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•Participation in the LHC experiments (ATLAS, CMS) and COMPASS
• LIP and the LHC experiments, and the People
•Portuguese contributions: Detectors, Physics, and Phase-I upgrades
•Coordination and Awards
•Participation of Portuguese Industry
• Funding sources
•Remarks

LHC experiments - Physics, Phase I 
Upgrades and Operations

Michele Gallinaro
RECFA, September 15, 2023



The experiments
• LIP is involved in the ATLAS and the CMS experiments
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ATLAS and CMS Letters of Intent (1992)

M. Gallinaro - "LIP and the LHC experiments" - RECFA - September 2023 3

ATLAS Letter of Intent, 
CERN/LHCC/92-4, 1992, with the 
participation of LIP (A. Amorim, A. 
Henriques, G. Barreira, A. Maio, A. 
Gomes, L. Peralta). 

CMS Letter of Intent, 
CERN-LHCC-92-003, 1992, with the 
participation of LIP (P. Bordalo, C. 
Lourenço, R. Nóbrega, S. Ramos, J. 
Varela). 



The People
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LIP-CMS team in 2013

Portuguese ATLAS team (2023)

LIP-CMS team in 2022

CMS
Total FTE: 12.9 (PhD 6.9)

7 Researchers (3 permanent)
6 PhD students
2 Master students
1 Technician

ATLAS
Total FTE: 20.2 (PhD 7.1)

16 Researchers (7 permanent)
7 PhD students
8 Master students
5 Technicians



Annual Report (2023)
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CMS Deputy Spokesperson, 
2012-13 (J. Varela)



Portuguese contributions to ATLAS
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TileCal: Tile Calorimeter



Portuguese contributions to CMS
ECAL Data Acquisition and Trigger System
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ECAL Electronics Coordinator (L2), 2011-2023 (J.C.Silva)



The LHC Computing
GRID center in Portugal
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The Portuguese federated Tier-2 is 
composed of three data centers
located in Lisbon and Coimbra 

The development of the LHC GRID 
had a major impact in the 
development of scientific computing 
in Portugal 

See talk by Jorge Gomes



LIP in the construction of the LHC experiments
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CMS ECAL trigger integration in 2006-2007



Operation of LHC experiments: ATLAS 
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TileCal
• DCS, operation, 

performance, calibration
• Leading roles:

– DCS
– Calibration
– Data preparation

Distributed computing
• Iberian Cloud Coordination
• Monitoring tools development

Jets HLT
• Long time committment
• Performance, operations,

improvement
• Coordination: 2014-15, 

2023-24
ATLAS Forward Detectors
• Leading role in ALFA/AFP DCS
• Development of Central Exclusive 

Production (CEP) triggers



Operation of LHC experiments: CMS
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Participation in the CMS Phase-I upgrades: PPS and ECAL

Precision 
Proton 
Spectrometer

Optical links 
of the ECAL 
Trigger 
System

PPS Project Manager (L1), 2014-18 (J. Varela)
PPS Project Manager (L1), 2021-present (J.Hollar)
Timing Detector coord (L2), 2014-2018 (M.Gallinaro)
DAQ coord (L2), 2014-2018 (J.Hollar)

ECAL Electronics Coordinator (L2), 
2011-2023 (J.C.Silva)

ECAL



Phase-I Upgrades: ATLAS
TileCal
• Aluminisation and characterisation of

WLS fibers for gap/crack scintillators
• TileCal muon trigger

– TTC decoder
– Bytestream converters
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HLT software
• 1st GPU Calorimeter trigger 

prototype
• Client-server architecture
• Acceleration of a factor of 1.3-2



LIP contributions: CMS Physics Results
Higgs
• Discovery in H➞gg decay
• Study of Higgs properties
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Rare B decays
• Bs,d➞µµ rare decay

Top quark
• x-section: PLB695(2011)424
• x-section&mass: JHEP07(2011)049
• x-section w/taus: 

PRD85(2012)112007,PLB739(2014)23, 
JHEP02(2020)191

• Mass: EPJC72(2012)2202
• Heavy-flavor (xsec,Vtb,width): PLB736(2014)33

Convener B Physics Group, 2014-15 (N.Leonardo)
Convener Top Physics Group, 2015-16 (P.Silva*)
Convener Higgs Physics Group, 2015-16 (A.David*)

* now with CERN



LIP contributions: CMS Physics Results
Charged Higgs
• In top decays
• Heavy Higgs
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SUSY: stop search
• Single lepton channel, 3- and 4-body 

decays: JHEP09(2018)065, 
JHEP06(2023)060

Quarkonia and Heavy Ions
• Polarization measurements: PRL110(2013)081802, 

PLB727(2013)381, PLB761(2016)31, 
PRL124(2020)162002

• B mesons in HI: PLB796(2019)168, 
PLB829(2022)137062

SM and exclusive processes
• Inclusive photon xsec: PRL106(2011)082001
• WW cross section: EPJC76(2016)401
• Exclusive processes (dileptons,ttbar,WW/ZZ: 

