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Long talks of IS (I) / 1

The two- and three-nucleon correlation functions

Author: Alejandro Kievsky'

! Istituto Nazionale di Fisica Nucleare

Corresponding Author: alejandro.kievsky@pi.infn.it

When a high-energy pp or p—nucleus collision occurs, particles are produced and emitted at relative
distances of the order of the nuclear force. The effect of the mutual interaction between hadrons
is reflected as a correlation signal in the momentum distributions of the detected particles which
can be studied using correlation functions. The correlation function incorporate information on the
emission process

as well as on the final state interaction of the emitted pairs. By measuring correlated particle pairs
or triplets at low relative energies and comparing the yields to theoretical predictions, it is possible
to study the hadron dynamics.

Short contributions (V) / 2

Genetic Algorithm Modeling of *’Sc Production via Proton Irra-
diation of *Ti

Authors: Yuliia Lashko'; Francesca Barbaro?; Lisa ZangrandoS; Luciano Canton®

! Istituto Nazionale di Fisica Nucleare, Sezione di Padova, Italy; Bogolyubov Institute for Theoretical Physics, Kyiv,
Ukraine

2 Istituto Nazionale di Fisica Nucleare, Sezione di Padova, Italy; Dipartimento di Fisica e Astronomia, Universita di
Padova, Italy

? Istituto Nazionale di Fisica Nucleare, Sezione di Padova, Italy

Corresponding Authors: francesca.barbaro@pd.infn.it, lisa.zangrando@pd.infn.it, luciano.canton@pd.infn.it, yuliia.lashko@pd.infn.it

The 3~ -emitting radionuclide *"Sc is an attractive theranostic agent for nuclear medicine, offering
both SPECT imaging capabilities and therapeutic efficacy for small tumors. However, its clinical
deployment remains limited by production challenges, including insufficient radionuclidic purity,
low yields for some reaction channels, and reliance on restricted infrastructure. In cyclotron-based
irradiation of enriched “°Ti, long-lived impurities such as “®Sc and “®Sc are co-produced through
competing reactions, complicating purification compliance and increasing the dosimetric burden
for patients. Reactor-based alternatives are not universally accessible and present logistical con-
straints.

In this study, we analyze the °Ti(p,x)*"Sc reaction using the TALYS 1.95G nuclear reaction code
[1,2], calibrated against the only available experimental cross-section dataset for this route, recently
reported by Pupillo et al. [3]. A genetic algorithm (GA) is employed to optimize twelve level-density
parameters across six compound nuclei and nine reaction channels, including 465 47gc, 48Gc 435,
445c, 42K, 43K, and *®V. This represents the first application of GA-based joint optimization across
multiple reaction pathways for a medically relevant radionuclide, demonstrating the feasibility of
integrated Al-driven calibration in nuclear modeling.

The GA-driven optimization significantly improves the agreement between TALYS description and
measured data. However, the refined simulations confirm that high co-production of 48Sc and 46Sc
are intrinsic to the proton—49Ti reaction path. As a result, this route remains unsuitable for routine
clinical applications.

These findings emphasize the potential of evolutionary algorithms for nuclear model tuning and
underscore the need for alternative production strategies. The methodology provides a scalable
framework for integrating Al into predictive nuclear theory and applied isotope research.
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Invited session (III) / 4

TBA - Valentina Sarti Mantovani

Invited session (I) / 5

The 3-dimensional map of the proton
Corresponding Author: rodini.simone luigi@gmail.com

Transverse-Momentum dependent (TMD) parton distributions are one of the main tools to study
the structure of the proton in a three-dimensional momentum space. They encode information on
the probability densities of finding a parton with some specific 3D momentum, as well as funda-
mental spin-orbit correlations between the transverse motion of partons and the proton spin. In
this talk I will review different aspects of TMD distributions, from recent theoretical progress in the
understanding of their structure to the newest extractions available from experimental data.

Short contributions (V) / 6

Production Strategies for High-Purity Terbium Radionuclides for
Theranostic Applications

Authors: Francesca Barbaro'; Luciano Canton'; Yuliia Lashko?

! Istituto Nazionale di Fisica Nucleare

2 Bogolyubov Institute for Theoretical Physics, Kyiv, Ukraine - INFN Padova

Corresponding Authors: francesca.barbaro@pd.infn.it, luciano.canton@pd.infn.it, yuliia.lashko@pd.infn.it

Terbium offers a unique set of four clinically relevant radionuclides, 149Tb, 152Tb, 155Tb, and
161Tb,covering a broad spectrum of nuclear medicine applications, from PET and SPECT imaging
to targeted alpha and beta therapies. Their complementary decay properties make them ideal candi-
dates for theranostic approaches, where diagnostic and therapeutic isotopes can be used in matched
pairs [1]. Despite their clinical potential, scalable production of these isotopes with sufficient ra-
dionuclidic purity remains a key challenge, particularly for hospital-based facilities.

This study investigates the 155Gd(p,n)155Tb reaction using the TALYS nuclear reaction code [2] to
evaluate excitation functions, yields, and impurity profiles, with a focus on minimizing co-production
of long-lived contaminants such as 156Tb. Cross section predictions were benchmarked against ex-
perimental data [3] to refine yield estimates under realistic irradiation conditions. Thick-target yields
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and radionuclidic purity were derived across multiple 155Gd enrichment levels, and corresponding
dosimetric impact was assessed using OLINDA software [4], quantifying patient dose increase (DI)
from contaminant isotopes. The analysis identifies a 98% 155Gd enrichment as the optimal trade-off
between production efficiency and clinical safety [5, 6].

In parallel, nuclear reaction modeling was utilized to investigate promising proton-induced pro-
duction routes for 152Tb from Gadolinium and Dysprosium targets. The simulations provide key
insights into reaction mechanisms and potential yields, supporting the optimization of irradiation
parameters and guiding future experimental studies aimed at confirming production feasibility for
clinical applications.

This study demonstrates how nuclear reaction modeling and parameter refinement can guide the
development of scalable, high-purity production routes for terbium radionuclides, supporting their
future adoption in clinical theranostic strategies.

