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CARBON NEUTRON ELASTIC- AND INELASTIC-SCATTERING
CROSS SECTIONS FROM 4.5 TO 8.5 MeV

F. G. Perey and W. E. Kinney

ABSTRACT

Numerical values are given for neutron elastic- and
inelastic-scattering cross sections from carbon in the
energy range 4.5 to 8.5 MeV. A brief description of the
experimental and data reducing techniques is presented to
assist in the evaluation of the data. A comparison was
made with other data in this energy region, and fairly good
agreement was found, particularly with previous time-of-
flight data. Our data were also compared with the predic-
tions obtained from the current ENDF/B file of "evaluated"
cross sections for carbon. The ENDF/B file was found to
reproduce very poorly the data for both elastic and inelas-
tic cross sections. This is not too surprising in view of
the rapid changes in the shapes of the cross sections and
the paucity of data previously availahle in this energy
region.

INTRODUCTION

Numerical values of neutron elastic- and inelastic-scattering
cross sections from carbon were obtained in the range 4.5 to 8.5 MeV.
Conventional time-of-flight techniques were used to obtain the data,

vhich were then reduced with the aid of a light pen with the PDP-7
| computer.

When our data were compared with other data in this energy region,
fairly good agreement was obtained with previous data, particularly with
previous time-of-flight data. The predictions obtained from the current
ENDF/B file of "evaluated" cross sections for carbon are relatively poor,
which is not surprising in view of the resonant structure of both the
elastic and inelastic cross sections and the paucity of previously avail-

able data in this energy range.

DATA ACQUISITION

The data were obtained with conventional time-of-flight techniques.
Pulsed (2 MHz ), bunched (~1 nsec full width at half maximum, FWHM) deu-
terons accelerated by the ORNL Van de Graaff interacted with deuterium in a



a gas cell to produce neutrons by the D(d,n)’He reaction. The gas cells,
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whose lengths varied from 0.7 to 4 cm and whose pressure was approximsately
1.5 atm, gave neutron energy resolutions from 60 to 340 keV, depending on
the incident deuteron energy.

The neutrons were scattered from a solid right circular cylindri-
cal sample (2.54 cm in diameter, 2 cm long) placed approximately 10 cm
from the gas cell when the detector angles were greater than 25°. For
smaller detector angles the cell-to-sample distance had to be increased
to as much as 30 em in order to shield the detector from neutrons coming
directly from the gas cell.

The scattered neutrons were detected by 12.5-cm-diam NE-213 liquid
scintillators optically coupled to XP-1040 photomultipliers. The scin-
tillators were normally 2.5 cm thick, but their thickness was increased
to 5 cm when the 4-cm gas cell was used. Data were taken with a single
detector and later with three detectors simultaneously. Flight paths
varied from 4 to 6 m, with the detector angles ranging from 15 to 1u4C°.
The gas-cell neutron production was monitored by a time-of-flight system
which used a 5-cm-diam by 2.5-cm-thick NE-213 scintillator viewed by a
58-AVP photomultiplier placed about 2 m from the cell at an angle of 55°

with the incident deuteron beam.

The flight time of a detected recoil 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 supplied
to an on-line PDP-7 computer. The electronic equipment for supplying this
information to the computer consisted, 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 bias corresponding to
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 detector efficiencies were measured by (n,p) scattering from

s

a thin (6-mm-diam) polyethylene sample and by detecting neutrons coming
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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.?

DATA REDUCTION

We have developed new methods of data reduction which have both
simplified the process and made it more reliable. Central to the data
reduction process is the use of a light pen with the PDP-T7 computer scope
display programs to extract peak areas from spectra. The light pen makes
a comparatively easy Jjob 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 excitation energy in the target nucleus before peak strip-
ping is done. This transformation removes kinematic effects and allows
easy comparison of spectra taken at different angles or different inci-
dent 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 is a rapidly varying function
of neutron energy since the energy dispersion changes as a function of
flight time. Finally, there is communication between the PDP-7 and
larger computers via magnetic tape in order to mimimize the bookkeeping
and card punching and hence the errors which accompany such operations.

The reduction process starts 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 cross section (mb/ster/25 keV)
vs excitation energy (25 keV/channel). In addition, a spectrum of the
variance is computed based on the counting statistics of the initial data.

The transformed spectra are read into the PDP-7 computer from mag-
netic 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
computer calculate the peak area (mb/ster), centroid, and FWHM. The var-
iance spectrum is used to compute a counting statistics variance corres-
ponding 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 may be included 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 es-
timates of the cross sections are identified with 95% confidence limits
for the value of the cross section due to this background. These limits
together with the best estimate define upper and lower errors due to
stripping. Different upper and lower values of the stripping errors are
allowed since the upper 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 additional proc-
essing by a larger computer.

Inelastic 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, how-
ever, must await the reduction of the entire angular distribution before
the finite sample effects can be considered. The corrections are per-
formed according to semianalytic recipes whose constants were obtained
from fits to Monte Carlo results, the multiple-scattering correction
being much like that proposed by Cox.2

The final error analysis is performed, including uncertainties in
the geometrical parameters (scatter size, gas cell to scatterer distance,

flight paths, etc.) and the uncertainties in the finite size corrections.

RESULTS
The Data

The data are presented in Tables 1 through 22 and in Figs. 1
through 22. The curves shown in the figures are the angular distributions
obtained from the ENDF/B file of "evaluated" cross sections for carbon
and will be discussed later.

Most of the data reported here were taken with a three-detector
system placed on a movable platform with detectors about 7.5° apart. In
order to avold some systematic errors in the relative cross sections as
a function of angle, adjacent angular segments of 15° were not measured

consecutively most of the time. The data at some angles were measured
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more than once to obtain some information on the reproducibility of our
data. We have not attempted to average the data taken at the same angles
in order to give the evaluator some information on our ability to re-
produce our own data points. The errors given at each angle are not
entirely uncorrelated to the errors of adJjacent points, in particular
for the angles measured simultaneously, but our error analysis did not

include any such cross correlation of errors. Not included in the errors

shown at each angle is an absolute error of +7% in the absolute value of

the cross sections which is our estimate of the error on the absolute

value of our efficiency. This 7% absolute error should not affect the

relative shape of the angular distributions.

