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NEUTRON ELASTIC- AND INETASTIC-SCATTERING CROSS SECTIONS
FOR Na IN THE RANGE OF 5.4 to 8.5 MeV

F. G. Perey and W. E, Kinney

ABSTRACT

We present numerical values for neutron elastic- and
inelastic-scattering cross sections for Na for incident
energies from 5.% to 8.5 MeV. In this energy region there
exists only one previous measurement, at 7 MeV, for the
inelastic scattering to the first excited state. This
datum point is consistent with our results. Two ENDF/B
evaluations for Na are compared with our data. Both evalua-
tions are in fairly goed agreement with the integrated
elastic cross sections but give poorer agreement for the
differential elastic cross sectlons. For the lnelastic-
scattering cross sections, one of the evaluations dees not go
above 5 MeV and the other, although it reproduces the cross
section for the first excited state fairly well fails to
reproduce the decrease in the inelastic cross sections as
a function of energy for the other levels.

INTRODUCTION

We present neutron elastic and inelastic cross sections for Na from
5.4 to 8.5 MeV. To assist in the evaluation of our data, we briefly
discuss our data acquisition and reduction techniques.

For the purposes of discussion, we present our data in graphical
form. We compare two ENDF/B evaluated sets of cross sections with our

resuits. Tables of our cross section values are given in an appendix.

DATA ACQUISITION
The data were obtained with conventional time-of-flight technigques.
Pulsed (2 MHz ), bunched {~l1 nsec full width at half meximum, FWHM) deu-

tercons accelerated by the ORNL Van de Graaff interacted with deuterium

in a gas cell to produce neutrons by the D(d,n}3He reaction. The gas




cells, whose lengths varied from 0.7 to b em and whose pressure was

approximately 1.5 atm, gave neutron energy resolutions from 60 to 340 keV,

depending on the incident deuteron energy.

The neutrons were scattered from splid right circular cylindrical
samples placed approximately 10 cm from the gas cell when the detector
angles were greater than 250. For smaller detector angles the cell-to-
sample distance had to be increased to as much as 30 cm in order to shield
the detector from neutrons coming directly from the gas cell.

fhe scattered neutrons were detected by 12.5-cm-diam NE-213 liguid
scintillators optically coupled to XP-thO photomultipliers. The scin-
tillators were ﬁormally 2.5 em thick, but their thickness was increased
to 5 com when the l-cm gas cell was used. Data were taken with a single
detector and later with three detectors simzltanecusly. Elight paths
varied from b to 6 m, with the detector angles ranging from 15 to 140°.
The gas-cell neutron production was monitored by a time-of-flight system
which was a S-cm-diam by 2.5-cm-thick NE-213 scintillator viewed by a
58-AVP photomultiplier placed about 2.m from fhe cell at an angle of 550
with the incident deuteron beam.

The flight time of a detected recoll proton event with reference
to a beam pulse signal, the pulse height of the recoil proton event, and
identification of the detector in the three-detector system were éupplied
to an on-line PDP-7 computer. The electronic equipment for supplying this
information to the computerlconsisted, for the most part, of standard com-
mercial components. While gamma rays were discriminated against for both
the scattered neutron and the monitor detectors, the discrimination was

poor below a neutron energy of 700 keV. A digital biaé corresponding to
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this neutron energy was therefore put into the computer so that two time-
of -flight spectra were obtained for each scattered-neutron detector, the

spectra corresponding to pulse heights above and below the digital bias.

Only the spectra above the bias were used.

The deétector efficiencies were measured by (n,p) scattering from a
thin (6-mm—diam) polyethylene sample and by detecting neutrons coming
directly from the gas cell. Both interactions gave results which were
in agreement and which yielded efficiency vs energy curves that compared

well with calculations.l

DATA REDUCTION

We have developed new methods of data reduction which have both
simplified the process and made 1t more reliable. Central to the datal
reduction process is the use of a light pen with the PDP-7 computef scope
display programs to extract peak areas from spectra. The 1ight pen makes
a comparatively easy job of separating multiplets and estimating errors
in the cross section due to extreme but possible peak shapes. The time-
of -flight spectra are transformed into a center-of-mass cross section as
a function of e;citation energy-in the target nucleus before peak stripping
is done. This transformation removes kinematic effects and allows easy
comparison of spectra taken at different angles or different incident
neutron energies. The second effect of the transformation is to make all
the peak shapes and Widths approximately the same. In the time-of-flight
spectrum the width of the peaks 1s a rapidly varying function of neutron
energy since the‘energy dispersion changes as a function of flight time.

Finally, there is communication between the FDP-T7 and larger computers



via magnetic tape in order to minimize the bookkeeping and card punching
and hence the errors'which accompany such operations.

The reduction process starts by normelizing 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 cross section (mb/ster/25 keV) vs excitation
energy (25 keV/channeL). In addition, a specbrum of the variance is com-
puted baseé on the counting statistics of the initial data.

The transformed spectra are read into the PDP-T computer from magnetic
tape, and the peak stripping is done by means of the light pen. A peak
is stripped by drawing a background beneath it and then having the com-
puter calculate the peak area (mb/ster), centroid, and FWHM. The vari-
ance spectrum is used to compute a counting statistics variance corre-
sponding to the stripped peak. Pesk stripping errors due to uncertainties
in the residual background under the peaks or to the tails of lmperfectly
resolved nearby peﬁks may be inecluded with the other errors by stripping
the peaks several times corresponding to high, low, and best estimates
of this background. Although somewhat subjective, the low and high
estimates of the cross sections are identified with 95% confidence limits;
these together with the best estimaté define upper and lower errors due
to stripping. Different upper and lower values of the stripping errors
are allowed since the uvpper and lower estimates of the background are
rarely symmetric about the best estimate. When a spectrum is completely
stripped, the stripping information is written on magnetic tape for addi-

tional processing by a larger computer.



Inelaétic cross sections are generally sufficiently isotropic so
that finite sample corrections can be made at each angle independently
of results at other angles. Correction of the elastic cross section,
however, must await the reduction of the entire anguiar distribution
before the finite sample effects can.be considered. The corrections
are performed according to semianalytic reclpes whose constants were
obtained from fits to Monte Carlo results.2

The final error analysis is performed, including uncertainties in
the geometrical parameters (scatterer size, gas cell to scatterer
distance, flight paths, ete. ) and the uncertainties in the finite sample
size corrections. |

We fit the éorrected differential cross sections and integrate the
fitted_curve to obtain total elastic and inelastic cross sections. We
assume that levels higher than the first excited state are isotropic,
take a weighted averagé of the data, and multiply by kn to obtain the
integrated cross section. The computation of the average is an iterative
process in that the data points are tested on each round to see whether
or not they lie within 3 of their countiﬁgnstatfstical standard deviations
af the current average. If a point fails the test, 1t 1s dgnored on the
next round in the computation cof a new average..

The ground state and first excited state are fitted by least squares

to a Legendre series:

: L
2p+1
olp = cose)‘: _E; —%;—\aﬂ PQCM)’
2=0
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the points being weighted by the inverse of their #verage total variance.
In order to prevent the fit from giving totally unrealistic values outside
the angular range of our measurements, we have resorted to the inelegant
put workable process of adding three points equally spaced in angle between
the largest angle of measurement and 1750. The differential cross sections
at the added points are equal to the measured cross section at the largest
angle, but they are assigned 50% errors.

As pointed out by Rose5

if the weight of each point in a least squares
fitting is egual to the inverse of its variance, then the variances of the
coefficients are equal to the diagonal elements in the least squares inverse
matrix. (For the purposes of calculating the errors in the coefficients;
the errors of the three added points are reduced to 10%. )

In the case of fitting the elastic cross section, we have included
Wick's 1imit as an additional data point with an error calculated from the

total cross section combined with the 7% error which we attribute to the

absolute value of our cross secbions.

RESULTS

The scattering sample was a solid right circular cylinder of Na having
a diameter of 2.5 cm, a height of 2.54 cm, and a mass of 14.48 g. The sample
wags wrapped in aluminum foil to prevent deterioration.

We first present our differential elastic and inelastic cross sections
in graphical form. We then show the comparison of our data for the elastic
differential cross sections with two ENDF/B evaluations. Our excitation
functions for discrete levels are then compared with the results of the
evaluations. We finally give at 8.5 MeV fhe portion of the continuum
spectrum which we have obtained. Numerical values of our cross sections

are tabulated in the appendix.



The abbreviations we use, reference numbers, the energies, and energy
spreads for the other investigators whose results are also compared with
the ENDF/B evaluations are given in Table 1. With the exception of the
data ALDT, at 7 MeVé all of the other data are below U MeV and were avail-
able at the time the evaluations were performed., They are only used as
representative data below our energy region and do not comprise all of

the data upon which the evaluations are based below 4 MeV.

Differential Cross Sections

Elastic Scattering

The elastic-differential cross sections ét 4 energies are shown on
Fig. 1 together with the Legendre polynomial fits. At 7.60 MeV we could
not find the reason for the large scatter of the measurements between TO
and 90 degrees. Thé large spread of values is inconsistent with our assigned
relative errors for the points and fail to appear in the inelastic cross

sections at the same angles.

