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DOUBLE DIFFERENTIAL NEUTRON EMISSION CROSS SECTIONS
OF Pb, Cu AND Al FOR 14.6 MeV NEUTRONS

K. Gul, M. Anwar, S.M. Saleem and M. Ahmad
Pakistan Institute of Nuclear Science and Technology
Nilore - lslamabad - Pakistan

Abstract: The double differential neutron emission cross sections of Pb, Cu
and Al have been measured at 14.6 MeV incident neutron energy. The energies
of emitted neutrons have been measured with time-of-flight technique based
on the associated particle method. These measurements were carried out at
several angles in the 30-130 degree angular range for the 3-14 MeV emitted
neutron energy range. The integrated cross sections have been compared with
previous measurements.

1. INTRODUCTION

The future first generation fusion reactors are to be based on deuterium--
tritium fuel whose burning is accompanied by the generation of 14 MeV neutrons.
Thus the knowledge of the various aspects of the interaction of 14°MeV neutrons
with materials to be used in fusion reactors is of considerable interest to the
designer of fusion reactors. Therefore the information on the double differential
neutron emission cross sections which plays an important role in the neutronics
and design calculations of fusion reactors is highly desirable. The present measure-
ments were carried out as a part of the 1AEA Coordinated Research Program
under Contract No. 3310/RB. The report gives the detoils of measurements
and numerical values of the double differential cross sections of Pb, Cu and
Al for the 14.6 MeV incident neutrons. It also provides information on the integrated
cross sections and comparison with previous meaurements,

11. EXPERIMENTAL DETAILS

The measurements were carried out using the 14 MeV neutron genem(or
facility at PlNSTECHl) The 14 MeV neutrons were generated through H( H n) He
reaction using 120 keV incident deuterons. The energies of the emitted neutrons
were measured by the time-of-flight technique based on the associanted particle
method. A flight path of 2.3 meters was used for scattering angles below 90
degree and it was extended to 3.3 meters beyond it. The neutrons were detected

with a NE213 liquid scintillator of size 12.7 cm diameter and 12.7 cm thickness
" coupled to a XP1040 photomulitiplier tube. The hackground due to gamma-rays

was suppressed by using the standard pulse shape discrimination technique.
The bias of the detector.was set at about 2 MeV. The efficiency of the detector




was measured by degrading the energy of the incident neutrons using a NE102
scintillation crystal. The meausrements were compared with Monte Carlo cnlculntionsz'
). The energy calibration was done with the help of the gamma-ray peak in
the sp.ectrum as well as by using the spectrum of 14.6 MeV neutrons scattered
from a carbon sample. The angular distributions were normalized with respect
to a long counter. Both the cross sections of the ground state and first excited
state of 120 were used for the determination of the neutron emission cross

2 were used for

sections. The cross section values reported by Hoouat et al
this purpose. The flux attenuation corrections for both incident as well as
exit channels and inscattering corrections were done which were based on Monte
Carlo Calculations. The percentage statistical errors were calcualted with the
help of the following expression

2 « 100

AE =N+ background)l.
. - = (N + background)’

Where N is the total number of neutrons including the background. The other
errors are of the following order:

Flux normalization 3%
Inscattering - 4%
Neutron detector efficiency . 5%

The cross section normalization 6%

The error due to the cross section normalization will appear as a systematic
error. The rest of the 7% error together with the statistical error listed in
the tables gives the total random uncertainty. The details of data reduction
have been published enrlier"s).

111. RESULTS AND DISCUSSION

The double differential neutron emission cross sections of Al, Cu and
Pb have been tabulated in the Appendix. The data of each angle were integrated
over 1 MeV energy interval in the 3-14 MeV energy range thus determining
the average value for several consecutive energy bins. The energy integrated
cross section of the corresponding bins at several angles in the 30-130° angular
range were integrated with respect to angle by making a Legendre polynomial
fit. The angle integrated data for different energy bins or groups is shown
in Tables 1-3. The neutron emission cross section for the 6-11 MeV energy
group contained in these tables was derived in two ways. Firstly we simply
added up the cross section values for energy bins lying in the 6-11 MeV
_ energy range. Secondly we first integrated the double differential emission
cross sections with respect to energy in the 6-11 MeV energy range at
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several angles and then integrated these values with respect to the angle
using Legendre polynomial method. This also provided the angular distribution
of this group. The value obtained in this way is indicated by a star.

Several measurements of neutron emission cross sections for Al are
available for comparison. Most of the information has been taken from Hansen

et nls). The comparison is summarised in table 4. Our present measurements
on Al are in agreement with our previous measurements within experimental
errors. We have given for comparison our recent measurements on Al.

The results on Al, Cu and Pb for the 6-11 MeV energy group have
been summarized in table 5. The values of fl and fz which define the
angular distribution of the 6-11 MeV group are given by the equation

0(0) = % _(1+36P, (c0s@) + 5,P, (cos@) ]
4K 11 2°2

The upper value of cross section of the present work were derived
through the Legendre polynomial fit to the 6-11 MeV energy cross sections
at different angles. The agreement is very good. The double differential
cross sections of Al, Cu and Pb for smaller emitted energy intervals are
shown in tables 6-8. The data has?ogeen corrected for the effect of the
tail of elastic peak.

ACKNOWLEDGEMENT

. The authors are grateful to the IAEA for providing financial grant
for the present work through IAEA contract No. 3310/RB. The authors
are also grateful to the staff of the Neutron Generator for efficient operation.

REFERENCES

1. K. Gul, M. Anwar, M. Ahmad and S.M. Saleem, Nucl. Instr. Method
B10/11, (1985) 401.

2. Haouat, J. Lachkar, J. Sigoud, Y. Patin and F. Cocu, Nucl. Sci. Eng.
65, (1978) 331.

3. K. Gul, M, Anwar, M. Ahmad, S.M. Saleem and Naeem A. Khan, Phys.
Rev. C24, (1981) 2458.

4. K. Gul, M. Anwar, M. Ahmad, S.M. Saoleem and Naeem A. Khan, Phys.
Rev. C31, (1985) 74.

S. L.F. Hansen, S.M. Grimes, R .J. Howerton and J.D. Anderson, Nucl.

Sci. Eng. 61, (1976) 201.




10,

L. Kammerdiener, Lawrence Livermore Laboratory No. UCRL-51232 (1972)

G. Clnyéuux and J. Voignier, CEA-R-4279 Centre and Etudes de Limeil
(1972)

D. Hermsdorf, A. Meister, S. Sassonoff, D. Seeliger, K. Siedel and
F. Shaheen, Zentral Institut fur Kernforschung, Rossendorf Bei Dresden,
Report ZFK~277, (1974).

J.M. Akkermans, H. Gruppelaar and G. Reffo, Phys. Rev. C22, (1980),
73.

S. Pearlstein, Nucl. Sci. Eng. 68, (1978) 55.

TABLE 1. Neutron emission cross sections of
Pb for 14.6 MeV incident neutrons

[ -
Energy Cross section
(MeV) (mb)
...... 3-4 402 + 18
4-5 177 + 8
5-86 104 £ 4
6 -1 71 +3
7-8 52 +2
8-9 54 £ 4
9-10 52+ 4
10-11 47 + 4
11 - 12 46 * 4
12 - 13 517
6 -11 276 ¢ 17
306 ¢ 16*
‘tlzo.ls * 0.02 *[,=0.04 £ 0.03
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TABLR 4. Comparison of the present integral neutron emission

cross sections of_'nAl with previously published results.

" Energy Present l(nmmerdieners Clayeaux & Hansen
interval measurements Voignier1 et ul5
(MeV)

3.08 - 5.42 235 * 24 - 215 ¢ 21 -
3-5 217 ¢ 21 - - 247
3.5-5.5 | 1811218 206 ¢ 21 - 220
5.42 - 8.75 | 150 + 13 - 147 £ 13 -
5.5 - 8.5 149 * 13 192 + 19 - 172
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?‘ABLE 6. NEUTRON EMISSION CROSS SECTIONS FOR Al AT 14.6 MeV
' INCIDENT NEUTRON ENERGY. y

T ar SN R L S

(MeV) (mb/MeV) (MeV) (mk:olMeV)l (MeV) {mb/MeV) -
3.1 15011 5.3 6915 8.9 2923 g
3.2 157411 5.4 6245 9.1 3023

3.3 146216 5.5 6845 9.3 2913

3.4 13827 5.6 6024 9.5 3242

3.5 14548 5.7 6425 9.7 3322

3.6 - 14337 5.8 6115 9.9 32:3 ‘

3.7 13546 5.9 6746 10.1 3343

3.8 12056 6.0 6525 10.3 3543

3.9 122:6 6.1 6216 10.4  33:3

4.0 11125 6.3 ' 7615 10.6 33s2




.TABLE 7. NEUTRON EMISSION CROSS SECTIONS FOR Cu AT 14.6 MeV
INCIDENT NEUTRON ENERGY.

& d —E do- —E do-
" GEE. - " dE " dE
(MeV) (mb/MeV) (MeV) (mb/MeV) (MeV) (mb/MeV)

3.1 215414 5.5 80:3 8.7 30:3
3.2 218215 5.6 7343 8.9 2643
3.3 206412 5.7 7743 9.1 3043
3.4 192812 5.8 7124 9.3 2643
3.5 187412 5.9 7614 9.5 3043
3.6 175411 6.0 7044 9.7 2043
3.7 17218 6.1 6924 9.9 2843
3.8 15547 6.2 6713 10.1  26:2
3.9 15926 6.3 7223 10.3 2822
4.0 15025 6.4 6243 10.4  28:2
.1 1335 6.5 5913 10.6  20:2
4.2 12925 6.6 5923 10.8 3343
4.3 12825 8. 603 11.0 3023
4.4 11424 6.8 §5¢3 1.2 2922
4.5 11924 6.9 5643 11.4 2982
4.6 12084 7.0 5423 1.6  29:2
4.7 10824 7.1 §5¢3 © 11.8 3012
‘.8 10324 7.3 4713 12.0  31:2
4.9 10124 7.5 4743 12.2 3343
5.0 9713 1.7 4423 12.4 3523
5.1 9123 7.9 3543 12.6 3622
5.2 8513 8.1 3743 12.8  38:3
5.3 8843 8.3 3543 13.0 4284

5.4 1883 8.5 3143
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TABLE 8. NEUTRON EMISSION CROSS SECTION FOR Pb AT 14.6 MeV
INCIDENT NEUTRON ENERGY.

E, o E, (n B, §F :
.

(MeV)  ‘(mb/MeV) (MeV) _ (mb/MeV) (MeV) __ (mb/MeV)

3.1 564221 5.2 11945 8.5 5433

3.2 565+21 5.3 12045 R 5348

3.3 482419 5.4 10544 8.9 5244

3.4 440222 5.5 10624 9.1 5925

3.5 414220 5.6 9824 9.3 5746 -

3.6 367s21 5.7 9944 9.5 5846

3.7 331417 5.8 9143 9.7 5826

3.8 299:15 5.9 9124 9.9 5716

3.9 284413 6.0 'ssed = 10.1  50¢6

4.0 264413 6.1 °:’e433 10.3 5016

4.1 231812 6.3 7924 10.4 4915

4.2 217411 6.5 6424 10.6 5025

4.3 210411 6. 6813 10.8 5515

4.4 17949 6.9 6513 11.0 5085

4.5 17829 7.1 6823 11.2 50s5

4.6 17629 7.3 5422 11.4  52¢6

4.1 15728 7.5 5222 11.6 525

4.8 14126 1.7 5214 11.8 5223

4.9 14026 7.9 464 12.0 834

5.0 1385 -8.1 5243 122 834 i

5.1 1255 8.3 8543
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APPENDIX

Table Heutron double differencial emisusion cross sections
for Aluminium jpn the Centre of Mass System for 14.6 MHeV
incident Neutron Bnergy at 300 Scattering Angle (L,,L.)

