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néutron

Protons e néutrons:

' estados ligados de

‘quarks up (u) e down (d)

zpréton uud

'neutron -~ udd




,Os estados ligados podem ser
Estaveis (prétons)
— hao podem se separar sem acao externa

Instaveis (néutrons)
- desintegracao espontanea
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Além da tabela periddica '

- novos quarks que formam
. estados ligados instaveis

- “elétrons” mais pesados e
“elétrons” sem carga elétrica

- “fétons” conectados a outras
‘interacdes

- Origem da massa
fundamental: Higgs

Murilo Rangel 7



.- barions 3 quarks
- mésons 2 quarks

~ Além da tabela periédica

n(ddu) p(uud)
f T ........ ° "
~(dds) >0 (uds) ¥ (uus)
A(uds)
.. .......... ‘ ......... P
= (ssd) =0 (ssu)

Robinson, Symmetry and the Standard Model
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~ Além da tabela periédica - ;(

.- barions 3 quarks
‘- mésons 2 quarks

KO (d K*
9 e K B @)
' strange bottom
7T (d) n° AN 7t (ud)
& @1 e
K™ (st) .. K° (sd)

Robinson, Symmetry and the Standard Model https://parUcIeadventu re.org/
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AN BU. MODEL FCR STRONG INTERACTION SYMMETRY AND ITS BREAKING

3
SCHEMATIC MODEL OF BARYONS AND MESONS *
M. GELL-MANN B )
California Institute of Tecknology, Pesedena, California CERN ~ Geneva

Received 4 January 1964

..................................................................................................................................................................

Barions e mésons

. 1964: Gell-Mann e Zweig propoe a possibilidade da
-existéncia de estados ligados de quarks

- Se houver mais de trés quarks, o estado ligado se torna
dificil de descrever - Exético

SO |

Murilo Rangel 10



Como estudamos os estados

ligados de quarks que nao

dica?

- 7

estao na tabela perio
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Descobrindo particulas novas
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| Primeiras descobertas

Em 2003, dois experimentos descobrem estados |

' ligado de quarks que ndo se encaixam nos Experimento BABAR
previstos por 2 ou 3 quarks — hadrons exgéticos! | PhysReviett 90.242001
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CERN - Laboratdrio europeu para fisica de particulas

cern.ch
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CERN - uma breve histoéria

https://timeline.web.cern.ch/timeline-header/89

1949 a 1954 - Criac&o do laboratoério para fomentar colaboracdes internacionais e reerguer a
ciéncia européia esvaziada apés a segunda guerra mundial.

1959 - Primeiro acelerador em funcionamento - Proton Synchrotron (PS)

1965 - Primeiro anti-ndcleo (anti-deuteron) observado.

1981 - Primeiras colisdes entre protons e anti-protons.

1983 - Particulas W* e Z° s&o descobertas.

1989 - Maior colisor entre elétrons e positrons (anti-particula do elétron) do mundo entra em
operacao com aproximadamente 27 km de circunferéncia.

1990 - Primeiro browser de internet € colocado on-line

1994 - Aprovacéao para a construcdo do LHC-CERN

1995 - Primeiro anti-atomo de Hidrogénio € produzido no experimento ALPHA

2003 - Inicio da instalacdo do LHC-CERN

2010 - Inicio das coletas de dados no LHC-CERN

2011 - Atomos de antimatéria sdo aprisionados por 1.000 segundos no ALPHA

2012 - Descoberta do boson de Higgs

2024 - 70 anos de existéncia desenvolvendo ciéncia para paz

Murilo Rangel 16
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MEMEER STATES
ASSOCIATE MEMBERS IN
THE PRE-STAGE TO MEMBERSHIP
ASSOCIATE MEMBER STATES
OBSERVERS

OTHER STATES (Agresmente and/or Users) v /
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CERNI/LHC - Large Hadron Collider

LEP 1989-2000
elétrons e poésitrons
Energia maxima 104 GeV

LHC 2008-?

préton-proton

Energia maxima 7 TeV
(velocidade = 0.99999999 c)

Circunferéncia: 26.7 km
Diametro do tunel: 3.8 m
Profundidade: 70-140 m
Consumo: 120 MW

(Consumo do Brasil ~80.000MW)

Murilo Rangel 18
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CERN/LHC - Large Hadron Collider - sala de controle - google maps

Activities Google Chro| juld 16:41 @ [

Google
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ERN/LHC - Detectores

s detectores s&o “maquinas fotograficas” sensiveis as particulas que os atravessam.
ara isso, eles possuem diferentes camadas e tamanhos.

