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Introduction
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J. Erler et al. Nature (London) 486 (2012) 509

It is hard to describe both stable and 
drip line nuclei.

From stability line to drip line, many exotic properties are found.
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The existing shell-model interactions can not describe the 
drip line of C and O isotopes. Describe both stable nuclei and 
nuclei far from stability.



Nuclear Models
Ab initio
Mean Field
Shell Model
configurations mixing;
g.s. and excited states are 
given at the same time;
easy to deal with transitions
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Single Particle Basis 
(normally H.O.)

Model Space
Effective Hamiltonian

Wave Functions 
(configuration mixing)

Solve Schrödinger Equation
(energies, wave functions) 

Other Properties: 
electromagnetic moments 

and transitions, beta decay, 
spectroscopic factors… 7



Model Space

0, 1, 2, 3… nucleons are allowed to be excited from p to sd.
So called 0hw, 1hw, 2hw, 3hw… model space.
For MK, WBT and WBP, 0-1hw. For present, 0-3hw.    8



New Hamiltonian YSOX 
for psd region
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<pp|V|pp><sdsd|V|sdsd><psd|V|psd><pp|V|sdsd>
• MK(1975)        fit                   fit                  fit               not
• WBT(1992)     fit                   fit                   fit               not 
• WBP(1992)     fit                   fit                   fit               not

One part of the interaction has not been well studied.

We enlarge the model space and consider the strength of this 
part of interaction.
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Effective Hamiltonian in psd shell



• <pp|V|pp>: SFO
• <sdsd|V|sdsd>: SDPF-M
• <psd|V|psd>: VMU (0.85central)+LS (M3Y)
• <pp|V|sdsd>: VMU (0.55central)+LS (M3Y)

• Present LS and Tensor are determined in free space. 
We keep them unchanged to use in psd region. 

T. Otsuka et al. PRL 104(2010)012501

spin-orbit force (M3Y)
Yukawa type

G. Bertsch, et al. NPA 284(1977)399

+
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Drip line of light nuclei
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13
CXY, T. Suzuki, T. Otsuka, F.R. Xu, N. Tsunoda, PRC 85 (2012) 064324



2hw vs Mass Dependence

• Present                                      WBT, WBP
• Ψ=aΨ(0hw)+ bΨ (2hw)           V(A)=(18/A)1/3 V

We enlarge the model               
space, mass dependent             
term is partially
included automatically.
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CXY, T. Suzuki, T. Otsuka, F.R. Xu, N. Tsunoda, PRC 85 (2012) 064324



Neutron rich carbon 
isotopes
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• From O to C, two protons are removed, proton-neutron 
interaction contribute to shell evolution

CXY, C. Qi, F.R. Xu, NPA 883 (2012) 25



Neutron-Neutron Interaction in Shell Evolution
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CXY, C. Qi, F.R. Xu, NPA 883 (2012) 25
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CXY, T. Suzuki, T. Otsuka, F.R. Xu, N. Tsunoda, PRC 85 (2012) 064324
C.R. Hoffman et al. PRC 88 (2013) 044317
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CXY, T. Suzuki, N. Shimizu, et al. in preparation
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g.s. and the second 0+ of neutron rich carbon isotopes
CXY, T. Suzuki, N. Shimizu, et al. in preparation

16C                       18C                     20C
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CXY, T. Suzuki, N. Shimizu, et al. in preparation

Deformation from B(E2) and Q



EM properties and GT 
transition
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E2 Properties

• Is such eeff suitable for 
present H?

• Can we use a constant 
eeff ?
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• Z, N dependent eeff  is suitable for present H. 
• A fixed eeff  also works well. 

ep=1.27, en=0.23
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CXY, T. Suzuki, T. Otsuka, F.R. Xu, N. Tsunoda, PRC 85 (2012) 064324



12Be

proton                                   neutron 

WBP: all block
Present: allow 2
nucleons excited
to sd

25CXY, T. Suzuki, T. Otsuka, F.R. Xu, N. Tsunoda, PRC 85 (2012) 064324



Magnetic Moments
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CXY, T. Suzuki, T. Otsuka, F.R. Xu, N. Tsunoda, PRC 85 (2012) 064324



14C                                      14N      
B(GT)                   10-7

Gamow-Teller Transitions
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CXY, T. Suzuki, T. Otsuka, F.R. Xu, N. Tsunoda, PRC 85 (2012) 064324



Proton-rich nuclei 
around A=20
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Understand proton-rich nuclei form their mirror nuclei

• Mirror energy difference, normally 0.1MeV caused by 
isospin asymmetric term  in NN interaction. Shell model 
Hamiltonian is normally isospin symmetric.



Weakly bound effect
• In some case, the mirror energy difference is large 

(around 1MeV), caused by weakly bound effect.
1, The shift of single particle energies

2, The modification of the residual interaction.

deduce TBME ratio from experimental values and M3Y interaction. 
But did not apply in shell model calculations.



• Including the weakly bound effect, we calculated 
the TBME ratio from VMU+LS in WS basis. Then 
modify on the USD family.
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CXY, C. Qi, F.R. Xu, T. Suzuki, T. Otsuka, PRC 89, 044327 (2014)
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CXY, C. Qi, F.R. Xu, T. Suzuki, T. Otsuka, PRC 89, 044327 (2014)
CXY, China Science Paper 11 (2015) 1250 (in Chinese)



34
CXY, C. Qi, F.R. Xu, T. Suzuki, T. Otsuka, PRC 89, 044327 (2014)

B(GT+)(24Si)/B(GT-)(24Ne)



Heavier nuclei (132Sn)
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• Proton 28-50 (1p3/2, 1p1/2, 0f5/2, 0g9/2)
• Neutron 82-126 (1f7/2, 1f5/2, 2p3/2, 2p1/2, 0h9/2, 0i13/2)
• Two major shell difference, cross shell interaction?
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• pp: jj45pna*0.74, M. Horth-Jensen
• nn: cwg, B.A. Brown, et al. Phys. Rev. C 71, 044317 (2005)
• pn: VMU(1.07 central)+LS

• CXY, Z. Liu, F.R. Xu, in preparation 37



possible isomer

38CXY, Z. Liu, F.R. Xu, in preparation



Summary

• Systematic study is performed on nuclei from 
stability line to both proton and neutron drip line in 
light region.
– New shell model Hamiltonian YSOX is introduced for psd 

region and study B, C, N and O isotopes.
– The weakly bound effect of proton 1s orbit is included in 

the shell model calculation

• VMU+LS is applied to heavier region (132Sn). The 
possible isomer is studied.
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Thank You for Attending
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