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The characteristics of neutron capture Y-ray spectra near En - 24.3 keV are discussed.
The E-l transitions following the capture of p-uave neutrons show a marked preference for
populating low-lying states with an s or d single-particle character. This preference
introduces a significant correlation between partial (n,Y) cross sections and the neutron
reduced widths for final states as measured In the (d,p) reaction.

(Neutron capture Y-rays; En = 24.3 keV; width correlations)

For s-wave capture In heavy nuclides, the behavior
of the partial cross sections for radiatl/e transitions
to discrete final states is seen to follow reasonably
well the predictions of a statistical decay model;
namely that the partial widths Ty\f follow an approx-
imately Porter-Thomas distribution and that correla-
tions between partial widths are small and negligible.

The situation for p-wave capture near the 3p
giant neutron resonance is markedly different. In
this region the low-lying states have a predominantly
1=0 and 1=2 character; the strengths of Y-rays feeding
L'uese states are correlated with the single particle
reduced widths of these states as measured by the (<?,P)
reaction. Recent summaries of the experimental evi-
dence have been given in a number of review papers.1-2

The iron filter has been used to examine a series
of nuclides near the 3p resonance: 92Mo, 94}jO(

 96MO,
98KO, 93jjb anil 89v. Examples of these spectra are
shown in Figs. 1 and 2. Figure 1 illustrates the
capture spectrum for 92Mo at 24.3 keV. The spectrum
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Fig. 1. A portion of the capture spectrum for 24.3
keV neutrons on ^Mo.

is dominated by a strong transition to the a-1/2
level in 93Mo at 941 keV. Figure 2 Illustrates p-
wave capture in "lib. Consistent with the high level
density of ^Nb, we see a much more complex spectrum.
Nevertheless we can observe, qualitatively that all
six stares of the ground state configuration n(g9/2)
^(^5/2)'. 'ire populated strongly, including the
2+ state au 32't keV, and the 7+ state at 79 keV.

A striking pattern for these radiative transi-
tions is noted when we compare the average (n,Y)
strengths to the (d,p) reduced widths in these
nuclides. Figures 3-6 illustrate the patterns for
the Mo isotopes while Fig. 7 shows the result for
Nb. In each of these cases a significant correlation

Fig. 2. A portion of the capture spectrum for 24.3
keV neutrons on ^Nb.

(shown on the figure) is obtained, ranging from P =
0.97 for 98Mo to 0.47 for "Nb. The results for 89Y,
for which our analysis is not complete, also shows
qualitatively a strong population of the 1*2 single
particle states.

We have estimated the partial cross sections for
these reactions by measuring the incident flux via the
10B(n,o/Y)'Li reaction. Some of the partial cross sec-
tions «re comparatively large, especially to the s-1/2
states of the Mo isotopes. He obtain, for example,
12.3 mb for the transition to the 941 keV l/2+ level
of '3MO, and 8.2 mb to the 1/2+ ground state of 99Mo.

The interpretation of these cross sections in terms
of photon strength functions 1B somewhat more compli-
cated at high energies, where Tn > Ty, than is the
case in the low energy region. Neglecting an s-viave
contribution followed by M-l radiation, we can write

l+k 2R 2

where S denotes the p-wave strength function
and fj the resonance fluctuation factor, and the other
symbols have their usual meaning. The summations are
over spin and channel spin. By rewriting this
expression, we obtain

<a n > Y > p - C E V
3
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Partial cross sections for (n,Y) cross sections on Mo Isotopes compared to (d,p) stripping widths.

with C = " " >

kE1 - fv /EYV / 3D

l+k2R2"' n 2(21+1)
S A "El

The value of kEl to be inserted in the above
expression depends on the model assumed for photon
interactions with the nucleus. If ve wish to take
account of the effect of the giant E-l resonance, ve
use the expression for kgi given by Bolllnger:^

valence model cannot account for the observed
correlations In 92Mo and 93Nb.

It is evident, therefore, that the enhanced and
correlated transitions occurring in this mass region
indicate the presence of doorway states in the
reaction mechanism, and imply the esistence of
Intermediate structure in the p-wave capture cross
sections of these nuclldes.

k_, = 2.5 E,2 A2xl0'15 MeV"3.
El >

The calculated cross sections from this model
fall generally below the observed cross sections;
In 92Mo for example the measured cross sections are,
on average, a factor of 1.5 higher than the prediction.
Similarly the application of a simple valence model
does not account for the observed cross sections. We
know alsr, from previous measurements"'^ that the
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Fig. 7. Partial cross sections for ^Nb(n.V) compared
to (d,p) stripping widths.
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