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Many fission-product cross sections remain immeasurable thus con-

siderable reliance must be placed upon calculational interpolation and

exstrapolation from the few available measured cross sections. The

vehicle, particularly for the lighter fission products, is the con-

ventional the optical-statistical model.2 The applied goals generally

are: capture cross sections to 7-10% accuracies and inelastic-scattering

cross sections to 25-50%. Comparisons of recent evaluations and experi-

mental results indicate that these goals have too often are far from met,

particularly in the area of inelastic scattering, and some of the evaluated

fission-product cross sections are simply physically unreasonable. An

example of these discrepancies is shown in Fig. 1. The evaluated inelastic-

scattering cross sections of palladium are nearly a 100% discrepant with

observation and the Isotopes are prominent fission products with large

inelastic-scattering cross sections at relatively low energies. It is

difficult to avoid the conclusion that the models employed in many of the

evaluations are inappropriate and/or inappropriately used.
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Fig. 1. Comparison of Measured and Evaluated Inelastic-Scattering Cross
Sections of Elemental Palladium. The heavy curves indicate the
total inelastic scattering cross sections and the cross sections
for the excitation of all levels up to excitation energies of 580
keV taken from the experimental measurements. The light curves
represent the corresponding quantities taken from ENDF/B-V.
The data symbols are representative non-elastic cross-section
values implied by measurements.



Objective and Methodology

In order to alleviate the above unfortunate situations, a "regional"

optical-statistical (OM) model was sought with the goal of quantitative

prediction of the cross sections of the lighter-mass (Z-39-51) fission

products. The first step toward that goal was the establishment of a

reliable experimental data base consisting of energy-averaged neutron

total and differential-scattering cross sections. The second step was the

deduction cf a "regional" model from the experimental data. It was assumed

that a spherical OM is appropriate: a reasonable and practical assumption.

The resulting OM then was verified against the measured data base. Finally,

the physical character of the "regional" model was examined.

Total Neutron Cross Section Measurements3

The neutron total cross sections of all elemental targets in the

region Z=39-51 (excepting Tc and Ru) were measured from 0.05 to 20.0 MeV

with the emphasis on energies below 5 MeV: i.e. the region of primary

fast-breeder-reactor interest. The broad resolution accuracies were

generally 1-2%. The results form a high-quality and internally con-

sistent data base, and provide an essential model bench mark (the total

cross section is one of the few reasonably unambiguously calculable

quantities). Illustrative experimental results are given in Fig. 2.

Differential-Scattering-Cross-Section Measurements

The differential scattering cross sections were obtained for the same

Z=39-51 targets as above. Incident-energy resolutions were intentionally
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Fig. 2. The present results for the neutron total cross sections of
Yttrium, Zirconium, Niobium, Molybdenum, Rhodium, Palladium,
Silver and Cadmium.



relatively broad (e.g. 50 keV) in order to provide energy-averaged results

reasonably consistent with the concept of the 0M. Particular attention

was given to elastic scattering over the energy range 1.5-4.0 MeV. Lower-

energy results tend to fluctuate in a manner that is difficult to inter-

prete within the 0M context. The scattering-angle range was 20-160 deg. and

the differential-elastic-scattering accuracies generally 3-5%. All magni-

tudes were obtained relative to the neutron total cross section of carbon

in the manner described in ref. 4. The experimental elastic-scattering

results spanned a region from strong compound-elastic (CE) scattering to

one where the elastic process is due primarily to shape-elastic (SE)

scattering. The experimental scattering results are illustrated in Figs.

3A-3D.

Model Deduction

The experimental elastic-scattering results for each target were

concurrently Xi-square fitted with the OM potential. Neutron total cross

sections were also introduced into the fitting procedure to assure reasonable

cross section behavior down to 0.1 MeV and to energies above 4.0 MeV.

Six-parameters were varied in the fitting: real and imaginary strengths,

radii and diffusenesses. The results were "best" parameter sets for each

target. The details of the fitting procedure, the potential form and the

resulting parameter values for each target are given in ref. 1. The "regional"

model was derived from the mass-dependent trends of the parameters obtained

for the individual targets. That "regional" model was then used to calculate

the observed quantities. The calculated results were in remarkably good

agreement with the experimental values as illustrated by the graphical

comparisons of Fig. 4. Rather generally, the calculated values are consistent

with the observed quantities to within the experimental uncertainty alone.
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Fig. 3A. Illustrative elastic-scattering results. The measured
values are indicated by data symbols and the results of
calculation (as described in the text) by curves.
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Fig. 3B. Illustrative elastic-scattering results. The measured
values are indicated by data symbols and the results of
calculation (as described in the text) by curves.
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Fig. 3C.
Illustrative elastic-scattering results. The measured
values are Indicated by data symbols and the results of
calculation (as described In the text) by curves.
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Fig* 3D. Illustrative elastic-scattering results. The measured
values are indicated by data symbols and the results of
calculation (as described in the text) by curves.
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Fig. 4. Comparisons of the experimental data (symbols) with the results
of calculations (curves) based upon the "regional" model.
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Character of the "Regional" Model

The real portion of the "regional" potential is relatively conventional.

In particular, the dependence on isospin is very similar to that encountered

in "global" representations1, as illustrated in Fig. 5. More interesting is

the "anomolous" absorption strength indicated in Fig. 6. The absorption has

sharp minima at the N and P=50 shell closures as suggested by Lane et al.5

Only a modest portion of the effect is attributable to deformation, as shown

by detailed studies of extreme cases; e.g. of the effect of the strong

vibration character of the palladium isotopes1. Similar anomalous absorption

has been noted in low-energy (p,n) measurements6 and there it has been

attributed to a modulation of the density of intermediate states7, although

the suggestion is largely qualitative. Certainly, the absorption evident in

the present "regional" OM is inconsistent with the "global" model concept by

very considerable amounts that will be manifest as corresponding differences

in calculated cross sections. The "regional" OM model does predict reasonable

£=0 and Jt=l strength functions though those quantities were not an input to

the model deduction.

Summary Comments

A quantitative "regional" OM has been obtained. Results calculated with

it alleviate many of the observed discrepancies between evaluated and

measured light-fission-product cross sections. The next step is a similar

study of the complimentary heavy fission products. Toward that end:

neutron-total-cross-section measurements have been largely completed, scattering

measurements are in progress, and model development has started. The latter

portion of the endeavor is difficult as the targets are generally rotators

with large static deformations. As a consequence, the experimental interpre-

tation and the model development is far more complex than for the simple

spherical OM treatment discussed above.
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Fig. 5. The real potential strength (expressed as integral per nucleon,
J/A) as a function of asymmetry ((N-Z)/A). Detailed specification of
the figure and it's interpretation are given in ref. 1
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Fig. 6. The absorption strength (J/A) of the "regional" OM as a function of
target mass (A). The "regional" values are noted by the curve
while the results obtained for the individual targets are noted by
data symbols. Details are given in ref. 1.
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The author would be pleased to respond to any questions that might be

directed to his office.

Argonne 3/15/84
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