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and for making this edition of the LIP Internship Program another great

success despite the exceptional global circumstance (pandemic) we’re in




Thanks

to the student participants to LIP researchers in general
for lectures, tutorials, topical chats,
to the project supervisors session convening, etc

to everyone who helped with the organisation

including Sofia (outreach), Ricardo (lectures), Liliana (workshop)

to the LIP support structures:

IT (Hugo et al), Secretariat (Natalia et al), ECO (Catarina, Sonia, et al), directorate, ...

to everyone @ LIP




For this edition we needed to make some adaptions relative to past ones ...




Successful transition to online format through collaborative apps

LIP - Internship Program
lip-internshipprogram.slack.com

Jupyter @




For this edition we needed to make some adaptions ...

For next year’s edition we hope and should aim at

making up for the in-person Social interactions and
activities that we've (forcibly) lacked this time ...
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LIP Internship Program is now a well establis!
flagship event of LIP. Since 2018, the prograr
integrated all three LIP nodes, and has receiv.
60 students each Summer. The programmein
apreparatory week (lectures, thematic discus
hands-on tutorials) in mid July, and ends early
September with a two-day long final workshe
where the students present their work. In bet
the students carry out their research project:
proper. Thematic discussions in smaller groug
and informal gatherings such as the “August ¢
“Churrasco” and “Coffee hour” allow student:
researchers to meet and discuss in amoreinf

way.

Yet another novelty, introduced in 2019, is th
possibility to describe the work in a scientific
(LIP note), following a prepared format, acha
that was readily taken by several students. It
worth stressing that the programme counts v
abroad and rather intense participation of LI
researchers, who serve as project supervisor:
deliver tutorials and lectures, guide topical
discussions, and take part in the discussion at
final workshop.

The programme of the 2020 edition — while

retaining the same underlying organization, f
and timings — moved entirely online. This pos
new challenges, which were met with needed
adaption, exploration of new tools, and some
inventiveness. The same level of participatior
both students and researchers as in previous
was attained.

ABSTRACTS (2019 edition)

AMBER - Physics simulations for a
experiment at CERN
Student: Rita Silva / Supervisor: C. Quintans

gluon dynamics

erformed using

process, Drell-Yan. Drell-Yanis a quarkantiquark
annihilation where the resulting

sa project fi
N. One of its goals is to inv

s

;

into a pair of muon:

accompanying partics

irtual photon deca
The tostu
s produc

tarting point was

bosons coupling to top pairs provide unique signatures at the

ndwe have use
experiment to search f

ep neural networks, were used to distingt

cted background. A statist

exp
results was alsodone

Kinematic reconstruction of ttbar events
using the ATLAS open dataset

by the ATLAS

HC

2nal from th

Student: Ana Alexandra Oliveira / Supervisors: Nuno Castro,

Tiago Vale, Ana Peixoto, Emanuel Gouveia
S tostudy the ttbar process. A
to

tem was performed us

Single lepton events were usec

cut-bas lect these event

full reconstru

d analysis was developec
ttbar

ables,

25 ¢
f the

measured kinematic va

Search for Supersymmetry using
a Machine Learning tool

Students: Artur Cordeiro, Timothée Cabos / Supervisors: P.

Bargassa, Diogo de Bastos

We stayed at LIP for only 5 weeks but we have developed ane
Neural Network architecture to separate background from

in the stop 4-body decays. The objective was to improve the
performance compared to the BOT that was developed by our
pervisor last year. We have achieved a s timprover
rformance (yet to be verifiedin deta armed alot d
this internship, we hope that our work might be useful for the
was certainly useful to

B mesons as novel probes of the QGP
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Students: Alexandra Pardal, Jodo Gongalves / Supervisors: N.

