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Di-Higgs searches

Project: Boosted Decision Trees for classification and regression in di-Higgs searches
Project: Artificial Neural Networks for di-Higgs searches, and model-architecture engineering

Speakers: Antonio Costa, Jodo Pedro Gongalves, Ricardo Barrue
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Project: A study of the Metropolis-Hastings algorithm's convergence for global fits

Speaker: Joao Pedro Gongalves

&7 finalpresentation_o... finalpresentation_o...

The LIP Internship Program

— The first 5 years — Speakers: Beatriz Lopes, Bruno Bento

N T E R N S finalpresentation_s...
R O G R A m B hadrons with fresh Run2 data

COIMBRA  LISBOA MINH

NuUNO LEONARDO (LIP), PROGRAM COORDINATOR

The Internship Program is the Lab’s flagship initiative for undergraduate Project: Measurement of the BO production cross-sections at 13TeV at the LHC

students. The program is LIP-wide, involving all three nodes, and all research
lines and groups. The participating students acquire initial common training,
become integrated in research teams over a period of up to two months, and
present their work at a final workshop. The successful organisation and the
paradigm established result in the demonstrated sustainability of the program. It
has been held annually, since 2017, over the Summer period. It has attracted
the interest of students since it started, and in a sustained fashion, with a record
number of candidates received in the most recent edition. Over its first five
editions, it enrolled over 300 students involving about 200 projects. The
program has successfully achieved the goal of rendering LIP and its research
widely known to physics students at the different universities. It has been
systematically providing advanced training, facilitating both technical and soft
skills, in a collaborative environment, to university students, with some of them
pursuing further research with the Lab, in the context of courses and theses.
The program has been run on a zero-€ budget, free-of-cost for participants, and
based on the collaborative involvement of the researchers and structures at LIP.
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Project: Measurement of the Bs production cross-sections at 13TeV at the LHC

Speakers: Jodo Melo (LIP), Julia Silva (LIP)
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coffee break

Searches for new hadron states

Project: Search for excited Bc(2S) at CMS

Speaker: Bruno Alves
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Quarkonia

Project: Quarkonium production in the LHC

Speaker: Mariana Araujo
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Top in heavy ions

Project: Optimising the b-jet selection criteria for the search for PbPb -> tt production at 5.02TeV using the CMS detector

Speakers: Joao Barata (LIP Laboratorio de Instrumentacao e Fisica Experimental de Part), Maria Laura Lisboa (LIP Laboratorio de

Instrumentacao e Fisica Experimental de Part)
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https://indico.lip.pt/event/1235/

Operation and physics analyses
at the CMS experiment at the CERN LHC

Collaboration in the Phase-2
Upgrades of the CMS experiment
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LIP-CMS group activities

Exclusive processes

LIP is a member of the CMS experiment since its creation in 1992. Activities include:
- Physics analyses: Electroweak, Top, Higgs, BSM, B-physics, Quarkonia, Heavy-ions;
- Experiment operation & maintenance: PPS, physics objects (taus, protons), computing.

The group is involved in different analyses at the frontier of particle physics.

Maintenance and Operation

The group participates in the detector maintenance

CMS Preliminary 2023 (13.6 TeV) and operation
§ 220 pr peramon: ,
; 200" s Precision Proton Spectrometer (PPS): project
3 180, | manager
S 160 Signal = Other coordination positions: B-Physics Data
o 140 { ~ Background Analysis, Standard Model PAG MC contact,
158 {H \ MTD/BTL electronics systems, LHC HF WG
100: { * * Tagged Protons Physics Object Group
80: {. {{ = Tau lepton identification and proton timing
: / H calibration [CMS-DP-2024-009, 2024]
60: # N = Group members are regularly selected to
40 *;}4 T ; participate in Analysis Review Committees
ZOW (ARC) and Detector Review Committees
_010 8-6-4-20 2 46 810 = The group provides central shifts and EPR work
Zpps, timing ~ Zvertex [CM) according to the rules of the CMS collaboration
Probing the primordial fluid
CMS pp 5.02 TeV + PbPb 5.02 TeV
1.6| D|°.|ce‘m 0-100%. 8%, Cont. 0-00% | We explore heavy flavour as probes of the Quark-
falyle 15<lyl<24 |
1.4} W, Cont. 0-100% . 24 -+ |  Gluon Plasma (QGP)
fwhi<t By, Cont. 0-90% | = B mesons reconstructed for first time in
‘-2}GI N o+ i/ Rl nuclear collisions [PLB, 829:137062, 2022]
| Global uncertainty = {
| R 4 [ * Measured relative production of B mesons in
3 0 83 .”'ﬁ . + pp and PbPb (R 4 4) [arXiv:2409.07258]
“ ' i ting ‘ * Probing QGP medium-induced effects on heavy
0.6 W w quark hadronization
0'43 f‘-'., % * Strangeness enhancement evidence in the
LR beauty sector in QGP
02} * Investigating the nature of exotic hadron
8‘ X (3872) using PbPb [PRL, 128(3), 2022]
5 1 234 10 20 100 200
P, (GeV/c)
Lepton Flavour Universality (LFU)
We perform a precision study of the lepton cou-
plings to the W bosons in t events.
e 35.9M  (13TeV) ;
CMS * Measured tt cross section in dilepton events
containing a 7 lepton [JHEP, 02:191, 2020]
e = Different behaviour of the leptons (LFU
violation) would be a clear signal of new physics
105 = Study top quark decays to obtain a pure sample
HE of W-bosons in final states with all lepton
13 - families
= Observables carefully crafted to minimise
LEP effects of leading systematics
o i:’u\s = Machine Learning tools employed at different
—— cMs levels in the analysis
098 5% 095 100 108 110 115 * Extracting a high precision measurement to test
BW— ) the predictions on the Weak Nuclear

