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From:  P. Walker, G. Dracoulis, Nature 399 (1999) 35 

K  

K  K=0 

I. Introduction for isomerism 



p nK  

                Jπ                 T1/2                               Ex (KeV) 

178Hf        16+               31 y                     2400        

180Ta        1+                 8.15 h                    g.s. 

                9-                         >1015  y                   75       

Non-collective rotation 

High-K isomerism 



From: P.M. Walker 



31-yr isomer decay 
Hf-178 new level scheme
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II. The configuration-constrained PES Model 

K1

K2

基 态
I=0

同核异能态（isomer）
I=K1+k2≠0

Fermi surface

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

1. spacing of single-particle levels; 

2. effect from shape polarization (adiabatic-blocking is necessary!) 

3. right pairing strengths 

Adiabatic blocking 



In adiabatic blocking, identify s.p. orbits using Ω[N, nz,Λ] 



LD shellE E E  LDE is independent on blocking 

BCS calculation can be collapsed in weak pairing case. 

The Lipkin-Nogami pairing can avoid this problem. 

Deformed Woods-Saxon Potential 



 Woods-Saxon potential provides s.p. levels 

Configuration-constrained PES can include the effect from 

    shape polarization of unpaired orbits. 

Right pairing strength is crucial for energy calculations of isomers 

Mean-field effect on odd-even mass difference 

 

Satula, Dobaczewski, Nazarewicz, PRL 81, 3599 (1998) 

 

Xu, Wyss, Walker, PRC 60, 051301(R) (1999)  

 



Mean-field effect (due to double degeneracy of s.p. levels):  

                        using 3 points 

                      

                         using 5 points  
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Xu, Wyss, Walker, PRC60, 051301(R) (1999) 



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  Xu, Walker, Wyss, PRC59, 731 (1999) 

Two-neutron 



Podolyak et al., PLB 491 (2000) 225 

Walker, Xu, PLB  635 (2006) 286 

Lane et al., PRC 82 (2010) 051304 (R) 
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II. Calculations of high-K states  

1. Along drip lines 

 

 Nuclei near drip lines have extremely short 

lifetimes! 



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

β2=-0.28 

Ex≈2.56 MeV A～70 region 
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Higher spin --  longer life 

Lower spin  --  shorter life 

35 



Krolas et al., PRC 65 (2002) 031303 

Xu, Walker, Wyss, PRC 59(1999)731 

Cullen et al., PLB 29 (2002) 42 

β2=0.24 (3) 



Observed isomers in odd-odd nuclei along proton-rich border 



A～70 

A～130 

A～190 Transuranium 
nuclei 

Prediction of deformed high-K states: 

Exploration of the proton drip line and beyond  

Liu, Xu, Wyss, Walker, PRC 76, 034313 (2007) 



Isomers in neutron-rich nuclei, experimentally observed yet  
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High-spin limit in neutron-rich nuclei  

Long lived isomers predicted 

 

182Hf 

186Hf 

Collective Prolate 

high-K Prolate 

collective  oblate 

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



 Superheavy decays by α emissions or/and spontaneous 

fissions. 

 Multi-qp excitations decrease α-particle preformation and 

increase the height and width of fission barrier, and hence 

increase the stability of SHE.   

 α-particle preformation reduced in odd and odd-odd nuclei,   

       J.K. Poggenburk et al., Phys. Rev. 181, 1697 (1969).  

 Fission probability in odd-odd and odd nuclei  is reduced,  

      S. Bjornholm & J.E. Lynn, Rev. Mod. Phys. 52(1980)725. 

 

 

2. High-k isomerism in SHE 



Unpaired nucleons increase the 

height and width of the fission 

barrier 

 Xu, Zhao, Wyss, Walker, PRL92 (2004) 252501 

Bjornholm & Lynn Rev. Mod. Phys. 52(1980)725 

Even-odd difference in half-lives for 

fissions from the second well in actinides 



α decays observed from high-K isomers , Hofmann et al., EPJA 10, 5 (2001) 

Xu, Zhao, Wyss, Walker, PRL 92, 252501 (2004) 



Xu, Zhao, Wyss, Walker,  
PRL 92, 252501 (2004) 



R.-D. Herzberg et al., Nature 442 (2006) 24 
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Collection of experimentally observed yet isomers in SHE 



3. High-K fission isomers in actinides 

Deformation space in calculations: β2, β3, β4, β5 



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

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



Shape isomers in the 2nd well 

Data from: Singh et al. 
Nucl. Data Sheets 97 (2002) 241 



Two-qp high-K shape isomers in the 2nd well 

~ 1 MeV higher than the 

shape isomer 



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

fission 



Transuranium region 

Higher spin --  longer life 

Lower spin  --  shorter life 

Longer lived/high spin     Shorter lived/low spin 

   T1/2    Iπ  Ex  T1/2  Iπ  Ex 

236Np 115×103 
y 

 (6－)  ?  22.5 h  1(－)  ? 

244Am 10.1 h  (6－)  g.s.  ~26 m  1－  69 KeV 

248Bk >9 y  (6+, 8－)  ?  23.7 h  1(－)  ? 

254Es 275.5 d  (7+)  g.s.  39.3 h  2+  78 KeV 

248Md 55 d  (8－)  ?  43 m  (1－)  ? 

Odd-odd nuclei 



Kπ=0+ shape isomer 

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

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

236Pu 

242Cm 

Kπ=8+ shape isomer Kπ=8
- shape isomer 

7
-
 shape  

11
-
 shape  

0+ shape  



Experimental  spins and 

parities have not been known 

Calculations can predict 

configurations (spins and 

parities) and energies. 

Longer lifetimes with 

“shape+K” double isomerism 



 4. Prediction of high-K states in superdeformation 







Summary 

High-K isomers increase the stability of unstable nuclei, 

and hence extend the landscape of nuclei. 

1.  Along drip lines; 

2. In superheavy; 

3. Fission from the second well in actinides 

4. In superdeformation in A~190. 
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