VOLUME 14, NUMBER 5

PHYSICAL REVIEW LETTERS

1 FEBRUARY 1965

INGOING-WAVE BOUNDARY-CONDITION ANALYSIS
OF «a-Ni® ELASTIC-SCATTERING CROSS SECTIONS
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(Received 18 December 1964)

An investigation of the elastic-scattering
cross section of « particles® on Ni®? at labora-
tory energies of 25, 33, 50, and 85 MeV is
presented utilizing an ingoing-wave boundary
condition (IWB).

The IWB method?s® is an elaboration of the
old scheme of Feshbach and Weisskopf,* and,
compared to optical-model descriptions, has
several simplifying features. It is a surface
description which represents diffraction from
a potential surface surrounding a black® nucleus,
while in the optical-model description addition-
al diffraction may come from the waves which
re-emerge from the interior of the nucleus.

In the present IWB model a nuclear potential
is added to the Coulomb potential. The result-
ing wave functions in the region “outside” of
the potential well are very insensitive to the
assumed value of the nuclear potential in the
“inside” region because of the absence of in-
terference between the outgoing and ingoing
branches of the waves in the interior of the
well.5»® The position of the boundary-condi-
tion radius also does not affect the wave func-
tions as long as it lies in the region of validity
of the JWKB approximation inside the well.®

Figure 1 shows IWB results for a-Ni? scat-
tering cross sections at four energies.! The
nuclear potential adopted is of the form

V=V,(1+i&) exp(-r/a), (1)

and the values obtained for the three param-
eters are listed in Table I. The goodness of
the fits was judged “by eye,” and the values

of the parameters should be taken only as in-
dications of the general trend. However, the
nonapplicability of the 85-MeV parameters

to the 33-MeV case, and vice versa, has been
ascertained. The four potentials listed in
Table I have the property that at about 8 fer-
mis their values are all equal to —-2.2 MeV
[8=1.7x(62)*'®+1.3]. The position of the Cou-
lomb barrier, where the sum of nuclear and
Coulomb potentials goes through a maximum,
lies at approximately 8 fermis in the «-Ni case.
Furthermore, any one of the potentials in Ta-
ble I gives rise to interference maxima and
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FIG. 1. Scattering of @ particles by Ni2, The
ordinate represents ratio of cross section to Ruther-
ford cross section. The abscissa represents mo-
mentum transfer @ = 2(p/%) sin(6/2) in units of F—1,
The c.m. scattering angle is 9, the momentum is
p. The experimental points are those of reference
1, and the solid curves are the theoretical results
corresponding to the parameters listed in Table I.

minima in the cross section which lie at the
appropriate experimental positions at all four
energies. In other words, it is the position of
the barrier rather than the slope of the potential
or the value of ¢ which determines the position
of the diffraction minima. Since these diffrac-
tion minima change with energy in a nontrivial
manner, the IWB procedure appears to pro-
vide a useful description. When plotted as a
function of momentum transfer ¢, the positions
of the maxima and minima in the cross section
shift to smaller values of ¢ for increasing val-
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Table I. Parameters used in Eq. (1) te obtain the
fits shown in Fig. 1.

Energy Vy a 13
(MeV) (MeV) (F) (dimensionless)
85 —0.51 x10%  0.650 0.50
50 -0.51 x108  0.650 0.37
33 -0.25 x107  0.574 0.10
25 -0.195x10%  0.500 0.00

ues of the energy. The shift is presumably due
to the Coulomb repulsion which is relatively
more important at the lower energies, and it

is for this reason that the shift was called “non-
trivial” in the sentence above.

Once the positions of the minima are fitted,
the remaining two parameters a and ¢ are de-
termined from the overall slope of the cross
section with angle and the peak-to-valley ratio.
The visible discrepancy of the positions of the
50-MeV experimental and theoretical minima
can be remedied by a 20% increase in the val-
ue of V,. Since after this change the agreement
with theory at all energies is better than the
agreement shown at 50 MeV, it is felt that the
accuracy in the determination of the real part
of V at ~8 fermis is better than 20%.” The in-
crease of a with energy is curious. The increase
of ¢ with energy indicates larger participation
of the surface in the excitation of inelastic pro-
cesses,® and may be quite reasonable.