E, f%—;ﬁ 3tatigsra:‘i)ga1 g, % Stat‘i;::gal
(KeV) (mb/Sr-MeV) . (MeV) (mh/Sr-MeV) #

3.1 10.99 10.7 5.4 8.01

3.2 12.10 5.5  B.56 6.2
3.3 12.08 : 5.6 7.04

3.4 11.91 547 8.35

3.5 .12.21 - Te5 5.8 T.41

3.6 12,33 5.9 8.46

3.7 12,03 6.0 8443 6.3
3.8 10.55 6e1 8.20

3.9 10.83 6.2 8.25

4.0 10,36 7.3 643 9.88

4.1 9.03 6.4 . 6.78

4.2 9.73 6.5 6.57 7.0
4.3 10.13 6.6 5.08

4.4 8.93 6.7 5.70

4.5 9.35 6.6 . 6.8 5.71

4.6 10.20 6.9 6.11

4.7 8.73 7.0 6.33 T.7
4.8 7.76 Tl 6,44

4.9 7.69 7.2 5.74

5.0 8.22 6.4 LT3 5,27

Sel 8.44 T4 5036

5.2 7.72 7.5 5.91 8.0
5¢3 8.72 7.6 5.99
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Table geutrnn double differencisl emission cross s;ctiogss eV
‘ or ‘Aluminivm in the Contre of Mass 3ystem for 14.6 lie!
incigéntjﬁe:x%'rcn Snergy at - 30° Seattering Angle U_a.ﬁ.) '

g,.‘ e_g_},:w Statistical 8, iﬁj’;}-ﬂ Statistioal '
(MeV) (mb/5r-We¥) % (MeV)  (mb/Sr—lleV) g
77 6.01 1041 . 3.57 ’
7.8 6.15 10.2 3.92
7.9 5435 : 10.3 3.60
8.0 4.85 7.0 10.4 3.56 7.4
8.1 : 5.18 10.6 - 3.47 .
3.2 5,13 10.8 . 3.50.
8.3 5,08 11.0 3.07 8.4
§o4 4.78 1.2 3.49
8.5 4,17 7e3 11.4 3.86
8.6 4.03 11.6 4.34
8.7 ' 497 11.8 5.05
8.8 4.6 12,0 © 5.59 5.3
8.9 . 3.68 12,2 © 6.18
9.0 4.29 704 1326 T
9.1 4.34 12.8 ' 7.8
9.2 3.89 13.0 8.6 4.4
9e3 3.92 13,2 7.7
9.4 4.03 13.4 ' 9.05
9.5 3.86 7e1 13.6 10.70 -
9.6 3.97 13.8 12.36
g8 99 4o 14.98 2.6 )
9.9 ' 4.11 . 4.2 .41
10.0 3.99 7.0 14.4 17.22
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Table . Heutron double differencial emis:ion cross sections
for .Alumininmin the Centre of Maps System for 14.6 MeV
incident Neutron mergy at 40° Scattering Angle U_,,(‘)

| g E%%Egg Statistical B, 3%5;%? Statistical
(KeV)  (mb/Sr-MeV) % (MeV) (mb/Sr-MeV) %
3.0 11.79 9.0 5.4 6494
3.2 . 11.89 545 7.86 6.2
3.3 12.36 5.6  6.13
3.4 11.47 507 7.61
3.5 12.11 8.0 5.8 6.59
3.6 11.51 5.9 7.1
307 11423 6.0 6.28 Te2
3.8 9.86 | 6ol 6.00
39 10.90 6.2 6.6
4.0 10.12 6.5 6.3 8.37
4.1 8.77 6.4 6,38
4.2 8.97 6.5 6.56 6.6
4.3 9.20 | 6.6 6.59
4.4 7.8 6.7 1 5.98
4.5 8.27 6.7 6.8 5,96
4.6 8.30 6.9 6.33
4.7 Te48 7.0 6.20 7.0
4.8 6.89 Tel | 5493
. 4.9 7.34 2 5.5
5.0 7.35 6.4 T3 4.67
' 501 7.55 r Ted 4.6
52 6.80 75 4.54 8.8
5.3 7.61 746 4.51
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Table Heutron double diffarencial emission cross sections
for Alumini¥im in the Centre of Mass System for 14.6 MeV
incident Heutron Mergy at 1409 Scattering Angle U_M")

Eh. iﬁ%‘ﬂ Statistical g, '2%'}!‘;.'& . Statistical
(¥eV) (mib/s5r-We7) * (MeV)  (mb/Sr~MeV) *
T.7 4.54 10.1 3.57
748 4.88 10,2 4,00
749 - 4.24 10.3 3.68
8.0 4,20 6.5 10.4 " 3.65 8.0
8.1 4.57 10.6 3,60
3.2 4.53 10.8 - 3.78
8.3 4.55 11,0 3.29 Te2
8.4 4.39 1142 3.47
8.5 3.98 6.8 11.4 3.56
8.6 4.03 , 11.6 - 3.74
8.7 3.83 | 11.8 . 4.16
8.8 3.78 120 4,63 503
8.9 . 3.40 12,2 5.23
9.0 3.99 Te2 128 &:00
9.1 3.92 12,8 6.48
9.2 3.50 13,0 6.84 4.7
9.3 3.59 13,2 5,92
9.4 3.72 134 6.3
9.5 3.92 7.2 13.6 6.68
X 3132 138 7.00
9.8 3.3 14.0 7.79 4
9.9 3.96 14.2 7450
10.0 4.05 7.0 4.4 B.o4
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Table Heutron double differencial emission cross sections
for Aluminium in the Centre of Mass System for 14.6 MeV
- incident Heutron Euergy at - 50° Scattering Angle (J_,(.)

K, 2500 Statistical B, 2;0-  Statistical

B WY §id Srror Y.\ Error

(MeV)  (mY/Sr-MeV) % (MeV) (mb/Sr-MeVv) - %
3.1 11.01 1041 504 5473

3.2 10.54 5.5 6.34 7.4
3.3 10,30 5.6 - 531

3.4 9.75 547 6.21

35 .11.a2- 8.1 5.8 5.52

3.6 11.19 5¢9 6.56

3.7 11.15 6.0 642 7.3
3.8 9.85 6ot 15.92

3.9 10.61 6.2 6431

4.0 8.95 7.2 6.3 7.94

4.1 7453 6.4 5.72 -

4.2 7.33 645 5.93 Te4
4.3 7.49 6.6 6.03

4.4 6.66 6.7  5.95

4.5 Te11 TeT . 648 6.15

4.6 6.77 69 . 6467
- 447 6.37 70  6.74 6.8
4.8 6419 . " Tl 6.47

4.9 6.41 7.2 5,58
. 5.0 6,70 649 T3 5.08

Sel 6.93 7.4  4.99

5.2 - 6.08 75 4.97 8.3
5.3 6.39 76 4.91
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Table - Neutron double differencial emission cross sections
for Aluminiumin the Contre of Mass System for 14.6 MeV
incident Neutrcn 3nergy at 90 Scattering Angle (Lpf-)

- ' Eg—g:'-a-z Stagtl‘:gical E, ) 244+ Statg:gial
(MeV) (mb/Sr-Ue7) %« (MeV)  (mb/Sr-leV) %
7.7 | 4.94 1041 3.57
7.8 5.22 10,2 ’_3.86
7.9 4.48 10.3 3.43
8.0 4.17 8.6 10.4 3.27 8.1
Be1 T 4457 10.6 3.06 K
8.2 4.58 10.8 3.02
8.3 4,54 11.0 . 2.42 10.3
B.4 4.22 1142 2.45
8.5 3.82 - 7,0 1.4 2.68
8.6 3.71 11.6 3,14
8.7 3.49 11.8 © 4,04
8.8 3.60 1240 4,73 6.3
8.9 3.29 12,2 5.46
9.0 3.95 702 2.8 8
. 9.1 3.97 . 12,8 6.65
9.2 3.47 13.0 6.85 4.7
9.3 3.49 13,2 5.89
9.4 3.64 134 6.82
9.5 3.93 7.5 13.6 T.60
946 4.06 13.8 B.48
q.7 4,12 : :
9.8 3.59 14.0  10.1 3.3
9.9 4.34 14,2 9.7

10.0 4.05 741 14.4 12,0
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‘l'gblé Neutron double differencial emisuaion cross sections
for Aluminium jn the Centre of Jians System for 14,6 HeV
incident Meutron Bergy at - 70° oﬂattaring Angle (L““’

E, 250 Statistical B, - 250 Statistical
(MeV) (mb;gz-—fgzﬂ : &;"’ | (tieV) (mmﬂl) Er;or
3.1 8.11 1 5.4 4.19
3.2 8.40 5.5 .64 8
3.3 8.53 5¢6 3.89
3.4 8.44 57 4.44
3.5 . 8.29 - g9 5.8 = 4.10
3.6 8.39 5.9 ° 4.64
3.7 . 8.40 6.0 . 4.52 8
3.8 8.07 6.1 . 4.22
3.9 7.62 642 4.57
4.0 6.76 8 6.3 5.97
4.1 6.04 o4 4.55
4.2 6.36 65 4.63 8
4.3 6.6 : 6.6 4.57
4.4 6.18 647 4,27
4.5 6.83 7.4 6.8  4.20
4.6 6.81 ' 649 4.34
4.7 6,03 740 4.32 8
4.8 5.48 " Tel 4.36
4.9 5036 T¢2 4416
5.0 4.95 749 Te3 4,09
Sel 5.02 : 7.4 4.10
5¢2 4.28 7.5 3.94 9 |
5.3 4.52 76 3.6 |

19



Table Heutron double differencial emiesion cross sections
: for Aluminivie in the Centre of Mass System for 14.6 MeV
incident Neutrcn Bnergy at 170° Scattering angle (Lw(--)

" B Stefitied  § e Statistiow
(¥eYV) (mb/Sr-UeY) £ (MeV)  (mb/Sr-leV) %
7.7 349 ' 1041 1.36
1.8 3.48 10,2 . 1.61
7.9 - 3.52 10.3 1.45
8.0 2.82 8 10.4 1.50 13
8.1 2.85 10.6 1.0
8.2 2.63 10.8 1,62
8.3 2,57 11.0 1.67 1
8.4 2.44 11,2 1.87
Be5 2,17 8 11.4 1.97
8.6 2.1 11.6 - 2.21
8.7 1.95 11.8 2,62
8.8 2.01 12.0 291 8
8.9 - 1.82 12,2 . 3.23
9.0 2.14 10 e §:§3
9.1 2.10 12.8 4.31
9.2 ' 1.90 13.0 4.78 5
9.3 1.96 . 13.2 4.29
9.4 1.99 13.4 - 3.3
. 9.5 2.10 10 13.6 6.63
9.6 2,04 13.8 8.0
4 1-3 : 140  9.92
9.9 1.77 14.2 9.52
. 10.0 1.'53 12 14.4 ' 1.1 3
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Table Neutron double differencial emission crosn secti~nn
for Aluminium in the Centre of Jinos System for 14.6 MeV
ingident Neutron Bergy at 80 Scattering Angle U.alt)

