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QuarksQuarks and and HadronHadron DynamicsDynamics





N

W
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N
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 ProblemProblem ofof the the spinspin
NucleonNucleon formform factorsfactors (JLAB12)

 BarionicBarionic resonacesresonaces and and 
SpectroscopySpectroscopy ofof mesonsmesons (JLAB12-
MAMBO-PAINUC)

 IpernucleiIpernuclei and and KaonicKaonic
atomsatoms ((interactioninteraction ΛΛ--N N 
e Ke K--N) N) 
(SIDDHARTHA- FINUDA)

+ R&D for PANDA e PAX (antiprotons at FAIR)



present data

th. prediction

previous data

hypernucleus
mesonic decay

pF ~ 270 MeV/c
W



N 

suppressed by
Pauli blocking

ΓT = ΓM + ΓNM
ΓM = Γπ0 + Γπ-
ΓNM = Γn + Γp + Γ2

FINUDA

….. ….. ΛΛ decaysdecays in in nuclei……nuclei……. . fromfrom FINUDA (LNF)FINUDA (LNF)

hypernucleus
non-mesonic decay





N

W
N

N

SpN ~ 400 MeV/c

FINUDA

non  non  mesonicmesonic decaydecay

mesonicmesonic decaydecay



KaonicKaonic atomsatoms at LNF (at LNF (SIDDHARTA)SIDDHARTA)

For Kaonic deuteron more data with an improved set up  and electronics
are needed – proposedproposed in the in the nextnext yearsyears
Complementary experiments are made at JPARC

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

KaonicKaonic 44HeHePLB 681 (2009) 310

siddhartasiddharta preliminarypreliminary

In agreement In agreement withwith theorytheory



pp collision at 7 TeV



firstfirst LHC LHC physicsphysics ofof ALICE ALICE 
…sufficient to measure dNch/d

 first LHC physics paper
submitted on Nov. 28 2009

ALICE 
Collaboration          
Eur.Phys.J.C65:111
-125,2010  

MultiplicityMultiplicity distributiondistribution
ofof chargedcharged
particlesparticles

MultiplicityMultiplicity at at 
UnitUnit ofof rapidityrapidity



•• TierTier--1: 1: FullyFully operativoperativ
– Storage on tape and fast  Storage on disk 

•• TierTier--2:2: Catania and  Torino + Bari and  Legnaro (in incubation) 
• Italian sites offer approximately 20%20% of the ALICE total 

computing

ALICE GRID in ItalyALICE GRID in Italy

EVGEN

ROOT virtual MC ROOT geometrical modeller Geant3,
Geant4
,
Fluka

PartialPartial SchemeScheme ofof AliRootAliRoot

DIMENSION of  the DIMENSION of  the 
CODECODE

DIMENSION of  the DIMENSION of  the 
CODECODE

AliRoot: FRAMEWORK OFFLINE 
UNIQUE for SIMULATION –
RECONSTRUCTION – ANALYSIS 

wellwell consolidatedconsolidated

AliRoot: FRAMEWORK OFFLINE 
UNIQUE for SIMULATION –
RECONSTRUCTION – ANALYSIS 

wellwell consolidatedconsolidated
Analisi finale

435 utenti registrati, ~120 attivi
1900 user jobs/6  mesi
15% delle risorse su GRID
Tempo medio di attesa 11 min 
(62% meno di 5 min)
Tempo medio di run: 65 min



NuclearNuclear StructureStructure and and reactionreaction mechanismsmechanisms
55--10 10 MeVMeV/u/u

50 50 MeVMeV/u /u HeavyHeavy--ionsions
GAMMA- PRISMA
- EXOTIC- NUCLEX

MAGNEX- LNS_Stream  
- Fribs - Exochim 

ReactionsReactions and and decaysdecays

• Nuclear structure
•Equation of state

astrophysicalastrophysical implicationsimplications
nucleosynthesisnucleosynthesis

ExctremeExctreme conditionsconditions
forfor nuclei nuclei 

+ + collaborationcollaboration
withwith GSI and GSI and 
GANILGANIL



The PRISMA  The PRISMA  spectromerspectromer at LNL at LNL 
DetailedDetailed measurementsmeasurements ofof reactionsreactions at the at the 
CoulomdCoulomd barrierbarrier ::

• potential for nucleus-nucleus interaction

• the structure of nuclei far from stability
(moderatly far)

quasi elastic, 

deep inelastic

quasi fission,  [...] 

fusion

Fusion hindrance at low energies
(recent LNL results on 58Ni + 54Fe)
Astrophysical factor S 

S-factor

PR C81, 037601 (2010)



EsperimentsEsperiments at GSI at the at GSI at the FragmentFragment separatorseparator
withwith the the arrayarray RISING RISING 

Gamma and beta Gamma and beta decaysdecays forfor the the studystudy
ofof the the rr--processprocess ofof the the 
nucleosynthesisnucleosynthesis. . 

