=75?'il LABORATORIO DE INSTRUMENTAGAO
- _4! EaFrlz?cLC/?s E);;ESLIV}_SNTAL DE PARTICULAS
LI P 7 s

[ LIP-ECO ]

Communication, outreach, education and advanced training @ LIP
— Selected highlights —

Ana Sofia Inacio, Luis Afonso, Nuno Leonardo, on behalf of the LIP-ECO Group

Jornadas do LIP, Braga, Feb 2020



LIP-ECO

Institutional Communication Outreach and Advanced

Internal & External support to education training

Coord: Catarina Espirito Santo Coord: Pedro Abreu Coord: Nuno Castro & Nuno Leonardo
Ricardo Goncalo (Coimbra) Filipe Veloso (Coimbra)

With the participation of all the LIP community
All LIP nodes



LIP-ECO

Institutional Communication Outreachand Advanced
Internal & External support to education training
= Yearly Reports & Plans » Talks in schools = LIP Internship Programme
» Evaluation » Masterclasses = Research projects
» LIP-News Bulletin » CERN PT Teachers programme » (under)graduate courses
» Site news and maintenance » Other Teacher Training Progs. » Schools and workshops
= Social media = Schools visits to LIP » Seminars and hands-on tutorials
» Media relations » Support to school projects » PhD programmes management
« cLIP digital Newsletter = Edulab = Participation in Univ events
= Event dissemination = Collaboration with SPF = Inside views, ENEF
» Comm with and for students » Summer internships » LIP Room at IST
« EPPCN » European Researchers Nights » LIP student workshops
» GENERA: Gender Equal. Network = IPPOG » Training future trainers in RP+NT

Will select a highlight from each... take a look at the yearly reports for details



Selected highlights

Institutional Communication Outreach and Advanced

Internal & External support to education training

An internal & external

. : Developing the experimental side Attracting students to LIP
communications project
Communication with & for students Support to lab projects in schools and LIP |
at LIP: an example Summer Internships

Speaker: Ana Sofia Inacio Speaker: Luis Afonso Speaker: Nuno Leonardo



Institutional Communication
Internal & External

» Yearly Reports & Plans

» Evaluation

» LIP-News Bulletin

» Site news and maintenance

» Social media

» Media relations
cLIP digital Newsletter
Event dissemination
Comm with and for students
EPPCN

take a look at the yearly reports for
details

Highlight

Communication
with & for students

An internal & external
communication project

Speaker: Ana Sofia Inacio



Communication with & for students

Getting LIP PhD & Master students more involved in outreach

e Provide students with some formal training and practice in science communication
e get the young members from different groups to work together

e Benefit from the fact that young people are closer to school public



“LIP - Das Profundezas da Terra ao Espaco”
9th of May, 2018

Celebration of the 32" LIP Anniversary

Full auditorium, with around 80 secondary school students
and teachers

Das profundezasda Ter.. Q

e
SHARE EDIT

Q LIP Lisboa

Q LIP Coimbra

Q LIP Minho

© ATLAS Experiment - CERN

© CMS Experiment - CERN

Q LIP Computing
AMS Experiment - International Space Stati.
SNOLAB
Pierre Auger Observatory

© ESA-ESTEC




“Particulas: do Universo ao Laboratorio”
11th of February, 2019

Celebration of the International Day of
Women and Girls in Science

Two sessions with full auditorium, around
140 secondary school students and
teachers




Accao de formacao “Falar em Publico”
com Josée Vitor Malheiros

10th January 2018 —12 people from LIP-Lisboa, Coimbra and Minho

30th January 2019 — 8 people from LIP-Lisboa

Obijectives

- Internalize the distinction between the objectives of peer
communication and communication with lay people

- Acquire basic skills in oral communication on scientific topics




Using Social Media to Our Advantage

National and International Outreach

« Share LIP news, events and achievements of the
experiments/areas LIP is connected to.

LIP - Laboratdrio de Instrumentagdo e Fisica Experimental  *=* No passado dia 15 de Janeiro, 0 nosso colega Pedro Abreu esteve na
¢ de Particulas Biblioteca Municipal d a - 0 a participar na 8° sessdo do
Publicado por Ana Sofia Incio 1h-© ciclo de conferéncias de divulgac com a apresentacdo "O
&) ATLAS Experiment at CERN Campo de Higgs em Beja"
Als

10 de fevereiro as 20:30

ebapps 9
AFCT e o LIP concordaram em pr
doutoramento em fisica de part
relacionados, relevantes para a part

rama de bolsas de
lominios cientificos e tecnolégicos
cipagao portuguesa no CERN. Dois

