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ABSTRACT

A unified program of physical measurements ana

theoretical calculations for the provision of evalu-

ated neutron data in the continuum region is outlined.

The basic theoretical concepts are the optical,

coupled-channel and statistical R-tnatrix models. The

Complementary measurement program provides the .. .

essential experimental foundation consisting primarily

«£ neutron total and scattering cross sections. The

integrated use of experiment and theory to provide

evaluated data sets is discussed inclusive of: 1}

average total and elastic scattering cross sections

and the optical and coupled-channel models, 2) inelastic

neutron scattering cross sections and the statistical

and direct-reactior models, and 3} resonance statistics

And fluctuations. The importance of physical concepts

is emphasized throughout.

*This work supported by tne U. S. Atomic Energy Commission.

tSotne of the cent ants ere of a preliminary nature and sub-

ject to change.
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I. Average Neutron Total and Elastic Scattertiy. Cross

Sections and the Optical Model

The basic tool for the interpretation, extrapolation

and evaluation of fast neutron croa-j sections is th«

optical model (1) and its generalization, the' rotational

and vibrational coupled-channel model (2). The basic re-

lation of these models to nuclear forces and experimental

observables is schematically illustrated in Fig, 1,

— - The data that are most basically related to these

models are the average total and elastic scattering

cross sections.

The average total cross section is always directly speci-

fied by Che optical or coupled-channel models. These

models also provide 6hape elastic and direct inelastic

cross sections. At low energies where few Inelastic

channels are open these calculated cross sections oust be

supplemented by compound-nucleus contributions which can

be estimated by methods discuased in Section II, below.

In addition, neutron strength function data may be used

for determination of the model parameters and the behavior

of the fluctuating cross sections at lower energies can

provide additional information at* discu«neU in Section III,

below.

The present work is a physically Integrated approach

to model determination baaed upon complimentary aeasured

total and elastic scattering cross sections in the energy

range 0.1 to 6.0 HeV and above with the objective of pro-

viding comprehensive evaluated neutron data sets. The com-

parison of measured and calculated results reveals informa-

tion about the variation of model parameters from nuclide-

to-nuclide including the magnitude of the (N-Z)/A dependent

term, Che energy dependence of model paraueters and the

effect of ellipsoidal deformation. The results are of value
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in the prediction and excrapolation of cross /sections,

as inputs to ttte calculation of inelastic cross sec-

tions and in the study of cross section fluctuations.

The application of models to inelastic scattering are

discussed In Section II. Section III deals with fluctua-

tions and their implications en the selection of optical

and coupled-channel parameters.

The experimental average total cross section founda-

tion is obtained by measurements (3 to 9) with tUe objec-

tive of assuring the

— — precise experimental values essential to tue forma-'

tion of the model and evaluation.

The experimental resolution Is good but not a goal in it-

self. Fift. 2 illustrates the type of results obtained for

nickel together with die corresponding measured elastic

scattering values and evaluated total cross section. The

latter is derived froo hif.h-resolution values reported

primarily by Perey et si. (1U) and CierJacks et al.

(11), normalized where necessary to Che present experimental

values. The model parameters are chosen so AS to describe

die observed average total cross sections Co within a few

percent from Q.I Co 20 MeV. The adjustments Include Che

six optical model parameters and the deformation, B_. The

energy dependence of the parameters Is a free variable but

the results are generally consistent with chat reported by

Kngelbrecht and Fiedeldey (12). The characteristically good

agreement between measured and calculated total cross sec-

tions is illustrated in Fi{>. 3.

— - The potentials are specific to the given nuclide and

rot necessarily of a general nature.

The recdel parameters fluctuate from nuclide-to-nucllde re-

flecting real differences in Che total cross sections. For

example, the iron and nickel models differ appreciably due
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prinarily to the 15-2U% differences between iron and

nickel average total cross sections in the repion 1 to 3

MeV.

The tetal-cross-section based model parameters are

subsequently adjusted to fit the measured elastic scatter-

ing angular distributions

— — the measurement of which is an essential part of this

effort.

At low energies the measurements are made with sufficient

resolution to define the Intermediate structure and at

higher energies with broader resolutions (3 to 9). The

iron and niobium results of Fig. 4 lJ.lusr.rate this experi-

mental foundation. They are extended to higher energies

using values reported In the literature (e.g. by Perey et

al. (13) and by Holmqvlst and Wledling (14).

