


























































































































































































































Figure 5.4: The Mach Numbers for a thin, 1 h−1 Mpc, slice of the simulation box

zoomed to show 50 h−1 Mpc on a side. The higher resolution simulations are shown

to show better defined shocks at slightly smaller Mach numbers.

96

 

 

 

 



exhibit slightly larger shocks in the dense regions indictating that the detection of

shocks is somewhat dependant on the SPH formalism utilised.
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Chapter 6

Summary

In this work we have presented an overview of cosmological N-body simulations and

the various methods employed in the solution of many body problems in the field of

astrophysics. We have then presented three projects which together aim to demon-

strate some of the applications of numerical simulations in this field at various scales.

In Chapter 2 we present a review of the numerical methods developed in order

to study the dynamics of the Universe on various scales ranging from individual

galaxies to clusters and the cosmic web. We present a brief introduction of the

underlying theory as well as discuss various N-body methods and smoothed par-

ticle hydrodynamics techniques employed in the solution of the complex problems

involved in simulating galaxy formation and evolution.

In the first science chapter (Chapter 3) we discuss the environmental dependence

of neutral hydrogen around individual simulated galaxies utilising high resolution
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cosmological hydrodynamic simulations and observe a dependence attributed, at

least in part, to ram pressure stripping of satellite galaxies in group environments.

This work is important for both current and future surveys of large numbers of

gas rich galaxies in which observers attempt to quantify the amount of neutral gas

residing in galaxies in various environments. We have shown that it is important

to take into account the environment of the galaxies in question, especially when

stacking galaxies to calculate average neutral gas content.

In Chapter 4 we look at cluster scale dynamics investigating the velocity–shape

alignment of clusters in a dark matter only simulation and the effect of such and

alignment on measurements of the kinetic Sunyaev–Zeldovich effect. We find that

simulations predict an alignment between the shape of a cluster and its velocity

which, if the cluster is orientated along the line-of-sight, could lead to an enhance-

ment of the kinetic Sunyaev–Zeldovich signal of up to 60%. This effect could be

extremely large and should be considered when the kSZ effect is used in cosmologi-

cal studies as is the hope of surveys performed by instruments such as the Atacama

Cosmology Telescope(ACT), which has recently made its first kSZ detections.

Finally we attempt to identify shocked gas in the filaments linking clusters on very

large scales utilising intermediate resolution cosmological hydrodynamic simulations

(Chapter 5) and find small but important differences due to the resolution and SPHS

formalisms employed, a matter to be taken into account in the development of robust

and reliable shock finding algorithms. The identification and quantification of these
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shocks is very important in attempts to make predictions of detectable synchrotron

radiation levels from shocked gas residing in clusters and filaments for future surveys

to be undertaken by telescopes such as MeerKAT and the SKA. The detection of this

radiation and thus the baryons that give rise to it is one of the pertinent questions

in astrophysics and one of the science drivers of the Square Kilometer Array.
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