LIP - Laboratério de Instrumentagio e Fisica Experimental ~ ***
¥ de Particulas
© = i Publicado por Ana Sofia Inacio

LIP @lipwebapp: e v Curso introdutério de Geant4 do LIP, a decorrer de 11 a 13 de Fevereiro na
Ep. 747 Patricia Gongaly dores portugueses desesvoivem Universidade do Minho. Inscrigdes até 24 de Janeiro, e mais informacdes
instrumento para mis: acial Europeia a Japiter ’ N
90segundos 2.t em https://indico.lip.pt/event

ndo

Q ! Y ih

INDICO.LIPPT

LIP @lipwebapps - Dec 16, 2019 v
Em novembro e dezembro d eu montagem e instalagio de LIP introductory course on Geant4 (11-13
grande parte do detector CA! boratério FAIR, em Darmstad February 2020): Overview - LIP Indico

Elisabet Galiana, do grupo NUC-RIA o LIP, fez parte da equipa lip.pt/? l nd l m
(Indico)

Press Statement: ATLAS Experiment
releases 13 TeV Open Data for Science
Education

Geant4 is a Monte Carlo simulation toolkit for
LIP @lipwebapps - Dec 16 v particle transport widely used in high-energy

FIB .. cemans, defenceu com sucesso a sua tese de mestrado a aluna

do Universidade do Minho Filipa Peres, que realizou o seu trabalho de

investigagao no LIP-Minho

Geneva, 10 February. The ATLAS Collaboration at CERN has just
released the first open dataset from the Large Hadron Collider’s
(LHC) highest-energy run at 13 teraelectronvolts (TeV). The new
release is specially developed for science education, underlining the
Collaboration’s long-standing commitment to students and teachers
using open-access ATLAS data and related tools.

Q 0 * il

LIP @lipwebapps - Dec 9, 20 v
0 workshop BSM decorreu em

acgdo COST VBScan e incluiu uma

"The ATLAS Collaboration...

Ver mais

Q 0 0 & il



Using Social Media to Our Advantage

National and International Outreach

« Share LIP news, events and achievements of the
experiments/areas LIP is connected to.

« Share knowledge and educate the general public.

CHRISTMAS PERIODIC TABLE ~ + & _
. o Celebration of the

150 Years of the Periodic Table

(Ban.
P)u :ru | B

47 riddles about periodic table
elements every week throughout
2019

* Questions/answers relating each
element to a topic in particle
physics
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Using Social Media to Our Advantage

National and International Outreach

The future — show what is done at LIP, by the researchers and students




Outreach and
support to education

» Talks in schools

» Masterclasses

» CERN PT Teachers programme
» Schools visits to LIP

» Support to school projects

» EdulLab

» Collaboration with SPF

» Summer internships

» European Researchers Nights
» [PPOG

take a look at the yearly reports for
details

Highlight

Developing the experimental side

Support to lab projects
In schools and at LIP:

The example of AE Benfica

Speaker: Luis Afonso




LIP-EdulLab

Reinforcing experimental activities proposed to high-school students

2018/ 2019

“Particle Physics and its tools” (F. Barao, C. Esp Santo, A.S. Nunes)
» “Ciéncia Viva in the Laboratory” internships
» “Cientificamente Provavel” programme with ES D. Filipa de Lencastre and ES Restelo (Lisboa)
» Support to projects proposed by the teachers/students: AE Benfica (Lisboa), AE Joane (Minho)
» Collaboration with LIP-Minho: working towards similar goals (R. Sarmento, N. Castro, H. Carvalho, J. Alves)
» Thanks for the support from LIP-Coimbra and e-CRLab (F. Neves, L. Lopes, JC. Nogueira, M. Ferreira, P.
Assis)

2019/ 2020
Focus on development: new projects and equipment

» A wider team in Lx: Marcia Quaresma, Marco Pinto, Nuno Barros, L. Afonso, P. Abreu, P. Assis, F. Barao, C. ES, ...

» People and ideias welcome!