E E%%:_—m St:atielaf::(i;gal €, ag_g“ Stati::rs:ignl
(Me¥)  (mb/Sr—MeY) % (HeV) (mb/Sr-leV) %
3.1 12479 8.3 5ed 6022
3.2 12,48 5¢5 6.47 6.5
3.3 11.51 5.6 5.51 |
3.4 10.94 | 5eT 6.63
3.5 11.42 - 6.9 5.8 5487
3.6 10.32 5.9 6.51
3.7 9.67 6.0 6,27 6.6
3.8 8.46 61 6.11
349 8.91 6.2 6416
4.0 7.82 7.1 643 7435
4.1 7445 Ged 5,39
4.2 7.99 6.5 5043 7.2
4.3 8.62 6.6 5,20
4.4 8.02 6.7 4.83
4.5 8.74 5.7 6.8 5,02
4.6 B.72 6.9 557
4.7 T.47 7.0 570 7.0
4.8 6.89 | Tat 5.76
4.9 7.03 T2 537
5.0 6.97 61 Te3 5.02
5.1 7.08 T4 4.92
5.2 6.09 | 7.5 5,06 7.5
5¢3 . 6.71 T.6 4,91
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Table Neutron double differencisl emiesion cross sections
for Alumanium in the Centre of Mass 3yatem for 14.6 NeV
incident Neutron Energy at 80° Scattering Angle U_,f‘)

B he o Sttt B Z  Stisven
(Mev) . (mb/5r-MeY) % (MeV)  (mb/Sr-lMeV) <
7.7 ' 4.72 1041 2.24 )
T8 4,75 10,2 2.45
749 402 10.3 2.18
8.0 4.15 6e1 10.4 2.08
8.1 : 4.40 10.6 2.12
6.2 4.24 10.0 2.34
8.3 4.27 11.0 2.19 9.8
B.4 3.15 11,2 2.38
8+5 3.72 F,6 11.4 2.55
8.6 3.77 11.6 2.84
8.7 : 3.52 11.8 3.22
8.87'_' 3,39 12,9 3.64 6.9
8.9 , 3,01 12,2 4.04
. 12.4 4.56
9.0 3.42 7.2 12.6 4.94
9.1 3.29 12.8 '5.38
9.2 | 2.89 13.0 6.14 51
9.3 2.89 13.2 - 5,42 . -
9.4 2.79 13.4 6.25
9-5} 2.93 8.4 13.6 7.18 -
9.6 2.68 13.8  £.06
q.7 2.55 -
9.8 2.16 14.0 9.43 3.5
9.9 2.52 14.2 9.06
10.0 2,54 9.2 14.4 10,05
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Table Neutron double differencial emisuion cross mectjons
for Aluminum in the Centre of MNags System for 14.6 HaV
incident Heutron Bnergy at 90  Scattering Angle (LLZ)

E, 2400 Statiatical 5, 2d o Statistical
G grror “Ande Ecror

(KeV) (mb/Sr-MeV) . b 3 (Mev) (mh/Sr—~NeV) f
3.1 11.31 9.8 5.4 4,23

3.2 11.61 5¢5 4.7 9.0
3.3 10.79 5.6 4,13 ’

3.4 9.85 5.7 5420

3.5 9,92 8.3 5.8 4,84

3.6 9.38 5.9 5456

3.7 9.15 640 5,50 7.8
3.8 7495 6ol 521

3.9 8.59 - 6.2 5,18

4.0 7.72 747 6.3  6.22

4.1 6.65 G.4 4.30

4.2 6.67 6.5 4.15 9.4
4.3 7.18 6.6 4,03

4.4 6439 6.7 3.79

4.5 6.64 7.6 6.8 4.0

4.6 6,63 6.9 4,37
4.7 6.13 740 4.44 9.0
4.3 5472 Tel 4032

4.9 5.73 : 702 4.20
5.0 5.49 7.9 Te3 4.00

541 5043 74 3.90

5.2 4.64 745 3.97 9.7
5.3 4.95 - 7.6 3.91
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"Pable = Neutron double differencisl emisgion cress sactions
'for Aluminium 3§p the Contre of Mass System for 14.6 MeV
incident Neutron Bnergy at 90° Scattering Angle U-&C)

E 3%%‘3‘6 Staggﬁcal &, C 2540 StatiB::g:al
(Nev) (mb/35r-ieV) % (MaV)  (mb/SrlleV) %
77 3.97 1041 1.18
1.8 4. 11 10,2 1.45
1.9 3.47 1.3 1.29
8.0 3.18 79 10.4 1.38 17.6
8.1 3.41 ‘ 10.6 1.55
8.2 334 10.8 1.88
8.3 3.27 11.0 2.10 1141
. B 3.09 11.2 2.33
8.5 2.84 8.5 11.4 2.41
8.6 2,79 11.6 2.60
8.7 2.63 11,8 - 2.82
8.8 2,69 12.0 2.86 9.1
8.9 2.46 1242 2.95

: 12.4 3.14
9.0 2.82 9.2 12.6 3.42
9.1 2.68 | 12,8 3.65
9.2 2.36 : 13.0 4,01 Tel
9.3 2.21 13.2 3.61
9.4 2.05 13.4 4.30
9.5 2.16 118 13.6 4,85 )
9.6 .04 13.8 5.25 '
5.8 | .}Z§§ 14.0 6.02 4.9 ‘
9.9 1.55 14.2 578
10.0 1.46 16,2 14.4 6.28
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Table Neutron double differencial emission cross sections
: for Aluminium in the Centre of Mass System for 14,6 MeV
incident Neutron Znergy at 100° Scattering Angle (LM-)

E, 3%%533 Statisticsl B, 3%55%3 Statégzigul
(MeV)  (mb/Sr-MeV) 3 (MeV) (mn/3r-MeV) 4
3.1 11.66 10.9 5.4 Se11
S.2 11.79 55 5.77 8.3
3.3 11.28 56 4.1
3.4 10.83 5.7 5430
3.5 | 9.98- 9.3 5.8 4.89
3.6 ©  9.83 5.9 5.14
3.7 9.53 6.0 4.48 10.2
3.8 8.07 61 4.3
3.9 8.52 ' 6.2 4.04
4.0 8.13 8.1 6.3 6.12
4ot 7.80 6.4 4.53
4.2 . 8.1 645 4.76 9.3
4.3 8.45 6.6 4.86
4.4 7.30 6.7 4.42
4.5 T.61 Te5 6.8 4.32
4.6 7410 649 A.42
4.7 5,50 7.0 4.25 10.3
4.8 5.09 7ot 4.07 .
4.9 5.09 . 7.2 3.47
5.0 5.29 8.9 T3 3.
51 . 5.27 Tel 3.50
5.2 4.54 7.5 3.68 11.4

5.3 5.21 T.6 31.76

25



" Table. Neutron double differencisl emission cross sections
for f.uminium in the Centre of Mass System for 14.6 Ne
incident Neutron Energy at 100° Scattering Angle (Lw&}

E, 250 .Statistical g, T2 ¢ Statistical

“aHiE : Error. , Error
(MeV)_ (mb/Sr-l1eV) % (H1ev)  (mb/Sr-leV) . %
77 . 3.83 1041 1.68
7.8 3.96 10,2 1.85
7.9 3430 10.3 1.72
8.0 | 296 9.4 10.4 1.78
- 81 : 3,07 10.6 1.91
8.2 2.96 - 10.8 2,06
8.3 2.89 11,0 1.84 " 1344
8.4 2.68 11.2 2.06
8.5 2.35 11.4 11.4 2.28
8.6 2.29 11.6 2455
8.7 2.12 11.8 2.80
8.8 -  2.06 12,0 2498 9.3
9 e I %1
9.0 - 2.13 12.9 12.6 3.21
9.1 2,13 12,86 3.49
9.2 . 1.92 13.0 3.93 7e5
9.3 1.81 13,2 3.57 )
9.4 1,72 13.4 4.55
9.§' : ' 4.81 15 1346 5.54
9.6 e 1. 13.8 6.08
.8 :éi | 14.0  6.82 4.7
949 172 14.2 6.55
1040 : .85 14.2 . 14.4 7.02
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Table Neutron double differencial emission cross sections
for ‘Aluminttm in the Centre of Maps System for 14.6 MeV
incident Neutron thergy at 110° Scattering Angle

W ke SeEge & e o s
(NeV)  (mb/Sr-MeV) [ (MeV) (mb/Sr-MeV) %
3.1 " 107 11,6 5.4 3.99
3.2 10.69 5.5 b.53 10.2
3.3 9.52 5¢6 bo31
3.4 .40 5T 3.
‘3.5 10.18 - 9.3 5.8 3.38
3.6 073 . 549 3.35
3.7 10.00 | 6.0 3.56 . 12.6
3.8 8.39 ‘ 61 3.32 '
3.9 8.30 6.2 3.12
4.9 7.36 9.0 6e3 4.09
4.1 6.31 Ged 3.11
4.2 6.13 6.5  2.67
4,3 5.85 . | 6.6 2.70
4.4 5.25 6.7 3.05
4.5 4,96 10.9 6.8 2.95
4.6 4088 - 649 3.15
4.7 b.29 740 3.12
4.8 4,48 Te 2.98 1.0
4.9 .72 o Te2 2.5
5.0 - 4.0 ' 10.6 Te3 2.29
Se1 .43 - et 2,18
5,2 4.79 7.5 2.32 17.5
5e3 h.36 746 2.32
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" Table ‘Neutron doyble differencisl emission cross sections .
for pAlgwmin¥m  in the Centre of Nuss System for 14.6 HeV

:tmcident Neutron Bergy at .11o°. Scettering Angle
E, 24p - Statistical B, 2,,. Statistical
e frror diid Srror
(MeV) (mb/5p-1e7) 4 (Mev)  (mb/tr-leV) P
7.7 249 . - 10.1 1.9
7.8 2.56 10.2 2.0
7.9 233 . 19.3 2.10
8.0 1.83 4.0 10.4 .-1.82
8.1 2.12 10.6 1.97
8.2 1.0 12.8 2.36
6.3 1.79 11.0 2.19 : 12.7
6.4 165 | 1.2 - 2.03
8.5 1.63 16.3 1.4, 2.24
8.6 1.50 1.6 2.13
8.7 1.49 | 1.8 2.86
6.8 1.57 | 120 3.31 9.0
8.9 1-5.6' 12,2 T 392
9.0 1.54 17.9 13.4 631
9:1 1.40 | C 2.8 © 6.42 |
9.2 1.46 o 13,0 6.53 52
9.3 1.55 13.2. 673
9.4 161 ; 13.4 6,19
a.5 1.74 " 16.3 13.6 5.1
¥ s
9.8 . 1.60 . 14.0 3.60
9,9 1.69 - 14.2 2.82
v 1.8 44 BERTW 2.12
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Table Neutron double differencial emission cross sections
for Aluminim in the ventre of HNons System for 184.6 MHeV
incident Hleutron Energy at 120° Scetlering Angle

& 240~ Statistical €, 24 ov Statistical

' —~d3CIE Error dAdE Ecror

(Ne¥)  (mb/Sc~KoV) o (MeV)  (mb/Sr-MeV) %
3.1 13.22 | 1.8 5 3.69

3.2 YRT _ X 3.2 13.8
3.3 ' 13.17 ) 5.6 3.76
3.4 R 5.7 3.89

3.5 11.90 9.7 5.0 4.40

3.6 11.71 5.9 4.69 )
3.7 10.58 6.0 484 1.5
3.8 10.11 Gat 4.46

3.9 9.73 Ge2 4.18

4.0 | 8.87 :Gel 643 4.53

4o Te47 G.4 3.75
4.2 6.60 6.5 3.7 13.7
4.3 5.1 6.6 4.09

4.4 5.35 ' ' 6.7 4.06

4.5 - 5.9 11.0 6.8 3.74.