Inelastic Scattering

 The inelastic-differential cross sections are shown on Figs. 2 to 7.
There are no marked anisotropies for the differential cross sections, within
our experimental errors, except for the first‘excited state at O.4L MeV as
shown on Fig. 2. Although the Legendre polynomial fits at 6.37 and 7.60
MeV lock reasonable for the level at O.44 MeV, we have no evidence for the
cross section being as low as shown on the fiﬁ at forward angles at 6.37
MeV. We have not shown the differential cross sections for levels and at

energies where the data could only be obtained at less than six angles.



Table 1. The Abbreviations, References, Energies,
and Energy Spreads for Other Investigators

Abbreviation Energy, MeV Reference
OBNT 2.00 + 0.05 ; I
LASL 3.49 + 0.05 5
3.75 + 0.0k
.00 + 0.03

ALD2 2.515 + 0.03 6
3.97 +0.05

ALD7 7.00 + 0.08 7
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Differential Elastic Cross Section Comparison with ENDF/B

There are at present two ENDF/B evaluations for Na. They are identi-
fied as material 1059 and material 5001, Tables 2 and 3 give the tape
descriptions of the materiéls. Both of these evaluations give the differ-
ential elastic croes sections in the energy rangeé of our measurements.

On Fig. 8 we show the comparison of the data with the angular distri-
butions from material 1059. The general description of the data is fairly
good with the minima occurring at slightly too small angles.

On Fig. 9 we show the comparison of the data with the éngular distri-
butions from material 5001; In the ENDF/B file the angular distributions
are given as values of probability every 0.05 in cosine with a linear

“interpolation between cosines! This representation causes the broken-
line appearance of the ENDF/B distribution when plotted as a function of
angle. For this file we normelized the integral to correspond to our
measured integrated cross section. For this evaluation as for the
previous one, the minima occur at toc small angles.

Itlis evident that the elastic differential cross sections in both
fits could be improved in the energy region of our measurements. It
should be.emphasized, however, that the agreement is remarkably good in
view of the fact that no data existed between 4 and 1% MeV when the evéluan

tions were performed.

Integrated Cross Sectiong as a Function of Energy
A1l of our differential cross secticns integratéd over angles are
éhown on Fig. 10 to 13 together with the aéta of other investigators
indicated in Table 1. The cross éections from the ENDF/B evaluation

material 1059 are also shown on Figs. 10 and 11. This evaluation is in
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Table 2
SODI1UM=23 REF. APDA TECHNICAL MEMORANDUM ND. &2 (JANUARY 13,1967}
MATERIAL= 1059  ZA= 11023. FILE= 1 SECTION= 451
ME#1 GENERAL INFORMAT ION

ATOMEC MASS GIVEN AS 22.991 FOR NEUTRON MASS OF 1.008986- AMU

MT#453 RADIODACTIVE DECAY DATA-REF. 1

MF#2Z

RESONANCE PARAMETERS

MT#151 PARAMETERS GIVEN FOR RESONANCES AT 2.85,35.4, AND 53.5KEV

MF#3

2.85KEY PARAMETERS—REFS. 2+3. 35.4KEV PARAMETERS FROM DATA
OF REFS. 4 AND 5 ASSUMING G#7/8., 53.5 KEV PARAMETERS FROM
DATA OF REF. 3 USING CAPTURE INTEGRAL FROM REF.4
SPIN INDEPENDENT RADIUS CHOSEN TD GIVE POTENTIAL SCATTERING
BF 3.5 BARNS
RESCNANCE PARAMETERS TO BE USED ONLY FOR CAPTURE CROSS
SECTION ADDITIVE YO SMOOTH DATA OF FILE 3.

SMODTH CROSS SECTIONS

¥T#1 TOTAL CROSS SECTIONS 001 TO 400 EV - REF. 6. 400 EV TO .1

MEV CALCULATED SAME AS MT#2, .1 TO .65 MEY = REF. 7. .65 T0
1 MEV - REF. 8,9, 1 TO 2.6 MEV = REF. 8,10.,11 2.6 TO 5 MEV -
REF. 12+13. 5 70 15 MEV - REF. 13.

MT#2 ELASTIC SCATTERING OBTAINED BY SUBTRALTING NONELASTIC

CROSS SECTION FROM TOTAL CROSS SECTION EXCEPT FROM 400 EV TO
.1 MEV. IN THIS ENERGY RANGE.IT 1S CALCULATED FROM RESONANCE
PARAMETERS OF FILE 2 USING SPIN DEPENDENT RADII OF REF. 14

MT#3 NONELASTIC CROSS SECTION IS SUM OF SEPARATELY EVALUATED

COMFONENTS

MT#4 THE INELASTIC CROSS SECTION FOR THE 0.44 MEV LEVEL 15 BASED

ON REF. 14 FROM 0.8 TO 1.5 MEV. OTHER DATA INCLUDING SEVEN
RESDLVED LEVELS WAS OBTAINED FROM REFS. 16 TG 20

MT#l6 {N,.2N) CROSS SECTION-REF.21
MT#102 (.0253 CAPTURE CROSS SECTION FROM REF. 2 #0.534 BARNS

1.5 EV, TN &5 KEV.— RESODNANCE PARAMETER CONTRIBUTION T0 BE
AGDED TO SMOOTH BACKGROUND (BASED ON REF. 4) CONTAINED IN
THIS FILE. 65 KEVY. TD 15 MEV.—-REFS. 4.22,23.

MT#103 (N.Pi =~ REF. 24

MT#107 (NJALPBA} -REF. 24 .

MT#251 UEAR CALCULATED FROM LEGENDRE POLYNOMIALS OF FILE 4.
MT#252 XI CALCULATED FROM LEGENDRE POLYNOMIALS OF FILE 4.
MT#2E3 GAMMA — REF. 25.

MF #4

LEGENDRE POLYNOMIALS

MT#2 .02 TO .3 MEV. - REF26, .3 T0O 1.5 MEV. -~ REF. 15. 1.5 T0O

MF #5

2.2 MEV. = EXTRAPOLATION BASED ON DATA OF REF. 27.2.5 TGO 15
MEV. REFS. l6.28.
SECCNCARY ENERGY DISTRIBUTICNS

MT#4 NUCLEAR TEMP. FOR MAXWELLIAN DIS. ESTIMATED TO GIVE SAME

AVERAGE ENERGY LDSS AS RESOLVED LEVELS AT & MEV. AND EXTRAPO-
LATED TO HIGHER ENERGIES

MT#16 NUCLEAR TEMP. IS GIVEN FOR MAXWELLIAN DISTRIBUTION

MF #7

THERMAL SCATTERING LAW

MT#4 FREE GAS LAW USING FREE ATOM CROSS SECTION # 3.128.-REF. 2

1.
2.
3.

4,

5a
6a
Te
8.
9.
10.
11.
12.
13.
14.
15.
Léa
17.
18.
‘19,
20.
21.
22.
23.
244
25.
26a
27.
28.
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general agreement with the data for elastic scattering. For the inelastic
scattering to discrete.levels the evaluation goes only up to a neutron
energy of 5 MeV. For an incident neutron energy greater than 5 MeV, an
evaporation spectrum using a nuclear temperature is used for Inelastic
scattering. In view of the data now availéble'above_u MeV, it is doubtlful
that the description of the inelastic cross sections would be adequate
above this energy.

The cross sections from the ENDF/B evaluation material 5001 are shown
with the data on Figs. ih'and 15. There is good agreement with the data
fér elastic and inelastic scattering to the first level at 0.4k MeV. It
is possible that the evaluation for the O.4h MeV level may be too low by
20 to 30% in the region from 5 to 6 MeV. For the higher excited states
there is fair agreement with the data up to 6.5 MeV. However, above 6.5
MeV the evaluation has essentially a constant cross section as a function
of energy, whereas the data shows approximately a factor of two reduction
in values from'6.5 to 8.5 MeV. This may be necessary in this evalua-
tion to compensate‘for the fact that uvwp to 9 MeV‘incident neutron energy
only three levels were included between %.8 and 7.8 MeV to simulate scatter-
ing to levels higher than 4.78 MeV. Above 9 MeV this evaluation handles

inelastic scattering in terms of a continuum evaporation spectrum.

Continuum Data

Inelastic scattering to levels above the 5.78 MeV levels, at 8.52 MeV
incident neutron energy, could not be adequatély reduced even in the fofm
of scattering to some individual multiplets. For the 8.52 MeV data inelastic
scattering to levels above the 5.78 MeV level was treated as a continuum.

The spectra were transformed to cross section per 25 keV of excitation
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energy. Our detector bias being 700 keV, the efficiency curve varies

very rapidly between 700 keV and 1 MeV. Because we would have had to

assign very large errors, due to uncertalintiles in the efficlency curve

for cross secbions corresponding to cutgoing neutrons below 1 MeV, we

have not reduced the data for neubtrons below this energy. In our angular

range we had no evidence of anisotropic cross sections in the continuum.

