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The LHC taking off with the luminosity!

LHC data taking in full swing!

• 13.6 TeV center-of-mass energy

• Inst. luminosity up to 2・1034 cm-2 s-1

• A total of 123 fb delivered

• this year alone comparable with Run 2!
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Event from 
first 2024 stable bemas



Where are we with Run 3?
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Where are we with Run 3?
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Record luminosity…
…but also record #pileup  events!



Looking forward
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Phase 2 upgrade:
- additional low angle, high-rate muon detectors

⇒ GEM, iRPC
And also:
- Additional silicon tracker layers, trigger input
- High-Granularity Calorimeter HL-LHC
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110 results approved
100 papers published

Among which:
• 3 CERN press releases: sin2𝜃 , mW, entanglement
• 8 CERN News 
• 54 Physics briefings, see also here

S

2024 CMS physics results: numbers and highlights
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W boson mass measurement: Top quark-antiquark bound state

SMP-23-002 - submitted to Nature
HIG-22-013

2024

https://home.cern/news/press-release/physics/cms-experiment-cern-measures-key-parameter-standard-model
https://home.cern/news/press-release/physics/cms-experiment-cern-weighs-w-boson-mass
https://home.cern/news/press-release/physics/lhc-experiments-cern-observe-quantum-entanglement-highest-energy-yet
https://home.cern/news?title=CMS&topic=All&type=All&audience=All&tid_3=&date_from=2024-01-01&date_to=2024-12-31&page=0
https://cms.cern/tags/physics-briefing?page=0
https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-23-002/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-22-013/index.html


PhD students:

Antimo Cagnotta (PhD UniNA III year)

Francesco Confortini (PhD UniNA I 
year)

Carlo Di Fraia (PhD UniNA II year)

Leonardo Favilla (PhD SSM II year)

CMS Master theses in 2024:

Benedetta Argiento

Fabrizio Salerno

CMS PhD theses defended in 2024:

Francesco Carnevali 
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CMS@NA people
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Staff:

S. Buontempo (DR INFN)

F. Fabozzi (PA UniBas)

A.O.M. Iorio (PA UniNA)

L. Lista (PO UniNA)

P. Paolucci (DR INFN)

B. Rossi (PR INFN)

Services:

Alfonso Boiano

Antonio Vanzanella

Antonio Pandalone

Francesco Cassese

Giuseppe Passeggio

Responsibilities in 2024:

RPC Project manager (L2): S. Buontempo

HV GEM manager (L3): Antimo Cagnotta, A.O.M. Iorio

Very Heavy Fermion convener (L3): F. Fabozzi
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CMS@NA detector activities
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GEM (Gas Electron Multiplier)

- Power system responsibility

- GEM Operation at CERN

- Study of discharges

- Background studies

RPC(Resistive Plate Chambers)

- Background studies

- Project Management

Activity



Alberto Orso Maria Iorio

CMS@NA detector activities
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GEM (Gas Electron Multiplier)

- Power system responsibility

- GEM Operation at CERN

- Study of discharges

- Background studies
- Muon chambers background 
studies

- Physics components splitting

- Relation with Luminosity and 
monitored current

- Governance of the RPC group

Involvement in operation and 
upgrade

- HV system maintenance 

- realization of HV for the new 
chambers

- on site testing

- Detector commissioning 

RPC(Resistive Plate Chambers)

- Background studies

- Project Management

With the collaborationActivity
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CMS@NA detector activities
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GEM (Gas Electron Multiplier)

- Power system responsibility

- GEM Operation at CERN

- Study of discharges

- Background studies
- Muon chambers background 
studies

- Physics components splitting

- Relation with Luminosity and 
monitored current

- Governance of the RPC group

Involvement in operation and 
upgrade

- HV system maintenance 

- realization of HV for the new 
chambers

- on site testing

- Detector commissioning 

- Local setup for studies of 
GEM behavior and HV 
commissioning

- Assembly and testing of HV 
components

- Special PICOAmmeter to 
study current flow in GEM

RPC(Resistive Plate Chambers)

- Background studies

- Project Management

With the collaboration In NaplesActivity
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The muon system upgrade
HL-LHC upgrade:

- Increase in instantaneous luminosity :
2 1034 → 5 1034 cm-2 s-1

- Increase in pileup events
From an average of ~50 to an average of 140

⇒Increased overall background: issues for trigger 
rate, reconstruction, detector aging

New GEM chambers :

- aim to significantly reduce the background-induced 
trigger rate in the low-angle (high-eta) region, |η|  > 
1.6

