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Physics, Operations, Upgrades
• Physics analyses

– pp () & heavy ion collisions

– precision measurements & searches 

(rare processes, BSM)

– Top, Higgs, B, EWK, Dark matter, 

Heavy Ions, Quarkonia

• Detector maintenance & operations

– Precision Proton Spect. (PPS), EPRs, 

detector/on-call shifts, computing

• Upgrades

– PPS, Timing Detector (MTD), ECAL, 

HGCAL

• DRD1 (gas) and DRD3 (silicon)

• Training & Outreach

– CERN, LIP, IST, Masterclasses, 

summer stage, etc.
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Higgs

B-phys
Heavy Ions

WW/ZZ

Top

Protons

Quarkonia
PPS

VBS

https://arxiv.org/abs/2206.09401
https://arxiv.org/abs/2007.02434
https://arxiv.org/abs/2007.02434
https://arxiv.org/abs/2007.02434
https://cds.cern.ch/record/2871505
https://arxiv.org/abs/2211.16320
https://arxiv.org/abs/2310.11231
https://arxiv.org/abs/2210.05854
https://arxiv.org/abs/2301.08096
https://arxiv.org/abs/2103.02752
http://cds.cern.ch/record/2867989


Other activities

• Organization of 15th course on “Physics at the LHC”

• Organization of workshop on “Machine Learning for Physics”

• Organization of “Flavour Physics at LHC” school
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Since 2012



Top quarks and tau leptons

• Lepton flavor universality: check consistency 

with SM expectations

• Study LFU in top quark decays

• t⟶()b decay exclusively involves 3rd gen. 

leptons/quarks
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H+,

JHEP 02 (2020) 191, PRD105(2022)072008

With full Run2 dataset, ongoing 

(PhD student: G. Da Molin)



Double Higgs production

• Destructive interference in SM

• In SM, only =33fb at 13 TeV

• Not yet at the SM sensitivity
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resonant production

non-resonant production
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arXiv:1902.00134, Mach.Learn.Sci.Tech. 1(2020)045006, Rev. Phys. 5 (2020) 100045, arXiv:2105.07530, arXiv:2206.09401

HH production search ongoing 

(PhD students: J. Wulff, R. Guitton)

Run2/3: 

2016-2024 

(310 fb-1)

⇒

Run2: 

2016-2018 

(138 fb-1)

⇒



Vector Boson Scattering

• VV production via VBS (V=W,Z,)

– Purely EW process (QCD treated as bkg)

– V self-interactions precisely predicted

• Small cross section: similar for EWK and QCD processes

• Study same-sign WW production

• Include tau leptons in final state

– could enhance sensitivity to BSM wrt light leptons

M. Gallinaro - "The CMS group" - LIP Advisory meeting - April 2026 6

arXiv:2005.09889, arXiv:2106.01393, arXiv:2410.04210, CMS-SMP-24-013

VBS WZjj Non-VBS WZjj BSM H±

ssWW EW signal: =27 fb QCD bkg: =26 fb

VBS (full Run2)

PhD student G.B.Marozzo and 

U.Perugia

WW incl. taus (Run3)

PhD student G.B.Marozzo



Physics w/ forward protons

Proton reconstruction

arXiv:2210.05854

PPS collected more than 

350/fb of data in Run2/3

Z+X production

arXiv:2303.04596

Search for anomalous Z/* 

central production with 

2017 data
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Exclusive top quark pairs

arXiv:2310.11231

Search for central 

exclusive production of 

ttbar pairs in pp 

interactions with tagged 

protons

Exclusive WW/ZZ

arXiv:2211.16320

Search for ⟶WW/ZZ 

with forward protons

JHEP 07(2018)153, arXiv:2210.05854, arXiv:2211.16320, arXiv:2310.11231 

Exclusive tau pairs and charged Higgs

MSc students M.Ferreira and P.Batista

https://arxiv.org/abs/2210.05854
https://arxiv.org/abs/2303.04596
https://arxiv.org/abs/2310.11231
https://arxiv.org/abs/2211.16320


B-physics

• Indirect search for NP

– May provide sensitivity beyond collision energy

• Precise measurements and rare decays

– NP through virtual contributions

• Explore b⟶s transitions

– B⟶, B⟶K*

• Study decay rates and angular variables

– Measure BRs and lifetime

– B0⟶K*(K+-) (FCNC)

– Bs⟶J/()() (CPV)

• Goldmine in “parked” dataset
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arXiv:2007.02434, arXiv:2411.11820 

A. Boletti



Heavy Ions

• Explore heavy ion collisions at highest energies

• CMS has excellent capability to study low pT

probes in HI

• Detected B mesons in ion collisions

• Explore heavy flavour as probe of QGP

– Ratio of Bs/B
+ production yields

– Nuclear modification factor RAA

• In Run3:

– Heavy quarks as probes QGP dynamics and effects

– Study exotic hadrons: X(3872) composition, constrain 

hadronization models
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PLB 829(2022)137062, arXiv:2409.07258

PhD student H. Legoinha (ongoing)



Detector Upgrades
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The HL-LHC will provide an integrated luminosity of 3000 fb-1 over 10 years of operation. It will 

present many technological challenges. We are preparing by developing new detectors and by 

upgrading the current ones.