In an attempt at improving the statistics in the data and in an effort to
reduce the quantity of data, we have averaged our continuum data. The
welghted average was performed with a weighting factor of the inverse
square of the statistical error on each data point. In this report we
only present the averaged cross sectlons for the continuum, they are

shown on Fig. 16. The structure cbserved in the inelastic continuum is

typical of what we have obtained for many nuclei in the medium-weight mass
region.S_ll Previous experiments, performed with a much lower energy
resolution for the outgoing neutrons, have falled to reveal such structure
and led to the belief that the spectra could be adequately represented

in terms of a smooth shape characterized by a single parameter, the nuclear

temperature. It is obvious from our results that such a simplified picture

does not apply in this mass region, and a more elaborate parameterization

of the continuum is required to give a satisfactory description of this

aspect of inelastic scattering.

CONCLUSIONS

The measurements of elastic- and inelastic-gscattering cross sections

given in this report are the only data of this kind above 4 MeV for Na.

They should provide adequate data to extend the inelastic-scattering

evaluations above this energy. The two ENDF/B evaluations for Na have




0.125 |

MB/STER/2Z25KEY

29

ORNL-DWG 70-6180

1,125 L

1,000 [..

0.875 [

0.750 |

0.625 |

0.500 |

0.375 |

0.256 |

NA

CONTINUUM
EN=8.52 MEV
— AVERAGE X-SEC

]

5.0

B.

0 7.
EXC.ENERGY, MEV

Fig. 16

0

8.0



30

been compared with our data and found to be adequate for the magnitude

of elastic scattering but a little deficient in the shape of the angular

distributions. One of the evaluations (material 1059) did not consider
inelastic scattering to discrete levels above an incident neutron energy
of 5 MeV and it is not clear whether the conbtinutim representation for

jnelastic scattering above this energy ls adequate - it probably is not

for many applications. The other evaluation - material 5001 - did represent

inelastic scattering as proceeding to discrete levels in our energy region
and represented the data falrly well up to 6.5 MeV. Above 6.5 MeV this

evaluation fails to reproduce the decrease of the cross sections as a

function of energy. This deficiency is probably attributable to the use

of only three levels for excitation energies greater than 5.78 MeV,
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APPENDIX

Tabulated Values of Neutron Elastic- and Inelastic-Scattering
Cross Sections for Na in the Energy Range of 5.4k to 8.5 MeV

We tabulate below our values of neutron elastic- and inelastic-
scattering cross sections for Na. The tables are arranged by level in
order of increasing‘incident neutron energy. Tke errors in the differential
cross sections are relative and do not include a ij% error which we attribute
to our absolute normalization. The uncertainty in angle is +10. The inte-
grated cross secticns error include the 7% absolute normalization error.

For elastic scattering Wick's limit was used to obtain the zero degree
cross section. It was deduced from the total crosg section indicated in
the table. This total cross sectlon was not measured by‘us.

The average continuum cross section is given in a table at the end of
the appendix. A1l of the numerical values given in this appendix have been
communicated to. the National Weutron Cross Sectlon Center, Brookhaven

National Laboratory and are also available in the form of BCD magnetic tapes

from the Radiation Shielding Information Center, Oak Ridge National Labora-

tory.
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A TPable of Contents for the Na Neutron Cross

Section Tables

Quantity Page No.
Elastic Scattering 3h - 37
Inelastic Scattering, Wa Levels
E_= 0.440 Mey 38 - 4l
2.080 Lo - 43
2.390 i
2.640 + 2.710 45
2.980 46
3.680 W7
5.850 + 3.920 ¥
k430 49 - 50
L.770 51 .
5.380 52
5.530 55
2.390 + 2.640 + 2.710 + 2,980 5L - 56
3.680 + 3.850 + 3.920 57 - 59
5.380 + 5.530 60
Continuum 61 - 62
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SCRTTERING OF  5.4d +0R-0,17 MEV NEUTRONS FROM NA
LEVEL (S} 0.0 MEV KEY( 11} 2F ANGLES

ANGLE X-SEC. ERROR (0/0) RUN
CM MB/STR + -
MULTIPLE SCATTERENG CORRECTIGN DONE
22, 374,84 6.1 6.1 50348
28,65 334,86 6.1 6.1 10260
33.32 250.96 B. ! G.1 50336
33.33 239.62 6.1 6.1 50335
39.02 183.60 6.1 6.1 10336
39.03 . 187.19 6.1 6.1 10335
u3.68 128.68 6.2 6.2 50321
Yy, 71 132.77 6.2 6.2 30336
| 4g, 3u 98.47 u.3 u,7 10321
| 55.01 64.4] 6.3 6.3 30321
| 59,12 52.87 6.3 6.3 50310
} 6. 74 uz2,78 6.3 6.3 10310
: 70.34 37.17 6.3 6.3 30310
) 74.38 39.86 4.7 5.9 50301
79.94 39.56 5.8 u.3 10301
B5,U8 Hy,51 y.7 u.3 30301
90.51 33.89 5.2 6.3 50288
161.49 33.37 5.0 7.8 30288
104,45 30.48 4.8 6.8 50270
109.90 28.34 5.1 6.9 10270
115,31 26.23 5.4 9.4 302710
AVERAGE X-SEC 0.0 MB/STR | NOTE

INTEGRATED X~SEC 970.24 MB ERROR 7.2 PER CENT
HICKS LIMIT  580.60 MB/STR ERROR 12.2 PER CENT

TOTAL X-SEC 1.95 8 ERROR S.0 PER CENT
P& FIT

L COEF. ERROR {0/1)

0 154.41835 b7

| 79. 24251 2.9

2 o4.22575 3.5

3 33.089i0 u.7

Y 18.01288 6.0

5 7.20092 10,8

6 0.61640 84,2
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SCATTERING OF  G.37 +0R-0.13 MEV NEUTRONS FROM NA
LEVEL (S} 0.0 MEY KEY( 11} 26 ANGLES

ANGLE  X-SEC. ERROR (0/0) RUN *
CH MB7STR + :

MULTIPLE SCATTERING CORRECTION DONE

\
|
| 15.65  522.59 4,6 5.7 50504
| 23,6 387.62 4,2 4.8 30504
| 23.46  376.38 6.1 6.t 10227
| 28.66  313.uU4 6.1 6.1 10242
| 33.33  202.32 8.1 6.1 50320
| 33.85  209.79 6.1 6.1 10255
| 39.03 141,37 6.1 6.1 10320
E 4y, 71 89.05 6.2 6.2 30320
| 48,84 70.06 6.2 6.2 50305
54.49 g2.47 u.p 7.0 10305
60.13 28.58 5.6 8.3 30305
BY,22 22.18 7.0 8.7 50292
69.82 24.61 5.1 9.7 10292
75.40 31.36 4.5 8.0 30292
79.45 27.17 4.7 7.0 50279
84.99 31.58 .8 6.7 10279
90,51 35.18 5.4 9.6 30279
94,50 33.28 6.0 6.0 50214
99.98 34,37 5.4 7.7 10214
104.45 35.68 5.9 9.t 50267
105.45 33.27 5.1 8.9 30214
109.89 36,74 5.1 10.9 10267
115.31 32.20 5.8 9,1 30267
121.67 23.40 5.7 5.4 50163
129.00 20.02 5.3 5.8 30163
136.28 19.08 6.4 5.6 10163

AVERAGE X-SEC 0.0 MB/STR 1 NOFE
INTEGRRTED X-SEC B4S.89 MB ERRGR 7.1 PER CENT
WICKS LIMIT  579.29 MB/STR ERROR (2.2 PER CENT
TOTAL X-SEC 1.80 B ERROR 5.0 PER CENT.

P7 FIT
COEF.  ERROR(0/0)

135, 26485
73.73717
53.49301
39.62860
. 76869
9.46268
3.46520
1.40926

—

G W Y e O
rn
w
P W ] QW P PO PO —
e s s 4 e oa .
W~ WM~
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SCATTERING OF 7,80 +OR-0.i0 MEV NEUTRONS FROM NA
LEVEL{S) 0.0 MEV KEY( 11} 26 ANGLES

ANGLE X-SEC. ERROR (0/0) AUN
CM MB/STR + -

MULTIPLE SCATTERING CORRECTIGN DONE

15.65 588.95 4.0 5.7 50527
22.94 352.06 B.1 6. i 50158
23.46 39G.18 4.2 4.6 30527
28, 14 267,72 6.1 6.1 50166
33.33 173.49 6.1 6.1 50148
34.37 168. 14 G.1 6.1 30153
39.03 80.89 6.2 B.2 10148
gy, 71 65.09 6.2 6.2 30148
48.83 35.95 4.3 7.3 50121
Sh. 49 20.72 5.2 7.6 1012t
60.13 22. 14 4.5 1.3 30121
64.22 20.68 5.6 8.2 50127
69, 82 23.06 4.4 10.3 10127
75.40 31.71 5.9 7.3 30127
79.45 25.66 4,9 7.6 S0133
84.49 34, 14 4.3 3.8 50138
84.98 25.07 5.7 5.2 10133
90,01 29.10 u.y 7.7 10138
90.51 38.71 4.5 7.9 30133
95.51 34.0S 4.8 7.9 30138
97.50 27.51 5.4 6.9 S0iu3
102.97 20.24 4.1 6.0 10143
108.42 18.60 7.0 Y, 1 30143
121.67 9.27 7.8 9.2 50098
128.99 10.u1 7.6 8.3 30098
136.28 id. 12 7.1 6.7 10098
AVERAGE X-SEC 0.0 MB/STR 1 NOTE
INTEGRATED X-SEC 714.50 MB ERRGR 7.2 PER CENT
WICKS LIMIT 580,76 MB/STR ERROR 9.2 PER CENT
ToTAL X-3EC 1.65 B ERROR 3.0 PER CENT
P8 FIT
L COEF. ERROR (0/0)
0 113.71600 1.5
1 70, 16930 2.2
2 52.60252 2.6
3 39.96288 2.8
y 29.5779% 3.0
5 16.36870 4.3
6 6.46512 7.9
7 3.39931 10.56
8 1.17353 19.5