An in depth description of a GEM’s workings in 
Leonardo’s talk!

https://agenda.infn.it/event/44906/#16-muon-system-run-2-studies-a


3 stations to be installed

- GE1/1 : installed before Run 3
→144 chambers 

- GE2/1 and ME0: to be installed 
after Run 3 - during LS2
→216 chambers each

The GEM upgrade challenge
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Some key features:

- Triple-GEM, with multiple multiplication stages
- 70/30 mixture of Ar/C0

2
 

- Very large chambers for GE2/1 (~2m2 each)
- Stacks of 6 chambers for ME0



Power System for ME0: 
schematic “flow” and main components
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HV board:
CAEN A1515TGHP
- Can provide HV to 6 
chambers
- Tested by CMSNA at CERN
- power needs to be 
distributed

Connectors

Distribution
- Cable split the output
- Connectors at multiple junctions
- Need to be prepared ad hoc
at CERN 

HV filters
- Necessary for noise 
reduction
- Designed by CMSNA
- Preparation by the NA team 
in Naples and at CERN

GEM

Cables



Large contribution to GEM operation and studies

- GE1/1 : installed before Run 3 ⇒ chance to monitor the 
chambers’ behavior!

- Main threat to detector workings: presence of discharges

Studies and counter-measures

- Previous work by A.Cagnotta et al. : 2023 JINST 18 P11029 
( discharge study with magnetic field before Run-II) → 
allowed to decide operational protocol 

- During last year further studies of mitigation strategies in 
case of excessive discharges leading to short circuits, 
exploiting distribution of HV

- Particularly important for GE2/1 and ME0 chambers, 
which are more tricky due to size/position 

GEM operation
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https://iopscience.iop.org/article/10.1088/1748-0221/18/11/P11029


GEM @ Naples

Alberto Orso Maria Iorio

Triple-GEM prototype at Naples

- Same gas mixture as CMS GEM, but much smaller scale

- Test-bench for some of chamber’s features 

- Allows to study the full HV chain in a realistic scenario

- Use of an “homemade” PICOAmmeter

- More in Leonardo’s talk!
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Contributions from:
A. Cagnotta, F. Confortini, C. Di Fraia, L.Favilla



Muon background studies: a cross-detector effort
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Study of muon background in RPC and GEM

- Study of the hit-rate per unit surface
of the detectors

- can be associated to different physics 
contributions that are not prompt muons.

- Depends on the overall activity in the detector
→ correlated to luminosity

- allows also to highlight the more exposed
parts of the detector to radiation (typically the most forward 
ones)

Large effort on Run-2 for a paper with these studies fo all
the muon system (F. Carnevali et al):

Eur. Phys. J. C (2024) 84:955

https://link.springer.com/article/10.1140/epjc/s10052-024-13077-x


Muon background studies in Run 3
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With Run 3 studied went on - now with the addition of GEM:

- RPC: refining techniques and studying 
the effect of the different detector conditions

- GEM: also in correlation to the measured 
current in the chambers

GEM: Correlation of the baseline current 
flowing through a GEM foil 

RPC: hit rate in the forward region 
(chambers RE4). One can appreciate the 
difference on the left due to the installation 
of a shielding in Run 3 

C. Di Fraia et al. 
CMS-DP-2024-117

L. Favilla et al. 
CMS-DP-2024-108

https://cds.cern.ch/record/2916757
https://cds.cern.ch/record/2916748


‘

New bosons searches
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CMS@NA analysis activities
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New fermions searches

Top-tagging studies Quasi-interactive analysis



Legacy Run II analysis: W’ search
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Search for a new resonance decaying to a top-bottom quark pair

High mass search through the leptonic final state

Study as function of the right or left, couplings as well as the particle width to allow for a 
wide range of interpretations

𝝼

W 
b

ℓ

b- quark producing a 

Jet that can be b-tagged

Lepton: muon or electron

Neutrino → momentum

Is missing to kinematic

closure 

JHEP 05 (2024) 046

http://dx.doi.org/10.1007/JHEP05(2024)046


W’ → tb: resonance in mW’ reconstructed from

1 top + 1 jet b

Largest excess: 2.6 standard deviations a mW=3.8 TeV

Measured vs:

- Left- or right-handed components of the current
- Particle width

Physics briefing :
The beauty, the top, and the mighty

mW’

W’ search results
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https://cms.cern/news/beauty-top-and-mighty


Vector-like quarks: new colored fermions common to several BSM models

Both left- and right-handed currents

Analyses in progress: VLQ searches 
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Pair production Single production

Most common VLQ 
hypotheses



VLQ@NA
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T→ tA

T → tZ
Top + missing energy

- state common to many

BSM interpretations

- Run 3 analysis 

- Uses special hadronic

top quark tagger

Top + 1 new boson A

- non-minimal models:

Could have escaped searches 

so far!