The integrated cross sections were obtained by performing a
Legendre polynomial fit to our data. The Legendre polynomial expansion
is necessary in our method of correcting the data for the finite size of
the scatterer in the case of elastic scattering. Provided that the
Legendre polynomial fit gives 'reasonable" cross sections outside the
angular range of our data, the corrections for finite size to our data
are reasonably independent of the value of the cross sections outside
our measured range. All Legendre polynomial fits to our data were vis-
ually inspected and found to give, in a subjective manner, acceptable

cross sections over the complete angular range. The errors on the inte-

grated cross sections include the i?% absolute error on the normalization

but do not include the error due to possible extreme values of the cross

section outside our measured angular range.




SCATTERING OF

LEVEL(S)

ANGLE
CM

0

XeaSEC,
¥B/STR

Table 1

4.6D0 +«MR= .05 MEV NEJTRONS FRAM™

MEV KEY( 11D

I0 ANGLES

ERRARCD/D)

L 4

RUN

MULTIPLE SCATTERING CBRRECTION DONE

32,42
46,3
88,9
72,5
84,7
97,.82
97,85
0969
122426
[35,59

3'7.3

ZA2,3
136,583
11212
10234
pe22
92.60
7203
énsnp

AVERAGE X=SEC

INTEGRATED X=SEC

DO PO NDNNOODOWM
e ® ® o @ ® » & o

0 MB/STR

1671.74 MB

R ©C N O GO OO

- S5 4 & ° © » & e

SN DD DX NP

ERRAR

22255
22229
22259
22232
22263
22235
22252
22266
22245
22249

0 NITE

7.4 PER CENT
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Table 2

SCATTERING OF 5,04 +6R= ,04 YMEV NEUTRONS FRAM

LEVEL(S) 0 MEV KEY( 1) |1 ANGLES
ANGLE Xx=SEC, ERRAR(0/0) RUN
CM MB/STR + -

MULTIPLE SCATTERING CHBRRECTIEN DONE

32.4) | 73465 4.6 3, 22176
46,3 121 e66 5.0 5,3 2226
60ep 93432 5.3 6,2 22119
72,5 70074 7. 6,6 222pn6
84,7 74,53 5.8 7.3 22152
84,78 69,79 6.3 7.8 22188
94,83 77424 5.7 5.7 83
97,83 8ped6 5,8 6,7 22195
109166 9092 6.2 76 22156
12]¢3 75456 6.0 7,8 22198
[ 336 6nR6 7.% 6,5 22163
AVERAGE X=SEC D MB/STR g NSTE

INTEGRAYED X~=SEC |1139.,72 MB ERROR 7.3 PER CenT

e
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SCATTERING 6F

LEVEL(S)

ANGLE
CM

0

XISEC.
MB/STR

10

Table 3

5,44 +MR= , |7 MEV NEUTRONS FROM
24 ANGLES

MEV KEY( |1)

ERRBR(D/0)

*

RUN

MULTIPLE SCATTERING CARRECTION DONE

23.8p
297
34,54
34,58
4ns 42
d4p.45
40.46
45,23
46027

5(en
56,86
81 enb
66,8

72,4

76,58
82,23
8708|
92&84
94,83
98,32
193,77
1g6e72
||2|Q9
[17.44

234,37
28‘:59
| B, 72
153,433
158432
158,92
(34007
126483
'88'71
|ed2
75.93
63,27
58,79
Blehd
58970
68,53
69,55
67443
76,7|
B)eK7
7249
67,9t
680?7

AVERAGE X=SEC

INTEGRATED Xs=SEC

—_——— DTS OXTBWON AL DRI O

® W W S 8 ® 8 ® B e e T & © © 8 ® W © o O O O

VUV ND2A2INDDDUNDDADEDLEDDDIEI2D2DD

0 MB/STR

1107.38 MB

AN DD B DBRND PO D B NUD WS gi—

- » ® & ®» ® S O 5 & 5 S °© S © 8 > ® o - & & 2 »

ERRAR

50343
1p256
50332
5330
1p332
10328
|033
503
30332
1317
303]7
50305
16303
3030°
502 4
5n281

120
Ig?el
3028
50268
Ip268
30268

0 NITE

7.1 PER CEMT

1 ¥}
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Table 4

SCATTERING OF 5.56 +OR* ,05 MEV NEUTRONS FREM o

LEVEL(S) D MEV KEY( |1) 9 ANGLES
ANGLE XxeSEC, ERROR(0/0) RUN
CM MB/STR * .

MULTIPLE SCATTERING CORRECTION DONE

32:43 159425 4,8 7:0 2238
46,3 in%8p 5.2 7.4 22295
54,76 Bpebd 5.6 7e7 2234
64,23 58,56 6.2 |0o5 2229
7947 4%:qq 7.0 1346 223 |
94,82 7133 6.6 6,6 22298
19267 94402 6.2 7.8 223p8
‘22.26 89,69 5.6 6,4 2230?
135,59 63,70 6.9 3,‘ 22305
AVERAGE X=SEC 0 MB/STR 0 NSTE .

INTEGRATED X=SEC (060,49 MB ERRAR 7,4 PER CENT
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SCATTERING OF

LEVEL(S)

ANGLE
CM

0

Xx=SEC,
MVB/STR

14

Table 5

6,0] +8Re ,07 MEV NEJUTRONS FRO™
I7 ANGLES

MEV KEY( 1 1)

ERROR(D/0)

+*

RUN

MULTIPLE SCATTERING CHRRECTIGN DONE

'6.24
24,33
29,7
37,7
45,74
31ep3
58,97
66,75
74‘5|
82!'9
R9,78
97.30
|04072
112097
123,67
13083
|37092

249,98
213en?
189, 6
|42 6
|82943
7404
53,9'
33,RE
3345
38,37
Spe2g
7|160
8|998
83,85
81,93
72.54
60'95

AVERAGE X=SEC

INTEGRATED X=SEC

4,9 2,3 | 59483
4.4 4'5 '30483
4,3 4,7 15453
4,4 4,6 137453
4,6 3.2 117453
4,6 ?!5 l5046|
5,4 3,4 13946
6.4 6,9 11046
6,5 7.2 | 55446
6, | 6,9 135446
5.9 6.6 110448
5. 6yp |5p467
5'0 5.6 '30467
5’2 5.7 -l|n‘67
5,5 6,2 150474
6.4 6,9 130474
60' a'l |u474
0 MB/STR 0 NITE
965.32 MB ERROR 7.1 PER CENnT
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Table 6

