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Chapter 1

Introduction

1.1 Goal of the Thesis

In LHC collisions great numbers of particles are produced; among them there are B0

mesons, that can decay into different final states. The one in the channel J/ψK0
s is

important because the final state is an eigenstate with defined CP. The J/ψ decays
almost immediately, whereas the K0

s has a mean lifetime of about 1 ns, and then
decays into a pair of pions.

The goal of this work is to reconstruct the decay B0 → J/ψK0
s , where J/ψ →

µ+µ− and K0
s → π+π−, using the data collected by the CMS experiment.

1.2 The B0 → J/ψK0
s Decay Channel

The decay channel B0 → J/ψK0
s is referred to as the golden decay for measurements

of CP violation in the B0 meson system. It involves the interference of B0 − B̄0

mixing and subsequent decay into the common CP eigenstate J/ψK0
s .

To reach this final state, the B0 meson decays into a J/ψ meson and aK0
s meson,

with a branching ratio of (8.73 ± 0.32) · 10−4. In the case studied for this thesis,
the daughter particles decay themselves in the channels J/ψ → µ+ µ− (Γµ+µ−/Γ =
(5.961 ± 0.033)%) and K0

s → π+ π− (Γπ+π−/Γ = (69.2 ± 0.05)%). A summary of
the properties of the particles involved in this decay is listed in Tab. 1.1.

Table 1.1: Main information about particles involved in B0 → J/ψK0
s decay. Values are

taken from [1].

Particle Mass [MeV/c2] Mean Life (s) cτ

B0 5279.62± 0.15 (1.520± 0.004) · 10−12 455.7 µm

K0
s 496.611± 0.013 (0.8954± 0.0004) · 10−10 2.6844 cm

J/ψ 3096.900± 0.006 ∼ 10−21 [Decay width = (92.9± 2.8) keV]

µ± 105.6583745± 0.0000024 (2.1969811± 0.0000022) · 10−06 658.6384 m

π± 139.5708± 0.00035 (2.6033± 0.0005) · 10−08 7.8045 m

The J/ψ decay is almost instantaneus, while the K0
s travels up to several tens
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6 CHAPTER 1. INTRODUCTION

of centimeters before decaying in the two pions. Therefore, there are two vertices in
the studied decay: the first one is referred to both B0 and J/ψ, and the second one
to K0

s .
The amplitude of the direct decay B0 → J/ψK0

s is proportional to Vcb element in
the Cabibbo-Kobayashi-Maskawa (CKM) matrix [2]. The final state is unflavoured,
and it is accessible both by B0 and B̄0, so the decay can also proceed via the two-
step process B0 → B̄0 → J/ψK0

s ; both are shown in Fig. 1.1. The phase difference
between these two amplitudes is 2β, where β is the phase of the interfering CKM
term. A flavour specific B0, or B̄0, being a mixture of two mass eigenstates with
different widths, decays into an unflavoured final state with a time distribution de-
scribed by the sum of two exponentials plus an oscillating term having an amplitude
depending of the phase β. The oscillating term vanishes for initial samples equally
populated by B0 and B̄0 mesons, so additional information on the flavour of the
originally produced meson is essential. As most of the times B hadrons are pro-
duced in pairs with opposite flavour, such information may come from a second B
hadron produced in the same pp interaction.

Figure 1.1: Left: The dominant quark-line diagrams for B0 − B̄0 mixing. Right: The
interfering diagrams used for the β measurement. As the direct B̄0 decay
produces K̄0, and the B0 decay produces K0, the relative phase between B̄0 →
B0 → J/ψK0

s and B̄0 → J/ψK0
s contains an additional term due to K0−K̄0

mixing (not shown).



Chapter 2

The CMS experiment

The Compact Muon Solenoid (CMS) [3] detector is a multi-purpose apparatus due
to operate at the Large Hadron Collider at CERN.
The detector requirements for CMS can be summarized as follows:

• Good muon identification and momentum resolution over a wide range of mo-
menta and angles, good di-muon mass resolution (1% at 100 GeV), and the
ability to determine unambiguously the charge of muons with p < 1 TeV;

• Good charged-particle momentum resolution and reconstruction efficiency in
the inner tracker. Efficient triggering and off-line tagging of t and b-jets,
requiring pixel detectors close to the interaction region;

• Good electromagnetic energy resolution, good diphoton and dielectron mass
resolution (1% at 100 GeV), wide geometric coverage, π0 rejection, and efficient
photon and lepton isolation at high luminosities;

• Good missing-transverse-energy and dijet-mass resolution, requiring hadron
calorimeters with a large hermetic geometric coverage and with fine lateral
segmentation;

• Trigger system fast enough to handle the short time between bunch crossing
(about 25 ns).

