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Large Hadron Collider
● Accelerates protons (mostly) and heavy ions
● 27 km circumference
● Collisions reaching 13.6 TeV centre of mass energy
● Four large experiments: CMS, ATLAS, LHCb, ALICE
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LHC Schedule We are here!

● Run 3 collisions at 13.6 TeV!
● Run 3 planned to conclude in June 2026
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Phase-2 Upgrades

● Major detector upgrades planned for Long Shutdown 3 
(Phase 2 upgrade) in preparation for High-Luminosity 
LHC Run!

○ New Tracker (silicon pixel + strip detectors)
Brussels group: strong involvement in Tracker 
construction and QA, operating clean-room facilities 
for module assembly and testing
Will be covered in detail in the Aloke’s talk

○ Muon system upgrades (new GEM and improved RPC 
chambers)
Brussels group: participation in GEM detector R&D and 
commissioning
Will be covered in Yanwen’s talk

https://indico.iihe.ac.be/event/2448/#29-cms-phase-2-tracker
https://indico.iihe.ac.be/event/2448/#43-highlights-from-instrumenta
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European Strategy Update

● 2026 European Strategy for Particle Physics Update

Process started in Summer ‘24, physics inputs by March ‘25
● CMS + ATLAS updated projections for key HL-LHC 

measurements
○ Single Higgs precision
○ Higgs self-coupling from double-Higgs discovery
○ Electroweak potential shape and stability

Steven

Steven Lowette co-coordinated as 2024-2025 Physics Officer
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Luminosity

● CMS has recorded ~ 300 fb-1 in Run 3 and goes on!

Run 3 luminosity

● Already recorded more than double the luminosity 
compared to Run 2

Run 3

Run 2

Run 1
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CMS Shifts
● We need shifters to assure high data quality and data-taking stability!

○ Actively contributing in various P5 central shifts (CMS control room)
○ Several GEM, RPC, L1, Tracker DOC (experts on-call)

CMS control room
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CMS Shifts

CMS control room

Congratulations to Itana who received a well-deserved award: 

"For her deep competence and exemplary commitment in consistently 
undertaking DAQ shifts every year of Run 3"
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How IIHE Fits into the CMS Puzzle
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Gilles
Project manager of the 

CMS muon system
Laurent

Former L2 convener 
in L1 Trigger DPG

Martin
Current L2 convener 

in Tracker DPG

How IIHE Fits into the CMS Puzzle
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Each group has:
● 2 main coordinators (“L2 conveners”)
● Various subgroups with 2 coordinators 

each (“L3 conveners”)
● Contact positions = experts on topics

How IIHE Fits into the CMS Puzzle
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Former L2

Bugra

Gerrit

Current L3 in 
generator tuning

How IIHE Fits into the CMS Puzzle
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Former L2

Bugra

Gerrit

Organisation of workshops at IIHE

How IIHE Fits into the CMS Puzzle

Current L3 in 
generator tuning
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Former L2

Bugra

Gerrit

Former L3 
in JERC

Andrea

Laurent

Former L2

How IIHE Fits into the CMS Puzzle

Current L3 in 
generator tuning
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Former L2

Bugra

Gerrit

Former L3 
in JERC

Andrea

Laurent

Former L2

Alexandre Pavlo

Current L2 Current L3 in SW

How IIHE Fits into the CMS Puzzle

Current L3 in 
generator tuning
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Former L2

Bugra

Gerrit

Former L3 
in JERC

Andrea

Laurent

Former L2

Alexandre Pavlo

Current L2 Current L3 in SW

Andrea

Former L3 in 
diboson resonances

Gerrit

Former L3 in very 
heavy fermions

How IIHE Fits into the CMS Puzzle

Current L3 in 
generator tuning
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Former L2

