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ABSTRACT

Numerical values of the differential cross sections for gamma rays
produced by neutron reactions with natural lead have been measured for
neutron energies between 0.6 and 20 MeV. The data were obtained using
an electron linac as a neutron source in conjunction with a Nal spec-
trometer located at an angle of 125°. The data consist of the doubly
differential cross section, dzo/deE, for gamma rays between 0.3 and
10.5 MeV for coarse intervals in incident neutron energy and the inte-
grated yield of gamma rays of energy greater than 0.3 MeV with high
resolution in the incident neutron energy. The measured results are

compared with the current ENDF/B data.




INTRODUCTION

As part of a continuing program] for determining numerical values of
gamma-ray production cross sections for neutron-induced reactions, we have
measured the absolute differential cross sections for gamma rays produced
by neutron interactions with natural lead. The data are presented in this
report in tabular and graphical form and are compared to the current
evaluated data file for lead (ENDF/B 1288).°

Two methods of data analysis were employed. One gives the detailed
gamma-ray spectra for a series of coarse intervals in incident neutron
energy while the second method uses 1Ategra1 quantities to illustrate the
detailed behavior of the cross sections as a function of the incident
neutron energy. The second approach is used to facilitate comparison of

the experimental and evaluated data in the region of the thresholds for

the (n,2n) and (n,3n) reactions.
EXPERIMENTAL PROCEDURE

Details of the experimental procedure are given e]sewhere3 and only
a brief description will be given here. Neutrons were produced by
photonuclear processes due to bremsstrahlung from the impact on a tantalum
target of electrons from the Oak Ridge Electron Linear Accelerator
(ORELA). The present experiment employed an electron beam energy of 140
MeV with a repetition rate of 750 pulses per second and a pulse width of
30 ns. The total electron beam power was 40 kW.

Neutrons produced at the linac target traversed a 47.35 m flight
path and were incident on a thin slab of natural lead oriented 45° with

respect to the incident beam. The slab was 30 cm by 30 cm with a



thickness of 0.011 atoms/barn. Gamma rays originating in the sample
were detected by a heavily shielded 12.5 cm by 12.5 cm Nal detector at
125° with respect to the incident neutron beam. For each event in the
detector data were recorded in a two-parameter array containing gamma-
ray pulse height as a function of time-of-flight for the incident neutron.
The neutron flux at the sample position was determined using cali-
brated thick organic scintillators. During the course of the gamma-ray
measurements the flux was monitored using a small plastic scintillator

in the edge of the neutron beam 30 m from the source.

DATA REDUCTION

Two methods of data reduction were employed. In the first, the
pulse height spectra were integrated over intervals of neutron time-of-
flight to form pulse height spectra for specific incident neutron energy
ranges. These intervals ranged in width from 0.5 MeV at energies below
5 MeV to 2.5 MeV in the range 10 to 20 MeV. The spectra so formed were
then unfolded using the code FERD and measured response functions of the
Nal detector. The results were the gamma-ray spectra defined by 146

points covering the gamma-ray energy range from 0.3 to 10.6 MeV. After
correction for self-absorption and neutron self-shielding in the sample,
these spectra were normalized to cross sections using the measured
neutron flux and sample thickness.

These results are presented in the first set of graphs at the end
of this report. The first graph is a three-dimensional representation
of the data giving cross section versus gamma-ray and incident neutron

energy. The following graphs present the detailed gamma-ray spectra for



each incident neutron energy interval. These are compared to cross

sections generated4 from the evaluation (ENDF/B 1288) by averaging over

the appropriate neutron energy interval.

The data described above provide detailed information about the

secondary gamma-ray spectra, but because the unfolding technique requires
good statistical accuracy the data must be binned over Tlarge neutron
energy intervals. Therefore a second type of data reduction, pulse
height weightings’6 was also used. This technique provided only inte-
gral information about the secondary gamma spectra (e.g., total yield,
average energy), but because the demands on statistical accuracy are
less it allowed better resolution in the incident neutron energy. In
this work the pulse height weighting ;na1ysis was applied to spectra
formed by integration over time-of-flight intervals corresponding to
AEn = 0.1 MeV at En = 1 MeV increasing to AEn = 1.0 MeV at En = 20 MeV.
The results of this analysis for the total yield and average secondary
gamma-ray energy as a function of the incident neutron energy are pre-
sented in the last four graphs. Two values of the lower cut-off in
gamma-ray energy were used, 0.3 and 0.7 MeV. Comparisons are made for
the same quantities calculated from the evaluated data.

The data shown in the graphs are given in the tables contained in
the last section of the report. The values shown in the graphs and pre-
sented in the tables do not include an uncertainty of 10% in overall
normalization due mainly to the determination of the incident neutron

flux.



ACKNOWLEDGEMENTS

We wish to thank J. W. McConnell for help with the electronics,
J. G. Craven for aid with the computers and H. A. Todd and the ORELA
staff for operation of the accelerator. Special thanks are due J. K.
Dickens for helpful discussions regarding this work. We appreciate the
help of W. E. Ford in generating cross sections from the evaluated

data and of T. A. Love in obtaining the lead sample.



1.

REFERENCES

G. L. Morgan, T. A. Love, J. K. Dickens and F. G. Perey, "Gamma-Ray
Production Cross Sections of Tantalum and Carbon for Incident Neutron
Energies Between 0.007 and 20.0 MeV," ORNL-TM-3702 (February 1972).

J. K. Dickens, G. L. Morgan and F. G. Perey, "Gamma-Ray Production Due
to Interactions with Iron for Incident Neutron Energies Between 0.8
and 20 MeV: Tabulated Differential Cross Sections," ORNL-4798

(August 1972).

J. K. Dickens, T. A. Love and G. L. Morgan, "Gamma-Ray Production Due
to Neutron Interactions with Tungsten for Incident Neutron Energies
Between 1.0 and 20 MeV: Tabulated Differential Cross Sections,"”
ORNL-4847 (January 1973).

J. K. Dickens, T. A. Love and G. L. Morgan, "Gamma-Ray Production Due
to Neutron Interactions with Copper for Incident Neutron Energies
Between 2.0 and 20 MeV: Tabulated Differential Cross Sections,"
ORNL-4846 (January 1973).

J. K. Dickens, T. A. Love and G. L. Morgan, "Gamma-Ray Production Due
to Neutron Interactions with Nitrogen for Incident Neutron Energies
Between 2.0 and 20 MeV: Tabulated Differential Cross Sections,"
ORNL-4864 (April 1973).

J. K. Dickens, T. A. Love and G. L. Morgan, "Gamma-Ray Production Due
to Neutron Interactions with Aluminum for Incident Neutron Energies
Between 0.85 and 20 MeV: Tabulated Differential Cross Sections,"
ORNL-TM-4232 (July 1973).

J. K. Dickens, T. A. Love and G. L. Morgan, "Gamma-Ray Production Due
to Neutron Interactions with Calcium for Incident Neutron Energies
Between 0.85 and 20 MeV: Tabulated Differential Cross Sections,"
ORNL-TM-4252 (July 1973).

J. K. Dickens, T. A. Love and G. L. Morgan, "Gamma-Ray Production Due
to Neutron Interactions with Nickel for Incident Neutron Energies
Between 1.0 and 20 MeV: Tabulated Differential Cross Sections,"
ORNL-TM-4379 (November 1973).

J. K. Dickens, T. A. Love and G. L. Morgan, "Gamma-Ray Production
from Neutron Interactions with Silicon for Incident Neutron Energies
Between 1.0 and 20 MeV: Tabulated Differential Cross Sections,"
ORNL-TM-4389 (December 1973).

J. K. Dickens, T. A. Love and G. L. Morgan, "Gamma-Ray Production Due
to Neutron Interactions with Tin for Incident Neutron Energies Between
0.75 and 20 MeV: Tabulated Differential Cross Sections," ORNL-TM-4406
(November 1973).



J. K. Dickens, T. A. Love and G. L. Morgan, "Gamma-Ray Production
Due to Neutron Interactions with Zinc for Incident Neutron Energies
Between 0.85 and 20 MeV: TAbulated Differential Cross Sections,"
ORNL-TM-4464 (February 1974).

J. K. Dickens, T. A. Love and G. L. Morgan, "Gamma-Ray Production Due
to Neutron Interactions with Fluorine and Lithium for Incident Neutron
Energies Between 0.55 and 20 MeV: Tabulated Differential Cross Sec-
tions," ORNL-TM-4538 (April 1974).

J. K. Dickens, T. A. Love, and G. L. Morgan, "Gamma-Ray Production Due
to Neutron Interactions with Magnesium for Incident Neutron Energies
between 0.8 and 20 MeV: Tabulated Differential Cross Sections,"
ORNL-TM-4544 (May 1974).

G. L. Morgan and J. K. Dickens, "Production of Low Energy Gamma Rays
by Neutron Interactions with Fluorine for Incident Neutron Energies
between 0.1 and 20 MeV," ORNL-TM-4823 (February 1975).

C. Y. Fu and F. G. Perey, "An Evaluation of Neutron and Gamma-Ray-
Production Cross Sections for Lead," ORNL-4765 (March 1972).

J. K. Dickens, G. L. Morgan, and F. G. Perey, Nucl. Sci. Eng. 50,
311-336 (1973).

W. E. Ford obtained these results from the evaluation of Ref. 2 using
the Code AMPX.

Frances Pleasonton, Robert L. Ferguson, and H. W. Schmitt, Phys. Rev.
C 6, 1023 (1972).

G. L. Morgan, T. A. Love, and F. G. Perey, "Integral Neutron Scatter-
ing ?easurements on Carbon from 1 to 20 MeV," ORNL-TM-4157 (April
1973).



ORNL-DWG 74-13112

Pbl(n, xy)
8 = 125

|
- 10 ° 4 l

> -1

OJ 10 1

b

~

&

~ 107% 4

0
K

1073 5 £

174 2 4 5 g /0

Camma Ray Energy (/lelV/ A,




(b/sr/MeV)

Cross Section

ORNL-DWG 74-13113

-

Pbln, xy)
9 = 125°
E, = 0.60 to 1.00 MeV

— Evaluation

ENDF/B 1288

i NN

2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.0

Gamma Ray Energy (MeV)




Cross Section (b/sr/MeV)

ORNL-DWG 74-13114

1 —

Pbln, xy)
9 = 125°
En = 1.00 to

— Evoluation

ENDF/B 1288

i

1.50 MeV

1.00 2.00 3.00 4.00

Gomma Ray

$.00 6.00 7.00

Erergy (MeV)




Cross Section (b/sr/MeV)

g

10

ORNL-DWG 74-13115

Pbln, xy)
9 = 125
E~ = 1.90 to 2.01 MeV

— Evaluation

ENDF/B 1288

e

2.00

3.00 4.00 s.00  6.00 7.00 8.00

Gamma Ray Enerqgy (MeV)

9.00

10.0




Cross Section (b/sr/MeV])

10

1t

ORNL-DWG 74-13117

Pbln, xy)
0 = 125°
£, = 2.0l to 2.49 MeV

— Evaluation

ENDF/B 1288

l | | I |

2.00

3.00 4.00 S.00 6.00 7.00 8.00

Gamma Ray Energy (MeV)

9.00

10.0



(b/sr/MeV)

Cross Section

g

1

10

12

ORNL-DWG 74-13119

Pbl(n, xy)
9 = 125°
En = 2.49 to 3.00 MeV

— Evaluation

ENDF/B 1288

| I |

3.00 4.00 5.00 6.00 7.00 8.00

Gamma Ray Enerqgy (MeV)

