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Flavour puzzle in SM (threefold repetition of family structures only distinguished by their
interactions with the Higgs boson, leading to a "capricious" hierarchy of particle masses)

v' Rare processes (forbidden or almost forbidden in the SM) very sensitive to new particles and/or
interactions beyond direct reach of any conceivable particle accelerator. Searching for new physics
with a flavour perspective is therefore complementary to exploring the high energy frontier

v' Experimental viewpoint: pushing the intensity frontier to observe rarer processes and perform
higher precision measurements

v' Theoretical viewpoint. Predictions of many of these observables involve the strong interactions:
theoretical challenge that requires sophisticated methods: EFTs & LQCD

v" A number of experimental measurements have been shown to deviate from the SM theoretical
expectations with moderately high significance (anomalous magnetic moment of the muon,
flavour anomalies, including possible breaking of lepton universality and the unitarity of the quark
mixing matrix). Understanding of these anomalies, either via new physics models or from
improved measurements and SM predictions, is an area of intense research.

v Data of LHC and B factories: exotic states of quark matter in the form of tetraquarks or
pentaquarks have been proposed to explain some newly observed states.
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LHCDb @ [FIC [physics] Cl\)
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https://link.springer.com/article/10.1007/JHEP12(2020)081

LHCb @ IFIC [Physics]

QCD, Spin Physics, g-2/EDM A baryon
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LHCb @ IFIC [Physics]

LLPs and FIPs: Real Time Anal

In the SM, using downstream tracks
(originated between 0.5- 2 m from IP):
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https://link.springer.com/article/10.1140/epjc/s10052-024-12906-3
https://indico.cern.ch/event/1338689/contributions/6015415/

LHCb @ |F|C [Detector electronics]

- Upgrade Ib/2 Electromagnetic Calorimeter (PicoCal) readout electronics
o ASIC/chipset in TSMC 65nm with separate energy and timing processing
o Amplifier + Shaper circuit included on the PMT base or FEB to compensate
cable attenuation, improve SNR, if necessary, and reduce spill-over effort
o  Energy ASIC (ICECAL65) designed by IFIC, UPC and UB
- PACIFIC++ chip for downstream tracker Upgrade 2 (Mighty Tracker)
o  Analog processing chain, Multi-channel, Complex digital
(digitization/clustering/timing), IpGBT control/direct connection
- TWOCRYST proof-of-principle for ALADDIN Project (), recently approved by LHC
Committee to move to Technical Proposal
o  Flexes & integration with hybrid inside Roman Pot
o Monitoring system (temp. & humidity inside RP)
o HV/LV powering & distribution in LHC tunnel: power supplies, patch panels,
~300 m cabling W




LHCb @ |F|C [Central Offline Computing]
LHCD

- Finished tender to upgrade HLT2 CERN cluster in 2025

56 Computing Nodes (x86_64) with 29k SPECrate2017_int power.

Contributions to LHCb computing
o  Tier-1 Spain LHCb contact
LHCb computing development and operations

- Usage of non-pledged resources at BSC MareNostrum 5 LH(’:b
o MNS5: ~17 times previous MN4 => ~200 petaflops B
o 730k CPU cores - 112 cores/node - 250 PB GPFS disk storage 0 2
o 3 Calls per year for Resources requested by (X. Vilasis-Ramon Llull) g 1
~750k CPU Hours per call. i
o IFIC contribution to LHCb services operation. 55 s S o o0 S o S o e o
Period
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LHCb @ IFIC [Quantum Computing in Experimental HEP]

Track reconstruction:

Mostly global methods = clustering algorithms
- Minimization of Ising-like Hamiltonian

- Good results with HHL for LHCb, working on improving
performance on hardware [JINST 18 (2023) 11, P11028]

- Quantum variational algorithms also investigated at DESY
[Comput.Soft.Big Sci 7 (2023) 1, 14]

- Work ongoing using QAOA [arXiv:1411.4028] and Quantum

annealers

Experiment simulation:

- Using gGANS [arXiv:1804.08641] for calorimeter simulation at
LHCb

b-jet tagging at LHCb:

- Currently studying the entropy to enhance performance of
initial results [JHEP 08 (2022) 014]
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Summary of the QC4HEP WG

[PRX Quantum 5 (2024) 3, 037001]
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Belle Il @ IFIC in 2024 [Detector and Physics]

Group leaders: Carlos Marinas (Technical Coordinator)
Vidya Sagar Vobbilisetti (Analysis tools convener and Software trigger librarian)

Responsible for all detector systemsand g ==A - |
data taking performance. ‘ = 151 iy

