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Galaxy clusters are the most massive virialized systems in the Universe. They form from the
largest overdensities undergoing gravitational collapse which gives them high leverage to probe
cosmology. To first order, these systems comprise of a massive dark matter halo, sprinkled with
up to a few thousand galaxies that are enveloped by a hot and tenuous plasma, known as the
intracluster medium (ICM). The properties of the ICM are determined by number of factors —
from the cosmology of the Universe that dictates the build-up of large-scale structure, through
to supermassive black hole feedback processes acting on “macro” scales, down to plasma physics
processes acting on “micro” scales within the ICM itself.

Currently a very debated area of research regards the level of turbulence that the ICM contains and
how such turbulent motions are driven. It is commonly assumed that galaxy clusters’ atmospheres
are in hydrostatic equilibrium such that the thermal pressure of the ICM provides support against
it collapsing into the potential well of the dark matter halo. With this assumption it is then
possible to estimate galaxy cluster masses from X-ray observations. However, in reality non-
thermal processes such as turbulence can provide an additional channel of pressure support, which
needs to be well understood in order to calibrate X-ray observations and remove a potential source
of mass bias. As well as providing a possibly significant contribution to the ICM pressure support,
turbulence can also aid in mixing and transporting metals in the ICM that can in turn impact gas
cooling rates. Finally, it has been suggested that turbulence, driven by AGN feedback in the form
of jets, may provide a source of heating, possibly even offsetting the expected high levels of gas
cooling from the central regions of the ICM.

The aim of this essay is to review the current state of research, both observational and theoretical,
on the ICM, with a particular emphasis on our understanding of the processes driving turbulent
motions and the ways in which turbulence can shape cluster properties. The essay should cover
the following key points:

(1) Outline the general properties of galaxy clusters with a discussion of how and when they form,
and why they are useful cosmological probes. What do observations tell us about how clusters
evolve with redshift and how does this compare the state-of-the-art simulations?

(2) Describe how the virial theorem can be used to estimate the mass of a galaxy cluster and discuss
other methods that are used “weigh” observed galaxy clusters. What is meant by the cluster mass
bias, what non-thermal processes could provide additional pressure support to the ICM and how
do these impact the cluster mass bias.

(3) A number of physical processes have been invoked to explain how turbulence is driven in the
ICM. What are these processes and how are they studied through observations and theoretical
models? What are the current observational constraints on the levels of turbulence within the
ICM.

(4) Feedback from a central supermassive black hole, in the form of relativistic jets, plays a critical
role in regulating the heating and cooling the ICM. However, the exact mechanisms through which
the jet mechanical energy is communicated effectively and isotopically to the ICM are debated.
One idea presented is that jet-driven turbulence can offset ICM cooling. Evaluate the current
theoretical and observational evidence for and against this model.
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