The model adjustments emphasize elastic scattering at

energies t 5 MeV where the compound-elastic contribution

can be reasonably well determined. The adjustments were

constrained to give a continued good agreement with the ob-

served average total cross sections. Below 1-2 MeV the

pronounced fluctuations in circus aectiona of lighter nuclei

can preclude the determination of a well defined average

elastic angular distribution. Above approximately 6-6 MeV

the cf>ular distributions are primarily due to shape-scat-

tering but compound-nucleus and other processes (e.g. pre-

compound processes) remain contributing factors particularly

in tl e minima which are very sensitive to model parameter

choice. Some of these physical aspects are illustrated by

the examples of Fig. 5. A simple spherical potential is

suitable for cobalt in the few MeV range. Above 3 MeV the

calculation of compound elastic contributions becomes uncer-

tain, yet the measured values fall between the limits of

shape-elastic and shape—elastic+compound-elastic calculations.

The same trends occur in nickel. However, the first few ex-

cited states are known to be two-phonon vlbrational levels
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(15) and thus the calculations are based upon the coupled-

channel model, coupling the ground and first excited states

in a vibrational interaction.

— - The effect of coupling on the elastic distributions can

be large, 50% or more at some angles and energies.

Fissile, fertile and many fission product nuclei are

rotational-deformed and precise measurement of their

scattering cross sections is difficult. Theoretical extra-

polation is often necessary and the coupled-channel model is

a suitable mechanism. Such a rcodel has been experimentally

validated in the case of W-186 and subsequently utilized

in the evaluation of the scattering cross section of U-238.

The energy intervals of the ground-state rotational

band of W-186 are about twice those of U-238 (15). As a

consequence, W-186 scattering cross sections can be well re-

solved at few-MeV energies in a Banner not technically

feasible in the case of U-238. The total and scattering

cross sections of W-186 were measured to ̂  4 MeV and used

to deduce the parameters of a coupled-channel model. The

suitability of the model 1G illustrated In Fig. 6. The over-

all best agreement with measurements vas obtained with an

ellipsoidal deformation of 8, > 0.2. This value is smaller

than that deduced from charge-sensitive studies (e.g.

coulomb excitation (16)) with possible theoretical implica-

tions.

With minor adjustments the above W-136 model also de-

scribes the u-238 average total cross sections over the range

0.1 to 20 MeV and the elastic angular distributions to 8 MeV.

The latter comparisons included Inelastic scattering compo-

nents consistent with the various experimental resolutions

employed in the measurements. The majority of tlut elastic

angular distributions were measured especially for this

interpretation and evaluation and tae experimental resolutions



are reasonably well known. Representative comparisons of

measured and calculated elastic angular distributions are

shown in Ftp,. 7. Generally the measured values iall be-

tween the two limits: 1) shape-elastic+direct-elastlc

and 2) shape-elastic+coiripound-elastic+compound-inelastic+

direct-inelastic. The discrepancies between measurement

and calculation are generally no larger than between experi-

ments and systematic uncertainties tend to be concentrated

near the cross section minima where poc unresolved contri-

butions from inelastic scattering ara largest, the data

most uncertain, and the contribution to the angle-integrated

cross sections least.

The angle-integrated elastic scattering cross sections

deduced from the model interpretation of experiment are

summarized in Fig. 8. The results lead to

——- evaluated U-238 elastic scattering cross sections differ-

ing from ENUF/B (17), particularly in Che range 1-3 MeV.

No physical explanation of the latter's lower values could

be identified. The present evaluated elastic cross sections

imply the total inelastic scattering cross sections shown In

Fig. 9.

— — These results are consistent with those subsequently de-

duced from discrete excitation functions but are 10-i!0i

lower than the maximum of the ENDF/B evaluation.

Such a reduction in the inelastic scattering cross section of

U-238 has been Indicated from the analysis of some integral

experiments. This U-238 example illustrates the Importance of

precise evaluation of total and elastic scattering cross sec-

tions with their consequent implication of non-elastic and

Inelastic acattering cross sections.

It is attractive to employ the optical model for broad

extrapolations in mass, energy and charge and this is widely

done. Fundamental considerations lead to generality at the ex-

pense of simplicity (18). The non-locality of the nuclear
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force implies an energy dependence of the potential (19).

Iso-spin considerations lead to an (N-2)/A dependence (20)

and shell dependent terms have been proposed (21). The

resulting "global" optical potentials have not been exten-

sively verified in a neutron context.

— - Therefore the generrality of the optical potential was

quantitatively examined for neutron induced processes

in the region of A«100.