The scheme of the experiment is shown in Fig. 2.1; going from inside to outside
we find: Pixel Detector, Silicon Tracker, Electromagnetic and Hadronic Calorimeter,
Superconducting Solenoid and Muon Detectors.

Fig. 2.2, instead, shows the typical trajectory run by each particle: photons and
electrons are absorbed in the ECAL, but the first run straight ahead, while the latter
have a curved trajectory; hadrons shower in the HCAL and, if charged, they have
a curved track in the tracker; muons pass throw the whole detector, describing a
curve trajectory.

The coordinate system used has its center at the nominal collision point in the
experiment, x-axis points to the center of LHC ring, y-axis points vertically upward,
z-axis is along the anticlockwise-beam direction. The polar angle θ is defined relative
to the positive z-axis and the azimuthal angle φ is defined relative to the x-axis in
the x-y plane; pseudorapidity η is specified as − log [tan (θ/2)].

7
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Figure 2.1: Schematic representation of CMS detector
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Figure 2.2: Typical path in CMS detector for different particles
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CMS magnetic field, essential for studying charged particles, is generated by a
4 T superconducting solenoid, with a free bore of a diameter of 6 m and a length of
12.5 m, enclosed inside a 12000-tonne yoke made of common structural steel. The
yoke is needed to increase the field homogeneity in the tracker volume and to reduce
the stray field by returning the magnetic flux of the solenoid. In addition, the steel
plates are used as absorber for the interleaved layers of muon chambers.

2.1 The CMS tracker

The CMS tracker [4] occupies a cylindrical volume, with a length of 5.8 m and a
2.5 m diameter, with its axis closely aligned to the LHC beam line. The tracker
is immersed in a co-axial magnetic field of 3.8 T provided by the CMS solenoid.
Fig. 2.3 shows the layout of the tracker.

Figure 2.3: Schematic cross section through the CMS tracker in the r-z plane. In this
view, the tracker is symmetric about the horizontal line r = 0, so only the top
half is shown here. The center of the tracker,corresponding to the approximate
position of the pp collision point, is indicated by a star. Green dashed lines
help the reader understand which modules belong to each of the named tracker
subsystems. Strip tracker modules that provide 2-D hits are shown by thin,
black lines, while those permitting the reconstruction of hit positions in 3-D
are shown by thick, blue lines. The latter actually each consist of two back-
to-back strip modules, in which one module is rotated through a ‘stereo’ angle.
The pixel modules, shown by the red lines, also provide 3-D hits. Within a
given layer, each module is shifted slightly in r or z with respect to its neigh-
bouring modules, which allows them to overlap, thereby avoiding gaps in the
acceptance.

The whole system comprises different tracker subsystems, which are summed up
in Tab. 2.1: a pixel detector with three barrel layers at radii between 4.4 cm and
10.2 cm and a silicon strip tracker with 10 barrel detection layers extending outwards
to a radius of 1.1m, which are completed by end-caps made of 2 disks in the pixel
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detector and 3 plus 9 disks in the strip tracker on each side of the barrel, extending
the acceptance of the tracker up to a pseudorapidity of |η| < 2.5.

Table 2.1: Summary of the various subsystems. In the location, the region in r (z) occupied
by each barrel (end-cap) subsystem is reported.

Tracker subsystem Layers Pitch Location

Pixel tracker barrel 3 cylindrical 100× 150µm2 4.4 < r < 10.2 cm
Strip tracker inner barrel (TIB) 4 cylindrical 80− 120µm 20 < r < 55 cm
Strip tracker outer barrel (TOB) 6 cylindrical 122− 183µm 55 < r < 116 cm

Pixel tracker end-cap 2 disks 100× 150µm2 34.5 < |z| < 46.5 cm
Strip tracker inner disks (TID) 3 disks 100− 141µm 58 < |z| < 124 cm
Strip tracker end-cap (TEC) 9 disks 97− 184µm 124 < |z| < 282 cm

2.1.1 The Pixel Detector

The Pixel Detector covers the pseudorapidity range |η| < 2.5, and it is the closest
system to the interaction region. It is essential for the reconstruction of secondary
vertices, providing an extreme resolution in both r − φ and z directions.

