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ABSTRACT

Photodetectors capable of single photon detection in the visible wavelength

region are relevant in many parts of modern physics, especially in the field of
neutrino-physics. There is an ongoing effort for using THGEMs for photon de-
tection, as these can provide more cost-effective scalibility to large areas than cur-
rently deployed photodetectors (e.g. PMTs).
In this bachelor’s thesis the properties of Csl coated THGEMs were investigated.
Initially measurements were performed to understand the movement of photo-
electrons inside the detector vessel, both in vacuum and in gas. After this the fo-
cus was placed on the properties of the photocathode material, which largely de-
termines the quality and performance of THGEM based photodetectors. For this
thesis THGEMs were coated with a layer of Csl at a clean room facility at the TUM.
The quantum efficiency of this photocathode and its decline due to gas exposure
and ion bombardment was measured. A quantum efficiency value of 7:74% at a
wavelength of = 161 nm for a reflective Csl photocathode is reported. No de-
cline in quantum efficiency after long exposure to Ar CH, (90-10), but a decrease
in quantum efficiency of 50% after a charge deposition of around 50 C=mm?s
on the photocathode was recorded. The last aspect of this research was to deter-
mine the maximum gain that could be reached with our single THGEM setup in
Ar CHy (90-10). These measurements were performed with an uncoated and a
Csl coated THGEM. In both cases a gain of around 1:2 10° was attained, before
discharges started occurring.
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1 Introduction

Neutrinos are neutral fermions with a very small mass and interact with matter
via the weak interaction. They were rst postulated in the 1930s and the rst neu-
trino avor to be experimentally discovered was the electron antineutrino with an
experiment using a bubble chamber in 1956 [1]. Since then a multitude of exper-
iments has shed more light on the eld of neutrino physics and answered many
outstanding questions while also raising many new ones. This eld is constantly
changing and with it, the requirements modern detectors need to ful Il to push
the boundaries of our current understanding.

As times have changed, so have the type of detectors used for experiments con-
cerning neutrino physics. With that being said, most of the modern experiments,
which have led to milestone discoveries in this eld, like the Super-Kamiokande
[2] or the IceCube neutrino observatory [3], are detectors that have a very similar
setup. For one, these detectors are massive in size. The reason is, that while neu-
trinos are abundant in the universe and billions pass through us every second,
they rarely interact with matter. Therefore to get a su cient amount of data from
these rare interactions, the detectors must observe large areas. Another similar-
ity between these detectors is the use of a large number of photodetectors. This
stems from the problem, that neutrinos can only be measured indirectly. The most
common way of doing this is by observing the Cherenkov light from charged par-
ticles, which interacted with a neutrino. This Cherenkov light cone is emitted,
when a charged patrticle travels through a medium at a speed greater than the
phase velocity of light in that medium.

Figure 1: The inside of the Super-Kamiokande detector, which is surrounded by
thousands of photomultiplier tubes. Credit: Jordy Meow [4].

Now one might think, as the experiments increase in size, the photodetectors
should do the same to keep up with the requirements. The problem with the type
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of photodetector commonly used in these experiments, which is the photomul-
tiplier tube (PMT), is, that the design requires PMTs to be quite compact [5]. In
other words, the larger the area to be observed gets, the more PMTs have to be
installed. For example, Super-Kamiokande has a detector volume lled with 50kt
of ultra-pure water, which is surrounded by about 11200 PMTs [6]. Not only is this
quite expensive, but it also begs the question if there isn't a better-suited type of
photodetector, that can be used for detecting light in the visible wavelength range
and also has the potential for large-scale application. These are the requirements
that set the stage for researching THGEMs as photodetectors.

1.1 Properties of (TH)GEMs

First the basic features of (TH)GEMs must be discussed. In 1997 Fabio Sauli devel-
oped a new type of micropattern gaseous detector (MPGD), called GEM, short for
gas electron multiplier, to be used for the detection of ionizing particles [7]. The
design of a GEM incorporates a Kapton foil, 50 70um thick, with copper coat-
ing on both sides, which is perforated with tiny holes. These holes are chemically
etched into the material and have a diameter of 70um and a hole pitch of 140um

[8].