JHEP07(2018)153, JHEP07(2023)229
• VBS w/t final state: RevPhys8(2022)100071

Dark Matter search

Di-Higgs search
• bbtt final state: 

PLB842(2023)137531

• Higgs associated production: 
JHEP03(2020)025



LIP contributions: ATLAS Physics Results
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Top quark properties

Higgs boson discovery and properties
• H➝WW, H➝bb, ttH observation
• Spin/CP properties

• Comprehensive program of property 
measurements

• Spin correlations, ttbar cross section, EFT 
interpretations
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FCNC searches in top quark production and decay Search for vector-like quarks

Di-boson searches

Leading role on searches for VLQs and interpretations

ATL-PHYS-PUB-2023-007

Led DBL subgroup

DM searches in 
monotop events

LIP contributions: ATLAS Physics Results
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Heavy Ions
• jet production and fragmentation
• (b-)jet triggers
• b-tagging in HI collisions



Publications, etc.: Statistics
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Scientific Output

Type ATLAS CMS
Publications 328 413
Articles in international journals (with direct contribution from team) 117 114

Articles in international journals (with internal review by the team) 21 56
International Conference Proceedings 65 107
National Conference Proceedings 6 0
Collaboration notes with internal referee 96 107
Proposals and related studies 11 8
Articles in Outreach Journals 1 3
LIP Students Notes 11 18
Presentations 550 593
Oral presentations in international conferences 97 145
Poster presentations in international conferences 48 6
Seminars 80 152
Outreach seminars 148 59
Presentations in national conferences 50 41
Oral presentations in national or international meetings 40 93
Poster presentations in national conferences 18 3
Oral presentations in advanced training events 35 79
Poster presentations in national or international meetings 19 10
Student presentations in advanced training event 15 5
Theses 66 18
Master 48 8
PhD 18 10
Events 12 12
International Conferences or Workshops 7 7
Collaboration Meetings 2 2
Workshops 3 3



Awards for special contributions

F.Martins: Outstanding achievement award 
TileCal for his contribution to TileCal DCS
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A.Peixoto: ATLAS PhD grant

J.Miguéns: ATLAS PhD prize

CMS thesis award 2011, P.Musella (IST): 
“Measurement of the inclusive photon 
production cross section and study of 
associated W-photon production in pp 
collisions at the LHC”

CMS achievement award 2014, M.Gallinaro: 
”For his strenuous effort to assure the timely 
completion of the CT-PPS TDR and for the 
excellent coordination of its physics studies”

L.Carvalho: ATLAS PhD grant



Awards for special contributions
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CMS Achievement Award 2021, T.Niknejad: 
” for important simulation work in the 
development of the front-end chip for the 
Barrel Timing Layer readout”

CMS Achievement Award 2021, K.Schelina: 
” For her contribution to the exclusive di-
lepton analysis which has allowed important 
improvements of the PPS calibration. In her 
role as Proton POG co-convenor, she is 
contributing in an essential way to making 
the proton information available to analyzers
outside the PPS community”

CMS Achievement Award 2021, J.Hollar: ”
his role as PPS Deputy Project Manager; he 
has followed the data-taking, the calibration, 
as well as the ongoing analyses with 
inexhaustible energy, competence, and tact”

CMS Lifetime Achievement Award, J.Silva: 
”For his outstanding contributions to the 
construction of the ECAL data acquisition 
and trigger systems”

CMS Gold Award 2023, PETSys: 
Development of TOFHIR front-end ASIC for 
precise timing detector



Coordination positions in ATLAS
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R. Gonçalo, Jet Trigger coordinator (2014-2015)
R. Gonçalo, HGTD Speakers Committee member (2023-now)
F. Martíns, TileCal DCS coordinator (2015- now)
H. Wolters, coordinator of the Iberian Cloud (2015- now)
H. Wolters, responsible for the Portuguese Federated Tier2 in theIberian Cloud Squad 

(2015- now).
N. Castro, member of the ATLAS Speakers Committee (2020-2023)
N. Castro, convener of the LHC EFT working group (2020-2022)
N. Castro, member of the Physics Office (2016 - now)
N. Castro, convener of the physics group Heavy Quark, Tops and Composite Higgs 