Tracking Electromagnetic Hadron Muon
chamber calorimeter calorimeter chamber

Innermost Layer... P ...Cutermost Layer

http://www.particleadventure.org/
21
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CERNI/LHCDb

~ milhoes de canais de leitura eletronica

- 1719 Membros de 104 instituicoes em 22 paises

Murilo Rangel
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Descobertas no LHC/ICERN
75 hadrons descobertos, sendo 23 exoéticos
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=rn.ch 2024-07-22

Date of arXiv submission

LHCb-FIGURE-2021-001 https://cds.cern.ch/record/2749030
https://www.nikhef.nl/~pkoppenb/particles.html
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Descobertas no LHC/ICERN
75 hadrons descobertos, sendo 23 exoéticos

20 - |?5 new hadrons at the LHC|
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Date of arXiv submission

patrick koppenburg@cem.ch 2024-07-22

LHCb-FIGURE-2021-001 https://cds.cern.ch/record/2749030
https://www.nikhef.nl/~pkoppenb/particles.html

Murilo Rangel
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Alguns hadrons exoticos podem ser produzidos em processos difrativos
— numeros quanticos bem definidos
— caracteristicas Unicas podem ser medidas

A~ ga T T [arXivi2407.14301]
>
cD I Data
= 70 i LHClb —— Total fit
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Hadrons exodticos séo estados ligados
- entre 4 quarks?
- entre 2 mésons?

Murilo Rangel 27
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CERN - Transferéncia de conhecimento
https://kt.cern/

Medical
+ & Biomedical
Technologies
h '-..:“::- -f_, Aerospace
*8)  Applications
. Cultural
L Heritage

% Better Planet

Accelerators
Detectors
Computing

S Emerging
Technologies

Murilo Rangel 29
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CERN - computacao - inicio da www

https://home.cern/science/computing/birth-web

CERN DD/OC Tim Berners-Lee, CERN/DD

Information Management: A Proposal March 1989

- Information Management: A Proposal

Abstract

This proposal concerns the management of general information about accelerators and cxpcrimcpts at
CERN. It discusses the problems of loss of infornation about complex evolving systems and derives a
solution based on a distributed hypertext sytstem.

Keywords: Hypertext, Computer conferencing, Document retricval, Information management, Project
control

Em 1993, w3 torna-se publica e gratuita.
No final de 1994, havia mais de 10.000 servers (2.000 comerciais) com mais de 10M de usuarios.

Murilo Rangel
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Software and Computing in HEP
https:/lhepsoftwarefoundation.orq

High Energy Physics (HEP) has a large investment in software
--- Critical part of the physics production pipeline: real-time and offline analysis software

--- LHC experiments use about 1M CPU cores every hour of every day
++ 1000PB of data with 100PB of data transfers per year (10-100Gb links)

--- Estimated to be around 50M lines of C++ which would cost more than 500M$ to develop commercially

--- There are vast challenges ahead of us to support our ongoing physics programme

Murilo Rangel 31
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HEP experiments overview

é https://arxiv.org/pdf/2003. 09084 pdf
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Great variety of experiments with specific challenges
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https://arxiv.org/pdf/2003.09084.pdf

HEP trigger

Bandwidth [GBs™'] o Trigger output rate [kHz] x Average event size [kB]

Trigger wish-list:

-- High reduction factor
-- High efficiency for interesting events

++ Fast decision
++ High resolution

Challenges:
-- The higher background and Pile Up will limit the ability to trigger on interesting events
-- The primitives will be more complicated with respect today: tracks, clusters, rings

