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Executive summary

The European Centre for Theoretical Studies in Nuclear Physics and Related Areas (ECT*) has
provided transnational access through EURO-LABS in the period 2022-2026. Twenty-one projects
were carried out on topics related to other EURO-LABS activities, with an emphasis on theoretical
aspects of nuclear experimental programs and techniques. The activities brought together users from
a wide range of subfields, countries, and career stages to discuss current ideas and next steps in
subatomic research.

1. INTRODUCTION

The European Centre for Theoretical Studies in Nuclear Physics and Related Areas (ECT*) is a
unique European infrastructure where researchers in nuclear physics and related areas, such as
particle physics, congregate to critically evaluate new ideas and chart future research directions. Its
main mission is to organize and host workshops, schools, and collaboration meetings that provide a
forum for the frank exchange of ideas in these fields. An emphasis is the training of early career
researchers, supported by a local group of permanent researchers in nuclear and computational
physics.

Each year ECT*, a centre of the Fondazione Bruno Kessler (FBK) in Trento (Italy), receives about
800 visitors per year. While the majority are researchers based in Europe, ECT*'s worldwide reach is
evident in a significant in-person participation of scientists from North America and Asia, and to a
smaller extent Central and South America, Oceania, and Africa. With funding from agencies and
institutions across Europe and FBK, ECT* provides partial financial support for the participants in
its activities.

From September 1, 2022 for a duration of four years, ECT* receives support from EC's HORIZON
program as a transnational access facility through the EURO-LABS project (Grant Agreement No.
101057511). Access includes local logistical, technical and scientific support, as well as specific
training which is provided to external researchers using the infrastructure. EURO-LABS enables
research in nuclear and particle physics -- core areas at ECT*. TA at ECT* is Task 2.4 (Theoretical
Support) of WP2 (Research Structures for Nuclear Physics), which fosters a stronger synergy between
theory and experiments by opening up virtual access to established computing codes and theoretical
tools for planning and analyzing experiments performed at TA Rls and for the wider community.

EC funding allows a wide participation at a broad spectrum of ECT* activities ("projects") for
theorists and experimentalists ("users") based in Europe, particularly those at career stages and
institutions with limited funding. Milestone MS-9 (EURO-LABS-related workshops carried out at
ECT?) consists of the activities supported under the EURO-LABS project in the period 2022-2025.
Following a brief summary of the activity selection process, a detailed description of each activity is
provided.
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2. EURO-LABS-RELATED WORKSHOPS AT ECT*

Projects carried out at ECT* can be dedicated workshops and associated collaboration meetings. The
role of the projects is to enhance cooperation and discussions among smaller groups of workshop
participants in order to stimulate new scientific endeavors and joint research activities. ECT*
activities are open to all qualifying users. Participation is, however, limited by the capacity of the
centre and goes through a selection procedure.

For over 30 years now, each year ECT* issues two calls for workshop proposals to take place in the
following year. The call is announced at the center's webpage and through an email list of about 1100
ECT* Associates all over the world. Project proposals can be submitted following a template
accessible from the website. Typically the number of competitive proposals exceeds capacity by
about 50%. Proposals are evaluated and selected by ECT*'s Scientific Board, which is made up of
nine distinguished scientists (typically eight from across Europe and one from overseas) who serve
staggered three-year terms.

The Scientific Board acts as the selection panel for EURO-LABS activities, with relevance for other
project activities as a guiding principle. Once selected, scientific projects are carried out under the
supervision of the ECT* Director ("Activity Leader"). Each project has a group of users that receive
support through EURO-LABS. Each group is managed by a user appointed as "Group Leader", who
oversees the distribution of funds and the outcomes, and provides a report at the end of the project.
Details of the selection procedure can be found in the MS-8 report (Calls for proposals to be hosted
at ECT¥), accessible at web.infn.it/EURO-LABS/results-milestones/.

In the next subsection, a summary table of supported activities in the period 2022-2025 is given.
Further EURO-LABS-related activities take place in 2026 until the end of EURO-LABS's four-year
span. In the following subsection, activity reports are provided for each project.

2.1 LIST OF SUPPORTED ACTIVITIES 2022 - 2025

Project Acronym | Project Title Group Leader Date
19Vazquez-Doce22 | EXOTICO: EXOTIc atoms meet | Angels Ramos 12-21  October
nuclear COllisions for a new 2022

frontier precision era in low-
energy strangeness nuclear

physics
13Slifer23 Tensor Spin Observables Karl Slifer 10-14 July 2023
DTP-2023 Ab Initio Methods and Emerging | Carlo Barbieri 10-28 July 2023
Technologies for Nuclear
Structure
21Scordo23 ROCKSTAR: Towards a | Angels Ramos 9-13  October
ROadmap of the Crucial 2023
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measurements of Key observables
in _ Strangeness reactions for
neutron sTARs equation of state
23Napolitano23 ALPACA: modern ALgorithms in | Magdalena Skurzok | 20-24
machine learning and data November 2023
analysis: from medical Physics to
research with ACcelerAtors and in
underground laboratories
04Degenkolb24 EDMs: complementary | Skyler Degenkolb | 4-8 March 2024
experiments and theory
connections
13Barbieri24 Towards a consistent approach for | Alexandre Obertelli | 17-21 June 2024
nuclear structure and reactions:
microscopic optical potentials
14Yang24 New opportunities and challenges | Chieh-Jen Yang 1-5 July 2024
in nuclear physics with high power
lasers
DTP/TALENT2024 | Nuclear Theory for Astrophysics | Almudena Arcones |15 July - 2
August 2024
16Boer24 Towards improved hadron | Jakub Wagner 5-9 August 2024
tomography with hard exclusive
reactions
18Ding24 New developments in studies of | Frithjof Karsch 9-13 September
the QCD diagram 2024
19Beccattini24 Spin _and quantum features of | Dirk Rischke 16-20
QCD plasma September 2024
21Dolan24 Measuring neutrino internactions | Stephen Dolan 21-25  October
for next-generation oscillation 2024
experiments
01Tumino25 Key Reactions in  Nuclear | Livius Trache 17-21 February
Astrophysics 2025
05Bennaceur25 Lepton flavor change in nuclei Karim Bennaceur 14-17 April
2025
10Col025 Theory Service for the Low | Armand Bahini 7-9 July 2025
Energy Nuclear Physics
Community: a Hands-on
Workshop
11Barbieri25 Next generation ab initio nuclear | Carlo Barbieri 14-18 July 2025
theory
13Hagelsteing25 New perspectives in the charge | Franziska 28 July — 1
radii determination for light nuclei | Hagelstein August 2025
Grant Agreement 101057511 PUBLIC 6/36
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19Hupin25 Pan-American Few-Body Physics | Guillaume Hupin 13-24  October
Boot Camp: Fostering 2025
Collaboration
20Spyrou25 Neutron-capture  reactions for | Artemis Spyrou 3-7 November
astrophysical processes 2025
21Ekstrom25 ISNET-11: Information  and | Andreas Ekstrom 17-21
Statistics in Nuclear Experiment November 2025

and Theory

Table 1. List of the activities carried out by ECT* and supported through EURO-LABS

Grant Agreement 101057511 PUBLIC

7/36



EURO-LABS-RELATED WORKSHOPS Milestone: MS9
—
EUR®: hAuBS CARRIED OUT AT ECT*

108 ACCILIREIOR

SO SOINCES Date: 28 Feb 2026

2.1 SCIENTIFIC REPORTS OF THE ACTIVITIES
19Vasquez-Doce22
EXOTICO: EXOTIc atoms meet nuclear

: COllisions for a new frontier precision era
o | T Aacs HYBRID WORKSHOP . .
RS 2K in low-energy strangeness nuclear physics

EXOTICO: EXOTIc atoms meet nuclear COllisions for a
new frontier precision era in low-energy strangeness
nuclear physics

17-21 October 2022

Total participants: 49
Uy e | ## EURO-LABS Users: 8

Objectives

The main objective was to find a common
~ ground for the current approaches to study
Oxgantuss | , ~ one of the most fundamental problems in

ez Doce (LN — INEM), CialinaCourseam (LNF-INEN), Raraos Angels (Uiversia
). o Zmeskal (SM - i Mares (N Instute CAS, Rez) ~ nuclear physics, namely the measurement
e, Roma) L Fabbers (10— and quantitative understanding of the strong
i, e Oty interaction  between  hadrons  with
cihars O @ strangeness  content. The  theoretical
approaches in this sector are not only tested
but anchored to the experimental results and
the feedback between theoreticians and
experimentalists is of particular importance
in a moment of important experimental

developments.