» For schools:
» Support to projects developed by the schools
» Visits to LIP: talk + cloud chamber workshop



AE Benfica example

Participation in events
EdulLab/Fisica das Coisas

LIP impact on students

Maker Space

Fisica das Coisas

www.fisicadascoisas.pt

Coordinator: Luis Afonso

luis.fonso@fisidascoisas.pt




1.
Participation in events

With students
As a teacher




Participation in Events

Students

International
MasterClasses
in Particle Physics

LIP Talks in School

“Infinitely large and infinitely
small - The Void and the Higgs
Boson” R. Gongalo

"Angels, Demons, Matter,
Antimatter and what else is
done at CERN" P. Abreu

"Cosmic Rays - a challenge for
space travel!” L. Arruda

Talks and Workshops at LIP
From the depths of Earth to Space

Artificial Intelligence & Machine
Learning and Particle Physics - NL

Particles: From the Universe to the
Laboratory" in the celebration of the
international day of women and girls
in Science

European researchers night at
Planetario CG

National week of scientific and
technological culture: the 20 years of
the Pierre Auger observatory



LIP/SPF activities
with Students

IPhO International Physics Olympics 2018 (SPF) Lisbon

Schools visits to CERN and
S’Cool Lab

National Physics Olympics (SPF)




LIP activities as a
teacher

CERN - PT Teachers Programme 2018 (P. Abreu)

= NN

Ciencia Viva - Hackathon Mars
Lousal Mine 2019
(P. Gongalves and P. Assis)

CERN - The International Teacher Weeks (ITW)
Programme 2019



2.
EdulLab/
Fisica das Coisas (*)

Cosmic Watch

Photogate communication
Cloud Chambers

(*) Physics of things



Edulab /
Fisica das coisas

Cosmic Watch (C. Esp. Santo, F. Neves, J. Nogueira, M. Ferreira)

Photogate Communication
(N. Barros)

CanSat 2019 Ciencia Viva




Edulab /

Fisica das coisas
Cloud Chambers (C. Espirito Santo and P. Abreu)

S’ Cool Lab at CERN “Fisica das Coisas” Space Maker




Edulab /

Fisica das coisas
Cloud Chambers (C. Espirito Santo and P. Abreu)

.

- A

Teachers WorkShop  European researchers
in Casa das Ciéncias night at Planetario CG

National week of scientific and
technological culture




3.

LIP Impact on students

Learning
What students and parents think




Learning

Students

Teachers LIP Researchers



What Students and
Parents Think

“The visit to the laboratories (LIP) and CERN completely changed my choice of course, | want to
go to Physics". (J.)

“Because | built the Cosmic Watch and participated in CanSat | was admitted on an internship ...".
(C)

“With the coming of that researcher (L. Arruda) at school | already know which course | will
choose”. (M.)

“You can't imagine how all your particle activities were important for my son's course choice”. (R.
mother)

“... the participation in these projects (with LIP) radically changed my son’s course option”. (T.
mother)



www.fisicadascoisas.pt
luis.afonso(@aebenfica.pt




Highlight

Advanced training

engage+support students in research

LIP Internship Program
Research projects
(under)graduate courses

Schools and workshops
Seminars and hands-on tutorials
PhD programs management
Participation in Univ events
Inside views, ENEF

LIP room at IST

LIP student workshops

Training future trainers in RP+NT

LIP Internship Programme

take a look at the yearly reports for details Speaker: Nuno Leonardo




Attract university
physics students

» receive university physics
students from first years @LIP

» take part in events @University

» important first contact students
have with LIP and what we do

Events at LIP, FCUL, Coimbra, Minho,
Activities at LIP room at IST
Colloquia, seminars, graduates chats
with undergraduates, PubhD




I11 EDITION

SUMMER STUDENT
Engage students Schools PROGRAM LIP/2019

in our research Courses PORTUGAL LISBON COIMBRA MINHO

WO rl(shops JOIN US, PHYSIC PROJECTS

IN INTERNATIONAL CONTEXT

Research internships for physics
and engineering undergraduate students.
Projects last between 2 and 8 weeks.

® LHC Physics

* Cosmic Rays

* Neutrinos and Dark Matter
\J * Structure of Matter and Heavy lons

Detectors and instrumentation
ﬂ JULY-SEPTEMBER

lUOl'kShOp LIP Lisbon, 8,9 e 10 de Julho 2019

VENUE SCHOOL  SYMPOSIUM Registration will open soon!

DATA & e | |
SCIENCE A PHYSICS AT THE LH‘QC A , ' s

Lisbon, PORTU Costa da Caparlc
02 MARCH - 28 qiN Hotel Tryp Lisboa Caparica M

16-20 MARCH 2020, COIMBRA, PORTUGAL
o
=gy

An event showing the potential of data science in l

L1 P
modern society'and stimulating synergies between :
fundamental research and industry \ Scil
\ ‘ -
S EDEt (:r) — REGISTER NOW Organizing committee: lii t/lisb hool2020
V =L _N: | P. Assis, R. Conceicao, F. Joaquim, M. Pimenta, J. Romao www.lip.pt/lisbonschool