This is the mass region of many fission products whose

evaluation is often based upon model extrapolations. The

potential can be written in the form (22).

(1)

Vreal " Vo " BE " <N"Z>/A * c

"imag - Wo " DE ~ < N " Z ) / A x E

The constants are usually determined from comparisons of

measured and calculated charged'particle induced processes.

An example is the work of Becchetti and Greenlees (22) from

which the values V -56.3 MeV, B-0.32, O 2 4 MeV, W - 13

MeV, D-0.25 and E-12 MeV are obtained. These values of B

and D are consistent with those of other authors (12). C

and E are more uncertain even with respect to sign (1,20).

In any event, these parameters and Eq. 1 lead to appreciable

variations of the potential even for rather small mass and

energy shifts.

We. have studied a comprehensive set of measured total

and scattering cross sections of the isotopes Mo-92, -96,

-98 and -100 extending from a few hundred keV to 4 MeV. The

measurements were aade in such a nanner as to best identify

the mass dependence. The total cross sections were determined

with accuracies of t 5% and the differential scattering mea-

surements made with sufficient detail to assure a good data



base in both energy and angle and to avoid isolated energy

dependent fluctuations. The energy range was cltosen to be

reasonably consistent with a knowledge of all exit channels.

Some impression of the scope of this experimental foundation

is given in >'tg. 10.

The analysis was based upon a six parameter Xi-square

fit to the measured elastic angular distributions (real and

imaginary strengths, radii and diffusenesses). The poten-

tial form consisted of Woods-Saxon real, Gaussian-surface

imaginary and Thomas spin-orbit terms. The compound-elastic

contributions were calculated using the hauser-Feshbach

formula with width fluctuation corrections. The overall

agreement between experiment and calculation using a fixed

potential is illustrated in Fig, lu. Careful "tuning" of

parameters from this general base lead to several conclusions.

— - - The real potential strength decreased with increasing

mass at each energy.

The effect was very small but consistent with the constant

"C" of Eq. 1. The parameter "B" giving tUe energy dependence

tends to be smaller than 0.32 of Ref. 12.

— — The results were not sensitive to small variations in

W. given in E«. 1.
imag

There was a small tendancy toward decreasing imaginary radius

with increasing energy. This may be a first step toward the

volume absorption known to exist at higher energies.

We conclude that there is

— - ~ a small (N-Z)/A dependence of the real potential for

neutron processes in the mass-energy region A-10U,

E ^ 4.0 MeV consistent with that observed in charmed-

particle studies (22).

The magnitude of the effect is only slightly greater titan the

experimental uncertainties. Further, it i« possible that the
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effect is mitigated by some other potential dependence

(e.g. shell effects).

The model parameters derived here in general do not

agree well witli those deduced from high energy elastic

scattering cross sections (E>b MeV). The manner of the

transition of the parameters from the low to high energy

region will present an interesting topic for further study.

The above optical and coupled-channel models provide

a good method for the energy extrapolation of total cross

sections in the absence of definitive experimental informa-

tion. They are directly employed in the angle and energy

extrapolation of elastic cross sections for evaluation,

where such extrapolation is always necessary to some degree.

The models can also be used for extrapolating into unmea-

sured regions (e.g. fission products) but only with re-

duced reliability as detailed variations of tue model

parameters from nuclide to nuclide are still uncertain.

II. Inelastic Neutron Scattering

Optical and coupled-channel parameters determined

through the fitting of neutron total and elastic-scattering

cross sections can be applied to the

calculation of average inelastic neutron scattering

cross sections by means of the llauser-Feshbach formula

(23).

Where spins and parities of inelastic levels are known com-

parisons of the Hauser-Feshbach predictions with observed

excitation functions can provide additional confirmation of

the optical and coupled-cliaunel model parameters. Where

they are unknown level spins and parities can be determined

either precisely or within
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Precise application of the models for the interpreta-

tion and evaluation of inelastic neutron scattering data

— - requires modifications of the conventional Hauser-Fesh-

bach formula.

They are the width fluctuation and resonance interference

corrections (24). The latter is important at higher ener-

gies where the excitation of individual levels generally

becomes difficult to resolve. The width fluctuation correc-

tion enhances the average cross sections for reactions in

which the entrance and exit channel fluctuations are corre-

lated, with a corresponding reduction of reactions without

such correlation. One example is the reduction of the cross

section for the excitation of the first few levels near

threshold. This reduction can approach a factor of 1/2 in

the case of the first 2+ level of an even isotope. A second

example is the enhancement of compound-elastic scattering

which may approach a factor of three when a large number of

exit channels are open. The latter can be important in the

determination of optical model parameters from elastic scat-

tering cross sections (see Section I, above). Finally,

- — the theory predicts an enhancement of inelastic cross

sections for levels that are strongly coupled to the

ground state.

