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¢ Selected relevant results and perspectives
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@ NUPECC Long Range Plan (and role of INFN)

# Final remarks



... The 4 scientific lines
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CSN3: Publications, presentations to conferences ...

% Pub

In 20089: a2l % FTE

240 Papers

486 Conference presentations 13.1
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698 Reserachers+ 99 Tech. | i

542 FTE Linea1 Linea2 Linea3 Linea4
Post doc 108 Line 1: hadron dynamics
65 Doctoral students Linea 2 : Phase Transition

(16 doctoral thesis completed) Linea 3 : Nuclear Structure

27 Master thesis - 23 thesis Linea 4 : Nuclear Astrophysics
(3 years degree)



Distribution of fundings and of FTE in the reserach lines
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Problem of the spin
Nucleon form factors

Barionic resonaces and
Spectroscopy of mesons




... A\ decays in nuclei...... from FINUDA (LNF)
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Kaonic atoms at LNF (SIDDHARTA)

Measurement of the energy for

the level 1s for the hydrogen kaonic

atom
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In agreement with theory

For Kaonic deuteron more data with an improved set up and electronics
are needed - proposed in the next years

Complementary experiments are made at JPARC
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first LHC physics of ALICE
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* Tier-1: Fully operativ ALICE GRID in Italy

— Storage on tape and fast Storage on disk
e Tier-2: Catania and Torino + Bari and Legnaro (in incubation)

« [talian sites offer approximately 20% of the ALICE total
computing
Partial Scheme of AliRoot

[ROOT virtual MC ][ROOT geometrical modeller

Geant3,
Geant4

250880 —
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i ao5e688 | ;»W Analisi finale 1
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Tempo medio di run: 65 min



Nuclear Structure and reaction mechanisms

5-10 MeV/u! —_—
Heavy-ions 50 MeV/u
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e Nuclear structure
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The PRISMA spectromer at LNL

Detailed measurements of reactions at the
Coulomd barrier :

140 -

 potential for nucleus-nucleus interaction

* the structure of nuclei far from stability
(moderatly far)
Fusion hindrance at low energies

(recent LNL results on %8Ni + 24Fe)
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r, Esperiments at 6SI at the Fragment separator
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A

Life times of nuclear states and transitions probabilities
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AGATA Demons'rr'ator' inauguration 9/5/2010
B - PRl Measurement campaign (with ALPI)

Nuclear collectivity in nuclei
From low-lying vibrations and rotations to giant
resonances
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INEN - AU .'é
= AGATA Demonstrator/1T1

Experimental program

July 2013 > GANIL/SPIRAL2

~15TC

June 2011 > LNL Dec 2011 > GSI/FRS
_6TC 2 8TC

"

AGATA D.+PRISMA AGATA @ FRS AGATA + VAMOS + EXOGAM

Total Eff. ~6% Total Eff. > 10% Total Eff. > 20%



NUCL_ex at LNL: Reactions and nuclear structure at finite T

R&D for charged particle arrays to be used with
radioactive beams (activity FAZIA - PP-SPIRAL2 in FP7 )

GDR gamma-decay
e Divided data
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Halo structure of light nuclei (Be-Fl)

Value of elastic cross section depends
on the features of the wave-function.

Comparisons of measurements with stable
and unstable beams are necessary.

LNS STREAM at LNS
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Isospin dependence of the equation of state

Experiment
EXOCHIM
(CHIMERA)

: 4 :
Mieasurements of charged particles
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in 2011
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Multifragmentation with
CHIMERA

The radius of neutron stars depends on the
value of the symmetry energy (related to the N-Z
difference) in the nuclear equation of state

Measurements of gamma-rays
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EXOCHIM future: Symmetry energy and imaging

Sensitive to space-time properties
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Fragmentation of beams at LNS :

reaction with 1C and !3Be at 50 MeV/u

8O primary beam

—-magnet setting on 1!Be

strip 140 mm thick
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Measurements at LNS and GSI for 2C beams ;57N

- fragmentation of medium-light ions, such as carbon ions , in the energu
interval 40 MeV/A to 400 MeV/A (LNS e GSI)

- exclusive data of particular interest in adroterapia

A new calorimeter and tracker under constructions
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MAGNEX at LNS

Oex (GT, g—0)c B(GT) charge exchange reactions
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Nuclear astrophysics and interdisciplinary reserach
>~

axwell-Boltzmann tunneling Thr‘ouJ-\ Reactions at stellar energies
distribution Coulomb barrie

2exp(-E/KT) o exp -(Go/E) for :
*Energy generation

* Nucleosynthesis

(exp LUNA, ASFIN e
ERNA)

energy

BANG

‘Neutron capture for

,I e Tnucleosvnthesis . ) . . .
i astrophysics and application in

reactors of new generation.

n_TOF al CERN

*Annichilation of anti protons in nuclei 5keV - 5 MeV
region of cosmological interest ASACUSA + R&D AEGIS

* Pauli principle violation in atomic transitions (LNGS) (exp VIP)



ERNA - Separator at Caserta : reaction for astrophysics

= Measurements of reactions in inverse
-+~ kinematics
As'rrophysucal factor for 3He(a,y) Be
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First Experimental Measurement of the

3

Bl °0(p,a)'°N Reaction at Astrophysical Energies
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Esperiment LUNA at LNGS
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Theory differs more than
an order of magnitude.