Leonardo, J. Silva

Quantum chromodynamics (QCD) predicts that under extreme
conditions of temperature and/or density the Quark-Gluon Plasma
(QGP)is formed. The QGP existed microseconds after the Big
Bangand it s astate of matter formed by deconfined quarks anc
gluons. It can be recreated at the LHC by colliding heavy nuclei at
the highest energies (Pb-Pb collisions). B mesons are composed of
bottom antiquark (b) bound to an up, down, strange or charm quark
In this experimental work we studied the B+ meson (bu) and the B
meson (bs). Bottom quarks are created in the initial hard scatterin

tage and retain their identity while traversing the medium, thy
recording information about its evolution. By comparing p-¢
collisions (vacuum medium) with Pb-Pb collisions (QGP), we car
therefore use B mesons as probes to study the QGP properties.
The goal of this internship was to measure the B mesons' cros
sectionin Pb-Pb collisions and to study how the QGP affects the
hadronization of the b quark, )18
the LHC. The raw signal yield it
with an unbinned maximum likelihood implementation. The fits
were validated using toy simulations. The detector and selection
efficiency was calculated using simu ample e ha
be validated against the data, whichwas achieved with sideband
btraction and SPlot statistical methods. Systematic uncertainties
were calculatec s were documented in a CMS internal note
15 part of the review materials of a CMS analysis
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B mesons as novel probes of QGP

Jodo Gongalves'* and Alexandra Pardal*®

“Instituto Superior Téenico, Lisboa, Portugal
#Faculdade de Ciéncias, Lisboa, Portugal

Project supervisors: N. Leonardo, I Silva

Abstract.

We used PbPb data

study B
collected by the CMS experiment at the LHC in November 2018, 'n.: B and B, pmduuwndlll:mmulu\»:—
Sections in PhPh collisions are measured. The cross sections of the two mesons and their ratios provide unique

infor

nation sbout the properties of the QGP and how the hot and dense QCD medium affects the hadronization

of the b quark. The B, meson is obscrved for the first time in heavy ion collisions.

Kevworps: LHC, QGP, B mesons, production cross sections, energy loss, sra
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1 Introduction

Quantum chromodynamics (QCD) predicts that under ex-
treme conditions of temperature andjor density the Quark-
Gluon Plasma (QGP) is formed. The QGP existed mi-
croseconds after the Big Bang and it is & stale of matter
formed by deconfined quarks and ghuons. It can be recre-
ated at the LHC by colliding heavy nuclei (Pb) at the high-
estenergies. 1]

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

“e-mail:Josofranciscogoncalves @tecnico ulishoa.pt
e mail: lexandrampardal @gmal com

zeness chancement

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|
t0 study the QGP properties. The goal of this stud is to
measure the B meson’s cross section in PbPh collision
5TeV and to study how the QGP affects the hadronization
of the b quark
‘The cross-section is given by:

(),

where N is the signal yield, £ the luminosity, 5 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, & an
Aare determined from Monte Carlo (MC) simulation, that
is validated through the methods of sideband subtraction
and sPlot,in Section 4.

2 The CMS detector

“The Compact Muon Solenoid (CMS) is one of the four
large experiments at the Large Hadron Collider (LHC). Tn
Fig. 1 is represented a transversal slice of the detector
and it layers. When the particles travel through the detec-
tor they leave signatures (deposits of energy) in different
layers, which allows their identification. In Fig, I it is
possible to identify these layers from inward to outward:
the silicon tracker, which measures the positions of pa
ing charged particles allowing their track reconstructio
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 1o
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
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AMBER- Physics Simulations for a new experiment at CERN

Rita Ataide da Silva'*

Vnstituto Superior Técnico, Lisboa, Portugal

Project supervisor: C. Quintans

February 13, 2020

LIP-STUDENTS-19-066

Plastic

testbench of LOMaC

Ivan Panadero', Hugo Miranda?, and Franscisco Laranjinha®

*Universidad Auténoma de Madid, Spain
ZInstituto Superior Té

cnico, Portugal

*Faculdade de Ciéncias da Universidade de Lisboa, Portugal

Abstract. AMBER is a new project for a fixed target experiment at CERN. One of its goals is to learn about

quarks and gluons dynamics inside hadrons.

analyze a very rare proces:

photon decays o a pair of muons. The

then focus on the kinematic

hadron momentum carried by the struck quark, Bjorken-x. The acceptance of the detector was also simulated,
I

by applying some cuts to the muons polar angle. Finally, it was analyzed the effects of proton misidentif

by a pion.