SCATTERING 6F  6,0| oBRe ,07 MEV NEUTRONS FRoM
LEVEL(S) 4,430 MEV KEY( 21) |0 ANGLES

ANGLE xeSEC, ERRAR(0/0) RUN
CM ¥B/STR * ®

MULTIPLE SCATTERING CBRRECTION DONE

7,8 2%, 9, 18,8 5,483
) 'éi 5708 1s:8  sis |304s3
32,4 274 13.3 13:3 15453
4$o2| 2642 13.2 13,7 139453
49,82 23,87 4.3 j4,8 110453
55,46 26.|8 |4.9 |4.B |5046‘
63,89 23443 6.4 16,5 13461
7216 19907 213 212 119461
Bgo2| 2258 25,1 25,5 |50446
8Ben5 |BeR5 28,5 28,9 39446

AVERAGE X=SEC D MB/STR g NOTE

INTEGRATED X=SEC 249.|5 MB ERRSR 40.7 PER CgnT
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Table 7

SCATTERING 6F 6,37 +0Rs |3 YMEV NEUTRONS FROM I

LEVEL(S) n MEV KEY( |1) 25 ANGLES
ANGLE xwSEC, ERRAR(0/0) RUN
CM MH4/STR * ]

MULTIPLE SCATTERING CORRECTION DONE

24,33 339,25 3.9 2,9 |1p223
29,72 2378 4,0 6, I 19235
29.72 246,82 4,0 5,9 I1p237
34,55 172425 4,0 5,7 15@3é9
35,98 |68,%5 4.9 3,7 f1ge g
4043 1g7+66 4,2 5,5 H1o31

46,3 29.9q 4,7 741 |393|9
50054 42,52 5,3 8,0 150300
50054 42,477 6.6 9.2 155304
56,32 28,7 6,3 6,9 159065
56,34 33,86 6.2 9,0 110300
56,35 3507| 5,8 {0en 11a3p4
62411 37.g4 5.7 10¢7 135300
62412 36,9 5.7 108 }3p3p4
66,28 39446 5.4  |Qs7 |5p288
71,97 51494 5, 9.9 I 1g288
77,62 62:87 4.5 6,9 135288
e;.? 62405 5, 743 150276
8 .28 73,66 4.9 6,8 11g276
92482 8iep3 4,6 6,4 139276
1g2+28 39.22 4,7 7,5 119211
15769 87,16 4,6 7.0 139211
[12en9 69,55 4,8 7,4 ||0263
122425 72097 4,9 5,7 |400¢5

AVERAGE X<=SEC 0 MB/STR p NITE

INTEGRATED X=SEC |158.46 MB- ERROR 7,2 PER CENT
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Table 8
SCATTERING OF 6.37 «MRe , |3 MEV NEUTRBNS FRoM i
LEVEL(S) 4,43n MEV KEY( 21) 25 ANGLES

ANGLE xaSEC, ERROR(D/0) RUN
CM VB/STR * .

MULTIPLE SCATTERING CORRECTION DONE

2642 23425 8.8 8,8 1p223
3,96 22402 9.3 [0¢2 119235
3197 2139 9.3 9.3 119237
37413 2255 8,2 8,n 159319
37.7p 23,83 8,9 8,6 110250
43,49 20068 8,2 7,9 11g31°
49,6 2$.97 8.4 8,4 13639
S44n | P8BS 13.9 747 |50300
54.,8 gg.os 9.4 9.4 150304
6011 1949 9.7 8,3 1 1p300
6019 20062 9.7 8,9 ||0324
bne.28 24,46 10-0 j2¢3 5500 5
22.25 20006 1ol g.u ’§°§°2
2 2114 K 2 1 393
7055 |9.9g |?.g 9,49 |53288
76,47 17459 112 f1e2 | 1288
82,3 17,64 12,6 Ilsp | 3288
86,45 18¢7) 124 |18 |3p276
92¢14 16416 13.2 12¢8 119276
97,69 |6+48 1649 1446 |39276
o) 66 18¢) 162 140 i5p211
10714 15 196 549 L1211
|| 2045 1934 19.3 152 1 3g21 1|
116:75 1846 2g.a 1945 119263
FLELY (BeBg 25,7 2347 |4pq65
AVERAGE X=SEC 0D MB/STR g NOTE

INTEGRATED X=SeEgc 236,26 MB ERROR 8,7 PER CENT
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Table 9

SCATTERING OF 6,44 +08Re 07 MEV NEUTRENS FRam I

LEVEL(S) N MEV KEY( I11) 22 ANGLES
ANGLE x=SEC, ERRAR(QZ0) RUN
CM FH/STR + »

MULTIPLE SCATTERING CORRECT!ON DONE

| 6424 137,63 4.; 4,4 150490
24,33 ;48.8, 4, 4,3 ;30498
2947 18945 3.9 4un 15018

37.75 12242 4,é 4,5 139189
45'74 76'98 4. 50“ |'0|89
5..33 58,05 4.8 502 150175
58,93 42986 5.2 5,3 '3n|75
66,76 41413 5,6 6,5 l1g175
74,52 48,94 5.2 5,8 150113
82,49 hd,27 4.8 6,3 |3ﬁ||3
89,79 S44) | 5. 6,9 i1gl13
9743 528 5.2 7,2 15128
Ip4e74 4246 6,4 6,8 13128
[12e09 3P, 6.2 6,7 l1pl28
(23,68 39,03 6.0 B.2 150172
123,69 41,95 7.7 8.4 57143
|23§69 39,47 6.8 6,9 !50|53
[30.83 IR, 06 6,7 5.7 '30'43
[39034 37.39 7,0 7,8 |3u|72
137,92 42,8 6, 6,3 11gi?2
137,92 43,8 6,3 7,4 119153

AVERAGE X»SEC g MB/STR g NATE

INTEGRATED X=SEC B860.(| MB ERRSR 7,) PER CeuT
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Table 10

SCATTERING @OF 6,44 «BR= ,07 YMEV NEUTRONS FROM ot
LEVEL(S) 4,430 MEV KEY( 21) 22 ANGLES

ANGLE XsSEC, ERROR(D/0) RUN
CM MR/STR * .