5T

SCATTERING OF  8.52 +0R-0.08 MEV NEUTRONS FROM N&
LEVEL(S) .0 MEY KEY( 11} 21 ANGLES

ANGLE  X-SEC, ERROR (0/0) RUN
CH MB/STR * - ;

MULTIPLE SCATTERING CORRECTION DONE

15,65 536.33 4.9 5.2 50558
23.46 337.09 5.4 6.3 30558
23.98 276.85 6.1 6.1 30416
29.17 184.89 G.t 6.1 30409
34.37 i11.67 6.1 6.1 30403
39.54 76.71 6.1 6.1 30396
43.68 53.58 6.1 6.1 20379
49, 35 26.63 6.2 6.2 10379
S4.99 15.54 6.3 6.3 30379
59.09 13.02 8.2 10.4 50352
64, 7} 13.89 1.7 9.9 10352
70.32 19.16 7.2 19.3 30352
74.38 25.05 8.1 5.6 50360
79. 94 27.54 5.3 9.5 10360
85.48 29.30 7.2 7.9 30360
89.50 27.87 9.9 5.6 50368
95,00 25,18 9.5 6.9 10368
100.48 21.37 7.4 9.6 30368
121.67 7.97 7.5 I 50252
128.99 §.98 7.2 8.3 30252
136.28 12,067 7.2 6.6 10252

AVERAGE X-SEC 0.0 MB/STR | NOTE
INTEGRATED X-SEC 610.86 MB ERROR 7.2 PER CENT
WICKS LIMIT  612.20 MB/STR ERROR 9.2 PER CENT

TOTAL X-SEC j.BO B ERROR 3.0 PER CENT
P10 FIT
L COEF, ERROR (0/0)

97.22203
60.4us3}
us. 42108
36.2u222
27,7U580
. 36591
7.426861
U. 46945
2.83706
1.34781
0.87184
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SCATTERING OF

ERROR (C/O)
+ -

S.4Yy +0R-0.17 MEV NEUTRONS FROM NA
9 ANGLES

RUN

CORRECTIGN DONE

10.
16.
11.
10.

7.
10,
6.
9.

LEVEL (3)  0.440 MEV KEY( 21)
ANGLE X-SEC.

CH MB/STR
MULTIPLE SCATTERING
49.42 19.48 7.3
4,47 18.74 18.7
80,04 20.14 16.3
85.58 19.54 4.3
90.61 23.45 u,7
101.59 24.77 11.8
104,55 21.25 6.9
109.99 19,98 5.4
115.41 20.73 6.5

AVERRGE X-SEC

PO FIT
L COEF.
0 41.37560

7.

ERRAR (G/0)
2.7

WOWRHP~J—CN

10321
50301
10301 -
30301
50288
30288
50270
10270
30270

0.0 #B/STR 0O NOTE
INTEGRATED X-SEC 259.97 MB ERROR 7.5 PER CENT
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SCATTERING OF  6.37 +0R-0.,13 MEV NEUTHUNSEFHGM NA
LEVEL (3)  0.440 MEV KEY ( 21} 17 ANGLES

ANGLE X-SEC. ERROR (070} AUN
CM MB/STR + -

MULTIPLE SCATTERING CORRECTION DONE

54.56 12.50 11.2 8.1 10305
60.19 15.73 6.4 i5.8 30305
64,29 13.90 9.6 Il.1 50292
69.89 15.20 7.3 9.0 10292
75.18 16,15 9.2 14.3 30292
79.53 13.35 9.5 9.4 50279
85.07 16.20 9.2 1.2 10279
90.60 16. 74 10.7 8.4 30279
9y4.60 17.91 7.0 10.1 50214
100.08 19, 14 5.9 15.0 10214
104,54 18.30 8.6 8.0 50267
105.53 21.03 1.5 9.8 30214
109,98 20.21 57 14,1 10267
115.49 24,51 9.1 8.1 30267
i21.76 21.63 5.1 6.0 20163
£29.07 19.18 6.0 5.7 30163
136.35 18.12 6.2 6.8 10163

HVEHRGE'X—SEC 0.0 MB/STR © NOTE
INTEGRATED X-SEC 201.S3 MB ERROR 7.5 PER CENT

P2 FIT
L COEF, ERROR (0/0)
0 32.07391] 2.6
l -4.25871 4.2
2 ~1.26054 35.1




Lo

SCATTERING OF  7.60 +0R-0.10 MEY NEUTRONS FROM NA
LEVEL (S} 0,440 MEV KEY( 21) 1B RNGLES*

ANGLE X-SEC. ERRORA (G/0) RUN

CH MB/5TR + -

MULTIPLE SCATTERING CORRECTION DONWE
us. 88 8.29 9.2 13.3 s0129
54,55 7.9¢ 13.5 2.7 10121
60.18 7.67 15.2 1.4 30k21
6u, 27 7.55 9.9 7.2 50127
69.88 6.82 11,3 10.8 10127
75.46 7.39 9.5 I1.8 30127
79.51 g.03 7.4 7.3 50133
8u. 55 8.09 11.8 4.9 50138
85.05 7.77 5.3 18.2 10133
90.08 7.10 6.4 15.8 10138
90.58 8.07 8.9 I5.0 30133
95.57 9.41 0.4 24.5 30138
97,57 7.32 2.4 13.5 S0143

103.04 7.45 13.1  19.9 10143
108.48 10.58 12,1 11.0 30143
121,74 13.85 6.4 6.5 50098
129.05 13.32 6.5 7.0 30098
136.34 1191 1.1 6.5 10098

AVERAGE X-SEC 0.0 MB/STR O NOTE
INTEGRRTED X-SEC 125.99 MB ERROR 7.8 PER CENT
P 3 FIT

L COEF, ERRAR (0/0)
0 20.05170 3.3
1 -1.36402 35.0
2 1, GBUYG 2l.4
3 0.60076 uz2.1




b1

SCATTERING OF  8.52 +0R-0.08 MEV NEUTRONS FROM NA
LEVEL (S} 0.4u0 MEV KEY( 211 12 ANGLES

ANGLE X-SEC. ERROR (00} RUN
CM MB/STR + -

MULTIPLE SCATTERING CORRECTION DONE

59. 15 10.83 1.7  13.4 50352
BY. 77 f2.22 1.1 12.2 10352
70.38 11.68 12,1 16.3 30352
4.4y 10.90 10.0 18,8 50360
8C.00 9.30 18.3 17.3 10360
85, 5u 12.73 12.5 12.8 30360
89.56 12.54 9.8 18.7 50368
95.06 12.58 u.y 9.3 10368
100.54 12.30 4.5 8.0 30368
121.73 11.68 6.5 5.9 50252
129.05 12.21 6.1 1.5 30252
136.33 11.20 7.4 7.9 10252

AVERAGE X-SEC 0.0 ™B/STR 0 NGTE
INTEGRATED X-SEC 147.92 MB ERROR 7.4 PER CENT

PO FIT
/ . L COEF. ERROR (0/D)

G 23.54277 2.9

SCATTERING BF  S.u4 +DR-0,17 MEV NEUTRONS FROM NA
LEVEL (S) 2.080 MEV KEY( 31) 11 ANGLES

ANGLE X-SEC. ERRGA (0/0 RUN

| CH MB/STR + -

E MULTIPLE SCATTERING CORRECTION DONE
55.56 11.47 7.3 9.9 30321
65. 34 11.29 = 8.2 0.2 10310
70.98 11.27 7.2 11,7 30310
75.05 11.89 8.1 7.9 50301
80.63 11.97 7.6 9.2 10301
86.19 12.89 1.2 3.4 30301
91.23 12.26 8.1 13.3 50288
102.19 12.73 10.8 8.1 30288
105.15 12.28 6.3 8.4 50270
110.56 11.38 7.5 6.5 10270
115.96 12,90 5.8 7.9 30270

AVERAGE X-SEC  11.89 MB/STR O NOTE
INTEGRRTED X-SEC 149.42 MB ERROA S.U PER CENT




ho

SCATTERING OF  5.37 +0R-0.13 MEV NEUTRONS FROM NA
LEVEL (S} 2.080 MEV KEY (. 31) 18 ANGLES

ANGLE X-SEC. ERROR (0/0 RUN
M MB/STR + -

MULTIPLE SCATTERING CORRECTION DONE

43,25 10.76 8.6 1.2 50305
54,93 10.41 7.9 9.1 10305 °
60.60 12.55 7.8 8.8 30305
BY. 71 11.03 7.2 1.5 50292
70,34 12.90 7.4 B.5 10292
75.93 12,54 6.9 6.5 30292
79.99 10.54 8.7 7.3 50279
85.54 11.92 B.2 6.6 10279
91.07 13.26 5.6 1.5 36279
95.08 13.07 6.9 8.3 50214
100,54 12.21 8.5 7.0 10214
105.01 14.186 8.6 6.9 50267
105.99 13.03 6.4 7.4 30214
110.42 13.86 6.6 6.6 10267
115.83 13.24 1.2 8.3 30267
122,17 11.04 6.2 6.6 501863
129.45 10.72 1.2 7.0 30163
136.69 10.34 8.1 7.6 10163

