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L1. The Higgs Force
 Experiment:
 ATLAS @ LHC, CERN

 Detector operation and calibration
 Software & computing
 Precision measurements: 

Higgs properties and interactions
Top quark production

 BSM searches and constrains: 
 LFV 
W’, Z’

 Theory:  
 Higher orders in perturbative QFT (EW & QCD)
 EFT for BSM & Pheno

Machine learning 
Quantum computing

Representative three-loop vacuum 
diagrams contributing to the Higgs decay 
into a quark-antiquark pair at NLO
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L2. Neutrinos and lepton flavor 
 Experiment:
 NEXT @ LSC: NEXT-100 construction and data taking

 Search for ββ0ν decay 
 T2K measurements
 ν fluxes, cross sec., osc. param. 

 DUNE & ProtoDUNE @ CERN
 Design and construction
 Analysis strategies: proton decay

 ANTARES & KM3Net-ORCA
 Monte-Carlo & algorithm development 
 Atmospheric ν: oscillations, NSI, ν decay

 Theory:
 Global analyses of ν oscillations 
 ν mass models, ν in cosmology 
 ν interactions with matter, including CEνNS, NSI
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L3. Flavor and quark matter 
 Experiment:
 LHCb, ATLAS @ CERN, Belle-II @ KEK

 b- and c-baryon (rare) decays 
Asymmetries, polarization observables 
Sensitive to non-perturbative QCD and new physics
FCNC, flavor anomalies

 Searches: baryon EDM, HNL, Hexaquarks
 Theory:
 New physics in hadron and τ decays  
 EFT in hadron physics:

 Exotic states, hadronic molecules 
 Baryon properties and interactions with ChPT

 Lattice QCD
 Synergy between LQCD and continuum methods:

 Dyson-Schwinger eqs., hadrons @ finite volume, quark mass dep.



Science @ IFIC 2025

L4. Astroparticles, DM and cosmology 
 Experiment: 
 ATLAS, LHCb, MATHUSLA, MAPP-MoEDAL, NA64                                  

@ CERN
 Searches: 

 CP-violation, SUSY, long-lived particles
 light DM, magnetic monopoles 

 ANTARES & KM3Net-ARCA, HAWC
 Cosmic neutrino detection, multi-messenger astronomy
 Neutrinos from DM

 RAD.ES, babyIAXO, CADEx, ALPS II 
 Axion searches using inverse Primakoff mechanism:

 Theory:
 Dark matter models and pheno. 
 Production of long-lived particles
 Leptogenesis

Dark Matter: 24%

Dark Energy:  71% 
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L5. Gravity and the dark universe:
gravitational waves and black holes

 Theory:
 Primordial black holes 
 Modified gravity
 Quantum effects in gravity
 Gravitational waves as probes of this physics
 QFT in curved spacetime
 Participation in  exp. projects: 

 Laser Interferometer Space Antenna (LISA):
 Einstein Telescope
 SKA radio telescope 
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L6. The synthesis of nuclei and 
origin of the heavy chemical elements 
 Experiment:
 ISOLDE, n_TOF @ CERN, AGATA @ LNL, FAIR @ GSI, HENSA @ LSC,

RIKEN, GANIL, IGISOL
 Gamma and neutron spectroscopy 
 Nuclear structure, astrophysics & applications: 

 Exotic nuclei at driplines
 β decays, 𝜈̅𝜈 reactor fluxes 
 Stellar nucleosynthesis 
 Ambient neutron rates
 (𝛼𝛼, 𝑛𝑛) reactions

 Development of instrumentation
 Theory: 
 Precision & BSM physics with β decays
 CKM unitarity tests 
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L7. Advanced instrumentation and 
computing in fundamental physics 

 Instrumentation development for different experiments:
 TileCal, ITk for ATLAS
 ECAL for LHCb
 Calorimeters for LUXE (strong-field QED)
 Detector R&D for future colliders
 New electronics for AGATA
 Active detectors and novel materials for n_TOF
 Cryogenics and photon detection system for DUNE
 NEXT-100 detector 

 Computing: 
 ATLAS-GRID
 ARTEMISA infrastructure for ML and AI
 GLUON HPC system

 Quantum information and technologies 
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L8. Advanced instrumentation and 
computing for societal challenges 

 Medical applications:
 Positron Emission Tomography (PET), Liquid Xenon PET (PETALO)
 Hadron therapy: monitoring and C6+ injector 
 Molecular & ultrasound imaging for 

guiding cancer biopsies in real-time (MAGAS)
 Gamma & neutron imaging 
 AI applied to medical image reconstruction:
 Simulations for risk reduction in brachytherapy

 (Real time) radioactivity monitoring: 
 In water (TRITIUM)
 Gamma imaging for nuclear waste classification (GUALI):
 Radiotracers for the study of marine ecosystems (REMO) 

 Space Weather: AI-based early warning system for solar storms
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Summary

Origin of mass: 
understanding the 
fundamental laws of 
physics

Origin of matter:
understanding the 
Universe

Advanced 
instrumentation 
and computing: 
from fundamental 
physics to society
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Summary
 Theoretical research includes: particle physics phenomenology in the 

Standard Model and beyond (including collider, flavor, Higgs and neutrino 
physics), astroparticle physics, cosmology, gravitation and black holes, 
QCD and strong interactions, hadron and nuclear physics, quantum info
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Summary
 Experiments:
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Enjoy!
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