MULTIPLE SCATTERING CORRECTION DONE

17447 23456 22,2 22.° 130490

26,6 2236 20.8 19,4 13049

3|49 20029 8.6 8.6 55,89

4ped 2109 8,3 8,5 139189

48,96 24408 843 9,6 110189

54,56 24,87 8.6 8,3 195175

62,85 22,85 8,9 9,4 l30|75

7098 2ne |7 9.3 9,8 11g1753

79,02 18,88 108 J0¢? 159113

B6,RB 17428 F1e2 1049 130113

94,56 6492 12,6 12,5 I1ght3s

in9.45 998 15,3 1447 |3g128
11664 | BeR3 16,2 1646 I1pi28
127,83 23¢39 22,7 2242 150143
127 .84 23,78 2.6 22,3 |50|72
'27.85 24g36 2303 2392 '§0|53
| 3445 254102 26,5 25.8 130143
134,65 27.3g 26,1 2549 13p172
1413 24164 28,7 2%mn i1pt93
141132 24,3 28,9 2% I1g143
14} ¢33 25| 28,9 29, l1g172
AVERAGE XeSEC 0 MB/STR g NITE

INTEGRATED XoSEC 261.57 MB ERROBR 7.8 PER CENT
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Table 11

SCATTERING OF 7.03 +BRe. 06 MEV NEUTRONS FROM 3

LEVEL(S) n MEV KEY( 11) 2] ANGLES
ANGLE xsSEC, ERRAR(DZ0) RUN
CM MR/STR - .

MULTIPLE SCATTERING CORRECTION DONE

297 88,33 4.6 4,8 |5g4)4
29,7 88,44 4,% 4,8 |39433
37,74 70416 4,3 %0 13044
37,75 76,99 4,4 4,8 139435
4),48 713 4,8 4,4 150437
45,74 62.n3 4,5 4,6 K
45,74 64,57 4,4 4,8 119435
49,48 57445 4,6 4,3 130437
5|003 88,46 4,3 4,% |50423
87,35 543 4,8 5.0 110437
58,92 48,45 4.4 4.3 13428
66,75 41479 4,5 2,0 |1g428
74.5$ 4) R 4,9 5,5 159401
824 43:38 4,9 5,6 1 3n401
89,79 47,73 5,2 5,2 in4g !
97,29 5)455 4,9 4,9 lSn‘%9
10472 S5peR0 4,9 5,3 139439
112e0” 46,68 5, 5,2 110439
(23,67 39,48 4.8 5,7 159421
130,82 2% 5,6 5,4 13p421
137,9) 22,76 5,5 6,0 I1p421
AVERAGE X®=SEC 0 MB/STR g NOTE

INTEGRATED XeSEC 60)|.44 MB ERRIR 7.1 PER CENT
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Table 12

SCATTERING O6F 7,03 *8Rs ,pé MEV NEUTRONS FRoM O
LEVEL(S) 4,430 MEV KEY( 21) 2| ANGLES

ANGLE XaSEC, ERROR(D/0) RUN
CM MR/STR . ®

MULTIPLE SCAYTERING CORRECTIOGN DONE

31144 13464 8.0 8,9 150414
3)e44 | 4465 8,3 8,9 159435
3949 14,39 8.2 8,5 135435
39,9g | By k2 7.5 942 13944
43,8 16424 7.3 7,7 |§n437
48,27 1542 7.3 7,8 l1p4)4
48,29 5448 7.4 747 | 1p435
52.|5 |4976 7.5 810 |30437
53,8 13452 6.9 7.0 |5g428
603 1339 7.7 8,7 119437
6240 144 7.9 745 | 3p428
7g’g 1196k 746 8,9 |1pg428
78en4 ;g.so B.p 8,9 150401
85,R4 17 8.2 9,2 13401
93,55 %19 7.4 B2 L1adp!
101 en® 91y 9.5 9.9 150439
TERL 103 9.3 9,8 130439
11568 ;|e79 9.6 '3'8 110439
126:94 |3993 9.6 * |5042|
133483 15413 9.8 0w | 3421
j406¢ |4¢87 g% jlep 1ig42!
AVERAGE X=SEC D MB/STR g NOTE

INTEGRATED X=SEC 166,60 MB ERROR 7.3 PER CEMT
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Table 13

SCATTERING OF 7.54 +f8R= D& MEV NEUTRONS FRoOM O

LEVEL(S) 0 MEV KEY( 11) 26 ANGLES
ANGLE xe8EC, ERRBR(0/0) RUN
CM MB/STR . »

MULTIPLE SCATTERING CORRECTYION DONE

16,24 558,22 3.9 6,2 13p514
24,33 419,97 4,3 4,2 139514
29,7 151,56 4,2 4,2 155073
37,75 247,63 4.4 4,3 13g073
48,74 16243 4,5 5,4 10073
51403 123428 4,7 2,3 159067
51 en% 'és.sa 5,2 3,1 150022
58,92 5459 6.3 6,5 I13pp22
58,93 5844 5.7 b,y 13p067
66,75 22+47 9.4 9.8 I1gn22
66,75 23,75 8,7 %91 11gnt7
74.59 By42 2].7 200 |50052
B2, 39058 33.) 42.2 |30052
89,79 R,ng 17.5 |7¢| ||0052
97025 200|6 9.5 |3.| |50| é
97,929 23415 9,2 |g.2 |5ngg
Tu4t72 14,85 7.2 o8 13p101
[p4e72 38429 7.1 Ta3 13q035
f12en? 52.“9 6.2 6,5 liglop!
112en8 55,64 6. 6,9 | 1035
123,67 88.45 6.1 6,4 15086
723,69 BRyq 5,4 6,86 150042
1313} 9%,49 5,5 5,6 | 3pn42
137,92 123415 5,2 6,7 lloﬂ86
(37,92 115017 5.2 3,3 l1gn42
AVERAGE X=SEC D MB/STR g NAITE

INTEGRATED X=SEC 304,77 MB ERR3R 7,| PER CENT
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Table 14
SCATTERING OF 7.54 +nRe ,06 VMEV NEUTRONS FROM 2
LEVEL(3) 4,430 MEV KEY( 21) 26 ANGLES