Precision Proton Spectrometer
Detector design and physics prospects

LIP contributes to



MIP Timing Detector
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Electronics for the Barrel Timing Layer

⚫ TOFHiR2 read-out ASIC and BTL FE boards 
fully produced and validated (330k ch.)

⚫ Expected timing resolution performance
confirmed via tests with laser and test beam

⚫ Testing, assembly, validation of BTL “trays”

− Trays being prepared and shipped to CERN

− Integration and commissioning planned
between 2026 and 2027

− LIP group members responsible
for BTL integration/commissioning

− Monitoring of temperatures, powering, and 
readout status

TOFHiR2 ASIC

CERN North Area 

H8 beam lines

JINST 19 (2024) 12, P12020, JINST 19 (2024) 05, P05048, arXiv:2504.11209 



Precision Proton Spectrometer
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• PPS2 approved for HL-LHC

• Timing detectors

– LGAD sensors and associated 

electronics for the HL-LHC upgrade

– challenging near beam non-uniform 

irradiation

• Preparations for PPS2 ongoing

– irradiation studies at CERN

– sensor characterization (Lisbon, 

CERN)

– tests with FNAL team on electronics 

and sensor performance

– test beam activities in 2025/2026

– new sensor design and simulation

– sensor pre-production arrived @CERN

arXiv:2412.13780

PPS2 sensor 

pre-production

Irradiation tests



Electromagnetic Calorimeter (ECAL)
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2025 Test beam: 

➢ DAQ development applications

➢ Electronics setup and connections

➢ Shifts and data analysis

Phase-2 preparations: 

➢ DAQ developments

➢ Preparations for ECAL refurbishment, DB, monitoring

➢ ECAL disassembly and assembly: “Enforneur”

ECAL in Run3: 

➢ ECAL as Detector On Call (DOC) and DGL: daily 

reports meeting at CMS RC, weekly presentations

Others task: 

➢ Studied the laser (used for the transparency 

monitoring) jitter

➢ Studied the ADC calibration in different configuration 

scenarios



Recent MSc and PhD theses
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CERN-THESIS-2024-184, Sept. 2024

CERN CDS: Master thesis, May 2025

JHEP 2306(2023)060, July 2023

Now in private sector

CERN-THESIS-2023-133

CERN-THESIS-2023-282, Dec. 2023

Lorenzo Valla

Diogo Bastos

Daniela Cardoso

Simão Costa Pedro Batista

CERN CDS: Master thesis, Dec. 2025

2601.01674, Apr. 2026 - Kevin Dewyspelaere

https://cds.cern.ch/record/2913377
https://cds.cern.ch/record/2913377
https://cds.cern.ch/record/2913377
https://cds.cern.ch/record/2913377
https://cds.cern.ch/record/2913377
https://cds.cern.ch/record/2913377
https://cds.cern.ch/record/2913377
https://repository.cern/records/hzxh0-n6g28
https://cds.cern.ch/record/2868490
https://cds.cern.ch/record/2868490
https://cds.cern.ch/record/2868490
https://cds.cern.ch/record/2868490
https://cds.cern.ch/record/2868490
https://cds.cern.ch/record/2868490
https://cds.cern.ch/record/2868490
https://cds.cern.ch/record/2883330
https://cds.cern.ch/record/2883330
https://cds.cern.ch/record/2883330
https://cds.cern.ch/record/2883330
https://cds.cern.ch/record/2883330
https://cds.cern.ch/record/2883330
https://cds.cern.ch/record/2883330
https://repository.cern/records/bsxt3-znn65
https://arxiv.org/pdf/2601.01674


Summary

• The LIP-CMS group is active in several 

physics topic/working groups

• Top, Higgs, Searches, Heavy Ions, B-

physics, SM and γγ physics 

• Several papers/results from Run2 data, 

with more to come from Run2 data and 

now Run3 (ending Summer 2026) 

• LIP members perform various service 

tasks in the collaboration, as well as 

outreach, teaching, and organizational 

activities 

• Major contributions to the CMS 

upgrade for HL-LHC (ECAL, MTD, 

PPS)
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Photo from Jornadas 2024



SWOT

Strengths

• Group well integrated in the Collaboration. Several senior physicists with long experience 

in HEP and strong impact. Several coordination positions, including leadership of the PPS 

sub-detector, convenership in physics groups, and leading role in several physics 

analyses. Leadership in areas of the Phase-2 Upgrades

Weaknesses

• Difficulty in attracting researchers to Portugal 

• Funding insufficient to support young researchers. Lack of stable National funding at 

regular intervals. Funding not matched to increasing prices. EU funds are explored but 

cannot guarantee long-term goals of experiments

Opportunities

• Strong participation of Portuguese industry, world leader in segments of microelectronics 

