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Abstract

Photon detection is one of the key measurement approaches utilized in many cutting-
edge physics research. For this, detector technologies such as Photomultiplier tubes
or Silicon Photomultipliers are most commonly used due to their great detection
performance. However, for experiments aiming to measure in large areas, these
technologies can be exceedingly costly. Here, Micro-Pattern-Gas-Detector based photon
detectors promise to be a good alternative due to their ease of manufacturing at
large scales. For this, over the years there have been many studies aiming to develop
MPGD photodetectors, with an emphasis on investigating potential photocathode
materials, especially for the detection of visible-range light. In this bachelor’s thesis, a
multi-pad THGEM-detector is tested for photon detection. The built detector contains
two THGEMs, where the upper one is coated partially with a CsI reflective photo-
cathode, and is extended by a newly designed multi-pad anode, which enables spatial
granularity via measuring 64 individual pads. Initially, simulations of the electric field
configurations of the detector are carried out accompanied by measurements to find
optimal operating conditions. The focus is on maximizing the effective gain while
keeping the ion bombardment to the photo-coating as low as possible, and the identified
field configurations are used in the upcoming measurements. Furthermore, the detector
is tested for photon detection using different light sources. First, a deuterium lamp
is used to show that it is possible to measure the effect of the photo-coating on the
individual pads for a continuous light beam. A clear impact of the photo-coating is
observed. Finally, to demonstrate measuring short photon pulses a discharging THGEM
(THGEM-lamp) is utilized as the light source. Although it is not possible to directly
identify the signal from the photon pulses and disentangle it from the dominating
discharge signal, a clear influence of the coating on the total signal amplitude is
observed.
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1 Introduction

1.1 Gaseous detectors operating principles

One of the most commonly employed family of devices for detecting and measuring
charged particles is gaseous particle detectors. They work on the principle that charged
particles passing through the gas will lead to the ionization of the gas molecules. An
electric field is applied across the gas volume between two electrodes which prevents
the recombination of the created electron ion pairs. The primary electrons created
by these ionizations are then accelerated in the electric field towards the readout
electrode, where a current proportional to the number of electrons is induced and can
be measured by the readout electronics [1]. As charged particles pass through matter,
they can interact with the particles of the matter. They can lose energy by inelastic
scattering with the atoms of the material, which could lead to ionization and excitation.
The energy loss can be measured by the resulting electrons and described by the Bethe
Bloch formula [2]. This can be used to determine the type of the particle, provided its
momentum is known. If the electric field is strong enough, the primary electrons can
gain enough momentum that when they collide with other gas atoms, they can lead to
additional ionizations. Thus, more electrons are produced which are also accelerated
and so on. This process is called an avalanche and can be used to amplify the signal
to make the measurement of the energy loss from single charged particles possible. A
limiting factor to the operation of gaseous detectors in the proportional regime is the
occurrence of discharges. When the electric field exceeds a certain threshold known
as the Paschen limit [3] too many electron-ion pairs are created which can lead to the
development of a discharge between two electrodes. This leads to a sudden increase of
current, which results in a drop of the applied amplification field. Discharges should
also be avoided as they can damage the fragile electrodes and readout electronics
used in detectors. As gaseous detectors are among the oldest particle measurement
technologies, many advancements have been made to improve their performance. One
major leap was the introduction of Micropattern Gaseous Detectors (MPGDs). Thanks
to advancements in micro-scale production technologies MPGDs employ structures
that can constrain the area of amplification in a tiny region, with typical thickness in
the sub-milimeter range. Gas Electron Multipliers (GEMs), which were first introduced
by Sauli in [4], are one of the leading MPGD structures which have been used in many
high-energy physics experiments like ALICE [5], COMPASS [6], ATLAS [7].
A GEM consists of a polyimide foil coated on both sides with thin copper foils and is
etched to form small holes. A typical GEM is 50 µm thick and has holes with a pitch of
140 µm and a diameter of 70 µm [8]. Between the two sides of the GEM foil, a voltage is
applied resulting in a high electric field in the holes. A similar type of detector is the
Thick GEM (THGEM) [9, 10, 11], which is an approximately 10 times thicker version of
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1 Introduction

a GEM with similar hole design. THGEMs are easier to produce and are more robust
due to the scale of the structures, and offer a cheaper alternative to GEMs with slightly
worse performance suitable especially for large-scale applications.