Figure 2: Dimensions of a standard THGEM.[9]

THGEMSs, Thick gas electron multipliers, are, as the name suggests, GEMs
with larger dimensions and were rst introduced by Checknik et al [10]. Instead
of using Kapton foil, THGEMSs are usually made out of 500um thick PCB mate-
rial. The holes, which are mechanically drilled, have a diameter of 400um with
a 800um pitch, see gure 2. The larger dimension make THGEMs easier and
cheaper to manufacture and also more mechanically robust compared to GEMs.
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1.2 Working principle of (TH)GEMs

The operational principle of (TH)GEMSs consists of applying a potential di erence
between the top and bottom side of the (TH)GEM, which leads to an electric eld
in and in close proximity around the holes. Figure 3 depicts a simulation of the
above-mentioned resulting electric dipole eld.

Figure 3: The electric eld in and around a GEM covered with a photosensitive
layer is shown in this picture. [11].

Detectors utilizing (TH)GEMs are lled with gas. If an electron gets guided
into the hole and gets accelerated due to the strong electric eld, it can ionize gas
atoms, leading to a multitude of free electrons. This e ect is described as an elec-
tron avalanche. The amount of free electrons produced in the hole depends on
the strength of the electric eld in the hole. The stronger the electric eld, the
faster the electrons achieve ionization energies, which leads to a higher number
of ionized gas atoms. This also depends on the gas being used, as each gas has
unique ionization energies.

(TH)GEMSs, as mentioned above, were rst conceived to be used as ionizing parti-
cle detectors. Inthis case, the initial electrons entering the holes are created, when
ionizing radiation creates free electrons in the gas volume. These electrons are
then guided to the holes of the (TH)GEM with the use of an electric eld, where
they initiate an electron avalanche and therefore create enough electrons to pro-
duce a current, which is detectable with read-out electronics. This application of
(TH)GEMSs can be seen on the right side of gure 4. One of the limiting factors
of (TH)GEMs is, that when gas atoms are ionized in the hole, it not only leads
to free electrons but also an equivalent number of ions inside the hole. At high
enough potential di erences the number of electrons and ions result in a change
of the electric eld inside the hole, which can lead to a spark across the (TH)GEM.
These discharges can damage the detector and lead to a signi cant loss in perfor-
mance.
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But apart from using (TH)GEMSs as ionizing particle detectors, they can also
be used as photodetectors.

1.3 THGEMSs for photon detection

To use THGEMs as a photodetector for photons, that do not have enough energy
to ionize gas patrticles, one has to nd a way to convert the photons into electrons.
This is achieved by taking advantage of the photo e ect, rst postulated by Albert
Einstein in 1905, which describes the process of a material emitting an electron
when an electromagnetic wave hits it [12]. Experiments performed during that
time showed, that the emission of electrons doesn't depend on the intensity, but
rather on the frequency of the used light source. Einstein postulated that light is
made out of discrete energy packets called photons. This for its time revolutionary
concept of photons leads to a simple equation, which describes the photoe ect:

Ekinetic =h f W (1)

The left side of the equation corresponds to the kinetic energy of the emitted elec-
trons and the right side explains how this depends on the energy of the photon,
E = h f, and on the work-function W of the material. The energy of the pho-
ton depends on the frequency f of the light source. It is this relationship that is
imperative to understand when talking about THGEMSs for photon detection be-
cause in order to convert photons into electrons one must combine THGEMSs with
a photocathode (PC). There are two ways of doing this, both portrayed in gure 4.

Figure 4: This picture illustrates di erent applications for THGEMs: As a ionizing
particle detector or a photodetector with a re ective or a semitransparent PC [13]

In the case of the semitransparent PC, the entrance window of the photodetec-
tor is coated with the PC. If photoelectrons are emitted they drift to the THGEM
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due to an electric eld and then get multiplied inside the THGEM hole. The semi-
transparent PC is pictured in the top left of gure4. This setup has some draw-
backs, for example, the photon feedback to the PC due to avalanche scintillation
[11]. Re ective PCs on the other hand are coated directly onto the top side of the
THGEM. If a photon hits the PC and a photoelectron is emitted, it will get guided
into a hole by the dipole eld of the THGEM, see gure 3, and undergo avalanche
ampli cation. In this bachelor's thesis, a re ective Caesium iodide ( Csl) PC and
a single THGEM setup were used.

There are a couple of experiments that already successfully operate (TH)GEM
based photodetectors, for example, the HADES RICH detector [14]. There are
two main considerations to be made before applying THGEMSs as photodetectors.
The rst one depends on the quality and longevity of the PC material, as this im-
pacts the detector's ability to measure photons. The second consideration is the
gain the setup can reach while ensuring stable operation of the detector.

In this bachelor's thesis, these properties are explained, measured, and discussed
to characterize the performance of Csl coated THGEMSs for photondetection.
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