DECAY OF Zn7!

of the order of 109, of the 4-hr gamma rays. No such
transition has been observed.
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Differential cross sections for the production of gamma rays by inelastic neutron scattering have been
measured and compared with the predictions of the statistical model, employing a diffuse surface complex
potential to represent the neutron-nucleus interaction. Transitions have been observed in Mg?, Mn?®?,
Fess, and Pb20s, Predictions of the statistical model were in good agreement with total (#,n'y) cross sections
measured for first-excited state transitions in Fe® and Mg?, and in agreement with measured transition
rates from the second and third excited states of Fe®, Angular distributions for Mn? transitions are con-
sistent with recent spin assignments for the second and third excited states, but the comparisons of the
measured and calculated total cross sections are not as satisfactory as the comparisons in Fe% and Mg*.

INTRODUCTION

IFFERENTIAL cross sections for the production

of gamma rays from inelastic neutron scattering

have recently been measured for several nuclei,* and
these measurements have been compared to the expecta-
tions of the statistical model for nuclear reactions.®
Within the framework of this model the differential cross
sections depend only upon the form of the potential
chosen to represent the neutron-nucleus interaction.
The comparisons mentioned showed good agreement
with the assumption of the diffuse surface potential of
Beyster et al.” Comparisons of measured and calculated
cross sections were also made®® for the assumption of a
complex square-well potential, the diffuse surface po-
tential of Emmerich and also that of Campbell et al.
The success of the diffuse well model in representing the
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measurements led Day and Walt? to suggest that these
reactions might serve as a useful spectroscopic tool for
bound states of nuclei.

The purpose of the measurements reported here was
to further test the (u,n'y) reactions with respect to
their use in nuclear spectroscopy. This was done by
exciting states which produced gamma-ray transitions
between states of known spin and parity. The length of
time required to study a particular transition limited
the number of nuclei studied to four, and the number of
gamma-ray lines studied as a function of angle to six.
The four nuclei chosen for study were selected to cover
a large range of mass number. In selecting the nuclei to
test the statistical model, interest centered on even-even
nuclei. Consideration of the production cross sections,
gamma-ray energy, atomic density, isotopic purity, and
gamma-ray self-absorption influenced the choice of
nuclei. Among transitions selected were those from the
first-excited states to the ground states of Fed%, Mg*,
and Pb*¢ and the second to first excited state transition
in Pb?8, For these transitions differential cross-section
measurements were made at five angles between 0° and
90°. Two other transitions in Fe®, one between the
second and first excited states and the other between the
third and first excited states were also observed at 90°.

Transitions from the second and third excited states
of Mn% were studied in order to provide additional
information relevant to the determination of the spins
of those states.

EXPERIMENTAL APPARATUS AND PROCEDURE

Neutrons of approximately 2.9 Mev were produced at
a 180-kev deuteron accelerator via the D (d,n)He? re-
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Fic. 1. Arrangement of equipment, not to any scale. 2.92-Mev
neutrons from the D(d,n)He® reaction are incident upon the
cylindrical scattering sample. The shielded NaI(Tl) detector
rotated about the sample axis at a distance of 70 cm from the
sample. The neutron monitor is a BF; proportional counter en-
cased in a block of paraffin.

action. Deuterons were incident upon a thick TiD
target,® so that the energy distribution of the neutrons
from the source was approximately triangular in shape
with a full width at half-maximum of 170 kev. The
deuteron energy ranged from 140 to 180 kev for different
samples, so that the neutron energy varied from 2.87 to
2.92 Mev. Previous measurements* of gamma-ray dis-
tributions in (n,n"y) reactions had indicated that large
anisotropies might be observed at small angles. For this
reason, a special effort was made to include measure-
ments at 0° and 20°.

