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NATURAL CHROMIUM AND “Cr NEUTRON ELASTIC AND INELASTIC
SCATTER'NG CROSS SECTIONS FROM 4.07 TO 8.56 MeV

W. E. Kinrey and F. (5. Perey

ABSTRACT

Measurcd neutron elastic and inelastic scattering cross sections for natural
chromium between 4.07 and 8.56 MeY and for “*Cr between 6.44 and 8 56 McV arc
presented and compared with the ciastic differential cross sections of Holmgvist and
Wiedling and with ENDF/B MAT i121. Our elastic scatteiing differential cross
sections are in fair agreemen! with those of Holmgvist and Wiedling Our
angle-integrated differentiai ciastic scaltering cross sections ane systematically
higher by as mucn as 17% than those of Holmqvist and Wiedling atove 4.6 MeV. a
siti:ation similar tc that found in comparing the two sets of data for other clements.
The ENDF/B 1!l MAT 1121 elastic angular distributions are found to be in poor
agreement with experimerial results from 4 to 8.5 MeV though the ENDF ‘B Il
MAT 1121 angle-integrated differential elastic scaitering cross sections agree within
expenmental uncertainties with our results over this encrgy range. An evaporation
model of inelastic scattering is found to be of questionadle validity if applied to
levels in the residual nucleus of excitation energy less than 6 MeV.

INTRODUCTION

The data reported here are the results of one of a series of experiments to measure
neutron clastic and inelastic scattering cross sections at the ORNL Van de Graaffs.
Reports in the serizs are listed in Reference 1. This report presents measured neutron elastic
and inelastic scattering cross sections for natural chromium from 4.07 to 8.56 MeV and
**Cr from 6.44 to 8.56 MeV. To assist in the evaluation of the data, the data acquisition
and reduction techniques are first briefly discussed. For the purposes of discussion the data
are presented in graphical form and are compared with the results of Holmqvist and
Wicdling: and with ENDF/B 11l (Evaluated Neutron Data File B, Version 111) MAT 1121.
Tables of numerical values of the elastic scattering cross sections and cross sections for
inclastic scattering to discrete levels in the sesidual nucleus are given in an appendix.

DAYA ACQUISITION

The data were obtained with conventional time-of-flight techniques. Pulsed (2 MH7).
bunched (approximately 1.5 nsec full width at half maximum, FWHM) deuterons
accelerated by the ORNL Van de Graaffs interacted with deuterium in a gas cell to produce
neutrons by the D(d.n)'He reartion. The gas cells. of length | and 2 cm. were operated at
pressures of approximately 1.5 atm and gave neutron energy resolutions of the order of +60
keV.
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The neutrons were scattered from a sclid right circular cylindncal sample of natural
chromium, 1.52 cm diameter, 2.56 height of mass 25.90 gm and placed approximately 10
cm from the gas cells when the detector angles were greater than 25 degrees. For smaller
Jetector angles the cell-to-sample distance had to be increased to 33 cm in order to shield
the detector from neutrons coming directly from the gas cells. The “Cr sample was in the
form of a solid right circular cylinder made of 5 separate discs of pressed **Cr metallic
powder with no binder. The overall dimensions were 1.76 cm diameter, 2.86 cm heighi. and
the mass was 29.01 gm. The *2Cr had oxidized considerably but the oxygen was accounted
for as described in the results below.

The scattered neutrons were detected by 12.5 cm diaraeter NE-213 liquid scintillators
optically coupled to XP-1040 photorultipliers. The scintillators were 2.5 cm thick. Data
were taken with three detectors simultaneously. Flight paths were approximately 5 m with
the detector angles ranging from 15 to 140 degrees. The gas cell neutron production was
monitored by a time-of-flight system which used a 5 cm diameter by 2.5 cn thick NE-213
scintillator viewed by a 56-AVP photomulitiplier placed about 4 m from the celi at an angle
of 55 degrees with :ne incident deuteron beam.

For each event a PDP-7 computer was given the flight time of a detected recoil proton
event with reference to a beam pulse signal, the pulse height of the recoi! proton event. and
identification of the detector. The electronic eguipment for supplying this information to
the computer consisted, for the most part, of standard commercial components. The
electronic bias was set at approximately 700 keV neutron energy to ensure good pulse
shape discrimination against gamma-rays at all enes gies.

The detector efficiencies were measured by (n,p) scattering from a 6 mm diameter
polyethylene sample and by detecting source D(d,n)’He neutrons at 0 degrees’. Both
interactions gave results which agreed with each other and which yielded eificiency versus
energy curvss that compared well with calculations®.

DATA REDUCTION

Central to the data reduction process was the use of a light pen with the PDP-7
computer oscilloscope display programs to extract peak areas from spectra. The light pen
made & comparatively easy job of estimating errors in the cross section caused by extreme
but possible peak shapes.

The reduction process started by normalizing a sample-out to a sample-in
time-of-flight spectrum by the ratio of their monitor neutron peak areas, subtracting the
sample-out spectrum, and transforming the difference spectrum into a spectrum of
center-of-mass cross section versus excitation energy. This transformation allowed ready
comparison of spectra taken at different angles and incident neutror. energies by removing
kinematic effects. It also made all single pecks have approximately the same shape and
width regardless of excitation energy (in a time-of-flight spectrum. single peaks broaden
with increasing flight time). A spectrum of the variance based on the counting statistics of
the initial data was also computed. Figure | shows a typical time-of-flight spectrum and its
tran<formed cnergy spectrum.
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Fig. 1. A typical time-of-flight spectrum for natural chromium with its transformed
energy spectrum. The data were taken at 6.44 MeV incident neutron energy at 85 degrees
with a2 5.2 m flight path. The sample-out spectrum has not been subtracted from the
time-of-flight spectrum. Note that the energy spectrum has been offset to allow negative
excursions due to statistics in the subtraction of the sample-out background. Because of
uncertainties in the efficiency near the electronic bias. the energy spectrum was terminated
at ~pproximately i MeV scattered neutron energy - very nearly channel 350 in the
time-of-fiight spectrum. The large peak to the left of both spectra is the elastic peak. The
small peak at roughly channel 100 of the energy spectrum is due to a 1.5% oxygen
contamination of the sample.



