
Angela Bonaccorso 

In Italia i gruppi interessati sono: 
 
CSN4 - IS STRENGTH (MI, PD, PI, NA, CT, LNS) 
                                               Roca Maza, Mengoni, AB, Coraggio, Verde 
                                               medium-heavy nuclei, bulk properties  
CSN3- MAGNEX-NUMEN 
ASFIN2 (LNS) 
EXOTIC (PD, NA),  
GAMMA (FI, PD, GE, MI, NA, PG (+CM), LNL) 
LNS-STREAM2 (LNS) 
NEWCHIM (CT, LNS, ME, MI, NA) 
NUCL-EX (FI, BO, LNL, PD, NA) 
PRISMA-FIDES (LNL, PD) 
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~300  stable nuclei, ~ 7000 “exotic” 



Georgio Fea, Il Nuovo Cimento 2, 368 (1935)  

Carlo Perrier and Emilio Segrè. 43Tecnezio, Palermo 1936 



•  Fin dall’inizio la fisica nucleare è stata caratterizzata 
dallo studio della radioattività e quindi dei 
decadimenti, “complementato`` dallo studio  delle 
proprietà nucleari in funzione della massa (isobari), 
numero of neutroni (isotope) e/o dei protoni (isotoni). 
Da qui la necessità di ottenere nuclei  con svariate 
combinazioni del numero di protoni e neutroni. 

•  I nuclei radioattivi sono del DNA della fisica nucleare, 
in particolare di quella italiana e sono state solo le 
difficoltà tecniche nell’ottenerli come fasci che ne ha 
impedito uno studio più sistematico fin dall’inizio. 

       RECUPERIAMO IL TEMPO PERDUTO 



  

  Rewriting Nuclear Physics textbooks

  30 years with Radioactive Ion Beam Physics
                     Pisa (Italy),  July  20th – 24th,  2015          

Local Organizing Committee 

Angela Bonaccorso, INFN, Pisa (co-chair)
Giovanni Casini, INFN, Firenze (co-chair)

Ignazio Bombaci,  Department of Physics, University of Pisa
Alejandro Kievsky, INFN, Pisa

Laura Elisa Marcucci, Department of Physics, University of Pisa
Valeria Rosso, Department of Physics, University of Pisa

Michele Viviani, INFN, Pisa

The scope of the activity is twofold. First we will celebrate 30 years since the first genuine work on radioactive ion beams (RIBs)  
used to study properties of atomic nuclei. Since then Low Energy Nuclear Physics research fed by experiments at various facilities all 
over the world has experienced a great revival supported by widespread theoretical efforts which have changed deeply our 
understanding of nuclei and their interactions. 
The second scope of the event is to attract and educate the best possible students introducing them to the wonders of Physics with 
RIBs.  We shall try to convey to such students a view of the rich variety of on-going activities in the field, both experimental and 
theoretical such that the progresses we have made in the last 30 years can be developed further in the future. The planned activities 
will be directed towards students who are in the process of deciding what graduate studies to specialize. 

Program

►   Isao Tanihata (Osaka and Beijing)         How it all started  
►   Magda Kowalska (CERN, Geneva)        Global properties of atomic nuclei: masses, radii and modern methods to   

                                                                 measure them 
►   Riccardo Raabe (Leuven)                        Making radioactive ion beams, detecting reaction products
►   Giovanna Benzoni (Milano)                    Strong, weak and electromagnetic forces at work in atomic nuclei, decay             
                                                                          properties
►   Sonia Bacca (TRIUMF, Vancouver)      Structure models: from shell model to ab initio methods
►   Stefan Typel (GSI)                                   Reaction theory
►   Robert J. Charity (St Louis)                   Resonance phenomena: from compound nucleus decay to proton radioactivity
►   Tomohiro Uesaka (RIKEN)                    Experimental methods and measured observables with polarized proton              
                                                                          targets: understanding spin-orbit
►   Alexandre Obertelli (Saclay)                  Probing nuclear structure with direct reactions: observables, methods and          
                                                                          recent progress with rare isotopes
►   Andrea Jungclaus (Madrid)                   Single particle versus collectivity, shapes of exotic nuclei
►   Lucio Gialanella (Napoli)                       Radioactive ion beams in experimental nuclear astrophysics
►   Ulli Koester (ILL-Grenoble)                  Applications of physics of unstable nuclei to energy, medicine, material science
►   Bjorn Jonson (Göteborg)                       What’s next in Nuclear Physics with RIBs

