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« Perspectives

« Final remarks
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The 4 Research Lines

Line 1 - 120 FTE Line 2 - 165 FTE

Quarks and Hadron Dynamics Phgse Transitions in Nuclear
(Jlab, LNF, German-Labs) Matter (160 in Alice)

CSN3
512 FTE

Line 4 - 73 FTE Line 3 - 154 FTE

Nuclear Astrophysics and Nuclear Structure and
Interdisciplinary Research Reaction Mechanisms

(LNGS, LNS) (LNL, LNS)
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Facilities— extra-european

@ continuos activity  © temporary activity
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L1 - Quarks and Hadron Dynamics

+ Physics performed with Leptonic probes (Jlab,
Bonn, Mainz) and Hadronic probes
(DAPHNE@LNF)

= Non perturbative QCD (baryons and mesons)
+ NLO pQCD

+ Hadronization phenomena in nucler matter
+ Strangeness physics in nuclear matter

+ N-N correlations

% Spin physics




« Proton and neutron e.m.
form factors

Study of Baryonic
Resonances

W~ 1.5 GeV -3 GeV

¥

First measurement of the
circular beam asymmetry in
the yp—m°np reaction

%« Search for exotic mesons

e



Strangeness and the Nuclear Force

« (@LNF
« Kaonic atoms

Measurement of the
energy for the level 1s for
the hydrogen kaonic atom

# Next measurement:

o deuterium




Strangeness and the Nuclear Force

Js

+ Strangeness to probe
hadronization phenomena
in nuclear matter

Evidence of a larger
interaction cross section in
nuclei

e+e- Invariant Mass (GeV)




otrangeness and the Nuglear Force

IFiNuDA

f HW

+ @LNF
Evidence for the two-nucleon
induced process in the
hypernuclei decay with p-
wave A +

« The Hypernuclear
Physics is planned @
JLAB12 and JPARC

« PANDA: contribution to
the Central Tracker TDR
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ALICE - p-p Run

ALICE

10
o PPE%E;S_ 7TeV.L_, =5nb"

ub/GeVr/c)

« Test of pQCD at low p+

Js

‘ (ub/GeVic)

5 (WD GeV/c)

4— Collins-Soper

%« First measurement of
J/y polarization at LHC




ALICE Results

Measured Temperature of the
QGP fireball from photon
spectrum

o T =+30% (= 300 MeV); highestT in
Universe...

Hadronization of the partonic
system produces also large
objects like nuclei and hyper-
nuclei
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—+4— Direct photons
—— Direct photon NLO for p = 0.5,1.0,2.0 p_ (scaled pp)

—— Exponential fit: A x exp[—pT»'T:. T =304+ 51 MeV




ALICE Results - Summary

« Recent results from lead-lead collisions

O

O

O

Global observables
Bulk particle prod.

Jet quenching
Heavy flavour prod.

Charmonium prod.

N
N

N
N

the QGP fireball @ LHC

particle formation from
the QGP

opacity of the QGP

transport properties of
the QGP

deconfinement in the
QGP



L3 - Nuclear Structure and Reaction Viechanisms

5-10 MeV/A Heavy-ions 50 MeV/A

(in beam)
Nuclear
Shell structure structure

Collettive modes-shape _
vs N/Z Termodynamics

Viscosity-high spin Equation

Symmetries of state

GAMMA- PRISMA- EXOTIC- NUCLEX
DREAMS - LNS_STREAM - EXOCHIM



Overyiew

« LNL = LNS
o 142 researchers o 212 researchers
o 101.8 FTE o 1511 FTE

+ 30% of the CS
@ LNL and LN

+ Availability of
EXOTIC @

N3 researchers have experiments
S

RIB “cocktail beams”
_NL, FRIBS @ LNS




+ PRISMA

« AGATA

= Presently @GSI

+ Previously Euroball now Eurika @ RIKEN



Lifetime Meas. in n-rich Ni, Cu and Zn Isot,

+ AGATA+PRISMA+
differential plunger

« 75Ge(g77MeV) + 238U,
Nb degrader
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Lifetime Measurement W|th AGATA
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Stellar burning rates and
*N(p,y)*>O reaction

The sub-threshold
resonance corresponding
to the first excited 3/2+
state in *50 (6.79 MeV) is m
predicted to play a =200 experimental
dominant role when | |
extrapolating the cross-
section to the Gamow peak

6320 6360 6400 6440 6480 6520
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@fs nuclear level lifetime



Development Activities @LNL,LNS

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

« MEDEA
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FRAG @LNS
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Fragmentation of lons

Extensive study of nuclear
reactions of interest for medical
and space applications

Relevant for Space and Hadron-
Therapy

Experimental activity extended
at GSI at higher energy (FIRST)

ac/de (C.U.HU=2./D)