The transformed spectra were read into the PDP-7 computer and the peak stripping
was done with the aid of the iight pen. A peak was stripped by drawing a background
beneath it. subtractuig the background, and calculating the area, centroid, and FWHM of
the difference. The vanance spectrum was used to compute a counting statistics varnance
corresponding to the stripped peak. Peak stripping errors due to uncertainties in the
residual background under the peaks or to the tails of imperfectly resolved nearby peaks
could be included with the other errors by stripping the peaks several times corresponding
(o high, low, and best estimates of this background. Although somewhat subjectivz, the low
and high estimates of the cross sections were identified with 95% confidence limits; these,
together with the best estimate, defined upper and lower errors due to stripping. When a
spectrum was completely stripped, the output information was written on magnetic tape for
additional processing by a large computer.

Finite sample correct.ons were performed according to semianalytic recipes whose
constants were obtained from fits to Monte Carlo results’. The corrections were 6 - 129 at
forward angles, 40 - 60% in the first minimum, and 10 - 13% on the second maximum.

The final error analysis included uncertainties in the geometrical parameters (scatterer
size, gas cell-to-scatterer distance, flight paths, etc.) and uncertainties in the finite sample
correcticns.

The measured differential elastic scattering cross sections were fitted by least squares
to a Legendre series:

a(p = cosf) = 2{(2k+1)/2)JacPu(n)

the points being weighted by the inverse of their variances which were computed by
squaring the average of the upper and lower uncertainties. The common 7% uncertainty in
absolute normalization was not included in the vanances for the fitting. In order to prevent
the fit from giving totally unrealistic values outside the angular range of our measurements,
we resorted to the inelegant but workable process of adding three points equally spaced in
angle between the largest angle of measurement and 175 degrees. The differential cross
sections at the added points were chosen to approximate the diffraction pattern at large
angles, but were assigned 50% errors.

RESULTS
Additional Scattering Sample Properties

Natural chromium contains 4 isotopes with natural abundances® 4.31% *’Cr, 83.76%
2Cr, 9.55% *’Cr, and 2.38% **Cr. Ineclastic scattering to the 1.53 MeV level in *'Cr and
possibly to the 1.28 MeV level in *’Cr is included in our cross sections per atom of natural
chromium for inelastic scattering to the 1.434 MeV level in *’Cr. Similarly, inelastic
scattering to the 2.23, 2.32, and 2.45 MeV levels in *’Cr is included in our cross sections per
atom of natural chromium for inelastic scattering to the 2.369 MeV level in “*Cr. The
natural chromium sample had a 1.5% oxygen contamination.

The >’Cr sample had oxidized sufficiently so that oxygen elastiz scattering and inelastic
scattering to the 6.052 and 6.131 MeV levels in oxygen were evident in the spectra.
Kinematics separated the oxygen elasiic scattering from that of the *:Cr at angles larger
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than 60 deg. and was used with our oxygen data' to deiermine the amount of oxygen in the
sample to be 0.42 gm/cm’ as opnosed to a “Cr density of 3.73 gm/cm’. The elastic
scattering at smaller angles where there was no separation was thus able to be correc:ed for
the oxygen. The oxvgen inelastic scattering was sufficiently prominent and sharp so that it
could be stripped from the data.

Elastic Scattering Differential Cross Sections
Natural Chromium

Our differential elastic scattering cross sections for naturai chromium are shown in
Figure 2 with Legendre least squares fits to the data. Wick’s Limit is shown and was used
as an additional point in the fittings.

Figures 3 and 4 compare our differential clastic scattering cross sections with those of
Holmgwvist and Wiedling (H+W)’. The angular distributions of ENDF/B 11l MAT (12I
normalized to the integrals of the expennmental differential elastic scattering cross sections
are also shown in the figures. The two sets of expenmental data appear to be consistent so
far as shapes are concerned with the first minimum falling at the same angle in both sets
and slowly moving toward smaller angles with increasing energy.

The ENDF/B 111 MAT 1121 angular distributions are perhaps in the poorest
agreement we have seen in our comparisons of our data and the data of others with
ENDF/B (see Ref. 1). Previous comparisons genera!lv agree within experimental
uncertainties at angles less than 40 deg. An underestimat: of the forward scattering could
be a senious deficiency in the calculation of a fast reactor shield. ENDF/B 1II MAT 1121
uses a Legendre expansion of order 16 to describe its elastic angular distributions from 2.35
to 14 MeV while the maximum order required by the experimental data is 9.

The degree of agreement among cur elastic differential cross sections and those of
Holmqvist and Wiedling might be estimated with the help of Figures 5 and 6 where
normalized (the coefficient of Po = 1) Legendre expansion coeffi ients resulting from fits to
both sets of data are plotted as a function of incident neutron energy. The curves are
quadratic least squares fits to our set of data with the resulting constants giver. in the
equations. With the exception of the data at 8.05 MeV. all of the first four coefficients
resulting from fits to the data of Holmqvist and W:edling lie within the fitting uncertainties
of the curves fitting our coefficients. The coefficients of the higher order polynomials are
not in such good agreement, however. On this basis, then, the two sets of data can only be
said to be in fair agreement.

52Cr

Our *Cr differential elastic scattering cross sections are shown in Figure 7 with
Legendr~ least squares fits and Wick’s Limit which was used as an additional point in the
fitting.

Our natural chromium and *’Cr differential elastic scattering cross sections are
compared in Figure 8 where it can be seen taey agree generally well within the expenmental
uncertainties.
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Fig. 2. Our natural chromium neutron differential elastic cross sections with Legendre
fits to the data. WICK indicates Wick's Limit which was used in the fitting. The 7%

uacertainty in absolute normalization common to all points is not included in the error
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Fig. 3. Our natura! chromium neutron differential elastic cross sections compared
with the data of Holmqvist and Wiedling (H+W)’ and with the angular distributions of
ENDF/B 11l MAT 1121 from 4.34 to 6.09 MeV. WICK indicates Wick’s Limit. The 7%
uncertainty in absolute normalization common to all points is not included in our error
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Fig. 4. Our natural chromium neutron differential elastic cross sections compared
with the data of Helmqvist and Wiedling (H+W)’ and with the angular distributions of
ENDF/;B HI MAT 1121 from 6.44 to 8.56 MeV. WiCK indicates Wick's Limit. The 7¢;
uncertainty in absolute normalization common to all points is not included in our error
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Inelastic Scattering Differential Cross Sections
Natural Chromium

Meaningful inelastic scattering cross sections could be obtained only for inclastic
scattering 10 levels in “°Cr for the natural chromium sample since the natural abundances of
the other isotopes are so small.

Figure 9 shows our diflerential cross vections per atom of natural chromium ior
inclastic scattering to the 1.434 McV level in **Cr. This level being a 2° level. there migint be
some asymmetry about 90 deg. expected 1n the angular distnbution though within the
experimental uncertainties nonc is evident except possibly at 8.56 MeV.

