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‣ Introduction: Large Hadron Collider

‣ Technologies for hunting new particles, technologies 
that benefit society

‣ Discoveries made with LHC data
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‣The LHC is a circular accelerator built in an underground 
tunnel, ~100m deep, under the French-Swiss border.

‣ Two proton beams are accelerated in opposite directions, close 
to the speed of light.

‣ The proton beams are brought together in 4 crossing points where 
detectors record the collision products.  

French-Swiss border

LHC: 27 Km “ring”

Geneva Airport

CERN
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Four experiments are analysing the collision products at the LHC: 
ATLAS, CMS, ALICE and LHCb

~100m
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‣ Energy of centre-of-mass in proton collision: 14TeV !

 ~7 times greater than what had been achieved in previous accelerators

‣Trillions of protons race through a 27km tunnel

 ~11.000 laps per second!

99.999999% of the light speed!

‣ The biggest and most complex detectors ever built will 
study the smallest particles with the highest precision.

‣ The coldest place in the Galaxy: -271°C

‣ Hotter than the stars: proton collisions generate 
temperatures thousands of times hotter than those found 
in the centre of our Sun.

‣ A global adventure: more than 10,000 scientists 
coming from 70 countries. An investment that cost over 
10 billion US dollars over 20 years.

The Large Hadron Collider - CERN
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~5 billion collisions registered (by each experiment)

23 fb-1 @ 8TeV
(2012)

5,6 fb-1 @ 7TeV
(2011)

0,05 fb-1 @ 7TeV
(2010)

LHC proton collisions: exploring the energy frontier 

Pile-up of collisions

~120 PB of data (“actual” data and simulated events in each  experiment!)
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Main goal of the LHC: advance science!

Particle accelerators are 
necessary to investigate the 
inner structure of the atom.{

- particle accelerators operate 
like giant microscopes

matter

atom  

nucleus
electron

neutron proton
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Elementary particles and interactions

‣ The elementary particles and their interactions are described by a theory, 
known as the “Standard Model”, which has been experimentally verified with 
extreme precision by various laboratories. 

28Fabiola Gianotti, RSE, Edinburgh, 12/5/2008

The elementary particles and their interactions are described by a theory
(the Standard Model) which has been verified with extremely high precision over 
the last 35 years  by experiments at CERN and at other labs all over the world 
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Standard%Model%Summary

8

•Cross%section%measurements%from%inclusive%W,Z%to%ZZ%production:%Foundation%of%SM.

•tests%of%the%SM%and%probing%new%physics

•backgrounds%for%searches%and%precision%measurements

‣ Standard Model predictions have been confirmed again and again by many 
generations of experiments over the past 40 years (including LHC experiments...)

Over 800 scientific papers have 
now been published by the 
LHC’s experimental 
collaborations: results confirm 
the SM predictions!
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Some discoveries made with 
LHC data...
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November 2010: first direct observation of “jet quenching” 
in heavy-ion collisions
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November 2011: new particle discovered at the LHC

Χb(3P)Χb(3P)→Υ(1s, 2s)γ → μ+μ-γ

Χb(1P)    m=9.9GeV

Χb(2P)    m=10.2GeV

Observed peak at m=10.5GeV 

Χb(3P)   

(meson)

Quarkonium
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May 2012: observation of a new barion Ξ*
b
0

Ξ*
b
0→Ξ-

b π+

Ξ-
b→J/Ψ Ξ-
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A$Long$Journey$

A$Higgs$par7cle$predicted$in$1964$

Peter$Higgs$in$the$LHC$tunnel$in$2012$

A long wait: the existence of a “Higgs boson” was 
predicted in 1964.

