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From J.R. Beene et al.  J. Phys. G to be published

Grodzins-Raman Scaling:
Product of B(E2; 0 -> 2) . E(2+) 

~ [2.6 * Z2/ A2/3]

B(E2) values are lower than expected from
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all modern NN potentials fit equally well the deuteron properties 
and the NN scattering data up the inelastic threshold

χ2/Ndata ~ 1

● Choice of the nucleon-nucleon potential

these potentials cannot be used directly in the derivation of Veff  

due to their strong short-range repulsion, but a

• Renormalization procedure is needed

CD-Bonn, Argonne V18 , Chiral potentials,…
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Renormalization of the NN interaction

Vlow-k approach: construction of a low-momentum NN
potential Vlow-k confined within a momentum-space   
cutoff Λk ≤

S. Bogner,T.T.S. Kuo,L. Coraggio,A. Covello,N. Itaco, Phys. Rev C 65, 051301(R) (2002)
S. Bogner, T.T.S. Kuo, A. Schwenk, Phys. Rep. 386, 1 (2003)
L. Coraggio et al, Prog. Part. Nucl. Phys. 62 (2009) 135

Vlow-k decouples high- and low-energy degrees of freedom

preserves the physics of the original NN interaction

the deuteron binding energy

scattering phase-shifts up to the cutoff momentum Λ

Derived from the original VNN by integrating out the  high-momentum 

components of the original VNN potential down to the cutoff momentum Λ
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+  folded diagram method
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L. Coraggio et al, Prog. Part. Nucl. Phys. 62 (2009) 135

developed within the   framework of the time-dependent perturbative
approach by  Kuo and co-workers

Two-body effective interaction

collection of irreducible valence-linked diagrams with Vlow-k 
replacing VNN in the interaction vertices 

…

2-body diagrams up to 2nd order:
V        V1p1h       V2p         V2p2h

1-body diagrams up to 2nd 
order S-box

+ +

Diagramatic expression of the
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is constructed for two valence particles

is defined
-in the nuclear medium
-in a subspace of the Hilbert space

 accounts perturbatively for
• configurations excluded from the chosen model space
• excitations of the core nucleons

A realistic effective interaction
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Results

Binding energies

Excitation energies and angular              
momenta

Electromagnetic properties

Single particle properties
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Theory

B(E2;0+ 2+) = 330 fm4

134Sn Coulex (Oak Ridge)

B(E2;0+ 2+) = 290(40) e2fm4

Theory

0.726

134S
n

Expt.

from the f7/2p1/2 configuration
their location below the 8+

due to the new position of the 
p1/2 level measured @ ORNL

εp1/2=1.36 MeV
(old value: 1.66 MeV)
[Nature 465 (2010)]

|0+,g.s>, |2+
1> ∼ (f7/2)2  

small 0+ − 2+ spacing

[ < (f7/2)2 2+ |Veff|(f7/2)2 2+ > - < (f7/2)2 0+ |Veff|(f7/2)2 0+ >] ∼ 0.4 MeV


negligible contribution  of  the one particle-one hole excitations

in the effective interaction of two neutrons
above the N = 82 shell, 

(responsible for the increase of pairing below this shell)

E(3-) in 132Sn  ∼ ∆n- 500 keV

eeff (п)=0.70e

from B(E2;64)
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B(E2;4121 ) = 67 e2fm4

B(E2;220) =14 e2fm4

B(E2;2221) = 118 e2fm4

B(M1;2221) = 0.02 µ2
N

Q(21) = -1.3 efm2

Q(22) = -2.8 efm2

µ(21) = -0.56 µN
µ(22) = -0.25 µN

Predictions for electromagnetic properties in 134Sn  
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NO shell closure at N = 90

S. Sarkar and M. S. Sarkar Phys.  Rev. C 81, 064328 (2010)

(f7/2)6 (p3/2)2

(f7/2)7 (p3/2)1

(f7/2)7 (p3/2)1



A. Gargano                                                                                                                   SPES2010 International Workshop
Legnaro - 2010Napoli

p3/2

f7/2

The energy difference between the two orbits
remains  almost constant and even decreases slightly by about 100 keV 

when moving from N = 82 to N = 90

82

i13/2
f5/2
p1/2
h9/2
p3/2
f7/2

ν space

Single-particle spectrumN=90

0J ≠



A. Gargano                                                                                                                   SPES2010 International Workshop
Legnaro - 2010Napoli

