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Artificial Intelligence for Hadron Spectroscopy and Interactions
AI4HSI

Letter of Intent for HORIZON-INFRA-2025  

M.Battaglieri (INFN) & J.Nieves (IFIC, UV & CSIC))
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AI for NP/HEP
• Modern Nuclear and High Energy Physics experiments produce a vast amount of data
• Data need to be cleaned from noise and background to reconstruct particles’ 4-momenta
• Physics observables (xsecs, asymmetries, correlations, decay distributions, …) are extracted
• Data are compared to physics-informed models (established theory with an unknown

component of microscopic interactions)
• Validation of theoretical prediction

How do we progress in our 
understanding of strong 

interactions?

Shall AI support NP/HEP experiments to extract physics from data in a more efficient way? 

• Prepare data unfolding detector effects
• Extract signal from background
• Accurately fit data in multiD space
• Extract physics observables (xsec, asymmetries, …)
• Develop an analysis framework 
• Develop theory and phenomenological models 
• Interpret physics observables 
• …. in all steps, quantifying the uncertainty (UQ)

AI4HSI aims to 
develop  AI-supported 

procedures
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AI for NP/HEP
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Data collection, analysis, physics extraction and interpretation

Generative AI for data analysis
• Data skimming, common format, and sample storage in a central data repository
• Detector effects unfolding: smearing, acceptance, and efficiency
• Signal extraction from instrumental and physics background
• Merging of parton-level data, combining samples from different experiments

Data from:
Bonn (ELSA), CERN (ALICE, AMBER, COMPASS, LHCb), FAIR (CBM, KOALA), Mainz, (MAMI), Jefferson Lab (CLAS12, GlueX), BNL (ePIC) + other
world facilities (BES-III)

Supervised learning for physics extraction
• Key-physics observables extraction
• Angular and momentum distributions, cross sections, decay observables, CP-asymmetries, correlation functions
• Results stored in a shared repository, virtually accessible to all partners via online web interface

Genetic algorithms and NNs for physics interpretation
• Theoretical framework development
• EFTs, analyticity constraints, unitarity re-summations, dispersion relations
• Overlap with low-energy NP communities: quantum many-body wf
• LQCD simulations
• Evolution equations of hard probes in hot and dense media
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Example: detector effects unfolding
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Example: amplitude extraction



M.Battaglieri - INFNAI4HSI7

Participating and partner institutions
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Participating and partner institutions



M.Battaglieri - INFNAI4HSI9

Participating and partner institutions

Barcelona University, Autonomous
University of Barcelona, Bochum
University, Bonn University, FAIR,
Giessen University, Glasgow University,
INFN, Madrid University, Pablo de
Olavide University, Salamanca
University, Technical University Munich,
Valencia-IFIC (Valencia University &
CSIC), York University JLab, Indiana
University, Old Dominion University,
University of Virginia
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Resources, deliverables and synergies
Resources and budget
• €750k total

• €480k: post doc positions (4 years experimentalists + 4 years theorists)
• €220k: Travels
• €50k: schools workshops

Deliverables
• Web site with tools for data analysis, physics extraction, and

theoretical interpretation
• Virtual repository for documentation (papers, seminars, and

colloquia recordings, …)
• Collaborative venues: two topical and one general workshops
• Education and dissemination: AI4HSI Summer SchoolSynergies

• Nucleon Structure Knowledge and Analysis Toolkit (NuSKAT) project
• Similar physics program to use AI for nucleon structure analysis

Participating and partner institutions
• Barcelona University, Autonomous University of Barcelona, Bochum University, Bonn University, FAIR, Giessen University, Glasgow University,

INFN, Madrid University, Mainz University, Pablo de Olavide University, Salamanca University, Technical University Munich, Valencia-IFIC
(Valencia University & CSIC), York University

• JLab, Indiana University, Old Dominion University, University of Virginia

Appointed conveners/Institution representatives
F.Afzal (UBochum), M.Albaladejo (IFIC-UValencia), R.Escribano (UABarcelona), D.Glazier (UGlasgow), P.Hurck (UBonn), V.Mathieu (UBarcellona),
H.Nils (UMainz), C.Peset (UMadrid), A.Pilloni (INFN), S.Schadman (FAIR/GSI), J.Segovia (UPOlavide), G.Sborlini (USalamanca), A.Thiel (UGiessen),
A.Vairo (TUM), D.Watts (UYork)

AI4HSI will develop on-line services, facilitate partner access to infrastructures, disseminate results to the 
whole hadron physics community