- Run 2 legacy analysis

- uses XGBoost tagger for leptonic top 
quarks

F. Carnevali, C. Di Fraia

A. Cagnotta, L. Favilla

WIP for Moriond 25’

B.Argiento, F.Salerno



Top quark identification via Machine Learning:
XGBTop
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Top True Top Other Top QCD

Multiclass BDT (MBDT) algorithm to 
discriminate between leptonically decaying 
top quark and combinatorial background

8 different trainings, taking into account the 
top quark p

T 
(threshold 500 GeV), the lepton, 

and the Merged or Resolved topology.



Three main topologies are defined to optimize the reconstruction:
 - Top Resolved  → 3 narrow (AK4) jets → Specific for low pt
-  Top Mixed    → combination of AK4 and AK8
-  Top Merged     → 1  large (AK8) jet  → ParticleNet Top tagger

Top quark identification via Machine Learning:
TROTA

Alberto Orso Maria Iorio
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Mixed top quark case
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Mixed case:
→2-3 AK4 jets + 0-1 AK8 jet plus overall top quark features (sum of 4 momenta)

Strong discrimination against QCD backgrounds



Technological advancements: 
Quasi-interactive analysis
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Run 3 analysis: working to best exploit the new national-scale High-Rate 
platform underwork by INFN
→ real time allocation of resources for distributed computation
→ user-customized environment via container-based technologies
Below: example of the execution time of the analysis on the new platforma 
s function of the # workers.

A. Cagnotta 
see also:

- Talk by Antimo on 8/1/25 at the topical INFN 
workshop
https://agenda.infn.it/event/44199/contributi
ons/251828/

- Collaborating with the ICSC project:
https://www.supercomputing-icsc.it/en/icsc-h
ome/

https://agenda.infn.it/event/44199/contributions/251828/
https://agenda.infn.it/event/44199/contributions/251828/
https://www.supercomputing-icsc.it/en/icsc-home/
https://www.supercomputing-icsc.it/en/icsc-home/


Conferences and presentations
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Talks at conferences: 2 national, 4 international
IFAE 2024, C. Di Fraia, Ricerca di Vector-Like quark ad LHC con l’esperimento CMS
SUSY 2024, Antimo Cagnotta, Searches for dark matter with CMS
ICHEP 2024, S. Buontempo, Improved RPC (iRPC) detector for CMS data taking in HL-LHC
BOOST 2024, A.O.M. Iorio, Search for heavy BSM particles in final states with boosted top quarks or W bosons at CMS
SIF 2024, Benedetta Argiento: Ricerche di nuova fisica con oggetti pesanti ad alto boost di Lorentz in eventi con jet
TWEPP 2024, Carlo Di Fraia, High-Voltage studies for the new GE1/1 GEM Station in the CMS Experiment

Posters: 1 national, 2 international
TWEPP 2024, Carlo Di Fraia, High-Voltage studies for the new GE1/1 GEM Station in the CMS Experiment
RPC 2024, Leonardo Favilla,  CMS RPC Background studies in LHC Run 2 and Run 3
IFAE 2024, Leonardo Favilla, Ricerche di nuova fisica con di oggetti pesanti ad alto boost di Lorentz in eventi con jet



What does the future bring? Well… a lot!

Alberto Orso Maria Iorio

 

28

Data taking: last 2 years of data taking, 2025: lots of data to collect, calibrate physics objects with, analyze!

Upgrade: ME0 chambers will have to be ready by 2026, then installation starts!

Detector studies: pursue the study of backgrounds and use our knowledge and tools for the study of discharges in ad hoc 
tests foreseen for March, use of PICOAmmeter for monitoring of GEM chambers already installed in CMS

BSM searches: 
- T → tA : work in progress to publish this year - would be the first of its kind and the best analysis in most of the phase 
space.
- T → tZ : adding Run 3 data, possible further extensions to other models, very promising the use of new technologies!

New taggers: plan to document the new taggers with the collaboration of the CMS dedicated working group

HPC: move the analyses to exploit the HPC paradigm

Top quark physics: plan to reinstate the CKM measurements in the top quark sectors over the next year



Backup
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Matrix of fundamental parameters regulating the “mixing” between quark families

→ No hypothesis on unitarity needed (possible presence of other families).