10.0



ORNL-DWG 74-13121

o Pbln, xy)
9 = 125°
2 |
E, = 3.00 to 3.48 MeV

Ww } — Evaluation
oEE L ENDF/B 1288
=
R l
- {
®
N 2
0
8 W —

* f) s

[V}
%)
)
)
o 2|
C
O

1w

S —

2

" [ | [ | l |

0 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.0

Gamma Ray Energy (MeV)



Cross Section (b/sr/MeV)

14

ORNL-DWG 74-13122

—

Pb(n, xy)
9 = 125°
E, = 3.49 to 4.00 MeV

— Evaluation

ENDF/B 1288

I | | L

1.00

2.00

3.00 4.00 5.00 6.00 7.00 8.00

Gamma Ray Energy (MeV)

9.00

10-0




(b/sr/MeV)

Cross Section

1

10

15

ORNL-DWG 74-13124

Pbln, xy)
0 = 125°
E, = 4.00 to 4.48 MeV
— Evaluation
ENDF/B 1288
| | | |
1.00 2.00 3.00 .00 5.00 5.00 7.00 8.00 9.00

Gamma Ray Energy (MeV)




(b/sr/MeV)

Cross Section

10

1o

1

1

16

ORNL-DWG 74-13126

Pbln, xy)
9 = 125°
E, = 4.48 to 5.00 MeV
— Evaluation
ENDF/B 1288
N
| | | I | | | l
1.00 2.00 3.00 .00 5.00 6.00 7.00 8.00 9.00

Gamma Ray

Energy (MeV)




(b/sr/MeV)

Cross Section

1t

g

1

17

ORNL-DWG 74-13128

Pbln, xy)
9 = 125°
E, = 5.00 to 6.00 MeV

— Evaluotion

ENDF/B 1288

2.00

3.00 4.00 5.00 6.00 7.00

Gamma Ray Energy (MeV)




(b/sr/MeV)

Cross Section

1o

18

ORNL-DWG 74-13130

Pbln, xy)
9 = 125°
E, = 6.00 to

— Evaluation

ENDF/B 1288

| l | l |

7.00 MeV

3.00 4.00 S.00 6.00 7.00

Gamma Ray Emergy (MeV)



19

ORNL-DWG 74-13132

T Pb(n, xy)
‘ 9 = 125°
1 E, = 7.00 to 8.02 MeV

\
| o — % — Evaluation
1 ' ENDF/B 1288

(b/sr/MeV)

Cross Section

[ .

0 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.0

Gamma Ray Energy (MeV)



(b/sr/MeV)

Cross Section

20

ORNL-DWG 74-13134

10t
I Pbln, xy)
9 = 125°
2 L
E, = 8.02 to 9.0l MeV
— Evoluotion
ENDF/B 1288
¢
W —
S |—
" | | | l | I i |
0 1.00 2.00 3.00 4.00 5.00 5.00 7.00 8.00 9.00 10.¢

Gamma Ray Energy (MeV)




21

ORNL-DWG 74-13138

Pbln, xy)
9 = 125°
E. = 9.0l to 9.97 MeV

— Evaoluotion

ENDF/B 1288

Cross Section {b/sr/MeV)

18 a 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.0

Gamma Ray Energy (MeV)




(b/sr/MeV)

Cross Section

22

ORNL-DWG 74-13136

10t

Pbln, xy)
9 = 125
2
£, = 9.97 to 12.53 MeV

— Evaluation

ENDF/B 1288

N

" I | N

0 1.00 2.00 3.00 4.00 S.00 6.00 7.00 8.00 9.00 10.(

Gamma Ray Energy (MeV)




(b/sr/MeV)

Cross Section

1

23

ORNL-DWG 74-13140

Pbln, xy)
9 = 125°
En - 12.53 to 15.06 MeV

— Evoluation

ENDF/B 1288

| l ] l I I l

2.00

3.00 4.00 5.00 6.00 7.00 8.00 9.00

Gamma Ray Energy (MeV]

1.0



Cross Section {(b/sr/MeV)

24

ORNL-DWG 74-13116

10!
st
Pbln, xy)
9 = 125°
2 |
E, = 15.06 to 17.55 MeV

— Evaoluotion

ENDF/B 1288

. | l\k | ll Hl

o 1.00 2.00 3.00 4.00 S.00 6.00 7.00 8.00 9.00 10.0

Gamma Ray Energy (MeV)




(b/sr/MeV)

Cross Section

25

ORNL-DWG 74-13118

Pbln, xy)
9 = 125°
E, = 17.55 to 20.05 MeV

— Evaluation

ENDF/B 1288

|

\1/\1 L1

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.0

Gamma Ray Energy (MeV)




Cross Section (b/sr)

26

ORNL-DWG 74-13123

10
s |
2|
1
s |— | Pbln, xy)
9 = 125°
2 E7>03M8v
— ENDF/B 1288
S Lo
0 2.00  4.00 6.00 8.00 10.0 12.0 14.0  16.0 18.0  20.0

Neutron Energy (MeV)



Average Energy (MeV)

g

2.50

2.00

ORNL-DWG 74-13120

| T
+

Pb(n, xy) _—1_J

9 = 12%5°

E7> .3 MeV

— ENDF/B 1288
| | l | l | |

6.00 8.00 10.0 12.0 14.0 16.0 18.0 20.0

Neutron Enerqgy (MeV)



Cross Section (b/sr)

16

28

ORNL-DWG 74-13125

- Pb(n, xy)
9 = 125°
E7> .7 MeV

— ENDF/B 1288
l l l | | | | | l

2.00 4.00 6.00 8.00 10.0 12.0 14.0 16.0 18.0

Neutron Energy (MeV)

20.0



3.00

2.50

2.00

1.00

Average Energy (MeV)

.S000

29

ORNL-DWG 74-13127

L
.+_
.+.

+.

Pbln, xy) _vL_f_—
9 = 125°
E:)(:> -'7 P1€3\/

it

Than

ENDF/B 1288
I I |

2.00

4.00

6.00 8.00 10.0 12.0

14.0 16.0 18.0 20.0

Neutron Energy (MeV)



30

ORNL-DWG 74-13133

DIPFEARNTIAL CROSS SECTIONS POR GANBA RAY PRODOCTION IN PB. THE FIRST SB?
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BATED 10 PERCEFT ERROR IN ARSOLOUTE ROREALIZATION.

IRCIDINT WEOTROW BWERQY = 0.60 TO 1.00 BEV. AWGLE = 125 DEGREES.

POTON BEERGY I-SKCTION 2RROR FROTON EWENQY I-SECTIOW ERROR

{NEY) {/SR/RET) {B/SR/REV}  (B/SR/MEN)
3.0258-01 L 2702-03 -2.978K-0% 2.3328-08
3,1798-01% 3.9682-03 -1, 1118-04 2.168%-08
3.325z-01 4, 1539-03 2-0% 1.9838-08
3.4733-01 3. 7228-03 -0% 2.1175-08
3.6293-01 3, 6363-03 -05 2.1338-08
3,7758-01 3.6973-03 -9% 2.1092-04
3.9258-01 3,7878-03 -0% 2.0803-08

1.
-5,5273-08 1.6670-08
-6.98263-0% 1.897%-08
6. 4108-06 1.9228-08

4. 1008-01 -1.6108-0) 3.6138-03
4.3003-01 8.2%E-08 3. 869803
4,.35002-01 38~ 0.

7008-01 2.226m-08
900801 2.175%-08
3. 1008-01 2.1010-08
5.3003-01
$.3002-01
45.7008-01

$.900R-01 4.00838-02
6.1008-01
6.300%-01
6.5008-01
6.7008-01
6.9008-01
7.1008-01
7.3002-01
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0.3008-01

-7.%352-05
3.6302-03
1.3692~08
1. T8 1E-08 1.5560-08
1.3052-08 1.8878-00
6. 1928-0% 1.6090-08
5.0003-0% 1.5712-08
5.

1.8300-00

~1.223-08
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1.6132-04
1.0602-08
-1.2008-03

2. 7933-0%
2, 664803
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128-0%
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1.1592-0%
2, 9562-06
=7.5033-07
-1.2918-06
4.a382-08
6. 2)73-07
1.2788-06
833-06 1.66

7 07 1.27
3. 0808-07 9.6¢
2.3073-07 €6.93
1. 2838-07 3.89
1.904E-07 2.78

-$.3758-08
«1.3773-04 2.2838-08
~4.7032-03 2.2700-04
1.3062-08 2.0672-0% 2. 1638-07 2.5508-07
2.7512-04 2, 180008 1. 1283-07 3.0340-07
2.353 2. 06an-08 1.082% 01 2.201E-07 2.6268-07
2.2631-04 1.0%88 01 2.5218-07 2.859%-07

1. 3122
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(V) (z/mm)
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0

00 1.800% 00  -3,2952-05 5.7072-03
00 1.6002 00 1.0918-05  S5.67a3-08
00 1,800% 00 $.8109-08  6.0503-08
%0 2.000E 00 2.7921-0%  5.0173-05
00 3.000T 00 2.2372-05  1.0762-08
00 3.300%8 00 6.8308-06 9.8512-05
00 4.000E 00 1.4025-0%  1.020%-04
00 4.5008 00 S.0049-05  9.612P-0%
00 5,0001 00 08
00 6.000% 00 1.8678-08
00 7.0003 0

00 - 2.500% 00 -2.2023-05  1.206P-08
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PEOTON EWNERGY I-SICTION ERROR PEOTON ENERGY X-SECTION
BEY! (B/5R/HRY) {B/33/EEV) (BEV) (B/9R/H 1Y)
3.0258-01 9.3223-03 1.0338-02 2.810% 00 6.170E-05
3.1758-01 8.9592-0) 2.870E 00 2. 208E-04
3.32%8-01 2.930% 00 3.3162-08
3.47%3-0% 2.99%08 00 3.080E-04
3,62 1 3.050 00 2.80aE-08

3.7758-01 3.110B 00
3.92%%-01 3.1808 00
N.1008-01 2. 3.260F 00
4.3003-01 2.8013-03 €, 7808-03 [ 2.1323-00
4.5002-0% 9.0398-02 8.7512-03 [ 1] 2.0528-08

4.700E-01 1.3508-02 6077803 oo - 08
8.9002-01 1.5188-02 7.0348-083 00
5.100E-01 2.3423-02 $.729%-03 0o
972-03 00
3.698E-03 00
3.6038-03 (1]
3.2898-03 (33
3.1252-03 oo
2.793-03 00
2.5198-03 (1
2.3221-03 00
2.0963-03 00
L994E-03 (34
2.1958-03 00
.273-0) (1
2.3228-03 (1
2.2308- 03 (1]
2.1333-03 00
1.9968-03 00
1.7822-03 00
1.7423-03 00
00

1.080% 00 2.0812-00
1.1202 00 1.2572-0%
1. 1608 00 -2.7183-0%
3318-09
1.2408 00 2.01%-00
1.2008 00 3.920R-0%

00 7. 2542-0%
0o 1.5752-08
00  ~-a.1053-0%
00 -8.2362-0%

1.320¢ 00 o0

1.3608 00 00

1.8002 00 00 3.0072-03
1.880F 00 00 1.0132-08
t.8802 00 0o 1. 2588
1.5208 00 1, 8568- 08 00 1.01a2-08
1.5608 00 3.2162-00 90 7.0653-0%
1.600B 00 2.9068-08 00 5.9708-03
1.6408 00 2.7113-08 00 6. 2032-05
1.6808 00 2.9108- 04 T 00 5.0682-08 2.8008-05
1.7208 00 3.1172-04