Peter Higgs visiting the LHC tunnel
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Imagine a ballroom filled with physicists calmly chatting and 
fraternising...that would be equivalent to the space filled with the 
Higgs potential
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...then, a famous scientist walks into the room causing a 
“disturbance” as he walks through the room, attracting a group of 
admirers as he moves around.
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...the “fan frenzy” directed at the celebrity increases the resistance of 
movement, in other words he acquires mass as a particle does when 
interacting with the Higgs field.
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The hunt for the Higgs boson...

Over 30 years of experimental searches!

LEP/CERN: e+e- collisions Tevatron/Fermilab: p+p- collisions 
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‣ There was a fundamental prediction from the Standard Model which lacked 
experimental evidence: no sign of a particle corresponding to 
the Higgs boson had been observed! 
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Where is Higgs?

28/02/2013 09:04Bóson de Higgs: o maior feito da ciência em 2012 - Ciência - Notícias - INFO

Page 1 of 2http://info.abril.com.br/noticias/ciencia/boson-de-higgs-o-maior-feito-da-ciencia-em-2012-21122012-20.shl

Bóson de Higgs: o maior feito da ciência em 2012

COMENTÁRIOS

Por Agência Estado • Sexta-feira, 21 de dezembro de 2012 - 12h18

//////

INFO Online

Reprodução

Peter Higgs, o criador da teoria do bóson de Higgs (a tal da partícula de Deus): a pesquisa foi o maior fato científico do ano

São Paulo - A revista americana Science anunciou nesta quinta-feira (20) a sua tradicional lista de dez maiores
avanços da ciência no ano.

O grande campeão de 2012 não poderia ser outro: a descoberta do bóson de Higgs - a chamada “partícula de Deus” -,
nas dependências do Grande Colisor de Hádrons (LHC), o maior e mais caro projeto científico de todos os tempos.

A descoberta foi anunciada pelo Centro Europeu de Pesquisas Nucleares (Cern), no dia 4 de julho, em Genebra, num
evento que, aconteça o que acontecer, já entrou para a história da ciência. Descobrir - ou demonstrar a não existência
- do bóson de Higgs era o maior desafio por trás do LHC, um gigantesco acelerador de partículas subterrâneo com 27
quilômetros de comprimento, que custou US$ 5,5 bilhões para ser construído.

O bóson era a partícula que faltava para completar o Modelo Padrão, o quebra-cabeça de equações elementares da
física que descreve a composição e o funcionamento de toda a matéria visível do universo. Segundo a teoria, é a
partícula que dá massa a todas as outras partículas, como prótons e elétrons.

“Fecha-se um episódio importantíssimo na história do conhecimento humano. Hoje temos um modelo que descreve
com enorme precisão todas as interações relevantes para o mundo subatômico”, diz o físico brasileiro Sergio Novaes,
da Unesp, um dos seis mil cientistas ao redor do mundo que colaboraram nos experimentos.

A existência do bóson já era prevista teoricamente há mais de 40 anos, mas faltavam resultados experimentais para
provar que ela existe de verdade. Foi o que fez o LHC, acelerando e colidindo prótons em velocidades próximas à da
luz.
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Higgs boson decay modes

The Higgs boson typically decays in ~10-22 s.

CERN Seminar, 15 April 2013 ATLAS Higgs

Higgs decays

6

ΓH = 4 MeV not directly 
measurable at LHC
Best experimental 
mass resolution for γγ  
and 4� decays

Tree level couplings → decay ττ/bb (fermions) WW/ZZ (bosons)

Loop couplings γγ → sensitive to BSM  Wednesday, 19 June 13
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H⟶γγ
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4th of July 2012: CERN announces the 
observation of a “new particle”
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4th of July 2012: witnessing history being made!
Physics motivation 

ECTP2013, Cairo, Egypt ATLAS Upgrade A. Gorišek 12 

!  Higgs boson 
!   discovered in 2012 

!   July 4, 2012 – Higgs-day, a “press 
conference” broadcasted from  
CERN main auditorium 