AVERAGE X-SEC  11.94 MB/STR O NOTE
INTEGRATED X-SEC 150.05 MB ERROR 8.3 PER CENT

SCATTERING OF  7.60 +OR-0.10 MEV NEUTRONS FROM NR
LEVEL(S) 2.080 MEY KEY{ 31) 1B PNGLES

ANGLE %-SEC. ERROR (0/0) RUN
CM MB/STR + S
MULTIPLE SCRTTERING CORRECTION DONE
49,16 6.77 6.9 4.8 50121
Sl 84 6.79 7.7 6.3 10i21
£0.50 g.2u 7.7 6.1 30121
64.61 .40 5.5 6.0 50127
70.22 . 7415 7.3 5.1 [0ka7
75.82 7.67 7.6 G.6 30127
79.87 7.19 5.4 6.0 S0133
84,92 6.83 8.4 7.9 50138
85.42 6.55 6.9 7.1 10433
90.45 G.84 6.5 7.4 10138
90. 94 7.61 10,0 7.6 30133
95.95 7.86 7.2 8.2 30138
97.94 6.99 5.4 8.2 S0143
163.40 1.22 8.8 6.7 10143
108.84 8.7 10.5 11.0 30143
122.07 18.20 6.8 13.0 50098
129.36 9.38 6.9 8.8 30098
136.61 9.01 6.5 8.6 10098

AVERAGE X-SEC 7.30 MB/STR 0 NOTE
INTEGRATED X-SEC  91.74 M8 ERROAR 8.1 PER CENT

R




b5

SCATTERING OF  8.5¢ +0R-0.08 MEV NEUTRONS FROM NA
LEVEL (S} 2.080 MEVY KEY{ 31) (S ANGLES

RANGLE X-SEC. ERROR (0/0) RUN
CH MB/STR + - '
MULTIPLE SCATTERING CORRECTION DONE
43.93 7.05 9.6 13.6 50379
49.62 6.76 12.6 4.2 10379
55.28 S.74 12,3 19.7 30379
59.42 5.76 9.3 8.9 50352
65.05 4.4y 4.7  12.0 10352
70,67 5.00 12.0 3.8 30352
.7y u.93 11.9 1.6 50360
80.31 5.42 8.5 13.4 10360
85.86 4,99 12.2 14,2 30360
89.88 4,79 8.3 13,1 50368
95,38 4,94 7.7 12.2 10368
100.86 5.59 6.3 10.4 30368
te2.01 5.54 9.9 7.7 50252
129,30 5.54 12.2 7.9 30252
136.55 4.95 9.1 8.5 10252

RVERAGE X-SEC S.24 MB/STR O NOTE
INTEGRRTEb X-SEC  B5.83 MB ERROR 8.2 PER CENT

SCATTERING OF  6.37 +0R-0.13 MEV NEUTRONS FROM NA
LEVEL €51  2.390 MEV KEY( Ul) 3 ANGLES

ANGLE X-SEC. ERROR (0/0) ARUN
CM MB/STR + -

MULTIPLE SCATTERING CORRECTION DONE
122.27 2.90 i, 0 13.8 50163
129.55 2.80 15.2 14.6 30163
136,77 2.65 24.1 17,0 10163

AVERARGE X-SEC 2.82 MB/STR 0O NOTE
INTEGRATED X-SEC  35.41 MB ERROR 12.2 PER CENT




Ly

SCATTERING OF 7,60 +OR-0,10 MEV NEUTRONS FROM NA
LEVEL (S) ~ 2.390 MEV KEY ( UD) 3 ANGLES

ANGLE X-SEC. ERRGA (0/0) RUN
CM MB/STH + -

MULTIPLE SCRTTERING CORRBECTION DONE -
122,15 2.15 6. 21.9 50098
129.43 3.26 4.1 13.8 30098
136.67 3.05 9.9 19.0 10098

AVERAGE X-SEC 2.66 MB/STR 0 NOTE
INTEGRATED X-SEC  33.u3 MB ERAROR 12.2 PER CENT

SCATTERING OF  8.52 +0R-0.08 MEV NEUTRONS FROM NR
LEVEL (S} 2.390 MEV KEY ( U1) B RNGLES

ANGLE X~SEC. ERROR (0/0) AUN
CM MB/STR + -

MULTIPLE SCATTERING CCRAECTION DONE

89.96 1.27 2.7  20.4 50368
95.45 1.11 2l.7 214 10368
100.93 1.18 18.8 19.0 30368
I22.07 .66 19.6 22.8 S0252
129.36 1.43 19.3  21.3 30252
136,61 l.18 22.3 22.4 19252

AVERAGE X-SEC  1.25 MB/STR O NOTE
INTEGRATED X-SEC  15.75 MB ERROR 11.6 PER CENT

SCATTERING OF  6.37 +0R-0.13 MEY NEUTRONS FROM NA
LEVEL (3)  2,6U0 MEV KEY( 52 3 ANGLES
2.710

ANGLE X-5EC. ERROR (0/0) RUN
CH MB/STR + -

MULTIPLE SCATTERING CORRECTION DONE
122.39 8.22 7.4 8.5 50163
129.85 8.95 7.2 8.5 30163
136.87 8.75 6.7 3.0 10163

AVERAGE X-SEC 8.75 MB/STR 0 NOTE
INTEGRATED X-SEC 109,97 MB ERROR 9,1 PER CENT



45

SCATTERING OF  7.60 +0R-0.10 MEY NEUTRONS FROM NA
LEVEL (S) 2.6U40 MEV KEY [ 52 3 ANGLES
2.

710 '
ANGLE X-SEC. ERROR (0/0) RUN
CH MB/STR + -

MULTIPLE SCATTERING CORRECTION DONE
i22.2u 4,56 1.4 11,7 50098
129.51 u,27 10,2 10.3 30098
136. 74 4.85 9.9 11.0 10098

RVERAGE X-SEC 4.51 MB/STR 0 NOTE
INTEGRATED X-SEC  56.71 MB ERROR [0.0 PER CENT

SCATTERING OF 8,52 +0R-0,08 MEV NEUTAONS FROM NA
LEVEL (S} 2.0U0 MEY KEY( 52) 6 ANGLES
2.710

ANGLE X-SEC. ERROR (G/0) RUN
CM MB/STR + -

MULTIPLE SCATTERING CORRECTION DONE
90. 04 u.06 12,6 11.6 50368
95,54 y. 22 .0 10.1 10368
101.02. 1,84 9.9 11.8 30368
122,14 2,85 12.3  12.8 50252
129.43 2.53 4.8  13.2 30252
136.66 2.15 13.5  12.7 10252

AVERAGE X-SEC 3.45 MB/STR 1 NOTE
INTEGRATED X-SEC 43,39 MB ERROR 8.5 PER CENT

DATA FROM 1 ANGLE (S) EXCLUBED
136.66




b6

SCATTERING OF  65.37 +0R-0.13 MEV NEUTRONS FROM NA
LEVEL (S) 2.980 MEV KEY{ 71) 3 RNGLES

ANGLE  X-SEC. ERROR (0/0) RUN
M MB/STR * -

MULTIPLE SCATTERING CORRECTION DONE  °
122.52 5.50 7.6 9.0 50163
129, 77 6.10 8.9 9.0 30163
136. 98 6.61 8.1 8.8 10163

RYERAGE X-SEC 6.39 MB/STR 0 NOTE
INTEGRATED x-SEC  80.28 MB ERROR 9.3 PER CENT

SCATTERING OF  7.60 +0OR-0.10 MEV NEUTRONS FROM NR
LEVEL (S) 2,980 MEV KEY ([ 71) 3 ANGLES

ANGLE X-5EC, ERROR (0/0) RUN
CM MB/STH + -
MULTIPLE SCATTERING €GRRECTION DONE
122.33 - 4.53 9.9 10.8 50098
129.59 5.06

10.3 9.8 . 30098
136.82 u,50 11.1  10.0 10038

AVERAGE X-SEC 4.69 MB/STR 0 NGTE
INTEGRATED X-SEC  58.96 MB ERRCR 9.8 éEH CENT

SCATTERING OF  8.52 +0R-0.08 MEV NEUTRONS FROM NR
LEVEL 1S} 2.880 MEV KEY( 71} B ANGLES

ANGLE  X-SEC. ERROR (0/0) RUN
CH MB/STR -

MULTIPLE SCATTERING CORRECTION DONE
50.13 2.38 4.6 1.6 50368
95.64 2,71 1.7 17.B 10368

101.11 2.45 1.3 5.6 30368
122.21 3.83  11.3 10.9 50252
129.U8 3.33 10,7 10.U 30252
136,72 3.50 9.6 9.4 10252

AVERRGE X-SEC  3.04 MB/STR O NOTE
INTEGRATED X-SEC  38.18 MB ERROR 9.2 PER CENT



7

SCATTERING OF  6.37 +0R-0.13 MEV NEUTRONS FROM NA
LEVEL () 3.G680 MEV KET( 81) 3 ANGLES

ANGLE X-SEC, ERROA (0/0 AUN
Ci MB/STR + -

MULTEPLE SCATTERING CORRECTION DONE "
122.90 u,08 1t.4 11.8 50163
130. 14 4,39, 15.1 0.5 30163
137.31 4.53 15.6  §2.5 10163