ForFor neutronneutron richrich PbPb nuclei nuclei GamowGamow--
TellerTeller strengthstrength –– predictionspredictions largelylargely
varyingvarying. . 

Test Test theorytheory!! !! 

Life Life –– timestimes
ββ decaysdecays



nature nature ofof the the interactioninteraction

couplingscouplings amongamong differentdifferent
degreesdegrees ofof freedomfreedom

EvolutionEvolution withwith N/ZN/Z

Life Life timestimes ofof nuclearnuclear statesstates and and transitionstransitions probabilitiesprobabilities

ValuesValues ofof lifetimeslifetimes in in 4949Ca: Ca: 
Evidence of octupole vibration
couplings with single particle
states. 

ValuesValues ofof lifetimeslifetimes in in 4949Ca: Ca: 
Evidence of octupole vibration
couplings with single particle
states. 

PRISMAPRISMA--CLARACLARA



AGATA Demonstrator inauguration 9/5/2010

70Ni 72Ni

SeveralSeveral
data data analysesanalyses
in progressin progress

effect  of 
neutron 
orbitals
and 
role of  
tensor tensor 
forceforce

effect  of 
neutron 
orbitals
and 
role of  
tensor tensor 
forceforce

GANIL LNLLNL

MeasurementMeasurement campaigncampaign ((withwith ALPI)ALPI)

NuclearNuclear collectivitycollectivity in nuclei in nuclei 
From low-lying vibrations and rotations to giant
resonances

Excellent
energy
resolution and 
high count
rates

Excellent
energy
resolution and 
high count
rates

16 keV



June 2011  LNL
6TC

Dec 2011  GSI/FRS
≥ 8TC

July 2013 GANIL/SPIRAL2  
~15TC

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

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

AGATAAGATA Demonstrator/Demonstrator/11ΠΠ
ExperimentalExperimental programprogram



ISOSPIN 
MIXING (decay 
from GDR)
at finite 
temperatura in 
80Zr 
(around the p 
drip line)

OnsetOnset ofof fragmentationfragmentation
fragmentationfragmentation and and 
nuclearnuclear thermodynamicsthermodynamics

R&DR&D forfor chargedcharged particleparticle arraysarrays toto bebe usedused withwith
radioactiveradioactive beamsbeams ((activityactivity FAZIA FAZIA –– PPPP--SPIRAL2 in FP7 )SPIRAL2 in FP7 )

NUCL_exNUCL_ex at LNL: at LNL: ReactionsReactions and and nuclearnuclear structurestructure at finite Tat finite T

Correlation functions- evidence 
of population of unstable states 
before fragmentation

GARFIELD @ ALPI 14 AMeV

Correlation function p-a

GDR GDR gammagamma--decaydecayGDR GDR gammagamma--decaydecay

5% mixing

66LiLi



HaloHalo structurestructure ofof light nuclei  (light nuclei  (BeBe--FlFl) ) 

PRL 105(2010)022701

Neutron halo

protronprotron halohalo

EXOTICEXOTIC at LNLat LNL

LNS_STREAMLNS_STREAM at LNSat LNS

Data taken at LNS and ISOLDE

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

Comparisons of measurements with stable 
and unstable beams are necessary. 



IsospinIsospin dependencedependence ofof the the equationequation ofof statestate
The  The  radiusradius ofof neutronneutron starsstars dependsdepends on the  on the  
valuevalue ofof the the symmetrysymmetry energyenergy ((relatedrelated toto the Nthe N--Z Z 
differencedifference)  )  in the in the nuclearnuclear equationequation ofof statestate

MultifragmentationMultifragmentation withwith
CHIMERACHIMERA

Mass of the largest fragment

48Ca+48Ca40Ca+40Ca

40Ca+48Ca40Ca+46Ti

Experiments at 
the higher 
energy at GSI 
in 2011
Tests already 
made

Isospin effects in 
multifragmentation at 
Fermi energy

ExperimentExperiment
EXOCHIM EXOCHIM 
(CHIMERA)(CHIMERA)

MieasurementsMieasurements ofof chargedcharged particlesparticles
MeasurementsMeasurements ofof gammagamma--raysrays

gamma gamma radiationradiation withwith the the 
MEDEA MEDEA apparatusapparatus

Data
EXOTIC
LNS-STREAM





1  R(q)  k 
Ycoin

p1, p2 
Yevt .mixing

p1, p2 



d p

p



p 1



p 2

Sources

Asy-stiff: more localized 
source

1+
R

(q
) 1+R

(q)

q (MeV/c) q (MeV/c)

proton-proton
d-a

6Li

Sensitive to space-time propertiesSensitive to space-time properties

LocalizationLocalization
ofof emittingemitting sourcessources
in in collisionscollisions

