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Introduction 
 

The alpha decay is one of the prominent 
decay modes of nuclei in the heavy and 
superheavy regions. The simultaneous emission 
of two alpha (2α) particles from a radioactive 
nucleus is known as double alpha decay. The 
concept of spontaneous emission of 2α particles 
from a nucleus was first predicted by Poenaru et 
al.,[1] in 1985. There have not been many studies 
both theoretical and experimental to understand 
the possibility of the emission of 2α particles, 
after its first prediction.  Recently in 2021, 
Tretyak [2] studied the possibility of double 
alpha emission from 80 naturally abundant 
nuclei. The author also reported, for the first 
time, the experimental half-life limit for 2α 
emission from 209Bi isotopes. By analyzing the 
data taken from the experiment conducted by 
Marcillac et al.,[3] to observe single α decay 
from 209Bi, Tretyak  set the experimental limit 
for 2α emission from 209Bi as T1/2 > 2.9 × 1020 y. 
Very recently one of us (KPS) [4] studied the 
possibility of 2α decay from 209Bi and the 
predicted half-life using the SemFIS formula is 
compared with the reported experimental half-
life limit.    

In the present work, we aim to study the 
possibilities of single α and 2α emissions from 
221-247Pu isotopes using the well-known 
Universal Decay Law (UDL) of Qi et al.,[5] for 
alpha and cluster radioactivity.   

 
Universal Decay Law (UDL) 

The expression for Universal Decay Law is 
written as,  

cdc QZaZT /)(log 2/110      

   cAAZZb cddc  )( 3/13/1
 (1)  

Where Ac, Ad, Zc, Zd are mass number of cluster, 
mass number of parent, proton number of cluster 
and proton number of daughter respectively.  
The constants are a = 0.3949, b = -0.3693, c =    
-23.7615 and )/( dcdc AAAA  . 

Results and discussion 
 

The single α and 2α decay are energetically 
possible only if Q > 0. The decay energy or the 
Q value for α and 2α decay is given by the 
equation, 

  )( dcp MMMQ  ,     (2)                         

where 
pM , 

cM  and 
dM  are the mass 

excess of parent, cluster and daughter nuclei 
respectively. For α decay, MM c  and for 

2α decay, MM c  2 , where M is mass 

excess of alpha particles. The mass excess values 
are added from the recent mass table of Wang et 
al., [6]. 

The computed Q value for both α and 2α 
emission 221-247Pu are positive indicating the 
possible emission of both particles from these 
isotopes. In this study we assume that the highly 
correlated two alpha particles form a cluster 
within the parent nuclei, penetrate through the 
barrier and after crossing the barrier emit two 
alpha particles. We have computed the half-lives 
for α and 2α emission from these isotopes using 
the UDL formula eqn. (1).  Figure 1 represents 
the logarithm of predicted half-lives for single 
alpha decay (blue circle) and double alpha decay 
(red star). As the present upper limit for 
measurement is 1030 s, all predicted alpha decay 
half-lives are within the measurable limit but 
double alpha decay from 221-232Pu are 
measurable. In Table 1 we tabulated the half-
lives for double alpha decay from 221-232Pu.  
Table 2 gives comparison of predicted alpha 
half-lives with corresponding experimental data 
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[7]. It can be seen that our predicted logarithm of 
alpha half-life values are in good agreement with 
experimental data with standard deviation = 
0.45. Our observation on decay of 221-232Pu will 
serve as a guide for future experiments on double 
alpha decay.  
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Fig. 1 Graph connecting predicted log10T1/2(s) 
versus mass number of parent nuclei for single 
alpha and double alpha decay from 221-247Pu 
isotopes. Blue circle and red star represent single 
and double alpha decay respectively. 

 
Table 1 The Computed Q value and half-lives 
for double alpha decay from 221-232Pu isotopes. 

Parent  
Nuclei 

Daughter 
Nuclei 

Q2α value 
(MeV) 

logl0T1/2(s) 
Present 

221Pu 213Th 18.96017 11.96093 
222Pu 214Th 19.51517 10.63326 
223Pu 215Th 20.34917 8.753466 
224Pu 216Th 20.12117 9.218781 
225Pu 217 Th 19.24417 11.17328 
226Pu 218Th 18.41317 12.15346 
227Pu 219Th 17.46017 15.60335 
228Pu 220Th 16.56817 18.08625 
229Pu 221Th 15.60017 21.02378 
230Pu 222Th 14.87917 23.39071 
231Pu 223Th 14.07417 26.25163 
232Pu 224Th 13.51517 28.38043 
 
 
 
 
 

Table 2 Comparison of computed alpha decay 
half-lives with corresponding experimental data.  

 

Parent 
Nuclei 

Qα value 
(MeV) 

log10T1/2 (s) 

Present Expt. 

228Pu 7.940084 -0.12852 0.322219 

230Pu 7.178084 2.486070 2.021189 

236Pu 5.867184 8.101714 7.955157 

238Pu 5.593184 9.512306 9.442094 

239Pu 5.244484 11.49089 11.88127 

240Pu 5.255784 11.40887 11.31606 

242Pu 4.984284 12.06974 13.07313 

244Pu 4.665584 15.20996 15.40993 
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