00 3.8758-0% 2.1198-0%
(1 1.3308-08 1.8262-05
oo 1. 3088-07 1.39%68-05
00 S.0538-07 1.0668-05
00 5.5118-06 9.1093-06
00 7.7298-06 7.8143-06
(1 7. 7532-06 6.,9008-06

1.760% 00 2.9%12-08 3.0028-08
1.800F 00 2.6562-08 2.6508-08
1.050% 00 7.3838-05 2.9072-08
1.91G2 00 ~-1.031B-00 2.7898-04
1.970% 00 9.7208-05 2.0258-08
2,030 00 2.0862-00 2.6428-08

2.090% 00 2. 8)ap-00 00 6.5288-06 6.6938-06
2.1502 00 2.7698-08 00 4. 1012-06 7.1028-06
2.210F 00 6.6918-06
2.270 00 6.3618-06
2.330% 00 7.865e-06 6.2928-06
2.390% 00  -1,983E-05 5.7168-06

2.450% 00 1.1078-0% 2. 120806
2.5108 00 1. 140E-08 2.8178-06
2.570¢ 00 1.6828-08 3. 5452-08

01 4. §96E-06
01 5.3752-06
01 5. 401206 €.8818-06

2.6908 00 1.1078-03
2.750% 00 -2.2108-0% 2. 104%8-08

INTEGRATID DATA

PBOTOY ENERGY INTERVAL 1-SBC 7I0¥ 2B
[LLU)] (8/38) (p/s8)

3.0002-01 - &.0008-01 9.6108-0a  08.761e-0N
§.0008~0% - 5.,0002-01 0.7508-04 8.173E-00
5.000B-01 ~ 6.000B-01 7.1858-03  &,1512-084
6.0008~01 - 7.0002-01 1.198%-03
7.0008-01 - 6.0002-01 $.19838-03
8.0008~-01 - 11,0003 00 1.0178-02
1.0008 00 - 1.200% 00 8.8268-05
1.2008 00 - 1.800% 00 7.8713-08
1.4008 00 - 1.600E 00 2.5102-06 6.6232-05
1.600% 60 - 1.6001 00 3.1408-05  8.817E2-05
1.800% 00 - 2.000B 00 7.6723-06  5.6208-0%
2.0008 00 - 2.500F 00 1.1088-05  1.203B-08
2.5008 00 - 6,989 B-05 1.003E-08
3.0008 00 - 9.9008-05  1.082E-0%
1,500 00 - .5028-05  9,6268-03
64,0008 00 - 5.830%-06 8.565B-05
4.3002 00 - 5.000E 00 4,6332-08
$,0008 00 - 6.000% 00 5.812%-0%

6.0002 00 7.000E 00 -2.5818-06
7.0008 00 8.000t 00
6.0002 00 9.000% 00

5.6678-08

9.0008 00 1,000 01
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ORNL-DWG 74-13137

TEE FIRST SET
b SBT IS THE
GANNA DAY SWENAY INTERVALS.
DIPPERENTIAL DATR TRE
AND DO BOT INCLODE AW RS?TI-

DIPPERRFTIAL CROSS SECTIOFS FOR QAARL WAY PRODOCTION IN PD
1 ]

SARNL AT
THIS SBCOND SRT
ONCERTAISTING A

BATED 10 PEACEET B IOI IT APSOLOTE RODSALTRATION.

INCIDEST NEUTRON EEEBRGT = 1,50 70 2.0% REV., ABOLE =~ 125 DBGREES.

PHOTON RUERQY I-3ICTION BRROR
(3/3%/HRY) (l/Sl/ll')
3.025x-0% 9.0%m-03 2 Inze-

TI-ﬂ

2.!90!—0!
-1.37- ol 2.6633-08
1.9308-0% 1.2N1-08
1. 3238-00 2.773R-08
2. 5303-0% 3.0082- 08
| 6ap-08 2,7018-08
=08 2.5270-08
2.575p-00
2.0072-04

3,1753-01 1.6702-02
3.3298-01 2.26008-02
3.a733-01 2.2" -02
3.6258-01
3.7753-01

| 098r-02 ‘ 5°ll-02
4.0)358-0) 1.5319-02
1 $352-02

2.9813-05

1 43901 1. 6173-04

9.6098-02 1.%028-08

3.1932-02 1. 983208

3,3438-02 2.7218-08

€.5003-01 3 1. 226208
6.7003-01
6.9003-01
7.100x-01
7.3008-01
7.5008-01
7.7008-01
7.9008-01
8.1003-01

8.3003-01 ]
8.5002-01 1.2588-01 6. 1008-013
8.7003-01 1.0192-01 -! 97305

8.900%-01 6.37¢2-02
9.1003-01 €,7993-02

1.7102-04

! o8- 04

28-08

1 I6aR-04

1.3013-08

1.2980-04

1.2052-04

6.7320-08 1.1330-08

3.0760-00 9.3800-0%

9.0173-04 L] -]
7.9623-08
T.6880-08
69828~ 04
6. 3820~ 08

. 3.7108-04
2.9312-03 6.1520-08

2.640m-0) 5.0710-04 31.5799-08
1.7873-03 &850 08 2.8293-05
8.6652-08 4.5008-00 1.9288-0%
2.6203-08 La890-04 1.9233-03
2.02%8-04 3.7328-04 1.5959-0%
1.970% 00 2.2212-00 L 825808 1.3883-05

2,030 00 3,3533-04 1.1918-03
2.090% 00 1.0019-0%
2.150% 00 3.1 7.9140-06
2.210% 00 3. 5080 0% 728-06
2.2702 00 3.1680-08 5.8128-06
2.3301 00 L0250-08 1.8192-06
<3%0% 00 3,2272-08 2.226E-06
2.4508 00 2.9588-08

2.51 00 2.5882-08

2.57e% 00 1.3928-00 2,7550-08
2,6308 00 1.13w-04 2.5808-08

[ 2,475 04 7.9383-07
2.7%02 00 1. 15aR-08 2. 389E-08 1.0582 01 B2.2588-07 6.6508-07

INTRGRATED DATA

PROTOR IWIRAY RRVAL 1-3C TION B .3
(114} {a/sm) {8/31)

3.0002-01 4.0002-01 1.6909-03  1.4772-0)
8,000-01 $.0001-01 2.3328-03  1.8302-03
5.0008-01 6.0008-01 t1.3038-02 7.4562-08
6.0003-01 7.0009-01 3.7008-03  5,006R-08
7.0008-0% 1.0978-02 8384008

1.6988-02  S5.1602-04
1.6602-08  2.0125-04
161 1.672x-08
6.733%- 1.571x-08
N.55a8-08  1.0898-04
S.0189-05  7.7132-0%
6.8620-05  1.5958-08
1.3352-05  1.2632-04
7.6593- 05 1.3908-04
-2.0718-06 1.2763-08
98805 1 0N93-08
78-08
6.3899-08
2.7353-08
3.1808-08

8.0002-01
008 00

1.28
1.9873-06



DIPPEREWTIAL CROSS SECTIONS TOR GANAL NAY PRODUCTION IN PB.

ORNL-DWG 74-13139

THE PIRST SET

or wom I3 THE DOODLY DIPPERERSTIAL CROSS SBCTION, WHILE THEE SECOWD SRT IS THE
canma PRODOCTION CPOSS SKCTION

THIS SECOND
OBCBRTAIPTIR:

NATED 10 PERCEN?

IVER IF T
ROR IW nmun PORGALILATION.

IBNCIDEFT WEOTROF RWERCT = 2.01 10

moToR Illldl E-SICTION
[

3.62%8-01
31.7758-01
3.92%8-01
8. 100801
I 3002-01

(l/!l/llv)
ose-

1.6622-03
1.1912-02
1.9318-02
2.0022-02
788-02

1.4138-01
1.0762-01
7.6662-02
$.3918~02
3.7618-02

a. 9“I-05

9.0082-03
9 6758-03
0B-03
oe-03
1.1832-02
1.506E-02
1.5328-02
1.0368-02
5.0008-03
1.323-03
2.7072-08

6 4362-08
5. 305E-08
5.2098-08
4, 817E-08
N.097E-04
2,5862-08
3.2098-06
-3.1292-08
.0652-04

PHOTOY B

3.0008-01
4,0002-01
$.000B-01

(3.4

SR/MEY)
2.7162-02
2.4278-02
2.3408-02

1.

1.1058-02
1.087%-02
9.8502-03
9. 693e-03

7.2889-03
7.4608-03
02-03
4B-03
6.8369-0)
S.9658-03
LA
3.56)2-03
5.1133-03
4.4143-03
1983803
3.7252-03
3.2608-03
2.9482-03
2.4658-03
1.9608-03
1.8823-03
1.7013- 03
1.7008-03
1.8013-03
1.0728-03
1. 98a3- 03
2.0058-03
2.1559-03
2.090x-03

| 6628~03
1.6718-03
1.6928-03
1. 480903
1.3802-03
1.0373-03
8.0662-08
6.8703-08
5.2008-08

wisy-o8
4.5538-08

4.1092-04

2.49 nRY.

GANNA TAY RPESGY I FTERVALS.

THE
L]

AFGLE = 123 DEGRBES.

PEOTON EFBRAY X-SECTIOR

{mE"

2,808
2.0702

1.0828
1.0388

TNTEGRATED DATA

20T INTERVAL
Bt

4,0008-01
5.000E-01
6,0008-01
7.000B-01
8.0003-01

1.200E 00
1.4002 00

I-SECTION
/3

3.286%-03
3.680%-03
2.1109-02
6.7922-0)
1.7308-02

2.1

12-02

7.8669- 08
9.126 8-08
1

k)
2.3838-03
2.1098- 0%
3.1082-08

-1.053%-08
2.1382-08
-7.6178-0%
9.2733-08

1.1

4B-0%

1.8038-08
=1.7198-05

1.96

38-0%

3.157e-08

1.03

-05

{B/SR/8EY)
-5 6098-08

-‘ IS9E-08

2,979E-0%
2.8052-0%
1. 3502-08

S.SIAE-06
4. 7292-06

1. 58 06
9.683E-07
6. 877807
6. 888E-07
8.6312-07

ERROY
(a/32)

2.3781-03
2.0718-03
1.2098-03
B.718E-08
7.2072-08
9.3968-04
8,1238-08
3.8328-08
3.615.
3,016
1.398
2.517
2.160
1.9472-
1.7382-08
1.475E-08
1.3828-08
2.795E-08
1.9123-08
6.8358-0%
2.0128-05
7.080E-06

ERROR

(B/SR/HEY)

4.0258-08
8.8)0E-08
3.950E- 04
3.9998-08
8.0828-08
N.016B-08
3.0338-08
4.0328-08
3.9878-08
3.709E-04

25!
2.7303-08
3.0898-08
2.603B-04
2.5353-00

3.0132-08

3.090%-05
2.7708-0%
2.5128-0%

1.283E-06
1.3878-06
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ORNL-DWG 74-13098

A RAY PRODUCTION IN . THR PIRST sBT
OF BUABRES IS THR DOUBLY DIFFER 'TAL CROSS SECT v T s T IS THE
GARRA RAT PRODOCTION CROSS SECTION POR THRE LESIGRATED GANRA BAY BUERGY INTERVALS.
TAIS SECOPD SPT ABSULTS PROE INTRURATION OF TER DOUSLY DIPPERRFTIAL DATA., THE
OFCERTAINTIES ARR GIVEW 1IN THE SAHR UPITS AS PER DATA AWD DO ¥OT INCLODE AW BSTI-
HATED 10 PERCEINT B R ID ABSOLOTE FORBALIZATION.