This is the result of both the direct cross section due to

channel coupling and the correlation enhancement of the com-

pound-inelastic cross sections. Theoretical and numerical

studies are now in progress which will define more accurately

the application of these corrections to the Hauser-Feshbach

formula. The use of a number of these concepts to the inter-

pretation and evaluation of inelastic neutron scattering

cross sections is outlined in the following paragraphs.

The simplest example is the use of the spherical optical

model and the tiuascr-Feshbach formula in the interpretation

and evaiuarion jf isvjlactic neutrcn scattering from cobalt.
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The measured values, the calculated results and the evalua-

tion are summarized in Fig. 11. The theorv guides the

evaluation near threshold. However, the range of applica-

bility is narrow with increasing uncertainty above "v 3 MeV

due to unknown exit channels. The uncertainties are such as

to make detailed interpretation unrewarding. Even in the

well defined range the calculations are sensitive to J* as

indicated by the two sets of calculations based upon

alternate spectroscopic schemes (15). Neither is in detailed

agreement with experiment but the calculations do resolve J*

ambiguities. ?or example, the loiy MeV stats is 9/2" rather

than the alternate 5/2- allowed by charged particle studies.

This assignment as well as similar ones support a spectro-

scopic scheme consistent with tha concept of a proton hole

in the f?/2 shell strongly coupled to the spherical core

with associated collective bands in the manner of Mottelson

and Nilsson (27).

— — Thus even this rather simple approach can give structure

information not otherwise easily available.

— — However, the evaluation remains primarily based upon ex-

perimental information.

Indeed, undue reliance on the model can lead to erroneous re-

sults. For example, Fig. 12 compares the present experi-

mentally based evaluation (curve A) with ENDF/B (curve B)

based primarily upon model calculations. While the

thresholds are vary similar the magnitudes of the prominent

components can differ by a factor of two or more.

The effects of diannel-coupling and the width fluctua-

tion correction are evident in inelastic scattering from

nickel. The first few excited states of ttie predominent

even isotopes are vibrational levels. Results of calcula-

tions based upon both spherical and coupled-channel models

are compared vitli experimental results in Fig. 13. At these
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energies the spherical and coupled-channel (ellipsoidal)

results do not appreciably differ. However, the direct

contribution increases with energy amounting to *v< 40 mb

for the excitation of the first 2+ state at 14 MeV; con-

sistent with experimental observations of Kammerdien :r

(25). Below 3 MeV some of the croBs sections calculated

with the Uauser-Feshbach formula are appreciably larger

than the experimental values v>.g. the excitation of the

2f, 1.45 MeV state in Ni-58). In these instances the ex-

perimental results themselves vary considerably probably

reflecting actual fluctuations very similar to those common-

ly observed in the excitation of the 846 keV state in iron.

It Is a region where the fluctuation correction should be

large and, indeed, it reduced the Uauser-Feshbach result by

approximately a factor of two as indicated by the WFC curve

of Fig. 13.

— — When fluctuation corrected the calculation provides a

good extrapolation of measured values into the experi-

mentally difficult threshold region.

The fissile and fertile nuclei -as well.as many~fliston

product nuclei are ellipsoidally deformed with rotational

level spectra (15). The members of the ground state energy

bands of these nuclei are strongly coupled to the ground

state with a resulting enhancement of the cross section for

excitation of these levels by Inelastic neutron scattering.

An example is provided by the scattering to the first

several excited states in w-186 which is shown in Fig. 6.

The spherical model calculations (0, • 0) are seen to be

low by about a factor of three, while coupled channel calcu-

lations with spheroidal deformation parameters 6, in the

range of 0.2 - 0.3 provide good agreement with the observed

cross sections. The influence of the deformation



-13-

is clearly of great importance. In this case the in-

elastic calculations are consistent with the value of

3- •»» 0.25, deduced from the elastic scattering cross

sections.

— — The H-186 study establishes the importance of a

coupled-channel model for application to the experi-

mentally more uncertain inelastic scattering in U-238.

