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O LHC
• 27 km de perímetro


• Most energetic collider ever built: 

• Proton bunches collide 40 M times per second

• Up to 60 collisions/bunch crossing

s = 7,8,13,13.6 TeV
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■ 100 m underground


■ 4 main experiments: 


- ATLAS, CMS, ALICE, 

LHCb


■ Other smaller 

experiments 

LHC



The ATLAS and CMS Detectors
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• Specialised  
detectors


• Cutting edge 
technology


• 108 electronic 
channels


• Home made fastest 
electronics

The 
detectors
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Looking into the origins of the universe

How did the Universe 

form?


Why are we made of 

matter and not anti-

matter?


What is dark matter?


What are the fundamental 

building blocks of matter?


…



Produção do bosão de Higgs no LHC

• Modo mais provável:



Modos de decaimento do Higgs no MP

• O bosão de Higgs decai imediatamente!

• Observamos as partículas estáveis produzidas no 

seu decaimento

Canal de procura: modo de 
produção + modo de decaimento
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Production cross section of 

 Jets ~108 larger than 𝜎H


B-jets ~107 times larger than 𝜎H


W-bosons: nearly 10000 times higher than 𝜎H


We need 

Clear experimental signatures in the detector


For H→bb search:

Use sub-dominant production modes

Associated production with vector bosons

Vector boson fusion
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Standard Model 

backgrounds
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Pile-up

Event with a Z➝𝜇𝜇 decay 

plus 65 additional pp 
interactions


Very difficult to reconstruct 
and distinguish different 
particles



The ATLAS detector
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Identification of 
particles in 
ATLAS



Jets 

• Quarks/
gluons 
hadronize 
producing a 
colimated 
spray of 
particles: jets



Reconstrução das partículas

• A traves das propriedades das partículas produzidas na desintegração 
podemos inferir as propriedades do Higgs:


- E2 = (mc2)2 + (pc)2

20 anos de física das 
partículas num só 
histograma
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H→ZZ→4𝓵 



H→ZZ→4𝓵 results
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➢ ATLAS peak at 124.3 GeV

➢ Probabilidade de flutuação do fundo 

~ 0.000000000001

➢ Run 2 results
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H→WW→
e𝜈 𝜇𝜈



H➝WW* ➝𝑒𝜈𝜇𝜈   

• Second largest BR (22%)


•  Clean signature: 2 leptons, large missing 


•  Many SM backgrounds

ET

 

https://arxiv.org/abs/1808.09054


Event selection

• Use the Higgs event characteristics 
to reject background events
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H→WW→𝓵𝜈 𝓵𝜈

At the beginning data 
compatible with 
background only


As statistics increases we 
see an excess


Compatible with SM 
Higgs boson!!

https://twiki.cern.ch/twiki/pub/AtlasPublic/HiggsPublicResults//WW-
FixedScale.gif
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Combinando 
resultados

Probabilidade de 

fluctuação do fundo:


0,000000001
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Nova 
partícula

Encontramos 
uma nova 
partícula!!!


mas… será o 
bosão de 
Higgs???

4 de Julho de 2012
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Huge 
mediatic 
event
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And now... What?

 



The last missing piece of the SM?
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SM Higgs Lagrangian after symmetry breaking    
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ℒSM = DμH†DμH − (yijHψ̄iψj + h . c.) + μ2H†H −
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Experimental duty:

Probe the the SM Lagrangian to high precision and search 

for new physics



Que outra coisa pode ser? h

H

A
h+

h-

Previsões menos precisas que no 
caso do Higgs do SM 

• Ter um bosão de Higgs é a opção mais simples no Modelo 
Padrão


• Podería haver 5 Higgses!

‣ A partícula descoberta agora podería ser o Higgs mais ligeiro


• Super-Symmetry (SUSY)

‣ Também há 5 bosões de Higgs


• Tecnicolor

‣ O bosão de Higgs seria um  estado ligado de tecniquarks


• ...
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Lots of different measurements….

• Will show only a selection



10 years of Higgs boson measurements

• Measured its interactions with W, Z, t, 

b, , 

• Differential distributions

• Spin/CP properties

• Searching for rare decays, exotic 

decays, CP-violation in the Higgs 
sector, …

τ μ
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Higgs boson 
couplings to 
bosons & 
fermions

• Direct measurement 

of 


Precision ATLAS & CMS


‣ ggF: better than 10%


‣ Other production 

modes: 10-20%

σ × BR • ATLAS p-value: 72%


• Similar results for CMS



New particles? What about dark matter?

• Couplings to new particles?

‣ Search for invisible Higgs decays


‣ Nothing observed yet…


‣ BR(H → invis) < 0.18
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Standard Model 
Measurements

Measured a long list of 

Standard Model 

processes!!
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Excluded the 
existence of 
many new 
exotic 
particles at 
the LHC

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsCombined
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And more…

https://atlaspo.cern.ch/public/summary_plots/


Many unanswered questions remain…

• Why is there a matter-antimatter asymmetry in the Universe?

• What are dark matter and dark energy?

• Why is gravity so weak?

• Why is the Higgs boson so light (naturalness/hierarchy problem)? 

• How precise is the SM?

• Why three fermion families?

• Why do neutral leptons, charged leptons and quarks behave differently? 

• What is the origin of neutrino masses and oscillations? 

• Are there other fundamental particles?

• …
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Searching for the unknown… 

• Train deep learning models to learn SM 
background and provide an anomaly score 
for New Physics

‣ Increases search generality


• Reconstruction error is a measurement of 
anomaly
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Conclusions

•  The Higgs boson provides an optimal ground to probe the SM 
predictions and search for new physics!


• Outstanding performance of the LHC and the CMS and ATLAS 
detectors 


‣ Large increase in the available pp collisions

• A wealth of new results on SM Higgs boson studies


‣ Main decay and production modes now observed in each 
experiment!!


• All results are compatible with SM predictions 

• Searches for new physics and additional Higgs bosons continue 


‣ Much more data to come!
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High Luminosity LHC expectations
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 colliderse+e−
International Linear Collider Compact Linear Collider

Future Circular Collider

Circular Electron Positron Collider



   colliders — operation goalse+e−
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ILC CLIC FCC CEPC



Precision physics

• Complementarity ee/eh/hh colliders
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