.ectstar.eu

Achievements

The most recent results and future plans from facilities at different energy regimes have shown a new
avenue being opened with the possibility of measuring the strong interaction of any hadron pair even
in the charm sector. Currently also the three-body interactions are being addressed experimentally
and theoreticians quickly delivering predictions of new observables such as correlation functions. We
have seen how such studies are crucial to describe the properties of matter under extreme conditions,
as a complementary approach to famous recent astrophysical observations.
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| For rireTcaL s RIS
oazioNE | NNUCLEAR PHYSICHANDNEIATE
UNO KESSLER. |

TENSOR SPIN OBSERVABLES

ORGANIZERS

Karl Slifer (Uni ty of New Hampshire, US)
Elena Long (Un ity of New Hampshire, US)
Douglas Higi ham(Jefferson Lab, US)
Dustin Keller (Unjversity of Virginia, US)

MAIN TOPICS

Tensor Polarization in DIS
Tensor Structure Functions
Hidden Color at Large X
Tensor Observables at X>1
Saolid Tenser-Palarized Target Development
El Deuteron Form Factors
i Polarization at the EIC
Analyzing Powersin Scattering from Tensor Polarized Targets

KEY SPEAKERS

James Maxwell, JLab - Douglas Higinbothan, JLah
Simon Sirca, U. Ljubljana - Misak Sargsian, FIU -
Sabine Jeschonnek, OSU - Shunzo Kumane, KEK -

Simone Liuti, UVa - Vladimir Pascalutsa, Johannes Gutenberg
U. Mainz - Wim Cosyn, FIU - Yubing Dang, Institute of High Energy
Physics, Beijing China - Mark Strikman, PSU -

Christian Weiss, JLab - Alessandro Bacchetta, U. Pavia -
Mikhall Gorshteyn, Johannes Gutenberg U. Mainz
Elena Long, UNH - Karl Slifer, UNH - Devin Seay, Uva -
Dustin Keller, UVa - Thorsten Maly, Bridge12 - Carlos Yero, ODU -
Ishara Fernando, UVa - David Mack, JLab - Jennifer West, LENL -
Michael MecClellan, UNH - Nathaly Santiesteban, UNH -

5§ ESTe., WORKSHOP

Trento, 10—-14 Jul 2023

13Slifer23
Tensor Spin Observables
10-14 July 2023

Total participants: 24
EURO-LABS Users: 4

Objectives

This workshop focused on a discussion of
several experiments planned at Jefferson
Lab and other facilities which will utilize a
solid tensor-polarized deuteron target. Many
of the experimental and theoretical
techniques relevant to this program have
already been developed, but the progress on
both these fronts in the past decade sparked
a renewed interest in vector and tensor
observables accessible by using the deuteron

Anchit Arara, UNH - Allison Zee, UNH tal'get.

EUR®:LABS

Achievements

The tensor-deuteron program at Jefferson
Lab will help to clarify how the properties of
the nucleus arise from the underlying
partons, and provide novel information about gluon contributions, quark angular momentum, and the
polarization of the quark sea that is not accessible in spin-1/2 targets. This workshop brought together
the foremost experts in the field who have managed to devise a clear strategy for moving forward on
both the theoretical and the experimental front, thereby ensuring the success of the planned
experiments and a tremendous increase of our knowledge of the deuteron.
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RELATED AREAS

Ab Initio Methods and Emerging
Technologies for Nuclear Structure

DoctoralTraining Programme 2023

Trento, 10 - 28 July 2023

LECTURERS AND TOPICS PROGRAMMEOORDINATORS

Carlo Barbier
University of Milan and INFN sezione di Milano

Vittorio Sema, Université Paris-Saclay

and CEA

Self-consistent Green's function methods
Alessandro Roggero

University of Trento and INFN-TIFPA

Alexander Tichai, Technische Universitét
Darmstadt

Many-body perturbation theory
Andreas Ekstrom, Chalmers University
of Technology

Bayesian inference and modelling

of nuclear forces

STUDENTC OORDINATOR AND ADVISOR
Alessandro Roggero
University of Trento and INFN-TIFPA
Filippo Vieentini, Ecole Polytechnique

and EPFL
Machine learning and neural network

DTP-2023

Ab initio methods and emerging
technologies for nuclear structure

10-28 July 2023

Total participants: 33
EURO-LABS Users: 15

Objectives

This Doctoral Training Programme (DTP)
focused on modern developments in ab initio
nuclear theory. The field of ab initio

quantum states

Alessandro Lovato, Argonne National
Laboratory

Machine learning and Monte Carlo methods
in Nuclear Physics

Kyle Wendt, Lawrence Livermore National
Laboratary

Optimal control for quantum simulations

(microscopic) nuclear structure is evolving
toward the exploitation of novel technologies
based on artificial intelligence and quantum
computing. These topics not only hold the
promise to impact nuclear theory but will
likely attract bright researchers to our field.
The topics detailed below offered the
opportunity to attract young talented
researchers to the field of nuclear structure
and reactions, while preparing them for

page. 1 shauld inct

motivation for participating in th
erence fetter from the candid

For further details see www.ectstare

Registrations will be available fromFebruary 13th until May 15th, 2023

embracing new technologies in their future work.

Achievements

The program ran for three weeks. Each day, from Monday to Friday, 1.5-hour lectures in the morning
covered the theoretical aspects of the program. The morning program consisted of about 30 lectures
(for a total of 45 hours) organized in five modules. Each module had dedicated afternoon sessions for
solving practical problems and for gaining hands-on computational work and putting in practice the
techniques learned. Three modules focused on state-of-the-art many-body methods, while the
remaining two were dedicated to novel technologies. Specific ab initio methods have been selected,
based on the availability of professional public computer codes and because of their impact on our
understanding of the nuclear force (Chiral EFT and Bayesian analysis), on fundamental nuclear
structure (many-body perturbation theory), and on studies of particle-transfer spectroscopy and
nuclear reactions (Self-Consistent Green's Function theory, SCGF). Quantum Monte Carlo
techniques have also be covered through neural-network quantum states and the quantum computing
modules.

Grant Agreement 101057511 PUBLIC 10/36
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21Scordo23

ROCKSTAR: Towards a ROadmap of the
Crucial measurements of Key observables
in Strangeness reactions for neutron sTARs
equation of state

Towards a ROadmap
of the Crucial measurements
of Key observables

in Strangeness reactions
_for neutron sTARs equation of state

9-13 October 2023

Total participants: 41
EURO-LABS Users: 17

fonali di FrascatiINFN, Italy), Catalina Curce
ssae Vidana (INFN, Sezione di Catania,
Spain), Fuminorl Sakuma (RIKEN, Adv
versity of Zagreb, Craatia), Oten Vasquez Doce (Laboratori Nazionali di

Objectives

The scope of the workshop was to draw the
near/mid-term road-map towards a better
understanding of the physics laws regulating
the interaction between strange and standard
matter at very low energies, which has
important implications in fundamental physics
and astrophysical problems. Given its
nonperturbative nature, low-energy strange
QCD is described by several theoretical

Keynote Speakers

ent - JapanAtemic Energy Agency (JAEA), R. Kobayakawa,
EN

, Ji
versith degli Studi di
1

4 ) .
-y @ Co o models based on different approaches, which

- FRIB . .
need to be constrained by experimental

observations, measurable with various techniques, such as kaonic atoms, kaon scattering, kaon
absorption or kaon-nucleon femtoscopy. Fruitful discussions were expected about the latest results
obtained from the experiments and the already planned future measurements, as well as about the
most recent tests of the existing theoretical models and the possible development of new ones. The
ROCKSTAR workshop also aimed at connecting communities, such as those working on low- and
high-energy hadron physics and astrophysics, which have the role of strangeness as a common
interest.

Achievements

The workshop offered the opportunity to discuss the most recent achievements in strangeness nuclear
physics and to identify where to focus future efforts for an efficient development of the field.
Theoretical advances in the study of Lambda hypernuclei and how they help constrain two- and three-
body hyperon nucleon forces, which have a tremendous influence on the possible existence of
hyperons in neutron stars were presented. In synergy with the astrophysical community, the extent
the analyses of gravitational waves emitted in binary neutron-star mergers could provide a smoking
gun to elucidate the presence of hyperons in dense and hot matter was discussed. There has also been
a lot of progress on antikaon nuclear interactions. The upcoming measurement of kaonic deuterium
by SIDDHARTA-2@DAPHNE (and later by ES7@JPARC) will set a very valuable direct constraint
on the much-needed K-n interaction. The JPARC results on K-NN and K-NNN bound states are also
providing important information on antikaon absorption processes in nuclei, complementary to that
obtained by AMADEUS from absorption on heavier nuclei or from the very precise kaonic atoms
experiments being performed and planned at DAPHNE.

Grant Agreement 101057511 PUBLIC 11/36
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y 23Napolitano23
o WORKSHOP
AUDACA: ALPACA: modern algorithms in machine
modern Allgori (e makhinad Arr : learn.ing and data anz}lysis: from medical
EEEINEIER m cdical Physics fo resdarch wi physics to research with accelerators and
ACcelerAtorsiEis ergroulid laboratofies’ in underground laboratories

20-24 November 2023

Total participants: 37
EURO-LABS Users: 13

Objectives
The general theme of the workshop was the
use of state-of-the-art techniques of modern
algorithms in machine learning and data
analysis, in particle, nuclear and medical
physics, above and below ground. In a field
where progress is being driven at an
increasingly fast pace, it is important to bring
together researchers of various fields,
stimulating cross fertilization of ideas. The
workshop addressed the central question in
)ty | To33-006) 31472 £ s st vl i , experimental and computational physics:
maximizing information extraction from
g @ data. In the past two decades, the remarkable
advancements in artificial intelligence and machine learning algorithms have revolutionized
experimental physics, providing unprecedented opportunities for smaller groups and individuals to
engage in complex experiments.

