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• Selective Production 
production of re-accelerated neutron-
rich exotic beams

13 f /of Exotic Species 1013 fission/s in-target production, 
and re-acceleration at 10*A  MeV
(A=132)

Radioisotope production & Medical
applications

• Optimized use of the 
two exits high current 

pp
innovative radiopharmaceuticals
(e.g. Sr-82, Cu- 64, Cu-67)

g
proton driver Fast neutron production &  material

applications: Atmospheric neutron spectra, 
QMNQMN 
Single Event Effect, neutron capture
cross sections





(M. Comunian)
Preliminary results from alpi performances with 2 cavities as margin,
Low Beta=5 MV/m, Medium Beta=4.3 MV/m, High Beta=5.5 MV/m
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SPES2010 Workshop 
(LNL‐ November 15th‐17th 2010)Presented 37 Letters of Intents (LNL‐ November 15 ‐17 , 2010)

24 LoI’s for reaccelerated exotic beams
Presented 37 Letters of Intents 
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3° international SPES workshop 10-12 October 2016
d  h  l f Update the previous letters of 

intent, and add new scientific cases.
Define and organize the structureg
of the experimental halls according
to the requirements of the 
scientific community.scientific community.
Identify and estimate the major 
experimental setups and equipment
that are necessary to carry on the that are necessary to carry on the 
proposed experiments.
Start the development of 
collaborations and research groupscollaborations and research groups
of users having common scientific
interests.
C  h  b i f  d fi iCreate the basis for defining
priorities for the SPES day-1 
experiments
deadline of July 8th, 2016 





LOIs at ISOL Facilities

SPES SPIRAL2 Phase 
2

HIE-ISOLDE
2

Decay Studies 4 20 Not Applicable

El ti 2 4 3Elastic
/Inelastic

2 4 3

COULEX 7 2 13

Transfer 8 (3HI) 7 16

Deep Inelastic/
MNTR

5 1 0    

Fusion/Fission 11 3 2Fusion/Fission 11 3 2

New 
instrumentation

4 NA 5
instrumentation
Astrophysics 3 6 4





EFFECTIVE INTERACTIONS IN MEDIAEFFECTIVE INTERACTIONS IN MEDIA

• When going from free space to medium theg g p
Interactions are modified (density dependent forces)
• When going from infinite to finite Hilbert space the
Interactions are further modified (truncation schemes)

NUCLEAR STRUCTURE OF EXOTIC NUCLEI

Interactions are further modified (truncation schemes)

NUCLEAR STRUCTURE OF EXOTIC NUCLEI

N l i l t  th  d i li  i t t iNuclei close to the dripline are important since
they are correlations dominated
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One of the challanges: Do we understand the structure
of the nuclear systems?

Mean Field Models
• DFT
• RMFRMF

Shell Model
w/ configuration
interaction

Ab initio
• GFMC
• NCSM
• CC

Eff i  i i

Realistic interactions

Effective interactions
• Vlow-k, VUCOM, G-matrix (+3N)

Realistic interactions
• AV18, CD Bonn + 3N
• EFT



New Features in Weakly Bound 
NucleiNuclei
Spatially extended 
wave functions

N m l V (r) Halo Nuclei

wave functions

Normal 
nuclear 
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New form of matter – low density

Radius (fm)

V (r)
Diffuse

Normal potential New form of matter low density, 
diffuse, spatially extended, nearly 

pure neutron matter

Normal potential

Altered shell structure



EFFECTIVE INTERACTIONS IN MEDIAEFFECTIVE INTERACTIONS IN MEDIA

When going from free space to medium theg g p
Interactions are modified (density dependent forces)
When going from infinite to finete Hilbert space the
Interactions are further modified (truncation schemes)

Type 1 shell evolution

Interactions are further modified (truncation schemes)

Type 1 shell evolution
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[Otsuka et al PRL 95 (05) 232502]

Shells do evolve, .... due to the tensor force (Type 1 evolution).
[Otsuka et al., PRL 95 (05) 232502]

[Otsuka et al., PRL 97 (06) 162501]● Monopole energy of the tensor 
interaction
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One of the challanges: New magic numbers?

126stable double-magic nuclei
4He, 16O, 40Ca, 48Ca, 208Pb

82
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o
n
s

50

magic ?    48Ni, 78Ni, 100Sn

p
ro
to

82
28

neutrons

82

50
28

28

8

20
no 28O !

70Ca ?

40Ca
42Si

48Ca

neutrons28
20

82

2

17

42Si32Mg
Island of inversion

Strong deformation
Tensor forces?