References

[1] M uller, C. et al., A unique matched quadruplet of terbium radioisotopes for PET and SPECT and
for o- and P-radionuclide therapy: an in vivo proof-of-concept study with a new receptor-targeted
folate derivative, J Nucl Med, 53,12:1951-1959 (2012)

[2] Koning, A. et al., TALYS: modeling of nuclear reactions. Eur. Phys. J. A 59 (6), 131 (2023)

[3] Dellepiane,G. et al., Experimental assessment of nuclear cross sections for the production of Tb
radioisotopes with a medical cyclotron. Appl Radiat Isot, 200:110969 (2023)

[4] Stabin, M.G. et al., OLINDA/EXM:the second generation personal computer software for internal
dose assessment in nuclear medicine, J Nucl Med, 46:1023-1027 (2005)

[5] Barbaro, F et al., 155Tb production by cyclotrons: what level of 155Gd enrichment allows clinical
applications?. EJNMMI Phys 11, 26 (2024)

[6] Barbaro, F et al., Hospital-cyclotrons production of high-purity 155Tb via 155Gd(p,n). Appl Radiat
Isot (2025), doi: https://doi.org/10.1016/j.apradiso.2025.112026.

Short contributions (V) / 7

Beyond Protons: Unlocking ¢’Cu Production with Triton Beams
for Next-Generation Theranostics

Authors: Francesca Barbaro'; Luciano Canton?; Giovanni Frezzato®; Yuliia Lashko?; Lisa Zangrando5

! Dept. of Physics and Astronomy, University of Padova and INEN sezione di Padova

? Istituto Nazionale di Fisica Nucleare

* Dept. of Physics and Astronomy, University of Padova

* INFN sezione di Padova, Italy and Bogolyubov Institute for Theoretical Physics, Kyiv, Ukraine
> INFN sezione di Padova

Corresponding Author: luciano.canton@pd.infn.it

The radionuclide “Cu is a highly attractive theranostic agent, combining - emission for radiother-
apy with y-rays suitable for SPECT imaging. However, achieving efficient and clean cyclotron-
based production remains a major obstacle. In this study, we explore an alternative nuclear reaction
route using triton beams on zinc targets—specifically **Zn(t,x)*’Cu—as part of the NUCSYS CSN4,
CUPRUM-TTD CSN5, and SPESMED CSN3 initiatives. Given the absence of experimental cross-
section data for these triton-induced reactions, we employed comprehensive TALYS simulations
across 24 model combinations, generating uncertainty bands and benchmarking against the well-
documented ,°Zn(p,x)*’Cu proton-induced reactions.

Our simulations predict that triton-based reactions can outperform proton routes by more than an
order of magnitude in yield for E > 30 MeV, while also significantly reducing stable copper contamina-
tion and cooling times. Notably, triton irradiation requires substantially thinner targets, translating
into lower consumption of costly enriched material. These findings position triton-induced produc-
tion as a superior and scalable route to “’Cu, pending experimental validation. This work paves the
way for novel strategies in the production of key theranostic radionuclides, potentially transforming
their accessibility for nuclear medicine.
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Short contributions (I) / 8

Exploring neutron star’s glitches with rotating supersolids

Author: Silvia Trabucco'

' Gran Sasso Science Institute
Corresponding Author: silvia.trabucco@gssi.it

We investigate features of neutron stars glitches employing rotating dipolar supersolids. Under-
standing the rotational dynamics of such systems sheds light on the behavior of vortices in density-
modulated superfluids. We demonstrate that supersolid rotation arises from two distinct flow com-
ponents: one associated with vortices and another with a curl-free (irrotational) velocity field. At
higher rotation frequencies, the curl-free component counteracts the overall rotation, contributing
angular momentum that is anti-aligned with that of the vortices. This mechanism suggests that, in
neutron stars, the total angular momentum is not solely determined by vortex dynamics but results
from the combined contributions of both flow components.

Short contributions (II) / 9

Neutron Star Modeling: “Shortcuts or Precision?

Author: Federico Nola’

! Istituto Nazionale di Fisica Nucleare

Corresponding Author: federico.nola@Inf.infn.it

Neutron stars provide a unique laboratory for probing the properties of dense nuclear matter under
extreme conditions of density. Understanding their internal structure requires a description of the
Equation of State of matter at very high densities, which remains one of the main challenges in
modern nuclear physics and astrophysics.

A Chiral Effective Field Theory approach can quite faithfully fit the properties of the Equation of
State at very high densities, and thus is easily applied to find the Equation of State of a neutron
star.

However, using Chiral Effective Field Theory alone to parameterize the entire stellar structure may
be insufficient. To improve the model, MUSES Calculation Engine [1] is a very important and modern
tool that can be used for these purposes. This approach uses three different theories to describe the
three different density profiles, leading to more reliable results.

In my presentation, I will show the results obtained employing both approaches to calculate key neu-
tron star observables (mass, radius, love numbers and others), and compare them with observational
astrophysical data.

[1] Pelicer, Mateus Reinke, et al. “Building neutron stars with the MUSES calculation engine.” Physical
Review D 111.10 (2025): 103037.

Short contributions (VII) / 10

12C and '°0 a-particle systems and the triple-a reaction within
near-zero range Effective Field Theory

Authors: Alejandro Kievsky1 ; Elena Filandri?; Laura Elisa Marcucci'; Luca Girlanda'; Michele Viviani}
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! Istituto Nazionale di Fisica Nucleare

2 ECT*

Corresponding Authors: alejandro kievsky @pi.infn.it, michele.viviani@pi.infn.it, luca.girlanda@le.infn.it, laura.marcucci@pi.infn.it,
efilandri@ectstar.eu

We investigate the structure of 12C and '°O within an ab-initio Hyperspherical Harmonics frame-
work using short-range Effective Field Theory-inspired interactions. For '2C, ground and excited
states are accurately reproduced with a two-body potential plus a fine-tuned three-body force, while
160 requires a genuine four-body interaction to match experiment. We also analyze the triple- re-
action, crucial for stellar nucleosynthesis but poorly constrained at low energies. Employing the
adiabatic hyperspherical approximation, we study the 0" Hoyle state and its role in the reaction
dynamics. These results underline the relevance of cluster structures and many-body forces in light
nuclei and their impact on astrophysical reaction rates.

Short contributions (II) / 11

Relativistic corrections and three-nucleon forces in neutron star
matter

Author: Andrea Sabatucci™™

Corresponding Author: andrea.sabatucci@uwr.edu.pl

We discuss the inclusion of relativistic boost corrections in the correlated basis function (CBF) effec-
tive nuclear Hamiltonian. In this framework, a well-behaved nuclear effective interaction is derived
from a realistic Hamiltonian through the CBF formalism and cluster expansion techniques. This ap-
proach has proven to be remarkably powerful in computing both equilibrium and transport proper-
ties of nuclear matter, allowing for several applications in the context of neutron star physics.

Our study analyzes the dependence of boost corrections on the non-relativistic nucleon-nucleon po-
tential, as well as their strong interplay with three-nucleon forces. Because of the crucial role of
three-nucleon forces in driving the stiffness of the equation of state at high density, a correct under-
standing of such interplay is essential for an accurate description of neutron star physics.

