
artcms.web.cern.ch

Neutrinos

!1

N. Leonardo  nuno@cern.ch 

Anomalies
Flavour

@LHC & beyond
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Flavour      Anomalies
quarks & leptons experiment ≠ theory

beyond SM

SMData
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Neutrinos
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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

HNCXQWT�
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Goal: go beyond the Standard Model

HNCXQWT�

SND@LHC

CMS@LHC

SHiP@SPS
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Goal: go beyond the Standard Model

the LHC as a heavy-flavour factory
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SM precision

Flavor ➡ (indirect) access heavy BSM

particle mixing rare decay

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



b→sμμ        ↠ 2����,����0��.���,���! 
SM - Effective Field Theory

LSM-EFT  = LSM + ΣiCiOi B→μμ

B→K*μμ

B→Xμμ

!9



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

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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Bruno now PhD  
@ Polytechnique,  
France

Maria now PhD  
@ EPFL, Switzerland

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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CERN-THESIS-2019-256
https://cds.cern.ch/record/2705630


Defense: October 2019

Bs observation in PbPb B mesons RAA

thesis  
opportunity 

• New PbPb data — 
being collected in 
October 2023

• Study b hadrons as 
novel probes of QGP

• Reach low pT region 
with machine learning

• Search for b baryons 
• Explore exotic 

hadrons e.g. X(3872)

(probing B mesons in hot QCD medium)

Julia now PhD  
@ Birmingham, UK

just defended yesterday !

https://cds.cern.ch/record/2705630
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Goal: go beyond the Standard Model

the LHC as a neutrino factory
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Neutrinos at LHC !

The most recent LHC experiment ➡ see also C.Vilela’s  
Lecture on Monday
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just 
posted  

this week 
!

https://arxiv.org/abs/2305.09383 https://indico.lip.pt/event/1425/
Observation seminar @LIP last month

https://arxiv.org/abs/2305.09383
https://indico.lip.pt/event/1425/


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 in unprobed region

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 the unique dataset   
by the new LHC experiment 
→ including 1st observations

• Take part in installation of a 
novel (sRPC) detector in LHC 
and analysis of its data

• Drive studies for HL-LHC 
upgrades (RPC, Si detectors) 

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

⬅  Mesure first collider neutrinos

⬅  Probe LFU anomalies in neutrino sector 
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thesis opportunities 
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Goal: go beyond the Standard Model

search for FIPs, Feebly Interacting Particles  
(from decay of flavour hadrons produced 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
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CERN-THESIS-2021-038
https://cds.cern.ch/record/2765979?ln=en

Defsense: January 2021

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
https://cds.cern.ch/record/2765979?ln=en
https://cds.cern.ch/record/2765979?ln=en


• 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, 
hinting contributions from New Physics  

• LHC is entering a high intensity phase

‣ new era of precision and rare processes

• great research opportunities for students

‣ anomalies & LFU, Neutrinos & other FIPs

‣ in large or smaller, well-established or novel  
experiments in the exciting LHC environment

Summary

LHC Run3 just started !

Join the adventure!
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