24/7/2015:  Visit to the INFN Legnaro National Laboratory where SPES, the Italian RIB's facility is under construction 

Lucia Lilli and Claudia Tofani, INFN, Pisa (Secretaries):  ExoticNuclei2015@pi.infn.it 

http://exotic2015.df.unipi.it

●Photo copyright Robert Charity 2014   

Poster designer: Ignazio Bombaci

Nuclear Physics with RIB’s: How it all started	


Isao Tanihata	


Eur. Phys. J. Plus, 131 4 (2016) 90	


Making radioactive ion beams - Detecting reaction products	


Riccardo Raabe	


Eur. Phys. J. Plus, 131 10 (2016) 362	


Global properties of atomic nuclei - Masses, radii and modern methods to measure them	


Magdalena Kowalska	


Eur. Phys. J. Plus, 131 8 (2016) 294	


Strong, weak and electromagnetic forces at work in atomic nuclei, decay properties	


G. Benzoni	


Eur. Phys. J. Plus, 131 4 (2016) 99	


Structure models: From shell model to ab initio methods - A brief introduction to	


 microscopic theories for exotic nuclei	


Sonia Bacca	


Eur. Phys. J. Plus, 131 4 (2016) 107	


Single particle versus collectivity, shapes of exotic nuclei	


Andrea Jungclaus	


Eur. Phys. J. Plus, 131 3 (2016) 59	


Reaction theory	


Stefan Typel	


Eur. Phys. J. Plus, 131 1 (2016) 13	


Resonance phenomena: From compound nucleus decay to proton radioactivity	


R. J. Charity	


Eur. Phys. J. Plus, 131 3 (2016) 63	


Spins in Exotic Nuclei: RI-beam Experiments with Polarized Targets	


T. Uesaka	


Eur. Phys. J. Plus,  (2016) in press.	


Nuclear structure from direct reactions with rare isotopes: observables, methods	


 and highlights	


Alexandre Obertelli	


Eur. Phys. J. Plus, 131 9 (2016) 319	


Radioactive ion beams in nuclear astrophysics	


L. Gialanella	


Eur. Phys. J. Plus, 131 9 (2016) 331	


What’s next in nuclear physics with RIB’s	


Björn Jonson	


Eur. Phys. J. Plus, 131 2 (2016) 20	





“SPES is a project where I can foresee that many of the participating students in our school will have their 	


future research activities, in particular those coming from Italy. It is a gift to have a National Laboratory of this	


class and we are all looking forward to see how it will develop.``. From  B. Jonson’s talk	
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Partners of 

30 beneficiaries 
15 countries 

10 TNA Facilities 

Community: 2700-3000 
scientists and highly qualified 
engineers  

Close collaboration with 
infrastructures outside Europe: 
Canada: TRIUMF Vancouver 
China: IMP Lanzhou 
India: BARC Mumbai 
           VECC Calcutta 
Japan: RIKEN Tokyo 
             RCNP Osaka 
Russia: JINR Dubna 
South Africa: iThemba Cape Town 
United States: NSCL East Lansing 

        ANL Argonne 

GANIL 
GSI 

LNL-INFN 

LNS-INFN 

JYL 

ALTO-CNRS 

MedAustron ULB 

KUL 

CEA 

UMIL 

JOGU 

NCSRD 

ATOMKI-HAS 

ECT* 

FFCUL 

ELI-NP / IFIN-HH 
USC 

CIEMAT 

ISOLDE-CERN 

JLU 

UoY 

I             UWAR-HIL & IFJ PAN 

Univ. Sevilla 

LMU ARRONAX 

ULIV 

Köln 

CSIC 

RUG-KVI 



Total budget of ENSAR2 is 10ME 
 (3.25ME pre-financing) 

8 Networks 
•  NA1 - FISCO2: FInancial and SCientific 

Organisation 

•  NA2 - NUSPRASEN: Nuclear Structure 
Physics, Reactions, Astrophysics and 
Superheavy Elements Network 