Achievements

The workshop was a very useful opportunity to share challenges and solutions among diverse fields
in particle nuclear and medical physics. Since the advent of machine learning and artificial
intelligence technologies, pioneered in various contexts decades ago in physics, their use has
showcased incredible gains in the scientific reach. Still, the consensus among the participants was
that even greater gains are yet to be uncovered, as new techniques and paradigms emerge from
research in hard sciences and industry. In particular, the workshop yielded insights in various fields.
As an example, advancements in quantitative biology were presented, emphasizing the coupling of
components in a physics-informed machine learning framework for more accurate measurements. In
the field of quantum computing, the potential in high-energy physics was explored, raising questions
about effective algorithm training and leveraging physics laws. The MODE collaboration's innovative
approach to optimizing experimental design showcased the high gains achievable in terms of physics
reach and project’s costs. Talks on data preparation highlighted its critical role in various contexts,
from geomagnetic storm prediction to exploring the thermodynamic characterization of learning
problems. Simplifying complex systems for better understanding was a recurring theme, with
information-theoretic approaches providing insights into high-dimensional simulation datasets of
biological systems. Generative models at the LHC were identified as a promising strategy to reduce

Grant Agreement 101057511 PUBLIC 12/36
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computing time, though challenges in deployment were acknowledged. The intersection of
computational imaging and Al in medicine demonstrated the broad impact of machine learning in
medical applications. Additionally, the potential of silicon microring resonators in photonic spiking
neural networks underscored the versatility of integrated photonics in neural network development.
Overall, the workshop showcased the diverse and impactful applications of machine learning across
various domains, emphasizing collaboration between disciplines and the need for innovative
approaches to address challenges in experimental design, data preparation, and model deployment.

The hands-on sessions at the workshop offered tangible experiences and practical applications of
machine learning concepts. The scientific high-performance programming session in Julia equipped
participants with valuable skills in implementing Bayesian analysis and machine-learning algorithms.
This not only enhanced their technical capabilities but also underscored the practical relevance of
efficient programming in the context of scientific research. The second hands-on session, in
collaboration with the MODE initiative, demonstrated the power of differentiable optimization in the
context of detector geometries. Participants actively contributed to the optimization of the SWGO
telescope array, gaining first-hand experience in addressing real-world challenges in particle physics
experiments. The collaborative nature of the MODE initiative highlighted the importance of
interdisciplinary collaboration in achieving optimal experimental designs. Overall, the hands-on
sessions complemented the theoretical discussions, providing participants with an holistic learning
experience. The practical application of scientific high-performance programming and differentiable
optimization showcased the real-world impact of machine-learning methodologies in advancing
research in particle nuclear and medical physics. The workshop, enriched by these interactive
sessions, emphasized the importance of both theoretical understanding and practical implementation.
The opportunity of a working set-up was particularly useful for students.

Grant Agreement 101057511 PUBLIC 13/36
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EDMs: complementary experiments and
! theory connections

Mpdet of NIgn-eney
workshop is based in a European i

pe: IW E @
SI.II:?I as m and global iﬂysls Thn ﬂ
re| m pavamag&h_c.ﬂmm
mnlznules) .and key tharetical ln cs ¥ the interpretation-of experiimental r
emphasized (nuclear DFT, dj.aig;gg_qm it

4-8 March 2024

* Total participants: 42
EURO-LABS Users: 10

Objectives

Research on permanent electric dipole
~ moments (EDMs) is an active and highly
- diverse field that is driven, for both theory
and experiment, by relatively small and
disjoint groups. This workshop was intended
as a first step in building awareness and
strengthening connections among European
researchers studying EDMs, in relation to
o three broad challenges.

Director of ECT*: Professor Bira van Kolck
ice of Trents, funding agencies of EU Member and Associated

fele Tabaralle 286 | 38123 Villazzanc (Trento) — taly | Tel-(+39-0481)

FACILITY FOR RARE ISOTOPE BEAMS

'i Theory Alliance

(1) Individual groups, though well-connected
within a topical area (e.g., atomic
physics/particle physics/neutron physics),
are typically missing strong connections to
other EDM research outside that area. The

goal in this context was to establish connections across these topical areas, highlight opportunities for
borrowing/modifying experimental and theoretical methods, and begin building a strong network to
broadly improve recruitment and transfer of students and early-career researchers across these
boundaries. (2) The relatively small size of the groups means that any one institution typically has
too few students working on EDMs to firmly establish the relevant experimental and theoretical
foundations as a stable component of their educational curricula. Our goal was to begin building a
critical mass, partly through this workshop, to help organize training activities and transfer structures
that can operate on a European level. (3) There exists a great deal of conflicting notation and
conventions, which makes it challenging even for experts to extract reliable information from
literature (and especially across topical boundaries). Without attempting to fully “resolve” this issue,
we aimed to improve the situation by explicit discussion and establishment of standard approaches to
perform reliable transfer and conversions.

Achievements

Twenty-five scientific presentations were given on a range of topics representing almost all active
research directions in both theory and experiment for EDMs, and including those not yet actively
pursued in Europe. Unfortunately, there was finally no presentation on lattice QCD (cancelled due to
illness of the invited speaker), and none on the proton EDM (we were unable to arrange a speaker
despite multiple invitations). Moderated discussions addressed community-level concerns in a
systematic way (either proposing solutions or clarifying the challenges with clear points for follow-
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up) and identified novel opportunities such as a radioactive isotopes/molecules program that could be
envisioned at PSI. Recent research work was actively discussed within and beyond the workshop
sessions, and at least one publication preprint acknowledged the workshop. There was strong
participation of young researchers at the student and postdoc level (10 talks and 7 posters), and a clear
path was established toward organizing future training events such as topical summer schools. Most
importantly, the community interest and initiative to pursue joint funding, and thus secure a collective
future for networks and early-career training in these topical areas, was strongly confirmed. Detailed
text-based survey responses were overwhelmingly positive.
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[ECT™ WORKSHOP

EUROPEAN L

R NEORCICAL STuoes A
IN NUCLEAR PHYSICS AND RELATED AREAS Tfeﬂtﬁ; June 17_21' 2024

Towards a consistent approach for nuclear
4 structure and reactions: microscopic
g Tyl optical potentials
potentia
mssmminulmm.mm.
vaMux TINOC e  17-21 June 2024

ear

nucleosynthesis andt state. In this re

nucleus opti ey snce they are the fund
blocks nei a 0

Total participants: 30
EURO-LABS Users: 9

Objectives

Nucleon-nucleus optical potentials are of
- great importance in nuclear physics when
reactions are involved. Phenomenological
optical potentials have very limited predictive
power and prevent the derivation of reliable
gan State niversity), um o uncertainties.  Microscopically  derived

‘Trento _and INEN- TiFPA)ASPerr a (Lawrence

G (Eawrence Lvermore Nations! Laborston). . potentials can be systematically extended to

s By .m..:cs)somm University), G.Yang. -(i: sne - isotopes far frpm stability that are the focus of

_— ,.;wn.. o neres o modern experimental searches. The workshop
SR e (TN T addressed  the state-of-the-art of nuclear
optical potentials to foster advances in their

INEN EUR®-LABS accuracy and handling of uncertainty
R propagation.

FN), P.C:
hington. Univel sity

Achievements

The workshop brought together experimentalists focused on reactions and theorists from different
subfields of nuclear reactions. The most recent and promising methods towards microscopic optical
potentials, covering a broad range of energies and applications, were presented and discussed. An
overview of today’s use of optical potentials could be obtained from their applications to stable nuclei
and radioactive isotopes for nuclear structure and astrophysics. Modern methods in deriving optical
potentials and the role of specific observables to constrain the optical potentials were reviewed.
Methods to derive uncertainties in cross section predictions were also discussed. The workshop was
the occasion to define directions for an ab initio development of optical potentials, in particular the
Dispersive Optical Model and methods applied to Green’s Function Theory. Finally, optical
potentials for exotic processes such as antiproton-nucleus elastic scattering and annihilations were
discussed.
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NEW OPPORTUNITIES AND CHALLENGES IN
NUCLEAR PHYSICS WITH HIGH POWER LASERS

\

GOALS OF THE WORKSHOP

1. Promote communications and establish collaborations between researchers
in laserplasma and nuclear physics. 2. Improve the current status of PIC
simulations to be connected to nuclear codes. 3. Explore applications in
nuclear physics Laser-plasma acceleration can produce dense proton beams
that undergo & spallation process, creating a high- flux neutron source. 4.
Investigate possible new phenomena in nuciear physics With the Laser Plasma
based beams, many interesting physics could ocour.

