
Hindered alpha decays of 
heaviest high-K isomers 

Plan:  

• motivation   

• results  

• summary  

 

P. Jachimowicz, 
University of Zielona Gora, POLAND 
 
M. Kowal*, J. Skalski 
National Centre for Nuclear Research, POLAND  
 

*) michal.kowal@ncbj.gov.pl 

 

 

 

Odbiory-2018, Świerk 



motivation  
Superheavy elements are highly unstable systems with extremely low 
production cross sections. As the creation of new ones is very difficult, 
as a parallel or additional line of study one could try a search for new, 
long-lived metastable states of already known nuclei. It is well known 
that an enhanced stability may result from the K-isomerism 
phenomenon 

K. Siwek-Wilczynska, T. Cap, M. Kowal,  A. Sobiczewski,  and J. Wilczynski, Phys. Rev. C 86, (2012). 
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• Attempts of going beyond the reactions Act. + 48Ca by 
using heavier projectiles like 50Ti,   54Cr,   58Fe, and  64Ni 
gave no results so far. 

• All heavier actinides with Z>98  live to short that one could 
perform target with them. 

• Produced nuclei lies belong to the far “island of stability” 
of superheavy elements. 

• There is no link between cold  & hot scenarios.  
• To produce more & more  heavier nuclei the mass and 

charge of projectile should be increased but it pulls an 
increase of the Coulomb repulsion what drastically 
reduces the cross sections.  

• Not all superheavy (SH) isotopes Z < 118 have been 
produced yet.  
 
 



extreme properties: 
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Candidates are high-K isomers or 
ground-states, for which increased 
stability is expected due to some 
specific hindrance mechanisms. 
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• if ∆E is small & l is large the life time ⇒ long  
• overlap increases the life time decreases! 
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Microscopic-macroscopic method with a 
possibility of many various deformations 

)()()(   micromacrotot EEE •   

•  Calculated energy: )0()(    macrotot EEE

•  lexponentia  Yukawa)( macroE

•  BCS pairing Saxon -Woods)( microE
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A fit to exp. masses Z>82, N>126 (number of nuclei: 252) 
P. Jachimowicz, M. Kowal, and J. Skalski, Phys. Rev. C 89, 024304 (2014). 



Shape parametrization: 

P. Jachimowicz, M. Kowal, J. Skalski, Phys. Rev. C 95, 034329 (2017). 
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P. Jachimowicz, M. Kowal, and J. Skalski, Phys. Rev. C 95, 014303 (2017). 

 

 

  K is a good quantum number 



Scheme of action: 

• Four dimensional minimization is performed 
using the gradient method: 

 
 

 
 
• Certains states are blocked and  minimization 

is served again. 
 
 
excitation energies of particular states and 
corresponding to those states deformations  be 
found. 

 

 



Candidates for 2qp & 4qp K-isomeric states: 

• KN=8-1 : 7/2+[624] & 9/2-[734] 

• KN=8-2 : 7/2+[613] & 9/2-[734]  

 

• KP=8-1 : 7/2-[514] & 9/2+[624] 

• KP=8-2 : 5/2-[512] & 11/2+[615] 

 

 

• KN=6+  :  5/2+[622] & 7/2+[624]  

• KN=6-   :  7/2-[743]  & 5/2+[622]  

• KN=7-   :  7/2-[743]  & 7/2+[624] 

 

• KP=5-   : 1/2-[521] & 9/2+[624]  

• KP=7-   : 7/2+[633] & 7/2-[514] 

 

 

• KN=10- :  9/2+[615] & 11/2-[725] 

• KN=9-    : 7/2+[613] & 11/2-[725] 

• KP=10- : 9/2-[505] & 11/2+[615]  

 

     K=20+ {KN=10- : 9/2+[615] & 11/2-[725]}     &     {KP=10- : 9/2-[505] & 11/2+[615]}  
     K=19+ {KN=9-   : 7/2+[613] & 11/2-[725]}     &     {KP=10- : 9/2-[505] & 11/2+[615]}  
     K=18+ {KN=10- : 9/2+[615] & 11/2-[725]}     &     {KP=8-   : 5/2-[512] & 11/2+[615]}  
     K=17+ {KN=9-   : 7/2+[613] & 11/2-[725]}     &     {KP=8-   : 5/2-[512] & 11/2+[615]} 
 
 
 
 
 
 
  

K=16+1 {KN=8-1 : 7/2+[624] & 9/2-[734]}     &     {KP=8-1 : 7/2-[514] & 9/2+[624]} 
K=16+2 {KN=8-2 : 7/2+[613] & 9/2-[734]}     &     {KP=8-1 : 7/2-[514] & 9/2+[624]} 
 
  

N=152 GAP 

N=162 GAP 

P=102 GAP 

P=108 GAP 

Favored configurations for four-quasiparticle K isomerism in the heaviest nuclei 
H. L. Liu, P. M. Walker, and F. R. Xu Phys. Rev. C 89, 044304 (2014). 



