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the detector angles ranging from 15 to 140 degrees. The gas cell neutron production was 
monitored by a time-of-flight system which used a 5 cm diamcter by 2.5 cm thick NE-213 
sTintillator viewed by a 56-AVP photomultiplier placed about 4 rn from the cell at an  angle 
of 55 degrees with the ineidcnt deuteron beam. 

For each event a PDP-7 computer was givcn 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. ?'he electronic equipment for supplying this information to 
the computer consisted, for the most part, of standard commercial components. The 
electronic bias was set at approximately 700 keV neutron energy to ensure good pulse 
shape discrimination against gamma-rays at all energies. 

The detector efficiencies were measured by (n,p) sca 
polyethylene sample and by detecting source D(d,nI3He 
interactions gave results which agreed with each other and 
energy curves that compared well with calculations4. 

tering from a 6 xiim diameter 
neutrons at o degrees3. Both 
which yielded efficiency versus 

DATA REDUCTION 

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

The reduction proccss started by normalizing a sample-out to a samplc-in 
time-of-flight spectrum by the ratio of their monitor neutron peak areas, subtracting the 
sample-out spectrum, and transforming the difference spectrum into a spectrum of 
center-of-mass cross section versus excitation energy. This transformation allowed ready 
comparison of spectra taken at  different angles and incident neutron energies by removing 
kiiiematic effects. It also made all single peaks have approximately the same shape and 
width regardless of excitation energy (in a time-of-flight spectrum, single peaks broaden 
with increasing flight time). A spectrum of the variance based on the counting statistics of 
the initial data was also computed. Figure 1 shows a typical time-of-flight spectrum and its 
transformed energy spectrum. 

The transformed spectra were read into the PDP-'7 computer and the peak strippirig 
was done with the aid of the light pen. A peak was stripped by drawing a background 
beneath it, subtracting the background, and calculating the area, centroid, arid FLVHM of 
the difference. The variance spectrum was used to compute a counting statistics variance 
corresponding to the stripped peak. Peak strip ing errors due to uncertainties in the 
residual background under the peaks or to the tails of imperfectly resolved nearby peaks 
could be included with the other errors by stripping the peaks several tiiiics corresponding 
to high, low, and best estimates of this background. Although somewhat subjective, the low 
and high estimates of the cross sections were identified with 95% confidence limits; thcsc, 
together with the best estimate, defined upper and lower errors due to stripping. When a 
spectrum was completely stripped, the output information was written on magnetic tapc for 
additional processing by a large: computer. 
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E’initc sample corrcctions were performcd according to scrnianalytic recipes whose 
constants were obtained from fits to Monte Carlo  result^.^ ‘I’he corrections wcre less than 
5%. 

’The final. error analysis i n c h  ed uncertainties in the geometrical parameters (scatterer 
size, gas cell-to-scatterer distance flight paths, etc.) and uncertainties in the finite sample 
corrections. 

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

u(p = cos@ = X[(2kf1)/2)]akPk(p) 
the points being weighted by the inverse of their variances which were computed by 

g the average of the upper and lower uncertainties. ‘The common 7% uncertainty in 
absolute norrnalization was not included in the variances for the fitting. ]In ordcr to prevent 
the fit from giving totally unrealistic value utside the angular range of our measurements, 
we resorted to the inelegant but workable O C ~ S S  of adding three points equally spaced in 
angle between the largest angle of measurement and 175 degrees. The differential. CFOSS 

sections at the added points were chosen to  approximate the diffraction pattern at largc 
angles, but were assigned 50% errors. 

RESULTS 

Elastic Scattering Diyferentiai Cross Sections 

Our differential elastic scattering cross sections are shown in Figures 2 and 3 with 
Legendre least squares fits to the data. 

Our differential elastic scattering cross sections are compared with the results of others 
in Figures 4, 5, and 6. The other investigators whose data are shown are Rostrom, et ale 
(BOW),’ Chase et al. (CMA-t)6, Bauer et al. (RAU+)’, and Phillips (PHIL)’. ’l’hcir energies 
of measurement are given in Table 1. In the figures, when our data (ORNl.) are given, our 
energies of measurement are used in labeling the data and the data of others at nearby 
energies which are compared. 

The angular distributions from ENDF/ B 111 MAT 1 133 are also shown in Figures 4, 5 ,  
and 6. They are normali7ed to integrals of the experimental data. Wken other sets of data 
are compared with ours at  the same energies, our  integrals were used to normalize the 
ENDF/ B angular distributions. 