ORGANIZERS

e = Chieh-Jen YANG  (ELI-NP) (ELI-NP) (ELI-NP) (Kansal
. - Klaus SPOHR Photon Science institute, QST) (ELI-
[ | = Paolo TOMASSINI  NP) (istituto Nazionale di Ottica (INO))
- Yujl FUKUDA (ELI-NP)
' = « Vojtech HORNY
e - Leonida G12Z}
| ”l . . pomenico DORIA

KEYNOTE SPEAKERS

C. Bertulan (Texas AKM University-Commerce), A Di Piazza (University of Rochester),
€. Forrest (University of Rochester), Julien Fuchs (Ecole Palytechnique), S. Glenzer
(SLAC National Accelerator Laboratory), H. Griesshammer (Gearge Washington
University), T. Hayakawa (QST), V. Horny (ELI-NP), Y. Kuramilsu (Osaka University), Z.
Lan (Osaka University), E. Liang (Rice University), M. Lipoglavsek (Jozef Stefan
Institute), P. McKenna (University of Strathclyde), B. Meyer (Clemson University), B.
Mishra (INFN - LNS), K. Osvay (University of Szeged), A. Palffy (University
Wirzburg), S. Pisano (LNF - [NFN & Cenfro Fermi), I. Pomerantz (University Tel Aviv),
P. Thirolf (LMU Munich), Y. Fukuda (KPSI, QST), U. van Kolck (ECT*), J. Vieira
(Instituto Superior Técnico Lishoa), Phillip Walk er (Univ: of Surrey), ¥. Wu (Nankai
University), C. Yang (ELI-NP), A. Yogo (Osaka University)

-

Jaras Sociery. mnm[!numv“w OF SCIENCE
| ® o $HRRS
(‘ oo PE—— () BEITiEER

Achievements

AT .. e

14Yang24

New opportunities and challenges in
nuclear physics with high power lasers

1-5 July 2024

Total participants: 22

" EURO-LABS Users: 8

Objectives

Laser-driven ion and electron accelerations
open a unique opportunity to probe/trigger
new phenomena in nuclear physics. The
intense beams produced by high-power

, lasers can generate neutrons/gamma rays

that are orders of magnitude denser both in
time and space than classical accelerators.
With laser-plasma-based beams, interesting
physics could occur. The goal of this
workshop was to gather world experts from
the nuclear and laser-plasma communities
(both experimentalists and theorists) to
discuss various new opportunities as well as
existing challenges.

Several topics were discussed and at the end of the workshop participants agreed to share the group's
viewpoints on the current and emerging areas in the field of high-power laser science and applications
to nuclear physics. The main theme of all the discussion converged to the essential question: What
can high-power laser systems do differently to forward the field of nuclear physics in a way that an
existing accelerator system cannot provide? During the workshop, both theoretical and experimental
efforts were presented, which resulted in a group consensus for the physics that can be achieved at

ELI-NP or any other high-power laser facility.
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DTP/TALENT?2024
— ( ECT* DTP/TALENT TRAINING SCHOOL
DN R
-y U Trento, 15 July - 2 August 2024

Nuclear Theory for Astrophysics

15 July — 2 August 2024
Nuclear Theory for Astrophysms

N ——— . Total participants: 24

EURO-LABS Users: 8

Objectives

The 2024 DTP/TALENT school focused on
neutron stars and the strong link between
nuclear physics and astrophysics. This
eutan e werse school had the objective of introducing
o e e s students from different backgrounds in
(m',,:M”‘“‘(“'h’“ci’dfdd a nuclear physics and in astrophysics to the
:n)oi:ultu:)’:h“:?({")’: wi.,i‘('.:m’ _ current state of the art in the field of nuclear
2 HL 2 14 DENE | astrophysics. To reach this objective, the
e s R Rl school was organized into three weeks of

selentlfic achlevemants, a short lettar expressing the applicants’ personal motivatien for participating in
the School. In addition, a reference letter from the candidate’s supervisor should he sent to Barhara

SRR e e Jectures and  exercises on the following
ememsaen T YT TR g— , topics: 1) the equation of state of neutron-
PR, L I e e e rich matter and new constraints inferred

Tel /(+39-0461) 314763,
from nuclear theory, experiments, and
ST ‘ observations, 2) core-collapse supernovae as
L IR Rinte  EMM i
mE™ S FRB the birthplace of neutron stars, and 3)

neutron-star mergers and gravitational
waves to probe the neutron-star interior.

Achievements

The students achieved a comprehensive understanding of neutron stars from the nuclear and
astrophysics perspectives. An excellent and diverse group of lecturers made possible the following
learning outcomes: understand the nuclear physics of neutron stars; learn how theory, experiment,
and observations inform the equation of state; obtain a comprehensive understanding of core-collapse
supernovae and how the equation of state impacts the dynamic, neutrino emission, and
nucleosynthesis; and understand the evolution of neutron-star mergers and their gravitational, and
electromagnetic signals. There were a total of 24 students (7 female, 17 male), all were early-career
researchers (doctoral researchers or young postdocs). There were 14 lecturers (6 female, 8 male)
including senior researchers and advanced postdocs. The support from ECT*, and its year-long
experiences with running Doctoral Training Programs and TALENT courses, was central to the
success of the course. The organization, help, support and advice of Barbara Gazzoli was outstanding
and critical for the success and smooth run of the school.
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TOWARDS IMPROVED HADRON TOMOGRAPHY
WITH HARD EXCLUSIVE REACTIONS

KEY TOPICS

1 Lattice QCD

Z.Computing methods

3.Hard exclusive meson production

4 Compton-like reactions, dilepton production
5 Theory / phenomenology

6.GPD models and beyond

7 Experimental facilities and programs

ORGANIZERS

anne (Jefferson Laboratary)
’ H + Jakub Wagner (Narodowe Centrum Badard Jadrowych)
» Martha Constantinou (Tempie University)
. Charlotte Van Hulse (University of Alcald)

KEYNOTE SPEAKERS
A Atsnaser

i (1ICLab), V. Martinez (MCBJ), L
¢ Boskovie Inutitute, Zegreb), D

)
EUR®:LABS INFN

¥ Distributions

16Boer24

Towards improved hadron tomography
with hard exclusive reactions

5-9 August 2024

Total participants: 35

- EURO-LABS Users: 7

Objectives

The primary objective of the workshop was
to advance the understanding of hadronic
physics by focusing on hard exclusive
reactions and the imaging of hadrons. The
event aimed to gather theorists and
experimentalists to discuss recent progress
and identify new approaches for studying
Generalized Parton Distributions (GPDs)
and Generalized Transverse Momentum
(GTMDs). Key goals
included exploring theoretical
advancements, such as Ilattice QCD
(LQCD) calculations, and leveraging
emerging computing techniques, such as
machine learning. Another major objective

was to 1nvest1gate novel reactions that could provide access to previously challenging quantities, thus

broadening the scope of hadron tomography research

Achievements

The workshop successfully met its objectives by presenting new approaches to study GPDs and
GTMDs. Participants shared advanced theoretical developments and computational techniques,
including the use of machine learning and LQCD. The discussions also highlighted experimental
strategies for probing GPDs through novel exclusive processes, directly addressing the workshop's
goal of enhancing methods for hadron tomography. The workshop directly addressed its goals by
fostering discussions between theorists and experimentalists on improving methods for investigating

the hadron structure.
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worksHop  15Ding24

' ( EL.RUFU‘-H([NTPE
FOR THEORETICAL 5T

UDIES
IN NUCLEAR PHYSICS AND RELATED AREAS

Trento, 9-13 Septermber 2024

New developments in studies of the QCD
diagram
RS
_New developments
in studies of the QCD phase diagram

9-13 September 2024

Total participants: 36
EURO-LABS Users: 9

The werkshop is in the field of nuclear physics, quantum and

heavy-ion collisions. It aims at a thorough discussion of new conceptual and technical
developments that arose in recent years in studies of the QCD phase diagram and its dependence on
various external control parameters. We will discuss the still unresolved question concerning the
impact of breaking or "effective” restoration of the axial anomaly on the QCD phase diagram. We ;
will explore the influence of quark flavors and the presence of nonzero baryon number density on 1 [ B
the QCD transition and, furthermore, will discuss very recent developments such as the usage of " " -
carrelations among Dirac eigenvalue spectra, the resumed Taylor expansion method as well as Lee- ™o
Yang edge singularities in studying the QCD phase diagram.

