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Jumping into the future:
Which are the driving questions?

Dark matter, Dark energy, black holes, gravitational waves …
Where are we in this game?
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Complex many body systems

The progress in the understanding of nuclei is 
driven by major advances of experimental and 
theoretical tools. 

Fabiana Gramegna
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Jumping into the future:
Where are we in this game?

Having young people into the game!

Searching for New&Good Ideas don’t do things just 
because every one does it find your road, find your
questions,  
give rise to your emotions

Having the right Instruments!

Facilities  Good Beams & Good Targets

State of the art Instruments  resolution in energy, 
mass, charge,  low identification threshold, high 
efficiency, correlations methods
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• The workshop has highlighted how the collaboration
with theoreticians is crucial in order to be always
updated on the most interesting and relevant physics.

WG1 (S. Cristallo): Nuclear Astrophysics theory

Bridge between nuclear physics and the Universe…

- Sensitivity study on neutron capture rates for r-process
- Sensitivity study on beta decay rates for r-process
- Overview on s- and i- processes
- Guidance on most interesting cases for the synthesis of light-elements

 Already today, LNL can provide beams to tackle a variety of
nuclear astrophysics cases (both at big and small machines)
and even more possibilities will open in the future. However,
some scientific cases require additional work on beam
diagnostic, beam development and beam intensities.

Stellar modelling and astronomical
observations are ever-evolving, and so is
the available literature on nuclear physics
experiments.
It is crucial to keep an active dialogue
with astrophysicists to be updated on the
most interesting scientific cases.

WG2 (A. Caciolli): Nucleosynthesis up to the Fe peak

WG3 (T. Kurtukian - Nieto): Nucleosynthesis of trans-iron elements
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Fe 24Mg excited states 
and impact on stellar 

carbon burning

Indirect study of 14N(p,)15O 
reaction and the solar 
composition problem

Abundance of radioactive elements 
in our Galaxy: Constraining 26Al

26Alm(n,p)26Mg, 26Alm(n,)23Na, 
26Alm(p,)27Si 

Decay properties of 
neutron‐rich nuclei at 
the first r‐process peak

Activation measurements 
of isotopes of interest for 

the s‐process

Investigating the Hoyle state:
14N(d,)12C;  4He(12C,12C*)4He; 9Be(α,n)12C; 4He(2n,γ)6He

16O+16O reaction study at 
deep sub‐barrier energies

Big Bang Nucleosynthesis in the 
era of precision Cosmology:

p+d, d+d, 7Be(d,)5Li

Neutron capture cross sections 
for s‐process via the surrogate 

reaction approach – batch mode

Neutron capture cross 
sections for i‐and r‐process 

nucleosynthesis via 
surrogate reaction approach

Abundances of the elements 
at the first r‐process peak: 

(α,n) reactions

Th
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Sensitivity studies Impact of new results on stellar 
evolution and nucleosynthesis
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 Why in LNL?
1. Availability of beams @ different facilities: AN2000, CN, TANDEM, EXOTIC, SPES….
2. The installation of innovative targets (CTADIR, SUGAR, ATS, …) and detectors

(AGATA, NEDA, GRIT, …) is crucial to tackle many interesting nuclear astrophysics
cases.

At the moment, the nuclear astrophysics community at LNL is made from a
few small groups. In order to perform successful nuclear astrophysics
campaigns, especially at SPES, it is important to push and make it grow
an increasingly strong and large community within LNL, as well as foster the
collaboration between existing groups and with the international community.

 Networks & Connections?
1. Many members of the WG are already part of the GIANTS (Gruppi Italiani di Astrofisica Nucleare Teorica e Sperimentale).
2. LNL is involved in the ChETEC-INFRA European network, with tasks on:

- neutron detection
- target production/characterization for Nuclear Astrophysics

3. the EU nuclear astro community has a close collaboration with IReNA, in the USA.
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 Complementary experimental techniques and cross approaches to the workings
groups, assisted by theoretical guidance, led to define challenging physics goals to
boost our understanding of nuclei especially far from the stability

NUCLEAR PHYSICS:
Building up our precious mosaic

Fabiana Gramegna
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 The International community extensively participated to the
mid-term plan for the nuclear structure at LNL, addressing a
rich panorama of physics opportunities, encompassing
shell evolution and collective phenomena, properties of light
and medium-mass exotic nuclei and N~Z nuclei.

Concluding remarks from Nuclear Structure working group
Fabiana Gramegna
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 The presence and
support of cutting-edge
instruments (AGATA,
GRIT, NEDA, PARIS,
CTADIR, PRISMA,
ACTAR, ..) are key to
achieve the physics
objectives that have
emerged

Fabiana Gramegna

 The development of new
beams, the availability of
exotic targets as well as
the operation of new
accelerator complex SPES
would guarantee a leading
position to the laboratory
within the panorama of
nuclear structure
community
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Nuclear Reactions and Dynamics. Highlights. 13
T.M. WG 3 

THE WHY AND HOW IS STILL IMPORTANT TO INVESTIGATE NUCLEAR REACTIONS

Nuclear Physics will exploit stable 
and Radioactive ion beams to:

• Explore and locate the extremes of 
nuclear existence

• Discover exotic properties of nuclei 
(shapes, structure evolution)

• Explain the role of isospin in complex 
systems (nEOS, Esym)

 Characterize the mechanisms that drive nuclear reactions 
and describe reaction dynamics

 Study the interplay between structure and reactions
 Provide nuclear data

Understand the physics of the
nuclear force

within  the many-body nuclear system,
probing fundamental symmetries and interactions
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Reaction dynamics as the subject:
• Probing quantum effects in sub-barrier fusion
• Dynamical production of e+e- in sub-barrier reactions of light ions
• Consistent description of fusion and fission processes
• Consistent description of out-of-equilibrium processes

Reaction dynamics as a laboratory:
• Population of super-heavy elements through transfer reactions
• Study of nucleon-nucleon correlations
• Study of structure properties: ANCs, halos, collective excitations
• Accurate measurement of reaction cross-sections and related 

techniques 

Nuclear 
Structure
Nuclear 

Structure

ClusteringClustering

Fabiana Gramegna
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Exp KEYWORDS: energy, mass and charge resolution; completeness of the event reconstruction, low identification thresholds

Fabiana Gramegna

Theo KEYWORDS: signatures & exp. observables, MC 
methods to filter theo data to take into account distorted 
experimental distribution comparisons.   

