












The Higgs Mechanism
● One complex (doublet) scalar field Φ [4 d.o.f.]
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The Higgs boson discovery

ultimately the Higgs boson discovery was an experimental challenge, 
but with a lot of cross-talk between theorists and experimentalists
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The Higgs boson discovery

mH = 125 GeV
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SM recap

Field Content Interactions





Beyond the Standard Model (BSM)
● SM: effective theory valid at low energy: 

higher energy → new d.o.f. (particles), yet unseen

● for BSM theories addressing the above issues: there were (theoretical) 
reasons to expect BSM signatures at the LHC

● LHC main goals:

○ Understand EWSB, by looking for the Higgs boson
→ SM particle content finally established [✅]
→ not yet all its interactions (Higgs sector)

○ Search for new Physics beyond the SM
→ LHC is the current energy frontier (in a lab)
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SM Phenomenology at the LHC and QCD
Feynman diagrams, at times 

advanced mathematics, 
analytical+numerical

● TH computations enter in ~ all experimental analysis

NLO: disagree with data

NNLO: match data



















DM@LHC
● Assume there is a mediator DM – SM
● Signature: “mono-jet” (DM is not detected!)

- In order to establish whether there’s a BSM excess, one must be sure to 
know the SM signal very well

- QCD (and EW) corrections crucial!
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Indirect searches (LHC as a precision machine)

● All Higgs couplings (in the SM) fixed 
once masses known

⇒ deviation in the expected Higgs 
couplings → BSM

● SM is a QFT: self-consistency requires different 
parameters to be related (radiative corrections)

⇒ precise measurements might unveil tensions 
→ BSM
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The path ahead

● High-Luminosity LHC: 15 years of data to come, ~10 times more statistics 
● Increasingly clear that hints of new Physics at the LHC, if there, are difficult to be found

○ More and more ingenuity and advanced techniques in EXP analysis
○ Role of precise computations in the SM become more and more important

Higgs discovery today
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Beyond the LHC (>2040)

Extraordinary stat → precision ⊕ 100 TeV → higher mass reach



Conclusions
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● SM (←QFT) is extremely successful in describing fundamental interactions
● SM: not the ultimate theory → BSM → explicit models / bottom up approach
● Path to New Physics: Direct vs Indirect searches
● Both ways: impressive progress in understanding and exploiting QFT (e.g. QCD)

     Ultimate goal: find hints of new Physics

● Scale of New Physics not clear; precision measurements might give hints

● The LHC will continue (~20 years) probing fundamental physics at energies never 
explored before + other smaller experiments

● Large and lively TH communities, new ideas, interactions with EXP colleagues
● Many intense years ahead of us …………………(ahead of YOU!)

● Particle Physics is at a crossroad: in the next 2-3 years it’ll be ~clear how 
the field will move forward after the HL-LHC (FCC, …, after 2040)