Objectives

Speakers

RS | -, T8¥ _«—= The main objective of the workshop was to
highlight recent conceptual and technical
(,(, advancements in understanding the QCD

LT 5 ‘ T phase diagram and the nature of the chiral

Yasumichi Aoki (RIKEN-Kabe), Francesca Di Renzo (University of Parma) Kenji Fukushima
(University of Tokya), Wei-Jie Fu (Dalian University of Technology), Tetyana Galatyuk (University
of Darmstadt), Jana Guenther (University of Wuppertal), Prasad Hegde (indian Institute of
Selence), Ivan Harvath (University of Kentucky), Andrey Yu. Kotov (Julich supercomputing
center), Tamas G. Kovacs (Eatvos Lorand Universily), Xiaofeng Luo (Central China Hormal

, Enrico i (Pisa Uni ity), Jan Martin of Hei
Owe Philipsen (Frankfurt Univarsity), Rob Pisarakl (Broakhaven Natlonal Laboratory), Chihiro
Sasaki (University of Wraclaw), Christian Schmidt (University of Bielefeld), Sayantan Sharma (The
Institute of Mathematical Sciences), Sipaz Sharma (University of Bielefeld), Misha
(University of Chicaga at Illinois), Massimo D'Elia (University of Pisa), Gergo Endrodi (University

phase transition. Key topics included:

1) The nature of the chiral phase transition.
The order and universality class of the chiral
phase transition has not been determined

of Bielefeld)

yet. This is mainly hampered by the
undetermined fate of the axial U (1)
anomaly at the chiral phase transition
temperature.

f”éf\} 2) Critical behaviour at the QCD phase
A transition and its connection to the physical

Supporting Institutions

INFN  EUR®:LABS

[ErT———

world. True phase transitions of strong-interaction matter are only expected in the limits of massless
and infinitely heavy quarks, or beyond a certain value of baryon number density and other external
parameters. The development of QCD critical behaviour requires control over parameters that do
break QCD symmetries explicitly, e.g. quark masses. Only then the influence of external parameters
such as chemical potentials on the occurrence of phase or crossover transitions of strong-interaction
matter in physical world can be analyzed reliably.

3) Manifestation of critical behaviour in heavy ion collision experiments. Searching for the QCD
critical end point (CEP) has been one of the central goals in heavy-ion collision experiments.
Systematic uncertainties are inherent in predictions for the location of the CEP obtained within
different theoretical frameworks, using lattice QCD (LQCD) calculations, functional renormalization
group (FRG) methods and others.

Achievements

The workshop proved instrumental in addressing fundamental discrepancies within the QCD
community, especially concerning the nature of the chiral phase transition as well we the possible
signatures for the critical end point and axial U(1) anomaly. Notable outcomes included:

» Advances in lattice and continuum frameworks: Theoretical progress in lattice and continuum
methods, including FRG, has enhanced our understanding of critical behaviour at high densities and
temperatures. One novel approach in LQCD computations involved the use of Lee-Yang edge
singularities to estimate the possible location of the CEP. Additionally, exploring QCD
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thermodynamics in small volumes at low temperatures was identified as a promising avenue for future
studies.

* Insights into the Columbia Plot: LQCD computations with various discretization schemes suggest
that the first-order chiral phase transition in the lower-left region of the Columbia plot (e.g., in three-
flavour QCD) is likely absent. However, the underlying cause of this absence, such as the role of the
axial U(1) anomaly, requires further investigation. Meanwhile, substantial evidence supports a
second-order phase transition in the chiral limit of light quarks in (2+1)-flavour QCD.

* Progress in CEP Searches: Recent data from the Beam Energy Scan II (BES-II) program were
presented and discussed, with consensus emerging from FRG and LQCD computations regarding the
possible location of the CEP. However, further studies are needed to establish a consistent baseline
for the BES-II data and to reduce uncertainties stemming from theoretical predictions and dynamic
modelling in the evolution of heavy-ion collisions.

Grant Agreement 101057511 PUBLIC 21/36



EUR®+LABS EURO-LABS-RELATED WORKSHOPS Milestone: MS9

J e CARRIED OUT AT ECT*
i scancts Date: 28 Feb 2026
19Becattini24
::( ECT* WORKSHOP
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R0 I NLCLEAR SIS AND ELATED ASGAS Trento, 16-20 September 2024

Spin and quantum features of QCD plasma
-
3
SPIN AND QUANTUM FFATRES OF QCD PLASMA | CRSFIDN) September 2024

oy o = e P S

The recent measurement of the spin polarization of particles produced in nucle

collisions has opened a new frontier for the study of strong-interaction maunﬁ Total participants: 30

under extreme conditions. Future experimental efforts will measure spin
observables with unprecedented precision. On the theoretical front, there is rapid -

progress in discovering new effects that polarize spin. However, the =~ & EURO—LABS Users: 8
understanding of these new effects as well as their implementation in dynamical ——

f ks such as hydr ics and kinetic theory are still under — 1
development. The goal of the workshop is to gather experts from both theory and I
experiment to determine the state-of-the-art knowledge in the field, to exchange

ideas and methods, and to initiate new developments.

o ——— 00

ORGANIZERS

Objectives

The study of spin phenomena in the quark-
gluon plasma (QGP) created in heavy-ion

~ .« Francesco Becattini (University of Florence and INFN)

e e Bl collisions at relativistic energies is an exciting

,vaJ'Jv.'T‘(:TT“-i_'." eotese e €48 i ' and rapidly evolving field. Currently, the

bl ¢ s A1l measured global spin polarization of
M. Buzzegoli (West University of Timisoara), A. Chiarini (Goethe University), Z. § ‘ | ], - h b 11 d d

e e e yperons can be well understood as a

e e e consequence of spin-orbit coupling, which

Sarkar (Niels Bohr Institute, Copenhagen, Denmark), M. Shokri (Goethe University) transfers part Of the Orbital angular

X. Sheng (INFN Firenze), R. Singh (Institute of Nuclear Physics Polish Academy of ~=
Sciences), S. Singh, A. Tang (Brookhaven National Laboratory), E. Speranza (CERN), =4 =
T. Valet (Spintec, UGA, CNRS, CEA), D. Wagner, D.-L. Yang (Institute of Physics, T
Academia Sinica), A. Yarom (Technion), Z.-H. Zhang (Fudan University) =

momentum of the colliding nuclei to the spin
of the produced hadrons through the
formation of fluid vortices in the QGP.
However, the azimuthal dependence of this
spin polarization, the so-called local spin
polarization, as well the spin alignment of
vector mesons, is not understood. Many
proposals and new ideas have been proposed to explain the experimental results, such as the shear
tensor-induced spin polarization and the possible appearance of strong mesonic forces. However,
these studies remain inconclusive at present. This workshop aimed at gathering experts both from
theory and experiment to discuss the open questions and make progress in the theoretical
understanding of the experimental results, in particular on the local spin polarization and the spin
alignment of vector mesons.

INFN
(e

EUR®-LABS

Achievements

It was clarified that while global equilibrium is unique and independent of the pseudo-gauge choice,
the definition of local equilibrium differs in quantum kinetic theory and quantum statistical field
theory and is furthermore susceptible to a pseudo-gauge ambiguity. The situation becomes even more
complex when considering dissipative effects (i.e., going beyond local equilibrium). The connections
to condensed-matter physics, particularly spintronics, were explored and it was shown that the
quantum kinetic framework developed in high-energy physics can be effectively applied to
condensed-matter systems, providing powerful tools for describing spin transport in solid-state
materials. Finally, several new theoretical developments were reported. A full analytical freeze-out
formula up to second order in gradients for the tensor polarization of vector mesons was derived,
which can be utilized in hydrodynamical simulations. For the first time, numerical results from spin-
hydrodynamics simulations were presented, demonstrating the applicability of spin hydrodynamics
in heavy-ion collisions. The development of spin hydrodynamics for conducting media (spin

Grant Agreement 101057511 PUBLIC 22 /36



CARRIED OUT AT ECT*

EUR® 4, LABS EURO-LABS-RELATED WORKSHOPS Milestone: MS9
¢ B Date: 28 Feb 2026

magnetohydrodynamics) up to first order in gradients was discussed, revealing intriguing collective
modes. Furthermore, a calculable holographic framework for spin hydrodynamics was introduced
and formulations of quantum kinetic theory in curved spacetime were discussed.
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Measuring neutrino interactions for

Measuring neutrino interactions for next-generation oscillation next-generation oscillation experiments

experiments
| BN b D o7 <] 21-25 October 2024

=« The few-GeV neutrino scattering landscape: experiment,
simulation, and interaction modelling

= Uncertainties in experiment and theory

« Final-state Interactions

= Incorporating constraints froam non-neutrino probes

« Free-nucleon cross sections and neutron production

= Best practices for making, publishing, and using cross section
measurements

Total participants: 27
EURO-LABS Users: 12

- Objectives
“';““";““DOLAN e The generous support from ECT* and its
«+ Ste en .
» Gathums WILKINGON tLoL) partners enabled us to bring together

« Clarence WRET (University of Oxford)
. Luke PICKERING (Rutherford Appleton Laboratory) 1 CXPEItS across a range of research fields to

\ L. .
I Wi L m ’ “H' 1} i“ ' steer future cross-collaboration in neutrino-
i nucleus interaction measurements and

KEYNOTE SPEAKERS

A. Ashkenazi (MIT), A. Ankowski (University of Wroclaw), S. Collins (University of Regensburg), D. theory, tallorlng effOI‘tS towards the needS
Cherdack (University of Houston), J.C. David (CEA), A. Cudd (University of Colorado), R. Diurba (Bern), S. . . . .
Dolan (LLR / CEA Saclay), A. Ershova (LLR, Ecole polytechnique), J. Franco Patifa (IFIC, Valencia), A. -

Furmanski (University of Minnesota), 5. Gardiner (Fermi National Accelerator Laboratory), D. Harris Of the neXt generatlon neutrlno OSCIIIatlon
(York University), R. Gonzalez Jimenez (Universidad de Sevilla), N. Jachowicz (Gent University), M. .