Artificial Intelligence: can it help in the 
complexity of reaction mechanisms? 
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Readiness . . .
A B C

α‐correlations and clustering in light and medium 
mass nuclei. Beams: 16‐18O at 10 AMeV, light targets.

Isospin dependence of CN formation and decay. Beams: Kr, Sr, Sn.

onset of pre‐equilibrium emission and clustering. 
Beams: 16‐18O, 22Ne at 18‐20 AMeV.

 emission at high spins (deformation).
Beams: Ti, Ni at 10 AMeV. Incomplete fusion, shell effects in quasi‐fission

Electron‐positron pair spectroscopy

Scan of neutron deficient systems at high 
excitation energy.  Beams: Pb.

Actinides region: shell effects and reaction 
dynamics at low excitation energy.

The nucleus as a quantum effects with sub‐barrier fusion

Fusion‐
evaporation
and pre‐

equilibrium 
emission

Direct
processes 

Fission
and

sub‐barrier
fusion

Extension to SPES beams: Sn, Rb

Isomers measured at the focal plane of PRISMA.

Competition between transfer
and near‐barrier fusion. 

MNT1: popluating heavy nuclei in the region of Pb

Links with nuclear structure and astrophysics: 
Asymptotic Normalization Constants, 

spectroscopic factors, halos. 
(also low energy reactions at AN2000 and CN). 

Future challenges with A.T. and GRIT
MNT2: correlations in transfer (Sn+Ni in progress)

Future challenges: 
6He beams from EXOTIC (12C)

9Be beams
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The LNL show large possibilities to impact on the applications of the nuclear
physics research activities, with high interest in Italy and abroad (mainly Europe)

• Medical field, with radionuclide production capabilites, both with the direct
activation and the ISOL technique PRISMAP consortium

Fabiana Gramegna

Considering the soon-coming SPES facility many
new ideas on specific items are growing,
which will contribute to enlarge the present
national and international collaborations

We're about to build the most extensive infrastructure for non-
conventional medical radionuclides ever available in Europe
Thierry Stora, CERN — PRISMAP Coordinator
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Gaia Pupillo

Nuclear cross sections measurements and modelling for direct 
radionuclide production and neutron beam lines at SPES (L. Mou) 

 Neutron facility at SPES

NEPIR-0: Pseudo 
monochromatic n-beam

 Proton-induced nuclear cross
sections measurements for
medical RNs:

IRIS system 
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Carbon stripper foils 184W on carbon natAu on 58Ni

148Sm on Ta 54Fe on Au 106Cd

• Target development and characterization (e.g.. IBA techniques) for nuclear physics
experiments LUNA, EUROLABS, SPES etc.
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Nuclear cross section measurements for applications at LNL
 Medical radionuclides production with p beams with the dedicated facility
 Neutron-induced reactions
 Charged-particle induced reactions for target characterization

Fabiana Gramegna

Ion-solid interaction
 Study of radiation damage of materials, 

devices and novel detectors
 Ion beam microanalysis for nuclear 

targets development

Nuclide production and laser spectroscopy
with ISOL 
 Development of ISOL beams for medicine and nuclear physics
 Decay spectroscopy of nuclide of medical interest
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Text
Phase A Phase B Phase C

SPES_
direct-

activation&
modeling

SPES_
ISOL&laser

IBA&ion-
solid-

interaction

L.Mou

M. Ballan

M. Campostrini

Benchmark-exp_p_30-70MeV

Medical RNs xs_p_30-70MeV

Modeling xs_medical RNs
Neutrons_beams

Deuterons_Alpha_beams

Off-line_exp On-line_exp

ISOL targets development Decay spectroscopy 
on ISOL-produced RNs

Target characterization
for nuclear & astro physics

XS_meas_for IBA 
up-to-5MeV

Ion-solid int & 
neutrons

SEE & bulk damage _ Single 
Ion & Large area Irr.

Detector 
development
& test 

Phase A: Activities ready to be performed
Phase B: Activities still requiring test and feasibility study
Phase C: Activities requiring R&D and/or infrastructures construction

Concluding remarks ‐ Applications
Fabiana Gramegna
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Planning the Future:

All groups have underlined the importance of connections/collaborations
between experimentalists and theoreticians!

Challenging Opportunities are coming available at LNL for new
experiments with new beams, targets & experimental instruments at the
status of art  this will mean that our sensitivity will gain several order of
magnitude so to permit in specific cases to join regions of knowledge not
previously accessible essential parts of the mosaic!

The LNL needs to have a solid perspective for the young scientists
working in these fields critical mass has to be guaranted.

The new infrastructures with new beams must become operative as soon
as possible  great efforts must be devoted from everyone inside the
Laboratory and outside (users & management) to make this happen.

All these possibilities will be complemented with those already described in 
the previous workshop coming from LNS 


