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 CMS is located at one of the LHC 
interaction points:
where the LHC beams are colliding

 CMS is a General Purpose Experiment:
 Study a large spectrum of physics 

processes at the LHC

 Layered design to distinguish particles

 LIP-CMS group contributions:
ECAL, HGCAL, MTD, PPS

The CMS Experiment at the LHC

A slice of CMS!
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PPS: looking for intact protons!
 Precision Proton Spectrometer to tag very forward protons

 protons that do not break in the interaction can be tagged by PPS
 Symmetrical detector at ~200 m from the interaction point
 Each side of PPS is composed by:

 Two pixel tracking stations: allow to track protons
 Two timing stations: to determine the interaction vertex

 A member of the group is coordinating the PPS project
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Harvesting the data



The Higgs Boson
 Discovered in 2012: studying its properties will probe the Standard Model 

 Deviations would be indication of New Physics
 The LIP-CMS group is working on this front and Machine Learning tools are 

extensively used

Higgs Discovery & Couplings Higgs Pairs Charged Higgs
Some BSM theories predict the 
existence of a charged Higgs

Discovery of the Higgs boson in the 
diphoton channel and Higgs properties 

measurements

PLB 716(2012)30, JHEP 08(2016)045 

ML tools to find HH processes
→ Higgs self-coupling

Machine Learning:
• Multivariate tool is trained 

for photon reconstruction
• BDT used for di-photon 

event 
selection/classification

Machine Learning:
• Advanced Neural Network 

techniques, such as 
parametric NN

• NN for b-jet ID, event 
classification and signal 
extraction

PLB 778(2018)101, arXiv:1902.00134, 
PLB 842(2023)137531, CMS-TDR-020 JHEP 11(2015)018  

JHEP 06(2023)060
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https://www.sciencedirect.com/science/article/pii/S0370269312008581
https://link.springer.com/article/10.1007/JHEP08(2016)045
https://www.sciencedirect.com/science/article/pii/S037026931830008X
https://arxiv.org/abs/1902.00134
http://dx.doi.org/10.1016/j.physletb.2022.137531
https://cds.cern.ch/record/2667167/files/CMS-TDR-020.pdf
https://link.springer.com/article/10.1007/JHEP11(2015)018
https://doi.org/10.1007/JHEP06(2023)060


Probing the Standard Model
• Precise measurement of SM processes and the study of rare decays, searching for 

deviations from SM expectations → Indication of new physics
• The LIP-CMS group involved on data analysis on many fronts

Rev.Phys. 8 (2022) 100071
CMS-PAS-SMP-22-008

Vector Boson Scattering
Deviations from SM would be evidence of New 

Physics → ML will play an important role

Central Exclusive Production

JHEP 07(2018)153, JHEP 2307(2023)229, 
JINST 18(2023)P09009

Use PPS to tag events where protons remain intact. 
→ cleaner event and precise final-state kinematics

Top Physics
Lepton Flavour Universality - Does the top 

quark decay at same rate to all lepton 
flavours?

JHEP 02(2020)191
arxiv:2310.11231
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https://www.sciencedirect.com/science/article/pii/S240542832200003X
https://cds.cern.ch/record/2867989
https://link.springer.com/article/10.1007/JHEP07(2018)153
http://dx.doi.org/10.1007/JHEP07(2023)229
https://doi.org/10.1088/1748-0221/18/09/P09009
https://link.springer.com/article/10.1007/JHEP02(2020)191
https://arxiv.org/abs/2310.11231


Probing the Standard Model

B-Physics & quarkoniaDark matter

PRL 124(2020)162002
arXiv:1812.07638, PLB 829 (2022) 137062

Flavour physics
in heavy-ion collisions

Precise measurements of rare decays and effects 
of the Heavy Ions collision environment

Search for rare decays of hadrons with heavy 
quarks and study of their properties,
to understand the Flavour Anomalies

PLB 842(2023)137955
PLB 781(2018)517

JHEP 03 (2020) 025 

Direct search for dark matter produced in 
association with a Higgs boson
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• Precise measurement of SM processes and the study of rare decays, searching for 
deviations from SM expectations → Indication of new physics

• The LIP-CMS group involved on data analysis on many fronts

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.162002
https://arxiv.org/abs/1812.07638
https://arxiv.org/abs/2109.01908
https://www.sciencedirect.com/science/article/pii/S0370269323002897
https://www.sciencedirect.com/science/article/pii/S0370269318303149
https://link.springer.com/article/10.1007/JHEP03(2020)025


Detector Upgrades for HL-LHC



MIP timing detector
 Data taking conditions will be challenging

 Number of collisions up to 200
 Must exploit additional time dimension
 MIP Timing Detector measures time of 

charged particles (~50 ps resolution)

LIP-CMS group responsible for 
BTL readout electronics for 
precise time measurement of 
charged particles
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PPS Upgrade
 CMS will re-install the PPS Roman Pots at 196m, 220m, and 234m from 

interaction point for HL-LHC: work has begun on R&D
 The only forward proton detector program planned for the HL-LHC (Run 4)

LIP- CMS group developing new timing detectors to deliver 
improved timing resolution and withstand HL-LHC conditions
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Summary
 LIP-CMS group activities on several fronts:

 Data analysis: exploiting new analysis techniques (ML, etc.)
 Detector Upgrades: strong involvement in timing detectors (MTD, PPS)
 Detector Operations: maintenance and data taking

 A lot to learn and contribute
 PIC, Master and PhD theses available
 Your contribution will have an impact

Registrations open
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https://indico.lip.pt/event/1687/
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