Our differential cross sections per atom f aaturai chromium {or inclastic scattering to
the 2.369 MeV level in “Cr are shown in Figure 10. Tnc anguar distributions are. within
expenmental uncertaintics, isotropic.

52C.'

Our differential cross sections obiained with the *“Cr sample for inclastic scattering to
the 1.434 MeV level in “Cr are shown in Figure 11 where remarks similar to those above
for the natural chromum sampie apply.

Figure 12 shows our differential cross sections for inelastic scattering to the 2.369 MeV
level in “Cr and the angular distributions. in agreement with those from the natural
chromium sample, are isotropic within experimental uncertainties.

Figures 13 and 14 compare the natural chromium and “Cr differential inclastic
scattering to levels in *’Cr. The “’Cr cross sections have been reduced by the **Cr natural

isotopic abundance for the comparison. The data agree generally within experimental
uncertainties.

Excitation Functions

Our angle-intcgrated different:al cross sections per atom of natural chrcmium are
shown as a function of energy in Figure IS. Our **Cr data are also included. the inelastic
scattering cross sections having been reduced by the *Cr natural isotopic abundance. The
data of Hoimgqvist and Wiedling’ 2re show.. in addition. along with the curv from
ENDF/B Ili MAT 1121.

Our natural chromium and “Cr data agree within experimental uncertainties and the
integrated elastic data are in unusually good agreement with ENi-F B (see Ref. ).

Although our data are in agreement with those of Holmqvist anc Wiedling below §
MeV. our data are systematically higher than theirs at higher energies. a situation similar to
that encountered in comparisons made *vith the data of Holmgvist and Wiedlirg in the case
of natural nickel and copper'. If each set of the chromium data is linearly interpolated to
the energies of the otver, cur datz aie 30 mb higher at 5.50 MeV with the differences
reducing roughly exponentially with increasing energy to 36 mb at 8.56 MeV. Some
discussion of these systematic differences with Holmqvist and Wiecling is given in our
nickel report’.
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uncertainty common to all points is not included in the error bars.
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Our natura! chromium and “Cr inelasiic scattering data agree within experimental
uncertainties. ENDF B 111 MAT 1121 stops inelastic scattering to discrete levels at an
incident 2:utron energy of 3.31 MeV. using an evaporation model with a constant nuclear
“tcmperature” of 1 MeV to describe inelastic scattering above this incident neutron energy.

Inelastic Scatteringz To The Continuum

The rapidly increasing density of levels in the isotopes of naturai chromium above an
excitation energy of 2.369 MeV produced inelastically scattered neutron spectra, isotropic
in their angular distrzbutions, which we reduced as inelastic scattering to a structured
“continuum”™ ot finai states rather than attempting to extract cross sections for inelastic
scattering to groups of levels or to bands oi excitation energy. Figure 16 shows our
“continuum™ inec.astic scatiering data where our angle-averaged double-differertial cross
sections for scattering to an excitation energy are plotted as a iunction of the excitation
energy for all our energies of measurement. The preferential excitation of 0°. 2°.4°. 6" . or 3
levels at energies of 2.77, 2.96, 3.1, 3.45. 3.77. 4.1, 4.6. 5.6. and 6 MeV are .izarly seen. But
also there are other levels or grour; of levels which were excited to produce the other
structure which 1s cvident.

The adequacy of an evaporation model in describing our inelastic “continua™ may be
judged from Figure 17 where SIG(E — E’)/E’ versus E’ is plotted where SIG(E — E) =
the angle-averaged differential cross section for scattening from incident energy E to zxit
c.m. energy dE’ about E'. The straight lines are least squares fits to the data with
temperatures resulting from the fits being indicated. The uncertainties on the temperatures
are uncertainties in the fitting only. Two fits have been made to each set of data: cne
covering ne-rly the entire range of E’ for which we extracted data and the other to an E’
below which an evporation model might be more appropriate. The values of E’ to which
the fits were made are indicated. The fits over the entire range of E’ would seem to offer a
poor description of the data with there being differences of a factor of 2 2mong the data
and the cross sections given by an evaporation mod:l. Fits over more limited ranges in E’
not sncpnisingly offer a better description of that data to which they are fitted as structure
becomes less pronounced with increasing excitation energy (decreasing exit energy E"). As
mentioned above, ENDF/B 111 MAT 112} describes all inelastic scattering above incident
neutron energics of 3.31 MeV by an evaporation model with a constart temperature of |
MeV.
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CONCLUSIONS

Our natural chromium differential elastic scattering cross sertions are in fair agreement
with the data of Holmqvist and Wiedling when Legendre expansion coefficients are
compared. The systematic difference in angle-inteprated differcntiai elastic cross sections
above & MeV seen in compansons of the two sets of data for other elements is also seen
here.

The ENDF/B 111 MAT 1121 elastic angular distributions are in poor agreement with
expenmental data and underestimate the forward peak. The ENDF B 111 MAT 1121
angle-integrated dliferential elastic scattering cross sections, however, agree with our data
within experimental uncertaintics.

An evaporation model of inelastic scattering to levels of exctation energy in the
residual nucleus greater than 6 MeV appears to otfer a fair description of inelastic
scattening to these levels but becomes questionable in its reprosentation of inelastic
scattering to levels of lower cxcitation energy.
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APPENDIX

Tabulated Values of Natural Chromium and “Cr
Neutron Elastic Scattering Cross Sections
and
Cross Sections for Inelastic Scattering
To Discrete Levels

Our measurad values for natural chromium and “’Cr neutron elastic scattering and
crToss sectiens (of nelasiic scattening to discrete icvels are tabulated below. The
uncertainties in differential cross sections, indicated by A in the tables, are relative and do
not include a +7% uncertainty in detector efficiency which is common to all points. The
+7% uncertainty is included in the integrated and average values. The total cross sections.
01, are those we used in the computation of Wick's Limit and were not measured by us.

We have not 1acluded the cross sections for inelastic scattering to the continuum. They
ars available from the National Neutron Cross Section Certer. Brookhaven National
Laboratory. or from us.

No attempt was made to correct angie-integrated differential cross sections for inelastic
scaitering to the 1.434 NieV level in “Cr at those energies at which data were taken at just
three angles because of the anisotropic angular distributions cf neutrons so scattered. No
integrated values are therefore given in these cases.