Nitrogen, as do other light nuclei, s h o w  resonant structure in its total cross section i n  
the 4 to 9 MeV energy region’, with peaks falling at  roughly 4.2, 4.6, 7.4, and 7.8 MeV. One 
would expect the elastic differential. cross sections to be affected by resonant structure so 
that in Figures 4, 5 ,  and 6 one should be prepared for differences in shapes of the angular 
distributions at adjacent energies of measurement near the resonance energies. In fact, our 
data at 4.92 MeV are more nearly isotropic than either our 4.34 or 6.01 MeV data. 

Overall, our data arc systematically lower than the data of Bostrom, et al. while our 
data are in reasonably good agreement with the data of Chasc, et al. and with Phillips at 7 
MeV. Our data agree within experimental uncertainties with the data of Baiier et al. at 8.04 
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Fig. 3. Our nitrogen neutron differential elastic center-of-mass scattering cross 
sections with Legendre fits to  the data. The 7% uncertainty in absolutc normalizatiorl 
common to all points is not included in the error bars. 
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ORNl- - CWG 7 3 - 69 61 

Fig. 5. Our nitrogen neutron differential elastic center-of-nnass scattcrirlg cross 
sections compared with the data of Chase et al? (CHA.t-), Raues et ai.' ( B A U t ) ,  Bostrom 
et al.5 (BOS-t), and Phillips' (PHIIJ), and with EaJDF/B I11 MAT 1133. 
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MeV but are systematically higher than theirs at 9.54 and 8.56 MeV. Our energy spreads 
are 23.06 MeV compared to the s reads of M.26  to 0.29 MeV of Bawr et al. This, and the 
different energies of measurement in the 7 - 8 MeV resonant region might account for some 
of the diffcrences but the total cross section is relatively smooth’ at 8.5 -t 0.3 MeV. The 
small angle data of Baucr et al. seem to be relativcly smaller than our small angle data, but 
this cannot account for the so-called “nitrogen non-elastic discrepancy”” since increasing 
their two most forward points by 10% raises the integral by only 4%. 

Table I. The energies of measurements of other 
investigators whose nitrogen differential elastic 
scattering cross sections arc s h ~ ~ n  in Figures 4, 5, 
and 6. 

Investigators Energies, MeV References 
Bostrom, et al. 4.30 -t- 0.06 5 

4.50 -P- 8.06 
4.85 -t- 0.06 
5.15 3- 0.06 
7.11 f 0.04 
4.99 -t- 0.19 
5.66 -t 0.145 
6.02 72: 0. I3 
6.53 -t 0.1 15 
8.00 k 0.32 
6.78 5 0.30 
7.41 -S 0.29 
’7.93 k 0.27 
8.35 -e 0.26 
8.57 5: 0.25 

Chase, et a[. 

Baucr, et S I .  

Phi 11 i p s 7.0 8 

6 

7 

The ENDFl R I11 MAT 1133 angular distributions, having used the previous elastic 
data in the evaluation of its elastic scattering, is in geiicrally good agreement with 
experiment so it is of interest to compare our data with the ENDH;] B distributions. 
Agreement from 7 to 8 MeV is good with most of our data lying within experimental 
uncertainties of the ENDF/R I11 MAT 1133 curves. Our data depart at 8.56 MeV in the 
first minimum and beyond though the forward pcak is in reasonably good agrecment. A t  
6.01 and 6.44 MeV our data tend to display less forward peaking but a more pronounced 
second maxima than the E N  DF/ B distributions display. This trend i s  carried to an extreme 
at 4.92 MeV where our data are comparatively flat. At 4.34 MeV our forward peak is larger 
than ENDF, R but our data are lower beyond 60 deg. The total cross section shows a broad 
minimum at roughly 4.9 MeV9 and the resonance structurc may in part bc responsible for 
the differences. 
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Fig. 7. Our differential center-o f-mass CTOSS sections for inelastic scattering to the 
3.945 MeV level in nitrogen. The 7% uncertainty in absolute normalization common to all 
points is not included in the error bars. 
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CONCL,USIONS 

Our differential elastic scattering cross sections agree with previous results of Chase ct 
al. and Phillips but generally are systematically lower than the results of Bostrom et al. and 
systematically higher than the results of Bauer et al. While resonant behavior might 
account for some of the differences, it can not explain all. Our elastic data do not support a 
“nitrogen non-elastic discrepancy9’ as has been suggested through the use of the elastic data 
of Bauer et al. Our angle-integrated inelastic differential cross sections are in reasonable 
agrecrnent with previously reported gamma ray results. Our results are generally in 
reasonable agreement with ENDF/B 111 MAT 1133. 
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E, = 4.34 t 0.07 MeV 
Elastic Scattering 

e,, 
deg. 
18.74 
18.74 
26.74 
26. '74 
26.74 
34.7 1 
34.7 1 
42.64 
50.53 
58.36 
66.14 
73.86 
81.51 
89.09 
99.09 