COIMBRA SO & TEomALDGY v o -



Graduate research

opportunities+support
PhD programs | Schools | Workshops

27 T == -z,

z gl EIGHT IDPASC School th

P A ots 10* IDPASC School
IDPAscm\ IFIC, Valencia Nazaré, Portugal

25 May - 04 June, 2020 25 MAY-4 JUNE
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Particle Physics
Susanne Kuehn Arantza Oyanguren International Advisory Boar
Francisco Campanario Luca Fiorini Alessandro de Angelis (U. Padova)
Miguel Nebot Oscar Vives Francisco J. Botella (IFIC, Valencia)
Astrophysics and Cosmology Antonio Ferrer (IFIC, Valencia)
Olga Mena José Antonio Font Carmen Garcia (IFIC, Valencia)

25_27 JUNE 2020 Stefano Gariazzo, Mario Pimenta Mario Pimenta (LIP, Lisboa)

Sergio Palomares Maurizio Spurio 1
_Local Organizing Committee

Juan de Dios Zornoza
DIMBRA Neutrinos Physics Francisco J. Botella,

Mariam Tortold Sergio Pastor Juanjo J. Herngndez,_

Michel Sorel Fernando Martinez-Vidal
i Nuria Rius

Public Lecture José W.F. Valle

Luis Alvarez-Gaumé

| 1-3 July 2019

School of Sciences Auditorium
Minho University
Braga, Portugal

f‘
ng committes
ol UF

rs

hatps:ifindicolip. ptfevent/s43/ :;, e
S [ A
b’ L e ¥ )
Secretariat il . . NN
Bl FCT MiTeresa Andreu (iC) - m teresa.and FCT R 2

licolip.pt/event/583/ andreu@ific.uv.es
Natdlia Antunes (LIP) - natalia@lip.pt

"Francesco Romano”
27 May - 4 June 2019, Otranto (italy)

IDPASC



LIP| P 2

EsTAGIO8 ESTAGIOS SUMMER STUDENT
e’ A PROGRAM LIP/2019 . .
2 N i b ey lip.pt/estagios-de-verao

indico.lip.pt/category/36/

‘,/ ey
|
Gk @ cern.ch/lip/si/
- /i\ = /%\@ . training@lip.pt

LIP flagship program — involving all three poles and all research groups

undergraduate physics students become scientific collaborators
on research projects for a two-month period over summer

students take part in lectures, topical discussions and hands-on tutorials,
carry out a research project, and present results at final workshop



http://lip.pt/estagios-de-verao
http://indico.lip.pt/category/36/
http://cern.ch/lip/si/
mailto:training@lip.pt

Most recent innovations (2019)

Organization

* Lectures
* reduce lecture time

» project submission by researchers - added “topical chats”

= announcement
= website | poster | social media
presentations at universities
= student application
» project assignment
» student+supervisor ranking
= tutorials week
= project development
gatherings
= final presentations
» 2-day workshop
. editing | review

e Tutorials
» students have choice
* e.g. to match background / interests

* Mid term
* “August chats”
« students present their planned
topics to colleagues

* Research papers
» students offered possibility to write
research paper 5-10 pages long




INDUCTION
TUTORIALS

{ Thematic |
e

——

Hands-on
exercises




MID-TERM
ACTIVITIES

(‘August Chats)
Student seminar

weekly Sessions
(Students present to colleagues a
problem they are addressing)

after-work party
In the garden







Agenda ek
(2019)

» | 1-days worth
of meetings

Opening ()

Introduction to particle physics (until 11:30) ()

LHC Physics - Michel ind data aquisition ir Astroparticle ics - Ruber
Galllnaro (LIP) 0 2 . r“ ?Agaoqs‘ﬁlj:h: nin Concslc!g (‘Lf S e
Gomes (LI ) () p

Introduction to Particle Physics - Mario Pimenta (LIP) ()

2~

Nucleon - Catarina

of the
intans (LIP) ()

L~

Higgs & BSM - Ricardo Gongalo (LIP) ()

11:30 Tutoring discussion (until 12:30) ()

geu(vlnus - Sofia Andringa (LIP)

(LIP)

Hesuyfon physics - Helens Serios

SFCS tbe - Alberto Blanco (LIF')

W Tutoring discussion 2-
{unti 15:30) 0 2

d intl
mm)rg liscussion (u 735

and University of Minho) () L2~

nlII 12
(ll '30) 0 Tutoring chat: Astro - Henrique
Tumrlnﬂ chat: LHC - Filipe Veloso (LIP, Carvalho (LIP Minho) Raul
uc) (AD1) Tutoring chat: Detectors - Alberto Sarmento (LIP) ()
Blanco (LIP) (AD2) P