Bugra

Gerrit

Former L3 
in JERC

Andrea

Laurent

Former L2

Alexandre Pavlo

Current L2 Current L3 in SW

Andrea

Former L3 in 
diboson resonances

Gerrit

Former L3 in very 
heavy fermions

Max

Current Trigger 
coordinator contact 

How IIHE Fits into the CMS Puzzle

Current L3 in 
generator tuning
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Former L2

Bugra

Gerrit

Former L3 
in JERC

Andrea

Laurent

Former L2

Alexandre Pavlo

Current L2 Current L3 in SW

Andrea

Former L3 in 
diboson resonances

Gerrit

Former L3 in very 
heavy fermions

Max

Current Trigger 
coordinator contact 

Steven

Ilia

Current electron 
contact

Former L2

How IIHE Fits into the CMS Puzzle

Current L3 in 
generator tuning
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Physics analyses in CMS

Searches

Precision 
measurements
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The Drell-Yan chronicles 

● Main physics analysis:

Differential DY cross section 
measurement as a function of 
dilepton variables (mass, pT, rapidity)

○ Precise test of the standard model
○ Constraint of parton distribution 

functions (PDF) and multiple 
gluon resummation treatment

International collaboration with 
Korea, Lithuania and US groups

Recent publication with 2016 data

On-going effort with full Run 2 data

40 < m(ll) < 3000 GeV
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Dependence with sqrt(s)
● Intrinsic transverse momentum is tuned in MC with a 

non-physical energy dependence
● kT measured on low-pT Drell-Yan events → No strong 

dependence on centre-of-mass energy observed

The Drell-Yan chronicles 

Scouting : What is it ?

As a reminder : 

❖ Scouting is a high rate, small size format
➢ Rate is ~25 times higher than the regular 

stream of data taking
➢ Threshold is much lower
➢ Trade-off is the lower information and no 

offline reconstruction
■ Not storing all objects information
■ Decreased numerical precision on 

tracks and PF candidates.

5

● Scouting data: Additional measurement for the 
low mass (10 < m(ll) < 40 GeV) is also planned 
using a specialised dataset (“scouting”)

Intrinsic kT partons in proton
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A charming future
Probing the Higgs-charm coupling

● Large inter-university project iBOF (VUB + UGent + UAntwerp) → 
Probe various processes sensitive to yc and combine for ultimate 
precision

StevenMichael
● charm-Higgs coupling yc next milestone at LHC → Currently only limits on yc
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H+c with H  ZZ*  4ℓ→ →

A charming future
H + c process

Gerrit Felix Nordin Stef Saranya

● Run 2 dataset (2018 data): Set limit on yc by fitting jet c-tag 
discriminator shapes

● Run 3 dataset: Joined SM-oriented effort, focus on BSM-oriented 
approach on longer term
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H+c with H  WW*  2ℓ2ν→ →

A charming future
H + c process

Gerrit
Felix Nordin

Chirayu

● Run 3 dataset: Joined SM-oriented effort, explore BSM 
interpretation (with Saranya)

Constraints on new physics in H+c 
using EFT

Gerrit

Pheno paper in preparation: target draft end of year

● Identified EFT operators relevant in H+c events

● Checked validity regimes of Wilson Coefficients C i

● Approximating systematic uncertainties & derive 
expected constraints on Ci
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A charming future
tt+cc cross section

● Aim: Measurement of tt+cc inclusive cross section 

● tt+heavy flavour is an irreducible background in many 
analyses including ttH

● Full Run 2 dataset

● Use deep learning architecture for event classification

GerritAlexandreJuhee

Classification performance: ttcc 
shows 51% accuracy, while ttc is
more challenging



26

A charming future
Jet flavour identification

● Jet flavour identification is crucial for all the previous 
analyses

● Major involvement in BTV POG 

● Milestone of 2025, UParTv2: New state-of-the-art flavour 
tagging (faster, optimised, larger model and dataset size)

● Continuous work ongoing for UParTv3 

● Phase-II developments: Study on HLT and Offline / 
Software contributions

FelixAlexandrePavlo Juhee ChirayuSaranya
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A charming future
Rare Higgs decays