Stability of high-spin isomers against alpha 
decay is determined mainly by three factors: 

 
• the overlap between final and initial states 

wherein a similar structure of states favors the 
transition between them; 

• change in angular momentum - a significant 
change is associated with a large centrifugal 
barrier which blocks a decay; 

• transition energy, which we shall also call Q for a 
given decay, that follows from the Q value for the 
g.s.->g.s. transition and the difference in the 
excitation energies of the initial and final state in, 
respectively, mother and daughter nucleus. 





a – initial state; b - final state  

(structural) (tunneling) 

(difference in Q ) (centrifugal) 



10ℏ 
8.21; 27.15 

0ℏ 
8.45;27.33 

20ℏ 
7.27; 29.70 

𝐸𝐿 =
𝐿(𝐿 + 1)

2𝑚𝑟2
 

∆𝐿[ℏ] 
Turning Points [fm]: 

http://nrv.jinr.ru/nrv/webnrv/alphadecay/index.php 



[34] V.I. Zagrebaev, A.S. Denikin, 
A.V. Karpov, A.P. Alekseev, M.A. 
Naumenko, V.A. Rachkov, V.V. 
Samarin, V.V. Saiko, NRV web 
knowledge base on low-energy 
nuclear physics 

http://nrv.jinr.ru/nrv/webnrv/alph
adecay/index.php 

 

[35] D. S. Delion, R. J. Liota, R. 
Wyss, Phys. Rev. C, 76 044301 
(2007). 



K=20+ {KN=10- : 9/2+[615] & 11/2-[725]}   
&         {KP=10- : 9/2-[505] & 11/2+[615]}  

 

A structural hindrance for 4 q.p. 
isomers must be also substantial. If 
one assumes that it is a product of 
the hindrance factors for protons 
and neutrons  

Taken together, this leads to the conclusion that transitions ex ->  gs or 
gs -> ex are excluded. 

 Crucial is the hindrance in the fastest channel, between two identical 
configurations. This is especially true for four quasi-particle states! 

significant increase in the 
centrifugal barrier.  
With L = ΔK = 20h 





semi-magic gap predicted 
at N=162 is clearly visible. 

signal then an extra stable 
nuclear state; 

The most stable system 
(T~h) 

 
energy of states is quite low 
=> suggest their isomeric 
character. 

These transitions will 
be therefore much 
slower ( 10-4) than 
that between the 
ground states. 

a two-neutron isomeric 
state in 270Ds does not live 
longer than the ground 
state, 

two-neutron and two-
proton congurations 
are similar and both lie 
signicantly below the 
energy for the gs=>gs 

the proton character of 
states with delayed 
alpha-decay 20+->  20+ 
 



The most prominent 
hindrance of the alpha 
decay among the four 
quasi-particle (K = 20+) 
states 10^8 – is 
predicted for 264Ds. 
However, due to the 
short g.s. half-life, the 
total half- life for this 
particular isomer will 
be practically on the 
same level as for 
270Ds. 

the decay of the two-
neutron quasi-particle 
(10n) state is not at all 
hindered, while the 
decay of the proton two 
quasi-particle state (10p) 
is strongly forbidden: 
Log10HFQ = 5:42. 

the energies of these 
high-K states are 
sufficiently low to make 
them candidates for high-
K isomers, but as follows 
from the discussion of 
excitations in 270Cn  we 
do not expect any 
hindrance here. On the 
contrary, a decay from 
the isomeric states 
should be faster than 
from the ground states. 

some hindrance of the 
alpha decay from the 
isomer built on the 
neutron excitation. The 
predicted hindrance is 
not very large (≃ 10^3) 



      Summary: 
• We have found a quite strong hindrance against alpha decay for four quasi-particle 

states: K = 20+ and/or 19+. This, together with their relatively low excitation 
suggests a possibility that they could be isomers with an extra stability - five and 
more orders of magnitute longer-lived than the ground states.  

• This would mean that chemical studies of such exotic high-K sates would be more 
likely than for quite unstable ground states. 

• Among all tested nuclei, the best candidates for long- lived high-K isomers are 
predicted in 264Ds-270Ds. 

• Except a moderate (about 3 orders of magnitude) alpha-decay hindrance in 266Cn 
for a 2 q.p. neutron state, there are no more candidates for an enhanced stability 
against alpha decay in Cn nuclei. 

• Contrary to what has been recognized so far, our analysis indicates that the alpha-
decay hindrance results mainly from the proton 2q.p. component. 

• The most prominent hindrance of the α decay among the two-quasiproton π210– 
states is predicted for 272 Ds. 

 

 

P. Jachimowicz, M. Kowal, J. Skalski, PRC  98, 014320 (2018). 

Finally, one should mention that our argument based on HFQ for structure-
preserving transitions may overestimate hindrances - as it does for 270Ds. In 
principle, one should analyse hindrances for all possible final states in daughter. 


