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Measurement of J/y polarization in pp collisions at /s = 8 TeV in CMS

Francisco Albergaria’- and Henrique Borges':®

" Instituto Superior Técnico, University of Lisbon

Project supervisors: Mariana Aratijo, Pietro Faccioli and Jodo Seixas.

Abstract.

‘The polarization of prompt J/ mesons is measured in proton-proton collisions at Vs

February 13, 2020

8§ TeV, using a dimuon

data sample collected by the CMS experiment at the LHC. The prompt polarization parameter A, is measured
from the dimuon decay angular distributions in the helicity frame. The J/u results are obtained in the transverse
momentum range 12 < pr < 70 GeV and in the rapidity intervals ly| < 1.5

No evidence of large polarization is seen in these kinematic regions, which is in agreement with past results
using carlier data. Preliminary results of this analysis are shown here for the first time.

Kevworps: QuarKoNIM, PoLaRizaTiox. NRQCD, QCD, HADRON FORMATION

1 Introduction

N istic quantum ¢ (NRQCD) is
the most satisfactory effective theory capable of explaining
the production and decay of heavy quarkonium. However,
the polarization of J/¢ mesons is not correctly described

It is important to state that the majority of the the-
oretical studies on J/y polarization are limited to A,
even though all the coefiicients give independent informa-
tion [3]. In this paper (as well), we only considered the
cos(0) distribution. However, correct quarkonium polar-
ization medmremenls require information from all the an-

in this theory, where the purely perturbative col let
production is complemented by processes including pos-
sible non-perturbative transitions from colour octet states
to the observable bound states. Therefore, it is crucial
to analyze the most recent experimental data, which al-
ready reaches rather high quarkonium transverse momen-
tum, py, (where the calculations are expected to be more
reliable [1]), and compare it with the theory predictions.
In fact, for high transverse momentum, the directly pro-
duced S-wave quarkonia are expected to be transversely
polarized with respect to the direction of their own mo-
mentum. If inconsistencies between the predictions made
by the theory and the experimental results are found, it is
important to discover if those discrepancies are originated
from approximations and inaccuracies of the fixed-order
perturbative calculations available at the moment or from
difficulties in the conceptual basis of the theory.

Through the study of the angular distribution of the
leptons produced in the J”C = 17~ quarkonium states”
- decay, we can measure their polarization, determined
by the lambda parameters, from the expression provided
by Quantum Mechanics:

Wieostg) = Y fOW0 = (1 + Agcos 9+
&

3
8082 + Ay sin 2§cos¢)m, )
b

with ¢ and 9 being, respectively, the azimuthal and polar
angles of the u*, with respect to the z axis of the selected
polarization frame [2].

b,

ual: francsco albergariaGtecnicnulsbon gt
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gular distri in at least two polarization
frames.

The definition of a coordinate system, with respect to
which the momentum of one of the two decay products
is expressed in spherical coordinates, is needed for the
measurement of the distribution under study. In inclusive
quarkonium measurements, the reference frame axes are
fixed with respect to the physical reference provided by
the directions of the two colliding beams as seen from the
quarkonium rest frame. In this analysis, we considered the
helicity frame, HX, that is the opposite of the direction of
motion of the interaction point (i.e. the flight direction of
the quarkonium itself in the center-of-mass of the colliding
beams), as stated in [4]. A formal and intuitive description
of the three most used definitions of the polarization axis
2 (decay reference frame) with respect to the directions of
motion of the colliding beams and of the quarkonium can
be found in the last reference cited

In this analysis, we considered pp collision data ob-
tained by the CMS experiment in 2012 at Vs = 8 TeV
with both J/¢ mesons in transverse momentum range
12 < pr < 70 GeV and in the rapidity intervals |y| < 1.5
and a Monte Carlo simulation generated assuming unpo-
larized production (uniform J/u decay distribution).

2 CMSs d and Data Pr

The CMS apparatus [5] was designed around a central el-
ement: a superconducting solenoid of 6 m internal diam-
cter, providing a 3.8 T field. Within the solenoid volume
are a silicon pixel and strip tracker, a lead tungstate crys-
tal clectromagnetic calorimeter, and a brass/scintillator
hadron calorimeter. Muons are measured in gas-ionization
detectors embedded in the steel return yoke outside the
solenoid and made using three technologies: drift tubes,

Search for exclusive top quark pair production at the LHC

Miguel Nobre Guerreiro'2
Vnstituto Superior Técnico, Lisboa, Portugal

Project supervisors: M. Gallinaro, B. Lopes

October 2019

Abstract. As the heaviest particle in Standard Model, top quark is one of the current focuses of the LHC
programme to scarch for new physics. This internship focused on the scarch for exclusively produced top
quark pairs in the CMS experiment. In this project I performed a kinematic analysis of Monte Carlo samples

of events in proton-proton collisions at a 1.
CMS central detector and the Precision Proton

(CM) energy of 13 TeV, using information from the
(PPS). By ing the

of exclusive tf, inclusive  and Drell-Yan regarding different kinematic variables, I could identify the ones that
best discriminate signal from background and the respective selection cuts to apply. With this work, I was able
to set the basis for a multivariate analysis that could be used on real data, through machine learning techniques.

Keyworps: CMS, PPS, t, exclusive production, Monte Carlo, kinematic analysis

1 Introduction
1.1 Standard model and top quark

The Standard Model (SM) of particle physics is a theory
which encloses all known fundamental particles and a de-
scription for the electromagnetic, strong and weak inter-
actions that govern them. Developed in the early 1970s,
it is considered a well-tested physics theory, in the sense
that it has explained almost all collider experimental re-
sults and precisely predicted a wide variety of phenom-
ena. Nevertheless, the SM displays some known limita-
tions: on one hand, it only offers a description for three
of the four interactions in the Universe (not accounting for
gravitational force), and does not foresee a suitable candi-
date for dark matter; on the other hand, the CP violation
described by the SM may be insufficient to account for
the matter-antimatter asymmetry of the Universe. So, al-
though the SM accurately describes phenomena within its
domain, it is not seen as the complete picture, which thus
motivates experimental searches for Beyond the Standard
Model (BSM) physics [1].

