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LHC & CMS



Large Hadron Collider (LHC)

● LHC is the world’s largest and most powerful 
particle accelerator. 

● Based at CERN, on the Franco-Swiss border near 
Geneva 

● Designed to collide protons at com energy of 14TeV 
with instantaneous luminosity of 1034/(cm2⋅s)

● Currently operating at 13.6 TeV

● 4 major experiments

● Leads the “Energy Frontier”
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Compact Muon Solenoid (CMS) Detector

4

● General purpose detector

● Excellent tracking system

● Excellent muon detectors



Particle reconstruction at CMS
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Physics at CMS
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● CMS has a wide ranging 
physics program

○ Higgs studies
○ Standard Model 

measurements
○ BSM searches
○ Top quark physics
○ Flavour physics
○ Heavy ion physics
○ etc.



Luminosity
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● Integrated Luminosity Recorded by CMS during proton collisons



Luminosity

● Comparison with LHCb:

●  Significantly higher luminosity recorded by CMS compared to LHCb
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Trigger

● Main challenge for Falvour physics is the triggering 
○ And low momenta object reconstruction

● Dimuon triggers are most useful 
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Flavour at CMS



Rare decays
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Rare decays: B0
(s) →μ+μ-
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Rare decays: B0
(s) →μ+μ- : New results
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Rare decays
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Heavy flavor spectroscopy : Recent results
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Heavy flavor spectroscopy : X(3872) in HI collisions
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Heavy flavor spectroscopy : X(3872) in HI collisions
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Heavy flavor spectroscopy : X(3872) in HI collisions
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Heavy flavor spectroscopy : J/ψJ/ψ -> 4 muons

19



Heavy flavor spectroscopy : Observation of new decay channels
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New conventional hadrons at the LHC
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Lepton Flavour Universality studies
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Lepton Flavour Universality studies
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Lepton Flavour Violation studies
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Lepton Flavour Violation studies
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Many more studies…
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CMS B Physics results:
https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH/BPH.html

https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH/BPH.html


Beyond the Standard Model:
Direct Searches



Fourth Generation Searches

● Certain BSM models predict fourth generation of fermions

● Analyses look at: 
○ b’ → t + W 
○ t’ → t + Z 
○ t’ → b + W

● No discoveries yet, efforts continue
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Leptoquarks
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● “leptoquarks” (LQ) are hypothetical particles that 
carry both lepton and baryon number.

● Predicted in many BSM models such as GUT 
theories, composite models, R parity violating SUSY 
etc.

● LQ have fractional electric charge

● LQ can have spin 0 (scalar LQ) or 1 (vector LQ)

● At hadron colliders, they can be produced mainly in a 
pair or singly, in association with a lepton

● CMS has several LQ searches based on final states



Leptoquarks
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And many more (including VLQ, RHN, etc.)
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CMS scientific results:
https://cms.cern/org/cms-scientific-results

https://cms.cern/org/cms-scientific-results


Future prospects



Plan of the LHC and the High-Luminosity LHC

33



Scouting & B-Parking
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Future prospects
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● Long scope ahead with HL-LHC

● New triggers, new reconstruction techniques being worked on

● Expect several new Flavour physics results from CMS in the future



Thank you!