Tutoring chat: LHC - Pedrame Bargassa Tutorng chat: Asto - Alex Lindote
(UIP) Nano Leonardo (LIPy 2- Tutoring chat: Detectors - Tahereh (LIP, UC) Elias Lopez-Asamar
2 Niknejad (LIP) Joao Gentil (LIP) (AD1) 2

Mendes Saraiva (LIP) () 2~

2- 2- 17:00)

W Tutorial (until 17:00) () W Tutorial (until 17:00) ()

L~

& Some very complete slides on C++ | & The one page linux manual

Reconstruction with ROOT - Beamz Data Analysis (until 2~
2~ Lopes (LIP) Jogo Pedro de A 17:00) () Z
(LIP) Luis Sintra (1 5 12) Rute Pedro (LIP/FCUL) Helena

Introduction to ROOT - Jo&o Pedro de Arruda Gongalves (LIP) Luis Sintra Beatriz Lopes (LIP)
(i [ install_rootsh  f Some very complete slides in ROOT &2 ~

Likelihood fitting - Nuno Leonardo
Py 0 2~

MultiVariate methods - Giles
Strong (LIP) ()

Tutoring chat: Astro () 2~

W Lecture (until 14:30) ) > . : M)Asllwll (until 2-

Introduction to Linux and C++ - Diogo Bastos Ana Luisa Carvalho (LIP) Mariana Aratjo (1.5.10) Introduction to ROOT - Mariana Arajo Introduction to statistics -
D : 73 . Diogo Bastos Ana Luisa Carvalho (LIP) Pedrame Bargassa (LIP) () Hands-on: Neutrinos - Valentina
B C_LinuxTutorial.pdf || & C++ Quick reference A5.11) 2- Lozza (LIP) Nuno Barros (LIP)

SoﬁaA(ndringa(LlP) 0 p-

LHC: HYPATIA and OpenData -
L2~ el . Santos (LIP) () 2~

Litera ipunnano L) alns Sartos
(LIP) Nuno Leonardo (LIP) ()

L~

ninars - Liliana Apolinario (LIP) . | 11:30 | Student Seminars - Sofia . |11:25 Student Seminars - Taherenh Niknejad (LIP) (until 13:30) () .|| 11:30 | Student Seminars - Patricia CONDE .
0 R Andringa (LIP) (until 13:30) () R 2 MUIAO (LIP) (until 13:30) () 2
11:30 Hi n%detemrs for HL-LHC - Gongalo Raposo Vilia 2-
gnals from busy LHC heavy-ion 11:30 | Gamma-ray astrophysics with current Vitov Hugo da Cruz indade Cardoso () 11:30 | Exclusive tt-bar production in pp collisions at the Pedro Leal 0
0ao Gongalves Alexandra Pardal () and future detectors - Wagner Blotz () Apresentagio.pptx &2 LHC. - Miguel Nobre Guerreiro () R T T 2~
tChat_Bmeson_QGP_0808.pdf presentation mark_3pdf.pdf ttbar (August chats) .pdf de Mc 5
. 11:45 | O pléstico na fisica de particulas: cintiladores e fibras 6pticas - lvan . 2-
2~ 5] presentation mark_3ppt.pptx Pandero Mufioz Francisco Caetano da Silva Laranjinha Hugo Miguel Y Exclusive ttbar (August chats) .pptx
dos Santos Miranda () 11:10 Session (until 12:30) (Auditorium) -
er: From QCD to Monte Carlo event L~ - o L~
Sérgio Carrolo iris Brée () _and_ pptx L2~ — SEIET=
5 . | 11:40 | (pre)supernova signals in SNO+ - —— — — 11:45 of the ATLAS Hardware Track 2-
Stagio.pptx [ pres.pdf 2 Antnio Maschio, Miguel Avillez () 12:00 b-jets in Pb+Pb collisions with the ATLAS detector - Inés Rebanda () Trigger for the High Luminosity Era - Filipe Cruz 0
2d Jets vs Reclustered Jets - Rafael Antineutrinos.pdf b-jets_in_PbPb_collisions_with_the_ATLAS_detector.pptx 0 (A noname.pdf &2 ~ 2
Cordeiro () Abreu ()
structed_vs_ Reclustersd. Jets.pdf Antineutrinos.pptx 2 12:00 St_lﬂsof I(I;:n};ggsl:?:plmgs mowp quarks in 0‘2
p - - [ Apresenta_o_LIP@2).pdf £~ 2
11:50 | Efficient modeling of optical photon B
foinovst o in SNO+ Samuc) 2
|amma ray showers - Hugo Léio Luis Hagal'f\ées 0 =L =
3 . 14:00 Session (unl 15:20) (Auditorum) 1490 u—nu-mmu.-um) .
S presentation.pdf Presentation_Sam.pdf | 2- ‘ 3
2- ‘ (Audiorium) 7E
ES presentation.pptx Samuel.ppix 2- =
- 7%
2 2 (Auditorum) 2-
11:55 | Argon transparency to neutrons -
Leonardo Oliveira () 2 Aborgara Francisco. (Audiorium) 2-
Leonardo.pptx — Colfes Breh—
LIP - August chats 2.pptx -
2-