Top quark is the heaviest particle described by the SM
and it was discovered in 1995 [2]. Because of its large
mass, it is a fundamental particle of special interest for be-
ing potentially more sensitive to SM deviations. Top quark

leptons with respect to jets, caused by the superior effi-
ciency of trackers over calorimeters in CMS, which will
be addressed in the following section.

1.2 Exclusive tt production

In a proton-proton collision, some of the quarks and glu-
ons from one of the protons will interact with those from
the other proton at high-energy, resulting, in general, in the
disruption of the initial protons. In some collisions, how-
ever, these protons may interact by exchanging energetic
photons, which combine producing new particles, while
either one or both initial protons are kept intact, as shown
in figure 1. These are called exclusive processes (or semi-
exclusive, for when only one proton remains intact) [4]

This kind of process is rare but extremely interesting when
the detection of the interacting protons is possible through
forward detectors, which is the case at the CMS experi-
ment, with the Proton Precision Spectrometer (PPS) de-
scribed in the next section. The detection of the escaping
protons allows the determination of their energy loss in the
interaction. Thus, it makes possible the kinematic recon-
struction of the system, despite the existence of Missing
Transverse Energy (MET) due to the neutrinos in the W

5
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B mesons as novel probes of QGP

Jodo Gongalves'? and Alexandra Pardal®®

Instituto Superior Técnico, Lisboa, Portugal
2Faculdade de Ciéncias, Lisboa, Portugal

Project supervisors: N. Leonardo, J. Silva
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Abstract. In this work we study B mesons as novel probes of the quark gluon plasma (QGP). We used PbPb data
collected by the CMS experiment at the LHC in November 2018. The B* and B, production differential cross-
sections in PbPb collisions are measured. The cross sections of the two mesons and their ratios provide unique
information about the properties of the QGP and how the hot and dense QCD medium affects the hadronization
of the b quark. The B, meson is observed for the first time in heavy ion collisions.

Keyworos: LHC, QGP, B mesons. production cross sections, energy loss, strangeness enhancement
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1 Introduction

Quantum chromodynamics (QCD) predicts that under ex-
treme conditions of temperature and/or density the Quark-
Gluon Plasma (QGP) is formed. The QGP existed mi-
croseconds after the Big Bang and it is a state of matter
formed by deconfined quarks and gluons. It can be recre-
ated at the LHC by colliding heavy nuclei (Pb) at the high-
est energies. [1] _

B mesons are composed by a bottom antiquark (5) and
an up, down, strange or charm quark. In this experimental

“e-mail: joaofranciscogoncalves @tecnico.ulisboa.pt
Pe-mail: alexandrampardal @ gmail.com

work we study the B* meson (bu) and the B, meson (bs)
[2]. Bottom quarks are created in the initial hard scattering
stage and retain their identity while traversing the medium
they are in, thus recording information about ts evolution.
By comparing pp collisions (vacuum medium) with PbPb
collisions (QGP), we can therefore use B mesons as probes
to study the QGP properties. The goal of this study is to
measure the B meson’s cross section in PbPb collisions at
5TeV and to study how the QGP affects the hadronization
of the b quark.

The cross-section is given by:

N

eABL
where N is the signal yield, £ the luminosity, 8 the
branching fraction, A the acceptance and & the efficiency.
While N is measured from data, through the implementa-
tion of an unbinned fitting procedure in Section 5.1, & and
Aare determined from Monte Carlo (MC) simulation, that
is validated through the methods of sideband subtraction
and sPlot, in Section 4.

o @

2 The CMS detector

The Compact Muon Solenoid (CMS) is one of the four
large experiments at the Large Hadron Collider (LHC). In
Fig. 1 is represented a transversal slice of the detector
and its layers. When the particles travel through the detec-
tor they leave signatures (deposits of energy) in different
layers, which allows their identification. In Fig, 1 it is
possible to identify these layers from inward to outward:
the silicon tracker, which measures the positions of pass-
ing charged particles allowing their track reconstruction;
the electromagnetic calorimeter (ECAL) and the hadronic
calorimeter (HCAL), which measure the energy of parti-
cles); the solenoid, with a magnetic field of 3.8 T, that
bends the trajectory of particles, allowing the measure-
ment of their charge and momentum; and, the muon cham-
bers, where the muons are detected, since they are able to
penetrate dense materials. The most important subdetec-
tors for this analysis are the silicon tracker and muon de-
tectors, that are employed to trigger and measure the final

Available on CMS information server

CMS AN -2019/219

C The Compact Muon Solenoid Experiment

_—— Analysis Note

1 The content of this note is intended for CMS internal use and distribution only

03 October 2019

B meson production in PbPb data:
signal extraction and MC validation

A Pardal, J.Goncalves, J.Silva, N.Leonardo

Abstract

‘We study B mesons reconstructed in the PbPb da

sample at 5 TeV collected by CMS during Novem-

ber 2018. The signal is extracted from the data sample using the sideband subtraction and sPlot
methods. Results are compared against MC simulation. Differences are quantified through data/MC
ratios, that form weights which are used to correct the simulation.
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* Big Data of unique physics potential

» Many and exciting physics topics!

» Advanced data mining and manipulation
* Preparation for the new (HL-)LHC

» Development of new detectors, data taking operations
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