ANGLE Xm8EC, ERROR(0/0 RUN
CM MB/STR * d

MULTIPLE SCATTERING CORRECTIOV DONE

(7006 0+89  23.2 26,4 13934
25,55 13453 23.8  2p.¢ 130314
31498 14,45 8,6 19eg 150073
47,R3 17007 7.6 7,5 110073
53,38 20082 6,9 74| 159067
53,39 217 3.2 6,8 150022
61453 2246 6,8 6.8 3pn87
6153 21125 7.4 6.9 130022
69,58 25,09 7.8 7ep I1p022
69,59 26,97 6. 7.2 1100687
77.5) 29,34 7.0 6,7 I5p052
R5,3) 29,84 7.1 7en 130052
92,98 3045 7.0 70l i1gp%2
1pp4® 294 6.8 7.8 150035
[37987 299[] 7.7 7,8 |sﬁ|0'
|n7.88 28432 7.6 7,4 |3DU35
11512 26,58 8.9 8,3 ilalgl
T15¢13 26455 7, 74 I1gn35
126445 270 8, Q'Q |S5pn8é
126,46 27449 8.2 8,3 |50942
133,37 25.4p 9,3 |9o‘ I3pn86
133,83 26133 8.3 9 130042
14p+ 8 25+3p 18-5 8,9 1ipn®

|4D,20 26:!5 2 805 ||DDQ2

AVERAGE XeSEC 0 MB/STR p NITE

INTEGRATED X=SEC 302,40 MB ERRIR 7.2 PER CENT
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SCATTERING OF

LEVEL(S)

ANGLE
CM

0

XaSEC,
MB/ZSTR

3k

Table 15

7.60 *BRe ,|0 MEV NEUTRENS FRoM
) 2] ANGLES
ERRAR(G/0)

MEV KEY( |1

*

RUN

MULTIPLE SCATTERING CORRECTION DOBNE

23,8
29”8
34,54
35,6
4095
46,27
56,3
62
66,24
71493
74,49
77,59
80.27
86,7
92,3
97,8
99,7

11062

[22425

363,99
299,52
23719
224,33
173462
132,23
96'24
58,35
33482
23:25
ipe22
g,Ql
6,9'
4,58
8,43
[0s68
1946
2924
2R, 69
57,78
76,37

AVERAGE X=SEC

INTEGRATED X=SEC

DODOODONNNINDODOROOPDDDDIDDDLDL
* ® ® e ® &6 & 5 & e ® ® ® O P e ° T » S »

N PR— O PDHE— O O— VO TN N WD

0 MB/STR

1075.65 MB

-

DN DRSS N DD SO ®@

VINSNEGO O ONN OB PRAIA WM AWM

. W M ® O B B @ © B ® B © 9 C A/ 9 S g =

DN PN OO N

ERRIR

{5165
159147
!30]52
|3D|69
l30|47
159120
lipt2n
13g120
15p126
Ilgtaé
|50|32
13g126
11132
130132
) 50138
l1p) 36
) 39138
19p142
130142
140098

0 NITE

7.2 PER CENT

~

!
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Table 16
SCATYERING OF 7.60 +%Re |0 MEV NEUTRONS FRAM
LEVEL(S) 4,439 MEV KEY( 21) 23 ANGLES

ANGLE Xx=8EC, ERROR(0/0) RUN
CM MB/STR . »

MULTIPLE SCATTERING CORRECTION DBNE

25400 10487 22, 8,9 150157
3060 jpe72 9, [1el |50163
36,24 13:56 7.8 | 5¢2 150147
37,35 13¢37 14,3 8,5 139152
42432 13016 8,5 8,5 f1g147
42,88 }3:43 8.3 103 139169
48,43 16124 12.8 8,9 30147
52,8 | 6482 9.5 6,8 190120
58,7 18419 6, 8,y j50098
38,79 1932 8,3 4,7 l1g120
64,72 21¢%3 9,2 4,9 13a120
69.20 206 ;g.g 5,9 150126
74,82 23enp 07 3,2 ||0|26
8n,.58 25,5 8.7 6,2 13126
84,72 23,93 10+0 6en 50132
B9,Ré 27:55 9. 6,3 |50|38
9036 264+n2 9.5 64| I1a132
95,92 27.98 9,5 6,5 13p0132
10091 28,79 8.5 6,4 3p138
I02939 27909 9.7 6,5 {5n142
(1306 2628 1«3 6,7 3g)42
12540 26479 6.8 |00 140098
AVERAGE X=SEC 0 MB/STR p NOTE

INTEGRATED X=SEC 273,47 MB ERROR 8,3 PER CENT
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Table 17

SCATTERING OF 8,04 +0R» ,05 MEV NEUTRENS FRoM S

LEVEL(S) 0 MEV KEY( 11) 15 ANGLES
ANGLE xsSEC, ERROR(N/0) RUN
€M MB/STR . -

MULTIPLE SCATTERING CORRECTION DONE

29,72 443,52 4, 4,2 |5p386
37,75 2¢8p.98 4,38 4,3 1393686
45,74 163,47 4,5 5,3 |1g386
5104 10Ren? 4,8 5,1 |5p357
58,93 4012 7.4 6,9 |30357
66,75 11227 1340 14| 110357
74,3 6,%p 17,3 2147 150372
824 12413 13.4 3.9 |3p372
89,79 |0060 7.3 8,8 |93372
97-3g 25978 7.| 9ol ]50392
fg4.e74 26¢n5 9.2 840 139392
r|2.29 258 7.9 942 119392
12369 37,62 7.0 9.5 150365
TS;.GS 42,74 6,7 7,7 | 35365
137,93 57,92 5,7 7.3 | 1p365
AVERABE Xs=SEC 0 MB/STR 0 NOITE

INTEGRATED X=SeEC |202.80 MB ERRSR 7,6 PER CENY
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SCATTERING OF

LEVEL(S)

ANGLE
CM

xeSEC,
¥B/STR

40

Table 18

4,430 MEV KEY( 21)

8,04 +0Rke .05 MEV NEUTRONS FR@M

I5 ANGLES

ERROR(D/0)

+

RUN

MULTIPLE SCATTERING CUORRECTION DONE

310
3$|32
47,62
53008
6$020
69,22
77Q|2
84,9
925

8
'
l0g:0e
]|4Q73
|26o|g
133¢p
139,99

3pen3
25452
224
2449
2016
|9944
19439
2209
2562
29'90
35,45
38123
459]4
49024
48,34