At low energies the model can be used to extrapolate the

discrete level excitation cross sections of U-23b but it be-

comes less reliable at higher energies where the level

structure is uncertain or unknown. For example, the excita-

tion of the first excited state (2+, 45 keV) can be experi-

mentally resolved to 1.2 MeV (7). The direct component of

the inelastic cross sections for this first excited state

is computed to remain large up to several MeV as indicated

by the dottecTcurve in Fig. 15. At *v 3.0 MeV this cross

section is several times the value given in the ENDF/B

evaluation. At low energies the excitation function for the

first excited state in U 2 3 8 exhibits the effects of both

direct coupling and width fluctuations. A definitive eval-

uation in this region requires a calculation Including

those effects. In this region there is a large discrepancy

between experimental values and

— - extrapolation to threshold using theory provides an

essential guide to evaluation.

III. Resonances and Fluctuations

The high resolutions now technically available pro-

vide details of the resonances or fluctuations up to rela-

tively high energies. The optical and coupled-channel models

can also be applied to the calculation of the statistical

properties of these fluctuations. The average reaction

amplitudes provided by these models determine the average

R-matrix parameters R and (y ty , \ /_. The resonance spac-

ings D are determined from resonance neutron data and the

v are assumed to be normally distributed with zero neans.



This information suffices to construct a numerical

statistical reaction amplitude. Frota this, fluctuating

cross sections are computed whose statistic,;!, properties

are tlieu compared witli the measured hip.h resolution data.

This statistical comparison permits a further "fine tun-

ing" of the optical or coupled-channel model parameters.

It also permits the statistical prediction of cross sec-

tion fluctuations from poor resolution data. Finally,

the method is used for better definition of parameters

Chat determine width fluctuation and resonance interfer-

ence corrections to the Uauser-Feshbach formula. This is

done by averaging the statistically generated cross sec-

tions and comparing these averages with the predictions of

the formula.

The above computational procedures have been incor-

porated into a computer program STASIG (2b). A random

number generator is used Co select the R-matrix parameters

in accordance with optical and statistical model. The

statistical cross sections are calculated, averaged with a

resolution function equivalent to that of the experiments

and compared with the measured values. Such statistical

comparisons can be made either qualitatively by visual com-

parisons of the curves or quantitatively by comparisons of

auto-corrulation functions, cross section distribution

functions, etc. The internal consistency of the calcula-

tions is verified by averaging the statistical total cross

section over large energy intervals and comparing these

averages with cross sections obtained from the optical

model employed in the input to the calculations.

The total and inelastic scattering cross sections of

the even isotopes of titanium were calculated using the

above methods with both spherical and ellipsoidal models

and compared with the measured values obtained in the
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complementary experimental effort (U). The measured and

calculated total cross sections are compared In Fig. 16.

Both qualitatively and quantitatively the ellipsoidal

calculation agrees better with the measurement,

particularly with respect to the cross section extreme and

the grouping of resonances, as veil as with regard to the

auto-correlation function.

Similar comparisons of measured and calculated cross sec-

tions for the excitation of the 984 keV state of Ti-48 are

shown in Fig. 17.

— - The ellipsoidal result is similar to the measured in-

elastic values, iu contrast to the results obtained

with the spherical model.

In this instance it is not possible to distinguish be-

tween spherical and deformed models on the basis of average

total and elastic scattering cross sections. However,

— — the analysis of the fluctuations clearly Indicates a

preference for the ellipsoidal coupled-channel model.

In addition, t.ie ellipsoidal calculations lead to an inter-

mediate resonance structure similar to that observed without

recourse to other reaction mechanisms.

The above methods were applied to the evaluation of the

total cross sections of cobalt. High resolution experimental

data is available at energies **• 0.45 MeV with apparently no

equivalent Information between. The fluctuating cross sections

were calculated from the optical model, statistically verified

against the experimental results available both below and

above the region of ignorance and then used to interpolate

across the experimental gap. The resulting evaluated cross

section is shown in Fig. lb. It is difficult to distinguish

the model-interpolated region from the adjoining experimentally-

based values. Ultimately the above procedures have a potential

for the direct provision of fluctuating cross sections by
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analytical means thereby avoiding the increasing enormity

of evaluated numerical files and providing a physical

insight well beyond the experimental capability.

IV. Summary Comment

The above Integrated program of models, measurements

and evaluations highlights some general conclusions.

— — There is no substitute for as good an experimental

data base as possible. It is essential to reliable

models and evaluations.

— — Models have their primary strengths in the extrapola-

tion, interpolation and physical interpretation of

measured values.