(2015-16)
P. Conde, member of the Panel for Operations Task Sharing (2017-2020)
P. Conde, member of the ATLAS Executive Board (2019-2021)
P, Conde, member of the Collaboration Board Chair Advisory Group (2022-now)
R. Pedro, TileCal Calorimeter Calibrations Coordinator (2019-2023)
R. Pedro, TileCal Calorimeter Phase II Upgrade Software and Performance Coordinator 

(2023-now
I. Ochoa, Physics Validation Coordinator (2019-2021)
I. Ochoa, Convener of the physics group Diboson, Multileptons and Extra Dimensions 

(2020-2022)
I. Ochoa, Jet Trigger Signature Coordinator (2023-now)

L. Seabra, ARP Deputy DCS coordinator (2022-now)
L. Seabra, AFP DCS co-coordinator (2016-2022)
L. Seabra, AFP DCS co-coordinator, ALFA DCS responsible (2015-now)
H. Santos, Publications Committee member (2022-now)
H. Santos, Authorship Committee member (2022-now)
H. Santos, Tile Calorimeter Data Preparation and Performance Coordinator (2023-now)
A. Peixoto, ATLAS Early Career Scientist Board (2018-2020)

Physics Analysis
Name EdBoard 

member
EdBoard 

Chair
Contact 
Editor

N. Castro 1 3 2
F. Veloso 1 1 1
H. Santos 2 6
R. Pedro 2
P. Conde 2 1
I. Ochoa (since 2020) 1 1 2
R. Gonçalo 1 1 2
L. Carvalho 1
J. P. Araque 1 1
Total 9 13 11



Coordination positions in CMS
Group members have presently the following coordination positions in the CMS 
collaboration
• PPS Deputy Coordinator (Level-1), 2018-22 (J.Hollar)
• PPS Project Manager (Level-1), since 2022 (J.Hollar)
• ECAL Electronics Coordinator (Level-2), 2011-2023 (J.C.Silva)
• B-Physics Exotica and Rare Decays (ERD) coordinator (Level-3), since 2021 (A.Boletti)
• MTD/BTL electronics systems coordinator, since 2018 (J.Varela)
• MTD/BTL front-end electronics coordinator, 2018-2023 (J. C. Silva)

• CMS Collaboration Board (M.Gallinaro, J.Varela)
• CMS Finance Board (J.Varela)
• CMS Management and Executive Boards (J.Hollar)
• CMS Publication Board (N.Leonardo, P.Faccioli)
• ECAL, MTD, HGCAL Institution Boards (J.Varela)
• PPS Institution Board (M.Gallinaro)
• MTD Steering Committee (J.Varela)
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Group and its members regularly 
participate in paper refereeing in 
Analysis Review Committees (ARCs)



Event organization (a few of them)
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since 2012



Partecipation of Portuguese Industry
Contribution to the Accelerator and the Experiments
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• Sales of services 
and goods by 
Portugal to CERN

• More than 100 
entities

Grease pads for fine 
positioning of CMS 
barrel wheels

Helium tanks for the 
experiments

R&D of support structure 
for CMS muon alignment

Design of high 
performance Fast ADC 
in submicron technology
Chipidea

CMS Gold Award 2005

Development of TOFHIR 
front-end ASIC for precise 
timing detector
PETSys
CMS Gold Award 2023

See talk by José Antão



Funding
• “Fundo CERN”

– Includes Operations & Upgrades
– Includes some human resources: grants, etc.
– Used for travelling, operations, conferences,

prototypes, etc.
– Essential funds to capitalize on MoU investment
– Both scientifically and in industrial return

• Other funds: opportunistic resources
– Grants associated to a PI, with dedicated 

resources for a specific topic

• In addition (for each expt, approx):
– M&O funds: ~140k€/year
– MoU for initial construction: 2.5M€
– MoU for Phase-I (construction): 75k€
– MoU for Phase-II (construction): 1.6M€/6years
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Last ECFA visit



Funding: ATLAS (2003-)
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Funding: CMS (2003-)
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Long-term LHC schedule
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COMPASS and AMBER
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Hadron Structure and Spectroscopy
COMPASS:
• (Un)polarized TMD PDFs and GPDs
• Fragmentation functions
AMBER:
• Proton, pion and kaon charge radius
• Meson PDFs
• Meson spectroscopy (strange-sector)

Responsibilities
• DCS and Physics (LIP)
• Drift Chambers (Aveiro)

Analyses
• DY group coordination
• Hadron multiplicities
• Simulations DY@AMBER

COMPASS/AMBER
Total FTE: 4 (PhD 2)

3 Researchers (1 
permanent)
1 Master student
1 Technicians

Annual Report 2023



Funding: COMPASS/AMBER (2003-)
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N.B. Common funds are included