4.6 !6.10 6.2 4.C7

4.7 5.79 , 7.0 4.c4 13.3
4.8 6.50 Te1 3.4

4.9 '6.28 . 1.7 3.03

5.0 .5,32 9.8 Tel 2.82

D1 5.24 T4 2.49

5.2 © 4.88 7.5 2,45 19.9
5.3 4.5 7.6 2411
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Table Neutron double differencisl emission cross sections
for . Aluntiniumin the Centre of Mass System for 14.6 Mey
- incident Hegtron Energy at 120° Scattering aAngle

E, : 2(‘1 g' , ;Stagli_gﬁcal g, 290~ statg :ggal
(MeY) (mb/5r-ite¥) $ (MeV)  (mb/Sr-liev) %
7.7 2,64 1041 2.38

7.8 2.82 10.2 2.55

7.9 : 2.49 10.3 2,78

8.0 2.00 15.8 10.4 2.58

8.1 2.35 10.6 2.t2 13.0
s.g' 2.09 10.8 2.73 )
8.3 1.96 11.0 2.56

8.4 .77 11.2 2.15 11,2
8e5 1.72 18.7 11.4 2.62

8.6 1.58 11,6 2.75

8.7 1.58 11.8 L.03

8.8 .68 12.9 k.62 7.9
8.9 - 1.72 12,2 5.37

9.0 1.70 19.6 o S

9.1 1.50 128 7.47.

9.2 1.49 13.0 747 . 5.2
9.3 b 3.2 8.0

9.4 . 167 | . 13.4  8.28

’9.5 1.9 13.6 6.5 5.8
:‘; ' 3:3-1; 13.8 5,53

Q.8 1.83 14,0  b.q1

9.9 1.96 4.2 3.8

0.0 2.12 15.1 4.4 2.9
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‘Table

Neutron double differencinl emisnion crossa sections
for Copper  in the Centrc of Massz System for 11.6 HeV
incident Neutron Energy at 30°* Scattering Angle (LA.L) .

£y 3%%:% Statistioal B, ’2%' {_ﬁ Statistioal
(McV)  (mb/Sr-MeV) % (MeV) (mb/Sr—NeV) ¢
) 3.1 20.03 6.6 5.4 8.10
3.2 19.2 | 5.5 8.15 D T3
3.3 16.00 ' 5.6 739 |
3.4 17.92 57 8.36
3.5 18,37 6.2 5.8 7433
3.6 17.52 | 5.0  B.48
3.7 17.74 ' 6.0 7.32 7.8
3.8 15.96 B TeSO
3.9 15.56 6.2 7435
4.0 14.16 6.4 6.3 8.00
4o 12,58 | 6.4 6,97 :
4.2 12,05 6.5  6.84 8.5
4.3 11.92 6.6 699
4.4 110.76 : 6.7 6450
4.5 10.71 . 6.7 6.8 5,88
4.6 10.71 | 6.9  5.87 :
4.7 9.68 V 7.0 5.87 - 97
. 4.8 9.08 Tel 6.08
4.9 9.03 | 7.2 5405
) 5.0 9.20 6.9 7¢3 5415
51 9.25 ' 7.4 5.18
5.2 8.45 7.5 5.46 10,2
5.3

8'31 , . . 706 50‘3



Table Neutron double differencial emission crogs sections
- for Corper! in the Centre of Mass Syatem for 14.6 MeV
inecident Neutron Energy at 300/ SeatTering Angle (Lal-)

K, é ng Stag:';::xl'cal <, 3%%.2! v Statiezggul
(McV) (mb/Sr-MeY) % (MeV)  (mb/Sr—NeV) ]
RE | 5031 10.1 4.35

7.8 4.97 102 5¢17
7.9 4.04 10.3 4.88 -
8.0 4.12 8.6 10.4 5.15 8.1
8.1 4.01 10.6 95e¢3%
8.2 4.08 10.8 5.79 .
8.3 4.24 . 11.0 4.94 9.0
8.4 4.18 o ez 271 '
845 3.83 9.2 11.4 4.41
8.6 4.00 11.6 4,37
8.7 4.12 11.8 4,62 ,
8.8 4.29 J12.0 5.10 8.3
8.9 3.4 12.2 9.80
1244 6.3
9.0 4.69 8.6 12.6 6.6%
9.1 4.75 12.8 7.07
9.2 4,30 13.0 .53 | 6.1
9.3 4.50 13.2 - 6.,73
9.4 . 4.43 ~ 13.4 7.64
9.5 4.47 8.7 13.6 8.66
' 9.6 4.3 13.8 1.9
q.7 4.28
9.8 3.73 1440 12.43 " 540
0.9 " 4.34 14.2 12.05
10.0 8,61 8,8 144 14.48
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Table Neutron double differencial emisgion cross sections
for copper' in the Centre of Mass System for 14.6 NeV
incident t?eutron fnergy at 40% Scattering Angle (L,.C)

&, g%%ﬂ ' Stati;:igal €, 2, : Statli;:g:n
(MeV) (mb/Sr-MeV) % (MeV) (mb/Sr-MeV) )
3.1 15.62 6.7 5.4 . 6.83
3.2 15.91 5.5 - 1400 T.4
3.3 15.43 56 €.18
3.4 14.42 5.7 " 7402
3.5 1366 - 6.6 5.8 - 617
3.6 13.06 " 549  6.T4
3.7 13.61 6.0 "5.76 8.2
3.8 12.26 6e1 574
3.9 12.84 642 5.91
4.0 12,56 6e2 6.3 6.14
4.1 10.96 6.4 5.28
4.2 10.56 B 6.5 5.15 9.4
4.3 10.66 6.6 517
4.4 8.50 6.7 5.06
4.5 8.24 6.8 . 6.8 4,88
4.6 8.65 6.9 4.87
4.7 7.78 740 4,98 9.2
4.8 6.78 7ol 5438
4.9 6.84 7.2 4.75
5.0 7.1 1.1 T3 . 480
Se1 7.14 T4 4.68
.2 6.75 7.5  4.88 1043
5.3 770 7.6 4,77
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Table Neutron double differencial emission cross sections
for ' Copper’ 'in the Centre of Mass System for 14.6 HeV
incident Neutron Energy at 40 Scattering Angle (M)

B, 2507 Statistical g ) 261: : . Statistical

v érror | Error

(Mev) (mb/Sr=Nev) % (MeV)  (mb/Sr-leV) $
7.7 4.73 10.1  3.25

7.8 4.55 :

7.9 3.73 0.3 385

8.0 3.99 8.2 10.4 3.44

8.1 - 3.94 10.6 3.65

8.2 3.95 10.8 4.15 8.1
8.3 3.67 11.0 3.68

8.4 3.53 1.2 3.72

8.5 3.22 8.7 11.4 3.82

8.6 3.26 11.6 3.95

8.7 3.27 11.8 4.22 Te7
8.8 3.27 12.0 4.18

8.9 2,91 12,2 4.33

12.4 4.41

9.0 3.40 8.9 12. 4.49

9.1 3.32 12,8 4.99 4.5
9.2 2.93 13.0 5033

9.3 3.10 - 3.2 5,38

9.4 3.10 13.4 6.91

9.5 3.13 9.1 13.6 8.62

2-; g:}g 13.8 10.79 2,4
9.8 2.84 14.0 14,38

9..9 3.53 14.2 13.95

10.0 3.65 8.7 Hed - 47,50
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Table Neutron double differencial emission cross mections
for (o per in the Centre of Mass System for 14.6 MeV
inciden} Heutron Energy at 55°" Scattering Angle (M) E

.‘h" 3%%%&5 Statistical B, 2d;r Statiotical

. . {(MeV)  (mb/Sr-MeV) % (MeV) (mb/Sr-MNeV) %
. 3.0 15.0 6.4 5e4 6.65 |
3.2 15.44 5¢5 6.50 7.0

33 14.87 5.6 5,71

38 14.90 547 6.53

3.5 15.37 5.5 5.8 5.51

3.6 14.24 5.9 6.30
3.7 13.45 6.0 6,03 Ted

3.8 12,58 6o 6.19

3.9 13,02 642 6.12

4.0 12.43 5.6 6.3 6.35

41 11.21 ‘ 64 5.17
4.2 11.07 ‘ 6.5 4.84 8.9

4.3 11,07 ' 6.6 4.62

4.4 9.34 6.7 4.47 .

4.5 9.60 © 5.8 6.8 4.30

4.6 9.38 o 6.9 4.42
4.7 8.28 - ~ 7.0 4.51 9.4

(48 Te52 Tl 4.82

4.9  7.23 Te2 4.22

5.0 7426 6.5 7.3 4.22

) Se1 . 7.1 Toh 426
) 502, 6.69 7.5 4.63 9.2

5.3 7449 ' 7.6 4.71
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‘Table Neutron doubje differencisl emission cross sections
: for Copper ' in the Centre of Mais S{sbem for 14.6 MeV

ingident Neutron Ensrgy at 50 Scattering Angle (LJ )

E _ E%gjm Stag:;f;icn]. €, v _ Staté::::;al
(Mov) (mb/3r~NeV) % (NeV)  (mib/Sr=MeV) %
17 4.66 10,1 3.10
7.8 4.67 10.2 3.44 *
7.9 3. 10.3 3.11
8.0 372 Ted 10.4 3.26
8.1 3.79 10.6 3.35
8.2 3.86 10.8 3.63
8.3 3.76 11.0 3.30 8.9_
6.4 3.59 1102 3.59

. BS 331 8.1 114 3.69
8.6 3.42 11.6 3.9
8.7 3.3 1.8 4.19
8.8 3,36 12.0 4.35 7.7
8.0 3.12 12,2 4.44
9.0 3.71 7.8 158 S
9.1 3.72 12.8 3.92
9.2 3031 13.0 4.36 7.6
9.3 3.43 13.2 3.90 :
9.4 3.43 13.4 4.62
9.5 3.61 8.3 13.6 5452
9.6 3.63 13.8 6.23 '
q.7 3.61
9.8 3.24 14.0 ° T.M 5.5 ]
9.9 373 14.2 740

10.0 3.66 82 4.6 1.7

36




Table Neutron doulle differencial emisgion cross sections
. for Copper in the Centre of Maps System for 14.6 MeV
incident Neutron mnhergy at g° Scattering Angle (M)

& -2%%:-;_-53 Stat.’;:‘i’:al &, -2%:—“ Statg::‘::‘al

(NeY) (mb/Sr-MeV) % (MeV) (mb/Sr—MeV) %
3.1 14,67 5.2 5.4 6.53

3.2 14.61 5.5  6.67

3.3 14.02 56 5,95

3.4 13.24 5e7 7.11

3.5 14.23 4.6 5.8 6.36

3.6 12,40 - 59  6.35

367 12,82 6.0 6.22 5¢7
3.8 11.77 6e1 ~ 6L19

3.9 12.15 6.2 5.93

4.0 11.21 4.7 6.3 ‘ 5,94

4.1 9.79 6.4 4,73

4.2 10.14 6.5  4.62 742
4.3 9.80 6.6 4,62

4.4 8.74 6.7 4.55

4.5 8.91 4.8 . 6.8 4.36

4.6 8.92 6.9 - 4.52

4.7 797 7.0 4.66 741
4.8 7.19 Mot 4.81

4.9 7.14 _ Te2 4.06

5.0 7.21 5¢1 T3 3.98

Se1 7.21 . T4 4.00

5.2 6.54 7.5 3.98 8.1
5.3 7.23 Te6 3.94



Table Neutron double differencinal emicssion cross sections
for Copner? in the Contre of Mass 3ystem for 14.6 MeV
incident Neutron Energy at 39* Scattering Angle (LAL)

B,,. 3%% .Statg;l‘:::cal 8, ‘ zg%.m Statg:::al
(Mev) (mb/5r-MeY) # (MeV)  (mb/Sr-MeV) *
7.7 ' 4.09 1041 2.50
7.8 4.24 10,2 2.80
7.9 3.50 10.3 2,53
8.0 3.22 10.4 '2.64 8.0
8.1 3.26 . 10.6 2.65 '