EXOCHIM future: EXOCHIM future: SymmetrySymmetry energyenergy and  and  imagingimaging



16C

13B

10Be
7Li

FragmentationFragmentation ofof beamsbeams at LNS : at LNS : 
reactionreaction withwith 1616CC and and 1313BeBe at 50 at 50 MeVMeV/u /u 

ActivityActivity
ExpExp.   FRAG and .   FRAG and 
EXOCHIMEXOCHIM

ElasticElastic crosscross--sectionsection
1616CC 1616CC

1313BeBe 1313BeBe

1010BeBe

MeasurementsMeasurements
withwith
CHIMERACHIMERA
101044--55 ppspps

UniqueUnique energyenergy intervalinterval ! ! 

Trasmission will be improved
Production studies in progress 

18O primary beam 
-magnet setting on 11Be

strip 140 mm thick

18O primary beam 
-magnet setting on 11Be

strip 140 mm thick



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

•• exclusiveexclusive data data ofof particularparticular interest in interest in adroterapiaadroterapia

A A newnew calorimetercalorimeter and and trackertracker under under constructionsconstructions

Measurements at LNS and GSI for 12C beams  LNSLNS

89 Telescopi a 
tre stadi 

4.5°16.5°

81 Telescopi a 
due stadi 
4.5°4.5°

1212C+C+197197Au Au 
(62AMeV)(62AMeV)

1212C+C+197197Au Au 
(62AMeV)(62AMeV)

simulazionisimulazioni

Dati Dati -- LNSLNS



Comparison with known 
GT transitions 
in (p,n), (3He,t)
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28Al excitation energy [MeV]

Co
un

ts

28Si(7Li,7Be)28Al
Einc = 52 MeV
9.7° < θlab< 13.2°

MAGNEX at LNSMAGNEX at LNS

θ = 0° analysis
underway

SeveralSeveral resultsresults on on : : 
•• pairpair transfer transfer 
•• searchsearch forfor pairpair vibrationsvibrations

Gamow-Teller strength
••chargecharge exchangeexchange reactionsreactions
•• ββ decaydecay

np
Operatore  στ

g.sEx. 

CEX (GT, q0) B(GT)  chargecharge exchangeexchange reactionsreactions From 2011 upgrade of the 
experimental apparatus

n n detectorsdetectors
decay from resonance states

detectors provided by Orsay
(LEA agreemente collaboration)



NuclearNuclear astrophysicsastrophysics and and interdisciplinaryinterdisciplinary reserachreserach

Gamow peak

tunneling through
Coulomb barrier
 exp -(E0/E)1/2

Maxwell-Boltzmann
distribution

 E1/2exp(-E/kT)

re
la
ti
ve

 p
ro

ba
bi

lit
y

energykT E0

R e a c t i o n sReactions at stellar at stellar energiesenergies
forfor :         :         
••Energy generationEnergy generation
•• NucleosynthesisNucleosynthesis

((expexp LUNA, ASFIN e  LUNA, ASFIN e  
ERNA)     ERNA)     Energie ≈ MeV

•Annichilation of anti protons in nuclei 5keV – 5 MeV
region of cosmological interest ASACUSA + ASACUSA + R&DR&D AEGISAEGIS

• Pauli principle violation in  atomic transitions (LNGS) ((expexp VIP)VIP)

••NeutronNeutron capturecapture forfor
astrophysicsastrophysics and and applicationapplication in in 
reactorsreactors ofof newnew generation.  generation.  
n_TOFn_TOF al CERNal CERN



• 7Be(p,)8B 
•7Li BBN  p-p solar neutrino-Borexino
•12C()16O
•He burning 14,15N()18,19F
• 12C+12C 12C+16O  C burning

• 7Be(p,)8B 
•7Li BBN  p-p solar neutrino-Borexino
•12C()16O
•He burning 14,15N()18,19F
• 12C+12C 12C+16O  C burning

ERNA ERNA –– SeparatorSeparator at Caserta :  at Caserta :  reactionreaction forfor astrophysicsastrophysics
Measurements of reactions in inverse 
kinematics

In In programprogram

AstrophysicalAstrophysical factorfactor forfor 33He(He(αα,,γγ))77Be Be 

Gamma and electron Gamma and electron detectorsdetectors
under under developmentdevelopment

• Useful to determine the flux  
of solar neutrinos

• Implications for the BBN 

ERNA

PRL102(2009)232502



AstrophysicalAstrophysical ApplicationApplication
((expexp ASFIN)ASFIN)

INDIRECT REACTIONS

15N + p   + 12C
p    14N

p     + 15N

19F +   22Ne + p 

15N + d   + 12C  + nspect

17O + d    a  + 14N + nspect

18O  +  d  + 15N + nspect

19F + 6Li  22Ne + p + aspect

The Fluorine The Fluorine problemproblem in the in the 
AsymptoticAsymptotic GiantGiant BranchBranch ::

These cross sections are important for the models
of mechanisms at the stellar interior.