Design for measurements with 4 MeV accelerators



Cross section measurements of neutron capture of astrophysical
inferest and for emerging nuclear technologies.

@
2 | 240 )‘ 240p,, : 237
& PLI(I‘I,’Y ------- Dummy-sample g Np(n,F)
£ - = = Sample-out #M¥ L
§ 104N TOF : i
S WA,
« n TOF |'I'I_||.>. '\.1.'..-|I.;_.|
. :;::.'Ii.ll:tltlilli‘-:il\‘ ::::{['\[J FJI:‘I\'IEI] |

1E ! Teomyam QPNTOHS6

: .’ }-I:-;’«;’I;-:u 11..;‘:..*.&}1.5 3

L ] ehrens (USALRLED)

o pnu-"‘ﬂ"'-l.-l'"'!"“"‘hn‘-t“.\ /) g.“\:—lDF B--‘-'[[::'lLPL
- T T T e oo
NPT, " R S S ST B E (MeV)
1 10 10° 10 10" 10
Neutron energy (eV) e o e
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of reslved resonances (up to 1 keV). New detector
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were deduced. experiments (up to now): 40x10'8 (> 3years)



ey The SPES collaborations network PR
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NuPNET Call

SNANET

ERA-NET for Nuclear Physics Infrastructures

1st topic: R&D on new detector technologies in nuclear physics.

+ Gamma and neutron detection technologies based on new scintillation materials and new
photo-sensors (APDs, SiPMs...).

+ Silicon and micropatterned gas tracking detectors (GEM, Micromegas): low and high
energy applications.

« Large-area diamond detectors for beam monitoring or timing.
These technologies are important for the nuclear research infrastructures selected in the
ESFRI list: FAIR and SPIRAL2.

2nd topic: R&D on Eurisol technologies: accelerator components, target and ion sources.

3rd topic: Targeted action on nuclear structure and reactions theory.



Timeline for European ISOL RIB facilities

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
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Adapted from M. Lewitowicz




LRP2010 NuPECC
Recommendations

Complete ESFRI Facilities

— FAIR with PANDA, CBM, NuSTAR and
APPA

— SPIRAL2 at GANIL including S3 and
DESIR

Perform Major Upgrades
— HIE-ISOLDE at CERN
— SPES at INFN-LNL
— AGATA
— SC Linac at GSI

Support ALICE at CERN

— Upgrades for nuclear beams programme
at LHC to expand physics reach

Support Theory
— RIECT?* in Trento

— Projects for advanced studies related to
the experimental roadmap

— Dedicated high-performance computing
facilities

Fully exploit Existing Facilities

Lepton beam facilities ELSA in Bonn, MAMI
in Mainz, COMPASS at CERN, DA®NE at
INFN-LNF, and hadron beam facilities COSY
at FZ Juelich and GSI in Darmstadt

Heavy ion beam facilities at JYFL, KVI, GSI,
GANIL, IPNO, ISOLDE, INFN-LNL and
INFN-LNS

AD at CERN & upgrade ELENA

Smaller scale national and university labs
across Europe

Support Nuclear Physics
applications & education

Promote Planning for Future Large-
Scale Facilities

EURISOL as RI in future updates of ESFRI
list

Technical Design Study for intense
radioactive beams at ISOL@MYRRHA

Technical Design Studies for PAX and ENC
at FAIR

Technical Design study for nuclear physics
experiments & applications at ELI

Technical Design Study for LHeC at CERSI



CONCLUSION

» The community working in nuclear structure and reaction dynamics is
very active and preparing well the way towards SPES.

- At LNS EXCYT is asked to provide other unstable beams in addition to
8Li . Some beams from fragmentation reactions are being produced.

* Instrumentation
upgrades of CHIMERA and R&D (FAZIA)
AGATA demonstration + construction of 1m

* With SPES radioactive beams we plan to contribute (fogether with the
work at GANIL, ISOLDE, 6SI, RIKEN, MSU) to the study of nuclear
structure properties needed to understand the nature of stars, where
the elements come from, and how complex patterns arise from relatively
simple building blocks.

‘Long range plan del NUPECC is print
For SPES it is important to keep the timelines |