!   Article published PLB: 
ATLAS collaboration (2012).  
"Observation of a New Particle in  
the Search for the Standard Model  
Higgs Boson with the ATLAS  
Detector at the LHC".  
Physics Letters B 716 (1): 1–29. 
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NO RECENT SCIENTIFIC ADVANCE HAS
generated more hoopla than this one. On 
4 July, researchers working with the world’s 
biggest atom smasher—the Large Hadron 
Collider (LHC) in Switzerland—announced 
that they had spotted a particle that appears 
to be the long-sought Higgs boson, the 
last missing piece in physicists’ standard 
model of fundamental particles and forces. 
The seminar at which the results were pre-
sented turned into a media circus, and the news 
captured the imagination of people around the 
world. “[H]appy ‘god particle’ day,” tweeted 
will.i.am, the singer for pop group The Black 
Eyed Peas, to his 4 million Twitter followers.

Yet, for all the 
hype, the discovery of 
the Higgs boson eas-
ily merits recognition 
as the breakthrough 
of the year. Hypoth-
esized more than 
40 years ago, the Higgs 
boson is the key to 
physicists’ explanation 
of how other funda-

mental particles get their mass. Its observa-
tion completes the standard model, perhaps 
the most elaborate and precise theory in all of 
science. In fact, the only big question hang-
ing over the advance is whether it marks the 
beginning of a new age of discovery in par-
ticle physics or the last hurrah for a fi eld 
that has run its course.

The Higgs solves a basic prob-
lem in the standard model. The 
theory describes the par-
ticles that make up ordi-
nary matter: the electrons 
that whiz around in 
atoms, the up quarks 
and down quarks that 
make up the pro-
tons and neutrons 
in atomic nuclei, 
the neutrinos that 
are emitted in a 
type of radioactiv-
ity, and two sets 
of heavier cous-
ins of these parti-
cles that emerge in 
particle collisions. 
These particles inter-

act by exchanging other particles that con-
vey three forces: the electromagnetic force; 
the weak nuclear force, which spawns 
neutrinos; and the strong nuclear, which 
binds quarks.

But there’s a catch. At first blush, the 
standard model appears to be a theory of 
massless particles. That’s because 
simply assigning masses to the 
particles makes the theory go 
haywire mathematically. So 
mass must somehow emerge 
from interactions of the oth-
erwise massless particles 
themselves.

That’s where the Higgs 
comes in. Physicists assume 
that empty space is fi lled with 
a “Higgs field,” which is a bit 
like an electric fi eld. Particles inter-
act with the Higgs field to acquire energy 
and, hence, mass, thanks to Albert Einstein’s 
famous equivalence of the two, encapsulated 
in the equation E = mc2. Just as an electric fi eld 
consists of particles called photons, the Higgs 
fi eld consists of Higgs bosons woven into the 
vacuum. Physicists have now blasted them out 
of the vacuum and into brief existence.

That feat marks an intellectual, technologi-
cal, and organizational triumph. To produce the 

Higgs, researchers at the European particle 
physics laboratory, CERN, near Geneva, built 
the $5.5 billion, 27-kilometer-long LHC. To 
spot the Higgs, they built gargantuan particle 
detectors—ATLAS, which is 25 meters tall 
and 45 meters long, and CMS, which weighs 
12,500 tonnes. The ATLAS and CMS teams 

boast 3000 members each. More 
than 100 nations have a hand 

in the LHC.
Perhaps most impressive 

is the fact that theorists pre-
dicted the existence of the 
new particle and laid out its 
properties, right down to 
the rates at which it should 
decay into various combina-
tions of other particles. (To 

test whether the particle really 
is the Higgs, researchers are mea-

suring those rates now.) Physicists have made 
such predictions before. In 1970, when only 
three types of quarks were known, theorists 
predicted the existence of a fourth, which was 
discovered 4 years later. In 1967, they pre-
dicted the existence of particles that convey 
the weak force, the W and Z bosons, which 
were found in 1983.