Short contributions (IV) / 12

Semi-inclusive neutrino-nucleus scattering within the relativis-
tic distorted wave approach

Author: Juan Manuel Franco Patino’

! University of Seville & University of Turin/INFN Turin.

Corresponding Author: jfpatino@us.es

Nuclear effects in neutrino-nucleus scattering are one of the main sources of uncertainty in the anal-
ysis of neutrino oscillation experiments. Due to the extended neutrino energy distribution, very
different reaction mechanisms contribute to the cross section at the same time. Measurements of
muon momentum in CCOmn events are very important for experiments like T2K, where most of the
information about the oscillation signal comes from detection of the final-state muons only. How-
ever, those inclusive measurements make difficult to distinguish the contributions of nuclear effects.
For instance, they do not allow to separate between different nuclear models and are not sufficient
to put constraints on the amount of two-body current contributions. This is the reason why there is
a growing interest in measurements of more exclusive processes, for instance the detection in coin-
cidence of a muon and an ejected proton in the final state. Interpretation of such reactions, usually
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called semi-inclusive reactions, is challenging as it requires realistic models of the initial nuclear
state and an appropriate description of proton final-state interactions.

In this talk we’re going to present the theoretical predictions of semi-inclusive vp cross sections
on 12C and 40Ar obtained within an unfactorized approach based on the relativistic distorted wave
impulse approximation (RDWIA) and compare them with T2K, MINERVA and MicroBooNE mea-
surements and predictions of the inclusive SuSAv2-MEC model implemented in the neutrino event
generator GENIE.

Short contributions (IV) / 13

Quantum Simulations of Nuclear Dynamics in First Quantization

Author: Luca Spagnoli’

! Istituto Nazionale di Fisica Nucleare
Corresponding Author: luca.spagnoli@unitn.it

Real-time simulations of nuclear reactions are classically intractable due to exponential scaling. By
adopting a first-quantized formulation of pionless effective field theory, we show that quantum
computers can simulate such dynamics efficiently, with costs that grow only polynomially in nu-
cleon number and logarithmically with basis size. The approach demonstrates an exponential sav-
ing over previous methods and suggests that simple scattering problems could be tackled on early
fault-tolerant devices, bringing ab initio reaction dynamics within reach of near-term quantum hard-
ware.

Short contributions (III) / 14

QCD Equation of State from effective Lagrangians and constraints
from Relativistic Mean-Field Models

Authors: Luca Passarella'; Andrea Lavagnoz; Alessandro Dragol; Giuseppe Pagliara1

! Istituto Nazionale di Fisica Nucleare

? Politecnico di Torino and INFN Torino
Corresponding Authors: drago@fe.infn.it, luca_passarella@polito.it, andrea.lavagno@polito.it

The finite-temperature equation of state (EOS) is analyzed within an effective Lagrangian framework,
where the dilaton field encodes the breaking of scale symmetry in QCD. In the pure gauge SU(3),
sector, the gluon condensate dynamics are described through a dilaton Lagrangian: at low tempera-
ture the condensate is dominated by the dilaton, while above the critical temperature it evaporates
into quasi-free gluons. Glueball excitations are included assuming a linear Regge trajectory, and
the role of a string tension term on the spectrum is explored. To address thermal effects, we study
the role of dilaton fluctuations, which has proven successful in reproducing lattice QCD results for
thermodynamic observables such as pressure and energy density. Furthermore, a first-order phase
transition is found, as expected from the results of lattice QCD. The analysis is extended using an
effective Lagrangian that incorporates both broken-scale symmetry and explicit chiral symmetry
breaking, including mesons (o, 7, w, p) and nucleons at finite temperature and chemical potential,
along with their thermal fluctuations. This approach enables the construction of an EOS over a wide
range of temperature and chemical potential, providing a framework to study the nature of the QCD
phase transition across different degrees of freedom.
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In parallel, relativistic mean-field (RMF) models based on the exchange of ¢, w, and p mesons with
non-linear nucleon-o couplings and density-dependent p coupling are employed. A large set of
models is generated via Bayesian methods and constrained by both nuclear physics and astrophys-
ical observations, including GW170817 and NICER data, providing a tool to explore neutron star
properties within present empirical limits.

Invited session (II) / 15

Enrico Trincherini TBA

Short contributions (VII) / 16

Application of nuclear covariance matrix in nuclear TMD effects

Authors: Andrea Signori'; Emanuele Roberto Nocera'; Mariaelena Boglione'; Patrick Barry?; Yiyu Zhou®

! Istituto Nazionale di Fisica Nucleare
% Argonne National Lab

* University of Turin

Corresponding Authors: yiyu.zhou@to.infn.it, elena.boglione@to.infn.it, emanueleroberto.nocera@to.infn.it, an-
drea.signori@unito.it, barry@anl.gov

In this work, we investigate the nuclear modification effects in transverse momentum dependent
(TMD) observables by implementing a nuclear covariance matrix in the treatment of theoretical
uncertainties. Global QCD analysis is performed with the aforementioned nuclear covariance matrix
to verify its equivalence with the traditional approach of including a nuclear correction parameter.
The data analyzed are the Drell-Yan gp-differential data in pA and 7 A collisions. In addition, we
also perform global QCD analysis with no treatment for the nuclear effects, verifying the necessity
of implementing the nuclear corrections.

Short contributions (VI) / 17

Strange quark matter nucleation and implications for NS-QS co-
existence

Authors: Alessandro Drago'; Andrea Lavagno?; Giuseppe Pagliara'; Mirco Guerrini®

! Istituto Nazionale di Fisica Nucleare
2 politecnico di Torino and INFN Torino

® University of Ferrara and Istituto Nazionale di Fisica Nucleare

Corresponding Authors: drago@fe.infn.it, mirco.guerrini@unife.it, pagliara@fe.infn.it, andrea.lavagno@polito.it

The Bodmer-Witten hypothesis concerns the possibility that ordinary hadronic matter in bulk is a
metastable state of strongly interacting matter, while strange quark matter (SQM) is absolutely stable
(i.e., the global minimum). These two phases would be separated by a potential barrier that prevents
the spontaneous decay of hadronic matter into SQM in ordinary conditions.

If this hypothesis is true, a family of hadronic neutron stars (NSs) and a family of strange quark stars
(QSs) may coexist.
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A fundamental question regards the conditions under which a hadronic star converts into a QS and
in which astrophysical phenomena these conditions could be reached.

The conversion is triggered after the nucleation of SQM, namely, after that, a SQM droplet large
enough to keep expanding is created by a local spontaneous fluctuation.