To make these measurements we adopted a technique
used earlier by Day.® A pulsed neutron flux is provided
by terminal pulsing the deuteron beam. The prompt
gamma rays following inelastic neutron scattering are
detected in coincidence with the deuteron pulses at the
target. The terminal pulsing assembly follows the design
described by Good, except for minor modifications.
The experimental arrangement is shown in Fig. 1. The
pulsed neutron flux is incident upon a cylindrical sample
and the radiation from the sample is detected with a
shielded 1% in. X 1 in. NaI(T1) detector; the shield design
is that of Cranberg and Levin.* The time distribution of
radiation from the neutron-producing target and sample
may be displayed on a 256-channel analyzer with the
aid of a time-to-pulse-height converter; the converter
is a modified form of that designed by Neiler.? A time
spectrum obtained with the detector at an angle of 0°
with respect to the deuteron beam is shown in Fig. 2.
The detector-to-sample distance was 70 cm, so that
prompt gamma rays were separated from incident neu-
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trons by 28 nanosec at the detector. The peak in channel
110 represents the prompt gamma rays from the neutron
source and from the Fe sample; the group in channel 94
represents incident and elastically scattered neutrons.
The operating time resolution of the coincidence sys-
tem was 13 nanosec; this is the full width at half-maxi-
mum of the groups in Fig. 2. Eleven nanosec of this
width is the contribution of the deuteron pulse duration
at the target, and the remainder is the result of the
detection electronics. Under these conditions, the ac-
celerator provided an average beam current of 6 ua with
a duty cycle of 3.79,. The average neutron flux in the
direction of the sample was 1.5X 105 neutrons/sec-sr.
The procedure used was to gate the gamma-ray energy
spectrum of the NaI(Tl) detector with the prompt
gamma peak of Fig. 2. In this manner all of the back-
ground contained in the neutron peak and 909, of the
background not correlated in time with the deuteron
pulses were eliminated from the energy spectrum of the
detector. This background separation enabled us to
complete measurements from 0° to 90°. Samples of
naturally occurring isotopic abundance were used for
Fe, Mg, and Mn. The Pb sample was radio-lead'* whose
Pb* concentration is quoted as 88.249,. The measured
yields were corrected for the isotopic abundances of the
samples. Cylindrical samples with diameters between
2 in. and 1 in. were positioned with their axes perpen-
dicular to the reaction plane so that the angular resolu-
tions were: #=15° for Fe, +18° for Mg, and 4=27° for
Mn and Pb. Data collection times were determined to
provide statistical uncertainties of =69, or less; indi-
vidual runs varied from 10 to 20 hr. In spite of the co-
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F1G. 2. Time spectrum of radiation from NaI(Tl) detector for
61,=0°. The peak in channel 110 represents prompt gamma rays
from the neutron source and sample. The peak in 94 represents
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11 Radio-lead is available from the Atomic Energy of Canada,
Limited. It has the following isotopic analysis: Pb24, 0.06%;
P25, 88.249,; Phao7, 8789, ; Ph¥8, 2.9207.
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incidence requirement, large backgrounds were a major
source of uncertainty for the relative cross-section
measurements. Most of this background was prompt
gamma rays from the neutron source and it was
especially pronounced at small angles.

The absolute cross sections for the production of
gamma rays were determined by absolute measurements
of the neutron flux incident upon the sample, the
gamma-ray yield, and the number of scattering nuclei
within the sample. The photopeak efficiency of the
1%-in. diameter X 1-in. thick NaI(Tl) detector was
measured at 0.511 Mev and 1.277 Mev with the aid of a
standard Na® source placed at the normal sample
position. By interpolation, a photopeak efficiency of
16.24-0.49, was obtained at 0.662 Mev, which is in
excellent agreement with the results of Bell.? The
neutron flux was determined by simultaneously count-
ing the neutrons and He? particles from the D (d,n)He?
source reaction. Neutrons were counted with both a
plastic scintillator and a BF; proportional counter en-
cased in a block of paraffin. The He® particles were
detected with a thin CsI(Tl) scintillator. The BFj
counter, shown in Fig. 1, served as the flux monitor
and was calibrated in terms of the He® counting rate.
The plastic scintillator was used to measure the excita-
tion function and angular distribution of the thick-
target neutron yields. Uncertainties in the determina-
tion of the neutron flux are associated with measure-
ments of the angular distribution of neutron yields from
the D (d,n)He? reaction, solid angle of the recoil detector,
and the excitation function for the D (d,%) reaction from
0 to 180 kev. The combination of uncertainties in these
quantities yields a neutron flux uncertainty of 5.5,
including an estimated uncertainty of 43.59, attributed
to the method used to correct for neutron multiple
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Fic. 3. Gamma-ray energy spectrum from a natural Fe sample
at 90°. The photopeaks in channels 58, 82, and 122 are Fe5®
transitions of 0.8540.015, 1.2240.03, and 1.78+0.06 Mev,
respectively. The photopeak in channel 96 is the first excited-to-
ground state transition in Fe® at 1.434-0.04 Mev.