1 Introduction

1.1 AMBER

Physics simulations were performed using Pythia$ in order to

. Drell-Yan. Drell-Yan is a quark-antiquark annibilation, where the resulting virtual

” study all th v
from

P L and
of

Kevworos: AMBER, PHYTIA, Bjorken x

For the dimuon:
© pr transverse momentum;

® Pap : absolute momentum;

The COMPASS++/AMBER (proto-)_collaboration pro-

Efficient Modelling of Optical Photon Propagation in SNO+

Samuel Filipe Azevedo Magalhdes'-*
! University of Birmingham, Birmingham, United Kingdom

Project supervisor: Nuno Barros

February 13, 2020

Abstract. SNO+ is

that
ces. I suen, ths decay can prove tha nutsnos e their own antparicls (Majorana Natur) and polcnlmhy

also their effective
response.

the optical response of

mass.To characterise these events it s crucial (o have a good understanding of the detectors”
the experiment was affected by aging of some of its components.

hi work atemps (0 improvethe PMT angulr rsponse model (fiency i cllcting gt depending on

the incident angle) by allowing the

‘model (o vary the diffuse a

ind direction

uncton of the posion i the Jght concenatrs. An improvcrmen i th match bween dats and simulation
was verific

Kexvwowps: Optical model, SNO+, PMT, Concentrators, Optical calibration

1 Overview of the detector
1.1 Components

‘The SNO+ detector 1] located in VALE's Creighton mine

at a depth of 2 km is a remodel of the SNO experiment. It

s comprised of the main following features: (a full de-

scription can be found in [11])

o Acrylic Vessel (AV):The AV is spherical and filled with
liquid scintillator. The overall structure is positioned
concentrically and all the operations are held in the deck
level;

 PMT Support Structure: Steel sphere that encloses ap-
proximately 9000 Photomultiplier Tubes (PMTS).

A

Figure 1: Diagram of the SNO+ detector. The AV (Acrylic
Vessel) in blue is supported by ropes (red and pink). The
Green sphere is where the PMTs are enclosed

1.2 Goals of the experiment

SNO*+ goal is to search for the neutrinoless double-beta
decay Ovj3p of the "““Te isotope [11If observed it would
demonstrate that neutrinos are their own antiparticles (Ma-
jorana Nature)

Se-mails sxm | 347 @student bham ac.uk

“The experiment will be also home to measurements of
‘geo-neutrinos (how heat production works on Earth), reac-
tor antineutrinos, neutrinos and antineutrinos from super-
nova explosions and low energy solar neutrinos.[ 11

1.3 Detector calibration

‘The calibration of the detector will ma
and optical sources. While radioactiy, w
check the energy scale, resolution, efficie, _airection,
position and energy) and o spot systematic uncertainties,
the optical sources certify the PMT response and measure-
‘ment of the optical properties of the detector. To guarantee
aceuracy in the experiment there are 6 cameras that scan
the AV and check the triangulation of the positions of the
calibration sources inside the detector.[11]

‘The laserball (mobile source diffuse sphere) is used for
the efficiency of the PMTs and it also characterises the
PMT and reflector assembly response. [11]

1.4 The Photomultiplier Tube (PMT)

Light incident on a PMT [A-2] will produce a photoelec-
tron. Subjected 1o a strong electric field the e acceler-
ates and creates an electron shower that is interpreted as
a pulse. This causes an accumulation of charge and sub-
sequently the TAC slope of the pulse - time to amplitude
- alters the analog to digital counts into a time value. It
is known as a PMT hit when the charge crosses a thresh-
old. The PMTS read out times and charge values that are
analysed 1o spot physics events.

NO+ accomodates approximately 9400 PMTs
SNO as well,

and detecting light that is created by particle interactions.

ere are extra PMTS in the neck of the AV and in the
outer surface of the sphere (OWLs). OWLS are important
to identify light from external sources such as cosmic
muons.

LIP-STUDENTS -19-000
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The ATLAS bareel hadronic sampl
(WLS) plastic optical

calorimeter, uses scmlllhlmg plastic tile
(ed light

in Particle Physics - Aging of WLS Optical fibers using the Fibrometer

February 13, 2020

as the sensitive

Abstrac
‘medium and

same type of detection principle is one of the options for hadron ulonmcu) e coldes. Regrding this

type of detection systems and during the internship at LOMaC the
WLS fibres during 20 years. For the optical ibres,

following was stu
ight yield follows the trend of the uv:d reference fibers for

the natural aging of

the measurements taken during a period of 20 years. The optical fbres attenuation length decreases during this
period of time. The ratio of light intensity at different points of the fibre over time remained constant.