Kabirnezhad (Imperial College London), A. Klustova (Imperial College London), L. Koch (JGU Mainz), S. eXperlmentS, DUNE and Hyper‘
Manly (University of Rochester), G. D. Megias (University of Seville), A. Meyer (Lawrence Livermore —-— . . .
National Laboratory), L. Munt: (CERN), K. Ni (Ghent U ity, Bel ). A. Ol

joveral Labore, L Mimesns (S0 K Mmerse (Shan Uiy, s 8 o e amiokande. By engaging experts in

Holloway, University of London), J. Sobczyk (JGU), J. Tena Vidal (Tel Aviv University), C. Wilkinson -
(LBNL), J. Wolcott (Tufts University)

neutrino-oscillation experiments, nuclear
theorists, and leaders of programs
measuring the relevant nuclear physics
(including neutrino, electron, and hadron
scattering programs) we aimed to: ascertain
what aspects of neutrino interactions must
be most carefully controlled to avoid biases or large systematic uncertainties for future neutrino
oscillation experiments; establish which scattering measurements can be made to better understand
them; and determine how to ensure the longevity of these measurements.

EUR®:LABS
J

Achievements

The workshop was successful in stimulating constructive interdisciplinary discourse. In particular,
excellent presentations from leaders of experimental collaborations informed key figures in the
nuclear theory community of the core challenges in understanding neutrino interactions sufficiently
for next-generation oscillation experiments, and subsequent discussion allowed requests to theorists
to be more quantitative than before on the level of precision required. At the same time, nuclear
theorists were able to inform experimentalists of the specific new data that is needed to benchmark
and further develop models in a controlled way. The possibility of new collaborations, for instance
between the lattice QCD community and novel measurements of free nucleons in nuclear targets,
were also discussed. A post-workshop follow-up was initiated to document the specific requirements
and deliverables from experiment and theory.
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INNUCLEAR PMhlUANDRE.MEU AREAS

The workshop aims to examine current state and reunt advann nuelear astrophysics and

identify crucial that require

and Radioactive lon Beam (RIB) facilities. The workshop will bring together experimentalists and
theoreticians studying nuclear reactions, along with physicists engaged In stellar and stellar-

relevant to the field using stable

explosion modeling as well as in

objective s to Identify stellar scenarios that necessitate accurate nuclear reaction data, which

impact stellar  and

data. The will

the most effective methods to obtain such

and y. The primary

complementary techniques

evolution in the Universe.

Achievements

the participating scientists to Tacilizats the comparison of reaction studies using different and

Observatory of Abruzzo & INFN Perugia), M.Wiescher (University of Notre
Dame), W.Matthew (University of Surrey)

and joint ities ameng

| M.Aliotta (University of Edinburgh), A.Best (Uni Napali Federico [1), A.Bonasera ﬁ ‘ ‘
(Texas ARM,USA & LNS-INFN), R. deBoer (University of Notre Dnme) A Falla
(Sapienza Universita di Roma), C. Fougéres (CEA/DIF), M.Gai (University of h
Conneeticut), M, Gatu Johnson (Massachusetts Institute of Technology),

L.Gialanella (DMF Universita della Campania & INFN), A.Guglielminetti (Uni &
INFN Milana), J.He (Fudan University), M.Heine (Université de Strasbourg,
CNRS, IPHC UMR), G.Imbriani {Uni Napoli Federico Il), J.Jose (Technical
University of Catalonia EEBE-UPC), A.Korn (Uppsala University), M.La Cognata
(INFN-LNS), K.C. Li (University of Oslo), M.Limongi (INAF-OAR), D.Mascali
(INFN-LNS), E.Masha (HZDR), G, Massimi (Uni & INFN Bologna), R.Pizzone (Uni
& INFN LNS Catania), L.Roberti (Konkoly Observatory, HUN-REN CSFK),
A.Spiridon (“Horla Hulubei" National Institute for Physics and Nuclear), X.Tang
(Institute of Modern Physics, CAS), D.Vescovi (INAF - Astronomical

s of EU Member and Assoclated

rento) - Haly | Tel {+39-0461)

Key Reactions in Nuclear Astrophysics
17-21 February 2025

Total participants: 41
EURO-LABS Users: 5

Objectives

The scientific goals of this workshop were
to summarize the current knowledge and
remaining open questions on some of the
recognized key reactions in nuclear
astrophysics, like the 12C(ay), '2C+'*C and
?2Ne(a,n) fusion reactions. We aimed at the
reaching consensus on the reaction rates and
their uncertainty, in order to propose new
ideas for further work. In addition, other
reactions, methods to establish their
importance, and the experimental methods
to be used were to be discussed. We
intended to build bridges between theory
and experiment and bridges to adjacent
science branches that aim at understanding
the origin of the elements and the star

The workshop was organized by scientists with direct involvement in the subject proposed. In
morning and afternoon sessions during the week, summary reports and new ideas were presented.
Most appreciation was given to the long overtime discussions following each presentation and at the
end of each day. Experiments were presented which are carried out or proposed at such facilities as
LUNA (Italy), JUNA and LEAF (China), CASPAR (USA), STELLA (France) and Felsenkeller
(Germany), or with indirect methods at large RIB installations. Important were the presentations and
the resulting discussions on stellar dynamics, sensitivity studies, and astrophysical observations,
including the determination of elemental abundances in stars. The workshop was considered a success
by all participants and periodic follow-ups were proposed.
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Lepton flavour change in nuclei

WORKSHOP

LEPTON FLAVOUR CHANGE

IN NUCLEI 14-17 April 2025

14'1 7 April, 2025 Total partiCipal’ltSZ 17
ECT*V!II:Tambosi,V!II’auam EURO-LABS Users: 5

Objectives

Lepton flavour change is observed in
neutrino oscillations, but not yet in contact
interactions among charged leptons — despite
decades of active searching and a plethora of
Ko e e U models. However, this could change soon, as
Sacha Davidson o R e e, a huge leap in experimental reach is promised
by upcoming searches for p—e conversion in
nuclei. Since multiple scales are involved in
this process, the workshop aimed to bring
together lepton, hadron, and nuclear theorists
to discuss the state-of-the-art calculations of
the conversion rate, including the various
R s - - nucl.ea.lr .models employed. . With  the
(oot C e participation of experimentalists, another
objective was a critical examination of the accuracy required of theoretical calculations by upcoming
experiments, as well as the feasibility and complementarity of different nuclear targets to best identify
the lepton-flavour-changing interactions.

£ conversion.

Achievements

The workshop brought together a small but active group of theorists and experimentalists.
Presentations allowed specialists in a subfield to better understand the nature, techniques and
approximations of calculations in other subfields. Topics included: muon conversion phenomenology
and experiments; flavour physics models; hadronic/nuclear methods (chiral perturbation theory,
nuclear effective field theories, ab initio methods, energy-density functionals, random-phase
approximation); a calculation of the background from muon capture in nuclei; and leptonic
wavefunctions and muonic orbitals. Discussion led to an improved understanding of the nature and
precision of the quantities (overlap integrals) needed to evaluate the branching ratio of p — e
conversion -- in particular, the role of symmetry breaking and restoration in energy-density
functionals, which are often overlooked but expected to play a significant role in modelling the
charge densities needed for the calculations of overlap integrals.

Organizers received very positive comments from the participants about the workshop, which was
seen as a great opportunity for physicists from high- and low-energy subatomic physics to interact,
with significant time for questions and informal discussions. Great progress was made in
understanding the various aspects of the theory, which may lead to further collaborations among

Grant Agreement 101057511 PUBLIC 26/36



CARRIED OUT AT ECT*

EUR® ,;, LABS EURO-LABS-RELATED WORKSHOPS Milestone: MS9
¢ EER Date: 28 Feb 2026

participants --- for instance regarding more realistic calculations of muonic orbitals by taking into
account the deformation of nuclei. Participants also acknowledged the importance of estimating the
uncertainties of theoretical calculations; although such estimates are difficult and frequently
neglected, they are crucial for identifying what theoretical information can be extracted from data
when p — e conversion is observed.
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o ECT*
s : ( EUROPEAN CENTRE
FOR THEORETICAL STUDIES

FONDAZIONE IN NUCLEAR PHYSICS AND RELATED AREAS
BRUNO KESSLER

WORKSHOP
THEORY SERVICE FOR THE LOW
ENERGY NUCLEAR PHYSICS
COMMUNITY: A HANDS-ON
WORKSHOP

7-9  uy205
ECT*VilaTambosi, Villazzano

Gianluca Cold *Computer codes for low-energy nuclear physics community

Jerzy Dudek *Theo4Exp Virtual Access facility

Manuela Rodriguez- *Nuclear structure for experiment

Gallardo *Nuclear Mean field for experiment, Nuclear Reactions for
experiment

‘ ' Thecry
SUPPORTING INSTITUTIONS AND PROJECTS E;:ﬁ Alliance L’ﬁFN.‘

Achievements

10Colo25

Theory Service for the Low Energy
Nuclear Physics Community: A Hands-on
Workshop

7-9 July 2025

Total participants: 40
EURO-LABS Users: 22

Objectives

The Theo4Exp workshop was designed to
bring together experimental and theoretical
nuclear physicists around a common goal:
making theoretical tools more accessible and
useful to the experimental community. A
particular focus was placed on three virtual
platforms, namely MeanFieldExp,
Reaction4Exp, and Structure4Exp,
developed to support experimental work by
offering practical calculations and insights.
The workshop aimed not only to introduce
these tools, but also to encourage open
discussion, gather feedback, and strengthen
collaboration between the two communities.