AVERAGE X-3SEC u.31 MB/STR 0 NOTE
INTEGRATED X-SEC  S4.13 MB ERROR 10.7 PER CENT

SCATTERING OF  7.60 +0OR-0.10 MEV NEUTRONS FROM NA
LEVEL £3)  3.680 MEV KEY( 81 3 RANGLES

ANGLE %-3EC. ERROR (0/0 RUN
CM MB/STR + -

MULTIPLE SCATTERENG CORRECTION DONE
122.60 2.43 12.6  23.4 56098
129.84 2. 15 8.1 16.9 30098
137.05 3.15 7 13.7 10098

AVERAGE X-3EC 2.52 MB/STR 0O NOTE
INTEGRATED X-SEC  31.71 MB ERROA 11.4 PER CENT

SCATTERING OF  8.52 +BR-0.08 MEV NEUTRONS FROM NA
LEVEL (5) 3.680 MEV KEY( 81 3 ANGLES

ANGLE X~-SEC. ERROR (0/0 RUN
CM MB/STR + -

MULTIPLE SCATTERING CORRECTION DGNE
122.40 1.92 25.7 11,8 50252
129.66 2.04 17.9  19.8 30252
136.89 2.03 20.6  15.1 10252

RAVERAGE X-SEC 2.01 MB/STR O NOTE
INTEGRRTED X-SEC  25.32 MB ERROR 13.3 PER CENT




h8

SCRTTERING OF  G.37 +0R-0.13 MEY NEUTRGNS FROM NA
LEVEL (3) 3.850 MEY KEY ( 92) 3 ANGLES

3.920
ANGLE X-SEC. ERROA (0704 RUN
CM MB/STR + -

MULTIPLE SCATTERING CORRECTION DONE
123.08 10.61 8.6 8.5 50163
130.29 8.06 10.1 8.8 30163
137,14 9.21 9.6 9.0 10163
AVERAGE X-SEC  9.30 MB/STR 0 NOTE

INTECRATED X-SEC 116.81 MB ERROR 10.0 PER CENT

SCATTERING OF  7.80 +0R-0.10 MEV NEUTRONS FROM NA
LEVEL (S} 3,850 MEV KEY( 92) 3 ANGLES

3.920
ANGIE X-SEC. ERAROR (0/0) RUN
€M MB/STR + -

MULTIPLE SCATTERING CORRECTION DONE
122.70 5.40 9.1 10.1 50098
125.93 5.61 9.7 12.4 30098
i37.12 5.49 8.7 8.9 10098

RVERAGE X-SEC 5.U8 MB/STR 0 NOTE
INTEGRATED X-SEC  68.82 MB ERAOR 9.6 PER CENT

SCATTERING OF  8.52 +0R-0.08 MEV NEUTRONS FROM NA
LEVEL (3)  3.850 MEV KEY t g2) 3 ANGLES

3.920
ANGLE X-SEC. ERROA (0/0) RUN
CM MB/STR + -

MULTIPLE SCATTERING CORRECTION DONE

122,148 4.4y 10,0 9.8 S0252
129.74 3.98 2.1 10,9 30252
136.85 .43 9.2 9.2 10252

AVERAGE X-SEC 4.32 MB/STR 0 NOTE
INTEGRATED X-SEC  S4.28 MB ERROR 9.7 PER CENT



k9

SCATTERING OF .37 +0R-0.13 MEV NEUTRONS FROM NR
LEVEL (3)  4.430 MEV KEY (11D) 7 ANGLES

ANGLE %-SEC. ERROR (0/0) AUN
CM MB/STR + -

MULTIPLE SCATTERING CORRECTION DONE
G6. 15 5.16 17,1 21.9 50282
77.53 2.88 27.6 23,9 30292
81.59 2. 74 17.9 25.2 50279
92,74 3.10 4.3 28.5 30279
123.62 2.05 3g.4 25.3 50163

139.77 1.60 32.8 22.4 30163
137.89 1.48 28.6 26.0 10163

RYERRGE X-SEC 2.17 MB/STR 0O NOTE
INTEGRATED X-SEC 27,27 MB £RROR 14Y.4 PER CENT

SCATTERING OF  7.60 +0R-0.10 MEV NEUTRONS FROM NR
LEVEL (5) 4.U30 MEV KEY (111) 1S ANGLES

RNGLE X-SEC. ERROR (0/0) RUN
CM MB/STR + -

MULTIPLE SCATTERING CORRECTION DONE
65,54 1.29 29. 1 16.2 50127
71,17 1.33 21.5  23.4 10127
76.81 1,38 23.7  12.3 30127
80.88 1.48 7.0 18.5 50133
85.96 1.38 16.0 18,9 50138
86. 42 1.49 4.6 10.8 10133
91.50 1.16 17.6  18.3 10138
91.97 1.26 19.9 16.9 30133
96.98 1.69 12,8  20.8 30138
98.97 1.71 12.8 14,5 20143

104,43 1.49 1.4 23.6 10143
109. 86 1.7 15.7 21.6 30143
i22.99 2. 15 15.8 8.6 50093
130.21 1.78 19.1  21.9 30098
137.36 1.78 18.5 18.6 10098

AVERAGE X~SEC 1.48 MB/STR 0 NOTE
INTEGRATED X-SEC  18.56 MB ERROR 9.5 PER CENT




50

SCATTERING OF  8.52 +0R-0.08 MEV NEUTRONS FROM NA
LEVEL (5} Y4.430 MEV KEY{11D) 6 ANGLES

ANGLE X-SEC. ERROR (G/D) RUN
M MB/STR + -

MULTIPLE SCATTERING CORRECTION DONE

90.69 1.63 11.2  21.0 50368
96,18 1.486 18.0 2u.0 10368
10f.64 1.58 16.8 28.7 30368
122.68 1.03 31,2 26.0 50252
129.93 1.35 20.6 17.6 . 30282
137.11 0.76 59.5 27.8 10252

AVERAGE X-SEC 1.32 MB/STR 0O NOTE
INTEGRRTED X-SEC  16.64 MB ERROR (3.0 PER CENT

SCATTERING OF  $£.37 +0R-0.13 MEV NEUTRONS FROM NA
LEVEL (S) U.770 MEV KEY(121) 7 ANGLES

ANGLE X~SEC. ERRCR (G/0) RUN
CM MB/STR + -

MULTIPLE SCATTERING CORRECTION DONE
66.72 6.4l 21.6 18.9 50292
78.09 5.28 16.9 18.9 30292
B2.20 6.83 4.8 19.1 50279
93.33 6.37 15.5  17.1 30279

124.04 4.9u 21.2  20.7 50163
131.23 4.56 4.8  23.4 30163
138.29 5.25 25.7 27.6 10163

AVERAGE X-SEC 5.55 HB/STH 0 NOTE
INTEGRATED X-SEC  69.72 MB ERROR 14,0 PER CENT




51

SCATTERING OF 7,60 +0OR-0, 10 MEV NEUTRONS FROM NA
LEVEL {5} 4.770 MEV KEY{121) 15 PNGLES

ANGLE X-SEC. ERROR (8/0) RUN
CH MB/STR + - :
MULTIPLE SCATTERING CORRECTION OONE
65.77 4,88 16.9 8.6 50127
71.45 4,91 1.1 10.5 10127
77.09 5.65 7.9 8.6 30127
81,14 4.71 12.7  10.5 50133
86.26 5.5 10.9 11.8 50138
86.72 5.73 9.4 8.8 10133
91.79 S.64 7.9 10.4 10138
92.24 5.24 9.9 9.6 30133
97.28 4.98 15.0 0.1 30138
99.29 4.79 4.0 7.7 50143
104.72 S.04 8.9 i3.2 10143
110.13 4.65 10,9 11.9 30143
123.26 4.16 16.0 14,1 50098
130.43 3.77 .y gl 30098
137.56 3.40 13.2 2.4 {0098

AVERAGE X-SEC 5.17 MB/STR § NOTE
INTEGRATED X~SEC  64.97 MB ERROR 9.4 PER CENT
OATA FROM 2 ANGLE (S) EXCLUDED

137.56
130.43

SCATTERING OF  B.52 +0OR-0.08 MEV NEUTRONS FROM NA
LEVEL (53 4.770 MEV KET (}2D) 6 ANGLES

ANGLE X-SEC. ERROA (0/0) . BUN
M MB/STR + -

MULTIPLE SCARTTERING CORRECTION DONE
90.90 3.60 10.5 13.2 50368
96,40 3.18 10.9 16.5 10368

101.86 2.86 15.4  &5.7 30368
122,84 2.38 15.4 19,7 50252
130.07 2.13 15.6 15.5 30252
137.25 1.84 18.3 1.2 10252