Kexvworns: LHC, Tile Calorimeter, Optical fibres, Aging

1 Introduction

For this paper we have performed a 20 year old follow-

of Jiy inpp

Francisco Albergaria'® and Henrique Borges'®

*Instituto Superior Técico, University of Lisbon

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

Abstract.

“The polarization of prompt Ji mesons is measured in proton-proton collsions at Vs = 8 TeV,

at \s=8TeVin

February 1

sing a

data smple collct by the CMS caperinentat the LHC Thepromp ol paramcics d i

momentum range 12
No evidence of large pelrzaton s seo i these ki
using earlier data. Pecliminary results of this an-"

KEYWORDS: QUARKONTUM, POLARIZ =

1 Introdue**

KQCD) is
~apable of explaining

cavy quarkonium. However,

s9 mesons is not correctly described

JeWhere the purely perturbative colour-singlet

_action 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-

m, p,, (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 quarkoma are expecte
polarized with respect to the direction of their own mo-
Mentum, 1 ncomnencies between the predictions made
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
culties in the conceptual basis of the theory.

Through the study of the angular distribution of the
leptons produced in the = quarkonium states’
™ decay, we can lm..nuruhurpuhn/
by the lambda parameters, from the expression provided
by Quantum Mechani

on, determined

Wicosd,9) = )" (OWY :(n.mn. o+
2 sin® 903 26 + Ay sin 20 cos ) 3 o)
v ot VG

with ¢ and # being, respectivly, the azimuthal and polar
angles of the " with respeet 10 the 7 axis of the selected
pnkmmnm\ frame [2]

te-mail: rancisco.albergaria @tecnico lisbos.
Pemail: henrigue joso.machado borges @tecnico.ulishoa.pt

angular distributions in the heliciy frame. The,
7 < 70 GeV and in the rapidity interval

+ obtained in the tr}

ement with pas

1t is important 1o state that the ms
oretical studies on J/4 polarization
even though all the coeflicients give ind
tion [3]. Tn this paper (as well), we or
cos(#) distribution. However. correct
ation measurements require informatic
gular distribution parameters, in al leas
frames.

‘The definition of a coordinate syste

e referen
fixed with respect to the physlc'\l refer
the directions of the two colliding beam)
quarkonium rest frame. In this analysis,
helicity frame, HX, that is the opposite
motion of the interaction point (i.e. the,
the quarkonium itself in the center-of-m
beams). as stated in [4]. A formal and in
of the three most used definitions of the
2 (decay reference frame) with respect t
‘motion of the colliding beams and of th
be found in the last reference cited.

In this analysis, we considered pp
tained by the CMS experiment in 20
with both J/ mesons in transverse
12 < pr < 70 GeV and in the rapidity
and a Monte Carlo simulation generate,
larized production (uniform J/y decay ¢

2 CMS detector and Data Pro;

The CMS apparatus 5] was designed a1
ement: a superconducting solenoid of €
eter, providing a 3.8 T field. Within the
are a silicon pixel and strip tracker, a I¢|
al electromagnetic calorimeter, and 4
hadron calorimeter.
detectors embedded in the steel return)
solenoid and made using three technoll

Muons are measureq
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Characterization of Scintillators for the Future Circular Collider as a function

of their dimensions

Rudnei Machado'*
*Faculdade Anhanguera de Joinvill

Project supervisor: R. Gongalo

February 13, 2020

Abstract. The calorimeters to operate in experiments at the hadronic Furure Circular Collider - FCC-hh - will
be one of the key pieces for the complete exploration collisions between hadrons. This is because the increase

in energy in proton collisions will require detectors.

that can work in environments of severe radiation, with

high energy rates. presenting a high resolution and low granulasity. In this context, the choice of the hadronic

calorimeter of the FCC detector - bh, the
by the ATLAS Tile Calorimeter calorimeter (TileCal).
will be separated through a reflcetive material (c.g.