I will present the state of the art of SQM nucleation in astrophysical systems, including the roles of
thermal fluctuations in the hadronic composition and color superconductivity.

Moreover, I will evaluate whether the nucleation conditions are reached during the evolution of
a proton-neutron star (PNS) and discuss the implications for the possible coexistence of QSs and
NSs.

« Guerrini et al, 2024, Ap]J 974 45; doi:10.3847/1538-4357/ad67cc
« Guerrini et al, 2025, Universe, 11(8), 258; d0i:10.3390/universe11080258

« Guerrini et al, in preparation (Testing the coexistence of QS and NS in the PNS evolution)

Short contributions (I) / 18

First insight into transverse-momentum-dependent fragmenta-
tion physics at photon-photon colliders

Author: Simone Anedda’

Co-authors: Cristian Pisano '; Francesco Murgia '

! Istituto Nazionale di Fisica Nucleare
Corresponding Authors: francesco.murgia@ca.infn.it, cristian.pisano@ca.infn.it, simoneanedda.ljs@gmail.com

Future planned lepton colliders, both in the circular and linear configurations, can effectively work
as virtual and quasi-real photon-photon colliders and are expected to stimulate an intense physics
program in the next few years. In this paper, we suggest to consider photon-photon scattering

as a useful source of information on transverse momentum dependent fragmentation functions
(TMD FFs), complementing semi-inclusive deep inelastic scattering and e™e™ annihilation processes,
which provide most of the present phenomenological information on TMD FFs. As a first illustra-
tive example, we study two-hadron azimuthal asymmetries around the jet thrust-axis in the process
Y0~ = v*y — q@ — hihs + X, in which in a circular lepton collider one tagged, deeply-virtual
photon scatters off

an untagged quasi-real photon, both originating from the initial lepton beams, producing inclusively
an almost back-to-back light-hadron pair with large transverse momentum, in the v*~y center of mass
frame. Similar processes, in a more complicated environment due to the presence of initial hadronic
states, can also be studied in ultraperipheral collisions at the LHC and the planned future hadron
colliders.

Short contributions (VI) / 19

Hadron Cross Sections and Uncertainties in Cosmic Antiproton
Production & Beyond

Author: Jennifer Rittenhouse West!

U INFN Turin and University of Turin
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Corresponding Author: jennifer.rittenhouse@gmail.com

Collider-based QCD calculations shed light on cosmic ray antiproton anomalies with novel cross-
disciplinary results. Current astrophysical observations require a precise calculation of cross sec-
tions for direct proton-proton to antiproton production vs. indirect production (in which an antineu-
tron is produced first and decays to an antiproton with branching ratio 1). The results of cross section
and uncertainty calculations using two sets of fragmentation functions for 17.2 GeV and multiple
TeV-scale center-of-mass energies include finding a discrepancy between the claimed ~30% differ-
ence in direct and indirect antiproton productions. Implications of this work on baryon/antibaryon
yield puzzles will be discussed.

Short contributions (II) / 20

Neutron star crustal properties from Bayesian unified EoS with
low-density ab initio constraints

Author: Stefano Burrello’

Co-authors: Anthe Francesca Fantina ; Francesca Gulminelli *; Marco Antonelli *; Maria Colonna !

! Istituto Nazionale di Fisica Nucleare
? GANIL

* Unicaen/LPC/Ensicaen

* LPC - CNRS

Corresponding Authors: anthea.fantina@ganil fr, burrello@Ins.infn.it, antonelli@lpccaen.in2p3.fr, colonna@Ins.infn.it,
gulminelli@lpccaen.in2p3.fr

The nuclear equation of state (EoS) governs the structure of neutron stars and can be constrained by
linking information from astrophysical observations, ab initio nuclear theory, and heavy-ion colli-
sions within a Bayesian framework. In this work, we extend a unified meta-modeling approach to
the EoS by implementing low-density corrections informed by energy density functionals calibrated
to ab initio neutron matter results. This extension ensures improved consistency with nuclear the-
ory in the dilute regime, which is essential for reliable predictions of crustal properties. We analyze
the consequences for the crust-core transition density and pressure, crustal composition, and the
fraction of the moment of inertia residing in the crust. These results underscore the need for com-
plementary theoretical and experimental constraints across a wide density range, providing a more
robust foundation for interpreting multimessenger observations of neutron stars with increasing
precision.

Short contributions (IV) / 21

Charm and beauty quarks in the initial stages of proton-Ion Col-
lisions

. .1 . . 1 . 1 . N
Authors: Gabriele Parisi'; Lucia Oliva'; Vincenzo Greco'; Marco Ruggieri™ ™

! Istituto Nazionale di Fisica Nucleare
Corresponding Authors: gabrieleparisil956@gmail.com, marco.ruggieri@dfa.unict.it, greco@Ins.infn.it, lucia.oliva@dfa.unict.it

In this talk I will discuss the dynamics of Heavy Quarks in the initial gluon-dominated phase of heavy
ion collisions, called Glasma. I will first highlight the effect of such phase on the color de-correlation
of Heavy Quark pairs, as shown by numerical studies in a 2+1D framework. Then, moving on to
3+1D studies, I discuss the effect of rapidity-dependent fluctuations on the momentum shift of static
heavy quarks.

Page 9



TNPI2025 - XX Conference on Theoretical Nuclear Physics in Italy / Book of Abstracts

Short contributions (I) / 22

Extraction of di-hadron fragmentation functions at NNLO

Author: Luca Polano'

! Istituto Nazionale di Fisica Nucleare
Corresponding Author: luca.polano@pv.infn.it

Parton distribution functions (PDFs) describe the internal structure of hadrons by providing infor-
mation on the number densities of quarks and gluons inside them. Among the three leading-twist
PDFs, the unpolarised distribution f; , the helicity distribution g;, and the transversity distribution
hi, the transversity has only recently been extracted and the uncertainties are still high. Interest in
transversity has grown due to its role in comparing phenomenological and Lattice QCD results, as
well as its relevance in searches for physics beyond the Standard Model. The Collins effect has long
been a key tool for accessing transversity, but di-hadron observables provide a powerful alternative,
offering complementary information within a simpler theoretical framework.

In my work, I extracted the unpolarised di-hadron fragmentation functions D; at NNLO accuracy,
using both a physics-informed and a neural network parametrisation. It is the first step towards
extracting the collinear chiral-odd H{ from the BELLE asymmetry data and, on the long run, to-
wards improving the accuracy in the extraction of transversity from data on inclusive di-hadron
production.