Its layout consists of a three barrel layers (BPix), located at radii of 4.4, 7.3
and 10.2 cm, with two end-cap disks (FPix) on each side, placed at z = ±34.5
and z = ±46.5 cm. The arrangement of the 3 barrel layers and the forward pixel
disks on each side gives 3 tracking points over almost the full η-range. Geometric
arrangement and hit coverage are shown in Fig. 2.4.

Figure 2.4: Geometrical layout of the pixel detector and hit coverage as a function of
pseudorapidity

The spatial resolution reached by this system is in the range of 15− 20µm.
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2.1.2 The Strip Tracker

The strip tracker is composed of four subsystems. The Tracker Inner Barrel (TIB)
and Disks (TID) cover r < 55 cm and |z| < 118 cm, and are composed of four
barrel layers, supplemented by three disks at each end. These provide position
measurements in rφ with a resolution of approximately 13 − 38µm. The Tracker
Outer Barrel (TOB) covers r > 55 cm and |z| < 118 cm and consists of six barrel
layers providing position measurements in rφ with a resolution of approximately
18− 47µm. The Tracker End-Caps (TEC) cover the region 124 < |z| < 282 cm.

TIB, TID and inner four TEC rings use 320µm thick silicon strip sensors, while
the others (TOB and outer three TEC rings) have a thickness of 500µm. Strips in
the barrel run parallel to the beam pipe and their pitch varies from 80 to 183 µm;
end-cap disks have radial strips with a pitch from 81 to 205 µm.

Innermost two layers of each system carry strips on both sides, covering up a
stereo angle of 100 mrad. Resolution in TIB is 23 ÷ 34µm in rφ and 230µm in z,
while in TOB is 35÷ 52µm in rφ and 530µm in z.

At least 9 rφ hits in the Strip Tracker are ensured: up to four in TIB and TID
system, and up to six in TOB.

Fig. 2.5 shows the resolution of transverse momentum, transverse impact pa-
rameter and longitudinal impact parameter as function of pseudorapidity for single
muons. For high momentum tracks (100GeV) the transverse momentum resolution
is around 1-2% up to |η| ≈ 1.6, beyond which it degrades. The transverse impact
parameter resolution reaches 10µm for high pT tracks, dominated by the resolution
of the first pixel hit, while at lower momentum it is degraded by multiple scattering.
Similar considerations can be made for the longitudinal impact parameter.

The expected track reconstruction efficiency of the CMS tracker for single muons
and pions as a function of pseudorapidity is shown in Fig. 2.6: for muons, it is about
99% over most of the acceptance; for pions and hadrons in general the efficiency is
lower because of interactions with the material in the tracker.

Figure 2.5: Resolution of track parameters for single muons with transverse momenta of
1, 10 and 100 GeV. Left: transverse momentum. Middle: transverse impact
parameter. Right: longitudinal impact parameter.
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Figure 2.6: Global track reconstruction efficiency for different particles of transverse mo-
menta of 1, 10 and 100 GeV.Left: muons. Right: pions.

2.2 Calorimetry

CMS calorimetry system is composed by an electromagnetic calorimeter (ECAL)
and a hadron calorimeter (HCAL).

ECAL [5] is a homogeneous calorimeter, where lead tungstate PbWO4 is used
both as absorber and sensitive material. It has been chosen due to his short radiation
length (X0 = 0.89 cm), his small Moliere radius (2.2 cm), and his fast response time
(≈ 20ns).

HCAL [6] is divided in four parts. The Barrel and the End-cap are sample
calorimeters, which use brass as the absorber and plastic scintillator as the active
material. The Outer calorimeter functions as a tail-catcher for hadronic showers and
is useful for muon identification. The Forward calorimeter collect Cherenkov light
from the electromagnetic component of showers.

2.3 Muon System

The muon system has 3 functions: muon identification, momentummeasurement,and
triggering. It is composed by a cylindrical barrel region and two end-cap wheels.

In the barrel region the neutron-induced background is small, the muon rate
is low, and the 4 T magnetic field is uniform and mostly contained in the steel
yoke; these motivation led to drift chambers with standard rectangular drift cells as
tracking detector. The barrel drift tube (DT) chambers cover the pseudorapidity
region |η| < 1.2 and are organized into 4 stations interspersed among the layers of
the flux return plates.

In the 2 end-cap regions of CMS, where the muon rates and background levels
are high and the magnetic field is large and non-uniform, the muon system uses
cathode strip chambers (CSC). CSCs identify muons in the region 0.9 < |η| < 2.4.

