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“When theorists are more confused, it’s time for more, not less, experiments” 
Nima Arkani-Hamed
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Overview

Overview of the talk 

1. CERN & LHC foundations 

2. ATLAS Experiment 

3. Physics at Colliders 

4. Higgs Boson 

5. Outlook and Conclusions
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CERN & LHC
CERN (1954-pres.): EU organization 
➡ Based in Geneva  
➡ Affiliation from all over the world
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CERN & LHC

Large Hadron Collider (2008-pres.) 

Highest energy ever reached  
in  colisions: 

 

probing  

proton radius:  

Hydrogen binding energy 

pp
s = 13 TeV = 13 × 1012 eV

λ ∼ 10−19m

rp ∼ 10−15 m

EH
I ∼ 13.6 eV
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Main Experiments
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ATLAS Dimensions
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Detector sub-parts: 
➡Tracker: 

Charged particles 
➡EM Calorimeters: 

,  
➡Hadronic Calorimeter 
➡Muon Spectrometer

γ e±
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ATLAS Dimensions
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The New Small Wheel
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LHC Physics
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“What we observe is not nature itself, but nature exposed to our method of questioning.”  
Werner Heisenberg
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Protons are composite objects  quarks and gluons (partons) 
Probability to pick a parton  parton distribution functions (PDF)  
Probability of a given “process”  Feynman diagrams 

Predictions in terms of cross-sections  
cross-section   probability  

→
→

→

σ(pp → X)[cm2]
→
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What’s next? 

Once particles are produced: 

— produced partons must hadronize: 
Confinement 

— “stable” particles will cross the Detectors 
— In the end we observe Reconstructed objects 

Truth Particles  Reco Objects pp → →
!

Collision Detector
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Jets 

When a parton (g, q=l,c,b) is produced it hadronises: 

It produces a bunch of hadrons called jet 

Jet initiated from different partons  
have different characteristics! 

— Algorithm for jet identification are fundamental

What about the " quark? 
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Today we’ll talk about  
 
Higgs Boson production
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Basic concepts
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Event Display 
Higgs produced with  
aVector Boson (W)
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Higgs Boson
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“Scientific theories cannot be deduced by purely mathematical reasoning.”  
Steven Weinberg
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Higgs Physics

17
A Model of Lepton - Weinberg (1967) 

Higgs mechanism of Spontaneous Symmetry Breaking solves: 
— Mass to gauge vector bosons  
— Mass to fermions 
— Standard Model Couplings 
Introducing: Scalar Massive Particle

https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.19.1264


Santi Lorenzo Seminars

Higgs Physics
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No Loose Theorem of LHC:  

“Either you observe the Higgs Boson or new phyisics is required at the  scale”TeV

Higgs found in 2012 
at mH = 125 GeV
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Production s = 13 TeV
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gluon-gluon Fusion (ggF) 
σggF ∼ 50 pb

Vector Boson Fusion (VBF) 
σVBF ∼ 3.8 pb

Higgs-strahlung (VH) 
 σZH ∼ 0.9 pb

σWH ∼ 1.4 pb

*1b = 10−24cm2 probability of productionσ =
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Decaying mH = 125 GeV
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Channel Branching 
Ratio (BR)

bb 57%
WW 22%
gg 8,3%
ττ 6,3%
cc 3%
ΖΖ 3%
γγ 0,2%
Ζγ 0,2%
µµ 0,02% *observed 

*not observed

prob. of decay*BR =
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H → bb
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Despite it’s difficult to measure it in ggF and VBF BR(H → bb) ∼ 57 %

too much background

Best channel is VH: First observation in 2018 of VH production and H(bb)

Why?

W,Z decay to leptons:  
0L:               (High Missing Energy, ) 
1L:               (1 Prompt lepton + ) 
2L:             (2 Prompt lepton at Z mass) 

much more clear signature of the event

Z → νlν̄l E
W → lνl E
Z → l+l−

https://reader.elsevier.com/reader/sd/pii/S0370269318307056?token=B4B093BCC45E9C4A78E7A3E4A350B7DA88261796FA1FC2E1C41C5967F2E0E19C96C4A7F4793AFC3AC99F87343212F802&originRegion=eu-west-1&originCreation=20220212143115
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VH(bb) signature: 2 b-quarks  2 b-jets: 

b-tagging: algorithms identify a b-jet  

Exployting b-quark will hadronize in a B-hadron (e.g. ) that have a long lifetime  

  

Machine Learning techniques for identification (DL1r) 

Delicate calibrations of  on data (data-MC scale factors) 

Calibrations on orthogonal (pure) samples as  

→

→ ϵb

B0

→ cτb ≃ 0.45 mm

ϵb

tt̄
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b-tagging
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—  

Multiple calibrations: combination

SFb
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VH(bb) Results
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Observation:  
Expected (Observed):   ( )6.7σ 6.7σ

Results in terms of  
signal strength

μ = σ ⋅ BR
σSM ⋅ BRSM
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“I am quite surprised that it happened during my lifetime.  
It is nice to be right about something sometimes.” 

Peter Higgs
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Now the goal is to give the best measurement of 
the VH production cross-section using upgraded 
algorithms and combining the analysis of 

 (observed) and  (not-observed) H → bb̄ H → cc̄

c?
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c?

Main Evidence/Observation purpose of Run-3 
and beyond: 

— Higgs coupling to 2nd generation: 
                  H → cc̄ H → μ+μ−
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Main Evidence/Observation purpose of Run-3 
and beyond: 

— Higgs coupling to 2nd generation: 
                   

— Higgs self-coupling: 
        (maybe another time #)

H → cc̄ H → μ+μ−

pp → HH

Outlook
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Main Evidence/Observation purpose of Run-3 
and beyond: 

— Higgs coupling to 2nd generation: 
                   

— Higgs self-coupling: 
        (maybe another time #)

H → cc̄ H → μ+μ−

pp → HH

Outlook
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Thanks for the attention!

Outlook