106.51 
113.06 
125.00 
132.19 
139.33 

do/  dw 
mhlstr 
525.27 
363.25 
357.39 
400.49 
320.2 1 
258.57 
299.69 
200.24 
120.50 
83.35 
48.42 
36.4 1 
31.73 
34.24 
35.46 
46.8 1 
53.37 
71.29 
82.70 
93.73 

+ 
9.4 

11.6 
5.4 

12.0 
9.5 
6.4 

13.7 
6. I 
8.0 
6.9 

11.1 
9.9 
9.7 

10.9 
9.0 

12.6 
7.7 
6.3 
6.8 
5.6 

- 

10.1 
11.3 
5.7 

12.3 
10.7 
8.1 

13.7 
6.7 
6.9 
6. f 
8.4 
9.8 

10.7 
10.0 
10.7 
6.7 
7. I 
6.7 
5.7 
5.6 

&l 

deg. 
26.74 
26.74 
32.05 
34.70 
34.7 I 
42.63 
42.64 
50.53 
58.36 
66.14 
73.86 
81.51 
89.09 
99.09 

106.51 
113.86 
125.00 
132.19 
139.33 

E, = 4.92 -b- 0.06 MeV 
Elastic Scattering 

dcr/dw 
rnblstr 

87.94 
89.55 
85.50 
'76.6'7 
72.21 
54.69 
44.44 
40.44 
37.62 
33.49 
41.88 
46.40 
5 1.82 
50.76 
5 1.68 
50.49 
46.58 
44.22 
45.94 

A. (96) 

14.5 15.4 
11.8 12.8 
30.9 24.3 
14.4 15.8 
12.8 11.9 
13.7 14.1 
12.6 14.5 
8.4 8.2 
7.1 7.8 
8.5 8.9 

10.4 8.4 
8.1 8.2 
6.2 9.2 
8.4 6.6 
6.0 7.0 
8.3 6.4 
8.1 7.2 
1.1 7.7 
9.0 7.7 

..._ + 

J(da/dw)dw = 642.94mb -t 7.5 u/o 

Legendre Fit, Order -= 5 
k ak 4%) 
0 204.09093 2.2 
1 62.02466 6.5 
2 68.86284 4.4 
3 28.5 7904 9.6 
4 9.55242 16.8 
5 3.55862 39.9 

Legendre Fit, Order = 5 
k ak wx) 
0 102.32669 2.1 
1 7.78747 29.9 
2 7.90209 22.2 
3 8.2 1329 19.0 
4 5.38686 19.8 
5 0.86897 104.0 



E,, = 6.01 is 0.07 MeV 
Elastic Scattering 

8L,, 
deg. 

1 
I 
1 
130.28 
137.43 

da/dw 
mh/str 
277.90 
228.00 
20 1.93 
160.43 
110.86 
97.80 
67.06 
47.99 
49.60 
49.99 
63.69 
7 1.58 
74.50 
70.54 
59.73 
58.56 
58.28 

- a. (%I + 
10.1 10.1 
10.1 
8.2 
4.8 
7.6 
6.5 
7.9 

10. I 
6.4 
6.6 
5.6 
6.2 7.0 
5.9 
5.8 
8.6 
8.6 
7.9 

J(da/do)dw =1080.70mb 2 7.4 % 

Legendre Fit, Order = 5 
k a. A(%) 
0 17 1.99825 2,4 
1 32.72 I83 11.9 
2 3 1.69383 9.3 
3 16.22054 16.5 
4 9.89505 16.4 
5 -3.10324 42.8 

E, = 6.01 -1- 0.07 MeV 
(n,n') to: 3,945 MeV I,evel 

- 0, m daldw a. (%I 
&Y- t?Ib/.Ytt- 1- 
92.58 6.43 17.9 17.9 

100.08 10.66 22.7 21.5 
107.43 6.0 1 32.1 28.4 
114.75 6.04 37.3 33.7 
126.12 7.76 37.5 35.4 