Natural chromium cross sections may be found on pages 28 through 37. The cross
sections for **Cr may be found on pages 6 through 41.

e e emaiahs htao Ana e e amm e memeas
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NATURAL CHROMIUM CROSS SECTION¢

Inelastic scattering cross sectiors are given per atom of natural chromium for inelastic scatteringto

levels in *’Cr.

E. = 4.07 + 0.08 MeV
(n,n") to: 1.434 MeV Level

O dojde A (%)
deg. mb/ str + -
713 29.80 9.1 129
78.86 2.1 6.0 12.2
86.38 20.89 7.8 12.2

E. = 407 £ 0.08 MeV
(n,n") to: 2.369 MeV Level

C&a do/de A (%)
deg. mb/ str + -
71.64 11.88 19.5 30.1
7.2 7.17 204 358
86.74 11.31 25.6 320

Avg do/de = B8.23mb/strt17.5G%
f(do/dw)de = 103.43mb + 17.5%

0(-
deg.
10.20
17.83
17.83
25.47
25.47
33.09
40.71
48.32
35.91
63.48
71.04
78.58
86.10
96.10
105.5%
111.04
122.45
129.86
13726

E. =434 £ 0.07 MeV
Elastic Scattenng

do/deo
mb: str
1999.63
1630.06
1671.67
1280.12
1131.93
737.58
463.61
273.63
137.06
3.2
218
20.61
33.01
55.28
64.35
65.30
54.53
42,41
36.36

A (%)
+ —_
6.5 8.6
s4 91
5.7 1.4
5.7 7.2
<9 54
54 1.2
59 8.4
6.5 58
8.4 122

16.9 13.5

a9 18

428 321

15.0 15.5
9.0 9.6

109 10.8
9.6 8.7

10.8 79

10.5 9.2

1.5 I4

§(do/de)de =244099mb + 7.3 &
Wick’s Limit =i786.03mb + 7.3 %
or= 31740 1.0%

W NPV AWN=OR

a
388.49658
263.7316%
194.42198
131.38455

62.81519
21.4956!
8.86383
3.90331
1.32871

Legendre Fit. Order = 8

A%)

29
24
26
30
53
13.4
28.6
48.1

104.2




6.
deg.
40.88
38.50
56.11
63.70
71.27
78.83
85.25
96.35

103.83
127
122.66
130.06
137.43

E. =434 £ 0.07 MeV
(n.n") to. 1.434 MeV Level

dodw
mb: str
3i.61
28.90
2313
21.15
21.76
19.80
20.72
21.09
26.38
2407
22.82
24.05
4.2

A (%)

+ -
14.8 20.1
16.9 228
14.5 20.3
14.2 129
13.8 1.9
129 124
139 11.2
1S 1.4

9.7 gS
156 159
1.7 8.7
122 1.3
136 1.0

J(do/de)de = 299.10mb + 84 &

k
0
I
2

&

47.60388
0.27926
1.836223

Legendre Fit, Order = 2

(%)

4.6

484.6

64.4

E.=4.34 + 0.07 MeV
(n.n") to: 2.359 MeV Leved

(8 do/de
deg. mb;:str
48.7 10.73
56.37 11.28
63.97 1278
71.56 98?7
.14 8.75
86.66 7.68
96.66 13.11
104.12 349
111.56 6.58
122.91 9.01
130.29 10.26
137.64 14.56
Avg do/de =

A (%)

+ -—
27.1 287
15.6 124
19.9 15.2
18.6 180
21.2 17.7
10.1 10}
234 164
256 186
328 3
237 18.6
215 18.6
149 14.0

9.34mb/str+10.3%

J(do/dw)dw = 1174Imb+ 10.3 %

Ea = 4.65 *+ 0.07 MeV
(n.n) to: 1.434 MeV Lewvel

[/ B do'daw A (%)
deg. mb str + -
71.26 18.71 139 15.8
78.81 14.50 18.4 16.9
86.33 15.93 14.8 90

E. = 4.65 * 0.07 MeV
(n.n") to: 2.369 MeV Lewd

6.. do/des A (%)
Jeg. mb str + -
71.50 8.76 21.6 13.5
79.06 8.75 21.8 19.2
85.59 1.37 2.7 18.6
!
Avg do/de= 355mb.str+132% 1

J(do/dw)d- = 167 43mb * 132 4%

Ea = 4.65 * 0.07 MeV
(n.n") to: 2.648 MeV Lewd
+ 2766 MeV Lewel

8.m doioe A (%)
deg. md; str + -
71.64 1218 i4.4 2038
92 1246 206 no
86.75 9.64 180 53

Avg do de = 10.73mb/sirt 149%
)(Go/dw)ds = 13482mb * 149%

E, =465 * 0.07 MeV
(in’; to: 275 MeV Level

0:- do;’ d“ A ‘%,
deg. mb; str + -
71.76 13.98 159 2.9
79.33 13.27 209 24.6
86.86 11.09 17.2 18.0

Avg do/dwo= 12.2imb/strt14.7%
f(do/dw)dew = 153.41mb * 14.7 ¢;
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Ee = 4.65 2 0.07 MeV
(an)to: 3.11Z MeV Level
4+ 3.160 MeV Level

b= do/dw A (%)
deg. mb/sir + -
71.88 13.58 15.2 209
B 14.33 23.7 25.2
87.00 12.15 18.7 22.5

Avg do/de = 12.9mb,strt 15.2%
f(do dw)de = 163.29mb *+ 15.2 %

E.=4.65 % 0.07 MeV
(n,n") to: 3.430 MeV Level
+ 3.490 MeV Level

6w do/de A (%)
deg. mb/sir + -
7209 15.17 17.3 284
P69 16.40 14.6 249
87.23 12.92 21.3 23.6

‘ Avg do/dm = 14.20mb/str+17.5%
; §ido/dw)de = 175.50mb + 17.5 %

O
deg.
10.2C
15.29
17.84
22.93
25.47
25.47
30.56
33.10
40.71
48.32
55.91
63.48
71.04
78.58
86.10
96.10
103.58
111.04
122.44
129.86
137.26

E.= 492+ 0.06 MeV
Elasiic Scattering

do/dw
mb; str
2061.16
1865.86
1715.11
1323.17
1170.57
1176.37
918.06
830.85
465.64
254.14
107.83
34.72
23.50
27.83
47.10
54.19
54.29
52.30
44.17
27.16
24.37

