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THERE is a large group of phenomena in nuclei,
in which a vital part is played by residual np in-
teraction between the nucleons of over-filled neu-
tron and proton shells. It is obvious, for example,
that the appearance of an isomeric level with spin
J =9 in the Bi?l? nucleus, which has one neutron
and one proton in excess of two filled shells, is
caused by np forces. However, as we demon-
strated in a previous paper El:’, the appearance of
an isomeric level J = 16* in the Po?'?(2n + 2p)
nucleus is also due, in the final analysis, to np in-
teraction. It has, therefore, become necessary on
a general basis to study the main features of re-
sidual np interaction and the part it plays in the
appearance of high-lying isomeric states in nuclei.

An analysis of the dependence of the value of
the matrix elements of a configuration {jj,j,}
consisting of one neutron at level j; and one pro-
ton at level j, on the total spin J yielded the fol-
lowing results[?J: the variation of the matrix ele-
ments of the forces that are independent of the
intrinsic nucleon spins (Wigner forces) is such
that the matrix element is greatest for the state
with total spin J = Jpjp, somewhat smaller for
J = IJmax and smallest of all for J = Jpgx —1.
This dependence is represented in the figure by
curves (a). The matrix elements of the forces
that are dependent on the intrinsic nucleon spins
(singlet forces) increase the increasing total spin
J if the Nordheim number N =1, + j; + 1, + j, of
the configuration under consideration is even, and
decrease if N is odd [curves (b) and (c)]. Direct
calculation shows that in all these cases the points
lie alternately on two smooth curves.

Since the residual np interaction contains both
Wigner and singlet forces with parameters v, and
v, respectively, in order to determine the over-all
dependence of the matrix elements on the total spin
J it is necessary to know the signs and values of

General character of the
dependence of the diagonal
matrix elements of the op-
erators of Wigner and sing-
let forces upon the integral |
spin J for the configuration:
{i,s i}t curves (a) — Wigner
forces; curves (b) —singlet
forces, even N; curves (c) —
singlet forces, odd N.

these parameters. Theoretical analysis of the
thoroughly investigated spectrum of the heavy Bi
nucleus has shown that the parameters v, and v,
must be of identical sign (attraction) and have ap-
proximately equal absolute values. Thus, for con-
figurations {j;, j,} whose Nordheim number is
even, the Jyax level will lie close to the Jpyjp
level, and this results in isomerism. For configu-
rations with odd N, levels with intermediate spins
are ranged between the Jyin and Jmax levels, so
that in these cases isomerism does not take place.
In the region of light nuclei (A < 100) the param-
eters vy and v, are of different sign, since the
singlet forces become smaller than the triplet
forces. The result is that isomerism of light nu-
clei will be observed in configurations whose Nord
heim number is odd. For particle-hole configura-
tions the parameter v, changes its sign, and this
results in the matrix element being greatest for
the state with spin J = Jygx —1, regardless of
whether or whether or not the Nordheim number
of the configuration under consideration is even.

A general examination of the matrix elements
of the np interaction of configurations {j}, j3}
consisting of two neutrons and two protons shows
that with even N the greatest matrix element cor-
responds in the region of heavy nuclei to the state
in which the neutron and proton spins are aligned
and J = Jmax- Direct calculation of the diagonal
matrix elements of np interaction in this region
of nuclei gives a value for Jmgax that is approxi-
mately 500 keV higher than for the ground state.
This is why the level |g}/,8, h};8; 16) in the Po?!?
nucleus is relatively low-lying (2.9 MeV), so that
only levels with J < 8 are below it. As a result,
no 7y transitions from the level J = 16" are de-
tected, and only strongly forbidden « decay, with
a hindrance coefficient 1013, is observed [31.

From further analysis of the matrix elements
of np forces it is possible to make an assumption
regarding the isomeric nature of the levels which
can be described in a diagonal approximation of
the wave function |j$1sJymax, i52529amax; Jmax)
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Isometric levels in the region of heavy nuclei
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(s = seniority) for configurations whose Nordheim
number is even (region of heavy nuclei). This is
equally true for both odd-odd and even-even nuclei
and for odd A nuclei. We note that the isomeric
levels caused by np forces can be both low-lying
and high-lying with respect to the ground state,
from 100 keV to 5 MeV.

The following fact extends the region of the nu-
clei in which isomeric levels can be observed.
Upon removal from the twice-filled shells the neu-
trons, as well as the protons separately, may be
distributed simultaneously over two or more lev-
els. If the nucleons at all these levels, except for
one neutron level j; and one proton level j,, are
bound into states with zero angular momenta, then
the splitting of the multiplet under the effect of the
np forces is determined by the properties of the
configuration {j{, j72}. In other words, the nu-
cleons in states with zero angular momenta play
no part in extending the configuration under con-
sideration, and thus the assumption made above
can be used to identify isomeric levels.

We must make special mention of isomerism
in the region of transuranium elements. This re-
gion is characterized by the fact that several con-
figurations, in which the nucleons are distributed
over the levels in different fashion, will simulta-
neously be the lowest in energy. These configura-
tions will also include those conducive to the for-
mation of isomeric states. It is only if levels of
other configurations with similar spin values
should chance to be below this level that isomer-
ism will not take place or will be attenuated. The
table shows the isomeric levels in the region of
heavy elements, their configurations, spins, and
approximate excitation energies.

Thus, high-lying isomeric states must occur
fairly frequently. The observation of isomeric
levels in nuclei with short-lived ground states is
of particular interest. In addition, the identifica-
tion of these isomeric levels, and also the deter-
mination of their lifetimes, makes it possible for
us to obtain more accurate knowledge of the nature

of np interaction in nuclei.
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IN many experiments 17 it is necessary to meas-
ure the intensity of the internal proton beam in an
accelerator. Usually activated carbon-containing
materials are used for this purpose. The intensity
of the proton beam is determined from the number
of produced B-active nuclei C!! (cil —pg* + Bl
+v). It was observed, however (2741, that a defi-
nite part of the C!! nuclei in films made of poly-
ethylene and other carbon-containing materials is
lost upon irradiation in the accelerator, as a re-
sult of the diffusion of the gaseous products which
are formed during the irradiation. Fuchs and Lin-
denberger [3] have shown that these losses are
essentially due to realignment of the molecular