INCIDINT WROTROW RNERGT = 2.49 TC 3.00 HNEY. ANGLE = 1235 DEGREES.

PIOTON ERERGY X-SECTION 2R20R PEOTON BWERSY I-SBCTION ZAROD
(asv {B/3R/ARY) (B/SR/HBY) (3EY) (B/3R/UBY) (B/SR/AEN
3,0253-01 S.7012-02 3.0082-02 2.0108 00 1.9282-03 6.5208-08
3,1782-01 6.3918-02 2.8702 00 -, 5732-05 S5.8098-08
6.1922-02 2.9302 00 L) 5.0213-08
$.5112-02 2.9908 00 $.3073-0a
3.0508 00 5.713B-00
3.77%8-01 3.1102 00 5.6728-08
3.925%-01 3.180t 00 5.6018-00
s, 1008-01 3.260% 00 5.8408-00
%.3003-01 3.3408 00
4.5008-01
5.7002-01
.9008-01
5.1008-01
$.3008-01
S.500%-01
$.7008-01
5.9008-01 ~2.4278-00
6.1003-01 1.6728-01 -6.5058-05
1.029%-01 -3,5722-09%

1.0198-02
1.0293-02
9.2913-03
9. 6063-0)
.l'.!."I 03

903- 03
6.5025-03
6.5312-03
5, 526p-01
5.1973-03
8. 7203-03
3.7223-03
L6433-03
3.738:2-03
1506003
3.6163-03
10713-03
3,7358-03
3. 9413-03
2.1232-02 4,1158-03
2.3933-02 3, §3- 03
2.0008-02 3.193-03
1.25%-02 3.0a82-03
6.429%-01 3.0873-03
7.9588-0) 2.7802-03
1.6268-02 3,0038-03
2.652m-02 3.1372-03
3.2658-02 1.2043-03
3.0112-02 3.1182-03
2, 1083-02 3.288%-03
1.1098-02 2.2993-03
1.910% 00 5.6253-0) 1.8978-03
1.9708 00 2.633%-03 2.0093-03
2.030e 00 2.3012-03 1. 9493-03
2,1233-03
2.0063-03
1.7323-03
1,5623-03
1.3813-03
1.3028-0)
1.2948-03
1.6709-03
2.5708 00 2.2322-02 1.674E-03
2.6302 00 2.6568-02 1.3633-03 1. 318k-05
2.6902 00 1.0662-02 1. 1a72-03 1.394g-0% 3.1788-0%
2.730¢ 00 9.0092-03 0.163%-08 1.0582 01 1. 6242-03 3.8208-03

9.7002-01
1.0008 00
1.0808 00
1.0802 00
1.120%2 00

2.8998-08
2,.5123-04
2.2152-08
2.1583-08
2.0692-08
1.6913-08
1.3313-04
1.1618-08
1.0218-04
T7.5618-05
72E-03
299-0%
8108-05
6328-0%
0768-05
3.700%-08
3.8863-08

1.3722-0%
1. 5533-05

IFTEGRATID DATA

PBOTON RBNENGY LETBRVAL 1-SECTION ERIOR
L} J) (3/32) {B/90)

3.0008-01 - &,0008-01 4,3098-03  3.2263-03
4.0002-01 - 5.000B-01 2.4663-03  2.9872-03
5.0008-07 - 6.0008-01 2.554B8-02 1.850E-03
6.0002-01 - 1.0608-02  1.2722-03
7.000E-01 - 1.5798-02

8.0008-01 - 4.065E-02

1.000B 00 - 2,351~ 03

1.2008 00 - 1,6703-03

1.8008 00 - 3.1313-03

1.6008 00 - 4,0778-03

1.8002 60 - 1.8773-03

21.0008 00 - 8.8832-04

2.5008 00 - 5.147R-03

3.000% 00 - 1.0628-08

3.%00% 00 - 8.3333-05%

4.0008 00 - 8.S00R 00 -1.0732-08  2,1839-04
4.5008 00 - S5,000% 00 1.3568-04  2,004R-04
$.0008 00 - 6.000% 00 1.3828-08  &.5%572-08
6.000F 00 - 7.000F 00 2,3203-05  2,709%-08
7.0008 00 - B8.000% 00 8.9368-03
8.0008 00 - 9,000 00 [ ]
9.0008 00 - 1.000% 01 1.3612-08 72-05




DIFFPBARFTIAL CROSS SECTIONS POR GARNA BAY PRODOCTION IR
OP WOESERS IS THR DOUBLY DIFPERENTIAL CROSS SECTION, WAILE T
RAY PRODUCTION CRO3S SECTION POR THE CESIGEATED GAREA
TAIS SECOND SET RESULTS PROA INY
USCERTAINTIRS ARE GIVEN IF THE SA

HATED 10 PERCIWT N

INCIDENT BBUTRON BFRIGY =

PROTOF ENERGY I-SBCTION
(8 {3/ /02 Y)
3.0258-01 6.7028-02
3.1752-01
3.3258-01
3. 875201
3.6252-01
3.77%8-01
3.9293-01
s, 100201
8. 300R-01
4.3008-019
8. 700801
8. 9002-01
5.1008-01 2.0292-01
$.3002-01 3.207m-01
5.5002-01 .
5.7008-01

8.9758-02
0,07€R- 92
0

9.1002-01 1.6038~-01
9.3008-01 1.175-0%
9.%5003-01 0.9043-02
6.3308-02
3.6082-02

7.8668-03
6.5058-03
9.0662-0)
1.5788-02
2.4068-02
2.7913-02
2.23m-02

2.2002-02
3.753E-02
4,906~ 02
4.8862-02
3.3)372-02
2.325E-02
1.7832-02

1.9708 00 9.4998-03

2.03e 00

2.0902 00

2.1508 00

2.2103 00

2.276¢ 00

2.3308 00

2.3908 00

2.850e 00

2.5108 00

2.5708 00

2.6308 00 1.1652-01
2.6908 00 7.2312-02
2.75%0R 00 2.8152-02

780708 B

3.0008-01
4.0008-01
5.0002-01
6.000E-01
7.0002-0%
8.000%-01
1.0008 00
1,200 00
1.800% 00

RRROR
{B/SR/HBY

35

3.5283-02
3,1842-02

. 02
2.5089- 02
2.8758-02
2.1200-02
2.1372-02
2.1228-02
1.9852-02
1.9058-02
1.60213-02
1. 800802
1.8172-02
1.7118-02
1.6818-02
1.5628-02

662-02
\5 02
1.2018-02
1. 3228-02
1.2388-02
1.1888-02
1.0638-02
1.0038-02
9.5258~03
9.3828-03
9.7938-03
7. 7a08- 03
7.2758-03
6.6958-03
7.2883-03
6.0928-03
7.2863-03
6903803
7.0158-0)
7.6311-03
7.2323-03
7. 2588- 03
6.6 058-03
6.5928-03
6.3392-03
6.235p- 03
6.6362-03
1.057%-03
6. 8698-03
6.7672-03
5.8058-03
5.00638-0)
S.4818-03
$.2208-0)
S.5858-03
$.2998-03
25102
4,0672-03
3.9298-03
3,7228-03
3.8158-03
4. 706803
5.4062-0)
8. 992803
3.3838-03
1.9188-03

3.00 TC

TIOF OF THR DOOBLY DI
UFITS AS TAR
ABSOLUTER FORNALISATION.

3.49 HBY.

DATA AVD DO

ORNL-DWG 74-13099

X
WIIAL

PEOTON EWENGY K- SECTION
(b/3R/REY)
7.5762-03
2. 6072-0

1.0882 01

INTEGRATED DATA

GY INTBRVAL
V)

8.000E-01
9,.0009-01

01

I-SEC TION
(8/31)

7.1373-03
S.4678-03
3.3768-02
1,109 02
1.0872-02
4.2058-02
3.0%62-03
2.9078-03
3.13832-03
7.2008- 03
3,8558-03
3.9378-03
2,1398-02
=3.9788-05

3,5628-05
1.7313-0%

1
3

1]
2. 537804
1.1782-08

~8.466K-05
2.9912-00
6.4323-08
6.52

1. 0501
-6.0702-08
~1.1462-0)
-1, 072
-6.5788-00
-5, 6858-0%

5.4732-00

9. 636E-08

L]

0]
=3.0298-08
$.8812-0%
on

-8.5163-05
-1, 716E-0%
1.506B-03
4, 3032-05
$.7398-05
6. 6012-0%
4. 690208

1.801E-06
2.3238-06

OR
(a/38)

8.2612-03
4.1848-03
2.667E-03
1.9932-03
1.7162-03
2.3038-03
1.5862-01
1.8108-03

. TR
SECOND SET 1S THE

PINST SET

INTERVALS.

ATA. THE
T INCLUDE AN BITI-

ANGLE = 125 DEGRREES.

BRROR
(B/3R/02N)

$.1038-08

§,8063-08
5.3818-08
5.0398-08

3.2952-08
2.8028-08
2.0768-08
1.7308-04
1.5233-08
1.1878-08
9.0618-05
7.010E-05
7171805
6.8838-05
5.6408-05
S.83318-05
5.2778-0%
5.4598-05
S.8828-0%

3.3678-06
3.5518-06
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ORNL-DWG 74-13100

DIFPERRENTIAL CROSS SECTIONS POR QA ¥ IF PS. THR TIRST SET
OF FUEBERS IS TES DOUMLY DIFPPEREFTIAL CROSS SECTIO THE SECOND SET IS THR
GANNA RAY PRODOCTION CROSS SECTION POR TEE OESIGRATED GANNA DAY FWERGY INTERVALS.
THIS SECOED SET BRSOLTS FROW INTIGRATION OF TMR DOUBLY DIPFERENTIAL DATA. THP
ONCERTAINTIES ARE GIVEN TN THE SASE ONITS 1S THR DATA AND DO NOT INCLUDE 2N RSTI-
WATED 10 PRACENY APSOLUTS BORNALIRATION,

INCIDINT NEOTRON EUERGY = J.49 TO 4,00 BEV. ARGLE = 123 DEGREES.