0 , m  
deg. 
84.89 8.12 24.9 9 

Avg. da/dw = 
J(da/dw)dw = 10 

e,, 
deg. 
16.06 
24.07 
29.39 
37.35 
45.27 
50.53 
58.36 
66.14 
73.85 
81.51 
89.09 
96.60 

1Q4.04 
1 1  1.42 
123.07 
130.28 
137.43 

du/dw 

91.59 7.4 6.3 
74.46 8.2 5.0 
47.76 5.1 4.8 
33.0 7 5.4 6.5 
33.46 5.9 5.9 
44.08 5.4 5.2 
52.29 5.6 4.6 
65,36 4.2 4.9 

4.4 5.0 65.4 1 
58.59 4.8 4.9 
42.46 6.5 5.4 
35.21 6.1 6.4 
35.90 5.8 5.7 

J(du/dw)dw r=. 926.64 mb -t- 7.4 o/o 

Legendre Fit, Otdcr 
k Uk 

0 147.47894 
1 40.78 8 hS 
2 33 * 33763 
3 2 1.25345 
4 14.00822 
5 -2.23108 
6 -0.2 1372 

T- (j 

498 
2.3 
7.0 
7.9 
8.7 

11.6 
41.3 

377.7 
Avg. du/dw = 
J(da/dw)dw = 

6.96 mb/str  2 17.9 o/o 
87.41 ~ n b  L 17.9 % 
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En 6.44 t- 0.07 MeV 
(n,n’) to: 3.945 MeV Level 

&Ill  

deg. 
30.72 
38.99 
47.22 
52.66 
68.70 
76.59 
84.35 
9 1.99 
99.49 

106.90 
114.20 
125.60 
132.59 
1 39.54 

da/dw 
mblstr 

8.07 
8.16 
5.70 
7.48 
6.75 
7.96 
6.8 1 
7.12 
6.37 
6.8 1 
6.29 
6.88 
6.92 
6.28 

- 
a (%I 

20.5 21.8 
15.8 20.8 
28.0 22.0 
15.0 16.4 
13.7 13.2 
11.9 14.7 
13.6 12.0 
14.3 13.3 
17.2 17.6 
11.0 14.4 
15.2 11.8 
18.1 17.2 
12.8 12.9 
24.6 21.1 

+ 

Avg. dn/dw =;I 

. f ( d ~ / d ~ ) d ~ t ~  I= 

6.89 mh/str 2 1 1.3 % 
86.59 mb C I 1.3 % 

O C ,  

deg. 
29.39 
37.35 
45.30 
50.52 
58.36 
66.14 
73.80 
81.50 
89.09 
96.60 

104.84 
1 1  1.41 
123.07 
130.28 
137.43 

E n  = 7.03 + 0.06 MeV 
Elastic Scattering 

do /& 
mb/ str 
157.34 
121.23 
80.37 
56.97 
3 1.86 
18.17 
19.19 
26.85 
38.23 
52.32 
62.03 
61.51 
57.34 
44.3 I 
38.60 

- 
A (%) + 

6.4 6.6 
6.3 6.0 
7.1 7.1 
5.4 7.0 
7.0 10.1 
8.1 7.7 
8.4 8.4 
6.9 7.0 
7.3 5.5 
5.6 5.5 
5.5 5.4 
5.4 4.8 
5.8 5. I 
5.2 5.8 
5.5 6.4 

J(du/dcu)dw = 769.32mb d- 7.7 % 

Legendre Fit, Order =: 6 
k ak a%, 
0 122.44 I65 3.2 
1 26.6 12 I4 11.8 
2 26.9758 1 11.5 
3 22.0033 1 9.7 
4 9.078’15 20.7 
5 -2.70384 36.8 
6 0.8828 1 98.3 
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E, = 7.03 t 0.06 MeV 
(n,n') to: 3.945 MeV Level 

doldu, 
mhlstr 

8.7 1 
7.64 
6.98 
7.90 
8.07 
9.47 

10.47 
8.86 

10.09 
10.14 
9.01 

8.66 mb/ str 3- 9.8 
- 108.86rnb 5 9.8 % 

E, = 7.03 .It 0.06 MeV 
(n,n') to: 4.910 MeV Level 

+ 5.100 MeV Level 

8,rn 
(leg. 
86. I3 
03.82 

101,37 
108.75 
115.96 
127.08 
134.00 

da/dw 
mh/str 

3.97 
3.18 
6.27 
5.05 
4.52 
4.76 
3.87 

I 

A (5%) 