Hadronic Barrel (HB)

‘Tyvek) and read by wavelength displac

and the extended barrel (HEB), will be inspired
“The HB will have 10 laers. with scingllating tiles that
«coment fibers (WLS)

of 1 mm in diameter connected to silicon photomulipliers (SiPMs). Our study focuses on the comparison of
the luntinous signal intensity in the tile of the first layer of the HB and the tile in the last layer of H, taking into
account the dimensions of the tile, A study of the optimization of the signal uniformity with a light-absorbing

black strip deposited on the tile was made, and results
CERN. The procedure was performed in the Tilemeter,

Kexworos: Future Cireular Collider,tile, Calorimeer,

1 Introduction
14 Particle detectors

‘The development of particle physics s directly associated
with the use of particle detectors, whose operation is based
on the transfer of part of the energy emitted to the mass of
the detector [1], and the detection of these particles oc-
curs through the loss of energy of particles when they pass
through a certain material [2], thus enabling the detection
of the most diverse particles. The detection occurs by the
interaction of the particles with the detector, interaction
associated with the collision of the particle with the atoms
of the medium, resulting in the loss of energy of the par-
ticle. However, not all particles can be detected dire
ome are detected indirectly through particles that arise
from their interactions. [3]
Particle detectors can be divided into two large groups:
detectors that function through ionization processes and
detectors that function through excitation processes. Ton-
ization detectors can also be divided into gas and emulsion
detectors, in which the detection process is based on the
trail of the electron-ion pair, which when subjected to an
electric field, the charges can be collected. Electrons are
collected in the anode, and ions in the cathode of a cham-
ber, where the signal reading is performed by specialized
electronics with the amplification of this signal. In semi-
conductor detectors (silicon, germanium and others), the
working principl is based on p'\mcle interactions creat-
ing a trail o -hole pairs|
In mmmm.eu detectors (u\cn as the TileCal in the AT-
S experiment), the principle of operation is dircetly as-
oiaed with the eneray "lost" by the particles that affect
the scintillator, causing an excitation of the scintillator par-
ticles and, consequently, the emission of light in the visible

Se-mal: udnei.cem2017 @ gl coms

were compared with similar experiments performed at
an ATLAS experiment.

signal uniformity

and ultraviolet (UV) ranges. These detectors can be of var-
fous types, but our study is based on organic scintillators
with a solid plastic solvent

1.2 Plastic Scintillators

Plastic scintillators are currently one of the most econom-
ically viable options, and their light yield is associated
with the interactions of the particle with the scintillator
molecules. According (0 [5)

scintillating solution, usually composed
of a solvent substance plus one or two sub-
stances capable of emitting light when dissi-
pating energy, the charged particles and the
secondary electrons release energy interact-
ing mainly with the molecules of the solvent,
most of them in the scintillating solution, in-
creasing the thermal energy of those who have
undergone interaction. Part of the released
energy wil also be consumed in the creation
of fon pairs, free radicals and molecular frag-
‘ments, making the luminous efficiency of the
scintillating solution dependent on the way
these products recombine. The concentra-
tion of these products will depend on the spe-
cific ionization of the radiation, being higher
around the trajectory of the particle, mainly in
its initial point of interaction, causing a reduc-
tion of the luminous efficiency every time this
ereat quantity of ions and cxcned ‘molecules
react among th acting
with the molecules m e scmnllmors a phe-
‘nomenon denominated as extinetion by fon-
ization.




Paper write-up

A research paper documenting the results obtained in your project
Papers to be submitted as a LIP document shared in a public repository
All students strongly encouraged to submit the report

How much: 5 -10 pages
When: by mid October

Consider writing in LaTex — a template in OverLeaf will be provided
and is recommended for ensuring format uniformity. Other document

formats may be also accepted. Message will be sent with instructions.
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You shall receive an invitation to fill in a survey
to share with us your feedback on the program

« what you think went well
* how it could be improved

Your feedback is important so we can
improve on future editions of the program
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Lisbon, 5th September 2020

The LIP Internship Program Coordinator,

Thanks. Farewell.
Please stay all safe.



