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Introduction: 

 
We intend to investigate the shell/sub-shell 

closure of nuclei from the cluster decay half-lives, 

which is a quantum tunneling phenomena like 

alpha decay. We have determined the ground state 

properties of even-even isotopes of 

Rutherfordium (Z=104) using the NL3* [1] and 

NL-SH as force parameters [2] within relativistic 

mean field theory (RMF) [3]. Also using binding 

energy (B.E.), energy released during𝐶14  decay 

(𝑄𝑐𝑙𝑢𝑠𝑡𝑒𝑟 )are calculated from which decay half-

lives are calculated using UDL-2[4],Unified 

Formula[5]and Santosh’s semi-empirical 

formula[6]. A long half life of parent shows the 

stability of parent and a small half life of parent 

suggests the stability of daughter against decay. 

 

Theoretical Formulation:  

Relativistic Mean Field Theory (RMF) 

 
 The Lagrangian density is [3,7-10] 
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The symbols have their usual meaning. Solving 

these equations we obtain the ground state 

properties such as the binding energies (B.E.),  

Using the B.E. values we get the corresponding 

‘Q’ values for different type of decay, Which are 

then used for𝑇1/2calculations  

Energy Released during cluster decay 

 
 𝑄𝑐𝑙𝑢𝑠𝑡𝑒𝑟  (Z, N) =  𝐸𝑏𝑖𝑛𝑑  (daughter) +  

𝐸𝑏𝑖𝑛𝑑(cluster) -  𝐸𝑏𝑖𝑛𝑑(parent) 

Universal Decay Law - 2 (UDL)  
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, Here A = 
𝐴𝑐 𝐴𝑑

(𝐴𝑐+𝐴𝑑 )
   is the reduced mass of emitted 

cluster- daughter nucleus system measured in unit 

of the nucleon mass. a=0.4314, b= -0.3921, c= -

32.7 [4]. 

 

Unified Formula  

 
𝐿𝑜𝑔10𝑇1/2  ( 𝑠 ) = a √𝐴   𝑧𝑐  𝑧𝑑𝑄𝑐

−1/2  + b √𝐴  

(𝑧𝑐  𝑧𝑑)
1/2 + c             …………………………(3) 

 where a=0.38617, b= -1.08676, 𝑐𝑒−𝑒= -21.37195   

are the adjustable parameters. 𝑧𝑐   and 𝑧𝑑  are 

atomic numbers of cluster and daughter nucleus 

respectively [5]. 

 Santhosh’s Semi-Empirical Model  
 

𝐿𝑜𝑔10𝑇1/2 (𝑠) = a 𝑧𝑐 𝑧𝑑𝑄𝑐
−1/2 + b𝜂𝐴 + c   ……(4)      

 Where  𝜂𝐴 = 
𝐴𝑑−𝐴𝑐

𝐴
  is the mass asymmetry [6].   

The values of adjustable parameters are   a= 

0.727356, b= 40.3887 and c= -85.1625   

respectivelly. 𝑧𝑐   and 𝑧𝑑  are atomic numbers of 

cluster and daughter  respectively. 

 

It confirms half-life of 𝐶14  decay completely 

depends upon the corresponding Q-values and 

takes a major role in deciding the stability of 
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either parent or daughter, From the figure-1, it is 

clear that for N=182, Q-value is maximum and at 

N=184 it is minimum in NL3*but in figure-3 Q-

value is maximum at N=192 in NL-SH parameter 

. 

140 160 180 200 220 240

10

15

20

25

30

35

40

Q
 V

a
lu

e
 o

f 
C

-1
4

 (
M

e
V

)

Parent Neutron Number  (N)

 NL3*

Z=104   (C14) NL3*

Fig-1

 

140 160 180 200 220 240
0

20

40

60

80

100

120

140

L
o
g
a
ri
th

m
 o

f 
h
a
lf
-l
iv

e
s
(T

1
/2

) 
(S

e
c
)

Parent Neutron Number (N)

 UDL-1

 UDL-2

 Santosh

 Ni

Z=104  (NL3*)Carbon-14 decay

Fig-2 Predicted logarithmic half-lives of C14

             decay from isotopes of z=104 using  NL3*

 
 So it again Proves that N=184 is the most stable 

isotope. In figure-2 half-life of 𝐶14 decay is 

minimum at N= 182 and 192, which indicates 

daughter is stable at N=174(182-8) and at 

N=184(192-8) Also 𝑇1/2 is maximum at N=184 in   

NL3* parameter and in figure-4 in NL-SH 

parameter 𝑇1/2  is minimum at N=192 and 

maximum at N=174. So parent and daughter both 

are stable at N=184 . 

 Conclusion: 
 We utilised RMF model to estimate the binding 

energy of even – even isotopes of Rutherfordium 

(Z=104) and mass number from 234 < A < 334 . 

Also we calculate their ground state property like 

B.E, energy released during of 𝐶14decay to find 

the decay half-lives by using different formula. In 

all we get the signature of shell closure at N=184. 
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