Long talks of IS (I) / 23

From deep inelastic scattering to double parton scattering off light
nuclei

Authors: Eleonora Proietti'; Emanuele Pace?; Federico Alberto Ceccopieri’; Filippo Fornetti'; Giovanni Salme™*;
Matteo Rinaldi'; Michele Viviani'; Sergio Scopetta'

! Istituto Nazionale di Fisica Nucleare
2 ROMA2
® Université de Liége

* Istituto Nazionale di Fisica Nucleare - Roma

Corresponding Authors: eleonora.proietti26@gmail.com, michele.viviani@pi.infn.it, giovanni.salme@romal.infn.it,
federico.alberto.ceccopieri@cern.ch, matteo.rinaldi@pg.infn.it, sergio.scopetta@pg.infn.it, fillippo.fornetti@pg.infn.it,
emanuele.pace@romaz2.infn.it

In this talk I review the most important and recent results collected by the Perugia group about
the study of polarized and unpolarized deep inelastic scattering (DIS) off light nuclei and the new
project to propose extracting nuclear double parton distributions (DPDs) in the future electron Ion
collider (EIC). In particular, I will discuss the calculation of the so-called European Muon Collab-
oration (EMC) effect for He3, H3 and He4 systems. The nuclear structure is described within the
relativistic Light-Front (LF) approach which leads to fulfill Poincaré covariance and macroscopic lo-
cality, and therefore, number of particles and momentum sum rules are preserved. As inputs, use has
been made of the nuclear wave-functions obtained from the phenomenological Av18 + UIX potential
and the chiral potentials called NVIa +3N and NVIb+3N. The evaluated momentum distribution with
the corresponding wf has been used to calculate the structure functions of the considered nuclei. We
predict a sizable EMC effect for He3[1] and for He4[2]. The approach has been extended to evaluate
the polarized He3 structure functions and results remarkably compare well with data [3].

Finally, we propose studying nuclear double parton scattering at the EIC to access nuclear DPDs for
the first time. These quantities encode the probability of finding two partons with given longitudinal
momentum fractions located at a specific transverse distance. DPDs are therefore sensitive to un-
known double parton correlations that are crucial for understanding the non-perturbative structure
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of hadrons. In this context, nuclear targets such as the deuteron [4] are essential for enhancing the
production rate of this rare process, making the use of light nuclei indispensable for generating real-
istic predictions. Furthermore, we demonstrate how nuclear DPS studies could yield novel insights
into the origin of the EMC effect [5].

REFERENCES
[1] E. Pace, M. Rinaldi, G. Salme’, S. Scopetta, PLB 839 (2023) 137810

]

[2] F. Fornetti, E. Pace, M. Rinaldi, G. Salme’, S. Scopetta and M. Viviani, PLB 851 (2024), 138587

[3] E. Proietti, F. Fornetti, E. Pace, M. Rinaldi, G. Salmé and S.Scopetta, PRC 110 (2024) no.3, L031303
]

[4] F. A. Ceccopieri, F. Fornetti, E. Pace, M. Rinaldi, G. Salmé and N. Iles, arXiv:2507.02495 [nucl-th],
EPJC submitted

[5] F. A. Ceccopieri, F. Fornetti, E. Pace, M. Rinaldi, G. Salmeé and N. Iles, in preparation.

Long talks of IS (IT) / 24

Nuclear Density Functional Theory and grounding it in ab ini-
tio

Author: Gianluca Colo™

! Istituto Nazionale di Fisica Nucleare
Corresponding Author: gianluca.colo@mi.infn.it

The purpose of this contribution is twofold. First, I will highlight the status and some of the successes
of nonrelativistic DFT, which is still, to date, the microscopic nuclear model with the broadest range
of applicability. Some examples of applications, like the solution of the puzzle of the nuclear matter
incompressibility and the case of nuclear photonics, will be discussed.

At the moment, however, it is hard to improve the accuracy of existing functionals. Ongoing and
future prospects to achieve the “universal”functional will be touched upon, like Bayesian inference
techniques and the possibility to use ab initio nuclear theory as a starting point. In this latter case,
the recent convergence displayed by the results of several many-body methods in nuclear matter
can be instrumental in order to design a firm constraint for the volume part of the functionals.
Throughout the talk, I will stress the existing and some possible collaborations with the Italian theory
community, within the IS MONSTRE or outside it.

Short contributions (IV) / 25
Assessing lattice QCD charm space diffusion coefficient and ther-

malization time by mean of D meson observables at LHC

. . 1 . PR 2 :1 . 1
Authors: Maria Lucia Sambataro'; Vincenzo Minissale®; Salvatore Plumari ; Vincenzo Greco

! Universita di Catania - LNS (INFN)
? Universita degli Studi di Catania-INFN sezione Catania

Corresponding Authors: vincenzo.minissale@dfa.unict.it, greco@Ins.infn.it, salvatore.plumari@dfa.unict.it, sam-
bataro@Ins.infn.it

A key objective in heavy-flavour studies is to quantify the interaction between heavy quarks (HQs)
and the quark-gluon plasma (QGP) via the spatial diffusion coefficient D;(7"). Recent lattice QCD
results with dynamical fermions suggest a notably low value of 277D ~ 1 at T, for charm quarks
—much lower than quenched QCD and phenomenological models, which predict 277D, ~ 3.5 — 5.
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This raises questions about compatibility with experimental observables like R 4 4, and flow coeffi-
cients vy, v3 for D mesons.

Using an event-by-event Langevin approach, we show that such low Dy values match experimen-
tal data only if the drag coefficient A(p) = 7,,'(p) has strong momentum dependence while a
momentum-independent thermalization time fails to reproduce observed behavior. Moreover, a
short 7, & 1.5 fm/c reduces sensitivity to initial charm-quark momentum up to pr ~ M., hinting
at a universal dynamical attractor.

Long talks of IS (I) / 27

Effects of Fermionic Dark Matter on Electron-Capture Supernovae

Short contributions (III) / 28

Diagrammatic Monte Carlo for Structure and Reaction Calcula-
tions

Author: Stefano Brolli’

Co-authors: Carlo Barbieri '; Enrico Vigezzi '

! Istituto Nazionale di Fisica Nucleare
Corresponding Authors: enrico.vigezzi@mi.infn.it, stefano.brolli@mi.infn.it, carlo.barbieri@mi.infn.it

The ab initio calculation of optical potentials, grounded in the microscopic Hamiltonian, and the
consistent evaluation of cross sections requires accounting for high-order virtual excitations, whose
number grows factorially with perturbative order. This limitation has long hindered ab initio calcula-
tions of scattering observables, which instead rely on phenomenological models of optical potentials
that are inconsistent with the structure part of the calculation [1].