8.2 3.29 10.8 2.85
8.3 3.22 11.0 2452 8.5
8.4 3,02 S5¢4 11.2 2.61
8.5 2.71 7e3 11.4 2.65
8.6 2.60 11.6 2.60
8.7 2.43 11.8 2.69
8.8 2.43 12,0 2.85 8.3
8.9 2,28 12,2 3.09
9.0 2.76 746 #d 33
9.1 2.85 12,8 3.06
9.2 2.56 13.0 3.00 7.8
9.3 2.7 13.2 2.64
9.4 2.74 13.4 2.69
9.5 2.86 Te7 13.6 2.86
9.6 2.95 13.8 3,23
.. % 140 . 375 6.8
2.9 3.00 ' 14.2 3,63
10.0 2.93 7.6 14.4 4.11
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Table Neutron doulble differencial emission cross sections
for Copper  in the Centro of Mass System for 14.6 MeV
incident Neutron Bnergy at q0° Scattering Angle (M)

E, f%g,m Stat%;rs:‘i’gal B, 'f%{q'g s““ﬁ:},ﬁ’l
(MeV) (mb/Sr=MeV) % (MeV) (mb/Sr—MeV) #
3.1 12.87 6.2 5.4 6.69
3.2 13.59 5¢5 6457 643
3.3 13.36 5.6 . 579
3.4 12.87 5.7 6.22
3.5 13.68 5.2 5.8 5.11
3.6 12,33 5.9 S5.T1
3.7 11.61 6.0 5.42 Te2
3.8 10.29 61 5445
3.9 11.13 6.2 5.18
4.0 10.91 5.6 6¢3 5.45
4.1 10.03 G4 4.85
4,2 10.34 6¢5 4.93 749
4.3 10.34 6.6  4.97
4.4 9.06 6.7 5.33
4.5 . 9.13 5.5 - 6.8 5.39
4.6 9.19 649 5.56
4.7 8.15 7.0 - 5.40 7s3
4.8 7.51 Tel . S.49
4.9 7T (8 4.61
5.0 791 5.7 JTe3 | 4e42
Set 750 : 7.4 4.23
52 7.16 7.5 4.7 8.8
543 7.87 746 4.00




Table Neutron double differenciasl emiszion eross sections
for  Copper in the Contre of Mass System for 14.6 MeV
incident eutr_'cn Energy at - 70 Scatterinz Angle U_‘_ﬁ)

€, | Z_gg.am Statg:g:‘;cal &, ‘2 C Statié:xt':f‘al

(¥ev) (mb/Sr-MNeV) 7 (MeV)  (mb/Sr-MUeV) %
7.7 ' 4.13 1041 2,28

7.8 4.20 - 10.2 2.52

7.9 3.38 10.3 2426

8.0 3.59 6.9 10.4 2.20 10.2
8.1 . 3.61 10.6 2.18

8.2 3.61 10.8 2.42

8.3 3,59 11.0 2.33 10.2
8.4 3.57 11.2 2.43

8.5 3.32 7.3 11.4 2.53

8.6 3.26 : 11,6 2.8

8.7 2.99 11.8 2.73

8.8 2.75 12,0 2.80 9.5
8+9 2:45 a8

9.0 2.78 8.6 12.6 2.75

9.1 2.71 12,8 2,88

9.2 2.39 13.0 3.07 8.8
9.3 2.51 13.2 2.70

9.4 2.53 . 13.4 297

9.5 2.61 . 9.3 13.6 3.3

9.6 2.48 13.8 3.69

5.3 2.33 180 4.2 6.8
9.9 2.38 4.2 . 4.15

10.0 2.49 9.5 144 4,64
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Table Neutron double differencial emission cross sections
for ‘'Copper in the Centre of Mgsos System for 14,6 MeV
incident Neutron Bnergy at 80° Scattering Angle (M)
& E%rm Statiérs:‘i’gal 8, 3%{'5? S‘tatg::gﬂ, |
(NeV) (mb/Sr-NeV) % (MeV) (mb/Sr-MeV) *

3.1 16.42 Se4 5.4 6.38

3.2 17.11 5¢5  6.22 3.63
3.3 15495 5¢6 5455

3.4 . 14,26 5¢7 6451

3.5 . W15 Set 5.8 5,98

3.6 13.06 _ 5.9 6.35

3.7 12.83 6.0  5.58 6.9
3.8 11.28 61 . 5,64

3.9 11.18 6.2 5.44

4.0 10.40 5e4 6.3 3,71

4.1 8.97 6.4 4.92

4.2 9.07 6.5  4.83 T.9
4.3 9.21 6.6 4.57

4.4 8.49 6.7 4.45

4.5 8.82 5.3 6.8 4.20

4.6 9.04 6.9 4.15

4.7 8.50 7.0 8,12 9.2
. 448 Te49 Tel 4,36

4.9 T.44 742 3.96

5,0 7466 546 7.3 3.80

51 737 Te4 3.51

5.2 6,62 T5 3.43 10,2
5.3 T.07 7.6 3.3




Table Neutron double differencisl emiszion cross sections
Tor Copper in the Contre of M3gss System for 14.6 MeV
incident’ Neutren Phergy at 80" Scattering Angle (M)

g, | ig%ﬁ smg:gicu g, * f%%:rg Statg::gu

(Mev) (mh/5r=le7) 3 (MeV)  (mb/Sr-MeV) #

7.7 3.23 1049 2.26 |
7.8 3.06 10.2 2,48

79 2.48 10.3 2.18

8.0 2.75 8.5 10.4 2,07 10.2

B.1 2.81 10.6 2,02

8.2 2.92 10.8 2,26

8.3 3.04 11.0 T 2418 10.8

8.4 3.10 1142 2,15

8.5 2.94 8.1 11.4 2.19

8.6 3e14 11.6 2.60

8.7 3.18 1.8 2.49

8.8 3.30 12.0 . 2.60 9.6

8.9 3.11 12,2 . 2.69

9.0 3.60 7.2 - 113:2 g:;g

9.1 3.61 o128 3.06

9.2 ‘ 3.23 13.0 3.33 8.1

9.3 3.36 13.2 .21

9.4 3.3 13.4 3.70

9.5 3.40 7.7 1346 4.74

9.6 3.18 13.8 . 5.84

" 3 : 140 Te2 5.6 -
9.9 2.68 4.2 6.99

10.0 2.64 9.1 14.4 - 8421 '
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Table Neutron double differencial emisuion cross sections
for Copper in the Centro of Maps System for 14.6 MeV
incident Neutron Energy at go% Scattering Angle (M)

& ‘2%%35 Statistical E, % Statistical
(NeV) (mb/Sr-MeV) % (MeV) (mb/Sr-KeV) ]
3.1 15.23 7.8 504  5.6)

3.2 15.00 505  5.53 11,1
3.3 13.47 5.6  4.36

3.4 11.56 5.7 5.05

3.5 11.14 8.0 5.8  4.34

3.6 10.93 5.9 5,12

3.7 10.12 6.0 '5.08 1141
3.8 9.33 6e1 5.27

3.9 10.48 6.2 5450

4.0 9.68 8.6 6.3 6467

441 8.48 Ged - 4.53

4.2 8.65 ‘ 6.5 4.42 12,7
4.3 8.87 6.6 4.41

4.4 7.96 6.7 3.57

4.5 - 3.49 8.0 - 648 3.54

4.6 9.12 6.9 3.9¢

4.7 7.87 ' 7.0 3.92 14.6
4.8 T.42 XN 1.83

4.9 7.29 72 3.29

5.0 7.31 8.4 T3 - 3.33

Sel C Te34 , 7.4 3.5

502 6.25 , 7.5 3.3 1642

5.3 6.55 T.6 3.31




Table Neutron double differencisl emission cross seétions
for ¢ pper. in the Contre of Mass System for 14.6 MeV
mcxdeng Feutron nergy at 900 Scattering Angle (ul.)

&, Zdo“ Statistical 8, 240° Statistical

V. I ~ Yrror . Error )
(Mev) (mh/5r-e7) 1 (MeV)  (mb/Sr-UeV) *
7.7 3.31 1041 1,60 ’
7.8 331 10.2 1.93
749 2,72 10.3 1.68
8.0 2.60 13.5 10.4 1.8 17.0
8.1 2.51 10.6 2.03
8.2 2.21 10.8 2,06
8.3 2.10 11.0 1.84 17.7
B.4 1.92 1142 1.74
B.5 1.68 19.4 11.4 1.57
8.6 . 1.67 1.6 1.43
8.7 1.60 11.8 1.52
8.8 1.63 12.0 "1.63 19.8
8.9 1ot e 1%
9.0 1,76 19.4 12,6 2.39
9.1 1.85 12.8 2.78
9.2 1.79 13,0 °  3.24 12.97
9.3 1.88 13,2 2493
9.4 1.80 13.4 - 347
9.5 1.89 18.4 13.6 4.03
9.6 1.82 13.8 4.38
3.8 L 14.0 5.1 8.3 )
9.9 1.77 C14e2 - 494 .
10.0 1.90 18.2 14.4 5.72




Neutron double differencial emisgfion cross sections

Rt i et i et SR e vy
2 - Angle (1 ah)
Ei‘ ng - Stati;:g:al En Zd:: St_atg‘!:g:al
(MeV)  (mb/Sr-MeV) % (MeV) (mb/Sr-MeV) %
3.1 13.36 842 5.4 5.92
3.2 12.66 55 6.29 8.8
3.3 12.36 5.6 5.41
3.4 11.43 5¢7 5.94
3.5 11.24- 7.9 5.8 5.00
3.6 11.42 5.9 5.13
3.7 11.32 6.0 3.91 1.8
3.8 10.54 (R 3.59
3.9 12,90 6.2 3.3
4.0 10.15 747 643 4.42
4.1 8.59 6.4 3.20
4.2 9.16 6.5 3.35 13.5
4.3 2,00 6.6 kWL
4.4 7.54 6.7 3.58
4.5 8.21 7.9 - 6.8 3.88
4.6 7.86 6.9 4.12
4.7 719 7.0 3.77 12.3
4.8 6.84 Te1 3.60
4.9 7011 7.2 3.38
5.0 6.97 8.0 T3 34
5e1 7.04 Ted 3.5
52 6.08 7.5 3.74 11.98
5.3 6.69 7.6 3.88
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Table Neutron double diffaroncisl emission cross sections
for Copper in the Centre of Nass 3ystem for 14.6 MeV
. incident Neutrcn Dergy at 100° Scattering Angle (L,ﬂ.)