Considerations

• LHC represents an incredible scientific global network
• Long term commitment: LIP is contributing to the LHC 

experiments since the beginning (LoI, 1992)
– Main source of funding is FCT
– Contributions to detector construction and operations and physics results
– Several PhD and young researchers have been formed
– Researchers in key positions

• Investment in the future for a new generation of scientists
• However, many leave due to lack of stable positions, to higher 

paying jobs elsewhere, etc.
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Funding
• “Fundo CERN”

– Unstable, we never know how much we have nor when
– Current funding goes until October and new call not open yet

• Other funds not adequate for long-term projects
– EU funds are explored for specific projects but cannot guarantee the long-term goals 

with stable participation
• Timescale of funding must match timescale of experiments
• Long-term plan requires stable funding at regular intervals
• Funding not matched to increasing prices

Concerns - I
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Students
• PhD grants: IDPASC program finished

– Last calls very successful to attract students (particularly for R&D and detector-related 
activities)

• Lack of continuation of this program threatens the possibility to attract new 
students

Researchers
• Difficulty in attracting researchers to Portugal

– Project funding insufficient to pay for researchers (ECI)
– ~yearly FCT call for 6-yr (temporary) positions in the last few years
– Lengthy evaluation process (last year: call closed in Mar.2022, results in Dec.2022)
– …for this year, results are not out yet

• Need to assure support for qualified people with permanent positions

Concerns - II
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backup
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ATLAS Physics Results: References

34

Searches and observation of the 𝐻 →
𝑏𝑏 decays and VH production

–JHEP 1501, 069 (2015)
–JHEP 1712, 024 (2017)
–Phys. Lett. B 786, 59 (2018)

Searches and observation of ttH production
–Phys. Rev. D 97 (2018) 072016
–Phys. Lett. B 784 (2018) 173

ttH STSX measurement:
–Phys. Rev. D 106 (2022) 052001

Measurement of boosted 𝐻 → 𝑏𝑏 decays
–Phys. Lett. B 816 (2021) 136204

Measurement of spin/CP properties of the ttH
vertex (phenomenology and ATLAS 
measurements)

–Phys.Rev. D98 (2018) 033004
–Phys. Rev. D 96 (2017) 013004
–Phys. Rev. D 100, 075034
–J. High Energy Phys. 6 (2022) 097
–arXiv:2303.05974

Top quark properties
• Spin correlations -JHEP 03 (2017) 113 
• W polarization in ttbar events- EPJC79 

(2019) 19
EFT interpretation

• Eur. Phys. J. C. (2016) 76:432
• arXiv:2211.08353

Searches for vector-like quarks
– Phys. Rev. D 91 (2015) 112011
– J. High Energy Phys. 8 (2015) 105
– JHEP 1511 (2015) 120
– Phys. Rev. D 92 (2015) 112007
– Phys. Lett. B 758 (2016) 249-268
– Eur. Phys. J. C 76 (2016) 442
– Phys. Lett. B 843 (2023) 138019
– arXiv:2305.03401 (submitted to JHEP)
– arXiv:2307.07584 (submitted to PRD)

Studies and searches for FCNC in top quark 
production and decays

– Eur. Phys. J. Plus 135 (2020) 339
– J. High Energy Phys. 12 (2015) 061
– Eur. Phys. J. C76 (2016) 12
– J. High Energy Phys. 7 (2018) 176
– Phys.Rev.D 108 (2023) 3, 032019

Di-boson searches
• Phys. Rev. D 102, 112008 (2020)
• HDBS-2019-23, submitted to PRD 

(2023)
• ATLAS-CONF-2022-028
New Physics Searches in mono-

top events
• JHEP10(2020)038,
• JHEP 05 (2019) 41
• ATLAS-CONF-2022-036
• Phys. Rev. D 101, 115027 (2020)
• Phys. Rev. D 101, 035042
Anomaly detection
- EPJC 81(2021)1,27



Standard Model of Particle Physics
Over the last ~100 years the Standard Model of Particle Physics was 
established

One of the greatest achievements of the 20th centrury in Science
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Force particles
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<1% level



The TeV scale and the LHC

• The SM would fail at high energy without the Higgs boson 
or other “New Physics”
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!



The Large Hadron Collider
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• What are the elementary constituents of matter ?
• What are the forces that control their behavior at the most basic level?

LHC is ~100 m underground
LHC is 27 km long
Magnet temperature is 1.9 Kelvin= -271 C
LHC has ~9000 magnets
LHC: 40 million pp collisions per second
LHC: luminosity 10-100 fb-1/year

~10 Km

LHC

SPS



Accelerator and experiment layout
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Tiny bunches of counter-circulating protons.
Colliding head-on 40 million times each second



Harvesting the results

LHC ⇒ the experiment ⇒ the data ⇒ results
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