2 Beta and Gamma-Ray Spectroscopy, edited by K. Siegbahn
(North-Nolland Publishing Company, Amsterdam, 1955).
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Fi1G. 4. 90° energy spectrum of gamma rays from the radio-lead
sample. The photopeaks in channels 57 and 85 are transitions in
Pb6 at 0.5364-0.007 Mev and 0.814+0.01 Mev, respectively.

scattering. According to a calculation of Day,! the in-
crease in neutron flux available for inelastic neutron
scattering caused by multiple scattering is approxi-
mately equal to the attenuation in the neutron flux
caused by single scattering. Day’s detailed computa-
tion of multiple scattering corrections for a large number
of samples yielded agreement with this simple assump-
tion to within 4-3.59%, and we have adopted it to correct
for neutron absorption and multiple scattering at a
gamma-ray observation angle of 90°. A final 4-2.79,
uncertainty is attributed to the determination of the
solid angle of the sample at the NaI(Tl) detector and
additional uncertainties arising from the finite size of
the sample. A total systematic uncertainty of 4=6.79,
attributed to the absolute cross-section determinations
was obtained as the square root of the sum of squares of
the uncertainties in detector efficiency, detector solid
angle, and neutron flux. This uncertainty was common
to all differential cross-section measurements, and was
added algebraically to the statistical and background
separation uncertainties on each measurement to obtain
the total uncertainty of the differential cross sections.

RESULTS

Gamma-ray spectra from (n,n’y) reactions in Fe, Mg,
Mn, and Pb**® have already been published!?:33; Figs. 3
and 4 are 90° energy spectra of gamma rays from the
Fe and radio-lead samples, respectively. These spectra
are reproduced to demonstrate the capacity of the
system for these measurements. Figure 3 shows three
transitions in Fe’® and one in Fe®. The Fe® transitions
are at 0.85 Mev in channel 58, 1.22 Mev in channel 82,
and 1.78 Mev in channel 122, shown in an inset of Fig. 3.
Measurements at other angles have been made only
for the strong 0.85-Mev line; small-angle backgrounds
make distribution measurements of the weaker lines less
feasible. Both of the prominent lines in Fig. 4 have been
studied as a function of angle. The 0.536-Mev transition

BF. I. Boley, E. H. Thorndike, and A. T. Moffet, Phys. Rev.
110, 915 (1958).
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Fic. 5. Differential cross sections for the 0.85-Mev transition,
showing the angular dependence of absorption corrections. The
points are normalized to the corrected value of the differential
cross section at 90°. The solid curve is a least-squares fit to the
points. The dot-dash curve is the least-squares fit after inclusion
of the angular dependence of the correction for sample absorption
of neutrons and gamma rays.

in channel 57 contains a contribution from the 0.57-Mev
transition in Pb*7. The isotopic abundance of Pb%7 in
the radio-lead sample is 8.78%" and the ratio of the
(n,m"y) cross sections at 90° and at E,=2.56 Mev is
a(207)/0(206)=1.66.! We estimate, therefore, that 149
of the measured yield is a Pb%*7 contribution. Since the
distribution of the Pb?*7 gamma ray has not been
measured, we corrected our measurements by assuming
isotropy for the Pb?*7 transition. The measured differ-
ential cross sections for the 0.85-Mev line in Fe® and the
0.81-Mev line in Pb*® are shown in Figs. 5 and 6. The
points are measured yields plotted before correction for
the angular dependence of the sample absorption of
neutrons and gamma rays, and the uncertainties shown
are those which would vary from angle to angle, includ-
ing the statistical uncertainties. The solid curves are
least-squares fits to the measurements, and the dot-dash
curve is the least-squares fit to the measurements after
they have been corrected for the angular variation of
neutron and gamma-ray absorption by the sample. The
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Fic. 6. Differential cross sections for the 0.814-Mev transition
in Pb?6, The description of the curves and point plotting follows
that of Fig. 5.
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TasLE I. Coefficients of a least-squares fit to the differential
cross sections, expanded in terms of Legendre polynomials. Co-
efficients are in millibarns per steradian.