PIOTON EWERGY I-SECTION TRROR F80TOW BNREGT X- EXR0R

vy (s/m/0R%) (B/3R/BBW) {uRY) (8/SR ARV
3.0258-01 1.0813-01 6 803802 1.9888-03
3.1798-01 S.49088-02 1.7663-03
3.3258-01 s.snl-oz 1.8728-03
3.4753-01 1.2159-03
3.6258-01 1.1803-01
1.2309-0)

2.8632-03 1.0938-03
3. 630%-03 1.227%-03
2.6263-0) 1.0308-03
1. 2393-03 9.796%-04
N, 987R-08 9.8658-04

S TN 02 3,9202-08 8.5763-00
. 0158-02 2.0833-08 7.953- 00
3.960m-02 4.370%-0% Te 296!-0l
3.8408-02 1. 1003-04
3225802 S
3.1.7!-02 9. O,SI-OI
9 1.0788-03
6,5360-08
2.5‘1.-01 T.3948-04
.31%8-02 ‘.! 60 08
2.1329-02
2.0008-02 7 0538- 00
2.1238- 02 7.3978-00
1.9673-02 1. “.I-GT 6.8030-04
1.0878-02 6.8183-04
6)]-01 6.4940-08
7.9633-00
1. u-oz 6.1000- 04
1.7208-02 6.9103-08
1.7832-02 7 02 o
1.6208- 02
1.4 2 6 SJII-OI
1.274- 02 6. 0860008
1.3222-02 -3.3133-04 6.2308-00
1.2878- 02 4. ¥972-04 6. 186004
1.2068- 02 9.4572-08
1.10893-02 9.8718-08
1.1033-02 6.0828-08
1.0032-02 2.8662-08
2.1823-02 1.2563-0%
6.6372-0)
242-0) .
1.1438-02 L
1. 1529-02 4.0612-08
1.1333-02 052N 08
1.1878-02 3. 7700
1.0698-02 -1, 457E-08 3.2308-00
1.0952-02 ~2.7863-03

6.7942-08

I.III-OI

2.79%08-02

2.50%m-02 . 3108~06

1.8638-02 ~3.9393-06

2.0118-02 S. 1188-06

1.nu-oz 1.8933-08
3, 1%12-0%

5.6031-03
7.029‘- 03

’-25“—0]
2.0698-03
5.1158-03
2.750R 00 8,7382-02 .30 1.0502 01 7.3698-06 7.585%-06

INTBGRATED DATA

PBOTOY RWRRCT INTEUVAL 1-SKC IO ROR
(ugv) (a/3m) w/smy
3.0008-01 8.0002-01 1.1368-02  6.0072-03

§.0002-01 5.0001-01 $.5073-03
S.000m-01 6.000%-01 3.5792-03
6.0008-01 7.0003-01 2.5753-03
7.000-01 8.0002-01 t.9882-03
8.0002-01 1.0002 00 03
1.000% 00 1.2008 00

1.400%8 00

- 1,600 00 5.13‘!-0!
- 1.8001 00 9.8108-03
- 2.000% 00 $.3193-0)
- 2.5008 00 7.7129-03
~ 3.0008 00 .2052-02
- 3.500t 00 9.2628-08
- #4.0008 00 1.6113-08
- 84,9003 00 1.3119- 08
- 5.0008 00 -2.712E-06
- 6,000 00 1.1533-08
- 7.000% 00 6.4622-0%
- 8.000% 00 101708
- 9.0008 00 1.3772-0% 3. 1e1p-08
- 1.0001 01 2.0992-0%  1,.5562-0%




DIPPRABETIAL CROSS SBCTIONS POR GASWA DAY PRODOCTION IN PB.
38 IS THEE DOOBLY DIFFRARFTIAL CROSS SECTION
Y PACDUCTION CROSS SECTIOW POR THE DESIGN
SET RRSOLTY

37

WATED 10 PERCEFT RRROR I¥ ARSOLOTE BORSALIZAITION.

ISCIDIRT ¥WRUTRON ENEZRGY = &.00 TO

PROTON BNEAGY

1]
3.02582-01
3. 175801
3.325E-01
3.8758-0%
3.6258-01
3.7752-01
3.9238-01

2.7502 00

I-sacTION
(3/5%/1

1.6508-01
1.3628-01
1.6 7112-01
1.7058-01
1.3953-01
1. 1882-01
1.3222-01
1.3158-01
6.8

3. 4628-01
1.8735-01
1.2968-01
1.1052-01
8.921%-02
8,281E-02
1.4312-01
2.9372-01
8. 5962-01
$.3083E-01

3. 1398-01
2.369%-01
1.9638-01
1.4212-01
1.0 113-01
7.8328-02
4.937E2-02
3.9158-02
5.208E-02
4, 7132-02
2.0572-02
6.1362-03
1.1018-02
2.2862-02
3

8.2718-02
3.8162-02
2.77%E
2.91m

3,
3.9188-02
8.7632-02
6.7562-02
6.1032-02
6.0882-02
7.202-02
S.7472-02
31.6112-02
1.751E-02
2.978E-02
3.386p-02
1.7032-02
7-6118-03
~2.863-03
-2.2088-03
1. 1282-02
$.5908-02
1.0158-01
3,0772-01
2.9%22-01
1.7888-01
7.57718-02

ea
(3/52/EET)
9.0978-02
9.2438-02
£.3708-02
7.9658-02
7.0158- 02
7.6633-02
7.4802-02
7.6868-02
7.8158-02
7.6898-02
6.5308-02
6.2038-02
5.7778-02
5.2198-02
8,7902-02

2, 6168+ 02

1.5288-02
1.5812-02
L 3518-02

1.2268-02
1.0308-02
1.080B-02
1.0178-02
9.7958-03

4, 5928-03

4.89 EEYV,

PEOTON EWER
[13.0)
2.8108 00
2.8708 00
2.9202 00
2.9908 00
3.050F 00
3.1108 00
3.180% 00
3.260%8 00
3.3802 00
3.420E 00
3.5008 00
3.580E 00
3.660E 00
3.7802 00
3.0202 00
3.900% 00
3.980¢ 00

IFTEGRATID OATA

PROTON EFERQY IWTERVAL

3.0002-01
4.0008-01
5.0002-01
6.0002-01
7.0002-01
8.0008~01
1.0008 00
1.2008 00
1.8002 00
1.6008 00

(eEY)

%.000E-01
5.0008-01
6.0008-01
7.0002-01
8.0008-01
1.0008 00
1.2008 00

e
w
H
-
-3
3

1~SBC TIOW
(8/s8)

1.4572-02
2.0828-02
6.768 8-02
1.786R-02
3.0298-02
4.8972-02
7.492E-03
$.3708- 03
6.0282-03
1.3398-02
8,178 E-03
1.2098- 02
6.2508-02
1.7948- 03
1.3972-03

9.694%-08
1.168 E-04

. 08
7.0372-05
4.8658-0%
B.5502-07

ORNL-DWG 74-13101

THE PIRST SET
SNILE TEE SECOND SET IS THE
FEERGY INTEBAVALS.

ESTI-

ASGLE = 125 DEGREES.

¢Y X-SRCTIOA

2. 4922-0)
2.9822-03
3.796E-03
4. 0632-03

-2.470B-08
-3.0362-04
2.3338-0%
3.010E-04
1.9728-08
3.2908-03
3.2098-08
8, 2982-0W
1. 1802-03
1.0042-03
3.3032-08
-2.0758-08
~5.0408-08
-3. 3598-04
7.1882-03

7.845E-06
1. ¥692-0%
1.6198-0%
1. 892E-0%
1.05a2-05

ERAOR
(B/3R)

8.2052-03
7.0022-03
4.8268-0)
3.6392-03

5.7382-03
3.3972-03
1.0502-03
£8.5003-04
+625B-08
4. 3892-08
7.3198-04
S.8682-08
2.038E-08
7.7512-05
2.8182-0%

BAROR
(8/51/mEND
3.1988-03
2,5202-03
2.316E-03
2.8278-03
2.2628-03
2.1878-03
2.3828-03
2.0918-03
1.9712-03
1.8968-03
1.7998-03
1.6918-03
1.7668-03
1.6908-03
1.5498- 03
1.7818-03
1.7242-03
1.6818-03
1.4238-03
1.3882-03
1.3138-03
1,1808-03
9.585E-08
8,882 04
7.7008-08
8.353E-04
9.3878-00
on- 04

3.1282-08
2.320p-08
1.6732-08
1.689E- 08
1.6618-0%
1.6678-08
1.2108- 08
1.0003-04
1.2828- 08
1.091%
7.110E-03%
5.297E-03
4.9068-05
4.3978-05
8.3798-05
4.5188-05
3.642E-0%
2.073E-0%
1.380E-05
1.0898- 0%
8.6912-06
9.6358- 06
1.2108-05
1.3982-05
1.4232-08
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BIDIIIIIT!M. CR0SS SPCTIONS POR OABEA UAY PRODSCYION IV PB. THE PIRST SBY

23S IS TER DOUSLY BIFPPERERTIAL CROSS SECTION, WAILE TEE SBCOWD $ET IS TSE

.llll III PRODECTION CROSS SBCTION POR THR DESIGEATED GANEL 1AY FUERSY INTHAV

TAIS SECOND SFTY RESULTS FROM INTIGRATION T2 DOUYSLY DIPPRERFYILL DA

UNCERTAINTIRS ARE GIVE THE SANE WUITS AS THY DATA AND DO ¥OT INCLUDE AF BSTI-
UATED 10 PRRCEET 2DDOR A40S0LVTE FOBNALISATION..

INCIDINYT UEOTRON EUBRGY = .49 70 5.00 EEV. APGLE = 125 DRGAEES.

PmTON BEBREGY X-JECTION Eng0R $E0T08 WWERGY X-SECTIOR SaR02
(s o/m/amy)  (/3/mv {WEY) (/a0
3,8258-01 2.7673-01 1.0063-01 -1068-03

3.17%8-01 2.3012-01 1.1068-01 4,2693-03
2.31718-01 9.7973-02 4.0583-0)

2.31:m-01 3.3218-02 3.7943-03

¢ 4. 3083-02 3.3708-0)

3 T899-03

J 9"}0!

3.3
3.1 ll-.!
2.9273-03
2.8269-03
118-03

8- 8
[ - 02
4291302
3.9552-02
3.6128-02 1.6009-03
3.4208-02 1,345 0)
L 4358-02 1.3892-0)
3.3358-02 1 1638-03
3. 1629-02

1. 1102-0)
1.0052-0)
9.6173-04
7.2923-08
8. 1928-08
1.0788-08

=1, 062808

-7.9023-03

~6.7028-06

$.7008-01
8.9003-01
4. 1008-01
9.3008-01
9.5008-01

2,4993-02
2.3352~02
2. 8133-02

02

01

2,0023-02
1.7313-02
1.794-02
1.7983-02
1 02

, 1058-02
2.279%- 02
2.4082-02
2.0373-02
1. - 02
1.9453-02
1.900%- 02
2,0083-02
L9188-02
2.0038-02
1.9038-02
1.9373-02
1. 7638~ 02
1.6363-02
1.5308-02
1.789%-02
3.84718-02 1.6 163~ 02
2.2)m-02 12

4.7898-05
3.3928-0%
1.9633-05

2. 4512-08
312-06
6

- 02
6.9803-02
2 ot 1 02
3. 1. 9988-02
3.8712-01 1.5138-02

2.4173-01 9.7502-03
2.750% 00 1.0782-01 5. 789803

|.5l9!-°5 1.5470-08

INTBGRATED DATR

PBOTON ENERGY IFTERVAL T-SECTION BRR
(L] (vse) (a/53)

3.0008-01 §.0003-01 2.1158-02  9.8842-0)

4.0002-01 5.0008-01 2.689%-02 0.150%-03

6.0002-01 6.592%-02 6.1212-03
%.3063-03
3,277¢-03

8, 56943-03
1.7398-03
4,7678-03  1.8903-03
3.9018-03
4.5388-08
2.2083-00
3.0983-08

.
$.5848-05  2.0703-04
7.2629-03  9.8232-05
2.0049-05  .2.4359-05

RN
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DIFPERRFTIAL CROSS SECTIONS FO1 G, A RAY PRODUCTION IF PB. PIRST 9B
OF WONBEAS TS5 TRE DOUBLY DIPFEREUTIAL CROSS SECTION, WHILE THE S D SET IS TBE
GAARMA EAY PRODUCTION CROSS SOICTION FOR TRE DRSIGNATED GANHA RAY EFERGY INTERVALS.
TAIS SBCOND SE'T ABSOULTS PRON INTIGRATION OF TRA DOOBLY DIPPEEENTIAL DATA. THE
OECRRTAIFTIES ARE GIVES IN TAE SANE UNITS AS THE DATA AND DO FOT INCLUDE AN BSTI-
fAATED 10 PEECENT BRROR IN ABSOLUTE NORBALIZATION,