AVERAGE XsSEC

INTEGRATED Xe=SEC

oo OOTIVROOD
- - - » - » » » ® o » - - *

E R ON—0 LN O™ N

0 MB/STR

409.02 MB

7'0
8.0
9

- »
=

- ® ®» 8 ® 06 ® & w » =

N OMN R NED O BN

E]RIR

55386
|30386
| 10386
159357
139357
1357
150372
139372
|55372
|50392
139392
115392
|8p365
130365
| 1n365

0 NSTE

7.2 PER CENT

L3
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SCATTERING OF

LEVEL(S)

ANGLE
CM

0

x=SEC,
¥B/STR

L2

Table 19

B.50 «O6R= 08 MEV NEUTRONS FROM 2i

MEV KEY(

11) 32 ANGLES

ERROR(0/0)

L]

RUN

MULTIPLE SCATTERING CORRECTION DONE

24,88
25,95
3026
31,32
35,4

36,6

40.95
42,92
45,9

47,3

5|t03
52,63
56,84
57 .89
6).03
630|2
66,77
72,46
73,48
76,63
62920
R3.7

87,7

9.8

93,7

97,3
'02,76
[039;4
196

IQZlQB
117,42
11779

286-;|
Ipn2.59
234,43
230097
|7695[
182414
12703
11353
93,37
8|.75
51,93
49,6
26,5
2006
|]2:94
Ine76
8¢14
27
qqﬁg
9,97
1747
24o|5
27,7
34,38
4023
44,65
46.6|
45,55
46,48
45n62
43,96
42,449

AVERAGE XeSEC

VIADEARABAUVAVUIVION 80 NNOOVWUN DAL DLELDLLEELLN

D DO AUHWUNNDIDWINVNOCOORAITDIAIR—D HO 2NN O OO

6,9

- »

N3 AB DN

—_——— ) N) - —
NNNNOOPONNOVOPNDO— = WNN DI NNORARNNDIDOIOINT

W B B ® B e ® ® P P W e T ® ® ® O O S B O D & O & B e = e

- PAND BN O NN D VNWHN N BN IDN -

13p4|3
I9p275
'304&7
I0n220
13p4p1
lon241
135394
lpp!34
|50377
lpn258
110377
log!47
139377
10026
|50355
1001 %0
| 19355
| 35355
lop173
!50357
119357
lop182
| 30357
|50364
lop185
f1g364
| 3g364
100199
150370
110370
13p37p
lop2p3

MB/STR 0 NOTE

INTEGRATED X=SEC 838,57 MB ERROR

7.2 PER CENT
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SCATTERING OF

LEVEL(S)

ANGLE
CM

L

Table 20
8,50 +MR= .0B MEV NEUTRONS FREM
4,430 MEV KEY( 21) 32 ANGLES
xaSEC, ERROR(0/0) RUN
MB/STR + n

MULTIRPLE SCATTERING CORRECTION DONE

25,84
26,98
3| ¢4p
32,52
36,96
38,n7
42,48
43,858
46,87
49036
52,86
54,49
58,8'
59,89
63409
65,25
68,96
74,76
75.,R2
78,92
B4, A
Béglg
9g.22
94926
96,3
99,7
To%+19
lo6'2l
g% 1)
14144
|9 7
119474

3| e42
29 40
27,85
26,:3p
26'77
25o6|
26.69
25.n8
24,89
2239
23.22
22.89
2017
20093
2ne ||
19279

AVERAGE Xm=SEC

INTEGRATED X=SEC

~NOo
* o
(=L

*

TOHEOOD DORONORRNNONNONODINNOCRO RO

o @0 o—
OCH O OO O O—— PN DWW OWN PP OO UININO WD

® & ®» & 9 ®» ®» S 5 W S S 6 V & © & e ® "W 9 b » 4 5 o 8« » »»

D MB/STR

248,01

MB

DPT OO DIOININNDODNOGOTIINTIIPDPDIO~—— NONIICD

- ® ® © 9 ©® ® W P P B VW D H O D S B S W 5 S »H S © H S » © ° o »

DI N0 PN D BPONDNVN BN NNV D D NTD ~

ERRAR

13p4)3
10275
130407
lop250
13040
Inp24|
| 3p394
Inpid4
.50377
100258
| 19377
lgn147
139377
fon2)6
|50355
lon! %0
110355
130355
(og173
150357
11p357
lnn|82
3@357
|5n364
log!185
110364
|3 1364
| 199
83373
lln37n
130370
Inp2p3

0 NITE

7.5 PER CEANT
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Table 21

SCATTERING OF B,56 «AR= ,0% MEV NEUTRONS FROM o

LEVEL(S) o MEV KEY( 11) 32 ANGLES
ANGLE x=SEC, ERRBR(0/0) RUN
eM VB/STR . .

MULTIPLE SCATTERING CBRRECTIBN DONE

(083 421424 541 5,6 150551
| 6424 385, 5.3 6,7 159537
16,24 184,32 4,9 541 150556
24,34 124,92 4,7 5,3 139537
24,34 I2ne42 5.4 4,4 139556
29,72 25346 3.9 4,4 15p217
34,00 cp9.74 4.9 4,2 |3p324
37,75 165,63 4.0 4,8 130217
42,92 123437 4,2 4, |3p324
45,73 86,52 4,9 5.1 15035
45,74 90495 4,5 4,58 11217
49,98 60¢77 4,9 4,9 l1g324
5)end 56,77 4.9 5,2 159270
53,67 36,83 7.0 7,4 13035
58,92 | 9,88 7.6 8,0 139270
6454 I1en6 [1eB  f148 11p3)5
66,75 5,03 1341 1341 119270
74,5 8,28 23.2 2% 150220
74.55 4,44 8.7 16,8 | 5227
8241 1337 6.5 IR I 3p227
82419 | $e26 7,4  |0«* 130220
89,77 3079 5.3 6,3 uugaag
89,77 3084 5,3 6,4 Ilp22

97,29 46409 5.3 5.3 150280
04,72 510 4.7 3¢l 13028
112407 5247 4,8 5l 119280
123447 4544 6,5 S 157233
(23,67 428y 5,2 5.2 155250
130483 35,36 6,9 741 130250
130483 36433 5.8 6,7 139233
137,92 25,76 7, 5,8 19235
37,92 28.:5¢ 6.9 8,8 110230

AVERAGE X=SEC D MB/STR g N9TE

INTEGRATED X<SECc 802,63 MB ERROR 7,1 PER CENT
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Table 22

SCATTERING @F B,56 #nRs 05 MEV NEUTRONS FROM
LEVEL(S) 4,43p MEV KEY( 21) 32 ANGLES

ANGLE xa8EC, ERRIR(0/0) RUN
CM MB/STR * .

