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RTLATICH BWIVETN HALF-LI?7 &1 DISIVTTGY TTON IVERGY
IN RBITAL "LTCTRON CAPTURT D7CAY.

By S+ Go Thompson

The la rgc amount of enerzy data now available for the alpha-
cmitters and negative beta-cmitters in the heavy region makes it
sossible, through the medium of closed decay cycles, to calculate
the total energies corresponding to a numbe:r of clectron canture
decay processese. Using thls method, 1t 1s possible for the first
time %o study the relationship betwocon disintegration cne gy and
haelf~life in the elcctron capture process. The mescnt note
summarizes the results cof a number of such calculatlons of decay
cnergies and shows how thosc arc connected wilith the corresponding
half~lives. The data used here arc taken chicfly from the recont

(1)

compila tion by Scaborzy and Perlman. The electron capture decay

(1) G; T; Ssaborg and I; Perlman, Rev.mod;“hys.ggb 585 (1948);
isotopc Np255 of 35 minutc half-lifé,not inclﬁdcd in the above
compilation, 1s also used n this corrclation.(2

T (2) L. B. Haomusson and G T. Scaborg, unpuilishcd work
(Jan., 1949).

In order to illustratc the method of calculation of clectron

capture decay energ8y - from a closcd cycle we may conslder the

follorings 9OTh229 & 919a229

) L.
8833225 -’—B—:} 89A0225

229

It can e scoen that the <loctron capturc znergy of Pa -1s ocqual to
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Eq(Pa?2?) + En(Pa?29) - mq(ThE29) - £, (Th®2?) - Eg(RaBA5)
where Eq corresponds to the energy of the longest range alpha-particle,
Ep correspends to the energy of recoil followlng alpha-emissicn, and

EB represents the total disintegreation energy corresponding to the

beta-decay process. Using the best values avallable we have
54689 + 04610 = 5402 = 0409 =« 0.2 = 0.5 Mov

for the electron capture disintegration energy of Pac29, Since this

isotope decays 99% by electron capture and 1% by alpha emission with

a measured half-life of 1.5 days, thls 0.5 Mev disintegration energy

corresponds to a half-1life of 1,5/0.99 or approximately 1.5 days.
Calculations using an ektension of this method have been carried

out for 16 speciles for which there are reliasble half-life and branch-

ing data. Where the alpha-energies have not been measured they were

obtained from a recent correlation between alpha-energy, mass number,

)

and atomic numberﬁ A mofe serious difficulty arises in estimating

(3) I. Perlman, A. Ghiorso and G. T. Seaborg, Phys.Rev. 74, 1730
(1948).

total beta-disintegratlion energles from the published values of the
beta-particle upper energyllimits and the gamma~-ray energles, in that
a knawledge of the disintegration scheme 1s necessary. The values we

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

following table.

Table I«

Total Beta-Disintegration Tnergles of Some Heavy Isotopes
Isotope Energy (Mev)
Bi213 1.3
Ra225 062
pac33 0.5
Pb2ll(acB) 1.4
Pre23(AcK) 1.3
The Sl (Uy) 0.24
Pb2l4 (Rap) 1.0
Pb<l12 (Thp ) C.6
Ra28 (MsThy ) 0.05

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

1life versus the disintegratlon cnergy for the 1€ species. Of course
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the partial half-life for electron capture should be rclated to the
particular energy of thgit¥2§Zition rather than to the total energy
between ground states, as 1s plotted here, but at present only the
latter values arc known. It may be noticed that it is possible to
draw a line to include essentially all specieg other than a few of the
odd~-odd mass type. 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 the 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,
glves two similar curves (not shown here) for the two groups of mass
types. Thus the larger probabllity of higher spin states for odd-odd
specles shows up in both cases. On the same oversimplifled basis, we
note that both curves for electron capture decay are above the corres-~
pondlng 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 1s felt that further refinements of the method presented here,
In which the energy corresponding to electron capture decay to 1denti-
fied exclted states of the product nucleus 1s correlated with corres-
ponding partial half-lives, wlll lead to more meaningful Information
as to the nature of the electron capture decay processe

I am Indehted to Professor Glenn T. Seaborg for many interesting
and helpful discussions on thls subject.

This work was performed under the auspices of the Atomlc Energy

Commisslicne
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