IBCIDEWT NRUTEON EWERGY = 5.00 T0 6.00 NEV. ANGLE = 125 DROREBES,

HOTOI II!IGI I-SKCTION BRROR FROTOR BERRGY I~ SII.TIOI BRROB
(l/!l/ll') (B/9R/MBY) (mEn) (B/SR/UBY)
3. 025!-0‘ 2.1562-01 1.2948-01 2,610 00 5.5588-03
3.1758-01 2 1.0978-01 2.8702 00
3,3258-01 1.1088~01
3.4758-01 1. 0482-01
3.6252-01 1.0732-01
3.7758-01 1.0702-01
3.92%5E-01 1.0618-0%
§,1008-01 1.0903-01
4.3002-01 1.0092-01
4.5008-01 1.0098-01
4.7008-01 9.0153-02
900R-01 02
5.1008-01
S. 300E~01
5.5008-01
3.7008-01
5.9002-01 %33
6.1002-01 S.7088-02
6.300E-01 S.548E-02
6.5008-01 5. 2782-02
6.7008-01 5.0208-02
6.9002-01 N, 2538-02
7.1008-01 3.7238-02
7.300 1 803E-01 3.5178-02

1
7.5008-01 2.5298-01 3.3302-02
7.7008-01 3.8088-01 3.3771-02

7.9008-01 $.2672-01 6.9918-03
8.1008-01 6.0328-01 S.T198+0)
8.3008-01 5.7968-01 3,1608-03
8.5008-01 S.0818-01 1.3972-03
8.7008-01 4.2562-01 7. 3988-08
8.9008-01 7 Olll-ﬂl
9.1002-01
9.3002-01
9.5008-01

9.7008-01 1.3052-01 9.3198-04
1.0008 00 9.957E-02
1.0408 00 9.7138-02 2.8128-02
1.080E 00 9.797E-02 2.2508-02
1.1208 00 9.0512-02 2.3122-02

1. 1608 00 2.00€E-02

1.200E 00 2.032p-02

1.2808 00 2 3782-02

1.20802 00 2.5912-02

1.3208 00 2.5062-02 -2.4852-08
1.360¢ 00 2.6648-02 -2, 1032-08
1.8008 00 .61%8-02 =7.654E-05
1.880E 00 2.8308-02 9.0952-05
1.4802 00 2.4688-02 1.6082-04
1.520E 00 $.833r-02 2.5088-02 1.920E-04
1.5602 00 632-02 2. 6248~ 02 2.8318-08
1.6002 00 8,20878-02 2.8172-04
1.6808 00 1.0858-01 1. 6552-08
1.680F 00 1. 1688-01 1. 1518-04
1.7208 00 1.1362-01 8. 8322-0%

7. 7668-05 9.7072-05
a4, 7718-05 9.3898-05
1. 9282-0% 8.3938-0%
2.081E-08 T.7918-05
3.4572-0% 6.8118-05

1.7608 00 1.0578-01
1.0008 00 1.0108-01 2 4098-02
1.8508 00 8.8792-02 2. 155802
1.9102 00 $.7208-02 1. 975202
1.9702 00 4,0332-02 2,0188-02

2.030E 00 5.0208-02 2.2398-02 5.0262-05
2.0908 00 8. 7688-02 2,208~ 02 S. 328808
2. 1508 00 2.8108-02 1.9932-02 4.3528-0%
2.210B 00 2.8302-02 1.7238-02 2118805
2.2708 00 2.8458-02 1.507B-02 6.2062-06
2.3308 00 2.8252-02 1.84508-02 2.0352-06 2.386E-05
2,390% 00 3.5758-02 1. 8198- 02 8.253E-07 1.1118-05
2.4508 00 1.6378-02 9.780% 00 3. 668E-06 6.8358-06
2.5108 00 1.8712-02 9.9802 00 4.7518-06 $.2738-06
2.570 00 2.158E-02 1.0108 01 4. 892E-06 $.3078-06
2.6308 00 1.8528-02 1.0268 01 N, 9582~-06 $.7222-06
2.690F 00 L3338 1.2298-02 1.0828 01 S. 6912-06 6.3798-06
2.750E 00 1.5238-01 7. 1252-03 1.0%8E 01 6.1652-06 6.6972-06
IETBGRATED DATA
PROTON EWERGY INTBRVAL I-SECTION BEROR
{82Y) (B/3R) (a/sm)
3.000E~-01 4 .0008-01 1.9458-02 1.0958-02
., 000!~01 . 2.1788-02  9.7338-03

9.2682-02
3.8018-02
2.9712-02
6.7938-02
1.8348-02
1.3708-02
1.537E-02
2.1818-02
1.318E-02
2.2808-02
9.9258-02 5.8928-03
0,289 02 2.0962-03
6.7838-03 1.6642-03
1.0168-07  1.298E-03
2.8802-03  8,2552-08
7.8842-08  1.069R-01
3.5002-05  5.3893-0%
1.507E-08  1.7793-04
4. 1892-05  7.2378-05
8.880B-06  2,1802-05

R N R I R R A A R R S B BRI |

9.0008 00




40

ORNL-DWG 74-13104

DIFFEARITIAL CROSS SBCTIONS FOR QA 13T PRODOCTION IN PO.
OF WURBERS 1S THR DOUSLY DIFPEARFTIAL CROSS SECTION, W¥EILE TEB SNC
GARBA RAY PRODECTION CROSS SECTION FOR THE DESIGUATED GLENA WAY ENERQY !If
THIS SECOWD BT RESULTS PROR IFTRGRATION OF TAR DOUBLY DIPPENESTIAL DATA. THE
OECERTAINYIES ARE GIVENW IN THE SAER UDITS A8 THE DATA AND DO WOT IWCLOUDE AN BSTI-
WATED 10 CEFT BRRO! ADSOLUTE BORNALISATION.

nl!! SEYT

LS.

INCIDENT WRFUTROW EWIREY = 6,00 T0 7.00

¥, ANQLY = 129 DEORERS.

I-3KTI08 BERROR FROTOR ENERQY I-SECTION
(3/81/117)  (V/SR/BB V) (EEYY {3/52/03V]
2.4518-01 1.530%- 0%
.50~ 0‘ 1.8863-01

}
T.9882-02

] 02
4.079m-02

1.3348-01
1.2182-01 3. 1962-02
4688-02
e13-02
‘.191I-01 2.869%-02
1.3142-01 2.0152-02
1. 193801 72R-02
1.131%-01 2
1.125%-01 . 690R-02
1 03€n- 01 1.7512-02
1.0628-01 1.7028-02
9.205%-02 2.2623-02
8.1593-02 1, 9558-02
6. 8673-02 \.IIII-H
102 4.9293-03

\ 2658-02
1. %0 718-02
1.5808-02 3.1273-03
1, M04E-02 3,1608-01
2.9793-03

3.202m-01

3, 1792-03

2.‘30.-02
2.4852-02
6 308 -02 2.2763-02
2.3958-02
2.9928-02 0.3603-05
2.8948-02 7.7338-03
2.3913-02 6. 7888-08
2.0308-02 5.8668-0%
1.9208-02 4.5608-0%
1.7958-02 2.9023-0%
1.9562-02 2,030%-05
2.3708-02 1.5580-05
2.5452-02 o
2,3s88%-02 1 68 05
1.7012-02 1.9878-05
1.0122-01 1.1088-02 1.0582 01 3. 3232-05 1.9943-08

ISTEGRATED DATA

PHOTON B¥SEGY IWTREVAL 1-8$3CTION ERROR
am (3/38) (3/51)

3.000E-01 - #.000%-01 2.0713-02 1.3088-02
8,0008-01 - S.000B-01 2.4800-02

$.0008-0t - 6.0009-01 6598-02

6.0008-01 - 7.0008-01 78 3-02

7.0003-01 -~ 8.0008-01 278-02

8.0002-01 - 1.000% 00 6.6998-02

1.000% 00 - 1.200% 00 2.1718-02  5.9423-0)
1.2008 00 - 1.800% 00 1.6833-02  5.9202-0)
1.8002 00 - 1.600F 00 $.3978-03
1.600F 00 - 1.800% 00 $.8902-03
1.8008 00 - 2.000% 00 $.0172-03
2.0008 00 - 2.5008 00 2.6808-02  1.1232-02
2.%00% 00 - 3.000% 00 1.0939-01  7.2132-03
3.0008 00 - 3,300E 00 1.1293-02  3,1278-03
3.5008 00 - &.000% 00 1.0029-02 2.694-0)
4.0008 00 - &,3002 00 1.3303-02  2.2)32-03
4.500R 00 - 5.000% 00 7.0835-03 1.6362-03
$.0008 00 - 6.000% 00 7.1733-03  2,1972-03
6.000% 00 - 7.0001 00 1.3653-03  6.809%-08
7.000T 00 - ©,000E 00 2.52!!-0!
8.0008 00 - 9.000% 00 . 0068 03

1.0008 01 4171308 n.nn-os



DIPYERRFTIAL CROSS SECTIONS POR G
183 THR DODDLY DIPFNREN
T PRODTUCTION CROSS SECTICE POR T

MATED 10 PRACEIT EAROE

INCIDINT ¥B!

PROTOY EFERGY
(aRy]

3.0282-01
3.1732-0%
3.3258-01
J.arse-01
31.62%88-01
3.7738~-01
3,9258-01

0.95008-01
9.1008-01
« 30 \)

2.7503 00

1-SICTION

1.2272-01
1.3328-01
1.680E-01
3.1362-01
S.1103-01
T.4762-01
1.0468 00
1.23% 00
1.2%68 00
1.2098 00
1.0452 00
7.2008-01

9.9128-02
1.003%-01
1.0602-0%
1.0578-01
1.0308-01
1.0228-01
9.87a8-02
9.9278-02
9.4978-02
6.8778-02
5.2238-02
6.0558-02
S.7848-02
3.6MB-02
4,6892-02
7.5933-02
6.7188-02
8

S.2152-01
3.8972-0%
2.0382-01

4]

TAL Cf

ERROR
(8/S1/REV)
2,08 13- 01
1.819z-01

8,7833-02
7.398%-02
7. 838802
7.4792-02
7.4988-02
6.9828-02
6. 1508~ 02
$.6678-02
8.239y-02
4.7612-02
L TNTE- 02
4.6388-02

-8935-02
8. 788302

8.0268-02
8, 133502
3.6978-02
3.7213-02
3.1158-02
3.2672-02
3.2612-02
1 4928-02
3.0222-02
1. 698802
3.7502-02
1L TS18- 02
3.5098-02
3,3288-02
3.5172-02
1278%-02
3.3312-02
.36ap-02
3. 7418-02
3.803%-02
1.8538-02
3.5268-02
1, 4598- 02
2.8888-02
3222002
3,20808-02
L 871302
3.0192-02
2.7838-02
2.9168-02
2.3378-02
2.389%- 02
2,5302-02
2.8568-02
3.3092-02
3.1888-02
2.1628-02
1. 6598~ 02

Y PRODUCT

ID ABSOLUTE WO RMALISATION.

7.00 T0 8.02 &%y,

PIOTON ERER
[E.0)
2.8102 00

2.870¢ 00
2.930% 00

5.830F 00

9.3008 00
9.8602 00
9.6202 00
9.780E 00
9.9808 00
1.010m 01
1.0268 01
1.082E 01
1.0%88 01

INTRGRATID DATR

PBOTOT BPREGY INTBRYAL
(ey!