Qv

12:05

AMBER - Physics simulations for a new

Ao (Audiorum) >

experiment at CERN - Rita Silva ()

[ pres_amber.odp

pres_amber.pdf




3 editions and counting

2017 2018 2019
1st edition 2nd edition 3rd edition
proposed 40 38
picatons o 7
;lljedcetgfislpresented 41 63 68/55
Presentations 16 30+3 30

Large increase since 15t edition — have now reached sustainable plateau.

Group
ATLAS
Auger
Auger/ECO
CMS
COMPASS
DM/ATLAS
Dosimetry
DUNE
LATTES
MuTom
NUC-RIA
Pheno
SHiP

SNO+

Total



Research papers
proposal (to CC)

reference schema: LIP-STUDENT-19-007
made available from public database

LIP-STUDENTS-19-600
B mesons as novel probes of QGP

Joao Gongalves'* and Alexandra Pardal’®

*nstituto Superior Técnico, Lisboa, Portugal
2Faculdade de Ciéncias, Lisboa, Portugal

Project supervisors: N. Leonardo, J. Silva

LIP-STUDENT- Project 52

LIP-STUDENTS-19-642

AMBER- Physics Simulations for a new experiment at CERN

Rita Ataide da Silva'*

'Instituto Superior Técnico, Lisboa, Portugal

Project supe

or: C. Quintans

February 13, 2020

LIP-STUDENTS-19-666

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

testbench of LOMaC

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

*Universidad Auténoma de Madnd Spam
ZInstituto Superior Técnico, Portu
*Faculdade de Ciéncias da Umversrdade de Lisboa, Portugal

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

quarks and gluons dynamies insi
analyze a very rare process, Drell-Yan. Drell-Yan is a quark-antiquark anniilation, where the resulting virtual
idy

ide hadrons. Physics simulations were

d using Pythia8 in order o

Project supervisor: A. Gomes, R. Gongalo, 1.G. Saraiva

hot

of muons. The starting poi

d

hdron mocsemi e by tho sk quak, Bokos . “The acceptance of e doacor vas o siamioes
it

by applying some of proton misidentification

by a pion.

1 Introduction

1.1 AMBER

Efficient Modelling of Optical Photon Propagation in SNO+

‘Samuel Filipe Azevedo Magalhzes'*
*University of Birmingham, Birmingham, United Kingdom

Project supervisor: Nuno Barros

Abstract. SNO+

February 13, 2020

angle. Finall

Kevwokos: AMBER, PHYTIA, Bjorken x

For the dimuon:
© pr : transverse momentum;

© pass : absolute momentum;

The COMPASS++/AMRER_(nrato-)_callaharation._nro-

LIP-STUDENTS-19-66¢

Abstract. The ATLAS barrel hadronic sampling calorimeter, uses scir
medi fing (W1 i

February 13, 2020

ing plastic tiles as the sensitive
light The

ma

WLS fibres during 20 year
the measurements taken duri

Kevwowps: LHC, Tile Calorimeter, Optical fibres, Aging

1 Introdu

For this_naner e have nerformed 2,20 vear old_fallow-

LIP-STUDENTS-19-000

of Jiy inpp

Francisco Albergaria’* and Henrique Borges'®
instituto Superior Técnico, University of Lisbon

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

Abstract.

at s=8TeVin
of their dimensions

Rudnei Machado'-*
February 1. "Faculdade Anhanguera de Joinville

Project supervisor: R. Gongalo

P by the CMS experiment at the LHC in November 2018, The B° and B, producton differntal cross-
‘measured.

secions in
sedium affec

priry quark. The B, meson is observed for the frst ime in heavy o oo

Kevwokos: LHC, QGP. B T h

cest. I so,tis docey can prove thataeurinos e hei own alipasices (Majorata Nauee) aod potenilly

is crucial to. the detectors”
response. In fact, the optical response of the experiment was affected by aging of some of its components.
‘This work attempts t0 improve the PMT angular response model (efficiency in collecting light depending on
the incident angle) by allowing the reflection model to vary the diffuse and direction reflection fractions as a

‘The polarization of prompt J/¢ mesons is measured in proton-proton collisions at V5 = 8 TeV, using 4

dtn sumpl cllected byt CMS cxpeiment e LHC. The prcnp pobcizaion e d 1]
he helicty frame. The Jir

momentum range 12 < pr < 70 GeV and in the rapidity intervals ] < 1.5.