L g%%;‘ Statlstical g 2“5.. Statiotical
(Mev) (mh/5r-UeV) % (Mev)  (mb/Sr-leV) g
T.7 3.97 1041 1.83

7.8 4.12 10,2 2,07

7.9 3.41 10.3 1.90

8.0 3.16 9,2 104 - 1,92 14,1
8.1 . 3.38 10.6 1.87

8.2 3.26 10.8 1.86

8.3 3.19 | 11.0 1.80 14,8
8.4 2.96 11,2 1.90

8.5 2.65 10.3 11.4 1.79

8.6 2.83 » 11.6 1.91

8.7 2.44 11.8 1.92

8.8 2.36 12.0 2,02 14,2
8.9 2.15 12,2 2.18

9.0 2.46 1.4 12.6 - 2409

9.1 2,51 12,8 2.07

9.2 2,22 13.0 2. 31 133
9.3 2.15 13.2 3.4

9.4 2.20 13.4 2.3

9.5 2,32 12.7 3.6 27T

¥ 238 S

9.8 2.00 14.0 3.64 9.2
2.9 2,17 14.2 3.5

10.0 2.10 13.6 14.4 3.72
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Table

Neutron double difforencial emimsion cross sections

for Cu in the Céntre of Npss System for 14.6 MeV
ingident Hleutron Energy at 440 Scatt;ering Mngle (M,
E, 250 Statistical "8, 24 o Statistical
—asidE irror ~died Error
(MeY)  (mb/Sr-licY) 4 (tieV)  (m)y/3r-HaV) %
3.1 22.48 - 6.8 5.4 6.40 -
3.2 23.34 5.% 7403 8.7
3.3 21,12 5.6 6.64
3.4 20.71 S5e7 6.85
3.5 19.61 6.3 5.0 6.45
3.6 18.36 - 5.9 6.19
3.7 1‘6.76. 6.0 6.15 9.0
3.8 14.88 Gel 5.58,
3.9 4.9 6.2 4u71
4.2 13.65 6.4 643 5.91
4e1 _11.63 G.A 4.81
4,2 11.25 6e5 4.66 11.2
4.3 11.04 6.6 5.30
4.4 9.18 6.7 5.59 |
4.5 10.22 11 6.3  5.28
4.6 9.90 Ge3 " 5.47 ‘
4.7 8.85 7.0 4.86 10.8
4.5 9.50 T 406
4.9 9.17 7.7 3.49
5.0 8.20 7.6 T3 3.26
.1 7.84 7.4 3.22
© 5.2 7.76 7.5 351 13.9
5.3 6.70 7.6 3,4
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Table Neutron double difforencisl emiszion cross mectionn
for Cu in the Centre of Mass System for 14.6 MeV
incident Neutrcn fhergy at 110° Scattering Amgle (UL)

5 | ?%%IE Statéll‘::ica‘l. | g, ' % Ste.t;::i:al
(Mev) - (mb/3r-We¥) % (WeV)  (mb/Sr-Rev) v
747 ‘ 3.65 1041 2.52
7.8 3.77 10.2 2,43
7.9 3.57 10,3 2,53
8.0 3,02 10.4 10.4 2.21
8.1 5.5!. 10.6 2.16
8.2 3,17 10.8 2.38
8.3 3.0h 11.0 2.02 15.4
B4 2.86 11.2 1.89
8,5 2.92 10.8 11.4 2.12
8.6 2.88 , 11.6 2.00
8.7 2.69 11.8 2.1
8.8 2.60 12.0 2.32 .6
8.9 2.66 12,2 2.50
9.0 2.8 1.3 11.?2.él ::(:2
9.1 2.91 12,8 2.76
9.2 2.91 13.0 3.29 10.8
9.3 2.93 13.2 2,81

9.4 3,00 13.4 kS0

9.5 3.1 1.7 13.6 L85
946 2.97 13.8 5.67

9.8 2.5 14,0 2.32 6.0

9.9 2.62 14.2 7.30
10,0 2.54 13,2 14.4 ?.06
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Table

-Neutron double differencial emission cross secticra
in the Centre of K¥aps 3ystan for 14,6 LY
incident Neutron Energy at 120° Scattering angle U_,J,

for : Cu

B, .z’%%,ﬁ_g Statisticsl G, 24 o , dtatistical

(MeV)  (mb/Sr-keV) 4 (Me¥) (mdb/Sr-NaV) %
34 2k 5.8 5.4 6.32

3.2 25,07 5.5 6.06 9.8
3.3 éz.zs 5.6 5.78

3.4 20.10 57 €.05

3.5 18.08 " 5.7 5.8 €.58

3.6 7.7 5.9 6.65

3.7 15.34 6.0 6.59 8.4
" 3.8 13.10 6.1 6.61

3.9 13.27 6.2 5.80

4.9 12.54 5.9 6.3 5.84

de1 10.98 6.4 5.81

4.2 10,48 6.5 5.43 9.9
4.3 10.69 6.5 5.16

44 10.15 6.7 5.1

4.5 10,9 6.h 6.8 k.61

4.6 10.24 6.9 L, 74

4.7 ~9.17 7.0 L.70 11.3
| 4.8 8.88 Tet 4.80

4.9 8.58 Te2 L.68

5.0 7.93 7.3 Teld h.35

Sel 7.31 T.4 L, 04

5.2 7.03 TS5 3.83 13.1

5.3 6.0b 7.6 2.69
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Table Neutron double Qifforeoncisl enission cross sections
for Cu in the Contre of Wnsg System for 14.6 MeV
Ancident Neutron Bnergy at 120° Scattering Angla U_,.,&)

€, | ' Edi%ﬁz s“gﬁ?ﬁ”‘ g, ' zd.,,.. Statg:g:al
(MeY) (mb/3r-Ne¥) % (M2v)  (mb/Si=-MeV) %
Te7 2.99 10.1 2.10
7.8 3.10 10.2 2.1
7.9 2.68 10.3 2.28
8.0 : 2.36 3.7 10.4 2,18 .8
8.1 | 2.90 10.6 2,20
8.2 2.72 10.8 2.57
8.3 2,74 11.0 2,38 TR
B.4 2.60 1.2 1.90
B<5 2.62 12.8 11.4 2.1
8.6 2.40 11.6 1.92
8.7 2.35 11.8 2.10
8.8 2.52 12.0 2.4 16.5
8.9 2,74 12,2 2,50
9.0 2.89 12.6 12:8 B
9.1 2.59 12.8 3.58
9.2 2.47 13.0 ko 9.0
9.3 2.39 13.2 3.81
9.4 2.4 13.4 6.89
9.5 2.57 13.5 13.6 .42
' 3‘:9 g:; 13.8 7.95
9.8 2.16 14.0 10,22 b7
9.9 | 2.12 14.2 10,07
10.9 2.10 15.2 14.4 9.65
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Table Neutron double differencial emisuion cross sectionn
.'s::idec:t ﬂeutrbrj;nafggggeg:rﬁ}gf lﬂagé*o.i{::g:gf%g{z’im.)
& ‘2'3%;_‘55 Stati;:ggal €, 3%‘{'3‘;; Stutézg:ci‘:ul

(HeV) - (mb/Sr-MeV) % (MeV) (mh/Sr-HeV) K]
3.1 16.53 5.4 5.3
3.2 17.3 8 5¢5 5.4 17
3.3 16.2 5.6 5.1

3.4 1.8 5¢7 4.8

3.5 14,2 9 5.8 4.8
3.6 12.8 5.9 4,9

3.7 12.92 6.0 4.9 1.}

3.8 11.70 6.1 4.8
3.9 12.02 6.2 4.6
4.0 11.33 10 6.2 4.8
de1 10.22 G.4 hoh
4.2 9.69 6.5 3.9 20 |
4.3 9.36 6.6 3.8 ‘
4.4 8.85 6.7 h.6
4.5 9.63 10 6.8 3.7
4.6 9.89 6.9 3.6
4.7 9.00 7.0 5.3 22
4.8 3.83 Te1 3.3 ‘
4.9 8.58 7.2 2.8
5.0 7.63 a1 7.3 2.7

5¢1 6.4 T4 2.6

5e2 6.5 7.5 2.6 24
5.3 6.10 7.6 2.2
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" Table -

for Cu

- Neutron double differenciesl emission cross sections

_ in the Centre of Mess Syatem for 14.6 MeV
incident Neutron Energy at 130® Scattering Angle (L‘J'

2 Statistical 2 Stetistical
» “ _ng E Error % : L 5 ror
(MeY) (mb/Sr-NeV) % (MeV) (mb/Sr~-HeV) %*
747 2.2 10,1 1.1 ’
7'8 2.0 1002 101
7.9. . 1.5 10.3. 1.2
8.0 1.6 26 10.4 1.1
8.1 1.9 10.6 1.2
8.2 1.6 10.8 1.46
8.3 1-6 ’1.0 1039 28
80'4 1.5 11.2 1.15
8.5 1.5 27 11.4 1.19
8.6 1.5 11.6 1.17
8.7 1.4 11.8 1.1
8.8 1.4 12,0 1.1 30
8.9 10“ 12.2 1.16
! 12-4 1.4
9.0 1-h 28 ‘2. 1065
9.1 1.1 12.8 1.72.
9.2 1.0 1340 2.1 24
9.3 0.97 13.2 2.70
904 0‘91‘ 13.4 3035
905 1.2 SQ '3.6 3.52 -
0.6 1.2 13.8 3.90
q 7 1.2 . «
a.8 1.0 14,0 4.9 16
9.9 1.0 14.2 4.5
1.000 1.1 30 14.4 L
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. Table Neutron double differencial emiscion cross sections
for Lead in the Centre of Mass System for 14,6 MeV
incident Neutron Bhergy at 30° Scattering Angle (Lat )

B fe,  Sepme & R s
(MeV) (mb/Sr-MeV) % (MeV) (mb/Sr-MeV) i
3.1 58467 4.8 5.4 13.47 ,
3.2 58,04 5¢5 12,52 9.4
3.3 51.19 5.6 10.48
3.4 47.09 5.7 11,93
3.5 44,80 540 - 5.8 11.26
346 40.22 | 5.9 12,00
3.7 38.27 6.0 10431 10.8
3.8 34.96 61 10.21
39 33.36 | 642 9.56
4.0 31.45 502 6.3 9.45
4.1 28.30 G4 7.48
4.2 27.21 6.5 7.26 15
4.3 25.39 6.6 711
ywey 22,05 6.7 Te23
8.5 20.80 '6,5 6.8 7.10
4.6 19.64 6.9 750
447 16.85 - 7.0 8.32 14
4.8 13.91 _ Te1 8.79
4.9 14.51 7.2 7453
5.0 15.40 843 7.3 7.23
5.0 15.19 T4 6.68
5.2 13,93 1.5 6.07 M.8

5.3 15.34 ' 7.6 5.37




Table Neutron .dovhle differconciel ‘emission cross sections
for Lead in the Cantre ol‘dﬂam Syatem four 14.8 Mev

incident Neutron Energy at - Scattering Angle (Ltsl.)
. By | 'g%%ﬁ Statisticel E, ?%%:TE Jtetieticul
~ (Mev) (mb/3r-1eV) # (MeV)  (mb/Se=-NgV) %
7.7 ' 5.32 10.1 9.41 ' .
7.8 6.06 10.2 10451
7.9 5.11 12.6 10.3 9435
8.0 5.69 ' 10.4 9.49
8.1 6.15 10.6 9.46
8.2 6.73 10.8 10.30
8.3 Te51 11.0 9.43 8.0
8.4 8.26 1.2 ' 9.62
85 7.94 9.5 1.4 9.75
8.6 8.63 | 11.6 9,75
8.7 8.76 11.0 10.41
8.8 9.02 12.0 11.13 T4
8.0 8.48 12.2 1.79
12.4 12,05
9.0 9.82 (X 12.6 12,45
9.1 10.48 12.8 14.0
9.2 9.73 ' 13.0 16.19 5.6
9.3 10.33 13.2 14.52
9.4 10.50 13.4 16.95
9.5 10.79 Te4 13.6 21,62
'9,6 10.60 - 13.8 29.89
E A 1 o a1 -'
9.9 10.28 14.2 39.93
1.0 - 10.B6 T3 - 14.4 53.47 i
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Tadble

Neutron_doubla differumcial emigsion e
{for Lead

incidant Neutron Bacrgy at 50° Scat

in the Centre of Moss S{:tjem f:;' 24.6 Me¥
jering Angle (L&f)

ross sections

€, E%g-n . 8|=.t.;::‘ii:al g, 3%-{“ Staﬁ'iﬁt:.iﬁal
(Mov)  (mb/Sr-MeV) ] (Me¥) (mb/Se-Mev) %
31 47.31 3.3 5.4 9.37
3.2 47.67 5.5 9,26 6.3
a.3 41.57 546 8.33
3.4 36.88 57 9.11
3.5 35.50 3.4 5.8 7456
3.6 30.06 5.9 B.14
3.7 27.66 6.0 7.94 Te3
3.8 23.51 61 8.07
3.9 22,94 6.2 7.66
4.0 21.93 3.9 6.3 8.23
4.4 19.14 6.4 7.73
4.2 18.54 6.5 T.73 T.7
4.3 17.85 6.6 7.48
4.4 15.81 6.7 7.48
4.5 15.25 4.5 6.8 7.48
4.6 14.91 6.9 T.68
4.7 13.38 7.0 7.82 8.0
4.8 11.55 T4 7.93
4.9 11.39 7.2 6453
5.0 11.68 546 . 7.3 6459
3.1 11,20 7.4 6657
5.2 - 10.00 7.5 6.62 8.5
: $p3. 10.81 1.6 6.78
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Table Neutron double differencisl emission cross sections
- for Lead’ in the Centre of &ia:ss 3ystem for 14.6 ¥e¥ .
incident Neutron Znergy at 50" Seattering Angle (Lal-)
En Eg_gﬁ Stag::g;cal K, 230. Sttg‘t‘i‘;:ggal
(xev) (mb/Sr=MeV) % (MeV)  (mb/Sr-MeV) 4
- TeT 7.18 1041 T.15 7.0
1.8 7435 10,2 7.91
- 7.9 6.02 10.3 7.23
5.0 5077 9.0 104 7435
8.1 5490 10.6 Te46
3.2 ' 613 10.8 773
8.3 6.23 1140 6455
- 8ed 6.14 1142 6.55
Be5 5.62 11.4 6,73
B.6 5.59 9.0 11.6 6467
87 5.58 11.8 6.46
6.8 5.86 - 1249 6.46 - 6e5
8.9 5446 | %3 §:41 ’
9.0 6.63 8.5 12.6 6434
- 9.1 6.96 12,8 6449
9.2 6.33 13,0 6.88 6.3
9.3 6.78 13.2 6.26
9.4 709 13.4 6.81
9.5 7.29 7.0 13.6 Te43
9.6 7.68 13.8 8.23
3:% 2:32 . 14.0 10.4 5
- .949 8.02 14.2 101
1.0 8.10 14.4 12.83
56




Table ‘Neutron doutle dit{enencial emission cross sectipns

for Lesd in the Centre of Mass System for 14.6 MeY

sncident Neutron Brergy st 557 Scatteving Awgle (Lab.)