Diagrammatic Monte Carlo (DiagMC) offers a powerful way to tackle this challenge, as it can ef-
ficiently capture high-order excitations through a stochastic sampling. The method has already
showed remarkable success in condensed matter physics [2, 3], where it enables the resummation
of contributions in infinite systems at finite temperature.

I will present the first application of DiagMC to a problem of relevance to nuclear structure: the pure
pairing Richardson model. Our results exceed the accuracy of the state-of-the-art ADC(3) approxi-
mation by including diagrams up to eighth order in the ladder expansion [4].

Work is ongoing to extend this approach to realistic Hamiltonians. This development will pave the
way for the calculation of reliable optical potentials with minimal phenomenological input, strength-
ening the predictive power of nuclear reaction studies with radioactive ion beams. The challenges
and progress in the applications of DiagMC to realistic nuclear models will be discussed.

[1]: Idini, A. et al., Ab Initio Optical Potentials and Nucleon Scattering on Medium Mass Nuclei,
Phys. Rev. Lett. 123, 092501 (2019).

[2]: Van Houcke, K. et al., Feynman diagrams versus Fermi-gas Feynman emulator, Nat. Phys. 8,
366-370 (2012).

[3]: Van Houcke, K. et al., Diagrammatic Monte Carlo algorithm for the resonant Fermi gas, Phys.
Rev. B 99, 035140 (2019).

[4]: SB et al., Diagrammatic Monte Carlo for Finite Systems at Zero Temperature, Phys. Rev. Lett.
134, 182502 (2025).

Short contributions (VI) / 29
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Solving the homogeneous Bethe-Salpeter equation with a quan-
tum annealer

Authors: Alessandro Roggerol; Alex Gnech?; Filippo Fornetti'; Francesco Pederiva'; Giovanni Salme’®; Matteo
Rinaldi'; Michele Viviani'; Sergio Scopettal; Tobias Frederico*

! Istituto Nazionale di Fisica Nucleare
2ECT*
3 Istituto Nazionale di Fisica Nucleare - Roma

* Instituto Tecnologico de Aeronautica

Corresponding Authors: a.roggero@tifpa.infn.it, tobias@ita.br, michele.viviani@pi.infn.it, giovanni.salme@romal.infn.it,
agnech@ectstar.eu, matteo.rinaldi@pg.infn.it, sergio.scopetta@pg.infn.it, fillippo.fornetti@pg.infn.it, francesco.pederiva@unitn.it

The homogeneous Bethe-Salpeter equation (hBSE) [1], which models a bound system within a fully
relativistic quantum field theory, has been solved for the first time using a D-Wave quantum an-
nealer [2]. Following standard discretization methods, the hBSE in the ladder approximation can
be reformulated as a generalized eigenvalue problem (GEVP) involving two square matrices, one
symmetric and the other non-symmetric ( see Ref. [3] for details). This problem is of significant
interest in various scientific fields, making the results broadly impactful. The non-symmetric matrix
presents a challenge for a formal approach to solving the GEVP on a quantum annealer, as it needs
to be converted into a quadratic unconstrained binary optimization (QUBO) problem. We have de-
veloped a hybrid algorithm. First, we reduce the non-symmetric GEVP to a standard eigenvalue
problem classically. Then, we employ the QA to solve the variational problem. Drawing inspiration
from approaches for symmetric matrices [4], we generalize the algorithm to accommodate the non-
symmetric case, which involves complex eigenvalues (see Ref. [5] for details). A thorough numerical
evaluation of the proposed algorithms, applied to matrices of up to 64 dimensions, was conducted
using the proprietary simulated annealing package and the D-Wave Advantage 4.1 system thanks to
the D-Wave-CINECA agreement[6], as part of an international project approved by Q@TN (INFN-
UNITN-FBK-CNR)[7]. The results show excellent agreement with classical algorithms and reveal
promising scalability properties.

[1] E. E. Salpeter and H. A. Bethe, A relativistic equation for bound-state problems, Phys. Rev. 84,
1232 (1951)

[2] F.Fornetti., A.Gnech, T. Frederico, F.Pederiva, M.Rinaldi, A.Roggero, G.Salme, S.Scopetta, and
MJViviani, Solving the homogeneous Bethe-Salpeter equation with a quantum annealer, Phys. Rev.
D 110 (2024) 5, 056012

[3]T. Frederico, G. Salmé, and M. Viviani, Quantitative studies of the homogeneous Bethe-Salpeter
equation in Minkowski space, Phys. Rev. D 89, 016010 (2014)

[4] B. Krakoff, S. M. Mniszewski, and C. F. A. Negre, A QUBO algorithm to compute eigenvectors of
symmetric matrices, (2021), arXiv:2104.11

[5] S. Alliney, F. Laudiero, and M. Savoia, A variational technique for the computation of the vibra-
tion frequencies of mechanical systems governed by nonsymmetric matrices, Applied mathematical
modeling 16, 148 (1992)
[6]https://www.quantumcomputinglab.cineca.it/en/2021/05/12/collaboration-agreement-between-cineca-
and-d-wave-for-the-distribution-in-italy-of-quantum-computing-resources/

[7] https://quantumtrento.eu/

Short contributions (III) / 30

Medium effects in HF-hadron production, from pp to AA colli-
sions

Authors: Andrea Beraudo'; Arturo De Pace'; Daniel Pablos Alfonso'; Francesco Prino'; Marco Monteno'; Marzia
Nardi'

! Istituto Nazionale di Fisica Nucleare
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Corresponding Authors: andrea.beraudo@to.infn.it, marzia.nardi@to.infn.it, marco.monteno@to.infn.it, daniel.pablos.alfonso@to.ix
francesco.prino@to.infn.it, arturo.depace@to.infn.it

I will show how a unified picture of HF-hadron production in high-energy hadronic collisions can
be developed under the assumption that both in pp and in AA events a small/large drop of hot
deconfined matter is formed, affecting the propagation and eventual hadronization of heavy quarks.
Our calculations include a transport setup (POWLANG) interfaced with an hadronization model
based on a local color neutralization (LCN) mechamism occurring via recombination of opposite-
color nearby partons.

Long talks of IS (I) / 31

Nuclear structure calculations for neutrinoless double-beta de-
cay: an overlook on present and future

Author: Luigi Coraggio'

! INFN-NA

Corresponding Author: luigi.coraggio@na.infn.it

The detection of the double-beta decay without neutrino emission will represent a major turning
point towards our knowledge of the neutrino nature. Moreover, it is going to open new scenarios
for the Beyond-Standard-Model physics, because of the violation of the lepton number within such a
process. In particular, the measurement of the half-life of such a decay will provide an almost direct
evaluation of the neutrino effective mass, through the calculation of the nuclear matrix element of
the decay process (MOnu) that connects the wave functions of the initial and final states.