In addition, in both barrel and end-cap regions, there is a dedicate trigger sys-
tem made of resistive plate chambers (RPCs). This provides a fast, independent,
and highly-segmented trigger with a sharp pT threshold over a large portion of the
rapidity range (|η| < 1.6) of the muon system.

Main properties of chambers can be found in Tab. 2.2 whether muon system
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Table 2.2: Muon system chambers properties.

Detector Drift Tubes Cathode Strip Chambers Resistive Plate

Function
Tracking Tracking BXID
pT trigger pT trigger pT trigger

BXID BXID Resolve tracking ambiguities

η region 0.0 - 1.3 0.9 - 2.4 0.0 - 2.1

Stations 4 4 Barrel 6 | End-cap 4

Layers rφ 8 | z 4 6 2

Chambers 250 540 Barrel 360 | End-cap 252

Spatial per wire 250 µm rφ (6 pts) 75 µm
resolution rφ (6/8 pts) 100 µm (outer CSCs) 150 µm Cell size

(σ) z (3/4 pts) 150 µm r(6pts) (15-50)/
√
72µm

Time resolution 5 ns 6 ns 3 ns

elements position is shown in Fig. 2.7.
In the reconstruction process, muons are classified in three different categories.

“Stand-alone” refers to a muon that has been reconstructed using only the informa-
tion given by the hits in the muon detectors. If the muon reconstruction starts with
the muon segment information and then tracker information are added, it is referred
as “Global”. At last, “Tracker” muon reconstruction starts with tracks found in the
inner tracker and identifies them as muon by matching expected information from
the calorimeters and muon system. Fig. 2.8 represents momentum resolution both
using the muon system alone and matching muon and tracking systems.

2.4 Trigger and data acquisition

LHC beam crossing interval is 25 ns, with a mean of 20-25 superimposed events per
bunch crossing: this corresponds to about 109 interactions per second (at designed
luminosity of 1034 cm−2s−1). The archival storage capability is 100 Hz, so a trigger
system with a rejection power of 107 is required. CMS implements a two level trigger:
Level-1 (L1) Trigger and High-Level Trigger (HLT).

L1 trigger [7] is based on custom-designed electronics; it has an input rate of
40 MHz and a designed output rate of 100 kHz, which in practice is kept to about
30 kHz, for safety operations. Different types of signal can be set as trigger. The
one relevant for this analyses requests two different muons with opposite charge and
invariant mass compatible with a charmonium state.

High-Level Trigger [8] is a software system implemented in a filter farm of about
1000 commercial processors, which is able to reduce the rate of stored events by a
factor of 103 from a maximum input rate of 100 kHz. The farm implements the same
software used for off-line operations, and it reconstructs different type of objects.
The events relevant for this work have been selected by triggers that search for
charmonium states.
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Figure 2.7: Layout of one quadrant of CMS. The four DT stations in the barrel (MB1-
MB4, green), the four CSC stations in the endcap (ME1-ME4, blue), and the
RPC stations (red) are shown.

Figure 2.8: Left: CMS muon momentum resolution using muon system only. Right: CMS
muon momentum resolution combining the muon system with the tracker.
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2.5 CMSSW and Event Data Model (EDM)

The overall collection of software, referred to as CMSSW, is built around the Event
Data Model (EDM) Framework [9]. The central concept of CMS EDM is the Event.

An Event is a C++ object container for all RAW and reconstructed data related
to a particular collision; in their turn, those data are stored as ROOT objects. In
the processing a sequence of modules is executed, and data are passed from one
module to the next via the Event, and are accessed only through the Event. All
objects in it may be individually or collectively stored in ROOT files, and are thus
directly browsable in ROOT and used as Ntuples.

The Event data architecture is modular: there is one executable (called cmsRun),
and many plug-in modules, that are compiled in fully-bound shared libraries. There
are different type of modules: event data producers, which add new data products
into the event; filters used in on-line triggering and selection; analyzers, producing
summary information from an event collection; and input and output modules for
both disk storage and DAQ.
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Chapter 3

Decay reconstruction

The reconstruction of the decay proceeds in different steps: first J/ψ and K0
s decays

are reconstructed, then this information is used to reconstruct a B0 candidate. As
the final state does not distinguish states from their charge conjugate states, in the
following analysis both B0 and B̄0 will be referred to with the same symbol.