A %)
+
49
5.5
6.1
8.2
6.9
5.2
6.9
6.2
5.7
5.
10.9
18.4
313
20.5
17.4
16.0
9.0
10.6
12.4
20.6
18.9

6.0
1.2
8.6
10.2
9.3
5.6
6.8
8.3
6.2
5.1
11.9
15.8
179
14.7
10.6
10.1
8.1
6.9
3.1
14.7
9.8

j(do/dw)dw =2444.91mb + 7.2 %
Wict’s Limit =2224.29mb + 7.3 ¢
or= 392b+10%

O NN DEWN O R

a
389.12012
278.49316
204.45857
141.91414

75.05717
27.65166
9.39938
2.54682
1.22824

Legendre Fit, Order = 8

A(%)
1.8
2.1
2.3
2.6
42
$.5

23.6
64.0
102.1

i
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0...

deg.
15.34
25.56
33.21
40.85
48.47
56.08
63.07
71.24
78.7°
86.31
96.31
i93.79
111.24
122.63
130.03
137.41

E. =4.92 + 096 MeV
(n.n) to: 1.434 MeV Level

do dw
mb. str
4412
33.43
22.84
20 88
22.29
20.52
16.09
21.22
20.03
21.37
16.43
17.71
13.80
20.91
22.99
19.47

A (%)
+ -
6.5 6.5
13.7 240
19.7 243
15.7 15.2
13.9 10.6
1.3 12.3
i6.4 15.2
20.0 19.4
238 15.9
145 15.4
15.2 14.3
18.7 14.1
16.3 8.1
13.2 11.8
12.3 15.6
15.7 11.2

J(do/dw)de = 269.79mb + 7.8 %

k
0
1
2

' §
42.93855
2.02639
4.19227

Legendre Fit, Order = 2

A%)
35
45.5
18.2

31

E. =432 *+ 0.06 McV
(n.n’) to: 2.369 MeV Level

6. do/dw A (%)
deg. mb/str + -
25.66 9.50 27.5 258
33.33 6.58 429 328
41.00 6.31 279 21.7
48.64 8.99 18.7 26.6
56.27 1.839 249 224
63.88 8.78 339 269
71.45 9.12 23.1 179
79.01 10.17 16.4 14.2
86.54 11.68 17.1 17.8
96.55 1.46 24.2 13.9
104.01 5.84 389 19.4
111.46 5.20 540 26.6
122.83 5.13 40.4 333
130.21 6.02 340 239
137.57 1.57 218 4.1
Avg do/do= 8.0Imb/str+10.6%

J(do/dw)dw = 100.71mb * 10.6 %

0( m
deg.
71.22
18.77
86.30

Ea =523 % 0.05 MeV
(n,2") to: 1.434 MeV Level

do/dw
mb/ str
11.43
19.16
12.92

A (%5
+ -—
16.9 17.9
22.6 17.5
14.5 14.0

E. =5.23 + 0.05 MeV
(n,n) to: 2.369 MeV Level

O:m do/dw A (%)
deg. mb/ str + -
71.42 8.29 17.3 18.1
78.58 9.00 17.9 17.0
86.50 6.32 24.3 14.9
Avg. do/dw= 7.90mb/str+13.7%

J(do/dudw = 99.29mb ¥ 13.7 %



E. =523 + 0.05 MeV
(n,n") to: 2.648 MeV Level
+ 2766 MceV Level

6. do/dw A (%)
deg. mb/str + -
715 9.15 17.4 19.8
79.08 9.93 15.8 29.6
86.62 8.14 i7.5 224
Avg do/do= 3.69mbdb/str+144%

f(do/de)de = 109.23mb * 144 &%

E. =5.23 + 0.05 MeV
(n.n") to: 2965 MeV Level

deg. mb str + -~

71.60 9.62 16.5 16.1
.17 9.45 18.5 27.0
86.70 9.36 19.3 25.5

Avg dojdw = 9.50mb/str+13.3%
f(do/da)de = 119.3ZmH + 133 %

E.= 5.23 + 0.05 MeV
(n,n) to: 3.112 MeV Level
+ 3.160 MeV Level

Ocm do/dw A (%)
deg. mb/str + -
71.68 14.44 134 18.6
.25 11.74 12.9 21.0
85.78 11.30 16.2 20.5

Avg do/do = 11.95mb/str+!2.3%
J(do/dw)dw = 150.67mb £ 12.3 %

32

E.= 523 * (.05 MeV
(n.n") to: 3.430 MeV Level
+ 3.490 MeV Level

0«:- do / dw
deg. mb/ str
71.8 12.46
79.39 12.30
86.93 12.82
Avg do/de =

A (%)

+ -
16.1 25.0
13.7 20.2
15.8 23.1

1276 mb 'str + 13.9G

f(do/dw)dw = 160.36mb + 13.9 G

Im
deg.
48.45
56.06
63.65

E. = 5.50 * 0.05 MeV
(n,n" to: 1.434 P4eV Level

do/dw
mb/str
1491
11.28
i.89

A (%)

+ -—
19.9 133
14.6 14.2
21.7 258

E. =5.50 £ 0.65 MeV
(n,n’) to: 2.369 MeV Level

;- dr/dw A (%)
deg. mb/str + -
485 8.11 16.9 18.4
56.22 4.65 324 219
63.81 (.88 25.8 22.5
Avg dofdw = 6.5Tmo/strt154%
J(do,;dw)dw = 82.6!mb+ 154 %



E.= 5.50 * 0.05 MeV
(n.n’) to: 2.648 MeV Level
+ 2.766 M:\' Level

0. do:dw A (%)
deg. mb; str + -
48.6 11.04 16.2 26.8
56.29 8.51 13.6 214
63.90 8.83 254 319

Avg dodw = 8.82mb;strt13.7%
y(do de)de = 110.835mb * 13.7 %

E. = 5.50 + 0.05 MeV
(n.n’) to: 2.965 MeV Leve!

0:- da i &I’ A (%)
deg. mb; str + -
48.7 9.59 198 20.5
56.35 8.62 18.7 17.0
63.96 9.84 19.1 29.2

Avg do/dw = 9.14mb/str+ 14.8%
§(do/dw)dw = i14.82mb + 14.8 %

E. = 5.50 + 0.05 MeV
(n,n") to: 3.112 MeV Level
+ 3.160 MeV Level

O:m do/dr A (%)
deg. mb. str + -
48.78 12.09 18.3 26.1
56.41 879 17.7 20.2
64.03 8.33 19.8 27.7

Avg. do/de = 8.95mb/str+14.49
f(do/dw)dw = 112.60mb + 4.4 %
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E. = 5.50 * 0.05 MeV
(n,n") to: 3.430 MeV Level
+ 3.490 McV lewvel