L4 - Nuclear Astrophysics and Interdisciplinary

Research

¥

Reactions @ stellar energy

o Nucleosynstesis
o= LUNA@LNGS, ASFIN@LNS and ERNA

n-capture for astrophysics and
reactor applications
s N_TOF @CERN

- Tnucleosynthesls 0
Annihilation of anti-protons in nuclei {:} 45,7;.\ ’/
§

in nuclei gkeV — 5 MeV region of
cosmological interest
> ASACUSA @CERN L

Pauli principle violation in atomic
transitions
s VIP @LNGS

Gravity effects on antimatter
s AEGIS @CERN




N_TOF@CERN a Cosmic Clock

% The precise determination of the
neutron capture cross sections of
86Qs and *®7Os is important to
define the s-process abundance of
870s at the formation of the solar
system.
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% This quantity can be used to
evaluate the radiogenic component
of the abundance of *¥’0Os due to the
decay of the unstable **’Re (t,,, =
41.2 Gyr) and from this to infer the
time duration of the nucleosynthesis
in our galaxy (Re/Os

cosmochronometer). 0 P
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LUNA @LNGS

.
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5N(p,y)**0 and *5N(p, a)*2C:
“bridge” reactions between
CNO I e ll. Consequences
for O and next CNO cycles.
Important in the novae
explosion and in
"Asymptotic Giant Branch”
stars

Next measurement:
Y7O(p,y)7F




ASFIN@LNS
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70(p,a)*4N via the Trojan-Horse-
Method

0 —
Qaiie(Mev)

I

70 is processed in the CNO cycle
and play a key role in the novae
nucleosynthesis and y-ray
astronomy

[EINACRE
Bl Present work

RTHM"IRNACHE

Evaluation of the 65 keV i 2
resonance strength and its
impact in the reaction rate

I

¥ Chata
[ Present work







' Forward tagge,rm
calorimeter '

e Hall A (2 HRS + 11 GeV beam
B for large installations
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Upgrade to JLab@12 GeV

+ JLab@12GeV will
provide a wide
kinematical coverage to
study:

= 3-D properties of the
proton internal structure
(€140

= pQCD prediction @ x—1

o Form factors ...




ALICE - ITS Upgrade CDR

Key aspects for physics:
1. Material reduced x3-4
2. Resolution improved x3-6




SPES ISOL facility @LNL

A second generation ISOL facility for neutron-rich ion beams
and an interdisciplinary research center

Proton induced fission on UCx
exotic beams for science ™ 103 fission/s - 8 kW on direct target

Selective Production of Exotic Species

ISOL target 1 (BKW)_ proton driver
Sl I R, =
: Proton and neutron

Charge Breeder HVp t orm = applications

- =_=:>-:‘ G
.&«{/m Beam cooler 1°OLtarget2

High Resolution Mass
Spectrometer




ISOL Roadmap in EUROPE

10*2 fission/s,
2 MeV/n (A=130)

TODAY -
INEN "
NS G AN L M

S Y U
2014-202 10132 fission/s
4 10 MeV/n (A=130)

> 10% fission/s
100 MeV/n (A=130)

3x 100 kW direct target
1x 5 MW 2-step target



http://www.ganil-spiral2.eu/

aboratory for Undergrounc

Nuclear Astrophysics

LUNA-MV @

MY

# A3.5 MV accelerator to measure key
reactions of the Helium burning and neutron
sources for the s-process:

m}

2C(0,7)*0

13C(0t, )60

22Ne(a,n)*>Mg

(o,y) reactions on 45N and 80

m}

m}

m}

+ Relevant at higher temperatures (larger
energies) than reactions belonging to the
hydrogen-burning studied so far at LUNA




Vajor future deyelopment

Line1

= JLAB upgrade
= PANDA (?)
Line 2

= ALICE upgrade
Line 3

o related instrumentation (AGATA, FAZIA) for
SPES@LNL

o FRIB,EXCYT®@LNS + upgrading of existing
instrumentation (CHIMERA, MAGNEX, FARCOS)

Line 4
o related instrumentation (TbD) for LUNA-MV@LNGS

¥

¥

¥

¥



Conclusions

% ALICE has collected data with Pb-Pb and is ready for next p-Pb
data taking.

% The experimental campaign with the AGATA demonstrator has
been completed at LNL. The realization of % of solid angle is in
progress. Nuclei at extremes and more degrees of freedom will
be investigated.

« Esperiments engaged in upgrades (such as JLAB and CHIMERA
at LNS) are progressing.

% Several relevant results are obtained with the analysis under way.
They are important to guide the future programs.

+ |Improvements to the national infrastructures are in progress.