MULTIPLE SCATTERING CORRECTION DONE

11025 3841 15.2 1% 159551
j&.87 33.62 13.8 (44 150596
|6¢R7 3392 16,7 6,4 .50517
25,27 31013 12,9 1lep 130556
25,27 29.99 16.g 1343 |30537
3p+84 3)+65 6.; 6,8 150217
35,28 29,29 5. 6,5 15p324
39,5 2749 6,9 6,5 13217
43,56 2A4+35 5,6 6,4 ;30324
47,38 24,75 6.3 6,3 119217
47,39 23448 7.7 743 150315
5176 2249 5.6 645 g|g324
52,84 2244 6.2 6,4 15027 !
55,55 212} 8. 7o| |303.}
6n+94 19498 6,2 6,8 |309
63'62 1745 7.8 7,8 l!n3l
76 8' |5»99 5.9 7,4 |SD?2
84,5 |3.63 6. 8,3 130228
B4,58 136 5.8 6,3 135227
92422 12¢n| 6.9 KX ;.3227
9223 |ne%8 7.8 941 iip220
99,74 |1+ 66 7. 8,7 15n 28p
[g7+)4 1008 B.g 847 |3n?8n
) 1494 || eB) 9.; 9,9 2
125485 16438 5, 6,4 |5g?3
12582 16en 8.5 7.8 1% 25
32,78 218 6.9 8,4 |302&g
,32!78 2[‘]076 7,5 714 |3n?50
139466 2243 7.2 748 119250
| 3966 23.78 6.5 7.9 119235
AVERAGE X=SEC 0 MB/STR p N9TE

INTEGRATED X=SEC 24%.08 MB ERRIR 7.1 PER CENT
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Partial and Total Cross Sections

In our energy range if we sum the elastic and inelastic cross
sections to the 4.43-MeV level, we should obtain the total cross section.
Total cross sections obtained thusly are compared in Table 23 with the
directly measured total cross sections from BNL-325 (second edition) and
the ENDF/B file. The error on the sum of the elastic and inelastic cross
sections was taken as +7% since this is the major contribution to the
total error. Because of our finite incident neutron energy spread and
the resonant structure of the total cross section, an uncertainity of 25
to 50 mb may result in some cases. The values shown for the ENDF/B file
will be discussed later.

For 9 of the 13 energies there is fairly good agreement with the
total cross sections. At 4.60 and 6.01 MeV our values are significantly
higher and at 7.60 and 8.04 MeV are significantly lower than the total
cross section. At 4.60, 6.01, and 8.04 MeV the disagreement is less than
two standard deviations, whereas at 7.60 MeV it is closer to three stan-

dard deviations. These general observations tend to confirm that our

Table 23. Comparison of Total Cross Sections

Integrated Cross Sections {(mb)

Neutron This Experiment BNL-325 ENDF/B File
Energy (MeV) Elastic Inelastic Total Total Elastic Inelastic Total
4,60 + 0.05 1672 = 124 1672 + 124 1500 1495 1495

~ 5.04 + 0.04 1140 + 83 1200 1146
5.44 £ 0.17 1107 % 79 ~1150 1030
5.56 £+ 0.05 1060 + 78 1075 960
6.01 + 0.07 965 + 68 249 + 102 1204 + 123 1100 864 222 1086
863 223 1086
6.37 + 0.13 1158 + 83 236 + 20 1394 + 98 ~1400 922 372 1294
6.44 + 0.07 860 + 61 262 + 20 1122 + 79 1100 777 3%5 1112
7.03 + 0.06 601 £ 43 167 + 12 768 + 54 750 551 190 T4l
7.54 + 0.06 1305 + 93 302 + 22 1607 % 112 1700 1305 351 1656
7.60 £ 0.10 1076 z 77 273 + 23 1349 £ 9% 1650 1396 347 1743
1317 333 1650
8.04 + 0.05 1203 % 91 409 + 29 1612 + 113 1850 1263 4oo 1753
1381 469 1850
8.50 + 0.08 839 + 60 248 + 17 1087 = 76 1050 137 294 1031

8.56 + 0.05 803 + 57 245 + 17 1048 + 73 1050 ‘718 290 1008
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estimate of +7% for the standard deviation is realistic. However, it is
not clear what role our limited angular range plays in this picture. In
Table 23 we have also shown for 6.01, 7.60, and 8.04 MeV the effect of
renormalizing our data on the basis of the total cross section disagree-
ment, although we are not sure that the root of the disagreement is an
overall error in the normalization for all cases. In the case of the
7.60-MeV data, where the disagreement is the highest, the situation is
not very clear. On Figs. 23 and 24 three sets of data are shown around
7.5 MeV: data at 7.54 + 0.05 and 7.60 + 0.10 MeV of this report and a
measurement at 7.60 + 0.05 MeV previously reported.® The experimental
data for this last measurement were not reduced in the same manner as
the others;in particular, the error analysis was far less complete. (The
numerical values of these data are given in the Appendix.) Because of
the different energy spread used in each experiment, the slightly dif-
ferent incident energy, and the presence of a sharp rise in the total
cross section about 7.7 MeV, it is not evident that the three sets of
data really should be more similai® than they are. The only suspicious
thing in these data is the lower value of the elastic scattering at

7.60 + 0.10 MeV for angles less than 60°, and most of the low values
that we obtained in the integrated elastic cross section may be due to
this. The inelastic-scattering data show a smooth trend for the three
sets of data at all angles. The same sets of data .are given in Figs.

25 and 26 except that the 7.60 + 0.10 MeV data have been increased by
18% to remove the total cross section discrepancy. Although now the
elastic scattering for the two sets of data at 7.60 MeV are in better
overall agreement, there is a systematic disagreement in the inelastic
data. To conclude, we have not been able to understand the exact nature
of the disagreement in the total cross section for the 7.60 + 0.10 MeV
data.