Isotope E, (Mev) ao as ay
Fett 0.85 100.0 32.7 —5.50
Mg 1.37 53.4 —0.41 —21.5
Mn#é 0.861 28.3 3.96 —5.06

1.18 24.8 5.16 —7.54
Ph20s 0.536 73 215 —26.3
0.814 169 239 —32.6

absorption corrections have been calculated numerically
with the aid of an IBM-650 computer. Absorption cor-
rections at 90° have been made using the assumption
of Day! to correct for neutron absorption and multiple
scattering. The distributions have been arbitrarily ex-
tended to be symmetric with respect to 90°, since they
are transitions between states of definite spin and parity.
These figures are included principally to indicate the
magnitude of the angular variation of the absorption
corrections for our samples. Table I presents the co-
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Fi1c. 7. Differential cross sections for the 0.85-Mev transition
in Fe®, The dot-dash curve is the least-squares fit to the measured
cross sections. The solid curve represents the statistical model
predictions. The low-energy portion of the Fes level scheme, with
excited-state energy and spin and parity assignments, is shown at
the right. Arrows indicate observed transitions.

efficients of a least-squares fit to the differential cross
sections of the form

dzf/dw= do‘l— 02P2+04P4,

where the P are Legendre polynomials of order L.
Curves are fitted after the data has been corrected for
absorption.

Figures 7 through 12 present all of the differential
cross sections measured as well as the results of our
efforts to represent them with the statistical model.
Low-energy portions of the nuclear level schemes are
included in the figures to illustrate the levels participat-
ing in these transitions; arrows indicate measured
transitions. The points are the measurements after
absorption corrections have been applied, and the dot-
dash curves are the least-squares fits whose coefficients
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are tabulated in Table I. The solid and dashed curves
are theoretical calculations of the differential cross sec-
tions using the neutron transmissions tabulated by
Beyster et al.” The calculations include contributions
through /=3 for both incident and outgoing neutrons
for all transitions except those in Pb*®. The Pb?® calcu-
lations include terms through /=4.

The production cross sections for the 0.85-Mev line in
Fe® are presented in Fig. 7. This line is excited primarily
by inelastic scattering to the 0.85-Mev state, but in-
cludes also cascade contributions from the 2.08- and
2.66-Mev states. Our measurements for this transition
are in agreement with those of Hosoe and Suzuki,? where
the measurements overlap. The solid curve was calcu-
lated from the assumed statistical model and includes
calculated cascade contributions from the second and
third excited states. The calculated second and third
excited-state cascade contributions may be compared to
measurements of them at 90°. The comparison is pre-
sented by comparing the experimental and theoretical
ratios R, and R, of the cascade contributions to the
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Fic. 8. Differential cross sections for the 1.37-Mev transition in
Mg, The dot-dash curve is a least-squares fit to the measured
cross sections. The solid curve represents the predictions of the
statistical model. States of Mg? participating in the transition
are shown at the right.

total 90° production cross section for the 0.85-Mev line.
For the cascade from the 2.08-Mev state, R,=6.19,
and R,,=7.740.49,; for the cascade from the 2.66-Mev
state, R,=11.89, and R,,=7.542.09%,. These cascade
contributions have also been measured by Van Patter
and Jackiw,® with a gamma-ray detection system whose
angular spread is ~40°. From their measurements, after
corrections for angular spread have been applied, we
find R,, values of 8.29, and 11.49, for the transitions
from the 2.08- and 2.66-Mev states. The angular spread
corrections are obtained from the statistical model pre-
dictions for the angular distributions.

The measurements and theoretical calculations for
the indicated transition in Mg* are shown in Fig. 8.
These measurements are in good agreement with those
of Hosoe and Suzuki for 6;,>45°; their measurements
do not include small angles. The model employed here
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F1c. 9. Differential cross sections for the 0.81-Mev transition in
Pb%6, The dot-dash curve is a least-squares fit to the measure-
ments. The solid curve represents the statistical model calculations
multiplied by 1.16. The low-energy portion of the Pb2%¢ level
scheme, with excited-state energy and spin and parity assignments,
is shown at the right. Arrows indicate observed transitions. For
the statistical model calculations of the 0.81-Mev transition, the
3%+ — 2% transition was assumed to be M1.

certainly does not properly represent the small-angle
measurements, either for Fe® or Mg?. Since the Mg*
data showed such a pronounced anisotropy, we re-
measured the angular region between 0° and 45° twice,
and with two somewhat different experimental arrange-
ments. The pulsed beam coincidence system measure-
ments were repeated, and then the full beam was used
with an associated particle coincidence system! to
separate the gamma rays of interest. In the latter sys-
tem, a thin anthracene detector was used to detect He?
recoils from the D(d,n)He* source reaction and coin-
cidences were required between the recoil He? particles
and the prompt gamma rays. All measurements of the
Mg anisotropy at small angles were in good agreement.