0:- do / dﬂ A (%)
deg. mb/str + -
48.86 10.84 18.3 30.6
56.52 1441 16.2 264
€415 13.61 154 284

Avg d3/de= 11.91 mb/strt159%
J(do/dw)de = 149.61 mb * 159 %
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E.= 644 * 0.07 MeV E. = 6.44 + 0.07 MeV
Elastic Scattering (n.n) to: 1.434 McV Lewel
6cm do/dw A (%) 6n do/dw A (%)
deg. mb/str + - deg. mb; str + -
15.29 2041.46 43 5.3 28.09 17.33 19.8 318
293 1460.73 4.1 4.2 35.72 14.10 159 233
28.01 1054.06 4.7 4.6 43.35 13.92 12.1 15.7
35.64 592.32 4.4 5.3 48.43 13.23 15.0 14.0
43.25 289.19 5.7 55 56.03 11.71 129 is.1
48.32 172.24 6.0 5.1 63.62 983 109 122
55.91 57.33 10.4 7.3 71.18 8.31 134 6.9
63.48 14.25 17.6 18.5 78.73 8.01 159 1.6
71.04 6.08 45.2 276 86.25 7.18 11.6 16.7
78.58 9.34 228 1723 93.75 8.07 109 1.6
86.10 16.48 11.1 13.6 101.24 7.56 15.3 14.6
93.61 2291 1.7 9.6 108.70 8.29 14.0 12.2
101.09 26.98 12.1 7.5 120.60 11.50 13.1 14.4
108.56 21.26 1L.5 93 128.01 11.18 13.2 1.3
120.46 24.58 8.7 7.7 135.40 11.95 14.) 109
127.88 19.43 1i.5 98
135.29 12.58 14.5 14.6 J(do/de)des = 137.30mb + 8.1 G
J(do/dw)de =2179.94mb + 7.2 % Legendre Fnt, Order = 2
Wick’s Limit =2401.27mb + 7.3 & k o M%)
; or= 356b0*10% 0 21.85197 40
| 0.48316 110.7
Legendre Fit, Order = 8 2 2.69826 17.2
i k [ M%)
ﬁ 0 346.94800 1.9
| 278.89722 2.1
2 217.43750 23
3 155.66310 2.6
4 90.21782 36
.' 5 42.95523 5.7
| 6 18.38136 9.4
1 7 5.85265 18.2
8 1.31388 490




E. = 6.44 + 0.07 MeV
(n.n") to: 2.369 MeV Level

0.n. do/dw A (%)
deg. mb|str + -
28.15 8.17 9.1 26.3
35.81 1.4 25.3 33N
434 6.26 20.8 26.3
48.53 4.56 18.2 245
56.15 4.9% 120 21.8
63.74 497 18.1 24.1
71.32 4.1 17.7 19.0
78.87 4.12 18.5 13.2
86.40 479 16.1 209
93.90 449 230 225
101.38 5.60 19.1 209
108.84 5.25 21,6 26.2
120.72 5.21 15.1 15.6
128.12 445 26.1 240
135.50 4.60 14.2 225
Avg do/dw= 486mb str+9.6%

J(do/dw)dw = 61.02mb + 9.6 %

E.=7.03 + 0.06 MeV
(n.n’) to: 14334 MeV Level

Ocm do/dw A (%)
deg. mb/str + -
71.17 6.71 10.0 12.6
78.71 5.50 17.7 13.3
86.23 5.34 15.1 12.6

E.=7.03%0.06 MeV
(n,2") to: 2.369 MeV Level

ocm dO/dw A (%)
deg. mb/str + -
71.28 3.09 119 20.5
78.83 2.77 17.1 29.4
86.36 2.96 14.3 23.6
Avg. do/dv = 2.90mb/str+13.8%

J(do/dw)dw =

3642mb x 13.0 %
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ocln
deg.
15.29
2292
28.01
35.64
43.25
4R.32
48.32
5591
5591
63.48
63.48
71.04
78.58
86.10
93.60
101.09
108.55
120.46
127.88
135.22

Elastic Scattering

En = 7.54 £ 0.05 MeV

do/de A (%)

mb/str + -
2059 .81 43 4.6
1369.98 43 49
930.04 5.2 6.1
480 46 5.0 5.5
21.13 8 5.6
103.89 10.1 8.1
111.34 8.3 5.5
30.63 14.5 11.6
26.70 15.2 126
6.18 28.3 320
857 2.7 258
5.07 316 318
8.88 14.8 174
11.87 12.8 10.3
15.05 9.8 12.6
17.41 13.9 8.1
18.14 88 9.6
16.44 13.5 10.1
10.53 il.0 144
6.33 181 19.7

f(do/dw)dw -1914.77Tmb + 7.3 %
Wick's Limit =2474.68mb + 7.3 %
or= 34b+10%

0V ARWN - R

Legendre Fit, Order = 8

a M%)
304.74561 2.1
255.33163 23
204.707°° 24
151.2162> 2.6

95.13348 32
50.30403 43
23.83644 6.0
8.42546 99
2.00243 20.2

PR
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E. = 7.54  0.06 MceV
{a,n") to: 1.434 MecV Level
| . do/de A (%)
deg. mb/str + -
35.71 9.38 21.7 279
43.33 9.34 19.0 178
42 4] 7.8% 25.6 15.7
48.4] 7.93 20.1 13.5
56.01 6.65 17.1 1.5
56.01 8.24 9.8 9.8
63.59 145 17.5 11.4
63.59 6.48 14.4 1.7
7i.16 575 19.1 11.2
78.70 6.00 233 14.4
86.22 5.04 18.2 153
93.73 4.66 16.0 19.2
101.21 470 14.5 15.3
108.67 4.62 15.3 18.5
120.57 7.71 13.2 20.2
127.98 8.87 104 126
135.38 92717 8.8 11.7

J(do/dw)dw = 96.47Tmb * 8.0 %

(SR — I

a
15.35375
—0.00133
2.33334

Legendre Fit, Order = 2

A(%)
3.9

100.0
153
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E.=17.54 + 0.06 MeV
(n.n) t<: 2.369 MeV Levei

Ocm do/dw
deg. mb/str
4341 3.11
48.49 3.2
48.49 33
56.10 255
56.10 2.23
63.69 290
£3.69 230
71.26 2.70
78.30 3.26
86.33 2.5)
93.84 2.38
101.32 2.20
108.77 229
120.67 198
128.57 1.83
135.46 1.89
Avg do/dw =
f(do/dw)rw =

A (%)