MeasurementsMeasurements at LNS and RIKEN at LNS and RIKEN 



EsperimentEsperiment LUNA at LNGSLUNA at LNGS

Key reaction for the 
production of   6Li from 
the  BBN

Direct measurements in 
the region of  BBN di not 
exist

Large discrepancies 
among the data.

Theory differs more than 
an order of magnitude.

Key reaction for the 
production of   6Li from 
the  BBN

Direct measurements in 
the region of  BBN di not 
exist

Large discrepancies 
among the data.

Theory differs more than 
an order of magnitude.

Misure di fattori astrofisici all’energie 
del Picco di Gamow 

BBN
LUNA

D(D(αα,,))66LiLi

Design Design forfor measurementsmeasurements withwith 4 4 MeVMeV acceleratorsaccelerators

Models of BBN predict quantities of  
6Li 2-3 order of magnitudes lower 
than the measurements in stars metal 
poor. -> 
Cross section under estimated or 
sources of  6Li?



Cross Cross sectionsection measurementsmeasurements ofof neutronneutron capturecapture ofof astrophysicalastrophysical
interest  and interest  and forfor emergingemerging nuclearnuclear technologiestechnologies..

237Np(n,F)240Pu(n,)

First capture measurement in the region
of reslved resonances (up to 1 keV).
6% accuracy (up to 1 keV).
Information on nuclear properties (level
spacing, average gamma widths, etc…)
were deduced.

Total number of e protons for the approved
experiments (up to now): 40x1018 (> 3years)

New detector 
for fission and alpha

N_TOFN_TOF

N_TOFN_TOF



Cyclotron 750 μA, 70 MeV  
(max) for protons in two exit 
ports: 
•RIB - up to 300 μA p on UCx
•Application - up to 500 μA Additional target station 

(special plants second priority)
RIB or neutron production

UCx target station 
1013 fission/s 1/20000

High Resolution 
Mass Spectrometer 
1/20000

Charge Breeder
1+  n+

transport/beam cooler/separator

(Post Accelerator)

SPESSPES ISOLISOL facilityfacility

G.Prete
ALPI layout





2010     2011    2012    2013    2014    2015    2016    2017   2018   2019   2020   2021   2022   2023   2024

REX-ISOLDE, SPIRAL, EXCYT, ALTO, JYFL, …

RIBs from 2nd generation ISOL facilities

EURISOL
Collaboration

MoU

EURISOL
Preparatory

Phase
TDR Construction

+ Commissioning RIB

Timeline for European ISOL RIB facilities

Construction+ 
commissioning

HIE-ISOLDE 
SPES

SPIRAL2

Adapted from M. Lewitowicz
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LRP2010  LRP2010  NuPECCNuPECC
RecommendationsRecommendations
•• Complete ESFRI FacilitiesComplete ESFRI Facilities

– FAIR with PANDA, CBM, NuSTAR and 
APPA

– SPIRAL2 at GANIL including S3 and 
DESIR

•• Perform Major UpgradesPerform Major Upgrades
– HIE-ISOLDE at CERN
– SPES at INFN-LNL
– AGATA
– SC Linac at GSI

•• Support ALICE at CERNSupport ALICE at CERN
– Upgrades for nuclear beams programme 

at LHC to expand physics reach

•• Support TheorySupport Theory
– RI ECT* in Trento
– Projects for advanced studies related to 

the experimental roadmap
– Dedicated high-performance computing 

facilities

•• Fully exploit Existing FacilitiesFully 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 Support Nuclear Physics 

applications & educationapplications & education

•• Promote Planning for Future LargePromote Planning for Future Large--
Scale FacilitiesScale 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 CERN33



• 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 1π

• With SPES radioactive beams we plan to contribute (together with the 
work at GANIL, ISOLDE, GSI, 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 Long rangerange planplan del NUPECC del NUPECC isis printprint
ForFor SPES SPES itit isis importantimportant toto keepkeep the the timelinestimelines !!

CONCLUSION CONCLUSION 


