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Münster, Oktober 2023





i

Eidesstattliche Erkl�arung

Hiermit versichere ich, Ruben F�orster, dass ich die vorliegende Arbeit selbstständig verfasst
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1 Introduction

Figure 1.1: Layout of the existing and planned facilities at the international International
Facility for Antiproton and Ion Research (Fair). [1]

The Compressed Baryonic Matter Experiment (CBM) is an experiment that is under con-

struction at the International Facility for Antiproton and Ion Research (FAIR) in Darmstadt,

which is displayed in figure 1.1. Visible is the existing SIS18 synchrotron in blue. The SIS100

accelerator, which is currently beeing built, is displayed in red together with experimental

and storage rings. New experiments are shown in black. The CBM experiment is one of these

experiments currently under construction. The goal of the experiment is to study the phase

diagram of nuclear matter at high baryon densities [2].

The experimental setup of CBM can be seen in figure 1.2. The experiment is a fixed target

experiment, with a multitude of detectors being located behind the target allowing detection

and tracking of different particles generated in the performed collisions. One of the detectors

that is part of the CBM experiment is the TRD (Transition Radiation Detector). The

detector serves for particle tracking and identification. It consists of four layers of Multiwire

Proportional Chambers (MWPCs) behind a layer of radiators each.
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Figure 1.2: General Setup of the CBM Experiment with the beam entering the experimental
hall on the right. The four layer TRD detector is shown in gray and green [3,
slide 1]

As part of the development and construction of these chambers, spatially resolved gain mea-

surements are to be performed, which will measure the homogeneity of the local signal amplifi-

cation. The subject of this thesis is the automation of these gain scans and test measurements

performed on an already existing chamber. This is done in preparation for series production,

in which scans are performed on newly build chambers as they are finished.
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2 Experimental Background

2.1 Interaction of 
 -Radiation with Matter

Figure 2.1: Graph showing contribution of the compton e�ect, the photo e�ect and pair
production to the overall cross-section of lead at di�erent photon energies. [4, p.
189]

When photons pass through any kind of detector, the mechanisms that govern the working

principles and cross-section of the detector are described by how
 -radiation interacts with

matter. The typical cross-section of a photon in matter can be found in �gure 2.1. It can be

di�erentiated between 3 main e�ects, [5, p. 86]:

The Photoelectric E�ect describes the full absorption of an incoming photon by an electron

of an inner shell of the atom. The electron leaves the atom with the energyEkin = h � � � Eb

[5, p. 87]. The energy of the photonh � � needs to be greater than the binding energyEb.

Since the photoelectric e�ect is dependent on the binding energy of the electron's, there are
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discrete energies, where edges in the cross-section of the photoelectric e�ect can be observed.

[5, p. 87]

Compton Scattering describes inelastic scattering of the photon at an electron of an outer

shell of an atom. The electron gets ejected out of the atom's shell, while the photon is

redirected by an angle� and loses some of its energy. [5, p. 86]

Pair Production occurs when a photon with an energyE 
 � 2mec2 causes the formation

of an electron-positron-pair. The conversation of momentum dictates that this only happens

when interacting with nukleus that then takes up the remaining momentum. [5, p. 87]

2.2 Gas �lled Detectors

Gas detectors measure the ionization of gas inside the detector caused by incoming radiation.

A schematic showing the design of a cylindrical gas detector can be found in �gure 2.2. In the

following experiment 
 -radiation will enter the detector volume and create an initial charge,

mainly through the photoelectric e�ect [6]. The resulting electrons and ions are accelerated

by an electric �eld created by applying a voltage between the anode and cathode of the

detector. The ions move towards the cathode, while the electrons move towards the anode,

which consists of one or multiple wires. In the proximity to the anode wire the electric

�eld increases in strength with E(r ) � U=r [7], due to the cylindrical symmetry of the

�eld. Because of the acceleration, the electrons will gain enough energy to cause secondary

ionizations causing secondary charges which will intern also experience acceleration by the

electric �eld and lead to even more ionization, causing a chain reaction. Due to the inversely

proportional change of the electric �eld this e�ect gets greater when approaching the anode

and leads to an ampli�cation of the original charge. This is called gas ampli�cation. The

measure of this is the gas-gainGgas [7]. In order to achieve a high density of ionizations and

low losses, the detector is �lled with an nobel gas. To improve stability of the detector a

quench gas such as CO2 is added.

2.2.1 Gas Gain

The gas gain Ggas is an important characteristic of gas chamber detectors. It describes

the ratio between the amount of initial electron inside the detector N0 = N (s0) and the
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Figure 2.2: Schematic drawing of a counting tube showing the principle behind gas detectors.
Shown is a cylindrical design with the anode wire in the middle and the cathode
forming the outer shell. [7, p.182, �g. 7.4]

amount that reaches the anodeN (sa). Assuming e�ects caused by recombination and electron

attachment are negligible, it follows that [7, p. 190, eq. 7.11]:

Ggas :=
N (sa)

N0
= exp

� Z sa

s0

� (E (s))ds
�

(2.1)

where� (E (s)) is the amount of ions created per distance dependent on the electric �eldE(s).