28.4 26.8 
45.2 34.7 
0.0 25.5 

41.4 28.4 
3Ys6 33.1 
35.9 34.5 
50.8 40.3 

+ 

Avg. doldol, = 
J(do/dw)dw = 

4.52 r n b / s t r t  28.6 % 
56.85 rnb C 28.6 o/o 

0,; rn 
deg. 
16.06 
24.07 
29.39 
37.35 
45.27 
50.52 
58.36 
66.14 
73.85 
8 I .50 
89.09 
96.60 

104.04 
I 11.41 
123.07 
1 30.28 
137.43 

E" v 

do/ dw a (%o) 
- 

7.4 7.4 
8.1 

7.3 
5.7 5.5 
6.6 
6.2 
5.3 
5. I 
4.7 

4.5 
64.44 4.4 4.7 
5 
5 
5 
5 5 ,  I 5.3 

J(da/dw)dm ==1026.16rnb 3- 7.4 

Legendr 7 
k ak A(%) 

2.5 
8. I 
6.8 

72 .8  
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E n  7.54 t- 0.06 MeV 
(n,n’) to: 3.945 MeV Level 

&In 

Cig 
30.35 
38.55 
68.0 1 
75.8 1 
83.56 
91.16 
98.69 

106.10 
- 1 13.42 
124.89 
131.96 
138.92 

da/dw 
mblstr 

10.53 
5.29 
4.14 
5.60 
5.70 
5.47 
5.58 
5.8 1 
6.42 
6.74 
6.46 
6.07 

- 
Q (%) + 

18.2 23.3 
31.4 27.0 
18.4 15.6 
19.4 18.7 
13.7 14.8 
13.8 14.6 
13.3 14.7 
12.9 12.7 
14.2 11.5 
11 .1  14.9 
12.8 15.4 
17.3 20.4 

Avg. da/ do = 
J’(da/do)dw L=: 

5.77 mb/ str t 9.2 % 
72.55 mb -t 9.2 % 

E n  7.54 Ir 0.06 MeV 
(n,n’) to: 4.910 MeV Level 

+ 5.100 MeV Level 

- 
Ocn, do / d o  (%I 
deg. rnblstr -I- 

100.42 2.4 1 24.6 0.0 

Avg. da/dw = 
J(do/do)dw = 

2.4 I mb/ str k 25.6 o/o 
30.25 mb 1 25.6 % 

E n  7.54 -t Q.06 MeV 
(n,n’) to: 5.100 MeV Level 

- 
8 c m  do/ du a (%I 
drg. rnblstr -t 
92.89 4.75 19.6 23.8 

100.44 3.67 24.5 21.0 
107.77 3.05 29.9 27.8 

@ern 
de$ 
29.39 
37.35 
45.3 1 
50.52 
58.36 
66.14 
73.85 
8 1 S O  
89.09 
96.60 

104.84 
1 1  1.41 
123.07 
130.28 
137.42 

E, = 8.84 -t- 0.05 MeV 
Elastic Scattering 

do/ dw 

mh/ str 
2 19.97 
121.64 
57.59 
36.63 
24.29 
29.27 
43.10 
55.02 
60.58 
54.90 
55.60 
43.0 1 
37.54 
36.89 
37.38 

h (W + 
7.4 6.0 
6.5 7.1 
7.6 8.9 
6.8 7. I 
7.0 7.5 
6.5 5.8 
5.7 5.5 
4.7 5.6 
4.7 5.0 
6.8 5.9 
5.4 5.6 
7.8 7.5 
6.4 6.2 
6.8 5.5 
5.5 6.3 

- 

Legendre Fit, Order = 7 
k Q k  A(%) 
0 140.54095 3.6 
1 43.74666 10.7 
2 37.48 164 10.6 
3 28.92 120 11.8 
4 23.43 137 10.0 
5 7.8 1744 23.9 
6 1.61 394 64.0 
7 0.02767 3088.3 

Avg. da/dw = 3.71 rnb/str+ 17.7% 
J(da/do)dw = 46.57111b -+ 17.7 % 
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E, = 8.04 -t_ 0.05 MeV 
(n,n’) to: 3.945 MeV Level 