Jas

Kai

Higgs/Z-boson decay to Psi 
Meson and Photon

● Probes charm-Higgs Yukawa 
coupling + sensitive to BSM physics

● Alternative to direct H→cc searches
● 2D-fit for signal extraction: 

Simultaneous fit in mµµ and mµµγ

Higgs decay Ds meson and 
W boson

● Direct search on H→cc
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In Pursuit of the True Muonium

● True Muonium (TM) is an unobserved QED bound state of + - 𝞵 𝞵

○ m ~ 210 MeV, cτ ~ .5mm → predicted by the SM

○ Serves as precision test of QED + sensitive to BSM physics

● Look at dissociated muons from TM after material interactions 

● Current work: first background estimations from photon conversions 
and hadron decays in the form of displaced muon pairs

● Future work: Signal simulation and background reduction optimisation

Stef
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On the Right Track

● For all the above analyses precise tracking 
is crucial!

Stef

● Run-3 primary vertex and track 
impact parameter resolution 
calibrations

Kai

● Software development for Phase-2 
Outer Tracker

Jas

● Run-3 tracking efficiency at 
low pT with J/ψ→µµ decays

● Run-3 displaced vertexing 
calibrations
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Higgs Gone Exotic

● First search ever for exotic Higgs decay H → SS → 2μ + 2K/2π

● When S low mass → dominant decay to pair of kaons or pions

● Nearly background free using m(S1) = m(S2)

● Considered prompt as well as displaced decay

● Unique sensitivity at low mass, down to below 10-4!

Public:

CMS-PAS-EXO-24-034

CMS physics briefing

https://cds.cern.ch/record/2938044
https://cms.cern/news/hunting-exotic-higgs-bosons-decaying-lightweight-scalar-particles
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Chasing Heavy Resonances

BarbaraIliaFrancoLaurent

● Current work: Inclusive search for high mass dilepton resonances (Run 2 + partial Run 3 data)

● Future plan: Sophisticated analysis strategy with exclusive categories  (Full Run 2 and Run 3 data)

Search for resonances 
in m(ll) distribution tail

Highest mass event in Run 3 
with m(ee) = 5.2 TeV!
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Spotting the Electrons

Franco Laurent
● For such analyses measuring the electron identification efficiency is crucial

● Derived Run 3 electron ID scale factors 
Aamir

Tight WP
MVAIso-WP90

HEEP
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Higgs Undercover

LaurentChaochen Pascal
● Search for H → invisible

○ B(H → inv)  0.1% in SM≃

○ Higgs could be a portal to 
dark matter

● Long standing effort for Higgs to invisible 

○ Worked on full Run 2 analysis

○ Current work: Run 3 analysis focusing 
on vector boson fusion production mode

Tagging production mode with machine 
learning techniques 

Enhanced cross 
section at 13.6 TeV

HuguesAndrea Aamir
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Laurent Pascal● Team also involved in mono-jet analysis

● Results from VBF and mono-jet categories 
will be combined

International collaboration 
with Boston university

mono-jet VBF

Andrea Hugues Aamir Chaochen

Higgs Undercover
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H  γ γ→ D: Light Meets Dark

LaurentAndrea Longsheng Pascal
● Search for photon + dark-photon with Run3 data

○ Complementary to H → invisible search

● Investigating gluon fusion production mode 
too for the first time feasible thanks to newly 
developed triggers

● Preliminary studies with new triggers →  
expected improved sensitivity for both ggF 
and VBF 
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Triggering the Future

Laurent
● Development of new triggers is crucial for all searches

New low pT single-photon trigger running since 24

New triggers targeting low mass dielectron/diphoton resonances 
running since 25
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A Summary in Diagrams
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Back-up slides
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=

Large Hadron Collider Let’s have a look at the CMS detector
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CMS detector

high-pileup fill of last month

206 reconstructed primary vertices

9381 reconstructed tracks
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