically distributed. Using the valueofrom a), determine.
(lerg=10"71J)

c) Assume that the gas is purely composed of fully ionized hgeing i.e. there is one
proton for every free electron. What is the total mass of #e?g

d) The galaxies of the cluster have a toBaluminosity of Lg ~ 1.7 - 102L,. With a
mass-to-light ratidVl/Lg of ~ 1 (of the stars only!), this translates into a total mass
of M ~ 1.7 - 10'2 M, Figure 1 shows you the galaxies and the location of the hot
gas. It also shows density contours that represent thegskreri the gravitational
lensing dfect of the cluster (for contours that lie further inwards travitational
lensing is stronger). Given the masses of gas and galaxies, do you conclude
from these density contours?