In view of the interest in the determination
of deuteron-nucleus potentials and distorted
waves, an attempt was made to examine the
11.8-MeV deuteron copper elastic-scattering
cross section® by means of the IWB procedure.
It was not possible to find an acceptable fit.

Not only was it impossible to reproduce the
position of the minima and maxima, but also
the experimental overall slope of the cross
section with angle and the peak-to-valley ratios
were mutually incompatible in the IWB descrip-
tion. Of course the model has very few param-
eters, spin zero is assumed for the deuteron,
and additional effects such as the possible pres-
ence of Coulomb distortion and excitation at
large distances are not allowed for. If inclu-
sion of such effects still would lead to no agree-
ment with experiment, then the discrepancy
would be very interesting. It might then indi-
cate the need of deuterons “returning” from

the interior of the nucleus, much in agreement
with present optical-model descriptions.'®s!!

There the low-angular-momentum optical-model
partial waves have the character of standing
waves inside the potential well,'? and these ap-
pear to be required to fit the data.'?
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A recent Letter® reports measurements of
the M2 lifetimes of the positive-parity first
excited states of Sc*, Sc*®, and Sc*’. The bind-
ing energies of these levels® and their strong
formation in (d, He®) reactions® are consistent
with their interpretation as 1d,,, single-hole
excitations of the neighboring even-mass Ti
isotopes. Such an interpretation, however,
implies M2 lifetimes shorter by factors of about
200 than the value measured by Holland, Lynch,
and Nystén.! In this paper we show that the per-
tinent M2 matrix elements are acutely sensi-
tive to admixtures of core-excited states in the
single-hole wave functions and that Elliott’s gen-
erating procedure® yields estimates of the amount
of core excitation of the correct order of mag-
nitude.

The transitions under consideration and the
configurations involved are
@y Fo" " Dosat 2o gy o Ford Dams - ()
where n=3, 5, and 7 refer to Sc®, Sc*, and
Sc*?, respectively, and the isobaric spin of ini-
tial and final states is 3(n-2). Now core-excit-
ed states of isobaric spin :(n-1) or 3(n-3) can

pt= [(m_l)(n—_Z)] vz

(n—1) J=0,2

contribute to the wave function of the §" state.
Since the T = 3(n-1) states lie several MeV above
the T = %(n-3) states in the even-mass Ti core
nuclei, we shall neglect higher T admixtures.
The wave function of the §+ state can therefore
be written

+ 7 n+1
V(3)=a,(dg5 )g/o(frye o

+a2[(d3/27)a/2x(f7/2n ’ 1)2]3/2’ (2)
where [- - -x- - -], , indicates vector coupling to
total spin § and (f,,,"* 1)J symbolizes a core
state of angular momentum J and isobaric spin
2(n-3).

To exhibit the dependence of the M2 lifetimes
on the core-excitation probabilities a,?, we in-
troduce the “hindrance factor” §j by which the
M2 matrix elements are inhibited relative to
the Moszkowski single-particle estimates.®
In terms of reduced transition rates® we have

1

B(Mz)zszsp(MZ). (3)
The experimental hindrance factors (Table I)
lie between 10 and 20. The wave functions giv-
en in Egs. (1) and (2) lead to an expression

Z o (427 + DIV*W (33 1:J2)

X[ foat T = 1, To = 521} " 1,0, T = 2(n-3)] (4)

for the hindrance factor, where W is a Racah
coefficient and [1}] is a coefficient of fraction-
al parentage® (cfp) connecting states of the f,,
shell. If we assume that there is no excitation
of the core (&,=0) and that seniority” is a good
quantum number within the configurations f,,,",
Eq. (4) yields =2, smaller than the experimen-
tal hindrance factors by an order of magnitude.
Now it is clear® that the assumption of good
seniority within f,,,” is not valid and that se-
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niority mixing can influence the f, ,-shell cfp
[and hence, by Eq. (4), the hindrance factors]
by factors of the order of 2. It is quite clear,
however, that it is impossible to understand
the strong observed inhibition of the M2 decays
without permitting core excitation,

To study the effects of core excitation, a shell-
model calculation could be carried out and en-
ergy matrices diagonalized within the config-



