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& 
beyond



(BSM) 
Hidden  
particles

neutrinos@LHC? 
see FASER/SND@LHC

CMS — general-purpose experiment at (HL-)LHC

(HL-)LHC facilitates widest scope of particle physics research 
It will remain the Energy Frontier (now & over next several decades!)

Scrutinize SM: Electroweak/Higgs, Heavy Flavour, QCD/Heavy Ions

Offers highest potential for ground-breaking discovery beyond SM 

Extend scope: photon collider, collider neutrinos, lifetime frontier

HL-LHC upgraded detectors 
ATLAS/CMS general-purpose detectors

with enhanced capability will reach unique

SM precision and BSM sensitivity; further 

complemented by dedicated apparatuses    

https://indico.lip.pt/event/1923/


CMS Upgrade — HL-LHC Precision Proton Spectrometer 
https://cds.cern.ch/record/2750358

• improved detector with larger mass acceptance 
• locations at 196, 220, 234, 420m from IP

https://cds.cern.ch/record/2750358




Flavour Physics @ PT

previous update 5 years ago

flavour anomalies 

seminar last week

Portugal has long-standing involvement 
in flavor physics — theory & experiment

• theory :: see dedicated contributions

• experiment
‣ expertise from Tevatron exploited at LHC  

‣ contributed multiple flagship results

‣ held multiple coordination roles: production, 
properties, CP violation, rare decays, trigger, 
analysis tools, CMS wide (CMS B PAG) and 
LHC wide (LHC HF WG) convenerships     



Flavour towards BSM 

b→b flavour mixing
b→sll rare decay

mix+decay: CP violation b→sll: LFV, LFUV

B anomalies

flavour mixing rare decay

B μμ,m

FCNC EFTBSM BSM

probing beyond √s reach



Favour probes of QCD, QGP, Higgs

Y production

ψ polarisation

onia melting

b fragmentation

B production X(3872) in hot medium

Hidden flavour Open flavour Exotica
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Flavour benchmark channels @ HL-LHC 
B→μμ B→ψφ B→K*μμ τ→μμμ

Bs: 7% 
B0: 5σ

Ptag > 6.5% 
w/ PID MTD
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H
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extended acceptance |η|<2.8

proj. being updated, D & W channels



Flavour @ Future Colliders 
B→K*ττ

CLFV τ→μγ

B→K*νν

‣ yet to be observed

‣ not possible at LHC

‣ theoretically cleaner 
than b→sl+l- 

‣ novel probes of CPV

‣ yet to be observed

‣ SM BF ~10-7 

‣ NP ⥋3rd generation

‣ IDEA ➥ 3.5σ



Strategy Input

• Re-state the HL-LHC as the leading priority for the field

‣ support the construction of the general-purpose ATLAS/CMS upgraded detectors

‣ support the upgrades of dedicated detectors (LHCb, SND@LHC)

‣ support projects extending the physics scope and discovery opportunity  

‣ support the continued exploration of both pp collisions and ion collisions  

‣ support the operation during 2030-2041 to reach 3ab-1 and execution of full physics program

• Advance feasibility and sensitivity studies for a next collider and associated detectors

‣ support an e+e- factory (Z,WW,ZH,tt) such as the FCCee for precision measurements

‣ allow to probe (flavour) channels not accessible at hadron colliders



Backup



The flavour anomalies

Set of experimental observations in flavour sector revealed 
discrepancies with SM predictions, in processes sensitive to 
virtual contribution from new physics

b→sll decays: 
Angular observables and branching fraction

b→cl𝜈 decays: 
Lepton Flavour Universality tests



While measurements performed on the LHC Run 2 data 
showed evidences of tensions with the SM predictions, 
the data from Run 3 and HL-LHC is critical to achieve to 
understand the origin of these discrepancies. 

Improvements in trigger algorithms deployed in Run 3

Prospects for b→sµµ studies at CMS 

Projections of B0->K*0µµ angular 
analysis with a dataset of 3 ab-1 
show achieved precision and 
granularity as a function of the 
dimuon invariant mass