+ .
26.8 3Ls
21.0 36.1
248 35.2
23.9 245
33.0 30.7
328 26.3
39.0 24.6
25.9 36.9
26.9 17.4
21.2 27.0
24 289
20.8 33.1
29 310
2.2 319
223 263
2.8 3258

Ocm
deg.
71.15
78.69
86.22

do/dw
mb/str
4.42
4.72
437

E. = 8.04 + 0.05 MeV
(n,n’) to: 1.434 MeV Level

2.29m/str£10.2%
2883mb* 10.2%

A (%)

+ -
234 17.0
13.4 20.6
20.1 21.6

ecm da/dw
deg. mbj str
71.24 1.59
78.79 2.15
86.32 0.95
Avg. do/dw =
J(do/dw)dw =

E.=8.04 + 0.05 MeV
(n n) to: 2.369 MeV Level

A (%)

+ -
429 28.6
24.4 31.3
78.8 29.6

1.6l mb/str+26.2%
20.24mb * 26.2 %




0(.
deg.
15.29
2293
28.01
35.64
43.25
48.32
55.91
63.48
71.04
78.58
86.10
93.60

101.09
108.55
120.46
127.88
135.29

E. = 8.56  0.05 MeV

Elastic Scattering
do/dw A (%)

mb/str + -
2066.95 5.6 7.1
1342 76 5.1 8.3
862.89 5.6 6.8
399.88 5.5 7.9
160.22 71 6.7
78.89 9.1 10.1
19.83 15.4 18.5
5.50 30.1 324
7.61 28.2 28.6
8.18 159 23.6
10.37 17.7 15.8
15.02 10.2 14.3
17.71 8.2 13.3
18.08 9.1 10.7
15.22 1.4 13.3
8.59 17.5 18.7
544 213 24.1

§(do/dw)dw =1790.89mb + 7.5 &,
Wick’s Limit =2514.80mb + 7.3 %
or= 316b+10%

OO WN=O2

o
285.02979
240.45734
196.80482
150.06050
99.47911
56.69565
30.02299
12.83146
4.16914
1.01623

Legendre Fit, Order = 9

A(%)

27
29
3.1
34
4.1
5.5
7.4
11.8
22.0
49.3

o T g et A <ol oy AR s ot 2 N AT ATV -

37

E. =8.56 * 0.05 MeV
(n,n) to: 1.434 MeV Level

0 do/dw A (%)
deg. mb/str + -
35.70 8.68 39.3 29.6
43.32 893 129 235
48.39 5.80 20.7 19.5
55.99 5.29 254 179
53.58 5.04 19.0 122
71.14 6.23 229 15.6
78.68 5.56 1LS 12.8
86.21 5.05 16.1 24.2
93.71 446 235 25.6

101.19 3.45 248 183
108.65 443 123 216
120.55 537 12.2 16.2
127.97 490 218 23.7
135.36 520 183 16.7

J(do/dw)dw = 69.10mb * 89 %

Legendre Fit, Order = 2

k o A(%)
0 10.99744 5.5
| 0.79444 479
2 0.71028 47.5

E.=856+005M /
(n.n") to: 2.369 MeV 1 vel

O do/dw A (%)
deg. mb/ str + -
43.38 3.59 21.6 35.7
48.46 1.6i 18.5 38.5
63.66 1.49 40.2 37.2
71.22 1.25 45.8 41.8
78.77 1.98 28.7 33.1
86.29 1.62 229 340
93.80 1.72 33.7 319

101.28 1.71 277 353
108.74 1.49 324 17
120.64 1.4 35.1 384
128.04 1.23 349 40.3
135.43 1.37 34.6 25.7

Avg do/dw = 1.53mb/strx13.19%
f(do/dw)dw = 19.27mb + 13.1 %




Ocm
deg.
15.29
2293
28.01
35.64
4325
48.32
55.91
63.48
71.04
78.58
86.10
93.61
101.09
108.56
120.46
127.89
135.29

F. =644 0.07 MeV

38

2Cr CROSS SECTIONS

Elastic Scattering
do/dw A (%)

mb/str + -
1954.92 44 5.7
1440.22 44 6.1
1147.87 4.1 39
675.50 45 4.8
329.01 5.8 5.1
156.77 6.4 5.7
46.1 16.4 120
10.45 428 22.1
5.85 488 343
9.77 19.7 19.6
15.82 11.9 12.2
2242 13.0 15.0
27.78 7.7 9.7
27.90 6.6 7.8
24.75 1.5 8.2
17.21 9.2 9.9
15.01 9.8 14.6

f(do/dw)de =2230.361nb + 7.3 %
Wick’s Limit =2401.1Tmb + 7.3 %
or= 35b*10%

Legendre Fit, Order = 9
A%)

O 00 NAALWN—=O R

Y N

&
354.972%4
255.54443
223.00180
158.17705

89.73320
40.09595
14.05306
2.07775
-1.33218
-1.07083

1.9
2.2
24
=8
4.1
1.5
16.9
83.5
82.2
55.3

E. = 6.44 + 0.07 MeV
(n,n’) to: 1.434 MeV Lewl

; do/dw A (%)
deg. mb/ str + -
35.72 7.64 75.4 228
43.35 14.01 12.8 204
48.43 14.63 18.2 18.2
56.03 11.79 18.6 13.9
63.62 10.58 13.9 15.3
71.18 10.35 13.7 1(.8
78.73 5.69 i7.9 14.2
86.25 8.35 2222 10.7
93.76 8.93 18.2 14.9

101.24 7.82 14.7 18.0
108.70 9.69 13.8 1.7
120.60 11.98 11.0 124
128.00 12.95 8.6 18.7
135.40 13.49 11.9 199

J(do/dw)dw = 146.51mb * 8.5 %

Legendre Fit, Order = 2

k a A%)
0 23.31750 48
| —0.09398 713.7
2 2.33285 26.5

E. =6.44  0.07 MeV
(n,n’) to: 2.369 MeV Leve!

O do/dw A (%)
deg. mb| str + -
48.53 5.4 23.0 26.9
56.15 343 55.4 194
63.74 5.46 15.8 214
71.32 5.64 25.1 18.8
78.87 4.64 23.5 8.9
86.30 5.14 21.6 23.7
93.90 6.21 16.3 16.6
101.38 490 16.9 14.3
108.84 3.73 16.7 16.8
120.72 5.0: 13.3 24.6
128.12 3.9 21.7 28.1
135.50 4.23 11.2 19.1