3.0008- 01
4.0008-01
$.0008-01
6.0008-0%
7-0008-01
8,000R-01
1.000r 00
1.200% 00
1.8008 00

9.0008 00

% .000E-01
5.000%-01
6.000E-0%
7.000p-01
8.0008-01
1.0008 00
1.2008 00
1.4002 00
1.6008 00
1.800EF 00
2.000r 00
2.5003 00
3.0002 00
3.500r 00
4.0008 00
4,500t 00
5.000% 00
6.000% 00
7.000% 0C
6.0002 00
9.,000% 00
1.000E 09

R I B R R R A B R R S R RS RS

1-3XCTIO¥
%

2.2712-02
2.526B-02
1.0963-01
5.0918-02
2.7022-02
6.5198-02
2.108%-02
1.9098-02
2.08438-02
2.0698-02
1.7658-02
3.2968-02
1.1792-01
1.4222-02
1.8691-02
1.,8118-02

§.6712-08
5.8398-03
6.3238-05

ORNL-DWG 74-13105

I0W IN PB. THR YIEST SET
9 SECTION, WHILE THE SECORD SET IS THR
CESIGUATED GANSA DAY BEERGY INTERVALS.
TRIS SECOND SET ARSULT?S PROE INTNURATION OF TME DOUBLY DIPPERENTIAL DATA. TEB
ONCERTAIFTIES ARR GIVEN IN THE SANE UNITS iS THE DATA AND DO WOT INCLODE AR BSTI-

ANGLE = 125 DEGREES.

ST  ¥-SECPION
(B/3R/MEY)
8.5212-02
S, 1862-02
5.2228-02
. 0382-02
2.3618-02
2.7272-02
4. 016E-02
3. M7E-02
2. 7692-02
1.7082-02
1.8318-02
3.008E-02
3. 0192-02

8. 7538-02
5. 1a78~02
S.6732-02
4, 8008-02
2.8112-02
1.5088-02
1

2. 220£-02
2.4818-02
2.1172-02
1.660E-02
1.8388-02
1. 2592-02
1.059E-02
1. 164E-02
1.5918-02
1. 794802
1.6098-02
1. 3122-02
1.0022-02
7.842p-03
7. 180E-03
7. 3782-03
6.8772-03
4, 6262-03
2.3168-0)
1. 231203
1.0602-03
1. 1792-03
1.1698-01
8. JeSE-08

1.574E~08
1. 000E-0%

~7.0312-06

BEROE
(B/3R)

1.5272-02
1.3473-02
9.9202-03
7.176R-03
5.0213-03
8.7298-03
6.99812-03
7.2922-03
6.847E-0)
7.3008-03
6.3362-03
1.8163-02
9.7612-0)
N.98NE-03

.2752-03
3.6772-03
2,8992-0)
4.1508-03
1.779%-03
3.6888-04
1.2932-08
9.1828-08

ERROR
(B/seMERD
1.1798-02
1.107%-02
1.0302-02
1.0818-02
1.1478-02
1.1318-02
8.363E-03
9.7628-03
6.8932-03
9.903p-03
9.5373-03
9.8488-03
8.2868-03
8.2212-03
6.0168-01
8.08a3-03
8. ¥-03
8.097E-03
7.6258-03
6.7008-03
7.1038-03
7.8952-03
6.7778-03
L3 B-03

5.4218-0)
5.5118-03
5.350%8-03
$.2082-03
4.6372-03
N.0879-0)
4,3298-03
4.2988-03
3.80968-03
3.7278-0)
3.3908-03
3.0788-03
2.9¢1g-01
2.8988-03
2.4708-0)
2.282e-03
1.8338-03
1.84222-03
1.2328-03
1.1628-03
1.0388-03

3.836E-04
2.7628-04

1.239E-08
1. 1218-08
1.0278-04
B.85312-05
8.700%8- 0%
8.7698-0%
9.3228-05
8.5923-05
7.86318-05
1.3572-04
1.6888- 00
1.7288-08
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DIPPEREFFIAL CROSS SECTIONS FOR GARNA RAY PRODOCTION IV PP. TEN PIRST SBT
OF NUNOERS I3 TRE DOUSLY DIPPERESTIAL COOSS SECTION, WEILE TRE $BCOND SET IS THE
GANRL RAY PRODOCTION CROSS SECTION POR THE DESIGEATRD GAWNA MAY RUBMGY INTERVALS.
THEIS SBCOND SET RRSULTS PROR INTRGRATION OF THE DOUBLY DIPPERSNTIAL DATA. IWE
ONCERTAI FTIRS ARD GIVSE IN THR S UNITS AS THE DATA AND DO NOT IBCLUI \ ]
WATED 10 PERCENT ERROR ID A0S0LUTR ROBSALIEATION.

IBSCIDEFT WRUTROS EUERGY = 5.02 70 9.01 §3Y. 1ANWGLE = 125 DEGNNES.

MIOTON BFERGY IX-3ICTION
(3/3R/027)
1

PEOTON RYERQY X-SECTION
(W (
2.)68m: 1,033

(®/52/N3 V)

1.0102-01
3.1758-01 1.770m-01 ] 7.0398-02
3.3288-01 1.5273-01 2.9301 00 4. 7208-02 1.
3.4758-01 1.4239-01 2,9908 00 3.0832-02 1.8118-02
3.629%-01 1.9063-01 8, 1193-02 1.3333-02
3.7753-01 1. 5639-01 « 959802 1.310m-02
3.9252-01 1.8862-01 2.08693-02 1.3099-02
4.100%-01 1.3639-01 1.8982-02 1.3383-02
§,3008-01 1.5303-01 2. 356302 1.39€»-02
8.5002-01 1, 5029-01 3. 9098-02 1.125g-02
4.7008-01 1.8911-01 3.8603-02 1.2658-02
1.5688-01 8. 2372-02 1.1358-02
1..3313-01 S.659R-02 1.1233-02
1.2563-0% 5. 3908-02 1.0523- 02
1.0343-0¢ 1.1389-02
1.0013-02
1.9293-02
0,2693-02 1.0108-02
0.2023-02 $.6318-03
7.7313-02 9.0823-03
6.7002-01 9.0158-03
6.9003-01 9.3609-03
7.1002-01 8.7908-03
7.3008-01 0,1393-03
7.5008-01 8,0389-03
7.700%-01 1563-03
7.9008-01 8.4323-03
8.1008-0¢ 4.930% 00 2.9028-02 7.7663-03
8.3008-01 5.0308 00 2.8118-02 7.3280- 03

8.500R-0% 4. 3428-01

5.1308 00 2.0323-02 7.3078-03
0.7008-01 l.0m-01 1] 7

3-03

3. .« 7 B-03
2. 8. 1933-02 6.5973-03
1. 4.000%-02 6.8209-03

4,32953-02 5.9798-03

1.

1.3323-01 4.2603-02
1.1112-01¢ 8, 4308-02
8.348g8-02
. 3%0m-02
3.6318-02

1.3293-02

7.3813-02
9.3913-02

2.2659-03
1.0913-01 8

0,6033-02 1.7103-0)
1.1783-01 4,.6103-08
1.30m-01 1. 3773-04
1.1688-01 1.1108-04
1.0012-01

3.262x-02
13 02
3.0263-02
2.5653-02
2.8%78-02

2.0668-02
3.2112-02
3. 678302
3,3158-02
2.5713-02
1.6902-02

1.3728-08
1.6272-08
1.6972-0% 1.573%-03

2.750E 00

INTEGRATED DATA

PEOTON TWBEGY INTERVAL I-SKCTI08 ERROR
(EgY) (v {vsE)
31.0000-01 - &.000R-01 1.5788-02
4.0003-0t $.0007-01 1.5629-02
5.0000-01 6.0008-01 1.0792-02
6.0003-0% 7.0008-01 7.4738-03
7.0003-~01 9.0003-01 2,9873-02  S.4361-0)
4.0003-01 1.0001 00 5.9713-02 9.0073-03
1.0008 00 1.200% 00
1.2008 00 1.4008 00 1.7%69-02  7.9603-03
1.4008 00 1.7713-02 7.9219-0)
1.6008 00 1.1769-02  7.5703-03
1.8008 00 1.3833-02  7.0673-0)
2.000% 00 3.8218-02  1.3%23-02
<8 00 1.1603-01 1.1323-02

1.5909-02 6.4829-0)
2,39801-02 5.%923-03

2.1763-02 7079-02
1.4523-02 93
1.9023-02  6.502

03
0.000%-03  2.9743-03
1.8719-03  7.83)
1.0798-08 1.666
3.5769-05  5.3123-0%

L I R R N N S A B SR B ST B ST RN

9.0008 00




CANNS RAY PRODOCTION CNOSS SECTION
THIS SBECOND SPT RESULYS PROW INTIGRATION OF THE
UFCERTAINTIRES ARR GIVEW IF THE
BIROR

RATED 10

IsCIppt

PROTO!

{8
3.0252-01
3, 1758-01
3.3252-01
3.4758-01
3.6253-01
3.77%3-01
3.92%-01
4.1002-01
8.3002-01
4.5008-01

WTIAL CROSS SBCTION
OF WONBERS IS TNE DOUBLY DIPFER

1-$SBCTION

(8/m/nEY
7.3192-02
1.1992-01
7.5528-02
3

9.0082-02
$.31468-02
6.2018-02

4. 983E-01
8. TT7E~01
. 1582-01
! JJ!I-O'I

S.983E-02
6.1492-02
8.0558-02
7.2092-02
6.908%2-02
8.7438-02

5.2608-02
6.201B-02
6,293E-02
$.3528-02
$.1788-02
6.6152-02
7.9908-02
7.6218-02
8.626E-02
4,690E-02
N.7708-02

3.8853-02
3.0398-02
3.760B-02
.8272-02
$.2838-02
9.731E-02
2.271E-01
3,5938-01
3.5%22-01
2.8692-01
1.3672-01

PHOTOW EVERGY INTE
am

3.0008-01
%.000%-01
$.0003-01
6.0002-01
7.0008-01
8.000R-01
1.000% 00

POR GAARA
ITIAL CROSS SBCTION,
POR TRE CRSIGNATED GANHL WY
DOOBLY DIPPERENTIAL DATA., THE

SANE ONTITS A3 THE DATL AND DO NOT INCLODE AW ESTI-

AT PRODOCT

ADSOLUTE FORBALIEATION.

ENGY = 9.01 TC 9.97 BEV.

ERROR
(8/32/REY)
1.9138-01
1.7068~01
1.7018- 01
1.5858-01
1.6138-01
16312-01
1.6912-01
1. 663801
1.5698-01
1. 5838- 01
1,3738-01
1. 282-01
1-01
1 2218-01
1.0382-01
9.2808-02
8.5958-02
0. 9468-02
8.5888-02

1.9318-02
1838-02
2768-02
0, 111802
3, 6068-02
S&E-02
3. a84p-02
3.427m-02
3.0902-02
3.3318-02
3.5228-02

L nes-02
02

3.

2.974p-02
3.1102-02
1096802
2.9662-02
3.1368-02
2,0012-02
1, 8308- 02
2.8912-02
2.7148-02
2.719e-02
2.7368-02
2.0128-02
2.6272-02
3.1878-02
3.1838-02
2,2078-02
1.7902-02

WEILE THE S

ORNL-DWG 74-13107

ION IN PB. T

B PIRST seT
D SET IS THE
Ot INTERVALS.

AWGLE = 125 DRGREES.