Possible solution: GPGPUs

Murilo Rangel
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LHCDb Trigger: LHC experiment example

Bandwidth [GBs™'] o Trigger output rate [kHz] x Average event size [kB]

-------------
--------------------
s -
""""""
. -
[ .
"""
. e,

REAL-TIME
ALIGNMENT &
CALIBRATION
. : 6%
4 TB/s CALIB
- EVENTS
30 MHz non-empty pp : OFFLINE
Y 0.5-1.5 L4 PROCESSING
FULL TB/s PARTIAL DETECTOR MHz - FULL DETECTOR
' RECONSTRUCTION . ' RECONSTRUCTION 26%
II)QE-;EDC(-)I-S'? & SELECTIONS BUEEER & SELECTIONS FULL
(GPU HLT1) 70-200 (CPU HLT2) G EVENTS
GB/s
All numbers related to the dataflow are
taken from the LHCb 68% ANALYSIS
Upgrade Trigger and Online TDR TURBO ideiel B SISy

USER ANALYSIS

EVENTS

Upgrade Computing Model TDR

https://Ibfence.cern.ch/alcm/public/figure/details/32
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GPU used in the first trigger level

One GPU should process events at roughly 60 kHz

GPU in LHCDb Trigger

Comput.Softw.Big Sci. 4 (2020) 1

++Reduce data rate by factor 30 based on single and two-track selections

. Velo on GPUs

: ++ 26 planes of silicon pixel detectors
. ++ Parallel algorithm for cluster finding
. using bitmasks

. ++ Pattern recognition finding seed

. triplets in parallel

++ Primary vertex finding using cluster
. finding in a histogram

35
35



GPU in LHCDb Trigger

[ et 0l T ) Comput.Softw.Big Sci. 4 (2020) 1
40 Thit/s 80 . . fTesla V100 32GE
LHCb simulation 4 Quadro RTX 6000
0(250) [ ovent bullding ] 71 GPUR&D YseForce RTX 2080 T
x86 servers IN €0 -
e
0(500) = 50+
=40 Tesla T4
o L]
1-2 Thit/s ¢ E 304 GeForce GTX 1080 Ti
~ B 20 GeForce GTX TITAN X
0O(1000) x86 servers GeForce GTX 1060 6GB
104
. GeForce GTX 680
_ buffer on disk ‘GeFarce GTX 670
calibration and alignment 0 5 T " = 0
Y Theoretical 32 bit TFLOPS
( HLT2 )
>
80 Gbit/s ¢ The demonstrated event throughput shows that the full HLT1
sequence can run on about 500 of either one of the RTX
[ storage J 2080 Ti, V100 or Quadro RTX 6000 Nvidia GPU cards.
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Platforms

Workflow s snakemake

50GB-10TB DATA NTUPLES
/ analysis / year

ANALYSIS
PRODUCTIONS

SENSITIVITY

DATA FITTING STUDIES

+ ROOT

" Data Analysis Framework

- ROOT

/ lmlnult CORRECTIONS/

WEIGHTING

PUBLICATION(S)
SELECTION

SIMULATION

MONTE CARLO /

Lists of packages are
non-exhaustive

NTUPLES
SYSTEMATIC
STUDIES

MC FITTING

RTA and DPA dataflow
diagrams for Run 1, Run 2, and

the upgraded LHCb detector

M S WLCG

Woridvide LHG Computing Grid

Submission-based .

