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Part II Astrophysics Essay 2019

Turbulence in the intracluster medium: sources, implications and latest constraints
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Dr. Debora Sijacki, Email: deboras@ast.cam.ac.uk, Room: K17

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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Part II Astrophysics Essay 2019

X-ray Spectra of Active Galactic Nuclei: Inner Disc or an Obscuring Veil?

Advisor: Dr. Dom Walton, Email: dwalton@ast.cam.ac.uk, Room: H51

The X-ray spectra of active galactic nuclei (AGN) – actively accreting supermassive black holes –
often show characteristic structures at energies associated with the emission and absorption of iron.
Two competing interpretations for these features have been proposed. In the first, the spectral
complexity is understood as being a strong emission line of iron arising from the surface layers of
the inner black hole accretion disk. The observed line is extremely broad and asymmetric due to
the trans-relativistic orbital velocity of the inner accretion disk as well as the strong gravitational
redshift close to the black hole. Within this interpretation, the X-ray spectrum allows us to
probe strong gravitational physics and measure the spin rate of the black hole. The competing
interpretation is one in which the X-ray spectrum is shaped by the absorption and scattering of
X-rays as they pass through multiple layers of material on their journey from the inner regions of
the accretion disk out to the observer. If this is the correct viewpoint, the X-ray spectrum has
little to say about relativistic physics but is a probe of the complex outflows/inflows around the
black hole.

In this essay, you will review and contrast these two interpretations of the X-ray spectrum of AGN.
Your essay should cover the following key points:

(1) Outline of the observed X-ray emission from AGN, focusing on the nature of the X-ray spectrum
and its temporal variability.

(2) Description of the basic assumptions behind each of these two interpretations for the X-ray
spectrum, including the key predictions made by each of the interpretations.

(3) Evaluation of the strengths and weaknesses of these two interpretations.

(4) Your view of the controversy, putting forward well justified arguments for why one, both, or
none of these interpretations is the correct viewpoint.
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‘Oumuamua: an unexpected solar system visitor
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‘Oumuamua, the first known interstellar object passing through the solar system, was discovered
on 29th October 2017. Its puzzling properties have stimulated a lively debate about its likely
origin and history. ‘Oumuamua is a needle shaped rocky object, dark red in colouration, which is
tumbling rather than rotating around a principal axis; it is moving too fast relative to the solar
system to have originated there and is instead widely presumed to have been ejected from the
vicinity of another star.

Your essay should explain clearly how the above properties have been derived and examine the
variety of hypotheses that have been advanced for the origin of this unique object. How do the
properties of the object shed light on its origin? In particular it will be necessary, for any proposed
scenario, to evaluate how the detection of ‘Oumuamua places statistical constraints on the quantity
of rocky material that is ejected from the vicinity of a typical star. You may also wish to discuss
how future surveys may improve the statistical constraints on the origin of such objects.
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Where do super-solar abundance stars come from?

Advisor: Prof. Gerry Gilmore, Email: gil@ast.cam.ac.uk, Room: H47

Stars form with the abundance of the local inter-stellar medium (ISM) gas from which they form.
The ISM near the Sun has approximately Solar abundance, and varies very slowly with Galacto-
centric radius. Nevertheless, there are many nearby stars with element abundances up to 3 times
Solar abundance. Where and when did they form? How did they get where they are today?
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How many parents had our Sun?

Advisor: Prof. Gerry Gilmore, Email: gil@ast.cam.ac.uk, Room: H47

Chemical elements are created in many environments, starting at the Big Bang, then in a variety
of spallation and stellar sources, each with its own range of timescales and pattern of element
creation. These include supernovae of at least two types (I and II), products of stellar evolution
from old stars, exotic sources - merging neutron stars - and the range of possible r- and s- process
sources. Collating the range of origins of the chemical elements in a Sun-like star provides a window
on the range of astrophysical processes which lies in our past.
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