interactions competitive with the

state-of-the-art [PRD, 105:072008, 2022].

Multiboson production

We study multiboson production in final states with hadronically decaying tau leptons. Studies are
ongoing on Vector Boson Scattering (VBS) as well as inclusive production.
138 b (13 TeV) Motivation:

We search for exclusive process production in
proton-proton collisions using intact forward pro-

1400 , L1 AL R tructed i beam detect
e;‘ 1o [ CMS-TOTEM — ?‘“’”"’;’fﬁfi.ﬁ.’ ons reconstructed in near-beam detectors.
8 1000 BN Expected 95% CL limit + to * Observation of proton-tagged central exclusive
~ m Expocied 9% GL bmit 2 2 production of high-mass lepton pairs [JHEP,
2 w0 07:153, 2018]
Ni' 2°g = Exclusive ¢t production [JHEP, 06:187, 2024]
;5 -200 * Search for high-mass vy - WW/ZZ; No
< 400 excess above the SM background prediction is
:x observed, and upper limits are set on
-1000 ) anomalous quartic gauge couplings (aQGCs)
Rl °w/ 2‘°°10_3°(°3 VA;}"" [JHEP, 07:229, 2023]
ag/A” [x . = Search for exclusive 7 lepton pair production (in
progress).
Higgs Pair Production
oms e gaten  VVE Explore the Higgs boson properties, studying
(o e o= the HH — bbrr process, the second most sensi-
e ‘ I 0% vpicies tive to the trilinear H self coupling Ayyy The cross
55 95% expocted section for HH production in the SM is extremely
wz| " small, thus escaping detection at the LHC so far.
o2 | _ = The structure of the Higgs scalar field potential
Mg and the strength of the H self-coupling are
Oveere 21 | | precisely predicted in the SM [Nature,
.. 607(7917):60, 2022]
e . = Observed (expected) upper limit on the HH
(:5") -« production cross section corresponding to 3.3
' (5.2) times the SM predictions [Phys. Lett. B,
,.2"“*’ 842:137531, 2023]
P ~ = Contributions to the non-resonant analysis in
et v the development of the DNN signal discriminant
E PR J 100 * Search for resonant HH(bbr7) pair production (in
- progress)
Rare decays in B-physics
CMS Preliminary 14901 (13 TeV)
L-n a7 ol i N
T e o o ! We study the full angular distribution of the B —
fevio vorn K*(K+7)pp process [CMS-PAS-BPH-21-002].
05 vy * This rare decay is strongly suppressed in the SM
_ and sensitive to contributions from BSM physics
0 i = Fit of the angular variables and B-candidate
— | mass to access eight physics observables
05 — * Results are among the most precise

measurements of these observables, and
1 present evidence of tension with SM

predictions, the so-called Flavor Anomalies
0 2 4 6 8 10 12 14 16

q° (GeV?)

Quarkonium production

A Prompt i We study quarkonium polarization.

P = Quarkonium production is a benchmark to

understand quark binding into hadrons

codgrpeareitat by L ' * Polarization measurements highlight features

. that may hide behind inclusive measurements
. CMS 13TOV Iyl<12 = Particle Polarization in HEP; An introduction on
e  h T e res vector particle production at the LHC: [Lecture

Notes in Physics 1002 (2023)]
* Polarization measurements of prompt x.; and
xe2 [PRL 124 (2020) 162002], and of J /v and
"% . e ¥(2S) [PLB 858 (2024) 139044]