Comparison with Other Data

Previous measurements of elastic and inelastic cross sections of
neutrons from carbon have been made in the energy range of this experi-
ment. Most of them can be directly compared with our data because the

energies correspond closely to those of our measurements. The earliest
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measurements at 5.0,% 5.6,° and 7.09 MeV were made using a biased scin-
tillator technique. The later measurements at 6.0,7 6.0 and 7.0,® and
7.56? MeV were made using time-of-flight techniques also. The compari-
sons of our data with the older déta are shown in Figs. 27 through 33
and are described below.

1. At 5.04 MeV (Fig. 27) the agreement is fair up to 110°, with
serious discrepancies existing only for the larger angles.

2. At 5.56 MeV (Fig. 28) the agreement is good up to 100°, with
serious discrepancies existing for larger angles.

3. At 6.01% MeV (Figs. 29 and 30) the agreement is relatively
good over the complete angular range. Our data are systematically
higher for both the elastic and inelastic cross sections. A renormali-
zation of our data by about 10%, as suggested by the disagreement in
the total cross section, would bring the three sets of data into very
good agreement.

L. At 7.03 MeV (Figs. 31 and 32) the three sets of data on elas-
tic scattering are in fairly good agreement. For the inelastic cross
section our data for angles greater than 90° are systematically lower.

5. At 7.54 MeV (Fig. 33) the agreement between the two sets of
data is very poor. However, this is not surprising since (a) the data
of Bostrom et EL'Q were normalized to yield approximately the then poorly
known integrated cross section; their estimated error on the normali-
zation is #25%; (b) although their scatterer was much larger than ours
(3.81 cm in diameter, 4.44 cm long), they state that finite size cor-
rections to their data should be small - not more than 10% - and conse-
quently did not apply them. Our own calculations show that because of
the large dip at about 80° the corrections are much higher than they

*¥We have noted a slight discrepancy in the paper of Wilenzick et al.” If
we perform a Legendre polynomial fit to the data in Table 1 of their
paper, we find 1043 and 266 mb as the integrated cross sections for elas-

tic and inelastic scattering instead of the 890 and 225 mb that they claim.

Our values of their partial cross sections add up to 1309 mb for the total
cross section instead of 1115 mb that they intended. In multiplying the
numbers we found by 1115/1509, we obtained their values and therefore con-
jecture that they intended the values of the cross sections in Table 1 of
their paper to be multiplied by 1115/1509. In Figs. 29 and 30 of this
report we have applied this renormelization to their data.

®
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claim. PFor our size of scatterer, in the minimum at about 80°, the cor-
rected microscopic cross section is only about 30% of the observed un-
corrected cross section. Our uncorrected cross sections are in fair
agreement with their data.

At other energies we have also been able to make a comparison of
the shape of our angular distributions with some preliminary data from
the University of Kbntucky,lo and found generally good agreement with

our data.

Comparison with ENDF/B File

The ENDF/B file of "evaluated" cross sections for carbon was used
to generate angular distributions for elastic and inelastic scattering
at our incident neutron energies. The magnitude of the cross sections
and of the Legendre polynomial expansion coefficients was obtained at
the appropriate energies by the recommended interpolation procedure. In
order to take into account the finite energy spreads of the experiments,
the cross sections were obtained at energies E, — AE, E,, and E;, + AE,
where E, is the incident neutron energy and +AE the neutron energy spread.
The magnitude of the cross sections and of the Legendre coefficients at
the three energies was then combined with the following weights: £ at
E + OF and % at B .

There is in general poor agreement between our data and the ENDF/B
file, as can be seen in Figs. 1 through 22 and in Table 23. However, this
is not too surprising since the evaluation on carbon was performed with
rather scant experimental information on both the shape and the magnitude
of the cross sections in the energy range covered by our experiment. The
only extensive experimental information available in this energy region
on inelastic scattering was an excitation function of L4.43-MeV gamma rays
measured at 906 (Ref.11). Since the gamma-ray angular distribution need
not be isotropic, this measurement is not adequate to determine the in-
elastic cross section. Some of the lack of agreement in the magnitude of
the cross section for both elastic and inelastic scattering must be attrib-
uted to this. Some of the disagreement in the shape of. the angular distri-
butions can be attributed to inadequate data. For instance, the ENDF/B

file at 7.54 MeV reproduces quite well the uncorrected data of Bostrom
et al.®
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CONCLUSIONS

The data presented in this report increase considerably our know-
ledge of the carbon cross sections. The data are in good agreement with
previously available data in the energy range 4.5 to 8.5 MeV. The present
ENDF/B file of "evaluated" cross sections on carbon is felt to be rather
inadequate in the same energy range. However, in view of the resonance
structure of the data we feel that more measurements are required on
carbon in this energy range before an adequate set of "evaluated" cross

sections can be reliably established for this important nucleus.
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APPENDIX

The following cross sections were reported® previously. A rather
inadequate error analysis on these data caused us to report errors of +5%
on the final data. This error, we now realize, is more typical of the un-
corrected data and should not apply to the final data. In the light of
our more extensive recent analysis of data and our successful method of
propagating errors throughout the data reduction process, we find it nec-
essary to revise the previous errors on those data. The errors shown be-
low are not the result of reprocessing our data with a better error pro-
pagation scheme, but are based solely on typical errors which we subse-
quently found realistic for the data given in the body of this report.

The incident neutron energy was 7.60 MeV and the energy spread in the beam
was +0.05 MeV. The scattering sample was the same as that described in

this report.

Elastic Inelastic (@ = -4.43 MeV)
~Ycm Jc Error Ycm Ocm Error
(deg)  (mp/ster) (%) (deg) (mb/ster ) (%)
27.0 366 5 28.3 8.5 20
2.4 324 5 33.9 12.3 10
43.1 188 5 45.1 1.y 10
53.7 80 6 - 56.0 15.8 10
64.1. 22.9 10 66.8 20.9 10
70.3 9.1 15 73.1 19.8 10
76.5 3.9 30 79.4 23.4 10-
8L4.7 9.8 15 87.8 22.8 10
94.8 30.8 12 97.9 25.7 10
9.8 33.5 12 99.9 25.5 10
106.7 53.6 6 109.8 22.8 10

118.3 81.4 5 121.1 21.5 10

tr
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