AVERAGE X-SEC 2.U5 MB/STR § NOTE
INTEGRATED X-SEC 30,74 MB ERROR 10.5 PER CENT




E5
%

SCATTERING OF

52

7.60 +0R~0.10 MEV NEUTRONS FROM NA

LEVEL (8) 5.380 MEY KET(131) 3 ANGLES

ANGLE X-SEC.
c MB/STR

ERROR (0/0) RUN
+ - N

MULTIPLE SCRTTERING CORRECTION DONE

123,87 2,76
130.95 2.84
138.05 2.57

AVERRGE X-5EC

INTEGRATED X-SEC

- SCATTERING OF

0.0 18.3 s0098
23.5  26.6 30098
20.7  20.9 10098
2.70 MB/STR 0 NOTE

33.83 MB ERROR 15.2 PER CENT

8.52 +DR-0.08 MEV NEUTRONS FROM NA

LEVEL (S} 5.380 MEV KEY (131) 3 ANGLES

ANGLE X-SEC.
(3 MB/STR

ERROR (0/0) RUN

+

MULTIPLE SCATTERING CORRECTION DONE

123.20 3.12
130.39 3,03
137.53 2.u8

AVERAGE X-SEC
INTEGRATED X-SEC

SCATTERING OF

2.8 14.1 50252
11.8 15.3 30252
15.4  13.2 10252
2.83 MB/STR 0O NQTE

35.58 MB ERROR 12.0 PER CENY

7.60 +0R-0.10 MEV NEUTRONS FROM NA

LEVEL (S)  5.530 MEV KEY (141} 3 ANGLES

ANGLE X-3SEC.
CM MB/STR

ERROA (/01 RUN
+ -

MULTIPLE SCATTERING CORRECTION DONE

leu.08 1.97
131.15 1.83
138.23 2.19

AVERAGE X~SEC
ENTEGRATED X~SEC

28.2  29.4 50038
4.7 25.7 30098
25.3 28.6 10088
1.96 MB/STR 0O NGTE

c4.57 MB ERROR 19.1 PER CENT
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SCATTERING OF  B.52 +0R-0.08 MEY NEUTRONS FROM NA
LEVEL (S} 5.530 MEV KETY (141) 3 ANGLES

ANGLE X-SEC. ERRCR (0/0 RUN
M MB/STR + -

MULTIPLE SCARTTERING CORRECTEION DBONWE !
123.32 1.20 29,6 33.1 50252
130,52 1,68 22.2 20.0 30252
137.63 1.97 17.3  19.8 10252

AVERAGE X~SEC 1,61 MB/STR O NOTE
INTEGRATED X-SEC  20.17 MB ERROA 15.4 PER CENT

SCATTERING GF  8.52 +0A-0.08 MEV NEUTRONS FROM NR
LEVEL[SS 5. 740 MEV KET (153) 3 ANGLES
5.760

| 5. 730

| ANGLE  X-SEC. ERROR (0/0) RUN

| M MB/STR N -

% MULTIPLE SCATTERING CORRECTION DONE

| 123.49 3,72 4.0 14.9 50252

| 130.65 3.20 4.1 IS.6 30252
137,77 2,79 14.3 1.1 10252

AVERAGE X-SEC  3.13 MB/STR O NOTE
INTEGRATED X-SEC  39.35 MB ERROR 12.1 PER CENT

SCATTERING OF  7.80 +OR-0.10 MEV NEUTRONS FROM NA
LEVEL(S) 5.740 MEV KEY (153) 3 ANGLES
: 5. 760

5.780
ANGLE  X-SEC. ERACR (0/0) RUN
Y MB/STR * -

MULTIPLE SCATTERING CORRECTION DONE
124,34 . u4.55  19.u 22.8 50098
131.47 s.15  22.2 20.3 30098
138,48 4.86 21.9 21.0 10098

AYERAGE X-SEC 4.82 MB/STR O NOTE
INTEGRATED X-SEC  60.60 MB ERROR 17.5 PER CENT




SCATTERING OF  S,u44 +0R-0.17 MEV NEUTRONS FACOM NA

Sh

LEVEL (31 2.390 MEV KEY( 4d) 1O ANGLES
2. 640

2.710
2.980
ANGLE  X-SEC. ERROR (0/0) RUN
CH MB/STR * -

MULTIPLE SCATTERING

65.73 18.55
71,40 19.21
75.49 21,12
81.07 19.35
86.63 19.23
91.68 17.33
102,63 19.53
105.59 19.38
110.97 19.29
116.35 18.73

DAOD I~ D~ DD~

CORRECTION DONE

10310
30310
50301
10301
303061
50288
30288
50270
10270
30270

_—
WOWOE— O Ww—w
P

MO ~Jd=— OO

WA UL .S =00

—_
o

RVERAGE X-SEC  i8.64% MB/STR 0 NOTE

INTEGRATED X-SEC 234,27 MB FERROR 9.3 PER CENT




55

SCATTERING OF  6.37 +0R-0.13 MEV NEUTRONS FROM NAR
LEVEL () 2.390 MEV KET ¢ Ud) 19 ANGLES
2.6U0

2.710

2.980
ANGLE X-SEC. ERROR (0/0) AUN
CM MB/STH + -

MULTIPLE SCATTERING CORRECTION DONE
39.5U 27.49 8.9 9.7 10320
49,46 23.75 1.1 16.0 50305
55.17 19.77 7.9 15.1 10305
60. 86 18.50 5.6 9.3 30305
B4.98 18.16 7.7 10.9 50292
70,60 17.57 56 10.8 10292
76.21 18.83 5.6 6.9 30292
80.29 17.21 7.3 8.7 50279
85.83 i6.6B6 5.3 9.2 10279
91.36 16.89 6.0 10.4 30279
95.37 15.90 5.5 8.7 50214
100.83 i5.34 5.7 8.8 10214
105.29 16.95 6.3 7.4 50267
106.28 F7. 14 6.4 9.4 30214
110.70 19.34 5.5 © 9.0 10267

116.08 21.57 5.2 9.1 30267
122.40 17.62 9.0 9.0 50163
129.60 17.86 9.0 9.0 30163
136.90 21.01 9.0 9.0 10163

AVERAGE X-SEC  16.96 MB/STR | NOTE
INTEGRATED X-SEC 213.08 MB ERROR 8.2 PER CENT

DATA FROM 1 ANGLE {S) £XCLUDED
39.54
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SCATTERING OF 7,60 +0R-0,1G MEV NEUTRONS FROM NA
LEVEL (S} 2.390 MEV KEY( 4W) 17 ANGLES

2. 640

2.710

2.980
ANGLE X-SEC. ERROR 10/0) RUN
CM MB/STR + - .

MULTIPLE SCATTERING CORRECTIGN DONE

55.01 8.91 7.2 8.2 1012t
60,68 9.12 7.0 10.4 30121
64,79 9.3] 5.8 10.3 50127
70.42 9.23 8.6 9.1 10127
76.01 10.05 6.6 7.6 30127
80.07 9.00 7.2 8.3 50133
85.12 8.63 16.7 11.0 50138
85.62 9.04 6.7 7.2 10133
96.65 8.11 7.6 9.2 10138
91.14 9.37 8.2 8.2 30133
96.15 9.01 5.7 9.8 30138
98. 15 8.4e 7.1 8.7 50143
103.59 8.34 7.2 8.7 10143
109.03 8.35 7.8 10.9 30143
122.20 11.24 13.0 13.0 50098
129,50 12.59 13.0 13.0 30098
136.70 12.40 13.0 13.0 10098

AVERAGE X-SEC 8.93 MB/STR O NQTE
INTEGRATED X-SEC 112.26 MB ERROR 8.8 PER CENT

SCRfTEHING OF  S.4y +BR-0.17 MEV NEUTRONS FROM NA

LEVEL () 3.680 MEV KEY( 83) 13 ANGLES
3. 850
3.920 ,
ANGLE  X-SEC, ERRCA (0/0) RUN
CM MB/STR + -

MULTIFLE SCATTERING CORRECTION DONE
34,56 17.84 13,7 13.2 50336
0.4y 15.56 3.1 14.9 10336
46,34 16.00 14.3 21.6 30336
66. 74 21.01  1L.4  I7.5 10310
72.61 19.49  12.6 20.4 30310
76. 6Y 13.33  12.7 16.4 50301
82.23 §3.22  12.5 15.2 10301
87.81 12,22 12,7 16.7 30301
92.87 12.86  16.0 !6.0 50288
103.81 12.46  15.2 18.5 30268
106, 72 13.13  13.9 17.6 50270
11211 11,92 14.8 17.0 10270

117,42 14.82 15.0 18.0 30270

AVERAGE X-SEC  12.89 MB/STR 0 NOTE

INTEGRATED X-SEC 1G1.96 MB ERROR 14.1 PER CENT
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SCATTERING OF  6.37 +OR-0.13 MEV NEUTRONS FROM NA
LEVEL{S) 3.680 MEV KEY( 83} 18 ANGLES