08 S P becersins

Supersymmetry (SUSY) and the Dark Sector

cMS 138 b (13 TeV) We search for SUSY and dark matter at unprece-

" oas  [Qcosswwyes « Insight into the EW and Higgs sectors can be S — - 10 __ dented collision energies [arXiv:2405.13778]
Other bkgs. OS + (Zy + jets) - © 100 PP =TT =0l % NNLO + NNLL 8 N o . X
i clep Nongromp leptons achieved through measurements of VBS o ERSRcl o o oxclusion s - The SM explains only 5% of the Universe and is
M =w ssww ves Stat. + syst. unc. processes [Rev. Phys., 8:100071, 2022] ~ 9 fExmc“’d .1 :;: - not able to answer other outstanding questions.
e * Tau leptons provide unexplored final states, ?"__ oy . l § It cannot account for the invisible “dark matter”.
which can increase our sensitivity to rare % - 110 § * We search for SUSY in events with at least one
processes [arXiv:2410.04210] < S soft lepton, low jet multiplicity, and missing
= Tau leptons have strong couplings to new % § transverse momentum in pp collisions at 13 TeV
particles in many bSM models 50 £ = We explored a compressed mass spectrum
* Tau leptons carry polarization information 40 1! g where the mass difference between the
t through their decay o produced stop and the lightest SUSY particle
- T EEEEEERm— s Challenges: O  (LSP)is smaller than the W boson mass
A g' Pro-dt Une._ BB Post#i Uinc. E 7g o o 2 & = No significant excess is observed above the
3 o e l_.‘ * Rejection of hadronic jets misidentified as taus 108 10'®  expectation from SM processes. Set limits on
¢ * Careful modelling of non-prompt backgrounds m.. [GeV] top squark masses up to 480 and 700 GeV
0 01 02 03 04 05 06 o'gmobin%ﬁtpd [ [JHEP, 06:060, 2023]
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Calorimeter Endcap
+ 3D showers and precise timing
+ Si, Scint+SiPM in Pb/W-SS /

« DT & CSC new FE/BE readout
* RPC back-end electronics

* New GEM/RPC1.6<n<24

+ Extended coverage ton =3

LIP Contribut

—— "
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Barrel Calorimeters

» ECAL crystal granularity readout at 40
MHz with precise timing for e/y at 30 GeV

+ ECAL and HCAL new Back-End boards

High Granularity Calorimeter (HGCAL)

2CERN

Tracker Si-Strip and Pixels increased granularity
« Design for tracking in L1-Trigger
« Extended coverage ton = 3.8

LIP Contribu

MIP Timing Detector - MTD
« Barrel layer: Crystals + SiPMs
+ Endcap layer: Low Gain Avalanche Diodes

L1-Trigger/HLT/DAQ

« Tracks in L1-Trigger at 40 MHz

* PFlow-like selection 750 kHz output
* HLT output 7.5 kHz

LIP contributes to

Precision Proton Spectrometer
» Detector design and physics prospects

Electromagnetic Calorimeter (ECAL)

HGCAL is a new high-granularity sampling calorimeter replacing the endcap calorime-
ters. LIP collaborated with industry supplying a high-current low voltage regulator ASIC
resistant to radiation for the HGCAL front-end system. The group participated in test
beam at CERN to evaluate the performance of the first prototypes.

Precision Proton Spectrometer (PPS)

Full replacement of the barrel Electromagnetic Calorimeter (ECAL) electronics is re-
quired to meet the new trigger requirements, to minimize the impact of event pileup
and provide a precise time measurement of e.m. showers. In collaboration with in-
dustry, LIP provided a high-performance ADC ASIC for the ECAL front-end electronics
resistant to radiation.

MIP Timing Detector (MTD)

The new near-beam proton spectrometer will include timing and tracking detectors.
For the detector technology, synergies with the ongoing developments for the Phase-2
upgrades of central pixel system and MTD are considered.

The LIP group is pursuing R&D studies of LGAD silicon sensors and associated elec-
tronics for timing measurements.

= Submitted Lol and CERN approved for HL-LHC [arXiv:2103.02752]

= R&D for the PPS timing detectors: Develop LGAD sensors and associated
electronics for use as timing detectors, resistant to highly non-uniform radiation and
with good ( 40-50 ps per plane) time resolution

* Simulation studies to optimize geometry and radiation resilience of final design

= ETROC ASIC being developed for the CMS Endcap Timing Layer (ETL). The group is
closely collaborating with Fermilab team for characterization of ETROC+LGAD

* Functionality tests of the latest version of the ETROC2 performed at Fermilab
= Time resolution of 35 ps measured in test beam for ETROC2+LGAD system

= Characterization of the full 16x16 channels ETROC2 bonded to the LGAD sensors
performed with cosmic rays and later with particle beams

= Characterization of LGAD sensors were performed before and after irradiation
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Figure 1. 16 x 16 channel ETROC2 exposed to beam (left); ETROC2 time resolution (right).

The MTD [CERN-LHCC-2019-003] will precisely measure the arrival time of charged
particles. It consists of barrel (BTL) and endcap (ETL) using different technologies, i.e.
LYSO+SiPM and LGAD silicon sensors, respectively. It will improve the rejection of
particles from simultaneous collisions, and allow particle identification.

The LIP group leads the design, production, and validation of the BTL front-end electron-
ics with the development of a high-performance ASIC, TOFHIR2, for sensor readout.

* TOFHIR2, a 32-channel ASIC, was produced and tested successfully [JINST 19
(2024) 05, PO5048]. Front-end electronics is fully produced and being validated

» e

Figure 2. Block diagram cf the TOFHIR2 channel (left); TOFHIR2 ASIC (right).

* Performance of BTL module prototypes studied in beams. A MIP time resolution of
28 ps measured for unirradiated devices [JINST 16 (2021) 07, PO7023]

* Timing performance measured in beam test campaigns for prototypes with different
construction and operation parameters [arXiv:2410.08738]
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Figure 3. BTL front-end board (left); BTL time resolution vs integrated luminosity (right).
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