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the standard model 
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Gauge sector  
(spin 1) 

Flavor sector  
Fermion (spin 1/2) 
dynamics & mass 

Higgs sector   
(spin 0)

The SM Lagrangian

}
}
}

describes everything  
experimentally confirmed  
before 2012 
  
Yukawa coupling w/ scalar 
(new interaction type)  

Scalar self-interaction  
and with gauge bosons

A great triumph of 20th century science.

+ NP ?
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Direct 
‣ searching for the decay products of 

potentially produced NP particles

Indirect
‣ searching for NP particles running 

in quantum loops (virtual)
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Statistics! significance of a bump

!3

BSM?

SM

@125GeV: the Higgs! @750GeV: a fluctuation!

5σ (discovery)
p-val: 0.0000003 

3σ (evidence) 
p-val: 0.0013

X→ɣɣ  
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not-so-rare ➡ precision! 
Medium rare ⬅ EWK Penguins 
Very rare ⬅ FCNC/GIM+helicity 
Ultra rare ⬅ LFV

baryon  
number 
violation

lepton  
flavour 
violation

GIM 
suppressed 

e.g. t→c/u

EW 
penguins 

e.g. b→sll

helicity 
suppressed 

e.g. B→μμ

0 ~10-50 ~10-14 10-9 10-7

CKM  
suppressed 

e.g. b→u

10-5
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Rare Decays  
of SM particles, towards NP

beauty 
charm 

strangeness 
top 
W,Z 

Higgs 
leptons (τ) 

SUSY  
Z’,W’ 

leptoquarks 
unexpected  

?
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rare beauty | Bs→μμ
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  a milestone discovery of the 
LHC physics program 
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rare top  |   t→u/c

�7

• FCNC/GIM in top sector lead 
to very rare processes 
‣ BF~10-14

• rates enhanced in NP models
‣ MSSM (10-7), 2HDM (10-6), RS(10-5)

• current limits ~10-4 

1803.09923
CMS-TOP-17-017

mailto:nuno@cern.ch


LIP Internship Program 2020 —    nuno@cern.ch   —   

rare Higgs
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Higgs couplings:

- H to W,Z,t,b,τ: done
- H to ɣ: no mass ↠ no coupling 
- H to μ: clean signature; expect Run2(+Run3)
- H to c: challenging, in reach @HL-LHC
- H to u,d,s,e: almost hopeless @LHC but NP!

μμɣ
 arXiv:

e,μ
,u,d

,s,c

rare!

LHC’2017

LHC’2012
LHC’2018

LHC’2018

LHC’202?
?

• H→qq
‣ overwhelming QCD 

background 

• H→Qɣ
‣ clean but rare
‣ H→Υ/ψ/ɸ/⍴+ɣ

Currently @CMS
μ(H→cc) < 70  |  μ(H→J/ψɣ) < 220
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Lepton Flavour Universality 
& Flavour Anomalies

b→sll 
b→clν

Z’,W’ 
leptoquarks 

?

SMData
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b→sμμ  |  global fits 
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Effective Field Theory

⬅ Now               HL-LHC ➡
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complemented by lepton  
flavour universality tests !
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http://www.lip.pt/outreach/lipnews/pdfs/issue15_pt.pdf
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