Particle theorists offer various explana-
tions of their knack for prognostication. Parti-
cle collisions are inherently reproducible and 
free of contingency, theorists say. Whereas 

no two galaxies are exactly the same, all 
protons are identical. So when smash-

ing them, physicists need not worry 
about the peculiarities of this pro-

ton or that proton because there 
are none. Moreover, theorists 

say, in spite of its math-
ematical complexity, the 

standard model is con-
ceptually simple—a 
claim that nonphysi-
cists might not buy.

The  s t anda rd 
model ultimately 
owes its predictive 
power to the fact that 
the theory is based on 
the notion of math-
ematical symmetry, 

some theorists say. 
Each of the three forces 

in the standard model 
is related to and, in some 

sense, necessitated by a dif-
ferent symmetry. The Higgs 

mechanism itself was invented 
to preserve such symmetry while C
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Pieced together. In this par-
ticle collision, it appears that 
a Higgs boson decays into two 
electrons and two positrons (red).

THE DISCOVERY OF THE Higgs Boson

Published by AAAS
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Technologies for particle hunting 
and for humankind

1- Computing

2- Particle accelerators

3- Particle detectors
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Computing

From the “World Wide Web” to the “GRID” system

sharing of information information sharing, data 
storage and processing 

capacity

(parallel processing)
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“The World Wide Web”

The WWW was created by CERN’s scientist Tim Berners-Lee, 
as a tool to allow communication and information sharing 
between institutes spread around the world and CERN.

Few technological advances have revolutionised society as the 
internet has.

Sir Tim Berners-Lee, 1989
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The GRID and the LHC

‣ Each LHC experiment generates ~15 PB of data per year.

‣ 1PB = 106 GB

‣ This amount of data is equivalent to ~20 million DVDs

Concorde
(15 Km)

Balloon
(30 Km)

CD stack with
1 year LHC data!
(~ 20 Km)

Mt. Blanc
(4.8 Km)
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‣ ~200.000 computers (modern and 
“fast”) are currently being used in 
LHC data analyses. 

Analysis: GRID is indispensable 
for separating signal from 
background, reconstructing 
collisions from electronic signals, 
simulating new phenomena, etc...

The GRID and the LHC
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Other GRID applications

Astronomy
Processing and data storage / astronomical 
images: “mining” for discoveries!

Galactic Plane: processing of angular regions 
Typically: tens of GB per angular band & 4h processsing 
in isolated clusters (~10 processors)

With the GRID: processing time reduced from days to 
minutes

(GRID users since 2003)

Computing simulations / preparing for 
satellite launch and operation

Planck Satellite
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Aerospace Industry

Structural mechanics: dynamical 
structure, thermal effect, electrostatic, 
optics, mechanical vibration, ...

Projecting new satellites
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Bioinformatics

Protein structures: 
file size ~ 10GB 

Monte Carlo simulations

Calculating the Molecular 
Dynamics (it can take ~ 3 months 
in single core computers)

Development of new drugs for treatment of ilnesses 
such as Alzheimer, Parkinson, Malaria, etc.
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and (many) other projects...

SETI

Protein Folding (~30% human proteins aren’t known...)

Commerce and financial markets

Computational chemistry

•  Astronomy 

•  Healthcare 

•  Bioinformatics 

•  Gaming 

•  Engineering 

•  Commerce 

Video-game industry

•  Astronomy 

•  Healthcare 

•  Bioinformatics 

•  Gaming 

•  Engineering 

•  Commerce 
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Particle accelerator applications

There is more than 30.000 particle accelerators 
currently in operation serving several areas such as 
medicine, energy industry, environment, security 
and basic science.
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Medicine Applications

Medical diagnosis: particle accelerators are used in the 
preparation of radioisotopes for diagnosis and treatment of patients 
in many countries.

