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vious estimations of the nuclear isospin impurity, without considering the proton-neutron correlation,
have already shown that it is quite small, of the order of a fraction of a percent.®*

Finally it can be shown that, for the special nondegenerate case (8), the superallowed Fermi-3 *-de-
cay matrix element does not deviate from the expected value between states of good isospin, i.e.,
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to second order in A, in the approximation discussed here.
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The violation of the normal parity rule in (@,0’) scatteriag is related to a velocity de-
pendence in a purely central, spin-independent a-N force. The distorted-wave Born-
approximation formalism of the process is presented, and the specific case of the 3*
state in Ni®® is calculated in the plane-wave Born approximation. The role of the veloci-
ty dependence is discussed in physical terms, and a formal similarity with Weber’s old

theory of electromagnetism is found.

It is well known that in single-stage inelastic
scattering the transfer of orbital angular momen-
tum ! from the projectile to the target and the
parity change A7 of the target are related by the
so-called “normal” parity rule (-)!= An, if the
force between the projectile and the target nu-
cleons is static and local, and exchange is ig-
nored, Essentially, this is because the only op-
erator in the multipole expansion of such a force
that has the required multipolarity / is Y,. One
particularly striking consequence of this rule is
the absolute prohibition of the direct, single-
stage excitation of states of abnormal parity from
a 0% ground state by « particles since in this
case there cannot, of course, be any question of
spin flip.

Nevertheless, such processes do occur, and

as one of several possible explanations a spin-
orbit a-N force has been proposed by Eidson

and Cramer.' Although no calculation has been
published to our knowledge, a more complete
discussion was given by Satchler? who showed
that the essential role of the spin-orbit force

was to permit the formation of composite tensors
through the coupling of the T operator with spher-
ical harmonics. Without at all developing the
idea he then indicated that a p operator (momen-
tum) would do just as well as the L operator com-
ing from the spin-orbit force.

In the light of this suggestion, we wish to point
out that excitation of abnormal parity states can
take place with a central, spin-independent a-N
force, provided it is allowed to be velocity de-
pendent. We have, in fact, found that we can get
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a rough fit to the ¢-N s-wave phase shifts® be- is especially the case if care is taken to avoid
tween 0 and 40 MeV with an interaction of the the spurious 1s bound state.
form* Several new tensor products appear in the mul-
tipole expansion of the force when it contains a
Vi =h % p2g(r) +g(1)p?), (1) Tpoeexp

p? dependence, but the only ones that contribute
where g(7) = B exp(- 8*%), with B=20.7 MeV fm?® to transitions that violate the normal parity rule

and 8=0.2 fm !, This potential is, of course, are [X, (o)X ,V(5)],-, and [X, (@)X ,®(3)]; -,
far from unique, but we would remark that there where

must be some velocity dependence: The basic o

nucleon-nucleon force is known from meson theo- x,W=[ly,L,)Y,], (2a)
ry to have a nonlocal character, and the first

term in the expansion of this will involve a p? X,®=[y,[v,.L,),], (2b)

factor. Actually, most earlier attempts to find
an a-N potential have involved energy-dependent where the brackets denote tensor coupling and L,

parameters® (note that such potentials are non- is the orbital angular momentum operator.
Hermitean), and in fact we believe that it would The generalization of Satchler’s distorted-wave
be rather difficult to fit the data over the above Born-approximation description of inelastic scat-
range with a purely static, local potential. This tering® is then relatively straightforward. We

| get for the “reduced amplitude”

=2 2 Ty, ala’ u)'mlx.xczxcc'wpzc,'lmI(COSQ), (3)
la.la' w=1,2
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In this latter equation we have introduced the radial form factor
5 . 1 ,
G, Ury) = - 4mi? 2 <]AI ”__‘hx("’m 7 )X 1(w) H]A= 0>, (6)
i(4) Yoy

where the multipole #, is given in terms of the [
function g(») appearing in the force (1) by has considerably overestimated this cross sec-
- o+ tion; but we believe, nevertheless, that we have
gr)=4r 3 i hy(re v )Y H(7)Y *¥(#).  (7)  here a viable mechanism for violating the normal

120 p=-1 parity rule, and that it is worthy of further study

The differential cross section is then given by along, of course, with the other possible expla-
do M.2 Bt nations.®
—== =% (2, + 1) T8, (8) Despite the appearance of new tensors it may
aQ  4nmm* k., p”

be found rather surprising that with a purely cen-
By way of example, we have chosen to consider tral force it is possible to change the selection

the excitation of the 3* state at 3.414 MeV in Ni®%® rules simply by introducing a momentum depen-
since this is a case which is particularly simple dence. We shall conclude, therefore, by attempt-
from the point of view of the nuclear matrix ele- ing to give some physical insight into the way
ments,” although unfortunately there is very little thls new reaction mechanism works. With 1 and
in the way of data.® Performing the calculation l ’ being the orbital-angular-momentum vectors
in plane-wave approximation, the above interac- of the a particle before and after impact, re-
tion gives 79 mb for the integrated cross section spectively, we shall have Ta =]? 4 +Ta’ since j,=0.

at 18 MeV, while at 40 MeV this has risen to 213 Then, if there is no change in the direction of the
mb. No doubt the plane-wave Born approximation a-particle’s angular momentum, it follows that
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ja'=1laqxl,’]. Since the parity change of the tar-
get is given by A7 =(-)'a*’¢’ we see at once that
abnormal parity transitions require that the a-
particle’s angular momentum change direction
during the scattering,® i.e., there must be “orbit
tilt” (for nucleons, “spin flip” plays the same
role). In this respect it is significant that of the
several tensors associated with a p? force, the
only ones that contribute to abnormal parity tran-
sitions are those that contain L,: It is L,*! that
are responsible for the tilting.

Physically, it is very east to see how a spin-
orbit component in the two-body force can give
rise to this tilting. That a purely central force
can have the same effect provided it is velocity
dependent is less obvious but can be understood
on noticing the similarity with the electromag-
netic interaction between a long wire and a small
circuit: The two tend to swing together into the
same plane. Although his theory has other de-
fects, and was eventually replaced by the field
theory of Maxwell, an adequate description of
this phenomenon was given by Weber! in terms
of a central force

F=(?/)[1- (72 - 27) /%) (9)

acting between charges. Now the potential (1)
corresponds classically to the velocity-dependent
force!

F=[fN#+ 3 (0727, (10)
where
S(7) = (4M?/i2) g()[1 + (4M /RP) g(7) ] 2. (11)

But the Weber force (9) is simply a special case
of (10), with f(#) = 2e2/c?r and the static Coulomb
term added. Thus velocity-dependent potentials
of the form (1) may be effectively regarded as
corresponding to generalized Weber forces,
whence the tilting action can be understood at
once since the radial form f(») is immaterial.
We are indebted to Dr. Jean Le Tourneux and
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