In this presentation, I will overview the recent theoretical developments of the calculations of MOnu,
and the future perspectives to obtain a precise and reliable evaluation of this quantity. In particular,
I will focus on the results obtained by microscopic nuclear structure calculations, that have recent
clarified the historical problem of the quenching of the axial coupling constant gA.

Long + short contributions / 32

Finite density QCD thermodynamics from lattice simulations

Author: Paolo Parotto!

! Istituto Nazionale di Fisica Nucleare

Corresponding Author: paolo.parotto@to.infn.it

The thermodynamics of QCD is expected to exhibit a very rich structure as temperature and baryon
density are varied, with possibly a first order transition at high density and a critical point. Heavy
ion collision experiments have been hunting signs of critical behavior for more than a decade, but
no clear signal has been found yet. On the theory side, lattice simulations are the major tool for
investigating the equilibrium properties of QCD, but at finite density they are made difficult by the
fermion sign problem. I will present recent results on the phase structure of the theory based on
state-of-the-art calculations of different equilibrium observables.

Long + short contributions / 33

Microscopic nuclear optical potentials: new developments and
achievements
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Author: Paolo Finelli’

! Istituto Nazionale di Fisica Nucleare
Corresponding Author: paolo.finelli@bo.infn.it

The optical potential is a well-established and widely used tool to describe nucleon-nucleus scatter-
ing processes. Within this approach, it is possible to compute the scattering observables for elastic
processes across a wide region of the nuclear landscape and extend its usage to inelastic scattering
and other types of reactions.

Since phenomenological approaches lack predictive power, we strongly believe that a microscopic
approach will be the preferred tool to make reliable predictions, in particular for upcoming experi-
ments concerning exotic nuclei.

The Watson multiple scattering theory provides a successful framework to derive such optical po-
tential for intermediate energies. In its simplest formulation, derived at the first order, the opti-
cal potential is obtained as the folding integral of the nucleon-nucleon scattering matrix and the
target density, representing the two fundamental ingredients of the model. After many years of
advances in theoretical nuclear physics, it is now possible to calculate these two quantities using
the same nucleon-nucleon interaction that is the only input of our calculations. Results obtained
within this framework will be presented for light- and medium-mass nuclei, adopting different ab
initio approaches to calculate the densities, such as No-Core Shell Model and Self-Consistent Green’
s Function. Novel extensions of the model, such as the calculation of inelastic transitions or nucleus-
nucleus collisions will be also presented.

Short contributions (VII) / 34

Few-nucleon systems within EFT-pionless framework

Author: Alessandro Grassi'

Co-authors: Alejandro Kievsky 1. Laura Elisa Marcucci '; Michele Viviani !; Ylenia Capitani %, Luca Girlanda
1

! Istituto Nazionale di Fisica Nucleare

2 Universita del Salento and INFN-Lecce

Corresponding Authors: alejandro kievsky@pi.infn.it, a.grassil0@hotmail.it, luca.girlanda@le.infn.it, laura.marcucci@pi.infn.it,
ylenia.capitani@unisalento.it, michele.viviani@pi.infn.it

Scattering observables in few-nucleon systems are explored using the interaction model and the-

oretical framework established in Phys. Rev. C 103, 054003 (2021). By refining the low-energy

constants of the potential to accurately reproduce key two-body scattering observables, we obtain

fresh insights and updated predictions for the observables under consideration. Moreover, since the

potential successfully reproduces the interaction in the S-wave partial wave, we intend to employ it
in future studies of the proton—proton reaction.

Short contributions (VII) / 35

The hyperon-nucleon interaction in low-energy effective field the-
ory

Author: Margherita Sagina’
! Istituto Nazionale di Fisica Nucleare
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Corresponding Author: margherita.sagina@pi.infn.it

In recent years, there has been a notable interest in investigating hypernuclear systems, which pro-
vide a unique laboratory for studying strong interactions in the strange quark sector. One of the
main applications is related to the so-called “hyperon puzzle” in neutron stars, where theoretical
models including hyperons predict maximum masses of ~ 1.5 M, or less, in conflict with observa-
tions of neutron stars with masses up to ~ 2 M.

Solving this puzzle with nuclear physics tools requires a detailed understanding of hyperon-nucleon
(YN) interactions, hyperon-hyperon (YY) interactions, and three-body interactions involving hyper-
ons and nucleons. In this talk, I will present the development of a local potential model for the AN
interaction, derived using a low-energy EFT formalism that involves contact terms only. The present
interaction has been derived up to next-to-leading order (NLO). I will also discuss the details of the
fitting procedure to Ap elastic scattering cross sections and present our results for different cutoff
parameters up to 2.5 fm.

Short contributions (IV) / 36

NQS for Hypernuclei, Neural-IDF, and Equivariant NQS for Excited-
State Targeting

Author: Andrea Di Donna’

" INFN - Unitn
Corresponding Author: andrea.didonna@unitn.it

Three advances in Neural Quantum States for nuclear physics: (i) We develop a Pfaffian—Jastrow
VMC-NQS ansatz for single-A hypernuclei. Calibrated via Gaussian-process assisted LO pionless
EFT it reproduces s- and p-shell binding and A-separation energies, capturing the proton “shrinkage”
in [ Li relative to °Li; (ii) Neural Interacting Dynamical Fields (Neural-IDF) are a continuation of
Madeira’s dynamical-pion QMC recast as an NQS, treating pion modes as explicit variational DOFs
jointly sampled with nucleons, enabling a unified N-7 description; (iii) Excited states — an explicitly
SO(3)-equivariant backflow architecture targets .J > 0 states.

Short contributions (VII) / 37

The photodisintegration cross section of Be and '>C within Clus-
ter Effective Field Theory

Authors: Ylenia Capitanil; Elena Filandri®; Chen Ji%; Giuseppina Orlandini*; Winfried Leidemann*

! Universita del Salento and INFN-Lecce
2 ECT* and INFN-TIFPA
* Central China Normal University

* Universita di Trento

Corresponding Author: ylenia.capitani@unisalento.it

The photodisintegration processes v + 2C — o + a + aand v + *Be — a + a + n are reactions
of astrophysical relevance, both representing a path to carbon nucleosynthesis. Here we present a
thorough study of the latter process [1], which is relevant in specific astrophysical environments
involving a large number of neutrons.