Distributed
resources Worker-based

LHCb

P ONANGCA .
o g N DINRAC
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Oportunidades no CERN
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Brasil no CERN

RENAFAE Criada em 2008 por uma portaria do
- MCTI, tem a atribuicao de coordenar
“s REde NAcional de Fisica de Altas Energ}ias a area de Fisica de Altas Energias e
CBPF- Centro Brasileiro de Pesquisas Fisicas assessorar o ministério nesta area
Instituto Nacional de Ciénci Criado em 2023 tem como principal
NSHIGHO INGCIONAl G SIERTIA € objetivo dar apoio as atividades dos
Tecnologia CERN-Brasil 0 :
) grupos brasileiros nos experimentos
N2 no LHC
CERN
BRASIL

Murilo Rangel Palestra do Prof. Leandro de Paula no IV Encontro de Primavera da SBF



b Missao

1954-2024

Contribuir para colaboracdo cientifica construindo aceleradores de particulas e toda a
infraestrutura necessdria para seu desenvolvimento. O CERN nédo faz experimentos!

Todos os resultados cientificos devem ser publicos

Pesquisa

» Todos os experimentos devem ser feitos em
colaboracdo e sem fins militares.

- Os pesquisadores e tecnicos devem prioritariamente
pertencer a instituicoes de pesquisa nacionais

 Proporcionar contatos e trocas entre cientistas e

treinamentos para todos tipos de participantes e

Tecnologia
« Atencdo para aplicagdes das tecnologias & Inovacdo

desenvolvidas no laboratério

Murilo Rangel Palestra do Prof. Leandro de Paula no IV Encontro de Primavera da SBF 41



Participantes (2024)

técnicos, 900 pos-docs, 1338 outras

Os pesquisadores e tecnicos devem prioritariamente ocupagdes
pertencer a instituicoes de pesquisa nacionais ﬂs;‘é“;?rgz Bl
O CERN & um condominio com trés tipos de atores

24 Estados Membros /467

Alemanha 1296 - Austria 86 - Bélgica 129 - Bulgdria
46 - Chéquia 252 - Dinamarca 47 - Eslovaquia 67 -
Estonia 29 - Espanha 413 - Finlandia 88 - Franga
842 - Grécia 112 -

Holanda 167 - Hungria 80 - Israel 74 - Italia 1609 -
Noruega 77- Polénia 322 - Portugal 105 -

Reino Unido 950 - Roménia 113 - Sérvia 38 -

Suécia 106 - Suigca 419

MEMBER STATES

2 Estados associados em processo de adesdo 40

Chipre 14 - Eslovénia 26

8 Estados Membros Associados 541 44 acordos de colaboragéo com Estados ou Territérios ndio membros 1131

Brasil 135 - Crodcia 37 - india 145 - Leténia 21 - Africa do Sul 52 - Argélia 2 - Argentina 13 - Arménia 8 - Austrdlia 21 - Azerbaijéo 2 - Bahrein 4 -

Lituénia 17 - Paquistéo 30 - Turquia 129 - Ucr@nia2/  canadd 199 - Chile 34 - Colémbia 21 - Costa Rica 2- Cuba 3 - Emirados Arabes Unidos 7 - Equador 4 -
Egito 20 - Filipinas 1 - Georgia 32 - Hong Kong 15 - Islandia 3 - Indonésia 5 - Ird 11 - Irlanda 5 - Jordéania 5

3 Estados Observadores 3005 - Kuwait 4 - Libano 13 - Madagascar | - Malésia 4 - Malta 1 - Marrocos 19 - México 49 - Montenegro 4 -

Estados Unidos 2007 - Japéo 219 - Riissia 779 Nigéria 1 - Nova Zeléndia 5 - Oméi 1 - Palestina 1 - Peru 2 - Republica da Coréia 147- Republica Popular '/
da China 333 - Singapura 2 - Sri Lanka 10 - Tailandia 17 - Taiwan 45 - Tunisia 2 - Vietna

Murilo Rangel Palestra do Prof. Leandro de Paula no IV Encontro de Primavera da SBF 42




Numero de
pessoas
500

19%

Finangas, érgdos de governos,
ete.
45%
Industria
6%
Academia ou Pesquisa

Y ]

Distribuigao etaria de cientistas trabalhando no CERN PhD e estudantes técnicos que deixam o CERN

Murilo Rangel Palestra do Prof. Leandro de Paula no IV Encontro de Primavera da SBF 43



https:/Icareers.smartrecruiters.com/CERN/students

Diversas oportunidades e muitas dedicas a candidatos de nacionalidade
de paises associados
DOCTORAL STUDENT PROGRAMME

Exel I I IO * This programme is now open for applications until 4th November 2024.