IP market, in the CMS Phase-2 Upgrades for HL-LHC

Threats

• Unclear career prospects for senior physicists of the group with key responsibilities 

in the group and in the Collaboration
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backup
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Challenging years: 2026-2031

CMS will be facing an unprecedented situation in the next 5 years:

• 2026-27: Exploit the delivered luminosity for physics (Run 3)

• 2026-29: Complete the upgrade program construction, including detectors, 

software, all infrastructure and services needed

• 2026-28: Decommission the legacy systems that will not be part of the CMS 

upgrade detectors (services, infrastructure), ensure legacy systems are 

maintained and/or consolidated to guarantee full HL-LHC exploitation

• 2027-31: Install and commission the CMS Upgrade (infrastructure, services, 

detectors and software)
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Higgs boson properties and tau lepton 

identification at the 10 TeV Muon Collider
• The Muon Collider: a Higgs Factory

– It foresees two stages: 3 TeV and 10 TeV

• Algorithm for tau lepton reconstruction 

and identification (TauFinder)

– Track/tau performance assessment and 

energy corrections

– BIB not included in the study

• H→ identification

• H→ cross section measurement

– Use BDT for S-B separation

19

EPJC 83 (2023) 864

HiHEP 2(2026)1 

arXiv:2601.01674

=31 fb 74 fb 193 fb

L.Valla MSc thesis (CERN-THESIS-2024-184)

Signal Background
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Dark Sector searches

• Review of recent searches for particles and interactions 

belonging to dark sector and dark mediators
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JHEP 03 (2020) 025, arXiv:2405.13778



HL-LHC: Higgs self-coupling

Revised projections: Uncertainty for SM (k=1) of 30%
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arXiv:1902.00134



Operations and Maintenance

• Precision Proton Spectrometer (PPS)

– Detector operations

– Performance in Run 3 and efficiency of the pixel detector

– Performance: 2024 Efficiency and two-arm vertex 

resolution with timing detectors

• Tau identification: improvements with ParticleNet

algorithm in Tau POG

• MC contact: sample production for SMP PAG

• Detector shifts (trigger, on-call, etc.)
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CMS-DP-2024-008, CMS-DP-2024-118

J.Hollar (PPS system manager, L2)

PhD students G.B.Marozzo, G.Da Molin



HGCAL

• The High Granularity Calorimeter (HGCAL) is being 

prepared for Phase 2 of the LHC 

• In July and September 2024, beam tests were carried 

out at CERN with module prototypes

• Perform channel intercalibration, measure MIP peak
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MSc student D.Cardoso



Report 2025
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Report 2025 - II
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Report 2025 - III
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Report 2025 - IV
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Report 2025 - V
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Report 2025 - VI
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since 2012



Quarkonia
• Measure polarization of prompt and non-prompt J/Psi 

and Psi(2S) mesons at 13 TeV

• The heavy c and b masses allow to study the (long-

distance) bound state formation without complications 

caused by the (short-distance) qq creation step

• Polarization is the best observable to understand how 

the bound states are formed

• CMS measurements (with LIP leadership) highlighted 

and solved long-term puzzles
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arXiv:2406.14409

PhD student M.Araujo, 

P.Faccioli, C.Lourenço, J.Seixas

⇒much improved S-wave polarization measurements using Run 2 data



WW (e/,h)

• WW production at 13.6 TeV

• Include tau leptons

• Define CRs and SR

• Combine and fit

• Study WW production, where one W decays to a 

light lepton (e, μ) and other to hadronic tau (ⲧh). 

• First measurement at LHC

Current status:

• Analysis workflow for Run3 (2022+2023) dataset

• Refined background estimation for tau Fake Rates

• Finalized systematics estimation

• Ongoing approval process
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Ongoing with Run3 dataset 

(PhD student: G.B.Marozzo)



MTD/BTL module characterization

Extensive test beam campaign in 2024 

• Full system tests

• Reach desired performance of detector 

modules (radiation tolerance, time resolution, 

uniformity)
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arXiv:2504.11209

arXiv:2504.11209

https://cds.cern.ch/record/1753795


ECAL

• Long term LIP responsibility for ECAL 

electronics/DAQ

• HL-LHC: full replacement of electronics to 

meet new trigger/pileup requirements

• Collaboration with Portuguese industry 

developing new low-power ADC IP block

• 12 bit resolution with sampling rate of 160MS/s

• First design provided and integrated in LITE-

DTU chip for evaluation since 2020
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HGCAL: new rad-hard ASIC
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New rad-hard ASIC 

developed by 

Portuguese industry 

performs well

Slide from presentation at 

CMS week (April 2021)
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