The reconstruction procedure has been developed using a sample of Monte Carlo
data, generated by PYTHIA8 [10], decayed by EVTGEN [11], and simulated by
GEANT4 [12]. This test highlights a reconstruction efficiency of about 75%. After
that, the data set taken from late 2016 LHC run, which corresponds to an integrated
luminosity of 8.503 fb−1, has been analyzed.

Both Monte Carlo and real data are available as ROOT [13] objects, that are
read through the dedicated CMS Software [9]. A package of C++ code reconstructs
the decays as it will be described in the following sections, and saves the results in
the form of a “Ntuple”; this one is used to create histograms of the studied quantities.

3.1 J/ψ reconstruction

In order to reconstruct the J/ψ, opposite-sign muon pairs are fitted to a common ver-
tex. They are requested to be “Soft” muons; this means that tracker track matched
with at least one muon segment (in any station) in both X and Y coordinates within
3σ, more than five tracker layers hit, at least two pixel layers hit, reduced χ2 of
the tracker-muon track fit has to be less than 1.8, and distance from the Primary
Vertex less than 3 cm in xy and less than 30 cm in z. In addition, both muons
have to be in the following acceptance region: pT (µ±) > 4 GeV and |η(µ±)| < 2.2
GeV. Finally, the transverse momentum of the reconstructed J/ψ must fulfill the
condition pT (J/ψ) > 8 GeV and the mass is required to be within 0.150 GeV of the
world average J/ψ mass [1].

The comparison of mass distribution in MC and data is shown in Fig. 3.1; to
estimate the mass reconstruction accuracy, the mass distribution from data has been
fitted using an extended unbinned maximum likelihood fit and a probability density
function described by the sum of two Crystal Ball functions [14] with common mean,
for the signal, and a second order polynomial for the background. The overall
resolution has been computed as the weighted quadrature sum of the two σ.

The normalized χ2 and transverse momentum distributions from data are shown

17
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in Fig. 3.2a and Fig. 3.2b. The pattern of the latter distribution is due to the overlap
of different “trigger paths” with different cuts in pT .

Also, plots of the flight distance have been made (Fig. 3.3); in order to get higher
resolution, information from position and momentum is used instead of the distance
alone. Flight distance in laboratory is defined as

dLab =
~L · ~p
p

= |~L| cosα ,

where ~L is the vector from the production and the decay point of the J/ψ, ~p is the
momentum and α is referred as “pointing angle”. The transverse flight distance in
the particle rest frame is obtained from the previous one through the formula

dRest = cτ =
dLabm

p
,

where τ is the proper decay time and m is the J/ψ mass.
The precision of the z coordinate measurement is worse than the one in rφ;

moreover, due to the great number of interactions, additional primary vertices could
be present near the decay point, leading to ambiguities in the hits selection for
the track reconstruction. Position vectors and momenta are then projected on the
transverse XY-plane, so those previous formulae are changed as follows:

dLabxy =
~Lxy · ~pxy
pT

= | ~Lxy| cosαxy ,

dRest = cτ =
dLabxy m

pT
,

Figure 3.1: J/ψ Mass distribution. Left: comparison between MC and data; histograms
have been normalized to the same area. Right: evaluation of the mass recon-
struction accuracy in data.
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3.2 K0
s reconstruction

K0
s reconstruction has to take into account the great background noise that can be

comparable to the signal; this is due to the casual combinations of two different
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Figure 3.2

(a) J/ψ normalized χ2.
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(b) J/ψ transverse momentum distribution.
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Figure 3.3: J/ψ flight distance in the transverse plane both in laboratory and particle rest
frame.
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opposite charged tracks that could be assumed produced by pions. In addition, the
decay vertex is far from the beam interaction spot; this can make the evaluation of
the invariant mass critical, due to the bending of the pions tracks in the magnetic
field, leading to a change in the momentum direction along the pion trajectory.
These critical issues request a special care in the reconstruction and selection of K0

s .
A dedicated reconstruction of K0

s is already performed in the early central data
processing; main selection requirements are described in the following. The flight
distance significance, defined as the ratio between the flight distance and its error,
must fulfill σLxy/Lxy > 10; the pointing angle is required to suit the condition
cosα > 0.9998; the inner hit of daughter tracks must not lie inside 4σ (radially)
from the reconstructed vertex.

For the B0 reconstruction, the already reconstructed K0
s candidaes are then

used, and the pion pairs are taken from them. K0
s candidates are accepted if the

transverse momentum of both pions is bigger than 0.7 GeV and the di-pion invariant
mass is between 0.4 and 0.6 GeV.