~ 10.000 hospitals  
~ 30 million patients/year

Positron Emission 
Tomography (PET): 

CERN is developing a new 
generation of proton accelerators 
aimed at “cleaner” production of 
radioisotopes for hospitals.
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Magnetic resonance
makes use of powerful magnets, 
originally developed for particle 
accelerators.
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Prague, 19th June 2013.A. Moraes 39

Proton beams allow greater 
energy deposition on 
tumours in deeper regions 
with less side effects on the 
healthy tissues 
surrounding the tumour.

Cancer treatment therapy

Proton beams are being used in cancer treatment. 

Thousands of patients have already benefited from 
these treatments (since 1990).

~ 39 hospitals have been using these techniques.

Technologies developed for the LHC are 
contributing to the design of smaller and 
cheaper accelerators.

Medicine Applications
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Particle accelerators and other applications...

Electron beams in depollution of water and air: 

Traditionally, water treatment is done in three stages: micro-
organisms elimination, filtering and treatment for chemical 
residues.

Electron irradiation simplifies this process with a single 
application.

Treatment of polluting gases: the use of electron beams is more 
efficient than traditional chemical treatment.

These techniques are already being 
employed in countries like the USA, 
South Korea, Poland, China, Saudi 

Arabia and others.
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Treatment of nuclear waste

Particle accelerators are being used to re-process nuclear 
material.

This allows the nuclear waste’s geological storage time to drop 
from ~300.000 years to 500 years.

Accelerator driven systems - ADS: transmutation of isotopes 
with long half-lives!

Particle accelerators and other applications...
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Technology applications developed for 
particle detectors

MediPix

Si detectors for the LHC: 

Essential components for track 
measurements.

Fast response, high performance and 
resilience even in the highly radioactive 
environment generated at the LHC!

The amount of Si detectors required to build 
the LHC detectors is extremely high and has 
no precedent in HEP.
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Computerised Tomography  (CT 
scan). The passage of X-rays 
through the patient’s body is 
mapped out. This allows the 
build up of 3D images.

PET scans (Positron 
emission tomography ). 

γ rays produced via positron 
annihilation are mapped 
out.

Magnetic Resonance Imaging 
(MRI). Images are generated 
through the use of potent magnetic 
fields.

Detectors in Medicine: lowering costs and 
reducing exposure to radiation
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Artificial retina implants

“The bionic eye implant”

One of the pixel sensors developed for the 
LHC is being used as an artificial retina 
implant. 

Recent studies are focused on establishing 
partial vision to the blind. 

Results are extremely exciting!
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Other industrial sectors 

Energy transmission

Superconducting technology 
used in particle accelerators are 
being applied to the 
manufacturing of 
transmission cables.

Transport

Superconducting technology applied 
to magnets is also being used in the 
design of trains with magnetic 
levitation (Mag-Lev). 

Biomedicine and new drug 
developments

Synchrotron Light Laboratories are 
being widely used in the study of 
complex proteins helping the 
development of new, more effective 
drugs.

Wednesday, 19 June 13



A. Moraes Prague, 19th June 2013. 46

Human Resources

“Developing a highly specialised 
work force”

In modern particle physics, 
approximately one in six scientists 
who graduate to obtain a PhD 
continues the research career in basic 
research.

The other graduates migrate to the 
most diverse sectors of the economy:
- technology industry
- electronics
- communication
- biophysics
- financial sector
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a growing list...

‣ food sterilisation

‣ production of isotopes for medical use

‣ computer simulation for cancer treatment

‣ “scanning” of transport containers

‣ parallel processing 

‣ international relations

‣ operating remote facilities
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LHC: the biggest, most complex scientific endeavour 
currently in activity. We’re only on the 4th year of a programme 
that will be active for (at least...) 2 decades.

Expanding the frontier of our knowledge: results 
(including the discoveries)confirm predictions from the 
Standard Model! 

Technologies that serve not only the particle hunt but also 
benefit humankind: accelerators, detectors e computing.
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