6l SWpe & e e
(WeV)  {mb/Sr-MaV) % (MeV)  (nb/Se-MeV) %
3.1 43.3 3.6 ' 5.4 9.35
3.2 43.3 5.5 9.59 6ol
3.3 40.88 5.6 8.70 |
3.4 35.89 5.7 9,50
3.5 34,36 3.5 5.8 8,06
3.6 30.17 5.9 7.99 -
3.7 28,32 ‘ 6.0 7.05 8.1
3.8 23.39 6.1 6.79
39 21,78 . 6.2  6.06
4.0 19.52 4.3 6.3 6.03
4.1 17.08 6.4 5.15
4.2 16.22 6.5 5.08 °
4.3 15.51 . 6.6 5,08
.4 13.68 6.7 5.31
4.5 13.86 4.9 6.8 5.13
4-6 13,97 6.9 5.24
4.7 12.92. 7.0 5.58 10.6
A.8 11.56 7.4 6.04 |
4.9 11.89 | 7.2 5.43
$.0 11.77 5+6 7.3 5.69
1 10.88 | 7.4 5.89
5.2 9.46 7.5 6.21 9,5
5.3 10.47 . 1-6 6.3
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Table Heutron double differencial emission cross sections .
for Lead in the Centre of Mass System for 14.6 fieV
incident-Neutron~ Energy at 55 Scattering Angla.([_,l,.)

Statictical

B R egmen s e e
(Mev) (mb/Sr-MeV) ' T (MeV) (mb/Sr-MeV) 4
7.7 6.54 1041 5.70 -
T8 6034 0.2 6,34
7.9 4,94 10.3 5.76
8.0 5.43 7.2 10.4 5.89
8.1 5.56 10.6 6.07
‘8e2 5.70 10.8 6.53
3.3  5.84 11.0 5.91 6.4
8.4 5.95 1142 6.31
Bis 5457 Te1 11.4 6.54
8.6 5473 . 11.6 6.63
8.7‘ ‘ 5eTT 11.8 6.92
8.8 5.93 12.0 7:43 6.0
8.9 5.45 12.2 7.88
9.0 6.38 6.5 12.4 7.97
9.1 6.60 2 R
9.2 5.97 13.0 8.49 5.4
9.3 6.19 13,2 7.38
9.4 6.26 1344 7.58
‘9;5' | 6042 6.6 13.6 18,01
9.6 " 6.54 © 13.8 - B.47
q.7 6.47 .
a.8 573 14.0 9.93 4.7 .
949 6.53 . C 1442 9.63

10.0 6.51 ’ 6.3 14.4 11,63
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Tadle Nevtron donble differemcial emigsion cross sectiong
for Lead in the Centre of Mass System for 14.6 MeV
incident Neutron Bnergy at 70° Scatbering Angle 4“)

| Bn %m .Statisf:z(i’?al Ey .2-3-::135 S'batia::;:al

(MeV)  (mb/Sr-MeV) % (¥eV) (mb/Sy~Mev) B
- 34 33.81 4.6 5.4 7.67

3.2 32.61 5.5 | 7.94 8.1
3.3 29,82 5.6 720

3.4 26.20 5.7 8.04

3.5 25.25 4.8 5.8 6.72

3.6 22,12 59 7.36

3.7 21.34 6.0 6.38 9.4
3.8 19.14 , 6o 6.56

3.9- 18.50 . 6.2 6.93

4.0 16.87 5.0 6.3 €.64
4.1 14459 6.4 5.93
4.2 13.69 6.5 5.94 10.7
3.3 13.22 | 6.6 6.26
44 11.58 | 6T  5.83
4.5 11.41 6.0 6.8 5.72
4.6 11.52 6.9 6.02
4.7 10.44 | 7.0 6.16 10.8
4,8 9.84 7.1 6.37 B
4.9 9.91 7.2 5.57
5.0 9.83 T»1 7.3 5.77
5.1 9.00 7.4 5.22 12.9
5.2 8,02 ' T.5 4,76
53 8.85 146 4.36
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Table Heutron ‘doyble differencisl emission cross sections
: for - Lds&d "in the Centre of Mass System for 14,6 NeV
incident Neutron Energy at 70% Scattering Angle (LA; )

E, 3%%533 | Sta;iﬁgical g Eﬁgéag Staté:ﬁigal
(Nev) " (mb/Sr-leV) % (MeV)  (mb/Sr=MeV) %
" 77 4.33 | 1041 4.40

7.8 4,26 10.2 4,98

7.9 3.35 10.3 4.47

8.0 3.82 10.2 10.4 4.45

B.1 4.03 | 10.6 4,68

8.2 4.3 10.8 4,96

8.3 4.58 11.0 4,55 8.9

B4 4.78 11.2 4.70 |

845 4,58 8.8 114 4.73

8.6 4.61 | 11.6 4.67

8.7 4,54 11.8 4.80

8.8 476 - 12.0 500 8.7

8.9. 4.49 ‘ 12.2 4.99

9.0 5,26 8.0 15:8 Y

9.1 5.38 12,8  4.29

9.2 - 4.71 13.0 4.42 9.7

9.3 " 4.82 13.2 3.76

9.4 4.84 13.4 4.21

9.5 4,97 8.5 13.6 4.86
‘9 _e;, 4.99 13.8 5.68 |
9.8 4,35 14.0 7.08 7.5
9.9 4.95 14.2 6.86 |
10.0- 5.08 8.3 14.4 - - Be18
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Table

Heutron double differencigl emi ssion cross sections

for Lead

incident Neutron Bnergy at

in the Centre of MNans System for 14.6 MeV
80® Scatiering Angle (L,[‘)

B ?%fm Stati;:;gal B, % Stétli;?:gial
(MeV)  (mb/Sr-MeV) P4 (%eV) (mb/Sr—HeV) A
3.1 43.1 3.4 544 9.15
3.2 42,52 5¢5 9.44 6.1
3.3 37.7 506 8.61
3.4 32.82 5.7 9,42
3.5 32.15 3.5 . 5.8 - 8.02
3.6 © 28.82 549 8.20
3.7 27.21, 6.0 7.32 7.6
3.8 23.19 6o 7022
3.8 22.49 6.2 6.85
4.0 20.09 4.1 643 6.84
4.1 17.33 6.4 9.90
4.2 16.11 6.5 5.99 9.3
4.3 15.73 6.6 5.88
4.4 13.54 6.7 5.54
3.5 13.72 4.9 6.8 5.46
4.6 13.93 6.9 5.61
4,7 12.41 7.0 5.78 9.3
4.8 11,38 Te1 5.65
4.9 11.69 7.2 4.37
S.0 11.24 5¢7 7.3 4,30
5.4 10.74 7-4 4.40
- 5.2 09.21 7.5 4.66 11.2
53 10.57 T.6 4.67
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Table feutron double; diffarencisl emission cross sections
for Lead in the Centre of Mass System for 14.6 12V
incident Heutron Inergy at 80° Scattering Angla U-M‘)

E, 2_2‘%‘[3 Stagiigii‘cal R %‘;TE Stat;::g:al
(MeV) (mb/5r-HeV) £ (MeV)  (mb/Sr-itev) w0
7.7 4.99 1041 4.34
7.8 5.23 10,2 4.96
7.9 4.28 10.3 4.56°
8.0 4,09 8.2 10.4 4.10 T.4
8.1 4.38 10.6 4.95
8.2 4,63 10.8 5.30
8.3 4.86 © 11.0 4,74 Te2
8.4 4.84 11.2 4.78
B.5 4.60 1.8 11.4 4,66
8.6 4.74 _ 11.6 4.6
8.7 4.75 11.8 4,57
8.8 4.94 12.0 4.52 8.4
8.9 4.58 o 12.2 4.52
9.0 5,28 7.2 roee 3%

9.1 5.33 128 4.25
9.2 4.82 13,0 4.07 9.0
. 943 4.96 13,2 3.68
9.4 4.91 13.4 3.60
9.5 " 5,05 7.5 13.6 3.85
‘9.6 5,08 . 13.8 "3.60
q.7 5.03 , : t
9.6 4.42 14.0 - 3,77
9,9 5.01 14,2 3.92

1T.0 4.95 7.6 14.4 4.47
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Table Neutron .doyble differencial emission cross sectionn
for Lesad in the Centre of Mas3 Systoem for 14,6 MeV -
incident Neutron merg‘y at gp% 3ecattering Angle (LM)
%.. 26.:; . Sta‘t.i&‘s:i.gal En .2%7;‘.:“ Statg:igal
(MeY)  (mb/Sr-MeV) 4 (NaV) (mb/Sr=MeV) %

3.1 34.8 - 349 " 5e4 7.92
32 33.37 545 7.81 7.4

3.3 28,72 56 5.86 |

3.4 25.45 5.7 6.47

3.5 23.08 4.3 5.8 5040

3.6 23.53 5.9 6.11

3.7 19.17 6.0 5.57 940

3.8 16.87 6ol 5453

1.9 17.01 6.2 6.04

4.0 15.06 4.8 6.3 7.66

4.1 13.02 G.4 5657

4.2 12.83 6.5 5.44 9.7

4.3. 12,25 6.6 . 5.44 '

4.4 10.08 647 - 5.02

4.5 9.89 6.3 6.8 4.75

4.6 9.46 6.9 4.61

4.7 8.18 740 4.48 1.9

4.8 7.89 Te1 4.54

4.9 8.27 72 4.27

5.0 . 3.74 6.7 7.3 4.03

5¢1 9.73 74 4.03

542 8.78 745 4,07 11,7
5.3 '9.06 T.6 4,36
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Table Neutron doubls differencinl emission cross sections
for ftead  in the Centre of Uaos System for 14.C MeV
incident Heutron Inergy at 90° 3Jcatbering aAngle U_,ﬁ)

