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11~LA'riCP ~Jr:''r':7~~::j\T E.ALF-LI "T? J'..E ' ;)J sr~T~7;G'1 'TI ON ~E1TERGY 
Ill ffiBITAL ~L?CT":l.OF CA?rUTF~ D.,.,'CAY • 

BY s. G. Thompson 

The 1a rgc amount of oner.::;y data now available for the alpha-

emitters and negative beta-emittol"S in the heavy region mab~s it 

;_;ossiblo, through the medium of closed decay cycles, to calculate 

the total energies corresponding to a numbe·· of electron cn~)tUPe 

decay processes. Using th~~s method, it is possible for tho first 

time to study tho l .. olationship betv1oon disintegration cnc ·cs and 

half-lifo in the electron capture process. Tho present note 

summaPizes the results of a number of such calculations of decay 

onerc;ics and shows how thosr arc connected "1:7ith the corresponding 

half-lives. Tho data us0d here ar0 tal:.cn chiefly f1•om th.;; recent 
( 1 ) 

compilation by Scabopg and Perlman. The electPon capture decay 

------------------

(1) G. T. Soaborg and I· Pe1•lman, Rov.I'Iod.~hys.20, 585 (1948). 
--• '' ·~H • o ----·-··--- ••• ____ , ... ., "·-·-·-------------- -- •-•• ·-- ---·---~...,;·,--

isotope Np233 of 35 m~nuto half-lifJ,not included in the above 
. . ( 2 ) 

compilation, is also usc( ~n this corrolat1on. 
------- ____ .. ____ ----------- ----·. --~------·--~--·-· ····~----· .. ·-··--···-·· .... _. 

(2) L. B. 1"1a~·nusson anci G. T. Scabor.:s, un)ublishcd work 
(Jan., 194 9). 

In order to illustrate tho mothod of calculation of olectron 

captul'o decay energy · from a olosco cycle we may consider the 

folla·.· inga 

It can be soc::n that the c bctron capture :Jncrgy of Pa229 is oqua.l to 

_j 
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Ea(Pa22~) + Er(Pa229) .. Ea(Th229) - Er(Th22'd) - E~(Ra225) 

where Ea corresponds to the energy of the longest range alpha-particle, 

Er corresponds to the energy of recoil following alpha-er.1ission, and 

E~ represents the total disintegration energy corresponding to the 

beta-decay process. Using the best values available we have 
5.69 + 0.10 - 5.02 - 0.09 • 0.2 ; 0.5 Mev 

for the electron capture disintegration energy of Pa229. Since this 

isotope decays 99% by eleotron capture and 1% by alpha emission with 
a measured half-life of 1.5 days, this 0~5 Mev disintegra~ion energy 

corresponds to a half-life of 1,5/0.99 or approximately 1.5 days. 

Calculations using an extension of this method have been carried 

out for 16 species for which there are reliable half-life and branch­

ing data. Where the alpha-energies have, not been measured they iWere 
obtained from a recent correlation between alpha-energy, mass number, 

and atomic number~ 3 ) A more serious difficulty arises in estimating 

(3) I. Per'l.man., A. Ghiorso and G. T .. Seabo:r-g, Phys.Rev. Zf, 1739 
( 1948). 

total beta-disintegration energies from the published values of the 

beta-particle upper energy limits and the gamma-ray energies, in that 

a kn~wledge of the disintegration scheme is necessary. The values we 

have chosen on which to base our calculations are summarized in the 

following table. 
Table I. 

Total_ ~eta~Disintegration Energies of Some Heavy Isotopes 

Isotope Energy (Mev) 

Bi213 
Ra225 
pa233 
pb2ll(AoB) 
Fr223(AcK) 
Th231 (UY) 
pb214 (RaB) 
pb212 (ThE) 
Ra228(MsThl) 

l-.. 3 
0.2 
0.5 
1.4 
1.3 
Oo24 
1.0 
o.E 
0.05 

Fig. 1 shows a plot of the logarithm of the (partial) beta half­

life versus the disintegration energy for the 16 species. Of course 
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the partial half-lifo for electron capture should be related to the 
primary 

particular energy of the~transition rather than to the total energy 

between ground states, as is plotted here, but at present only tho 

latter values arc known. It may be noticed that it is possible to 

draw a line to include essentially all species other than a few of tho 

odd-odd mass typo. A number of species of the odd-odd mass type 

follow roughly on another line corresponding to a degree of forbidden­

ness of a factor of tho order of 10 or 100. It is interesting to note 

that a similar plot for a number of heavy negative beta-particle 

emitters, admittedly rather naive but interesting for comparison, 

gives two similar curves (not shovm here) for the two groups of mass 

types. Thus the larger probability of higher spin states for odd~odd 

species shows up in both cases. On the same oversimplified basis, we 

note that both curves for electron capture decay are above the cor.res-

pending curves for beta-decay. Thus for the same disintegration 

energy the half-life for electron capture seems to be longer by an 

average factor of about 3 than the half-life for beta-decay. 

It is felt that further refinements of the method presented here, 

in which the energy corresponding to electron capture decay to identi-

fled excited states of the product nucleus is correlated with corres-

pending partial half-lives, will le~d to more meaningful information 

as to the nature of the electron capture decay process. 

I am indebted to Professor Glenn T. Seaberg for many interesting 

and helpful discussions on this subject. 

This work was performed under the auspices of the Atomic Energy 

commission. 
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