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1 I N T R O D U C T I O N

Our current understanding of matter at a fundamental level is successfully encompassed
in the Standard Model (SM) of particle physics. Describing all known particles of matter
and their quantum interactions, the SM provides a mathematically elegant picture of what
our world is made of and how it is held together. It has proved very successful not just in
describing existing data, but also in predicting the outcome of experiments.

Nevertheless, despite its beauty and coherence, the model still leaves open questions.
One of the unsolved puzzles is related to the origin and evolution of our universe. Why
is it mainly made of what we call matter, rather than having matter and antimatter in
equal amounts? How can we incorporate gravity in a uniform description with the other
interactions? What are dark matter and dark energy? The answer to these and other open
issues might lie beyond the Standard Model, in models that we call “New Physics” (NP).

The mission of physics is to constantly search for a deeper understanding of nature. The
mission of particle physics, hoc die, is to search for phenomena that cannot be explained by
the Standard Model. One way to proceed along this path is to look for direct production of
new particles in high energy collisions. This is the goal of the ATLAS and CMS experiments
at the Large Hadron Collider (LHC), built to push the energy frontier of particle physics
closer to that of the initial instants of the universe; ATLAS and CMS recently discovered the
long-wanted Higgs boson.

Another way to proceed is to push the precision frontier of the Standard Model and look
for indirect manifestations of New Physics. This is the approach chosen by the LHCb exper-
iment, a “beauty” LHC experiment focusing on heavy flavour physics studies, in particular
on b and c-meson decays.

LHCb is a single-arm forward spectrometer, consisting of several subdetectors designed
to trigger and reconstruct heavy flavour decay events. Among the subdetectors of the LHCb
experiment, the Pile-Up (PU) is designed to detect multiple interactions in proton beam
collisions and to reject these events already at the trigger level, as they are expected to
create a difficult environment for b-physics analyses. The Pile-Up detector is composed of
four semi-circular silicon strips sensors, placed perpendicularly to the beam-line and able to
observe tracks produced in the opposite direction compared to the rest of LHCb. Although
the use of the Pile-Up detector was changed from its original intention, the system has
been operational since the beginning of the experiment data acquisition and was included
in the trigger selection. The detector was used mainly to reconstruct beam-gas interactions
and to measure the instantaneous luminosity of the colliding beams, as illustrated in this
dissertation.

In December 2012 LHCb completed the first data taking run. During a period of two and
a half years of successful operation, the experiment collected a wealth of data, in the final
year operating at two times its design luminosity value.
Due to its vertexing precision, mass resolution and particle identification capabilities, a pre-
cise reconstruction and background-free selection of many B-decays topologies were realised.
This allowed the LHCb collaboration to observe new manifestations of CP-violation and oc-
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2 INTRODUCTION

currences of rare decay processes. At the same time, programs for searches of New Physics
manifestations were carried out.

A promising field to look for New Physics is to investigate processes that are forbidden
or strongly suppressed in the Standard Model, due to the fact that they can only occur at
loop level. Where the SM contribution is tiny, New Physics contributions can be relatively
large. In this case, any deviation from the SM prediction can be directly connected to NP.
In particular, such loop processes might be affected by particles with a mass significantly
higher than the energy available through the LHC beams.

In this framework, the decay of a neutral B meson in two muons is often considered
the golden channel in probing New Physics via quantum fluctuations. The B0

s(d) → µ+µ−

branching fraction, predicted to be about 3×10−9 in the Standard Model, might in fact
be enhanced of up to even one order of magnitude in some New Physics models. This,
and the cleanliness of the theoretical calculations, justifies the large interest shown by both
experimental and theoretical communities towards this particular rare decay.
The quest for B0

d → µ+µ− decays started at the Belle and BaBar experiments, that of B0
s →

µ+µ− at CDF and D0, but both have been unsuccessful so far. The first evidence for the B0
s →

µ+µ− decay presented in this dissertation came only recently from the LHCb collaboration
and is one of the main particle physics achievements of 2012.
The measurement of its branching fraction leads to another apparently successful test of
the SM, but the possible contribution of New Physics to the decay cannot be excluded yet.
Only a higher statistics will allow to improve the experimental precision of the result and to
explore new observables describing the decay.

Dissertation overview

This dissertation is devoted to the commissioning work and data analysis of the Pile-Up
detector and to the analysis of B0

s(d) → µ+µ− events.
Chapter 2 provides the theoretical framework of rare decays, particularly focusing on the
B0

s(d) → µ+µ− branching fraction calculation. It also gives an overview of the experimental
quest and discusses the sensitivity of the decay to some specific New Physics models.
Chapter 3 describes LHC and LHCb, while Chapter 4 provides a detailed description of the
Pile-Up system (representing the most updated documentation on the system) and some of
the details of its commissioning.
Chapter 5 and Chapter 6 are dedicated to the spatial alignment studies of the PU sensors and
to the optimisation of the algorithm that allows the Pile-Up to reconstruct collision vertices
at the hardware trigger level, respectively. Several use cases of the Pile-Up information in
the LHCb trigger selection are overviewed in Chapter 7.
The analysis leading to the first evidence of the B0

s → µ+µ− decay is then presented in
Chapter 8. Particular attention is dedicated to the contribution provided in the estimation of
the various background components. The analysis results are finally presented in Chapter
9, together with an outlook on future prospects for this decay search.