Over the course of the workshop, participants got a clear and hands-on introduction to each of the
three platforms. The sessions helped understand the tools, showing how they can be used, from
planning measurements to interpreting data. The open discussions were particularly interesting,
allowing users to share suggestions and raise questions in a constructive manner. Beyond the technical
content, the workshop created a friendly space for discussions between theorists and experimentalists,
highlighting just how much both sides can benefit from closer collaboration. The positive engagement
suggests real potential for these tools to be integrated into day-to-day research and even into teaching

at the Master's level.
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(GLICEOAN Next generation ab initio nuclear theory

Next generation ab initio nuclear theory
14-18 July 2025

14-18 sy, 2025

ECT*VillaTambasi, Villazzano

Total participants: 40
EURO-LABS Users: 5

Objectives

The main objective of the workshop was to
provide a forum and facilitate discussions of
new ideas among the major players in the ab
initio nuclear physics community in order to

o o 7 foster future progress and breakthroughs in
Ej‘:;y E;T;T:;: o three fields of research, namely (i) the next
Richard Furnstahl o s s < ot generation of many-nucleon interactions and
>ECH Restare ot e R clectroweak currents, (ii) propagation of

uncertainties and (iii) novel many-body
methods for nuclear theory.

ECT* Director: Prof. Ubirajara van Kolck

The ECT* is part of the Fondazione Eluprlu Kessler. The Centre it LEL lhﬂlm(n(pw(us Pravince of Trento, funding agencies of EU Member

EE?\‘?ET«I:’\“‘&% - ' Sufa mnts 5| “‘ﬁi@!‘a’ﬁ@“"r‘éi'a‘r!hé" BTF:EI lazzano (Trento) — Achievements
SUPPORTING INSTITUTIONS AND PROJECTS The WorkShop featured 3 6 S Cienti fic
EUR®-LABS () [  wen (== presentations including 4 talks focused on

o (1

experimental topics and many talks given by
young participants. These covered recent highlights and ongoing developments in the application of
chiral and pionless effective field theories to nuclear interactions and dynamics, exploration of new
ideas and expansion schemes (e.g., expansion around the unitary limit), uncertainty quantification
methods, development of efficient emulators to facilitate many-body applications (eigenvector
continuation, parametric matrix models, greedy algorithms, etc), usage of neural networks in many-
body calculations, novel and emerging technologies for ab-initio calculations (tensor factorization,
diagrammatic Monte Carlo, etc.) and studies of nuclear structure, reactions and electroweak physics.
To facilitate scientific exchange between participants, dedicated discussion sessions were held at the
end of each workshop day (except the last day). The main outcome of the workshop was the efficient
knowledge exchange as well as critical review and coordination of activities between experts and
practitioners from different fields (model developers, many-body theorists, experimentalists), which
make an important contribution to advancing the frontier of ab-initio calculations in nuclear physics.

Grant Agreement 101057511 PUBLIC 29/36



EUR®:LABS EURO-LABS-RELATED WORKSHOPS Milestone: MS9

o CARRIED OUT AT ECT*
J SIS0 SOUMES. Date: 28 Feb 2026

il D( HlR rk%[ H\(A U 13HageIStein25

DIES
IN NUCLEAR PHYSICS AND RELATED AREAS

New perspectives in the charge radii
WORKSHOP determination for light nuclei

i NEW PERSPECTIVES IN THE CHARGE RADII
DETERMINATION FOR LIGHT NUCLEI 99 28 July — 1 August 2025
28 July - 1 August 2025

e b e Total participants: 27
EURO-LABS Users: 5

Objectives

The workshop concerned the determination
of the details of nuclear charge and
magnetization distributions, such as charge
and Zemach radii, from the spectroscopy of
(exotic) atoms. The aim of the workshop was

S Lg::;x:::t:el::‘:an e :;lc';ocalunmele}:Xa:a;ﬂ:eiaef::;t{echnolugy to dlscuss the lnnovatlve mlcrocalorlmeter
Nancy Paul « Experimental progress: targef reparation,  background 3 1

R:n;Z\f:ohI sugpiesslr:n,ca\?brflmn The;ryguflmupum‘: at;ms Nuclearg deteCtor teChnOIOgy for hlgh-reS()1ut10n X-

e e S e o ks ray spectroscopy, the interplay of various

: experiments, and the necessary

improvements on the theoretical side,
required to match the (anticipated)
experimental accuracies. Of critical interest
was a better understanding of nucleon and
nuclear  structure  corrections, which
notoriously constitute the main theoretical
limitations in predicting the spectra of muonic atoms. In addition, prospects for testing physics
beyond the Standard Model (BSM) were presented. While fostering an exchange of expertise among
experimentalists was important, a primary goal of the workshop was to further strengthen the crucial
collaboration between experiment and theory.

ECT* Director: Prof. Ubirajara van Kolck

SUPPORTING INSTITUTIONS AND PROJECTS IN FN EUR®@-LABS (' L

e o s ke

Achievements

The one-week workshop was attended by a near-even split of experimental and theoretical physicists
representing various subdisciplines. One third of the participants were early career researchers, out

of which 4 could join thanks to the support of EURO-LABS.

Participants discussed recent results of the QUARTET and Reference Radii collaborations, with a
special focus on the new MMC detector technology. Furthermore, the workshop covered a feasibility
study for the Quartz collaboration, the status of the HyperMu experiment, and complementary
experiments including spectroscopy of He-like ions, bound electron g-factors, King plots, electron-
scattering experiments, and antiprotonic atom X-ray spectroscopy. The workshop highlighted the
present limitations on muonic-atom theory and the need for refined calculations, most importantly,
for the nuclear-structure corrections that are currently the limiting uncertainty in determining charge
radii from muonic-atom spectroscopy. The atmosphere at the workshop fostered lively discussions
and suggestions for future collaborations. A plan was developed to perform a first full comparison of
nuclear-structure predictions for muonic helium and lithium across various approaches, including ab
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initio nuclear theory with different potentials and n(-less) formalisms, data-driven estimates of
nuclear-polarizability corrections, a novel method employing an artificial neural network, and precise
computation of electromagnetic radii from variational Monte Carlo. In addition, several presentations
discussed SM tests and BSM searches.
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- 3( 19 19Hupin25

L1
FoNDAZIONE | N WUCLEAR PVSICS AND RELATED AREAS
BRUNO KESSLER

WLEELEES Pan-American Few-Body Physics Boot
ZEL B LR R TR T S R L 8T 8 Camp: Fostering Collaboration
Fostering Collaboration

13-24 October 2025
13-24 octoser, 2025

ECT*VillaTambosi, Villazzano Total partiCIPants' 22
EURO-LABS Users: 4

Objectives
The primary goal of the workshop was to
bring together theoreticians and
experimentalists from both sides of the
Organizers PR R RS  Atlantic working across a wide range of
v Guillauee i e e e e energy scales and topics’ from low_energy

0y TDbiES Frederico observations t;lm r.onudnue to cha!\:nge our :\:In:nl models :‘n the n;cl‘eu LT‘”‘mm:m}m . .

advances rapidly, a widening gap has emerge etween nuclear modeling capabilities and the

R e e nuclear structure to hadronic physics. By
workshop proposes a fresh approach by reimagining the traditional format. We aim to shift the . .

- Allnka Lepine-szily focus toward young scientists with an interest in nuclear physics and few-body systems. By fosterlng Collaboratlon among these
empawering these emerging researchers to cross disciplinary boundaries, share techniques, and .. .

collaborate on unresolved problems ~ identified by senior theorists and experimentalists ar newly Communltles we almed to narrow the gap

raised during the warkshop - we hope 1o break the current impasse in theoretical modeling and >

to connect different generations working in the rich and exciting field of nuclear few-body

it between theoretical developments and
ECT* iestor: Prl. Usrajaravan Kolk experimentally accessible observables. A
Sl ccniral objective was fo reverse the
SIS e traditional workshop format by placing
junior researchers at the centre of the

EFN pI'OgI'am.