.En i‘&%’m Statistical g :7{%:1‘@ | Stétig;;:é:al
(Kev) © (mb/5r-keV) % (MeV)  (mb/Sr-laV) 3
7.7 4.16 1041 3.88 ’
7.8 4.20 10,2 4.24
7.9 3.50 10.3 3.94
8.0 3.34 9.7 10.4 3.76
81 3.46 10.6 3.50
6.2 3.38 10.8 3.54
8.3 3.48 | 11.0 3.09 10.2
. Be4 3.45 11,2 3.06
8.5 3.13 0.2 - 11.4 2.94
8.6 . 3.35 11.6 2,96
8.7 - 3.27 11.8 3.02
8.8 3.40 12.0 2,87 11.3
8.9 © 3.19 12.2 2,78
12.4 2.83
- 9.0 . 3.69 9.2 12.6 2.89
9.1 3.82 12,8 2.94 |
9.2 3.56 13.0 3.18 10.8
9.3 3.78 13,2 . 2.84
9.4 4.04 13.4 3.24
9.5 . 4425 8.4 13.6 3.61 -
9.6 4.29 " 13.8 4.15
a.8 1.5 14.0 4.8  B.6 -
9.9 4.20 1.2 4.65 |
419.0 4.27 8.2 14.4 = 5.02




Table Neutron double differencial emission croas sectiona
for Lead in the Centre of MNpos System for 14.6 MeV
incident N.eui;ror-l ,Bnergy at 100° 3cattering Angle LL“")
S e S & e Sestion
(McV)  (mb/Sr-MeV) % (MeV)  (mh/Sr-MeV) %
3.1 36.0 | 4.9 ‘5ed4 7.83 .
3.2 34.42 ' 5¢5 8.21 9.6
3.3 31.66 5.6 6.38
3.4 27.90 547 7.48
3.5 26.67 5.0 5.8 6.73
3.6 24.85 5.9 7.55
3.7 23.85 €.0 6,59 . 10,9
3.8 20.92 i 6e1 6035
3.9 20.96 642 5.97
4.0 1794 5.5 6.3 6466
4a1 14.70 6.4 4.24
4.2 ~ 14.36 . 645 3.86 18.1
4.3 14.49 6.6 3.84 |
4.4 11.92 6.7  4.15
4.5 ' 12,70 6.7 6.8 4,32
4.6 12.86 6.9 4.87
47 10.78 | 7.0 5.35 14,0
4.8 9.82 Tl 5.21 |
4.9 9.47 742 3.81
5.0 9.94 B BT 7.3 3.33
501 9.93 - . 7.4 3.0
5e2 8.02 o 7.5 3.36 2047
‘53 8.2 7.6 3.54
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Table @ Heutron_doyble differencial emission cross sections -
for Lead ' in the Centre of Mpas System for 14.6 MeV
incident Heutron .@hergy at  40p° Scatterins Amgle U—’J‘)

B, 2407 Statisticsl 5, % ‘Statictical

: “I5dE Srror -1a3p grror
(MeV? (mb/5r-1teV) % (Hov)  (mb/Sr-biaV) 4 -
7.7 3.72 10.1 . 2.78
7.8 4.12 10.2 3.17
7.9 3.56 10.3 2.85
8.0 3.26 13.7 10.4 2.75 22
8.1 3.7 10.6 - 2.69
8.2 3.70 10.8 2.79 |
i P 3.72 11.0 2-34 18.8
8.4 3.56 1.2 2.21 |
8.5 ' 3.23. 13.8 11.4 493
8.6 3.39 11.6 1.81
8.7 - 3.43 11.8 1.89
8.8 3.58 12.0 1497 23
- 8.9 3.26 12.2 2.13
' 9.0 3.88 12.0 ;‘;,% _ %.-35
9.1 3.90 12,8 12453
9.2 3.53 13.0 2.46 18.6
9.3 3.60 13.2 2,08
9.4 3.60 13.4 1.95
9-5 3.79 12:4 13.6 1.68 }
g3 sa o
9.8 3.00 14.0 2,13 19.9 . .
9.9 . 3.4 18.2 2.04 -
"10.0 1.28 13.5 . 144 2,70

e




Table Neutron double differencial emission cross sectivns
for Pb in the Centre of MNass System for 14,6 MnV
incident Neutron‘ Bnergy at 140° Scattering Angle U_‘,J)
E, 240 Statistical B, 23 -Statistical
dSdE Error . ~andE Error
(MeY)  (mbL/Sr=McV) % (¥eV) (mb/Sr-MeV) %
3.1 42.49 7 5.4 5.36
3.2 44.20 5.5 5.T1 20
3.3 32.96 5.6 €.1¢
3e4 36.30 97 6.12
3.5 33.91 7 5.8 5.9
3.6 25.83 5.9 5.30
3.7 25.60 6.0 5.0 23
3.8 22.82 61 4.9
3.9 22.19 6.2 4,02
4.0 21.05 8 6.3 5.00
4.1 15,02 6.4 5.23
4,2 18.00 6.5 5.32 21
4.3 17.39 6.6 5.49
4.4 14.19 6.7 6424
4.5 13.70 1 6.8 5.52
4.6 13.38 6.9 5.18
4.7 11.64 7.0 510 22
4.8 9.93 T4 . 4.41
4.9 -10,13 7.2 3.37
5.0 8.70 u 7.3 3.02
51 1.34 T4 307
5.2 6.81 7.5 2.80 32
5.3 6.31 7.6 3.29
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Table leutron double differencisl emission cross sections

for Pb in the Centre of Maus System fcr 11.6 MeV
incident Neutron Bnergy at 110° Scattering Angle (La‘)

Eh fggm | Stag;l‘:gical €, %—_—;%E Sta.biéﬁr’;(i,gal
{MeY) (mb/Sr-leV) 7 . (M~Y)  (mb/Sr-M=V) %
T7 b,as5 1041 4,22

7.8 5.11 10.2 3.73

7.9 4. 20 10.3 3.54

8.0 4,38 1% 10.4 3.10 24

B.1 4.56 10.6 2.81

8.; 4.58 10.8 3.43

8.3 k.54 11.0 2.19 232

8.4 4,19 11.2 2.85

8.5 3.86 19 11.4 .02

B.6 3.56 1.6 2.21

8.7 7.64 11.8 2.45

8.8 3eMN 12.9 2.25 3L

8.9 h.22 12,2 2.10

9.0 bty ' Y ¢ 32 36

'REE k.30 17 12,8 1.7

9.2 L. 67 13,0 2.26 32

9.3 5.0L 13.2 2.53

9.4 5.25 13.4 3.43

9.5 5.58 : 13.6 4.33 17

gz mesm

q.8 5.31 _ 14.0 8.08

2.9 k.93 14.2 9.9 9.0
- 10.0 k.57 6 14.4 9.1
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Table Heutron double differencial emiacion cros: nectiong

for Pb in the Centre of Moos Syatam for 44.6 HeV
incident i"leutrqn thergy at 1209 Scattering Angzle (M)
E, E%%:{g Statis?:(i;:al E, f%{ﬁ Statié?:g:al
(MeV)  (mly/5r-licY) 4 (MeV) (mh/Sr-MaV) P
3.1 42.5 3 5.4 7.46
3.2 45,5 5.5 7.48 6
3.3 40.69 5¢C 7.10
3.4 37.28 Se7 6.26
3¢5 35.07- , 3 5.8 6.01
3.6 30,24 5.9 5.64
3.7 26.21 : 6.0 5.98 6
3.8 22,40 - Gel 5.88
3.9 22,33 6.2 5.2
4.0 21,41 4 6.3 5,40
4.1 18.:75 G.A 5.08
4.2 16.66 6.5 k4o 7
4.3 16.58 6.6 4.09
4.4 14,78 6 .37
4.5 W,38 S 6.8 3.67
4.6 - 14,28 6.2 3.61
4.7 13.12 7.0 3.75 9
4.8 12,60 Tel 3.67
4.9 11,93 | 7.2 3.15
5.0 11,24 5.5 7.3 3.72
a1 9.70 7.4 2.71
5.2 9.84 7.5 2.68 1
5.3 8.55 T.6 2.7
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Iable Heutron double differencisl emignion erosms nections
for Pb in the Contre of ¥ngg Syatem for 14.6 MeV
incident leutron Energy at 120° Scubbtering Anglae (LJ)

S e S & e swpn
(MeV) (mb/ Sr.-l.{e'-l ) . 4 (MeV)  (mb/sr-lteV) 4 .
Te7 2.46 10.1 1.3 ’
7.8 2.47 10,2 1.3
7.9 2,06 10.3 1.3
8.0 2.15 8.5 104 1.1
8.1 2.35 10.6 1.0 Rl
8.2 2.26 10.8 1,2
83 2,44 11.0 1.2 1%
B.4 2,22 ‘ 11.2 1.1
8.5 2,30 8.5 11.4 1.1
8.6 2.10  11.6 1.1
8.7 2.0 | 11.8 1.1
5.8 2.0 12.0 1.2 1
8.9 2.0 ' 12.2 1.2
2.0 2.0 9 3. ::g
9.1 1.8 12.8 " 1.0
9.2 1.9 13.0 0.7 2
9.3 1.8 13.2 0.7
9.4 1.8 13.4
9.5 1.8 10 13.6
9.6 1.8 13.8 ”
3:3 -1.:2 14,0 " : .
9.9 1.5 14.2
10.Q 1.4 12 14.4
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Table Heutron doub)e differencinl emisuion cros;: sectiong
for PO * 4in the entre of Maps Systom for 14.6 HaeV
in:cident Neutron Bnergy at 130° Sesttering Angle (w)
% ?%%Jm T ,St.;at;a:(i;:al g, % Sbatg:g';‘al

(Mev)  (mb/Sr~HcV) 2 (MeV)  (mb/Sr-MaV) %
3.1 45,87 5 5.4 7.46

3.2 45.1% 5.5 7.63 13
3.) 36.90 5.6 7.58

3.4 - 32,19 57 6.30

3.5 28.82 - 6 5.8 6.57

3.6 24.85 ' 5.9 6,31

3.7 22.78 6.0 6.3k 15
3.8 20,49 - Get 5.80 '

3.2 20,40 G.2 . 5.06

4.0 19.70 7 6.3 5.00

4.1 16,62 G.4 3.85

4.2 15.39 6.5 3.64 26
4.3 14,96 6.6 3.98

4.4 12,18 6.7 '0'-51

4.5 12.40 8 6.8 3.94

4.6 12,50 G.9 6,12

a.7 11,27 740 bo3h 22
4.8 10.62 ' Tel 3.82

4.9 110,17 | 7.2 2.75

5.0 9.67 " 7.3 2,55

5.1 8.20 T.4 2,56

5.2 8.93 Te5 2.54
53 8.4k Te6 2.09
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Table ~Neutron double diffarcncial emigsion croan nentionn
for Pb in the Centre of Mass System for 14.6 leV
incident Heutron Energy at 130* Scathkering Angle (( n-‘-)

B fae Sefed 5 e wgtes
(NeV) (mb/Sr-Ve’) % - (MaV)  (mb/Sr-MeV) %
7.7 2.7% - 10,1 2,24

7.8 3.22 ~ 10.2 2,02 28
7.9 3.02 10.3 1,88

8.0 2.65 a2 10.4 - 1.57 34
B.1 3.28 10.6 1.68

8.2 3.21 : 0.8 . 1.87

8.3 3.28 41.0 1,78 32
B.4 3.38 11.2 1.80

8.5 3.60 17 11.4 2.37

8.6 | 3.21 11.6 2.15

8.7 2.97 11.8 1.70

8.8 2.98 12.0 1.66

8.9 3.21 12.2 1.43

9.0 3.36 18 12.6 560 _ %
9.1 3.04 ‘ 12.8 0.70 7
9.2 2.94 13.0 1.2 47
9.3 2.99 13.2 .8

9.4 2.88 _ 13.4 2.6 24
2,5 2.78 22 13.6 3.4 17
2.6 2.66 13.8 4,66 9
9.8 i 1420 7.1

9.9 2.4 25 14.2 7.2

1.0 L 2.3k ~ 144 7.1
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