3.850
3.920
ANGLE X-SEC. ERROR (0/0) RUN
CM MB/STR + -
MULTIPLE SCATTERING CORRECTIGN DONE

39,98 11.45 11.8 9.2 . 10320

50.00 17.77 8.3 13.2 50305

61.48 16.46 7.0 16.6 30305

65.63 10.99 f0.t 12,7 50292

71.28 - 12.86 7.7 12.9 10292

76.94 12.46 (0.1 12.7 30292

81.02 11.74 8.0 9.8 50279

| 86.53 13.37 6.8 9,7 10279
| 92.10 12.54 7.5 11.9 30279
| 96.11 13.02 9.1 11.3 50214
| 101.56 13.37 6.8 8.8 10214
| 106.00 14.39 7.6 9.9 50267
g 106.99 13.06 8.0 10,3 30214
| 111.38 15.82 7.2 11.6 10267
; 116.76 15.88 7.6 10.0 30257
g 123.03 14.43 8.4 9.1 50163
f 130,23 13,14 9.5 7.8 30163
137.39 14.00 8.5 8.0 10163

| |
E 1. AVERAGE X-SEC  13.05 MB/STR O NOTE
INTEGRATED X-SEC 164.04 MB ERAOR 9.2 PER CENT




58

SCATTERING GF 7,60 +0R-0.10 MEY NEUTRONS FROM NA
LEVEL (5) 3.680 MEV KEY( B83) 19 ANGLES
3.850

3.920
ANGLE X-SEC. ERRCGR (0/0) RUN
CM MB/STR + -

MULTIPLE SCATTERING CORRECTION OONE
33,93 8.ud 12.0 9.6 501u8
34.98 B.11 8.9 19.2 30153
55.37 B.71 6.9 10.2 10121
61.07 7.75 9.1 l1.0 30121
65.21 B.05 6.3 8.0 50127
70,84 7.17 "B.5 8.0 10127
76.U6 7.19 6.0 7.9 30127
80.52 7.42 7.1 8.1 50133
85.60 6.38 8.3 9.4 50138
86.07 6,32 7.4 1.1 10133
91.11 5.93 B.2 10.3 10138
91.60 6.47 1.5 9.3 30133
96.62 - 6.33 7.6 10.8 30138
98.61 5.10 7.9 7.9 50143

104,05 5.86 6.8 9.8 10143
109,48 6.4l 7.6 12.0 3043
122.67 7.58 9.7 11.8 50098
129.90 8.07 8.6 11.3 30098
137.10 8.73 9.5 9.2 10098

AVERAGE X-SEC 6.70 MB/STR 0 NOTE
INTEGRATED X-SEC  84.21 M8 ERROR 8.3 PER CENT

~
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SCATTERING OF  8.52 +0R-0.08

MEV NEUTRONS FROM NA

LEVEL (S) 3.G6B0 MEY KEY{ 83) 15 ANGLES
3.850
3.920
ANGLE X-SEC. ERROR (0/0} AUN’
CM MB/STR + -

MULTIPLE SCATTERING CORRECTION DONE
29.59 7.92 4.2 17.4 30409
uy, 28 8.us 13.1  23.0 50379
55.73 6.07 4.7 22.4 30379
59.86 6.60 7.5 13,5 50352
65.53 5.95 12.5 13.0 10352
71.18 6.22 8.1 15.0 30352
75.26 6.47 9.3 4.0 50350
| 80.83 6.44 16.2  10.1 10380
| 86. 39 7.03 8.0 2.4 30360
| 90.ul 6.57 6.4 9.6 50368
95.81 5.97 6.5 10.3 10358
101,38 6.63 7.6  WM.7 30368
‘ 122 .46 6.10 4.5 11.S 50252
t 129.71 G.15 9.7 3.5 30252
136.93 6.4z 9.5 1.1 10252

AVERAGE X-SEC 6.28 MB/STR 0 NDTE
INTEGRATED X-SEC  78.89 MB ERROR 8.4 PER CENT

SCATTERING OF  7.60 +0R-0.10 MEV NEUTRONS FROM NAR
LEVEL (S)  5.380 MEY KEY (132) 7 ANGLES
5.530

ANGLE X-SEC, ERROR (0/0 RUN
CM MB/STR + -

MULTIPLE SCATTERING CORRECTION DONE
56.39 5.09 16.6 11.6 10121
66.33 5.29 20.0 12.6 50127
72.03 6.02 13.8 12.6 10127
77,710 5.38 11.6 11.4 30127

123.80 4,73 26.0 26.0 50098
130.10 H.67 26.0 26.0 30098
138.00 4.76 26.0 26.0 10098

AYERAGE X-SEC
INTEGRATED X-SEC

5.33 MB/STR O NOTE
67.00 M8 ERROR 11.5 PER CENT
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SCATTERING OF  8.52 +0R-0.08 MEV NEUTRONS FROM NA
LEVEL (5) 5.380 MEV KEY€132) 6 ANGLES
5.530

ANGLE ~ X-SEC,.  ERROR 0/0) RUN
cH M8/STR + -

MULTIPLE SCATTERING CORRECTION DONE
91.27 5.3 13.5 19.2 50368
96.79 4.19- 9.6 13.6 10368

102.25 s.61 10,0 14,9 30368
123.20 4.32  17.0 17.0 50252
130.40 471 17.0 7.0 30252
137.50 LUS  17.0 17.0 10252

AVERAGE X-SEC 4.50 MB/STR O NOTE
INTEGRATED X-SEC  56.57 MB ERROR 10.5 PER CENT
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SCATTERING OF 8.52 +0R-0.08 MEV NEUTRGNS FROM NA - PAGE 1
CONTINUUM, X-SEC RAVERAGE OF 6 SPECTRA S0 LINES
EN (LAB} -GN X-SEC ERR
MEV MEV MB/STR MB/STH
2.587 -5,U50 0.004 0.035
2.563 -5.475 0.006 0.041
2,539 -5.500 0.004 0.035
2.515 -5.525 0.007 0.020
2.49] ~5.550 0.018 0.024
2.467 -5.575 0.034 0.026
2. 443 -5.8600 0.061 0.028
2.419 -5.625 0.114 0.029
2.395 -5.650 0.165 0.030
2.371 ~5.675 0,188 0.031
2.7 -5,700 0.303 0.035
2.323 -5.725 0.343 0.037
2.299 -5.750 0.388 0.039
2.275 -5.775 0.419 0.040
2.251 ~5.800 0.u88 0.043
2.228 -5.82% 0.447 0.042
2,204 -5.850 0.435 0,041
2.180 -5.875 0.438 0.041
2.156 -5.900 0.450 0.038
2.132 -5.925 0.476 0.03%
2.108 -5.950 0.48Y4 0.03%
2.08Y4 -5.975 0.540 0.042
2.060 -6.000 0.508 g.041
2.036 -6.025 0.538 0.042
2.012 -6.050 0.522 0.04]
1,988 -6.075 0.us3 0,038
1.9064 -6. 100 0.U431 0.038
1.940 -B.125 0.425 0.039
1.916 -6.150 0.399 0.038
1.892 -6.175 0, 362 0.037
1.868 -6.200 0. 386 0.038
1.8u4 -6.225 0.313 0.034
1.820 -6.250 0.352 0.036
1.796 -5.275 0.284 0.035
1,772 -6.300 0.310 0.037
1.748 -8.325 0.343 0.038
1.724 ~56.350 0.426 0.043
1.700 -6.375 0.us! 0.C046
1.676 -6.400 0.511 0.0usB
1.653 -5.425 0.532 0.050
1.629 -56,U50 0.483 0.0uB
1,805 -6.475 0.368 0.0u3
1.581 -6.500 0.305 0.040
1.557 ~6.525 0.237 0.037
1.533 -56.550 0.210 6.037
1,509 -6.575 0.251 ~0.040
1,485 -65.600 0.300 0,04y
1.46] -5.625 0.41% 0.053
1.437 -5.650 0.398 0.053
1.413 -8,675 0.453 0.060




SCATTERING OF 8.52 +0R-0.08 MEV NEUTRONS FROM NA
CONTENUUM X-SEC RVERAGE OF 6 SPECTRA

EN (LAB)

[ | S S S A I Y

MEV

.389
. 365
341
317
. 293
. 269
245
.221
. 197
173
149
<125
. 102
.078
. 054
.030
. 006
. 982

-6.
. ~B.
-6,
-6.
-6.
-G.
~B.
-6.
-6.
-G.
-6.
-B.
-7
-7.
-1.
-7.
-7.
-7,

GN
MEV

700
725
750
775
800
825
850
875
900
925
950
975
0oa
025
050
75
100
125

X-

SEC

MB/STH

OOOOOCOOoOOOoCOOoOO0OOO0O

. 4oy
. 369
.338
. 387
.29%
.333
.336
.499
.49
.510
432
537
LU53
.529
. 609
510
.54
. 384

62

ERR

MB/STR

COoOCOoOOoOOOO0OOOoOO0

.058
.056
055
062
. 056
.062
. 065
.087
. 085

103

. 098

129
122
152

. 185
. 195
.218
. 188

18 LINES

PAGE 2



120.
i21.
1z22.

123,
12k,

125,
126,
127.
128.
129.
130.
131.
132,
133.
13L.

135,

'ﬁtd:‘fﬂ':du"-l:lo’:bl.—'
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