The mass distribution of both MC and data has been plotted (Fig. 3.4); the K0
s

mass distribution from data has been fitted with the same technique used for the
Jψ and describing the p.d.f. with the sum of two gaussian functions with common
mean for the signal and an exponential for the background.

The χ2 and the transverse momentum are shown in Fig. 3.5a and 3.5b respec-
tively. The flight distance (Fig. 3.6) have been plotted both in the laboratory and
in particle rest frame.

Figure 3.4: K0
s Mass distribution. Left: comparison between MC and data; histograms

have been normalized to the same area. Right: evaluation of the mass recon-
struction accuracy in data.
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3.3 B0 reconstruction

As explained in Sec. 3.2, the K0
s has a non negligible flight distance; this fact implies

that it is not possible to reconstruct a common vertex from the tracks of the two
pions and the two muons. Thus, K0

s decay point is reconstruct independently, and
then it is extrapolated backward along the direction estimated by the sum of the
momenta of the two pions. Finally, a common vertex with the two muons is built.
In addition, since the J/ψ decay width reconstructed from the di-muons is far larger
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Figure 3.5

(a) K0
s normalized χ2.
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(b) K0
s transverse momentum distribution.
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Figure 3.6: K0
s flight distance in the transverse plane both in laboratory and particle rest

frame.
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(a) K0
s Flight distance in Laboratory Frame
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(b) K0
s Flight distance in Rest Frame
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than the intrinsic J/ψ width (see Tab. 1.1), a constraint equal to the world average
value of 3.0969 GeV [1] is applied to the invariant mass of the two muons; a constraint
over the K0

s mass (0.496611 GeV) is applied as well.
Moreover, B0 candidates are requested to pass a final selection in order to be

accepted. J/ψ must be chosen following the filters described in Sec. 3.1, and, in
addition, a transverse momentum pT > 25GeV is requested. The invariant mass
reconstructed from the two pions must be in the range of 0.010 GeV from the average
world value of K0

s mass [1]. Finally, B0 vertex probability has to be at least 10% and
its transverse momentum greater than 27 Gev. All the selection cuts are summarized
in Tab. 3.1.

Table 3.1: Quality cuts applied for the selection of B0 candidates.

J/ψ requirements

pT (µ±) > 4 GeV
|η(µ±)| < 2.2 GeV
pT (J/ψ) > 25 GeV
|M(µ+µ−)−MPDG(J/ψ)| < 0.150 GeV

K0
s requirements |M(π+π−)−MPDG(K0

s )| < 0.010 GeV

B0 requirements pT (B0) > 27 GeV
Vertex Probability > 10%

Comparison between MC and data mass distribution can be found in Fig. 3.7.
The B0 mass distribution from data has been fitted, as the other two mass dis-
tributions; in the p.d.f. the signal was described by a gaussian function and the
combinatorial background by an exponential. An additional background component
was included, to account for B0 → J/ψK0

s X decays where additional particles in
the final state are lost; this component was described with an error function.

As for the others particles, χ2 is plotted in Fig. 3.8a and transverse momentum
in Fig. 3.8b. Finally, flight distance histograms are shown in Fig. 3.9, where the
distance is calculated from the interaction point until the decay point of the B0.

Figure 3.7: B0 Mass distribution. Left: comparison between MC and data; histograms
have been normalized to the same area. Right: evaluation of the mass recon-
struction accuracy in data.
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Figure 3.8

(a) B0 normalized χ2.
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(b) B0 transverse momentum distribution.
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Figure 3.9: B0 flight distance in the transverse plane both in laboratory and particle rest
frame.
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(a) B0 Flight distance in Laboratory Frame
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Chapter 4

Conclusion

The decay B0 → J/ψK0
s has a significant role in particle physics, due to his impor-

tance in the test of CP violation. The CMS Detector allows to collect large amount
of data in order to study B-Physics in general, and B0 properties in particular.

The aim of this work was to reconstruct this decay, creating a C++ code that can
interact with the CMS Software framework. It first reconstruct K0

s from two pions
and J/ψ from the muons, then combines the result to find a B0 candidate. In addi-
tion, it applies selection cuts, that can also be modified in order to fit the programs
to future LHC and CMS upgrades, without changing the core of the software.

The reconstruction process has been tested over Monte Carlo and real data,
providing about a 75% reconstruction efficiency.
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