→ Can be seen as a transformation between the free particle vs interacting lagrangian eigenstates

→ Cannot be measured directly anywhere else 

31

Pictorically representing the couplings

The importance for the SM: the CKM matrix



Appears in the electroweak interactions of top quarks:
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b

W

tt

1 - Production mechanism: 

𝝈∝ |Vtb|2

2 - Decay mechanism: 

BR (t→ Wb)∝ |Vtb|2/(|Vtb|2 + |Vtd|2 + |Vts|2)

The CKM matrix in single top

→ for single top it appears twice!
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New physics with top quark: 
indirect search

∘ Precision measurements:
- Portal to new physics for non-reachable energies with strong effect
- Need to find sensitive observables



∘ LHC DM forum:

- to have a common ground to discuss and 
compare with direct detection experiments

- set of Simplified Models to have an easy 
interpretation!

∘ Evidence of matter not interacting via EW force: Dark Matter

 - Rotational speed of galaxies

 - Pattern of anisotropies in the Cosmic Microwave Background

∘ 5 times more than ordinary matter!

- Must be invisible and very abundant.

→ Possible findings at LHC! Complementary to direct detection 
experiments

Alberto Orso Maria Iorio
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The Dark Matter issue



∘ Coupling with scalar or pseudo-scalar mediator ɸ/a: 
depends on the mass of the quark it couples with!

∘ Interesting perspectives by adding searches 
with single-top quark production.

→ Limits expressed in terms of cross-section,
can be compared with direct detection like XENON, LUX etc.
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The Dark Matter at LHC : top quarks
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Heavy final states: 
new sector of physics at LHC

100-1000 GeV     
  //

E
P
   1019 GeV14 TeV

c     t     W,Z,H
s     b
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Heavy final states: 
new sector of physics at LHC

∘ Models addressing hierarchy problems ( for higgs or quark masses, or planck scale ) foresee a new 
sector of physics: Compositeness, GUT models, 2HDM, Extra Dimensions.
∘ New bosons (Z’,W’,H+,H-) or quarks (T,B...) with similar quantum numbers as SM ones, but different 
masses and couplings.

100-1000 GeV     ̴ TeV
  //

E
P
   1019 GeV14 TeV

c     t     W,Z,H
s     b

T   W’,Z’
B



Probing the high-energy regime: 
boosted topologies
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New particle mass at the scale of TeV → relativistic boost for heavy SM particles!

→ Decay particles in the radius :
ΔR ~ 2M/PT



Probing the high-energy regime: 
boosted topologies
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New particle mass at the scale of TeV → relativistic boost for heavy SM particles!

→ Decay particles in the radius :
ΔR ~ 2M/PT

→ Cleaning the jet of the extra
soft radiation necessary, e.g.:

Pruning, Filtering, Soft drop



Resonance of T’ quarks

→  Appears in composite Higgs, Extra dimensions, ea al.

Possible re-interpretation: single t + DM

• Z-leg reconstruction: 
   Energy missing in the detector

• Hadronic top-leg reconstruction:
    1 merged top quark “jet” with substructure

Alberto Orso Maria Iorio

 

Heavy searches: Vector Like Quarks example
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An example of resonances 
probing b-flavor anomalies: W’ → tb

‘

Resonance of W’ to top quark + b quarks

→ Can be right handed or left handed (with interference 
with the standard model production)

Possible involvement in b-flavor anomalies: 

Additional contributions to B0 decays to D*+ 𝝉𝛎
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An example of resonances 
probing b-flavor anomalies: W’ → tb

‘

Resonance of W’ to top quark + b quarks

→ Can be right handed or left handed (with interference 
with the standard model production)

Possible involvement in b-flavor anomalies: 

Additional contributions to B0 decays to D*+ 𝝉𝛎
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The CMS detector

Detectors → Onion Structures:
❏ Inner Detector
❏ E.M. and Hadronic Calorimeters
❏ Muon Spectrometers 
❏ Magnet System: → superconducting solenoid magnet (coils of wire)  
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CMS side-view for Run-III
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Resistive Plate Chambers at CMS

Charge formation model:
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Muon System and RPC trigger:

RPC: PAttern Comparator 
Trigger PACT
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Muon System specifications:
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CMS Requirements for GEM:



Possible bsm contribution
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Anomalous measurement

B-flavor anomalies
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Dark Matter summary plots





Bins : cut in an helicity variable specific feature of a 
pseudoscalar resonance