•  NA3 – MIDAS: MInimisation of Destructive 
plASma processes in ECRIS 

•   NA4 – NUSPIN: Nuclear SPectroscopy 
INstrumentation 

•  NA5 – MediNet: Medical Network  

•  NA6 – GDS: Gas-Filled Detectors and 
Systems  

•  NA7- ENSAF: European Network of Small-
scale Accelerator Facilities 

•  NA8 – NuPIA: Nuclear Physics InnovAtion 

7 JRAs 
•  JRA1 – PASPAG: Phoswich scintillator 

assemblies: Application to the 
Simultaneous detection of PArticle and 
Gamma radiation 

•  JRA2 - PSeGe: R&D on Position- 
Sensitive Germanium Detectors for 
Nuclear Structure and Applications 

•  JRA3 - TheoS: Theoretical Support for 
Nuclear Facilities in Europe 

•  JRA4 - RESIST : RESonance laser 
Ionisation Techniques for separators 

•  JRA5 - SATNuRSE: Simulations and 
Analysis Tools for Nuclear Reactions and 
Structure in Europe 

•  JRA6 - EURISOL 

•  JRA7 – TecHIBA: Technologies for High 
Intensity Beams and Applications 



JRA EURISOL, WP14 
WP leader: Yorick Blumenfeld (IN2P3-IPNO) 

Deputy WP leader: Fredrik Wenander (CERN) 

Participants: CERN, GANIL, 
HIL Warsaw, IFJ Krakow, 
IN2P3 – IPNO, INFN – LNL. 
Steering committee: WP 
leader + 1 representative 
per participant 
Alberto Andrighetto (INFN – 
LNL Legnaro) 
Piotr Bednarczyk 
(IFJ,Krakow) 
Yorick Blumenfeld (IN2P3-
IPNO, WP leader) 
Manssour Fadil (GANIL) 
Przemysław Gmaj (HIL 
Warsaw)  
Maher Cheikh Mhamed 
(IN2P3-IPNO) 
Fredrik Wenander (CERN, 
deputy WP leader) 
 Total EC budget: 640 K€ 

Participants and Management Objectives and Structure 
EURISOL concept defined during 
EURISOL DS (2005-2009) : 
NuPECC LRP priority 
JRA includes R&D  

Necessary for future 
EURISOL 
which will enhance output of 
ENSAR2 ISOL facilities, in 
particular SPIRAL & 
SPIRAL2, HIE-ISOLDE, 
SPES and ALTO see also 
EURISOL DF 

Includes 3 tasks: 
. ICBT: Innovative Charge 
Breeding Techniques 
. Beamlab: Development of 
chemically reactive nuclear 
beams 
. CRIBE: Chart of Radioactive 
Ion Beams in Europe 

 

 

 



Which criteria for RIBs to consider in CRIBE ? 

The main idea of this activity is to collect available data (essentially 
intensities and energies) of radioactive-ion beams produced in the 
existing European ISOL facilities dedicated to the production and the 
acceleration of RIBs. Both low-energy (at the exit of a mass separator) 
and post-accelerated RIBs will be taken into account. These data will be 
accessible and visualized through a nuclear chart. The experience 
already gained at GANIL in this type of project will be used to carry out 
this project successfully. This chart will present beams that are already 
available in the nuclear facilities (ALTO, GANIL, GSI (low energy), 
ISOLDE, Jyväskylä, LNL, ELI-NP?) or that will become available during 
the ENSAR2 mandate.  

	



 In particolare ci interessa CRIBE  
(Chart of Radioactive Ion Beams in Europe)  

Task leader : M. Fadil (GANIL) 
Participants: GANIL, IFJ Krakow 



Courtesy of T. Motobayashi 



Experimental data vs. Reaction theory vs. Structure theory 
•  Direct reactions involve few nucleons 

and few degrees of freedom but to 
“model” them requires understanding 
the whole nucleus and all other 
possible react ions. Ex: elastic 
scattering and the optical potential. 

•  It requires also the understanding of 
experimental setups and the handling 
o f da ta to ex t rac t mean ing fu l 
observables. 

•  It has to be simple and transparent in 
its interpretation to help disentangling 
the physical processes and allow 
experimentalists to describe their data.  

