
Cluster emission from superheavy 

nuclei 



The process leading to the emission of clusters from nuclei is a 

very difficult subject. The most common treatment of this process 

is to assume some effective theory which takes into account 

properly how the particle overcomes the Coulomb and centrifugal 

barriers that trap it inside the nucleus. This was done by Gamow 

some 90 years ago in what can be considered the beginning of 

the probabilistic interpretation of Quantum Mechanics.  

Gamow explained alpha-decay as the penetration of an already 

formed alpha particle through the Coulomb and centrifugal 

barriers. To obtain the proper units, Gamow also introduced the 

concept of "assault frequency" which is an effective quantity 

which, due to the Pauli principle, does not carry any quantum 

mechanics validity.  

This theory has been extremely successful in explaining relative 

decay widths, but could not describe absolute decays.  



Yet the calculation of the penetrability is very easy and therefore  

the theory was applied in many situations, trying to get the absolute 

decay widths by adjusting effective parameters, as the assault  

frequency, to fit the corresponding decay width. These effective  

theories are very useful because they are easy to apply. However,   

a proper calculation of the decay process needs to address the  

clustering of the nucleons on the surface of the mother nucleus and  

the following penetrability of the cluster thus formed through the  

Coulomb and centrifugal barriers. The evaluation of the cluster  

formation probability is a  challenging undertaking because a  

proper description of the cluster in terms of its components  

requires a microscopic framework that is highly complex. That is  

the reason why effective approaches are used when dealing with 

clusterization.  



The microscopic treatment of alpha-decay required a general 

framework which was provided by the introduction of the R-matrix. 

In this formalism the  collision between two nuclei leading to a 

compound system and its subsequent decay is described by 

dividing the configuration space of the composite system into an 

“internal region”, to which the compound state is restricted, and 

the complementary “external region”. This division is made such 

that in the external region only the Coulomb interaction is 

important and the system in the outgoing channel behaves like a 

two-particle system. This is what occurs in  cluster-decay, where 

the outgoing channel consists of two fragments - the cluster and 

the daughter nucleus – interacting through the Coulomb 

interaction only. The important feature of the formalism is that the 

residues of the R-matrix is proportional to the decay width of the 

resonance induced by the decay process.. 



This formalism was applied by Thomas to evaluate the alpha-

decay in a profound but difficult paper.  

Thomas classical expression has the form, 

where c labels the decaying channel, k is the linear momentum  

carried by the cluster, mu is the reduced mass, R is the distance  

between the mass centers of the daughter and cluster nuclei,  

Fc(R) (Gc(R)) is the regular (irregular) Coulomb function  

corresponding to the two-body system in the outgoing channel and   

Fc(R) is the formation amplitude, i. e. the wave function of the  

mother nucleus at the point R.  

We will only consider ground state to ground state transitions  

between even even nuclei. Therefore outside the central nuclear 

field only the Coulomb interactions is important. and the outgoing  

wave function in this region has the form 



Where N is a normalization constant. Bound states, with k purely 

imaginary and therefore vanishing at large distances, also satisfies 

this condition. From this equation one gets 

and therefore the Thomas width  

is independent upon R. One can write this width as  



where  

is the cluster formation probability per unit of volume and 

is the transmission probability, or penetrability, through the  

Coulomb barrier  

The quantity 

is the one which is parameterized in effective approaches  



The cluster wave function is outgoing. For its evaluation we used 

the computer code Gamow GAMOW (Vertse, K. F. Pal and Z. Balogh, 

Comput. Phy. Commun. 27, 309 (1982)). We will evaluate ground state to 

ground state decays of even even nuclei. Also the cluster will be 

even even nuclei. Therefore the decaying cluster carries angular 

momentum l=0. The outside solution provided by GAMOW is 

just G+iF, which implies that the calculated width will be 

independent upon R. 



The cluster is formed outside the surface of the daughter nucleus. 

Therefore the cluster formation probability is 

The integral runs from  a = RD + RC to b = RD + 3RC. Larger 

values of b do not affect PC significantly. 

The calculation of half lives depends very critically on the Q-values 

of the decays. In cases where the Q-values are not measured one 

has to rely upon some mass model that would allow one to evaluate 

them. We use the mass formula of A. Bhagwat, Phys. Rev. C 90}, 064306 

(2014) 



One of the aims of this work was to probe the large values of the  

ratio 

for some very heavy isotopes reported in Poenaru, Gherghescu,  

Greiner, PRL 107, 062503 (2011) which, is correct, would mean that  

for those isotopes the detection of the decaying cluster would be 

a fingerprint of the existence of the superheavy mother nucleus.  



Poenaru, Gherghescu, Greiner, PRL 107, 062503 (2011) 



We evaluated the decay widths of all even-even isotopes from  

Z=100 to Z=122 against alpha and even-even clusters.  

The clusters were chosen by requiring that they should lie  

between He (Z=2) and Kr (Z=36), that they have to be bound and  

living at least 1ms. 

The total number of cases is huge, of the order of ten of  

thousands. To make the presentation understandable in the table 

below we restricted cases to the three largest values of   ff 

for each mother nucleus. 





It is important to probe our results with available experimental  

values in order to assess the credibility of our results. This  

is shown in the table below 







Conclusions 
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Using the Berggren representation one has studied many-nucleon  

excitations in the continuum within the Complex Shell Model,  

which is the same as the Gamow Shell Model. 



THE END 