Avg. do/dw = 4.56mb/str+96 %
J(do/dw)dw = £7.35mb+ 9.6




E, =17.03 * 0.06 MeV
(n.n") to: 1.434 MeV Level

Ocm do/dw A (%)
deg. mb/ str + -
71.17 7.43 1.3 10.5
78.71 6.07 1.2 16.4
86.24 5.52 i1.4 129

E.=7.03 + 0.06 MeV
(n,n’) to: 2.369 MeV Level

Ocm do/dw A (%)
deg. mb/ str + -
71.28 3.3%7 12.6 16.7
78.83 3.21 10.6 140
86.36 3.36 13.0 17.2
Avg. do/dw = 3.27mb/str+11.0%

J(do/dw)dw = 41.10mb* 11.0%

39

ocm

deg.
15.29
2293
28.01
35.64
43.25
48.32
55.9i
63.48
71.04
78.58
86.10
93.60
101.09
108.55
120.46
127.88
135.29

Elastic Scattering

E. = 7.54 £ 0.06 MeV

do/dw A (%)

mb/str + -
1974.98 48 1.5
1349.41 5.1 6.6
911.55 48 7.4
482 87 5.7 9.6
196.85 6.9 6.6
109.96 120 4.7
35.54 14.3 11.4
8.86 19.2 329
6.03 217 27.2
8.21 13.5 2.7
10.52 11.4 14.8
14.96 12.2 14.2
18.02 8.1 80
20.77 70 10.7
15.49 10.4 13.1
10.47 108 14.2
6.54 17.0 17.3

§(do;dw)dew =1888.44mb + 7.4 &,
Wick’s Limit =2474.58mb + 7.3 %
or= 334b+1.0%

Legendre Fit, Order = 10

SO NAWVNEWN=O R

. 8 A %)
300.55518 25
251.15988 28
201.86864 30
150.44354 33

95.93333 43
53.04265 6.4
27.62170 10.1
12.18252 17.7
4.47375 334
1.66845 54.5

0.58864

81.1



i Ocm
deg.
; 35.71
43.33
48.41
56.01
63.59
716
78.70
86.22
93.73
101.21
108.67
120.57
127.98
135.38

E.= 754 + 0.06 McV
(n,n") to: 1.434 NeV Level

do/dw
mb/str
11.31
9.51
9.44
3.00
7.48
7.35
7.08
6.15
5.27
5.70
6.25
9.01
15.54
16.45

A (%)

+ —_
17.9 19.3
14.0 23.1
16.6 17.3

9.8 10.3
12.7 1.7
12.8 12.2

9.4 4.1
15.1 125
13 23.2
12.0 23.0
13.8 25.5
26.8 15.5

5.9 10.5

7.2 114

f(de/dw)dew = 131.54mb + 8.0 %

k
0
1
2

&

20.93494
-215703
3.63094

Legcndre Fit, Order = 2
A(%)

do/dw

0‘.
deg. mo|str
43.40 3.74
48.49 2.50
56.10 273
63.99 3.22
71.26 341
78.81 2.24
86.33 297
93.84 2.59
101.32 2.38
108.78 293
120.67 202
128.07 2.22
135.46 1.78
Avg. do/dw =

E.=7.54  0.06 MeV
(n,n’) to: 2.369 McV Level

A (%)

+ —_—
319 36.0
46.7 30.1
15.2 26.3
24.6 20.3
28.4 274
40.7 23.6
15.0 17.1
13.1 26.0
14.5 25.7
16.0 25.4
19.4 25.7
16.8 29.0
14.8 25.7

2.29mb/str£10.1%

L f(do/dw)dw = 28.83mb * 10.1 %

O:m
deg.
71.1
78.69
86.22

E.=8.04 + 0.05 MeV
(n,n’) to: 1.434 MeV Level

do/dw A (%)

mbstr + -
7.36 9.7 43
6.6% 14.2 17.4
5.33 110 i50

E. = 8.04 + 0.05 MeY

(n,n) to: 2.369 MeV Level

6 do/dw A (%)
deg. mb/ sir + -
71.24 283 17.2 347
78.79 3.07 199 21.1
86.32 2.30 299 28.4
Avg dojdew= 2.73mb/strx17.3%

J(do/dw)dw = 34.36mb * 17.3 ¢




Ocm
deg.
15.29
22.92
28.01
35.63
43.25
48.32
5591
63.482
71.04
78.58
%6.10
93.60
93.61

101.09
101.09
108.55
1.8.55
120.46
127.88
135.29

E, = 8.56 * 0.05S MeV

Elastic Scattenng
do/dw A (%)

Mb/S‘n' + -
2050.69 5.4 79
1240.76 5.7 5.3
736.22 6.9 4]
361.06 6.7 5.2
143.86 79 7.5
100.08 6.7 7.9
22.58 13.7 128
8.93 125 227
6.79 21.8 328
8.58 14.3 17.4
9.86 124 17.0
12.55 13.1 16.4
12.74 11.0 17.1
15.87 92 15.1
13.51 18.6 20.5
18.11 9.3 19.7
.6.23 10.8 15.8
15.80 8.7 13.7
10.11 144 158
5.27 17.6 239

J(do/dw)dw =1687.03mb + 7.4 %
Wick’s Limit =2514.69mb + 7.3 ¢
or= 316b+1.0%

Legendre Fit, Order = 10
A %)

SOV NAWVMEWN=OX

O
268.49927
226.42068
185.15302
142.47368

95.47168
57.52827
33.21892
16.75014
7.63199
3.47761
1.08875

2.5
2.8
3.0
3.4
42
5.8
1.8
11.6
17.0
22.4
36.1

41

E. = 8.56 + 0.05 MeV
(n,n’) to: 1.434 MeV Level

Oua dG/ do A (%)
deg. mb/ str + -
35.70 8.95 15.3 2.1
43.32 9.85 12.7 2.7
48.39 6.44 15.0 17.7
55.99 6.65 14.1 11.2
63.58 6.23 9.2 15.3
71.14 5.98 19.7 18.8
78.68 6.30 139 216
86.20 5.02 15.3 12.5
93.71 5.50 18.1 33.6
93.71 5.31 20.2 244

101.19 4.78 33.8 36.2
101.19 3.81 33.6 29
108.65 6.13 19.8 33.2
108.65 5.94 14.1 30.1
120.5¢ 6.63 259 13.6
127.97 9.54 1.7 25.5
135.36 793 13.3 28.6

f(do/dw)dw = 86.76mb + 8.8 %

Legendre Fit, Order = 2

k a A(%)
0 13.80893 5.4
i —0.01754 2601.6
2 1.37699 283