- 8, tn duldo A (961 
mhlstr + 

4.22 15.7 1 
3.97 24.4 P 

75.59 5.02 18.8 I 
4.51 17.0 

3.41 32.4 
4.11 21.2 
5.32 17.8 
5.50 21.7 

131.76 5.12 13.0 14.2 
4.75 16.2 13.6 

4.62 mb/str It 9.5 % 

4.09 18.5 

= 
== 58.01 mb t 9.5 % 

E, == 8.04 1: 8.05 MeV 
(n,n’) to: 4.910 MeV Level 

I 

0‘ m A (%I 
rnb/ str + 

1 1.43 36.2 4 

Avg. do/  dw = 
dw = 

1.43 mb/str 2 38.8 % 
18.02 mb -t- 38.8 % 

E, -- 8.04 4 0.05 MeV 
(n,n’) to: 4.910 MeV Level 

+ 5.100 MeV Level 

-- 
0, in dcr/do A (5%) 
deg. mh/str + 
68.93 3.10 18.6 18.6 

Avg. do/dw == 
S(da/dw)dw = 

3.10 mb/str t 19.9 % 
38.89mb I 19.9 % 

0, rn da/dw A (%) 
deg. rnblstr + 
68.93 

- 

76.85 
84.59 
92.27 

107.17 
114.47 
125.8 I 

Avg. daldo == 3.9 
.f(da/dw)dw = 4 

En = 8. 
(n,n’) to: 

e,, doldw A (%I 
deg. I I I  b 
77.85 37.1 40.8 
85.58 
93.35 

Avg. da/dw = 
J(da/do)dw = 2 

E, p= 8.04 -t 0.05 MeV 
(n,n’) to: 5.830 MeV Level 

- 
8, rn dcrldw (96) 
d q .  rnblstr  + 
78.30 6.04 21,4 31.3 
86.07 6.16 16.3 16.1 
93.77 6.04 15.7 25.3 

Avg. da/dw = 6.09rnb/str& 13.5(% 
J(da/dw)dw == 76.47 mb -1- 13.5 % 



E, 2 8.56 -t 0.05 MeV 
Elastic Scattering 

8c* 
deg. 
24.07 
29.39 
37.35 
45.28 
50.52 
58.36 
66.14 
73.86 
8 1 .50 
89.09 
96.60 

104.04 
1 1  1.41 
123.07 
130.27 
137.42 . 

da/  dw 
rnblstr 
303.89 
192.64 
119.93 
62.80 
49.22 
24.59 
18.88 
26.73 
38.77 
49.70 
57.13 
55.68 
50.53 
34.59 
21.14 
22.75 

- 
(%) + 

9.0 9.2 
6.9 6.1 
7.2 6.5 
8.7 6.4 
5.1 4.2 
4.8 5.7 
6.2 6.1 
7.1 6.5 
5.2 5.2 
5.5 5.2 
5. I 4.1 
4.4 4.2 
4.9 4.4 
6.9 7.4 
7.5 7.9 
7.6 9.1 

J(da/do)dw 787.08mb t 7.6 % 

Legendre Fit, Order I- 7 
k ak fM%) 
0 125.26854 3.0 
1 41.54575 8.6 
2 33.57846 8.9 
3 26.36707 9.8 
4 19.54556 8.9 
5 1.58617 91.3 
6 I .  22309 63.7 
7 0.95945 71.0 

En = 8.56 0.05 MeV 
(n,n’) t ~ :  3.945 MeV Level 

om 
&g. 
30.15 
59.73 
67.61 
75.41 
83.13 
90.74 
98.27 

105.69 
113.00 

dO/d*) 
rnblstr 

7.59 
5.10 
5.06 
4.14 
5.06 
4.38 
4.18 
4.86 
4.29 

ba. (%,) 
- + 

21.6 24.6 
8.7 8.4 
8.3 10.7 

17.7 20.7 
14.7 17.3 
19.2 22.3 
17.1 119.8 
12.0 14.2 
13.9 13.6 

Avg. da/dw = 
J(do/dw)dw = 

4.79mblstr 4 9.2 (% 
60.16 mb 1J 9.2 % 

E, = 8.56 -0- 0.05 McV 
(n,n’) to: 4.910 MeV Level 

..._ 
om da/dw A (%I 
deg. rnblstr .i- 

99.14 1.59 29.6 27.3 

Avg, da ido  = 
.f(da/dto)do = 

1.59 rnbistrt  29.3 (% 
19.96 rnb 2 29.3 9b 

E, = 8.56 -t- 0.05 MeV 
(n,n’) to: 5.100 MeV Ixvel 

8, Ill &/dw A (%) 
deg. rnb/ str + 
9 1.83 5.65 18.4 23.6 
99.35 5.26 12.8 15.6 

114.03 5.49 14.8 12.8 

Avg. da/dw = 5.40mb/str-t 11.87:, 
J(du/ dw)dw 67.86 rnb t- 1 1.8 XI 
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