The measured and calculated cross sections for the
Pb?¢ transitions are shown in Figs. 9 and 10. In contrast
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¥i16. 10. Differential cross sections for the 0.536-Mev transition
in Pb%6, The dot-dash curve is a least-squares fit to the measure-
ments. The solid and dashed curves represent statistical model
calculations for M1 and E2 multipolarities, respectively, multi-
plied by 1.56.

14R. C. Lamb, Technical Report UK-60-1 (Physics), 1960
(unpublished) ; Progress Report, under Atomic Energy Commis-
sion contract, 1961 (unpublished).
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F16. 11. Differential cross sections for the 0.861-Mev transition
in Mnb55, The transition is indicated by an arrow in the level
scheme shown at the right.

to the representations in Figs. 7 and 8, the solid curves
of Figs. 9 and 10 are not the calculated differential cross
sections, but differ from them by numerical factors. The
solid curve of Fig. 9 represents the calculated cross
sections multiplied by 1.16 and the curve in Fig. 10 is
plotted to be the statistical model results multiplied by
1.56. As is apparent from the appearance of these fac-
tors, the agreement between calculated and measured
cross sections for the 0.536-Mev transition is not
especially satisfactory. Recently, the transition proba-
bilities for excitation of the various states of Pb¢ have
been measured at 94° and as a function of neutron energy
by Lind and Day.*> Their report includes a decay scheme
and branching ratios for the gamma-ray transitions; we
have used this information to assist us in calculating the
cross sections shown in Figs. 9 and 10. The solid curve
of Fig. 9 includes the 3+ — 2+ cascade contribution from
the 1.34-Mev state, assumed to be M'1. The effect of the
cascades from higher 2+ states's on the shape of the
curve has not been included, since the multipolarities
of these cascade contributions are not known. These
cascades account for 239, of the 2+ — Ot transitions.
However, the calculated differential cross sections have
been adjusted in magnitude so that the total cross
section does include the effects of the cascades from the
higher 2% states. We have found that assuming E2
rather than M1 for the 3*— 2% transition does not
appreciably alter the shape of the calculated distribu-
tion for the 2+ — 0 line.

Figure 10 presents the measurements and calculations
for direct excitation of the 3* state. There is no evi-
dence!® of cascades to this state from higher states, so
that the calculations should completely represent this
transition. The solid and dashed curves represent the
assumptions M1 and E2, repsectively, for the 3t — 2+
transition. Any admixture containing 209, or more £2
provides a distribution very similar to the dashed curve.
The points plotted in Fig. 10 have been corrected for the
expected 149, contribution to the measured yields from
the 0.57-Mev line in Pbh?7, assumed to be isotropic. A

%D, A. Lind and R. B. Day, Ann. of Phys. 12, 485 (1961).
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Tasire IL. Experimental and theoretical total cross
sections for gamma-ray production.

Isotope E, (Mev) am (mb) o. (mb)
Fest 0.85 +£0.015 126060 1125
115041302
1210p
Mg 1.3744-0.015 67045 697
6601002
Mnbs 0.8614-0.007 35620
1.18 +0.010 310420
Phs 0.5364-0.007 9204130 530
5004
0.8144-0.010 21224120 1670
15004

a M. Hosoe and S. Suzuki, J. Phys. Soc. Japan 14, 699 (1959).

b D, M. Van Patter and R. W. Jackiw, Proceedings of the International
Conference on Structure, Kingston (University of Toronto Press, Toronto,
and North Holland Publishing Company, Amsterdam, 1960), p. 244.

¢ This value is obtained after subtracting the contribution of the Pb207
0.57-Mev line from the measured yield. The quoted uncertainty does not
include the uncertainty of this subtraction.

d D. A, Lind and R. B. Day, Ann. Phys. 12, 485 (1961).

general characteristic of the comparison of measured
and calculated differential cross sections in Figs. 7
through 10 is that the measurements show more ani-
sotropy than the model predicts.

