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Flavour      Anomalies
quarks & leptons experiment ≠ theory

beyond SM

SMData
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+ New Physics

Goal: go beyond the Standard Model
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Goal: go beyond the Standard Model
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Goal: go beyond the Standard Model

LHC (and esp. HL-LHC) as an intensity frontier machine

flavour!
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Goal: go beyond the Standard Model

flavour!

SND@LHC

CMS

SHiP
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Goal: go beyond the Standard Model

the LHC as a flavour factory
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Indirect searches: fuelled by Quantum Mechanics
Goal: go beyond the Standard Model

                         
Flavour physics provides access to NP scales well beyond collision energy !
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Lepton Flavour Universality

SM (gauge) interactions do not distinguish lepton flavours  
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b→sμμ     (flavour anomalies!) 
SM - Effective Field Theory

LSM-EFT  = LSM + ΣiCiOi B→μμ

B→K*μμ

B→Xμμ
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Taken together, the flavor anomalies 
are most significant deviation from SM, 

and the strongest indication of NP in 
current collider data !
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CERN-THESIS-2018-274
https://cds.cern.ch/record/2649927


Defense: May 2018

youtube

 

CERN-THESIS-2021-220
https://cds.cern.ch/record/2791778

youtube

B→μμ B→K*μμ LFU

PhD thesis  
opportunity! 

• LFU analysis
• b→sττ / b→sμμ  
• anomaly-dedicated 

CMS dataset
• machine learning for  
τ reconstruction and  
B signal selection

• potential to clarify 
flavour anomalies and 
establish new physics 
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https://cds.cern.ch/record/2649927
https://www.youtube.com/watch?v=GisEGOiyAFA
https://cds.cern.ch/record/2791778
https://drive.google.com/file/d/1dwqQJ8frPiClT_RoLgk5h6qNRF7yV4w2/view
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Goal: go beyond the Standard Model

the LHC as a neutrino factory
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Neutrinos at LHC !
SND@LHC is the most recent LHC experiment. 
Approved, built and installed last year (2021).

LIP is a founding member, built part of muon system.

A neutrino detector at the LHC! 
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SND@LHC extends physics potential of LHC 

SND@LHC physics goals 
Observe collider neutrinos for first time

Unexplored energy range (up to 10 TeV)

Measure flavour production

Search for FIPs and Light Dark Matter

Detect and study all 3 flavours: νe,νμ,ντ 

Lepton Flavour Universality (LFU) tests 

νe

νμ

ντ

• explore first data by the new 
LHC experiment

• Get integrated in a smaller 
collaboration in the exciting 
LHC environment 

• first LHC collisions very soon!

Measurement of Collider Neutrinos 
with the SND@LHC Experiment  

PhD thesis ongoing, by G.Soares

⬅  Probe LFU anomalies in neutrino sector! 

Masters thesis opportunity 
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Goal: go beyond the Standard Model

search for FIPs, Feebly Interacting Particles  
(from decay of flavour hadrons produces in collision)
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Goal: go beyond the Standard Model

LHC 
FCC
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SHiP — Search for Hidden Particles

CERN-THESIS-2021-038

LIP-STUDENTS-20-17

LIP-STUDENTS-21-06
!18

https://cds.cern.ch/record/2765979?ln=en
https://espace.cern.ch/lip/pub/docs/LIP-STUDENTS-20-17.pdf
https://nc.ncg.ingrid.pt/index.php/s/MjGbApZMk5ZMkeb/download/LIP-STUDENTS-21-06.pdf
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• flavour provides a promising portal into 
new-physics beyond the SM

‣ sensitive to new heavy particles beyond the 
collision energy  

• a pattern of anomalies revealed in data, 
indicating contribution of new-physics  

‣ their clarification is current field priority  

• LHC is entering a high intensity phase

‣ new era of precision and rare processes 

• great research opportunities for students

‣ anomalies & LFU, neutrinos & other FIPs

Summary

LHC Run3 starting 

 now!

Join the adventure!
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thank you
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+ New Physics

Goal: go beyond the Standard Model
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Goal: go beyond the Standard Model

Energy frontier

1) the easy way: direct discovery
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Goal: go beyond the Standard Model

Intensity frontierfuelled by Quantum Mechanics 

2) the not-so-easy way: indirect discovery
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N.Leonardo,	Rare	Processes,	LIP	Jornadas	2020 �24

particle mixing rare decay

B μμ,m

flavour oscillations
Tevatron flagship (2006)

Flavour-Changing Neutral Currents
LHC flagship (2015)

Nature 522 (2015) 68PRL 97 (2006) 242003, NL thesis

“fast and rare”
“doubly sensitive to NP”
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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
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SM
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an analogy: machine learning 
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