LETTERS TO THE EDITOR
ser 14 for the fission U235 by thermal neutrons, was
extended to include the entire nucleus under consideration. The calculated values of En were
found to be in good agreement with measured values of dv/dEx =·1/En (Refs. 15 -17).
The mean energy Ey of the instantaneous y
rays was assumed constant, 8 Mev, in the calculations, as confirmed by experiments on the study
of the prompt-fission y rays from u 235 (n, f) and
Cf252 (Refs. 15, 18).
For comparison with the calculations, all the
experimental values of y, for the fission induced
by neutrons, were reduced to values of v for
spontaneous fission of the corresponding compound
nuclei, using the formula dv/dEx = 1/En. The
validity of this operation was confirmed by direct
comparison of v for the processes Pu235 ( n, f)
and Pu241 ( n, f) (Ref. 5) with v for spontaneous
fission of Pu240 and Pu242 (Refs. 1 - 3).
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Fig. 1. Dependence of the average number of prompt fission neutrons on A, for various Z. Lower point o- Th,
4- U, 'V -Np, o- Pu,, D-Cn, x- Cf, •- Fm.

The diagram shows a family of curves of v as
functions of A for various Z. Most experimental
data are in satisfactory agreement with the calculations. An exception is the value of v for the
spontaneous fission of U238 (Ref. 7). The value of
v for the spontaneous fission of Th232 was not compared with the results of these calculations, for,
according to the latest measurements for the period of spontaneous fission of Th232 (Ref. 19), there
is a certain doubt concerning the value vTh/vu
= 1.07:1: 0.1 (Ref. 6).
The non-monotonic course of v(A) is due to
the shell structure of the fragments. Without taking the shells into account, dv/dA > 0. On nuclei
with A < 240, i.e., with AR. < 100, the nearness
of a shell with 50 neutrons manifests itself- the
excitation energy increases with diminishing A,
and the sign of dv/dA is reversed.
The authors express deep gratitude to Professor A. I. Leipunskii and I. I. Bondarenko for valuable advice and remarks.

347

1Crane, Higgins, and Bowman, Phys. Rev. 101,
1804 (1956).
2Diven, Martin, Taschek, and Terrell, Phys.
Rev. 101, 1012 ( 1956).
3Hicks, Ise, and Pyle, Phys. Rev. 101, 1016
( 1956 ).
4Kuz'minov, Kutsaeva, and Bondarenko,
AToMHaH 3HepruH (Atomic Energy) 4, No. 2 (1958).
5D. J. Hughes and R. B. Schwartz, Neutron
Cross Sections, Suppl. 1957.
6 Barclay, Galbraith, and Whitehouse, Pl'oc.
Phys. Soc. A65, 73 (1952 ).
7D. J. Littler, Proc. Phys. Soc. A65, 203
(1952 ).
8Choppin, Harvey, Hicks, Ise, and Pyle, Phys.
Rev. 102, 766 (1956).
9A. E. S. Green, Phys. Rev. 95, 1006 (1954).
10 P. Fang, Phys. Rev. 102, 434 (1956).
11 w. J. Swiatecki, Phys. Rev. 100, 936 (1955).
12 Kovalev, Andreev, Niklaev, and Guseinov, J.
Exptl. Theoret. Phys. (U.S.S.R.) 33, 1069 (1957),
Soviet Phys. JETP 6, 825, (1958).
13 Hjalmar, Slatis, and Tompson, Ark. Fyzik. 10,
357 ( 1956 ).
14 J. S. Fraser, Phys. Rev. 88, 536 (1952).
15 R. B. Leachman, Phys. Rev. 101, 1005 (1956).
16 Smirenkin, Bondarenko, Kutsaeva, Mishchenko,
Prokhorova, and Shemetenko, AToMHaH 3HepruH
(Atomic Energy) 4, No. 2 ( 1958 ).
17 Kalashnikova, Lebedev, and Spivak, AToMHaH
3HepruH (Atomic Energy) 2, 18 (1957).
18 Smith, Fields, and Friedman, Phys. Rev. 104,
699 (1956).
19 Podgurskaia, Kalashnikova, Stoliarov, Vorob'ev, and Flerov, J. Exptl. Theoret. Phys. (U.S.S.R.)
28, 503 ( 1955 ), Soviet Phys. JETP 1, 392 (1955 ).
Translated by J. G. Adashko
87

ON THE DOUBLE BETA-DECAY OF Ca 48
V. B. BELIAEV and B. N. ZAKHAR'EV
Joint Institute of Nuclear Studies
Submitted to JETP editor November 8, 1957
J. Exptl. Theoret. Phys. (U.S.S.R.) 34, 505-506
(February, 1958)

A

number of experimental researches have
shown 1•2 that the period of double (3-decay is
greater than 10 18 years. In this connection, the
necessity has arisen of re-examining the esti-
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mates that have been given in the literature for
the probability of {3-decay with the emission of
two neutrinos. Goeppert-Mayer 3 estimated the
probability of two-neutrino decay, but did not
calculate the nuclear matrix element, which led
to disagreement with experiment. We have carried out this calculation in the approximation of
the shell model.
We consider the case most convenient for calculation, the decay Ca48 - Ti48 • The maximum
decay energy, the identical structures of the parent and product nuclei, and the fully occupied
shells of definite spins J distinguish this reaction among all the cases for which double {3-decay
is energetically possible.
It is assumed that the transition occurs by way
of the virtual intermediate state Sc48 • All three
of the nuclei in question (Ca48 , Sc 48 , Ti 48 ) have
the same core Ca40 , which plays no part in the
process. Therefore we shall be interested in only
8 nucleons in each nucleus. We note further that
the radial functions of the nuclei in question are
identical, and the corresponding integrals are not
involved in our considerations. The construction
of the functions is facilitated by the convenient
structure of the nuclei chosen. Their filled shells
and almost filled shells do not require the rather
complicated apparatus of fractional parentage coefficients.
The functions for the initial and final states
have been given by Maksimov and Smorodinskii. 4
The function for the intermediate state is constructed analogously. Its spin-orbit corresponds
to the Young schemes [2111111] for T = 3 and
[ 11111111] for T = 4. In the first case the intermediate function reduces, from the point of view
of spatial symmetry, to a function of s = 2 nucleons. Thus we have
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10-9 years (Ref•. 3).

Taking it into account that the decay can also
go through excited intermediate states, we get for
the half-life a value of about 10 19 years. As has
been shown by Bohr and Mottelson, 5 a correction
factor must be applied to the probability of decay
calculated by the shell model; we take it from the
data for nuclei in the neighborhood of Ca48 ; A "'
0.01. In our case, however, the transition is between even-even nuclei, and therefore it can be
hoped that less of a correction to the shell model
may turn out to be needed (A > 0.01). It would
therefore be interesting to check how reliable the
shell model is for Ca48 •
We take occasion to express our gratitude to
Professor Ia. A. Smorodinskii and to L. A. Maksimov for valuable advice.
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METHOD OF MEASURING PARTICLE ENERGIES ABOVE 10 11 ev
where, for example, for the case in which the first
nucleon is a proton
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Here (hhmtm21 hhJM) is a Clebsch-Gordan coefficient, M is the z component of the angular
momentum J, and A7 denotes antisymmetrization with respect to seven particles (without the
first). The square of the matrix element (with
tensor interaction) for the transition Ca48 - Sc48
(T = 3)-Ti48 is M2 = 0.006 (for the transition
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MORE than two years ago one of us ( Grigorov)
proposed a method for determining the energy of
a separate nuclear-active particle, based on the
measurement of the total energy liberated in dense
matter by all the secondary particles produced

