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proton collisions @13.6 TeV (Run3)



heavy-ion  
collisions 

(2023)



neutrinos 

first seen @LHC  
in 2023

direct detection at the LHC 

of neutrino interactions 

required novel dedicated

detectors, installed in Run3



LHC = accelerator + detectors + physics
ATLAS

ALICE

LHCb

FASERν SND@LHC

CMS

LHC: the only apparatus capable of creating 
and detecting every standard model particle 

+ 

antiparticles



LHC = accelerator + detectors + physics
ATLAS

ALICE

LHCb

FASERν SND@LHC

CMS

(with                        Portuguese participation, LIP & IST)

LHC: the only apparatus capable of creating 
and detecting every standard model particle 

+ 

antiparticles



The accelerator 



The LHC is the world-leading 
particle accelerator & collider 


Delivering unprecedented energies 
and intensities 


The LHC detectors are the most 
sophisticated scientific tools yet   


Machine and detectors not static, 
systematically improved/upgraded 



the CERN accelerator complex

LHC
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Acceleration & beam optics 
• only charged particles can be accelerated: p, p, e±, (μ±), ions 

‣ e.g. LHC (pp, p-Pb, PbPb); Tevatron (pp); LEP, PEP, KEKB (e+e-); RHIC (ions); FAIR (p-ions)

• acceleration by radiofrequency

• trajectory bending via dipoles

• beam focusing via quadrupoles

• accelerating particles radiate 
‣ synchrotron radiation  
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Some specs:

Beam structure

We’re interested in rare events


➥  Real-time filtering: Trigger
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Trigger is a crucial & risky business: discarded events can never be recovered.


“The trigger does not determine which model is right, only which data is left.”



You are here
LHC schedule 

• The LHC has been operating for almost 15 years, 15more to go
• Two main parameters determine the physics reach 

• Collision energy (√s) — in Run3 attained another record (13.6 TeV)
• Luminosity (L) — related to the collision rate

• both have been increasing, but the forthcoming jump will be in lumi

√s

L



You are here
LHC schedule 

Run 3 : 2022 — 2025 A new LHC: HL-LHC, 2026 — 2040



Al
te

rn
at

iv
e 

da
ta

-t
ak

in
g 

pa
ra

di
gm

s 
R

un
3 

& 
H

L-
LH

C



The detectors 





a Particle Detector



calorimeters: 
measure particle's 

energy by absorbing it

trackers: 

detect trajectory 


of charged particles  

muon chambers: 

detected in outer 

detector layers



e, μ, ɣ, π, K, p, n       Only quasi-sable  particles are directly detectable:

All other, unstable particles decay, and their (stable) final states are detected.   



a H→ɣɣ candidate
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High-Luminosity LHC
• an new, more intense LHC
• require refurbished detectors!
• upgrade with state-of-the-art 

technologies
• novel or redesigned detector 

components
• being advanced now



HL-LHC:  adding precision timing detectors
Example challenge for the high-luminosity LHC phase: pile-up 

• can expect up to 200 simultaneous collisions per bunch crossing 

• detectors do not have the spacial resolution to distinguish resulting vertices 

• solution: add time dimension, i.e. develop novel precision timing detectors 

ATLAS
CMS
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Run3: a muon telescope @LHC

• Example (ongoing this week!):
• new detector for measuring muon flux at LHC
• establish innovative technology (sRPC), designed 

and built @LIP,  deploying in LHC environment
• being installed in the SND@LHC tunnel this week
• additional uses requested by community, beyond 

physics measurement (environment, upgrades) 



How do we ‘see’ particles?
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1977 

the discovery of the 
b quark

the SM re-discovery @ LHC

Upsilon, Y

𝚼, beauty
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the SM re-discovery @ LHC
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1977 

the discovery of the 
b quark

2010

Upsilon, Y

𝚼, beauty
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the SM re-discovery @ LHC
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Decades worth of particle physics discovery … in a single plot!
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π0➝ɣɣ
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Missing momentum 

Neutrinos cannot be detected  at the LHC! … or can they



had.  
calorimeter

target/ 
tracker


muon  
chambers


@LHC



Physics 
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The Standard Model of Particle Physics 

42

One of the great achievements of 20th century science.

SM predictions can be tested

against experimental data 

SM  =  Quantum field theory  +   Experimental measurement & discovery
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The Higgs boson 

43

One of the great achievements of 20th century science.

SM  =  Quantum field theory  +   Experimental measurement & discovery

Higgs



The Higgs boson (discovery) turns 12

https://www.nature.com/collections/gbfhieaciehttps://home.cern/news/press-release/physics/higgs-boson-ten-years-after-its-discovery

Read the celebratory 

CMS & ATLAS papers 

https://www.nature.com/collections/gbfhieacie
https://home.cern/news/press-release/physics/higgs-boson-ten-years-after-its-discovery
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Status of the scalar 
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The SM describes all (*) experimental data !
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The Standard Model: precision measurements 

quarks H  vs W vs  t 



SM = Precision
data vs theory

higgs 
gauge 

ewk 

μ = data/SM
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So, Why the need to go beyond the SM?

Dados que decididamente não conseguimos explicar: 
assimetria matéria-antimatéria (CPV?…)  —  matéria escura (WIMPs, ALPs, …?) —  inflação (inflatão?) 


 
• Hierarquia electrofraca 

- Fraca/Gravidade ~1024

- EWK << Planck (Deserto?)

- Instabilidade da massa do Higgs

- Fine tuning

- Naturalness

• Hierarquia de sabor 
- Porquê tantos parâmetros (19+)? 

- Porquê 3 famílias (‘Who ordered that?’)

- Porquê θQCD<10-9 (Strong CP problem)
- Porquê hierarquias enormes nas massas e 

acoplamentos dos fermiões?
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+ New Physics

Going beyond the Standard Model
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New particles discovered at LHC?



New particles discovered at LHC?

η→μμμμ
observation of new low-mass rare decay (with data scouting) 

interactions



New particles discovered at LHC?

72+1 new particles already discovered  — and more awaiting to be discovered ! 
https://www.nikhef.nl/~pkoppenb/particles.html
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New particles discovered at LHC?

X(6900)X(6600)
X(7300)

X(6900)

an all-charm tetraquark (candidates)



And now, into a hot, deconfined medium 



➡ at large energy densities, QCD 
predicts the existence of a deconfined 
state of quarks and gluons -- the quark 
gluon plasma (QGP)

‣ reproduced in heavy ion collisions 
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pp

PbPb
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Rediscovering the SM particles… in HI!

p+Pb

X?



Probing beyond the SM 



BSM landscape 

something 
unthought of
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Going beyond the Standard Model

Energy frontier

1) the easy way: direct discovery

61
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example: SUSY
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Intensity frontierfuelled by Quantum Mechanics 

2) the not-so-easy way: indirect discovery
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Going beyond the Standard Model
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Indirect searches: fuelled by Quantum Mechanics

                         
May access to NP scales well beyond collision energy !
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Going beyond the Standard Model
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energy frontier
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Going beyond the Standard Model

Beam energy: √sBeam intensity:  high luminosity

LHC — explore both energy and intensity frontiers
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LSM-EFT = LSM  
+ ΣiCiOi 

1930 1970 2020 future

a more fundamental 

theory with new 


degrees of freedom 

Standard ModelFermi model

SM field new heavy field

SM field

+

2012

UV theory

a predecessor 

of EWK theory we’re here!

SM-EFT

simple and elegant theory 

describing almost all 


microscopic phenomena

LSM = Lgauge + Lhiggs

energy scale
 mH mtmZ,W ΛNP

……

GF


