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Introduction 
The conversion of energy of collective 

nuclear motion into internal single particle 
excitation energy is one of the modes of nuclear 
energy dissipation. Dissipation and its relation to 
pair breaking is one of the challenges in nuclear 
field.  A characteristic of low energy fission is odd 
–even effect.  Odd-even staggering  in the mass or 
charge yields and in the total kinetic energies [1] 
will be of useful to analyze  dissipation energy.  
The odd even effects in the charge distribution of 
cold fission fragments can be analysed to extract 
information on the energy dissipation during the 
passage from the first potential well towards the 
scission point through the fission barrier [2]. The  
Q value during a fission process is decomposed 
into the total kinetic and excitation energies (TKE 
and TXE). 
 
         i.e., Q = TKE + TXE  (1) 
  
 In normal fission phenomena (known as hot 
fission) a fraction of the energy released during 
fission is spent to deform and excite the fragments. 
Cold fission also known as neutronless fission is a 
subset of fission. These cold fission events are of 
interest because they are events where most of the 
energy is dissipated through either kinetic energy 
or deformation of the nascent fragments instead of 
spending on excitation and neutron emission. Cold 
fission is an excellent source to measure odd-even 
effect which can provide insight about nuclear 
structure such as energy levels, deformation etc., 
and will help us to understand the fission path from 
saddle point to the scission point [3]. 

In this work we present an estimation of 
the odd - even staggering, energy dissipated and its 
dependence on fragment mass for different cold 
fragmentations of  252Cf  based on the isotopic yield 
computed by A. Sandulescu et al., [4]. 

 
Theory: 

Cold fission can be treated in analogy to 
alpha and cluster decay by the penetrability through 
the potential barrier [5]. For a given mass and 
charge split the absolute yields for the fragments in  
cold fission can be taken as proportional to the 
decay constant λ = υ P(AL, ZL) where υ is the  
assault frequency ,which is the no. of   collisions on 
the barrier per second and P(AL,ZL) the 
penetrabilty. The relative  isotopic yield is taken as 
the ratio of the penetrability through the potential 
barrier of a given fragmentation to the sum of 

penetrabilities of  all possible  neutronless 
fragmentations and can be expressed as:  
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Sandulescu et al. [4] calculated the isotopic yield of  
252Cf  using M3Y potential  by the double folding 
procedure based on a cluster model similar to the 
one-body model used for the description of cluster 
radioactivity. The above mentioned data have been 
used in the present work to investigate the energy 
dissipation. The cold fission yields show that many 
odd-odd splitting have values larger than the 
neighbouring even-even fragmentations. The odd-
even staggering is given by: 
 
                  δZ = Ye-Yo   (3) 
 
where Ye and Yo respectively are the yield for even 
and odd charge number with δZ being positive for 
enhanced even yields. The even-odd staggering 
observed in the experimental fission-fragment 
nuclear-charge yields is investigated over a wide 
systematic of fission fragments measured at 
Lohengrin [6]. In normal fission, for all compound 
nuclei undergoing fission with even Z, the proton 
odd-even effects of the fragments found to be 
positive. The amplitude of the even-odd staggering 
is linked to the pair breaking and dissipation during 
the deformation in the fission process [6]. The 
dissipation energy is connected to the odd-even 
staggering through the relation[7]: 
 
                  Ediss= - 4 lnδz (MeV)  (4) 
 
A quantity that reflects the internal structure of a 
nucleus during fission process is mass asymmetry 
parameter( ῃA) which is defined as: 
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 (5) 

 
where AH is mass number of heavy fragment and 
AL mass of the light fragment produced. The 
experimental data for the spontaneous fission of  
252Cf  and 248Cm  indicate a preference for cold 
fragmentations with both the partners are having 
pronounced ground-state deformations and masses 
100<AL<114, 140<AH<152 respectively [ 8,9]. In 
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the present investigation we have selected the 
various splitting of fragments of 252Cf  in the region 
(100<AL<114, 140<AH<152), where  both the 
partners are having pronounced ground-state 
deformations.  
 
Table 1: Energy dissipation for the various 
fragmentations in the cold fission of 252Cf. 
 

A  δz Ediss= - 4 lnδz     
(MeV) 

0.206 2.32 -3.366 
0.198 0.72  -1.314 
0.190 7.15 -7.868 
0.183 1.97 -2.712 
0.174 1.94 -2.6507 
0.166 0.42  -3.470 
0.159 -5.96  -14.453 
0.151 0.40  -3.665 
0.143 2.85 -4.189 
0.135 -0.60 -12.731 
0.127 -1.51 -12.674 
0.119 -1.66 -12.729 
0.111 0.99 -0.040 
0.103 -1.42 -12.644 
0.095 -0.54 -12.806 
0.087 -0.34 -13.287 

 
 

 
 
Figure 1: Dissipation energy dependence on light 
fragment mass. 
 
Results&discussion: 

The general trend of the dissipation 
computed in the present case is that it increases 
with decrease of mass asymmetry for the region we 

have considered. Absolute values of Log(δz) has 
been taken to compute the dissipation. When mass 
asymmetry is below 0.159(AL/AH=106/146) 
dissipation becomes enhanced and steady. Besides 
dissipation becomes a complex quantity which 
implies that an additional component of dissipation 
arises at this stage. At fragment asymmetry 0.111 
(AL/AH=118/134) where fragment deformations are 
lowest dissipation becomes very low.  

A higher dissipation for fission than alpha 
decay and cluster emission has been suggested by 
Nafiseh shayan et al.[10] which indicates a strong 
dependence on the asymmetry parameter. The 
maximum value of dissipation   in the case of alpha 
decay is reported around 3 MeV and in the case of 
C14 cluster emission around 4 MeV. The maximum 
value of dissipation we have obtained in the present 
case is 14.45 MeV  which is much higher than that 
in the alpha decay and cluster radioactivity and is 
in supportive of the assertion made in [10], since 
collective motion is much higher in fission than in 
alpha decay and cluster decays. 
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