A

Anode

Cathode

HV
Power
supply

GEM

Electrons

Ions Incoming
Particle

Primary
Ionization

Avalanche

Gas mixture

Figure 1.1: Working principle of GEM/THGEM detectors

The basic structure of a GEM-/THGEM-based detector is shown in figure 1.1. The
detector is separated into three areas: The drift gap, the GEM, and the induction gap.
The drift gap is the volume between the cathode and the top GEM foil in which the
primary ionization happens. The primary electrons drift in a moderate electric field
towards the GEM and are sucked into the GEM holes, where a high field is applied
leading to the avalanche multiplication. The amplified electrons exit the GEM hole and
move into the induction gap where a moderate field leads them to the readout anode
connected to the readout electronics. The anode typically consists of small strips or
pads, that can be read out individually to achieve some spatial resolution. A unique
feature of GEMs/THGEMs is the possibility to use multiple GEMs/THGEMs in succes-
sion, which allows the electrons to be multiplied further. In this way, high amplification
can be reached while keeping the individual fields below the Paschen limit and thus
preventing discharges. For applications where high avalanche amplification is necessary
using multiple layers is a great way to achieve this. Setups with up to 5 layers have
been successfully utilized [12]. Another important component of gaseous detectors
next to the amplification system is the gas used. The gas is typically composed of
a mixture of counting and quenching gases. Counting gases form the main part of
the gas and should have a high ionization probability to create and amplify electrons.
Noble gases like Argon or Neon are particularly well suited for this purpose because
of their electron configuration and on top of that do not interact that much with other
particles. A side effect of using noble gases is that the ionized atom may be in an excited
state and emit photons during deexcitation, which can lead to additional avalanches
and finally the formation of discharges. Therefore, the quenching gas is introduced.
The quenching gas typically consists of polyatomic gases like CH4 or CO2, which can
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1 Introduction

absorb the photons and convert their energy into vibrations inside the molecule.

1.2 Photon detection with THGEM detectors

As described above, gaseous detectors rely on the ionization of gas molecules for the
detection of incident particles such as charged particles of high-energy photons (X-rays).
For the detection of photons that don’t have enough energy to ionize gas atoms, a
different method is needed to convert these photons into electrons. One successful
approach has been to combine photo-sensitive materials with the cathode electrodes
(so-called photocathodes). For this, one makes use of the photo effect, first postulated
by Einstein in [13]. It describes the process of a photon hitting material, where an
electron is released from the bond of an atom by absorbing a photon. Thereby, the
energy of the photon must be as least as large as the binding energy of the electron.
Excessive energy is converted into the kinetic energy of the emitted electron, which can
be calculated by the equation:

Ekin = h � f � W, (1.1)

where W is the work function, which describes the energy needed to release an electron,
and E = h � f is the energy of the photon, which is proportional to the frequency f of
the light source. However, not every photon above this threshold leads to this effect.
The probability for a photon to cause an electron emission is described as the quantum
efficiency η(λ) [14], which is dependent on the wavelength of the photon as well as
the target material. Different materials have different spectra describing for which
wavelength they are most sensitive. CsI is a photo-sensitive material that has a high
quantum efficiency in the UV range, making it a good tool for measuring UV photons.
To use THGEMs for photon detection one must combine them with photocathodes (PC)
[15]. There are two methods of doing this. The first method is using a semitransparent
PC on the entrance window of the detector. Alternatively, the other method uses a
reflective PC coating on top of the THGEM electrode. In both cases, the drift field
guides the electrons toward the THGEM holes, where they are amplified. As single
photons produce a rather small signal high multiplication is needed, which can be
assured by using multiple THGEMs. Prototypes with multiple THGEM layers and
reflective coating have been tested in [16] for single photon detection.

One field of application lies in Cherenkov Ring Imaging (RICH). RICH detectors
operate by measuring Cherenkov light emitted by particles in a transparent medium.
When a charged particle passes through a medium at a speed greater than the phase
velocity of light in that medium, Cherenkov light is emitted in a cone shape, whose
aperture angle depends on the velocity of the particle. This cone is detected on a
planar position-sensitive photon detector, where a ring-shaped pattern appears. By
analyzing the ring shape one can determine the aperture angle of the cone and thus the
velocity of the particle. If the momentum of the particle is known, for example through
independent measurements prior to the RICH detector, one can calculate the mass of
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1 Introduction

the particle and use it to identify the particle. There are various experiments, where
THGEMs with photosensitive coatings have been employed in RICH detectors such as
the COMPASS RICH-1 [17].

A key advantage of using coated THGEMs for photon detection compared to other
photodetectors such as Photomultiplier tubes (PMTs) or Silicon Photomultipliers (SiPMs)
is that they can be produced cost-effectively for large areas [18]. This would make photo-
THGEM detectors a good alternative in applications such as neutrino observatories,
where very large detection areas are needed if it can be shown that they can perform at
a similar level in measuring visible photons.
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2 Experimental setup and procedure

2.1 Experimental setup

The work conducted in the course of this thesis can be divided into three series
of studies. Each measurement campaign was carried out using the same detector
chamber that was built for the studies. The readout system and the sources were
modi�ed depending on the goals of each study. For the �rst measurement, the goal
was to establish a good understanding of a double THGEM setup. Therefore, a 55Fe
source was used together with normal THGEMs and a single-pad anode. Additionally,
simulations with Gar�eld++ and COMSOL were done in order to �nd the optimal
operating conditions of the built detector. In the second measurement series a deuterium
lamp was used as a continuous photon source and was combined with a CsI re�ective
photo-coating on areas on top of the �rst THGEM as well as a multi-pad readout
electrode. The third measurement series aimed to demonstrate the measurement of
short light-pulses with the constructed detector. As a photon source a discharge lamp
composed of a single-hole-THGEM was used, while the readout remained the same as
for the deuterium lamp measurements.