De�ning n := W ionisation
h� i � dN0

dt as the mean rate of primary ionizations with h� i being the mean

ionization energy and Wionisation being the work for ionization in the detector gas. It can be

used that q = N � e and I = dq
dt = dN

dt � e. Assuming that Ggas is constant in time this leads

to:

I anode =
d
dt

q(t; sa)

= e �
d
dt

N (t; sa)

=
dN0

dt
� Ggas � e

=
h� i

Wionisation
� n � Ggas � e (2.2)

Since the anode current is proportional to the gas gainI anode � Ggas, measuring it allows for

observation of the relative change in gain, when assuming that the rate of primary ionization

has not changed. As later discussed, this is the chosen method of determining the relative

gain across the active area of the CBM TRD chambers.

2.2.2 Modes of Operation and Chamber Types

Gas detectors are used in a variety of di�erent applications and therefore come in a variety

of di�erent designs. One of the distinctions is the operating voltage. It can be distinguished

between di�erent regions of operation, which are displayed in �gure 2.3 . In the regions of
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Figure 2.3: Regions of operation of a gas detector. Showing the region of recombination and
ionization region, the proportional region, the limited proportional region, the
geiger-mueller-region and the continues discharge. [7, p. 197, �g. 7.10]

recombination and ionization lower voltages lead to no ampli�cation. In the proportional

region, the signal is proportional to the initial charge. In the Geiger-M•uller region saturation

causes the signal to no longer be proportional to the initial charge. The limited proportional

region is the transition between the proportional region and the Geiger-M•uller Region.

Since the CBM TRD is a Multiwire Proportional Drift Chamber the following chapters will

focus on this type of design. As the name suggests, this design lays within the proportional

region, in which the ampli�ed signal is proportional to the initial charge. Other designs

include simpler counting tubes that do not o�er any spatial resolution, such as Geiger-M•uller-

counters or proportional counting tubes. These types of detectors are often used to detect

the presence or measure the intensity of radiation.

2.2.3 Multiwire Proportional Drift Chambers

Multiwire Proportional Chambers (MWPCs) commonly consist of a plane of anode wires

between two cathode planes that are either 
at sheets or wire planes themselves. This allows

for a plane detector, while also o�ering the possibility of achieving spatial resolution. Particles

can enter through an entrance window covering one face of the detector. To increase the

thickness of the detector an additional drift area can be added between the entrance window

and the cathode wire plane by applying an additional drift voltage between the cathodes

and the entrance window. This creates a homogeneous electric �eld in the region, called

drift region. This overall setup can be seen in �gure 2.4. Due to the larger volume of the

detector a higher detection e�ciency can be expected for particles with mid to low absorption



2 Experimental Background 7

Figure 2.4: A cross-sectional view of a TRD showing both the radiator in front and the drift
MWPC consisting of the drift and ampli�cation regions. Entering from below
are an electron and a pion, with the electron causing TR-photons in the radiator.
Both then enter the drift and ampli�cation region and cause primary clusters. [8,
p. 35]

probability. The electric �eld in the drift region causes the electron to move into the area

between cathode and anode wire planes, where gas ampli�cation can happen. This region is

therefore called the ampli�cation region. Besides increasing the detector volume e�ciency,

measuring the drift time can give insight into the z-location of the initial ionization. In reality

this is not done in the CBM TRD.

In order to achieve spatial resolution, it can be di�erentiated between two general approaches.

Using the signal received by individual anode wires allows a resolution ofs=
p

12 [7, p.220, eq.

7.45] along the orthogonal direction of the wires, withs being the wire distance. Alternatively

the back cathode sheet can be split up into individual cathode pads allowing the signal to be

read out at the cathode. This second approach is the one implemented in the CBM TRD.

2.3 Transition Radiation Detectors

Transition Radiation Detectors (TRDs) work by placing a radiator in front of a read-out

chamber, which in the case of the CBM TRD is a MWPC. As shown in �gure 2.4, an

incoming particle will �rst pass through the radiator before entering the readout chamber. In

doing so, electrons will cause the emission of a transition radiation (TR) at the boundaries of

materials with di�erent dielectric constants. Both the electron and the TR photons will then

enter the MWPC, where they are detected. This allows for the distinctions between pions

and electrons. The following thesis will focus on the MWPC, which will be tested without a

radiator present.
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2.4 CBM TRD

(a) Exploded-view of the di�erent layers of the read-out
chamber [8, p. 65, �g. 5.10]

(b) Cross-sectional view of the TRDs active volume [8, p. 67,
�g. 5.13]

Figure 2.5: An exploded and cross-sectional view of the TRD showing the di�erent compo-
nents of the TRD and showing the spacing of the wire planes.

The CBM TRD chambers are drift MWPCs behind a radiator, as described in section 2.3.

As shown in �gure 2.5, the chambers consist of an entrance window made of kapton foil being

held in place by a carbon �ber lattice grid. As detailed in appendix A this grid has a depth of

15 mm and limits the deformation of the window caused by gas pressure inside the chamber

to below 1 mm [8]. Behind the entrance window is the drift region with a depth of 5 mm

deep. The ampli�cation region is symmetrical with a 3:5 mm distance between the anode

wire plane and the pad-plane as well as 3:5 mm between the anode and cathode pad plane.

Both the anode and cathode wires are grouped up into 6 wire sections of equal size. When

mounting the chamber as described in chapter 3, the wires run horizontally with the sections

being numbered starting at the bottom with section 1. The individual sections can either

be directly connected to a power supply or wired in parallel. In the later case the circuit
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