No evidence of large polarization is seen in these kinematic regions, which is in agreement with pa

using earlier data. Preliminary results of this analysis are shown here for the firsttime.

same type of detection principle is one of the options for hadron calorimetry at future coliders. Regarding this
type of detection systems and during the intership at LOMaC the following was studied: the natural aging of
. For the optical fibres, light yield follows the trend of the us
riod of 20 years. The optical fibes attenuation I:uglh decrees during his
period of time. The ratio of light inensity at different points of the fibre over time rem

ssed reference fibers for

(A
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Abstract. The calorimeters to operate in experiments a the hadronic Future Circular Collider - FCC-hh - will

be one of the key picces for the complete exploration collisions between hadrons. This is because the

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 granularity. In this context, the choice of the hadronic

calorimeter of the FCC

detector - hih, the Hadronic Barrel (HB) and the extended barrel (HEB), will be inspired

Contents work we study the B* meson (bu) and the B, meson Lbs,
121 the initial hard scatt
1 Introduction 1 age and retain their identity while traversing the mediun
they are in, thus recording information about its evolution
2 The CMS detector 1 By comparing pp collisions (vacuum medium) with PbPY
5 . collisions (QGP). we can thercfore use B mesons as probes
3 Data, MC samples and signal selection 2 1o study the QGP propertics. The goal of this smd‘; is g
4 Extracting signals from busy fon collisons 2 Masure the & meson’s cross section in PbPb collsions
e benetion 3 5TeV and o study how the QGP affects the hadronizatior
42 sPlot 3 ofthe b quark
The cross-section is given by:
5 Yield measurement 4 N
5.1 Likelihood model 4 o= al
Yield results and significance 4 sABL
Fit vlidation S where N is the signal yield, £ the luminosity, 8 the
Systematic uncertainties from fit procedure 5 branching fraction, 4 the acceptance and & the cffciency
55 Systematic uncertaintics from PDF modeling 6 While A is measured from data, through the implementa
56 Differential yield .. ........... 6 tion of an unbinned fitting procedure in Section 5.1, & and
Aare determined from Monte Carlo (MC) simulation, that
6 Efficiency determination 6 is validated through the methods of sideband subiractior
and sPlot. in Section 4.
7 Differential cross-section measurement 7
7.1 Data represenation (abcissac) L
72 Systematic uncertainties . . ... .. .. & 2 The CMS detector
i N The Compact Muon Solenoid (CMS) is one of the fout
8 Skills acquired 8 Jarge experimens a the Large Hadron Collider (LHC). I
9 Summary and perspectives 8  Fig 1 is represented a transversal slice of the detectol

1 Introduction

Quantum chromodynarmics (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

Se-mail: joaofranciscogoncalves @tecnico.ulisboa pt
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and its layers. When the particles travel through the detec
tor they leave signatures (deposits of energy) in different
h allows their identification. In Fig, 1 it i
yers from inward to outward
the ilicon rackr, which measures the positions of pass
ing charged particles allowing their track reconstruction
the electromagnetic calorimeter (ECAL) and the hadronid
calorimeter (HCAL), which measure the energy of parti
cles): the solenoid, with a magnetic field of 3.8 T, thaf
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 td
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

function of the position in the light concentrators. An improvement in the match between data and simulation
was verified.

Kevwowos: 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

ata depth of 2 km s a remodel of the SNO experiment. It

is 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).

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 v of the Te isotope [11.If observed it would
demonstrate that neutrinos are their own antiparticles (Ma-
jorana Nature)

Pe-mail: suml 347 @ student bham.ac.uk

‘The experiment will be also home to measurements of

nova explosions and low energy solar neutrinos.[11]

1.3 Detector calibration

‘The calibration of the detector will make use of radioactive
and optical sources. While radioactive sources serve to
check the energy scale. resolution, efficiency (of direction,
position and energy) and to spot systematic uncertainties.
the optical sources certify the PMT response and measure-
‘ment of the optical properties of the detector. To guarantee
accuracy 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

IT and reflector assembly response. [11]

1.4 The Photomultiplier Tube (PMT)

Light incident on a PMT [A-2] will produce a photoelec-
tron. Subjected to 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 to spot physics events.