Table IT contains a summary of total cross sections
obtained by integrating the measured differential cross
sections and also those inferred from the statistical
model. Energy measurements of the gamma rays are
also included in this table. As shown in Table II, our
measurements are in good agreement with the measure-
ments of Hosoe and Suzuki® and Van Patter and Jackiw.?
The present measurements of the Pb*® transition rates
are not in agreement with those reported by Lind and
Day !5 A possible source of error could be our procedure
for handling multiple scattering corrections. We adopted
an approximate correction demonstrated by Day! to be
valid for a somewhat different sample geometry than
that used by us. Our Pb?® sample was a right circular
cylinder of approximately 5.5-cm length and 1.9-cm
diameter, oriented with cylinder axis perpendicular to
the neutron flux. Day developed this approximation for
the ring geometry. It would be difficult to attribute the
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F1c. 12. Differential cross sections for the 1.18-Mev transition
in Mn®,. The transition is indicated by an arrow in the level
scheme shown at the right.



DIFFERENTIAL CROSS SECTION FOR (z,n'y) REACTIONS

entire disagreement to this source, however, since the
multiple scattering correction would be of the order of
179%,. The theoretical cross sections in Table II are in
agreement with the measured ones, except for our
measurements for the 0.536-Mev line in Pb%%, Lind and
Day had found that the cross sections implied by the
neutron transmissions tabulated by Beyster et al.” were
too large to represent the Pb?'® transitions near thresh-
old.'> Tt is clear that this is not the case at this neutron
energy; that is, the theoretical cross sections are not
large compared to the measured ones.

Mn% Levels

Differential cross sections of the Mn%(n,n'y) lines
from the second and third excited states have been
measured in an effort to provide additional information
about the properties of these states. Extensive measure-
ments of Mn?%(n,n'y) cross sections have been reported
and Mn%(n,n') differential cross sections have been
measured at £,=2.45 Mev.* Nath et /.1 have compared
their measurements as a function of neutron energy to
theoretical expectations for Mn®® transitions in order to
provide spin assignments of 9/2 and 11/2 to the second
and third excited states, respectively. Their measure-
ments did not fix the parities of these states. Figures 11
and 12 present differential cross sections for the produc-
tion of gamma rays from the second and third excited
states, respectively. The de-excitation of these levels is
known?®16 to proceed principally to the £~ first excited
state. The least-squares fits indicate significant P, co-
efficients for both distributions, which implies transition
amplitudes of multipolarity 2> 2.

The degree of agreement between measured and com-
puted total cross sections for (#,ny) reactions indicated
in Table II prompted us to use the statistical model
described above to place limits on possible spin assign-
ments to the levels of Mn?%. Unfortunately, the extent
to which these states are indirectly excited by cascades

16 N. Nath, M. A. Rothman, D. M. Van Patter, and C. E.
l\ﬁandeville, Nuclear Phys. 13, 74 (1961) and references cited
therein.
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from higher states is not known at £,=2.9 Mev. It is
not possible, therefore, to use the magnitudes of our
production cross-section measurements to limit possible
spins. Nath e/ al. have measured'® the inelastic scattering
cross sections to be 0.31 and 0.08 barn for the second
and third excited states, respectively, at £,=2.47 Mev.
Cranberg and Levin* quote differential inelastic scatter-
ing cross sections of 20 and 11 mb/sr, respectively. If
we assume isotropy for the inelastic neutron distribu-
tions, this would imply total cross sections of 0.25 and
0.14 barn. These measurements were at £,=2.45 Mev.
The size of the cross sections for excitation of the levels
requires the spins to be <11/2, and this together with
the P4 coefficients in our gamma-ray distributions indi-
cates that a pronounced E£2 amplitude is present in the
second excited state transition, so that the parity of
that state is odd, as expected by Nath ef al. The sta-
tistical model employed in this paper yields cross sec-
tions of 180 and 113 mbarn for spins of 9/2~ and 11/2-.
The principal argument in favor of a 9/2~ assignment
for the second excited state was a single-particle branch-
ing ratio calculation'® which assumed that the 9/2~ to
7/2~ transition was M 1. Since we find a significant E2
amplitude is present in the transition, assignments of -
or §~ might also be probable spins for that level. If we
assume spins of 7/2~ and 11/2~ we calculate cross sec-
tions of 220 and 130 mbarns, respectively, in slightly
better agreement with the observed cross sections and
cross-section ratios. The statistical model predicts a
rather small change in the cross-section magnitudes as
the incident neutron energy is changed from 2.45 to 2.9
Mev. Our total production cross sections for the second
and third levels are 356 and 310 mbarn, respectively, in-
dicating considerable cascade contributions from higher
states. For this reason, calculations of the differential
production cross sections have not been attempted.
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