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Introduction

The goal of particle physics is to understand the structure of matter and the
fundamental forces. The theory that so far successfully describes interactions
between the subatomic particles is the Standard Model (SM) [1]. The validity
of the SM has been confirmed with the prediction and discovery of particles
like the spin-1 W and Z force carriers and the spin-0 Higgs boson [2]. So
far the SM predictions are in agreement with observations in particle physics
experiments. However, there remain unanswered fundamental questions such
as for example the mystery of missing antimatter [3] and the nature of dark
matter [4]. Theories beyond the SM attempt to solve these problems.

Particle physics experiments are conducted to verify predicted SM quantities
and to look for phenomena beyond it. To discover new particles or examine
new theories particles are collided at increasingly high energies. At the Large
Hadron Collider (LHC) at CERN particles can be accelerated and collided with
a center of mass energy of 13 TeV. The LHC hosts a number of experiments.
An example of such an experiment, optimised for the study of b-mesons, is
LHCb.

The LHCb experiment has recorded > 3 fb�1 of data during Run 1. A
particle originates from an interaction point known as vertex. One of the char-
acteristics of b-particles such as the B

s

meson, is the occurrence of a secondary
displaced vertex with respect to the primary vertex. To identify a b-meson,
the lifetime and subsequent decay length are powerful handles. In addition,
to study fast particle-antiparticle oscillations that occur for these mesons, a
good decay time resolution is required. A detector with superior tracking
capabilities is needed to measure these properties.

A higher data rate requires the upgrade of the current LHCb detector. The
LHC shutdown, during which the LHCb detector is scheduled to be upgraded,
is planned from 2019 to 2020. In the five year period after 2020, referred to
as Run 3, the experiment will run at a 5 times higher luminosity. Because
of the improved trigger performance, it is expected to acquire 10 times more
statistics for signal events.

All tracking detectors of LHCb will be upgraded to cope with the higher
luminosity and to be able to read the data from each collision. The current
Vertex Locator (VELO), which is a silicon strip detector, will be substituted
in the upgrade with a silicon pixel detector allowing for improved particle
reconstruction and pattern recognition.
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An important element of the VELO upgrade is the silicon sensor. The
sensors that will be used are 200 µm thick and feature square pixels with a
55 µm pitch. At the end of Run 3 the LHCb detector will have accumulated
a maximum fluence of 8 ⇥ 10

15
1 MeV n

eq

/cm2. The silicon sensors must
therefore be radiation hard and maintain a high charge collection and hit
efficiency after operation at these levels of radiation.

This thesis focuses on the performance of prototype silicon sensors obtained
from testbeams at the SPS at CERN. These prototype sensors are designed
according to the requirements for the detectors that will be installed in the
upgrade of the LHCb VELO detector.

In Chapter 1 the LHCb experiment is described. The main subsystems of
the LHCb detector and the motivation for the upgrade are presented.

The main requirements and features of the VELO upgrade are discussed
in Chapter 2. Simulation studies on the impact parameter resolution in the
VELO upgrade are the topic of discussion of Chapter 3.

Since the upgraded VELO consists of a silicon pixel detector, the principles
of operation of such a detector are presented in Chapter 4.

A number of prototype silicon sensors were tested in testbeams. Measure-
ments on the prototype sensors were performed using a high precision tele-
scope. The Timepix3 telescope is described in Chapter 5.

In view of the upgrade, the resolution and efficiency of active-edge silicon
sensors were evaluated as described in Chapter 6. Additional results on the per-
formance of non-irradiated and irradiated sensors obtained with the Timepix3
telescope are presented in Chapter 7.

Finally a number of recommendations for additional studies are given in
Chapter 8.
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