SNO+ accomodates approximately 9400 PMTs
(Hamamatsu RI408) that were used in SNO as well,
although some needed some tinkering or even total
replacement. ~ 97.9 % are facing the PMT support sphere
and detecting light that is created by particle interactions.
There are extra PMTs in the neck of the AV and in the
outer surface of the sphere (OWLS). OWLS are important
10 identify light from external sources such as cosmi
muons.

Kevworps: Quarkoxtua, PoLarizariox, NRQCD, QCD, Hakox Forsario

1 Introduction

Non- relanvn ic quantum chromodynamics (NRQCD) is
the m, y effective theory capabl
the pmducuon and decay of heavy quarkonium. However,
the polarization of J/u mesons is not correctly described
in this theory, where the purely perturbative colour-singlet
juction is complemented by processes including pos.
sible non-perturbative transitions from colour octet states
10 the observable bound states. fore, it is crucial
to analyze the most recent experimental data, which al-
ready reaches rather high quarkonium transverse momen-
tum, ;. (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 ﬂngula' distribution of the
leptons produced in the J*C = 1=~ quarkonium states”
- decay. we can measure thei pﬂanu n. determined
by the lambda parameters, from the expression provided
by Quantum Mechanics:

(1+ tocos? 0+

m

A sin® # cos 2 + gy 5in 20 cos | ———
ol GoosZp t dposin2hco ‘)mhm

with ¢ and 9 being, respectively, the azimuthal and polar
angles of the 41, with respect to the z axis of the selected
polarization frame (2]
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by the KTLAS Tie Caleimecr caloincer (TECal. Th HB will b 10 layo, with cinlaing il ot
will be o
011 i dametes conneced 0 sicon photomalipers (IPM). Our Sy focuscs on the comparson ot
the luminous signal intensity in the tile of the first layer of the HB and the il in the last layer of HB, taking into
account the dimensions of the tle. A study of the optimization of the signal uniformity with a light-absorbing

It s important to state that the m}
oretical studies on J/y polarization |
even though all the coeflicients give ind
tion (3], In this paper (as well), we of
cos(®) distribution. However, correct ¢
ization measurements require informati
gular distribution parameters, in at leas
frames.

“The definition of a coordinate syste]
which the momentum of one of the ty
is expressed in spherical coordinates,
‘measurement of the distribution under
quarkonium measurements, the referery
fixed with respect to the physical refe
the directions of the two colliding bean
quarkonium rest frame. In this analys
helicity frame, HX, that is the opposite
motion of the interaction point (i.. the
the quarkonium itself in the center-of-m}

beams), as stated in [4]. A formal and it
of the three most used definitions of th}
< (decay reference frame) with respect {
motion of the colliding beams and of 1t}
be found in the last reference cited.

In this analysis, we considered pp
tained by the CMS experiment in 201
with both J/¢ mesons in transverse |
12 < pr < 70 GeV and in the rapidity
and a Monte Carlo simulation generatq
larized production (uniform J/y decay

2 CMS detector and Data Pro

‘The CMS apparatus [5] was designed a
ement: a superconducting solenoid of §
cter, providing a 3.8 T field. Within th
ixel and strip tracker, a I
tal electromagnetic calorimeter, and §
hadron calorimeter. Muons are measure,
detectors embedded in the steel returr
solenoid and made using three technol

rea s

black strip deposited on the tile was made, a

alts were

compared with similar experiments performed at

CERN. The procedure was performed in the Tilemeter, an ATLAS experiment.

Kexworos: Future Circular Collider, il

1 Introduction
1.1 Particle detectors

‘The development of particle physics is directly associated
with the use of particle detectors, whose operationis 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 directly,
some are detected indirectly through particles that arise
from their interactions. [3
icle detectors can be divided into two large groups:

detectors that function through ionization processes and
detectors that function through excitation processes. Ton-
ization also be divi
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 principle is based on particle interactions creat-
ing a trail of electron-hole pairs[4].

Inscintillation detectors (such as the TileCal in the AT-
LAS experiment), the principle of operation is directly as
sociated with the energy "lost” by the particles that affe

ticles and, consequently, the emission of light in the visil
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. Calorimeter, signal uniformity

(UV) ranges. ar-
ious 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 to [S]:

In a 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 will also be consumed in the creation
of ion 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
great quantity of ions and excited molecules
react among themselves, instead of reacting
with the molecules of the scintillators, a phe-
nomenon denominated as extinction by ion-
ization.
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