— - Models extending too far from the experimental founda-

tion should be applied with considerable caution and

only when no other alternative is available.

— The provision of evaluated data is an integrated

physical endeavor consisting of measurements, inter-

pretation and evaluation. They are not separate

disciplines and, in particular, evaluation in itaelf

cannot create information or knowledge.
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FIGURB CAPTIONS

1. Schematic outline of the interrelation of nuclear forces,

optical and coupled-channel models and calculable observable*.

2. Total neutron cross section of nickel (B). Present measured

values are indicated by#(E>1.5 MeV) and the solid curve

(E< 1.5 MeV) and the evaluation is shown by the dotted line*

Measured elastic scattering values are Indicated by B •

3. Measured and calculated total cross sections of nickel (8).

The "experimental" values were constructed from a number of

sources (e.g. Kefs. 10 and 11). The calculation was obtained

using a coupled-channel model.

4. Elastic neutrons scattering cross sections of iron and niobium

(3, 4) present measured values are Indicated by data points.

The curves indicate the results of legendre-fits to the data.

Intermediate structure is evident in iron at lower energies.

5. Differential elastic scattering cross sections of nickel and

cobalt (5,8). Measured values are indicated by symbols with the

present results denoted by "o". The curves indicate the results

of model calculations using spherical (cobalt) and ellipsoidal

(nickel) potentials.

6. Measured and calculated differential neutron scattering cross

sections of W-186 (6). The experimental values are Indicated by

symbols and the results of calculations using varying deforma-

tions from 3, • 0 to 0.3 are shown by curves. The upper distri-

butions pertain to elastic scattering and the lower to the in-

elastic excitation of the 2+, 125 keV state.

7. Differential elastic scattering cross sections of U-238. Mea-

sured values are indicated by symbols with the present work

given by "o" (7). All the measured values contain some contribu-

tion from inelastic neutron scattering. The results of ellip-

soidal calculations are indicated by curves with the notations;

SE-ahape-elastic, CE"compound-elastic, Dl-direct-inelastic and
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Cl-compound-lnelastic.

8. Total and elastic scattering cross sections of U-238 (7). The

present evaluations are indicated by the heavy curve. That of

ENDF/B (17) by the light curve. Data points Indicate the

elastic scattering cross sections deduced from spherical and

ellipsoidal models based upon experiments. Dashed curves indi-

cate a subjective estimate of the limiting uncertainties in the

calculated results.

9. Total inelastic scattering cross sections of U-238 (7). Dotted

curves indicate the values implied by total and elastic scatter-

ing cross sections with respective maximum and minimum limits.

The heavy curve indicates the present evaluated total inelastic

scattering cross section and the light curve that of ENDF/B (17).

10. Differential elastic scattering cross sections of Mo-92, -96,

-98 and -100. Measured values are indicated by data points.

The results of a general optical model fit to the data are indi-

cated by curves*

11. Inelastic neutron scattering cross sections of cobalt (5). The

measured data is indicated by symbols with the present values

given by D . The solid curve shows the present evaluation.

The dashed and dotted curves refer to model calculations based

upon alternate spectroscopic schemes.

12. Evaluated inelastic scattering cross sections of cobalt (5).

Curve A is from the present work, curve B from ENDF/B (17).

13. Inelastic neutron scattering cross sections of nickel (8).

Measured values are indicated by symbols with the present work

given by # . The evaluation is indicated by the solid curve.

Hauser-Feshbach calculations based upon spherical and ellip-

soidal models are indicated by dashed and dotted curves,

respectively. In addition, the effect of the width fluctuation

correction to the calculated excitation of the 1.45 MeV state

of Ni-58 is shown.
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14. Inelastic excitation of the 45 keV, 2+, state in U-238. Mea-

sured values are indicated by symbols (7). The present eval-

uation is indicated by the heavy curve. Its behavior toward

threshold follows the predictions of a coupled-channel nodel.

The same model gives the direct inelastic component indicated

by the dotted line. The ENDF/B (17) result is indicated by

the light curve.

15i Comparison of measured and calculated total cross sections of

titanium (9). The upper curve indicates the experimental

values and the lower two those calculated from the statistical

model based upon ellipsoidal and spherical potentials.

16. Comparison of measured and calculated cross sections for the

excitation of the 948 keV state in Ti-48 (9). The format is

identical to that of Elg> 15.

17. Evaluated total cross sections of cobalt (5). The region 0.2

to 0.45 HeV is derived from the statistical calculations de-

scribed in Section III of the text.
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