The photodisintegration of ?Be is analyzed in the low-energy regime using a three-body ab initio
approach, where the cross section is calculated by means of the Lorentz integral transform method
[2], in conjunction with a non-symmetrized hyperspherical harmonics basis [3,4]. In studying the
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three-body system provided by the Borromean Be nucleus, i.e. ccwn, the two-body interactions are
derived using a halo/cluster effective field theory approach [5]. This effective clustering description
is permitted by the clear separation of energy scales, which are defined by the shallow binding of
9Be below the aan threshold (= 1.57 MeV) and the deep binding of the a-particle (=~ 20 MeV). To
correctly reproduce the “Be three-body binding energy, a state-dependent three-body force is also
introduced in the model. Our results for the cross section are consistent with the experimental data
available from the literature, particularly in the energy range just above the three-body threshold.
We will also briefly discuss the interesting results regarding the contribution to the cross section
from nuclear current terms beyond the one-body term.

The same approach can also be used to study 12C photodisintegration. However, we are still in the
early stages of analysing this process and further research is necessary [6].

References

[1] Y. Capitani, E. Filandri, C. Ji, W. Leidemann and G. Orlandini, arXiv:2506.05040 [nucl-th] (2025).
[2] V. D. Efros, et al, J. Phys. G: Nucl. Part. Phys. 34, R459 (2007).

[3] M. Gattobigio, et al., Phys. Rev. C 83, 024001 (2011).

[4] S. Deflorian, et al., Few-Body Syst. 54, 1879 (2013).

[5] H.-W. Hammaer, ef al, J. Phys. G: Nucl. Part. Phys. 44, 103002 (2017).

[6] Y. Capitani, PhD Thesis, Universita di Trento (2024).

Short contributions (IT) / 38

Nucleon-nucleon correlation functions from different interactions

Authors: Alejandro Kievsky'; Matthias Goebel'

! Istituto Nazionale di Fisica Nucleare
Corresponding Authors: alejandro.kievsky@pi.infn.it, matthias.goebel@pi.infn.it

More and more data on correlation functions between hadrons as they can be measured in heavy-
ion collisions using the femtoscopy technique [1,2] have recently become available. This applies not
only to the nucleon-nucleon system but also to the hyperon-nucleon system. Thereby, they might
help in the future to constrain hyperon-nucleon interactions.

As a first step in this direction, it is instructive to study the sensitivity of correlation functions on
the interaction. I will present our results where we analyzed the sensitivity of the nucleon-nucleon
correlation function on the nucleon-nucleon interaction [3]. Specifically, we calculated the corre-
lation function based on the Argonne V18 interaction as well as based on different version of the
Norfolk chiral EFT interactions [4] differing in regulation scale as well as in the fitting region of
low-energy constants. In the momentum region between 0 and 500 MeV we found a sensitivity of
almost 6 % for the nn system and up to 1.4 % for the pp system. Moreover, I will also present in-
dications regarding the relation between the correlation function and phase shifts. Another focus
of this work was the study of the convergence in the partial waves as well as the effect of coupling
between channels.

[1] Lisa, Pratt, Soltz, Wiedemann, Ann. Rev. Nucl. Part. Sci. 55 (2005) 357

[2] Fabbietti, Mantovani Sarti, Vazquez Doce, Ann. Rev. Nucl. Part. Sci. 71 (2021) 377
[3] Gobel, Kievsky, Phys. Lett. B 869 (2025) 139835

[4] Piarulli et al., Phys. Rev. C 94 (2016) 054007

Long talks of IS (II) / 39

Spin in relativistic heavy ion collisions: a theory overview
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Author: Francesco Becattini'

! Istituto Nazionale di Fisica Nucleare
Corresponding Author: becattini@fi.infn.it

An overview on spin observables as a tool to study the medium produced in heavy-ion collisions.
30’ minute talk

Long talks of IS (IT) / 41

Non-equilibrium correction to the spin-polarization vector in heavy-
ion collisions

Authors: Daniele Roselli!; Francesco Becattini'; Xin-Li ShengN""e

! Istituto Nazionale di Fisica Nucleare
Corresponding Authors: daniele.roselli@unifi.it, becattini@fi.infn.it, sheng@fi.infn.it

We present a new method to compute the full non-equilibrium corrections to the Wigner function
of a Dirac field from hadronic interactions after decoupling, including hadron-gas interactions and
dissipative contributions. We compute the resulting corrections to both the spectrum and the spin-
polarization vector at any order in linear response theory.

Long talks of IS (II) / 42

Initial-state-driven spin correlations in high-energy nuclear col-
lisions

Author: Enrico Speranza'

! Universita di Firenze
Corresponding Author: enrico.speranza@cern.ch

In the study of spin-polarization phenomena in heavy-ion collisions, it is

typically assumed that final-state particles are polarized through thermal vorticity
and shear. In this sense, polarization is a final-state effect. Here, we propose a
different mechanism. We postulate that the collision of spin-carrying nucleons
generates an initial transverse spin density, inducing a net polarization of the QCD
fireball along a random direction. If the net spin is conserved throughout the
evolution of the fireball, the final-state particles should exhibit measurable
polarization. Within a wounded nucleon picture, we estimate that initial-state
fluctuations induce a net polarization of Lambda baryons which is around 1% in
central collisions and 10% in noncentral collisions, exceeding the contributions
from thermal vorticity and shear. We introduce a two-particle angular correlation
observable designed to reveal initial net-spin fluctuations, and emphasize the main
signatures to look for in experiments. We argue that the discovery of these
phenomena would have profound implications for nuclear structure and our
understanding of spin in relativistic hydrodynamics.In the study of spin-polarization phenomena in
heavy-ion collisions, it is

typically assumed that final-state particles are polarized through thermal vorticity
and shear. In this sense, polarization is a final-state effect. Here, we propose a
different mechanism. We postulate that the collision of spin-carrying nucleons
generates an initial transverse spin density, inducing a net polarization of the QCD
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fireball along a random direction. If the net spin is conserved throughout the
evolution of the fireball, the final-state particles should exhibit measurable
polarization. Within a wounded nucleon picture, we estimate that initial-state
fluctuations induce a net polarization of Lambda baryons which is around 1% in
central collisions and 10% in noncentral collisions, exceeding the contributions
from thermal vorticity and shear. We introduce a two-particle angular correlation
observable designed to reveal initial net-spin fluctuations, and emphasize the main
signatures to look for in experiments. We argue that the discovery of these
phenomena would have profound implications for nuclear structure and our
understanding of spin in relativistic hydrodynamics.

Long talks of IS (II) / 43

Medium effects in HF-hadron production, from pp to AA colli-
sions

Short contributions (III) / 44

Non-equilibrium correction to the spin-polarization vector in heavy-
ion collisions
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