This is a chance to work on your thesis while spending up to 36 months at the forefront of science. Whether you've
already chosen a subject or are still making your decision, if your specialism is Applied Physics, Engineering or
Computing, this is an invitation to further your knowledge in a truly unique organization. In fact, it's an invitation to get
involved in world-famous experiments of unprecedented scale and scope. An invitation to join an environment like
nowhere else on Earth.

Specific programmes are in place for candidates studying in Germany, Austria, Czech Republic, and Norway.

Click here to find out more.

Qualifications

In order to qualify for a place on the programme you will need to meet
the following requirements:

« You are a national of a CERN Member or Associate Member State.
« You have started or are about to start a doctoral programme in
a university.
Murilo Rangel « Your work envisaged at CERN is all or part of the thesis work 44
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https:/Icareers.cern/alljobs

Diversas oportunidades e muitas dedicas a candidatos de nacionalidade
de paises associados

Murilo Rangel

Find all our current openings here:

Job Title Location
Geneva
Chemistry Technician (TE-VSC-SCC-2024-168-GRAE) ) '
Switzerland
Geneva
Technician for Plastic Materials R&D (TE-MSC-SMT-2024-160-GRAE) ) '
Switzerland
. . Geneva,
CAD Designer - Superconducting Magnets (TE-MSC-SMT-2024-164-GRAE) .
Switzerland
G
Group Administrative Officer (EP-AGS-SE-2024-151-LD) ef‘e"a’
Switzerland
G
HVAC Project Engineer (SCE-SAM-IN-2024-168-GRAP) ellweva,
Switzerland
_ , Geneva,
LHC Engineer in Charge (BE-OP-LHC-2024-150-LD) Switzerland
, . Geneva,
Applied Physicist (TE-VSC-VSM-2024-167-GRAP) Switzerland
Software Engineer (TE-MPE-CB-2024-166-GRAP) Gef‘e"a’
Switzerland
G
Electronic/Electrical Engineer (TE-MSC-TM-2024-165-GRAP) ellweva,
Switzerland
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https://careers.cern/alljobs

https:/Icareers.cern/alljobs

Diversas oportunidades e muitas dedicas a candidatos de nacionalidade
de paises associados

Exemplo:
Eligibility criteria:
CE’RW
\\_/ « You are a national of a CERN Member or Associate Member State.
« You have a professional background in Computer Science or

Software Engineer (TE-MPE-CB-2024- Software Engineering (or a related field) and have either:
166-G R_AP) o a Master's degree with 2 to 6 years of post-graduation
Geneva, Switzerland . )
Full-ime professional experience;

o or a PhD with no more than 3 years of post-graduation
professional experience.
« You have never had a CERN fellow or graduate contract before.

Murilo Rangel 46


https://careers.cern/alljobs

Murilo Rangel

Concluindo ...
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The Royal Swedish Academy of Sciences has decided to award the Nobel Prize
in Physics 2024 to

JOHN J. HOPFIELD GEOFFREY E. HINTON

Born 1933 in Chicago, IL, USA. PhD Born 1947 in London, UK. PhD 1978
1958 from Cornell University, Ithaca, from The University of Edinburgh,
NY, USA. Professor at Princeton UK. Professor at University of
University, NJ, USA. Toronto, Canada.

“for foundational discoveries and inventions that enable machine learning
with artificial neural networks”

https:/lwww.nobelprize.org/uploads/2024/10/popular-physicsprize2024-2.pdf

Murilo Rangel 48


https://www.nobelprize.org/uploads/2024/10/popular-physicsprize2024-2.pdf

Murilo Rangel

http://lape.if.ufrj.br
facebook/instagram/youtube: @lapeufrj

49


http://lape.if.ufrj.br/

Murilo Rangel

MUITO OBRIGADO!
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