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tion o a state of Ni® 0.652 Mev above the ground state. The end
point energy of this spectrum would be 1.205—0.652=0.553 Mev.
This assumption is in agreement with the findings of Cook and
Langer that the positron spectrum shows a deviation for energies
lower than about 0.511 Mev. For this energy the ratio of K-capture
to positron emission is about 5, which means that in the momen-
tum distribution of the positrons a complexity of about 1-2 percent
must be expected.

We wish to thank Professor Scherrer for his kind interest in and
active support of this work.
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Half-Life for Double Beta-Decay*
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IREMANT! has reported the results of a rather difficult beta-
particle coincidence counting experiment in which the decay
of 5Sn!2¢ to 5. Te!2* by the simultaneous emission of two negative
beta-particles, with a half-life between 4X 10 and 9X 10'S years,
seems to have been observed. This note reports the results obtained
from a different and somewhat simpler method of looking for the
phenomenon of simultaneous emission of two beta-particles. These
results are negative so far and show that this process is consider-
ably less probable in the case chosen by us than in that reported
by Fireman.

Our method consists of looking in uranium samples for 90-year
Pu?® which would come from U2® by the double beta-particle
mechanism since Np?®8 is heavier than U2%¥, which in turn is sub-
stantially heavier than Pu?®, in the isobaric triplet goU?®—g;Np*%
—gPu?8. This chemical method of investigation is particularly
applicable to this isobaric triplet because there appears to be no
other mechanism to account for the Pu?8 should it be found. The
energetics of the situation are summarized in the following dia-
gram, where the disintegration energies (in Mev) are derived from
sources which may be traced through a recent compilation.?
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The alpha-disintegration energy of Np** is estimated from alpha-
decay systematics.?

Our experiment consisted of taking 14 kg of very pure, 6-year
old, UO; and extracting and separating the plutonium fraction by
chemical means. The method consisted essentially of dissolving
the oxide in nitric acid and precipitating Pu(IV) with lanthanum
fluoride, followed by solution of the lanthanum fluoride and oxi-
dation of the plutonium to Pu(VI), which was extracted into
diethyl ether and then re-extracted into water. Similar cycles were
repeated five times in order to separate completely from UX, and
to reduce the amount of lanthanum carrier, after which the final
sample was plated out on flat platinum with total carrier weight
probably less than 50 micrograms. The use of tracer Pu®* in this
separation established that the chemical yield amounted to 10
percent.
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This final sample was measured for the presence of the 5.51-Mev
alpha-particles of Pu?® on the alpha-pulse analyzer apparatus in
this laboratory.* This analysis showed that the counting rate of
the Pu?® alpha-particles at essentially 50 percent counting yield
amounted to 0.00+0.01 counts per minute above background.
This indicates that the “half-life” of U2 for simultaneous emission
of two beta-particles, for which a total energy of 1.1 Mev is
available, is greater than 6X 10 years.

This experiment could be extended to reach longer half-lives
through the use of larger and older sources of uranium such as
pitchblende ore. In this case, of course, the plutonium fraction so
isolated will contain a certain amount of Pu?? as has already been
demonstrated.® The extraction of plutonium from a ton of pitch-
blende (50 percent uranium) with 10 percent yield could detect
a half-life as long as some 102 years for the same limits of counting
accuracy.

This result appears to disagree with that of Fireman although
it may not be possible to be positive about this in view of the
difference in energies and atomic numbers and possible difference
in degree of prohibition involved. The theory for the double beta-
decay process sets widely differing ranges of half-life depending
upon whether the process can take place without neutrine emis-
sion.® Fireman’s results are in the range predicted for double beta-
decay without neutrino emission while our half-life limit seems to
be above this predicted range and perhaps points toward the
emission of two neutrinos in this process.

A recent investigation’ of the double beta-transition s Te!3%—
sXe', by a similar method in which the xenon present with a
tellurium ore was analyzed, also points toward a two-neutrino
process, but is subject to experimental uncertainty with respect
to the age of and the degree of xenon retention by the ore.

It is a pleasure to acknowledge the assistance of Dr. L. B.
Magnusson in the chemical procedure.

* This work was performed under the auspices of the AEC.
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HE bombardment of ordinary magnesium with protons gives
the following reactions:

(1) Mg?(p, v)Al Q=2.3 Mev
(2) Mg?(p, v)AI* Q=8.4 Mev
(3) Mg®(p, v)AF" Q=73 Mev.

These reactions have been investigated by Curran and Strothers.!
They separated the reactions by the positrons accompanying
some of the resonances, ascribing these resonances to reaction (2).
Hole, Holtsmark, and Tangen? found eight sharp resonances
between 200 and 500 kv. Tangen,?® using the same technique as