‘SUPPORTING INSTITUTIONS AND PROJECTS

Achievements

We created an environment where early-career scientists could present their work, exchange ideas,
and build new collaborations. Through a combination of plenary sessions, focused discussions, and
small-group breakout activities, participants were encouraged to explore methods in depth, learn from
one another, and engage in genuine scientific training and dialogue. This was the first edition of such
a program in Europe, and one of the main challenges was to attract enough young scientists willing
to dedicate two weeks of their research time to topics that are not necessarily at the core of their PhD
work. On this point, we believe we succeeded: all the long-talk slots reserved for junior researchers
(two each morning) were fully filled. Another significant challenge was to animate the afternoons
with meaningful discussions and collaborative work. Here again, we consider the outcome very
positive.

Groups of collaborators often withdrew to work together, individual participants had time to advance
their own research plans, and, when offered, lecture-style sessions on specific topics were well
attended. Each afternoon ended with a collective discussion aimed at deepening and expanding the
physics introduced in the morning talks.
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BRUNO KESSLER

Neutron-capture reactions for
USRS astrophysical processes

NEUTRON-CAPTURE REACTIONS
FOR ASTROPHYSICAL PROCESSES 3-7 November 2025

November 3-7, 2025

ECT* VillaTambosi, Villazzano

Total participants: 30
EURO-LABS Users: 5

Objectives

The scope of the workshop was to bring
together the different communities that
measure, calculate or use neutron-capture
cross sections for astrophysical applications
and trigger discussions along the following

Artemis Spyrou = Neutron Capture Reactions for Astrophysics : .
Ann-Cecilie Larsen = Heavy element nucleosynthesis queStIOIlS .

= s, i, and r processes

Mathis Wiedeking = Experimental and Theoretical studies of neutron capture [ ) Whlch neutron_capture reactlons are the

Dennis Muecher

reactions

» Astrophysical modeling most impactful for each relevant
astrophysical process?

e Which neutron-capture reactions should
be treated as statistical and which ones not?
e How can we extend direct measurements
of neutron-capture reactions into unstable

Sean Liddick
Stephane Goriely

SUPPORTING INSTITUTIONS AND PROJECTS E“H.-E‘?:EE % X}fgg o nuclei?

e What are the advantages and limitations
of existing indirect methods (Oslo, surrogate, shape, particle evaporation, Coulomb
dissociation, etc.)?

How can experiment and theory work more closely together to provide strong constraints for
the various nuclear properties, and therefore neutron-capture cross sections?

What are the uncertainties associated with adopted cross sections and how to properly
propagate these uncertainties into nucleosynthesis observables?

What are the neutron-capture rates and associated uncertainties to be recommended for
astrophysical simulations?

Achievements

The participants of this workshop reviewed recent advances in predicting, constraining, and
measuring neutron-induced cross sections, as well as their impact on astrophysical applications.
Multiple theoretical and experimental developments were discussed, persistent challenges identified,
and proposed ways forward suggested, such as:

Continue to develop accurate and robust microscopic models relevant to reactions on unstable
nuclei, along with quantified uncertainties.

Pursue complementary indirect measurements and, where possible, direct measurements to
constrain and determine neutron-induced reactions or properties relevant for determining
cross sections for unstable nuclei, including radioactive beams in inverse-kinematics
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experiments; storage rings that enable the storage, accumulation, and recycling of short-lived
isotopes; indirect surrogate or Oslo-type measurements

e Perform astrophysical simulations on a representative sample of trajectories to propagate
nuclear uncertainties including both model and parameter uncertainties constrained by
experimental data.

e Explore possibilities for creating and maintaining a common database that includes cross
sections from indirect measurements such as the surrogate method and Oslo methods.

e Continue to work on reaching a good understanding of how uncertainties should be treated
and properly quantified for nucleosynthesis network simulations of the various astrophysical
scenarios, such as the intermediate neutron-capture process and the rapid neutron-capture
process.
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WORKSHOP ISNET-11: Information and Statistics in
®® |SNET-11: Information and Statistics in Nuclear Experiment and Theory

Nuclear Experiment and Theoryee

17-21 November 2025
17 -2 NOVEMBER 2025

ECT*VillaTambosi, Villazzano

Total participants: 34
EURO-LABS Users: 3

Objectives

ISNET-11 brought together researchers to
explore how modern statistical methodology

for uncertainty quantification, Bayesian
Organizers ToPIcS inference, emulation, and multi-model
* Andreas Ekstrom SRR EER LR EEE  forecasting can  help accelerate scientific

« Amy Lovell « New approaches to model calibration
« Daniel Phillips « Multi-model forecasting: madel selection, averaging, and mixing prOgreSS acCross nucleal‘ theory and

= Using existing data & planning for future data . .

« Puting it all together experiment. The program was organized
around five core themes, each combining
topical presentations with discussion-driven

sessions at the end of each day to stimulate

ECT* Director: Prof. Ubirajara van Kolck

art of the Fonda. Bruno Kessler. The Centre s funded ce of Trento, funding agencies of EU Member

R cross-disciplinary  exchange. A central
objective was to examine how statistical
rmm———— G oo (Emsiane wene  Teasoning can be embedded into the nuclear

scientific workflow: from model calibration
and parameter inference to predictive forecasting and experimental design. This format, coupling
presentations and vigorous discussion sessions, ensured broad engagement across subfields and
highlighted the increasing relevance of machine learning, reduced-order modelling, and principled
likelihood construction for next-generation nuclear physics research.

Achievements

The workshop demonstrated substantial advances in statistical emulation, correlated likelihood
development, and data-driven forecasting. Participants reported remarkable gains in speed and
scalability of many-body and transport calculations through reduced-basis strategies and Gaussian-
process surrogates, while also identifying open challenges in extrapolation control, discrepancy
representation, and interpretability.

Lively discussions emerged on the value and limitations of discrepancy models, the need for curated
experimental data, and the potential of model-mixing for robust prediction. ISNET-11 thereby
achieved its goal of fostering collaboration, clarifying research frontiers, and strengthening the bridge
between nuclear physics and computational statistics, setting a strong foundation for future
development in the ISNET series.
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3. SUMMARY AND OUTLOOK

From its beginning in 2022 to the end of 2025, funding through EURO-LABS supported the
participation of users in 21 projects carried out at ECT*. These projects reflected the diversity of
research areas covered by EURO-LABS. An emphasis was on topics for which nuclear experiment
is ongoing or forthcoming, such as those dealing with spin probes of the QCD plasma, hadron
tomography, tensor spin observables of the deuteron, and prospects with high-power lasers. In some
workshops, the opportunity to interact with scientists in other communities, in particular atomic,
particle, and/or astro physicists, was crucial for success, for example in workshops dealing with the
determination of the charge radii of light nuclei, key nuclear reactions in astrophysics, the role of
strangeness in nuclei, the detection of electric dipole moments, probes of lepton-flavour violation,
and the next generation of neutrino experiments. There were also workshops that dealt with more
theoretical aspects of nuclear physics, which incorporate recent experimental results and may pave
the way for future experiments, such as the QCD phase diagram, few-body physics, ab initio many-
body methods for structure and reactions, nuclear theory for astrophysics, machine learning, data
analysis, and uncertainty quantification.

The highlight was Theory Service for the Low Energy Nuclear Physics Community: a Hands-on
Workshop, which was organized by the task leaders of EURO-LABS's Theo4Exp initiative. As
reported in EURO-LABS Milestone MS11, three virtual platforms (MeanFieldExp, Reaction4Exp,
Structure4Exp) have been developed, where various theoretical tools are made accessible to users in
support of on-going experimental work and of the design of future experiments. The workshop
attracted a large number of young researchers, mostly experimentalists, who became familiar with
the platform via lectures and hands-on activities. This stress-test of the platforms provided useful
feedback to the platform designers, who could use results to improve an already very useful service
for the community.

The long-lasting impact of ECT* workshops relies on the participation of a diverse group of scientists
who bring complementary viewpoints to a well-defined aspect of experiment or theory. Funding
through EURO-LABS allowed the transnational access of a significantly larger number and variety
of scientists than would otherwise be possible. In the reporting period, about one in four participants
in eligible activities were EURO-LABS supported, in almost all cases the determining factor to reach
the critical mass for workshop success. For example, in Theory Service for the Low Energy Nuclear
Physics Community: a Hands-on Workshop more than 50% of the participants could attend thanks to
EURO-LABS. EURO-LABS funding also enabled the access of Europe-based students and postdocs
to two advanced schools (Doctoral Training Programs) in this period. ECT*'s DTPs are known
worldwide as the training ground for the next generation of nuclear physicists, the lifeline of a
research field that is key to Europe's energy and security needs.

For 2026, several workshops and schools have been selected by the ECT* Scientific Board as EURO-
LABS eligible, and will take place before the end of the project. EURO-LABS support continues to
be essential for the success of transnational access in its area of research.
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