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Thank you for
taking part!

Foremost to you, the students,
for spending the summer 
engaging in research work with us;

54 projects, 88 students ...

The supervisors for designing
the research projects and for
mentoring them; 

Everyone at LIP involved in the
organization (including ECO, IT, 
directorate, secretariat, ...)



It has been a busy summer ...

... but we hope you enjoyed it!

Pre-Tutorials (June 30)

Lectures & tutorials week (July 5-9)

Mid-term activities (July 23 - August 13)

Final Workshop (September 13-14)

Final papers (by October 10)



Paper write-up
You are encouraged to write
a research paper on the results
of your project, which will be 
hosted on the LIP website: 

Suggested length: 5 pages
(not more than 10 pages)

Use LaTeX template on
Overleaf (instructions 
were sent by email)

Please submit by October 10
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Measurement of B meson production in pp collisions at 5 TeV

Maria Faria1,a
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Project supervisors: N. Leonardo1, Z. Shi2 October 2020

Abstract. We perform a measurement of the B production differential cross section in proton-proton collisions
at a center of mass energy of 5.02 TeV. Multivariate (machine learning) algorithms are employed in the data se-
lection, and likelihood methods are used to extract the B signal from data. The detector efficiency is determined
from simulation which in turn is validated through detailed comparisons with data. A study of the sources
of systematic uncertainty for the cross section is performed. This measurement contributes to furthering our
understanding of b-quark and hadron production, and coupled with similar measurements in PbPb collisions
provides insight on the nature of the QGP medium.

Keywords: LHC, CMS, b quark, differential cross section, quark gluon plasma

1 Introduction

At our energy scale, quarks and gluons are confined in-
side hadrons, such as protons and neutrons. However,
under extreme conditions of temperature and pressure, a
new state of matter is formed, the so-called quark-gluon
plasma (QGP), in which quarks and gluons are asymptot-
ically free. This QGP is believed to have existed in the
very early universe and can also be re-created at the LHC,
in high-energy collisions of heavy ions, such as PbPb col-
lisions.

In this work, we present a preliminary measurement
of the B meson differential cross section using the decay
B0

s → J/Ψ φ in proton-proton (pp) collisions at
√

s =
5.02 TeV, using data collected by the CMS experiment.
This differential cross-section measurement is by itself of
great significance, and it complements studies performed
at other LHC energies, allowing one to study the

√
s de-

pendence of the cross section. It is also an ingredient nec-
essary to calculate the nuclear modification factor (RAA),
a quantity with which we can gain more insight about the
QGP, and that can be derived from the results here ob-
tained in pp collisions along with similar studies in PbPb
collisions [1].

1.1 The CMS detector

The CMS detector (Compact Muon Solenoid) is a general
purpose detector at the LHC, at CERN. It has a cylindri-
cal shape with a superconducting solenoid which provides
a magnetic field of 3.8T. It has a central region where
the collisions occur, followed by a silicon tracker which
tracks the passage of charged particles (which curve in op-
posite directions for particles with opposite charge), then
an electromagnetic calorimeter, where photons and elec-
trons typically lay their energy in the form of energy clus-
ters (showers) and a hadronic calorimeter, where hadrons
deposit their energy. Continuing outwards, there are the
muon chambers, with up to four stations of gas-ionization
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Figure 1: Schematic transverse view of a slice of the CMS
detector.

muon detectors installed outside the solenoid and sand-
wiched between the layers of the steel return yoke. A more
complete description of the CMS detector can be found
elsewhere [3].

For the purpose of our analysis, the more relevant sub-
detectors are the innermost and outermost layers of the
CMS detector. The latter, the muon chambers, provide
identification of the final-state muons, thus further allow-
ing to select the events of interest in real time (trigger).
The silicon tracker provides precise measurements of the
charged-particles trajectories (muons and kaons), and al-
lows the identification of the secondary decay vertex, the
distinctive experimental signature of b-quark hadrons.

1.2 Cross section

A quantity of interest in particle physics is the cross sec-
tion for a given production process. The differential cross
section per transverse momentum is given by:

dσ
dpT

=
1
εBL

Ns

∆pT
. (1)

where ε is the detector efficiency, B is the decay branching
fraction B = (31.3±2.3)×10−6 [4], L is the total integrated
luminosity of the data set, L = 302.3pb−1, and Ns is the
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