•  Reaction theorists must understand 
stucture models, experiments and 
they must describe data reliably but in 
a simple way. 

HiRA array 

Direct ractions  and  projectile breakup in particular are important in astrophysics and for 
practical applications.  The International Atomic Energy Agency recently completed a 
Coordinated Research Project (CRP) to update the Fusion Energy Nuclear Data Library 
(FENDL).  
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T:  9Be, 12C, 208Pb,…p	



Di Pietro A et al 2010 
 Phys. Rev. Lett. 105 22701 
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Isobaric Multiplet Mass Equation 



Determine ANC and/or spectroscopic factor for s.p. states	


(can give reaction rates directly)	


Ab-initio (i.e. Nollett-Wiringa) or HF wfs	


	


	


	


	


	


	


	


Collaborators:	


F. Carstoiu, RJ Charity	


C. Bertulani, T. Motobayashi, L. Sobotka, L. Trache	


[Bucharest, St Louis, RIKEN, Texas-Commerce, Pisa]	



p-p chain	



Another motivation 
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FIGURE 2. (a) Experimental 6Be invariant-mass spectrum and (b,c) the parallel-momentum distributions [3] of the reactions:
9Be(7Be,6Be)X, 9Be(7Be,6Li)X at mid-target energy of 65.2AMeV. Here and the following figures the dashed line on the Pk spectra
indicates the momentum of the unreacted beam. The dashed lines in (a) show the gate on the 6Be ground state.
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FIGURE 3. (a) The experimental 8C invariant-mass spectrum and (b) the parallel-momentum distributions [3] of the reactions:
9Be(9C,8C)X at mid-target energy of 63.8AMeV. The gate on the ground state of 8C is indicated by the dashed lines in (a)
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FIGURE 4. (a) The experimental 8B invariant-mass spectrum for the p+7Be channels and (b,c) the parallel-momentum distribu-
tions [3] of the reaction 9Be(9C,8B1+ )X and 9Be(9C,8B3+ )X at 64.4AMeV.

Table 2 gives the reaction parameters for knockout channels and compares the predicted and experimental total cross
sections. The s(�n,�p) cross sections are obtained from Eq.(1) setting e�P�p=1. The strong absorption radii were
obtained from the folding model. However in some cases where the predicted cross sections were too large, larger
absorption radii, given in parenthesis, were found in order to obtain predictions, also indicated in parenthesis, which
are in better agreement with experiment.

Figs.2 and 3 show the invariant-mass spectrum and parallel-momentum distribution [3] of the 9Be(7Be,6Be)X,
9Be(7Be,6Li)X reaction at mid-target energy of 65.2 AMeV and the 9Be(9C,8C)X at 63.8A MeV. Fig. 4 shows data for
proton removal from the 9C projectile at 64.4 AMeV leading to the J=1+ and 3+ excited states of 8B.

Neutron and proton knockout from 7Be are reproduced well. Both the predicted relative cross sections and the
shape of the spectra are in good agreement with the data when the larger Rs value is used for neutron channel. The
TC method contains an explicit dependence from the initial spin. In the case of the proton knockout, two components



Perfect example of most  discussed reaction 
mechanisms vs. structure topics of present 

day physics with RIBs 

•  Unbound nuclei 
•  n-knockout from deeply bound states 
•  Reduced cross sections 
•  Elastic scattering 
•  Total reaction cross sections 



AB&F.Carstoiu, NPA706 (2002) 322	


AB&A.Ibraheem, NPA748 (2005) 414	



transfer and  inelastic excitations 





 



A target used very often is 9Be  	


à single folding of a n-9Be 	


phenomenological potential 	


with a microscopic  projectile density	





      Advantages with respect to double folding models: 
 
•    The imaginary potential is correctly second order because of the 

phenomenological nature of the n-T potential.  

•    The projectile density can be better tested because one is free from 
the ambiguity on the target density. 

•    The ambiguity on the nucleon-nucleon interaction to be used is 
overcome.  

•   The energy dependence of the potential is correctly reproduced 
because of the underlying correctness of the n-T potential. 

•   Deformation and surface effects of the target are correctly taken into 
account and one is left with the task of modelling the same effects for 
the exotic projectile. 