150 frme gt sapoityy 2022

o Completion of detector upgrade in LST =
o Peak luminosity: 4.71 x 1034 cm—2s1 '
(world record)

Total integrated Weekly luminosity [fh-1]

Software maintenance for faster trigger

a

and efficient data analysis L A S A
Higher efficiency of B-tagging at same purity!
Physics in L3 flavor and quark matter:
o Search for rare B* > K1t decay, ol

0.8

sensitive to new physics enhancement

- Targeting Moriond 2025.
o Improving the B-tagging technique to
search for more missing energy decays

Efficiency (%)
o

—}— Belle Il data: with old training
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—}— Belle data: with old training
1
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Belle li @ IFIC in 2024 [Upgrade and Performance]

Group leaders: Carlos Marinas (Upgrade Coordinator)
Vidya Sagar Vobbilisetti (Vertex upgrade performance leader)

Connected to L7: Advanced instrumentation Optimizing the geometry

and computing in fundamental physics

CDR 5 layers New é layers

> Leading the Belle’'s upgrade program with

special focus on the vertex detector. ‘ﬁgf
> Expected to significantly improve vertex Higher efficiency of slow pions (<250 MeV/c)
resolution, tracking precision, and particle O;; 4 saeoe
identification capabilities 08" e
- Enabling more sensitive S Sy N
measurements of rare decays and CP R e
violation processes. T 8‘3‘ e o S R e
P — T
> Also, in charge of the vertex detector 01E % -~
upgrade demonstrator for e"'e— 00 20 40 60 83(3ﬂ 100 120 140 160 180
6(n**") [deg]

environments, linked to our SO initiative. 13



Leptoquarks and LFU in Higgs

Contributors: K. Amos, L. Fiorini, A. Gomez, T. Zarareishvili
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https://link.springer.com/article/10.1007/JHEP10(2023)001
https://link.springer.com/article/10.1007/JHEP07(2023)166
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Our group is active on the study of:

light-quark semileptonic decays (Vu4, Vus), Where several tensions are

currently present [David Diaz-Calderon's PhD thesis (2024)]

contributions of the HLbL integral involving large loop momenta, thus
Improving the SM muon g-2 prediction [Rodriguez-Sanchez et al. 2411.09578]

several hadronic contributions to a,, reviving the use of tau data for the leading

one [Roig et al. PLB 850 (2024) 138492]
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Flavor @ [MEEaEeR

* non-perturbative QCD dynamics in measurements of CP

violation and rare decays in the charm sector [Eleftheria
Solomonidi's PhD thesis (2024)]

* bounds on NP couplings to heavy sterile neutrinos inferred
from the recent Belle angular analysis of bottom meson oI smmieem
decays (B - D*lv, t=e,u) [Fedele et al. 2410.11945 (JHEP)] | H“H..L

o 7 -'l_

* baryon number violation mediated by higher dimensional <

operators carrying the top flavor [Gisbert, Rodriguez-
Sanchez, Vale Silva 2409.00218] %0 02 o4 os
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Elementary particles: the Standard Model and beyond

Activities

* Flavon vacuum alignment beyond SUSY (Phys.Rev.D 110 (2024) 1, 015009)
C. Hagedorn, M.L. Lopez-Ibariez, M. Jay Perez, M. Hossain, O. Vives

* CP violation in neutral B mixings, implications for baryogenesis (arXiv:2410.13936)
C. Mirdé, M. Escudero, M. Nebot

* Light states in real multi-Higgs models with spontaneous CP violation (arXiv:2411.00084)
C. Mir6, M. Nebot, D. Queiroz

* New physics hints from 1 scalar interactions and (g — 2)e,u (J.Phys.G 51 (2024) 2, 025001)
F.J. Botella, F. Cornet-Gomez, C. Miro, M. Nebot
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Effective field theories in hadron and nuclear physics

Nucleon axial and electromagnetic form-
factors [Fernando Alvarado's PhD thesis
(2024), supervised by L. Alvarez-Ruso]

Quark mas dependence of hadron
resonances [Fernando Gil's PhD thesis
(2024), supervised by R. Molina]
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DD-

e P-wave charmonium contribution to f&?ﬁ
hidden-charm states from lattice QCD el energy-
[Shi et al., 2410.19563] | levels.

exotic
X(3960)

* Bridging correlation and spectroscopy
measurements to access the hadron

interaction behind molecular states: L [fm]

the case of the £(1620) and Z(1690) 1 prediction: UxPT + femtoscopy

in the KA system [Feijoo et al, wop 1
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https://www.benasque.org/2024eqcd/
https://esdeveniments.uv.es/111432/detail/-flipphysics-2024.html
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