2.1.1 Detector

Figure 2.1: A picture of the partially CsI
coated THGEM used in the photon detec-
tion measurements

The built detector is composed of a wire
plane acting as the drift cathode, a stack
of two THGEMs, and an anode. The
distances of the transfer- and induction-
gap were set to 2mm, whilst the drift-
gap amounts to 3.6mm. The THGEMs
used consisted of a 400µm thick PCB
and a 35µm thick copper electrode with
a gold �nish on each side. The hole
pitch and diameter were 800µm and
400µm respectively. On both THGEMs
a resistor is connected to the top elec-
trode for better stability and to limit the
rate of discharges. For photon detec-
tion measurements the �rst THGEM
was partially coated with CsI-photo-
sensitive material at TUM as shown in �gure 2.1. Above the wires, the different
sources are placed facing towards the THGEM stack. A gas-tight aluminum housing
is used as the gas chamber. The chamber is constantly �ushed by a gas mixture of
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2 Experimental setup and procedure

Ar-CO 2 (90-10). All electrodes were connected to a high-voltage power supply.

Figure 2.2: A sketch of the 3 different Setups, the important parts of each setup are
highlighted in orange

Figure 2.2 (a) shows the sketch of the �rst setup used. An 55Fe source was mounted on
top of a cathode 30mm above the wires. The cathode, which has a hole in the center
acting also as a collimator, was used for positioning the source. The cathode extends the
structure by another drift gap named the cathode-wires gap. As it is located above the
basic structure of the detector and in further measurements the primary electrons are
created on top of the �rst THGEM the additional �eld doesn't change any functionality
of the detector and just serves as a support for the iron-source measurements. As the
anode, a single-pad anode was used. The different electrodes were connected to a
picoAmmeter (pAmmeter) produced by PicoLogic [19] before going to the High Voltage
power supply and the different currents were measured.
For the second measurement series, the cathode and iron source were removed and
replaced by the deuterium lamp mounted on top of the lid outside the chamber. The
lamp is located on top of a hole located at the center of the lid. The measurements
were done using a partially coated THGEM as well as a normal uncoated THGEM
as a reference. The anode was changed to the newly designed multi-pad anode and
connected to the pAmmeter with the readout system explained in section 2.1.3. A
sketch of the second setup can be seen in �gure 2.2 (b).
In the third measurement series a single-hole tungsten THGEM (designated as THGEM-
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2 Experimental setup and procedure

lamp) was attached 30mm above the wires. Voltages beyond the discharge limit were
applied across the THGEM-lamp, this leads to the formation of sparks with a constant
rate dictated by the RC behavior of the HV circuitry. A 500MW resistor was connected
to the bottom of the THGEM-lamp to turn down the discharge rate. Here, the multi-pad
anode was used and the different pads were read out with an oscilloscope and the
pAmmeter. The sketch for this setup is shown in �gure 2.2 (c).

2.1.2 Sources

In this section, the different sources used will be explained as well as why these sources
have been chosen.
The used 55Fe source isotope, which decays by capturing electrons into 55Mn, emits
mostly K-alpha-1 X-rays with an energy of 5.9keV. Because of its high rate, it was
chosen for the measurements accompanying the simulations.
The deuterium lamp is a gas-discharge light source that emits a continuous light beam.
It has a high intensity in the VUV-region and was used in this thesis to create a mapping
of the coated regions of the THGEM using the multi-pad-readout system.
For the last measurement series aiming to measure light pulses, the initial designs
involved pulsed LED. However, due to the fact that LEDs are incapable of producing
light in the VUV spectrum, to which the CsI photo coating is sensitive, a different
approach had to be taken. It has been shown that during discharges photons in the
VUV-spectrum are created [20]. Therefore a single-hole THGEM was used to create the
light pulse. The single hole THGEM was chosen so that the source of the discharge and
emitted light can be located and thus local �uctuations in the signal can be prevented.
Due to the increased robustness to high temperatures, a tungsten single-hole THGEM,
which was already available at TUM, was used to make the light source less prone to
damage from the many discharges sustained during operation.

2.1.3 Readout system

In order to achieve spatial resolution a multi-pad anode was required. This allows
the measurement of the signal at different positions, by reading out the individual
pads. For the �rst measurements, an old multi-pad anode was used. A picture of it
can be seen in �gure 2.3 (a). The old anode design consisted of a plane of 10 x10cm2,
which was separated into 32 pads and a combined border around it but wasn't ideal
in design for the conducted studies. Firstly, the pads were rather large in comparison
to the coated area, leading to no pad completely being covered by the coating as can
be seen in the projection of the coated area onto the readout plane in �gure 2.3 (b).
Using smaller pads, which are completely covered by the coating, makes it possible
to investigate the in�uence of the coating directly without complicated geometrical
considerations. Another problem that is not directly related to the design is to read
out the different pads they had to be connected directly to the connectors inside the
chamber. With the limited amount of connectors available only up to 5 Pads could be
read out at a time and to change to different pads one had to open the chamber and
solder the connectors to the other pads. Every time after changing to different pads
the chamber had to be fully �ushed with gas, which can take several hours, and a full
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