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I. Introduction

K1

K2

基 态
I=0

同核异能态（isomer）
I=K1+k2≠ 0

Fermi surface

Three important elements which affect the calculations of high-K states: 

1. Spacing of single-particle levels;

2. Effect from shape polarization;

3. Right pairing strength



From:  P. Walker, G. Dracoulis, Nature 399 (1999) 35
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II. The configuration-constrained PES Model

Deformed Woods-Saxon Potential
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The basis: 

axially symmetry harmonic oscillator  in the cylindrical coordinate
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The Nilsson numbers have been chosen for the adiabatic-blocking 

PES calculations.





LD shell
E E Eδ= +

LD
E is independent of blocking

BCS calculation can be collapsed in weak pairing case.

The Lipkin-Nogami pairing can avoid this problem.
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Adjustment of pairing strength

The adiabatic-blocking PES can include the effect from the 

shape polarization .
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III. Calculations for high-K states
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High-K states in:

1. Neutron-deficient region

2. Neutron-rich region

3. Superheavy region

4. In the 2nd well.



186Hg 188Pb

g.s.

Ecal=2230 keV; Eexpt =2217 keV

A.M. Bruce et al., PRC55, 620 (1997)

Ecal=2400 keV ; Eexpt=2576 keV 

Dracoulis et al., PRC60, 014303(1999)

“Shape polarization in neutron-deficient nuclei” , Xu, Walker, Wyss, PRC59, 731 (1999)

Two-neutron



Shape polarization in neutron-deficient nuclei

Xu, Walker, Wyss, 

PRC59, 731 (1999)

N=74 isotones



Proton-drop line





A～70

A～130

A～190 Transuranium
nuclei

Exploration of the proton drip line and beyond

Liu et al., PRC 76 (2007) 034313



A. Piechaczek et al. 
Phys. Rev. C 62(2000)054317
M. Karny et al. 
Phys. Rev. C 70(2004)014310

9 { 9 / 2 [404 ] 9 / 2 [404 ]}K
π π ν+ + += ⊗

Calculation:

ββββ2= - 0.28

Ex≈≈≈≈2.56 MeV

High-spin -- long life

Low-spin  -- short life
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2. High-K states in neutron-rich nuclei 

(Xu, Walker, Wyss, PRC 62 (2000) 014301)

182Hf

186Hf

Collective Prolate

high-K Prolate

collective  oblate



F.R. Xu et al. , Phys. Rev. Lett. 95, 252501 (2004)

3. High-k isomerism in SHE





F.R. Xu et al., Phys. Rev. Lett. 95, 252501 (2004)

7K
π −=

g.s.



R.-D. Herzberg et al., Nature 442 (2006) 24



P. Limkilde & G. Sletten
Nucl. Phys. A 199(1973)504

High-K in the 2nd well Shape isomerism + K isomerism



High-K in the 2nd well





Experimental  spins and 

parities have not been known

Calculations can predict 

configurations (spins and 

parities) and energies.

Longer lifetimes for 

shape+K isomers



Experimentally, only fission observed, no γγγγ transition observed
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B. Singh et al.
Nucl. Data Sheets 
97(2002)241

fission



Shape isomers Shape+K isomers

T1/2=37ps T1/2=34ns

T1/2=40ps T1/2=0.18ms

236Pu

242Cm



Pei, Xu, Stevenson, NPA 765 (2006) 29

2 1.0β ≈

N=7 isotones

SHF+BCS with SkI4

Exploration of the adiabatic-blocking calculation 



• Measured Q

K=7

Q0 β2=0.16

• Assume β2
isomer=β2

g.s. ≈ 0.26 Q0

Measured Q
K=6.0(2)

(1)

<< β2
g.s ≈ 0.26

Shape polarization ?

K mixing ?
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M.Ionescu-Bujor et.al

PRC 60, 024316(1999)

130Ce



PES calculations

The ground state

D.M. Todd et.al JPG 10,1407(1984)

Good agreement





Rigid triaxial rotor model ,  by J. Yan et al.  PRC 48, 1046 (1993)

Interacting Boson Model ,   by O. Vogel et al. PRC 53, 1660 (1996)

21effγ o
�

A candidate for critical-point nuclei

R.M. Clark et al.  PRC 68, 037301 (2003)



The           isomer: 
γ-soft prolate shape as large as the g.s. 

7K
π −=

Measured Q

K < 7K mixing



K-mixing or decay via gateway states ?

130Ce

M.Ionescu-Bujor et.al

PRC 60, 024316(1999)



IV. Sumary

The configuration-constrained PES calculations predict  the 

properties of nuclear states, including:

1) Deformations 

2) Configurations (then spin and parity)

3) Hardness or softness (triaxiality, K mixing)

4) Fission barrier, and then stability (lifetime)
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