Proton f5/2 - p3/2 inversion in Cu due to 
t   f

k1k2
g9/2

neutron occupancy of g9/2

The Ni region
Flanagan et al., PRL 103, 
142501 (2009)    ISOLDE exp.k1 k2

th
Franchoo et al., PRC 64, 054308 (2001)
“level scheme … newly established for 71,73Cu”
“… unexpected and sharp lowering of the f5/2 orbital”
“… ascribed to the monopole term of the residual int. ..”

 a clean example of  a clean example of 
tensor-force driven shell evolutionTO, Suzuki, et al.

PRL 104, 012501 (2010)



LOI from KU Leuven (Be)



N=34 subshell closure due to the effects of three body 
Shells do evolve ….due to 3 body interactions

N=34 subshell closure due to the effects of three body 
forces driving the monopole part of the nuclear Hamiltonian

Shell model calculations with effective interaction based on chiral
Effective field theory and three body forces (G. Hagen PRL 109 2012) 









N=34 subshell closure due to the effects of three body 
forces driving the monopole part of the nuclear Hamiltonianforces driving the monopole part of the nuclear Hamiltonian

B t  d l dBeta delayed
n spectroscopy
n- coincidences

Shell model calculations with effective interaction based on chiralShell model calculations with effective interaction based on chiral
Effective field theory and three body forces (G. Hagen PRL 109 2012) 



QUANTUM PHASE TRANSITIONS

N  sh p ph s t nsiti n i ns?New shape phase transition regions?
Approach to criticality (critical symmetries) E5…
………..

Type 2 shell evolutionType 2 shell evolution
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Classifying Structure -- The Symmetry Triangle 
of Collective Behaviorof ollective Behavior

Dynamical Symmetries, Phase Transitions, Critical Point Symmetries, Order and Chaos

E(5

Sph

Deformed
E(5
)

Sph.

X(5)
Landau Theory

Complementarity of macroscopic and microscopic approaches.
Why do certain nuclei exhibit specific symmetries and not others? 

Landau Theory

Why do certain nuclei exhibit specific symmetries and not others? 
Why these specific evolutionary trajectories? What unknown regularities 

appear along the Arc?   What will happen far from stability?



Shells do evolve..for increasing spin:Type II evolution





effect of
tensor force

Effective single-particle energy



Nuclei show some of the best example of QPT  Nuclei show some of the best example of QPT. 
The phases are between different shapes
(spherical, axially deformed…) 
Also signature of critical behaviourAlso signature of critical behaviour
Have been suggested:
Critical symmetries

33
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LOI LNL (I)….

Oblate-Prolate shape coexistence in Kr at N=60: LNL



High order Exotic deformationsg



EFFECTIVE INTERACTIONS IN MEDIAEFFECTIVE INTERACTIONS IN MEDIA

When going from free space to medium theg g p
Interactions are modified (density dependent forces)
When going from infinite to finete Hilbert space the
Interactions are further modified (truncation schemes)

Configurational Isospin Polarization

Interactions are further modified (truncation schemes)

Configurational Isospin Polarization

36





Also, 

d li f t f thdecoupling of neutron from the core

b ( ) 0ebare(n) = 0

+++core

eeff(n)  0.5 eeff(n)  0  ??

(in a normal nucleus) (in a n-rich nucleus)

S h ff t b d t t d th h t fSuch an effect can be detected through measurement of 
electric quadrupole moments Q associated with nuclear 
spin.



Configurational Isospin Polarization: B(E2)s for nuclei with n-
excess



- balance of Q-coll. states of even-even n-rich Te, Xe and Ba 



 probe bulk properties of nuclei
 in medium modification of NN interaction in-medium modification of NN interaction

 symmetry energy
 compressibility compressibility

 New soft modes

Collective Modes

f

Collective Modes

Radioactive beams allow study 
f i i  d dof isospin dependence

41



Neutron “skins” near the neutron drip line
Outer regions of low density nearly pure neutron matter

Skins and Skin Modes

n
p

n



Low-lying dipole excitation via nuclear 
probes in exotic nuclei:  INFN Ct and Uni Pdprobes in exotic nuclei:  INFN Ct and Uni Pd





LOI  Ct  LNLLOI  Ct, LNL



Pygmy dipole resonance via β decay
IPN OrsaIPN‐Orsay

The large Qβ-value window (> 12 MeV) allows populating at least the PDR  g β ( ) p p g

The β decay could populate states Example: 134In -> 134Sn (Qβ= 14 7 MeV)The β decay could populate states
which are the PDR on the IAS(R)  of 

the mother nucleus

Example: In  Sn (Qβ  14.7 MeV)
νf7/2 -> πg9/2

β decay: ν2f7/2 -> π2f7/2, π2f5/2 ;

134Sn SkI3
2f7/2

2f7/2

E1
1g9/2

E1

PDR

QRPA calculations with the SkI3 

π ν

interaction: PDR at 10 MeV

133,134In rates @ ALTO:  1000 pps ;  25 pps (100 times higher at SPES) 