A 134Sn 136Sn 138Sn 140Sn

BE  Calc
relative to 132Sn

5.92 11.83 17.68 23.41

BE Expt
relative to 132Sn

5.916±0.150*

Sn   Calc 3.55 3.55 3.53 3.50

Sn   Expt 3.545±0.152

N/Z 1.72 1.76 1.801.68

124Sn(stable)     with N/Z=1.48   
BE/A=8.46

* M. Dworschak et al. Phys. Rev. Lett. 100, (2008) 072501
Old value  (Fogelberg et al., 1999): 6.365 MeV

neutron shell gap at N= 82 restored
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1p1n134Sb

πg7/2νf7/2

πd5/2νf7/2
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1p3n
136Sb

evolution of the “πg7/2νf7/2” multiplet

136I
3p1n
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Expt

136Te

Calc CalcCalc

132Sn + 2ν +2п

Theory

B(E2;0+ 2+) = 367 e2fm4

136Te Coulex (Oak Ridge)

B(E2;2+ 0+) = 206 33 e2fm4

eeff (п)=0.70e 

eeff (ν)=1.55e

New prelimary measurement ~300
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Structure of the yrast states

B(E2;4121 ) =  460 e2fm4

B(E2;6141) =   310 e2fm4

Q(21) =  -23 efm2

µ(21) =    0.20 µN
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mixed-symmetry state (antisymmetric with respect to interchanges between 
proton and neutron pairs)

in IBM-2 [ ] [ ] 2/|| 〉×−〉× νππν DSDS

136Te

Expt Calc

B(E2;220) =  24   e2fm4

B(E2;2221) =  360 e2fm4

B(M1;2221) = 0.18 µ2
N

B(E2;230) =  34   e2fm4

B(E2;2321) =  50 e2fm4

B(M1;2321) = 0.19 µ2
N
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Evolution of the proton single-particle states

0

0,5

1

1,5

2

2,5

3

E(
M

eV
)

h11/2

d5/2

f7/2

133Sb 135Sb 137Sb

0.53
0.42

0.52 0.38

0.74 0.71

d3/2

s1/2

d3/2  and s1/2 single-particle strenght
highly fragmented 

135Sb : Σ S(1/2)=0.29; Σ S(3/2)=0.25
137Sb: Σ S(1/2)=0.24; Σ S(3/2)=0.16

(the sum includes states up to 2.8 MeV)

Jп
Calc

E(MeV)

Expt

E(MeV)

7/2+ 0.0 0.0

5/2+ 0.391 0.282

3/2+ 0.509 0.440
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πg7/2 |134Sn, 21

+>

135Sb
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Evolution of the neutron single particle states
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135Te 5/2- and the 9/2- states with the largest single-particle strenght do not correspond to 
the yrast states     (5/2-)1  E= 1.35 MeV      S=0.12 (9/2-)1 E=1.302MeV    S=0.18

Expt Calc Calc
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J.A. Cizewski et al  Newsletters @HRIBF
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Realistic shell-model calculations are a reliable tool for shell structure 
studies 
its predictions may stimulate and be helpful to future experiments

A lot of data are still missing in 132Sn, for “exotic” as well as for “less exotic” 
nuclei. Present facilities can still produce interesting measurements,
but with the future RIBs facilities a further step cn be done towards a better 
comphension  of nucler structure

Summary

The new data will be  of key importance to constrain nuclear model
to clarify the concept of mean field,  shell structure,
to investigate the relevant features of the effective interactions and their 
connections with the “bare” potential
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B. Melon Coulomb-Excitation Measurements of Radioactive Ions (134Sn,136Te,…)
R. Lozeva Nuclear Moment Studies with Galileo   (129,131In, 134Sn, 134Te,…)

B. Szpak
Structure of Sb Nuclei around 132Sn as a Testing Ground for

Realistic Shell Model Interactions (132,134Sb)

S. Mengoni
Direct Reactions with SPES Beams: Nuclear Magicity at Z∼50 N∼82 …

(123,131,133,134Sn,131In, 133Sb)

G. Rainovsky Study of Quadrupole Isovector Valence-Shell Excitations of Exotic 
Nuclei at SPES  (138Xe, 140Ba, 132,136Te, 128,132Cd)

LOI@SPES
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