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Abstract

This thesis presents work towards the design of a new array of Image Atmospheric Cherenkov

Telescopes (IACTs) to detect multi-TeV (E > 1012 eV) γ-ray sources. The array consists of

5 telescopes in a square layout with one central telescope, known as the Pevatron eXplorer

or PeX. PeX is a PeV (1015 eV) cosmic ray explorer that aims to study and discover γ-ray

sources in the 1 to 500 TeV range. The initial PeX design has been influenced by the HEGRA

CT-System and H.E.S.S. configurations. One important feature of multi-TeV air showers is

their ability to trigger telescopes at large core distance (> 400 m). PeX will utilise large core

distance events to improve the performance and illustrate the viability of a sparse array for

multi-TeV γ-ray astronomy.

In Chapter 1, I will discuss the astrophysical motivation behind multi-TeV observations.

A number of γ-ray sources have shown emission that extends above 10 TeV, for example

unidentified source HESS J1908-063. A new multi-TeV detector can provide a new look at

the Galactic plane and work towards uncovering the origin of Galactic cosmic ray acceleration.

In Chapter 2, I will look at the physics of air showers, which involves the interaction of

protons and γ-rays with the atmosphere to form a cascade of particles. I will discuss the lateral

distribution for γ-rays and show the importance of large core distance shower for multi-TeV

events. Gamma-ray showers with an image size > 60pe can be detected up to 700 m away

from PeX for 500 TeV showers.

In Chapter 3, I introduce PeX in detail along with the simulation programs used to model

it. I discuss the standard shower reconstruction algorithm (Algorithm 1) and an advanced

shower reconstruction algorithm (Algorithm 3). I also introduce the image parameters that I

will investigate while optimising PeX, which include; site altitude, image triggering conditions,

image cleaning conditions, telescope separation and image size cut.

In Chapter 4, I have optimised the PeX cell for a low altitude (0.22 km) observational

site using Algorithm 1. Parameters such as telescope separation, triggering combination,

cleaning combination and image size cut have been varied over a range of values to provide

the optimum results for PeX.

In Chapter 5, I have optimised the PeX cell for a higher altitude (1.8 km) observational

site using Algorithm 1. The same parameter variations considered in Chapter 4 have been

used in Chapter 5. It appears that scaling the H.E.S.S. values to appropriate values for PeX

provides the near optimum results. A comparison between the site altitudes suggests that a
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0.22 km altitude provides the slightly better performance for energy > 10 TeV.

In Chapter 6, a new time cleaning cut has been investigated. The arrival time between

photons in two adjacent pixels in the camera is used to apply an extra cut which helps mit-

igate night sky background. To illustrate the robustness of the time cleaning cut, various

level of night sky background have been considered. These levels include: off-Galactic plane,

on-Galactic plane and towards the Galactic centre. The most important result is that PeX

performance with a time cleaning cut improves results when a high level of night sky back-

ground is present. For a Galactic centre level of night sky background there is a factor of 1.5

improvement in angular resolution, effective area and quality factor when a time cleaning cut

is applied compared to using no time cleaning cut.

In Chapter 7, Algorithm 3 has been considered. A smaller sample of parameter variations

has been simulated to confirm that the same trends found in Chapters 4 and 5 appear for

Algorithm 3. The site altitude and time cleaning cut have also been considered. Algorithm

3 provides a direction reconstruction improvement over Algorithm 1 especially for large core

distance events which are important for PeX.

In Chapter 8, I consider some possible enhancements to PeX. These enhancements include:

varying pixel size and pixel arrangement in the camera, further cuts to rejection proton events

and possible separation between proton and γ-ray pulses. Chapter 8 also provides the flux

sensitivity results for multiple PeX configurations. The final configuration and flux sensitivity

for PeX is presented in this Chapter. This work shows the value of a sparse array of Cherenkov

telescopes to open up the > 10 TeV energy regime.
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