A.B & R. J. Charity, PRC89, 024619 (2014) 

n-9Be scattering data + calculations  

Resonances described by consistent with dispersive contribution 





                     n+9Be 
…. SF VMC density & σnp &σpp-  
parametrized according to C. A. Bertulani, and C. 
De Conti, Phys. Rev. C81  (2010)  064603. 
 AB phenomenological, DOM            
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8Li and 8B data from 
9C data from Fukuda, Nishimura, private communication 
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Cf. Compound Nucleus Decay with light beams provided by SPES 	





 
 

Knockout beyond the dripline 
A. Bonaccorso, R. J. Charity, R. Kumar, and G. Salvioni 

AIP Conference Proceedings  1645, 30 (2015); doi: 10.1063/1.4909557 

•      

rs=1.44àRs= 6.00fm  à   σR=15  mb 
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L. Atar, Panin, Paschalis, Aumann,  
Bertulani  et al. for the R3B collaboration 	





H. Simon et al., NPA791, 267 (2007) (Uesaka san) 



Traditional methods 
•  Renewed interest in higly 

numerical DWBA and CDCC 
calculations of various aspects of 
breakup: A. Moro & Co.,  B.V. 
Carlson et al., K.Ogata et al.       
So far mainly d-induced reactions.          

•  Resonant scattering and R-matrix: 
P. Descouvemont, G. Rogachev, 
A. Di Pietro et al. 

•  Various eikonal approaches: best 
recent results (p,pN): Bertulani-
Aumann for R3B collaboration. 

•  Semiclassical and few body  
(Hussein, Canto &Co), P. Capel 

•  Reaction cross sections OK with 
eikonal approach (Ogawa): 
improved folding models for the 
optical potential (Furumoto opt 
pot) 

New methods:  
•  Chiral interactions used  for: ab 

initio no-core shell model with 
continuum, and its applications to 
nucleon and deuterium scattering 
on light nuclei: P. Navratil, S. 
Quaglioni, G. Hupin, J. Dohet-
Eraly 

•  Optical potential microscopic 
calculations  from chiral 
interactions 

                                

•  Unbound nuclei via projectile 
fragmentation. SEMICLASSICAL OK, 
but numerical (DWBA-like still in 
progress) 

•  Tetraneutron 

 ECT* workshop	



 Open questions: 	





•  R=1.4-1.5 (Ap
1/3+At

1/3 )fm…….radius 

•  NN Optical potentials (imag. part) describing elastic scattering and/or reaction 
     cross sections must contain a surface term with very large diffusness 2-3fm. 

•  nN optical potentials (real part) must contain a term representing particle- 
    vibration  couplings or surface oscillations/deformations, consistent with a  
    dispersive contribution  DOM                                         “shape” 

•  Bound&continuum  

•  Energy dependence ? http://pdg.lbl.gov/2015/reviews/rpp2015-rev-cross-section-plots.pdf 



Outlook	


                                What next for 2017-2050? 
 
•   Understanding at a microscopic level the energy dependence 
      of nn and NN interactions, including optical potentials. 
•   Surface effects, clustering and unbound structures  à 
     Will eventually nuclear physics become the study of 
     unbound nuclei via resonance definition, similarly  to particle physics, 
     nuclear matter, neutron stars, plasma? 
•   Structure and reaction models will be unified via ab-initio methods 
     and full inclusion of continuum spectra. 

•  Will improvements in numerical techniques allow to solve the  
    nuclear many body problem “exactly”? 
                                          and/or 
           will semiclassical and/or analytical methods survive. 

  



Courtesy of R J  Charity : Egret at dawn in Beachmere Australia 
 

“If you have heart  
you will certainly 
 have brain…” 
(paraphrased from 
Julian Fellowes) 









 I.Tanihata, “  

Focus Point 
 in EPJ+, 131 4 (2016) 90 
Re-writing Nuclear Physics  
 textbooks: 30 years of  
radioactive ion beam physics 
DOI: 10.1140/epjp/i2016-16090-x  
                                                                               
http://exotic2015.df.unipi.it/ 
 
Early theory: halo nuclei 
P. G. Hansen and B. Jonson,  
 Europhys. Lett., 4, 409 (1987) 



Light-medium mass nuclei. 
Direct reactions, exotic decays, 

delayed particles. 