PEOTOD EWEBRGY I-SECTION
{BEY) (B/SR/HEY

2.8108 00
2.8708 00

INTEGRATED DATA

- 8.000E-
- 5.000%-
- 6.0003-
7.000 %~
8.000E-
1.0002

0t
01
01
01
01
90
00
90
00
00
00

-
]
g

I-SBCTION
{8/}

8.1933-03
2.9032-02
9.598 8- 02

5.2061-02
1.2078-02
1.5858-02
1.260E-02
1.2823-02
1.0528-02
2.7368-02

1.0868-02
1.9108-02
1.3038-03
2.8158-03
1,869R-08
-3.1902-06

6.7888-02
4, 2512-02
4.2072-02
4.0532~02
3. 881E-02

‘ 9368-02
2.937E-02
3.2028-02

2.5628-02

1.57%8-02
1. 534E-02
| 035-02

5. 7928-01
§.7582-0)
2. 7238-03
1.2062-03
6.3122-08
4. 071E-00

1. 4578-05
5.782E-05

8. NS 1E-05
9.9118-08
9. 6062-0%

zRROY
(8/32)

1.6708-02

8.7842-03
7.3938-03
7.0982-03
7.5562-03
7.091e-03
6.1148-02
1.4252-02
1.0078-02
6.9678-01
6.2172-03
$.2698-03
L] 78-03

7.4002-03
3.6078-03
1.1838-03
2.6743-08
4.8308-05

L
(s/SAmMEV)
1.5812-02
1.7178-02
1.6268-02
1.89a8-02

1.1608-02

1.010E-02
1.0150-02
9.4908-03
9.2032-02
8.8173-03
8.6492-03
9.0568-03
8.6198-03
8.9208-02
8.107E-03
7.8768-03
8.0193-03
7.5658-03

6.1758-03
6.3788-03

3.

2.934p-03
2.8713-03
2.536p-03
2.0318-03
1.0058-03
1.3952-03
1.1942-03
1.1518-03
9.490E-08
6.1298- 08
8. TA58-00
2508- 04
4.308E-0N
3.2012-04
2.3273-0a
1.9368- 08
1.6788-08
1.4728-08
1.0008-04
6.7308-05
9220-0%
4.1378-05
3.536p-03
3.3808-0%
3.7188-05
4.307E-05
. 0s
6.023E-05
6.2208-05
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SUTIAL CROSS SECTIONS POR GANEA IAT PRODUCTION IN . TOE PIRST S3?
OF WORBEAS IS TEE DOWSLY DIPPRRENIIAL CROSS SBCTION, ®HILR THE SECOSD SRYT IS TAR
QML RAY PRODUCTION CROSS SECTICR POR THE CESIGEATED GAWSA AT EWERGY INTERVALS.
TRIS SHCOND ST RESULTS FROA IRTEGRATION OF TX2 DOOBLY DIPPERENTIAL DaTA. TER
OPCERTATNTIRS AAR GIVEW IW THE SANE OWITS AS THE DATA AND DO ¥O? IVCLODE AN ESTI-
SATED 10 PERCEWP ABSOLOTRE WORNALISATION.

IBCIDINT NEOTRON EEERGY = 9.97 TC 12.5) EEV. AFGLE = 123 DEGRYEBI.

PEOTON BIERGY I-SECTION L J 29T X-SECTION ERROR
sy (B/SR/HEV) (B/SR/NEWY
3.0252-0% 1.722%-0% 2.1972-02
3.1752-01 1.6 96201
;.!25'-0' 1.639-01
3] 1

1.70382-01

2.709 1 1.9909-01

a.6472-01 1.4679-01
6.3)68-01 1.3878-01 9.7729-03
7.569%-01 1. 2048~ 01 1.0923-02
8.9933-01 9,4358-02 1.1420-02
469 1 1.0078-02
2l 9.9913-0)

a9
2.72

1.9282-01
1.8768-01
1.9313-01

7.8919-03
1.0328-02 6.7713-0)
1.5922-02
1.5978~02

2.401-01
3.3522-01

1.1022-01
8.8862-02 4, 0058-02
7.2572-02 .a072-02 9.7742-03
S.6138-02 3, 268802 7.6598-03
S.22%m-02 . 0682-02 §.0792-0)
L2148-02 S. B
3,2213-02
2.9269-02
3.2393-02
3, 0500~ 02

8 3.0 2
3.8863-02 3.0708-02
5.0038-02 2.73m-02
4,3302-02 2.90%2-02
3.1803-02 3, 167002
4.0742-02

2.8

.37%8-02
2.5038-02
2.6638-02

[
1.1800-04
9.0339-03
$.9933-05
3.0718-05

1.2203-01 01 « 3863-06
2.7%0% 00 5.6412-02 1.638E-02 1.0508 01 8. ax-06

IFTRGAATED DATA

PBOTON BEEROY INTERVAL I-SEKCTION ERROR
) (8/51) (B/5%)
§.0008-0% 5.8652-03 1717102
3.0001-01 1.6672-02
t 6.0008-01 1,059£-02
$.0008-01 7.0000-01
7.0008-01 8.0003-01
2.0008-01 1.0001 00 S [}
[l 1.2008 00 1.1283-02  6.7913-0)

1.8002 00 8.3678-03  6.1638-0)
1.600% 00 9.1812-03  6.0192-03

1.3379-02  5.7213-03
7.7643-03 o 03
1.5279-02
8.2683-02 8.200E-03
1.1819-02  5.1873-03
1.1052-02  5.183%-03
1.3299-02  4.09)9-03
$.0238-03  3.587E-0)
9.8408-03  6.1453-03
S, 7989-03  3.986F-03
1.3198-03 1.1928-03
-3.2619-05  2,504m-0%
3.0052-05 3.0733-05

I I R BN R R R SRR B R B BTSN}

<0008
9.0002
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DIPPERENTIAL CROSS SECTIONS FOR GANAL AAY PRODUCTION IF PB. THE FIRST SET
OF WUABEARS IS THE DOUBLY DIPFERIFTIAL CROSS SECTION, WAILE T SECOED SET IS ?BR
T PRODOCTION CROYS SECTICN POR THE CRIIGEATED GAMNA FUERGY INTERVALS.
D S¥T RBSULTS R IDTBARATION OF THR USLY DI AL DATA T™E
Ll AIDTIRS a1V 1% THR SAMR OPITS AS T DATA AFD DO NOT INCLODE A¥ ESTI-
RATED 10 PERCENT BRROR 1V ABSOLOTE WORMALIZATION.

INCIDERT WBOTROF TUERGY = 12,53 TO 15.06 BEY. APGLE = 125 DEGREES.

PROTON BEERGY I-SBCTIO! OR PROTOF EEERGY I-SECTIOR BAROR
n (B/SR/REV)  (B/SH/NEV) [123) (8/SR/HEV) (B/SR/EEY
3.0258-01  1.80282-01  3.3258-0Y 2.8108 00  ).8a82-02  1.970B-02
3 1752-01  2,3552-01  3.0088-01 2.8708 00 3, 571B-02 1 6778-02
1.9458-01  2.4828-01 2.9308 00  3.3902-02

3. 1588-01 2.9908 00 2. TBJI-UQ
3.0%02
3.1108

3.92%52-01

1.9208-01
1.9658- 01 3.1208-02
9.172%-01 1.57a8-01 2.902E+02
8.8832-01 1. 546801 2.0518-02
6.1378-01 1. 3858-02
1. 1372-02
8.2078-02
6.5003-01 1. 60 03
6.7008-01 2.lﬂl—01 1.1238-03

6.9008-01 2.5008-01 4, 3502-03
7.1002-01 2,1433-01 0.9868-03
7.3008-01 2.2 1.0602-02

7.5008-01 9.8382-03
7.7002-01 9.6713-03
7.9008-01 2.7 8.7652-01
8.100m-01 &, 1362-0) 8.2838-03

1.1238-03 8.8308-0)

3.8992-03 9.1268-0)

7. 765E-03 0.6562- 03
8

8.300%-01 8.3698-01
8.300R~01 3.062%-01
8.7002-01 3. !HI-M

6.900E-01 9.46032-03
9.1002-01

9.3002-01

9.5002-01 5.7268-02

9.7008-01 5. 820802 ~1.5213-0)

3

=3, 1493-03 6.2353-03

-2.1968~03 5$.0028-03
.

1.0008 00 1.4268-01 5.5143-02
1.0008 00 4.580%-02
8

S,

N 6743-02

S.1118-02

8. 7793-02

5.3312-02
2

2.2983-
2.1363-03
1.6988-03

1.2158-03
9.1048 08
7.9008-08

L
).0091-02
3.3891-02
3.2708-02
3.2988-02
2.8373-02
2.9503-02
3,399:-02
3.031x-02
3.3938-02
2.4053-02 2.7343-02
8. 1172-02 Z.l!’l-o!
$.675E-02 7g-02
1.0212-01 2.l1!!—02
1.5808-01 2.0298-02
1.4682-01 2.1968-02
9.1192-02 2.2363-02
2.750% 00 4.6328-02 2.0313-02

6.9752-0%
8.6228-0% 05
9. 4948-03 6.9238-05
9.6298-0% 7.8338-08

INTEGBATED DATA

PHOTON EWENGY IFTERVAL I-SICTION BBROR
837) (3/3m) (wv31)
3.0008-01 - &,000E-01 1.8903-02 2.9038-02
4.0008-01 - 5.0001-01 3.080%-02 02
5.0008-01 - 6.000E-01 8.0108-02
6.0008-01 - 7.0008-01 3.1778-02
7.0008-01 - 8.000E-01 3,2223-02
8.000E-01 - 1,000% 00 S.8118-02 l J‘III-OZ
008 00 - 2.7638-02
00 - 6.8813-03
00 - 1.4343-02
00 - 2.8153-02
00 - 1.9522-02
00 - 2.8388-02
00 - 3.8183-02
00 - 3.18%8-03
00 - 1.3243-02
00 - 3.2763-03
00 - 4.3833-03
00 - 2.9861-03
00 - 2,3198-03
00 - 1.0210-0)
00 - 2.6073-08

3.7773-05  1.0203-08
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PERENTIAL CROSS SUCTI TOR GASRA RAY PRODUCTIO
73 IS THR DOUILY DIPFE TIAL CRCSS SRCTION, W

PRODOCTION CROSS SBCTION JOR THE DESIGEATED GiNHA MY X 13 18
THIS SNCOEND SET REAVULTS PRON IPIRORATION OF TSE DOUBLY DIPPRRENTIAL DATA. THE
USCERTAI RTIES ADR GIVEF IF THE SANR UDITS AS TER DATA AND DO FOT INCLUDR AW BSTI-
NATED 1@ PERCEST REROR IP ADSOLUTE BOBBALISATION,

PB. TEE PIRST SET
i3

INCIDENT WEUTRON BEERGY = 15.06 TO 17,5% HEV. ANGLE = 125 DRGIERS.

PROTON ERENGY I-SOCTION b1l 2l MY X-SECTION
) (3/50/8B7}  (B/30/N3V) {B/S0/0BY)
3.0258-01 2.9223-01 4.39%8-01 9.0178-02

6.8323-02 2.73a3-02
3.3562-02 2.5128-02
1.8662-02 2,3713-02
2.6972-02 2.6983-02
3,8358-02 2,8292-02

3,175%-01 2.7111-01 A 1808-01
3.32%8-01 2.3198-01 8. 0802-01
3.8752-01 2.5198-01
3.6258-01 2.391-01

2.0938-02
4. 860E-06
1.2373-02
3.0603-02 2.8132-02
3.4292-02 2,3518-02

" 01
3.5898-01 2.8138-02
L1501 2.0213-02
2.3792-01 2.3508-02
2.9778-01 .3918-01 2.3709-02
e.1182-01 2.1618-01 3.6343-02 2.8688-02
6.3688-01 2.0663-01 2.259R-02
6.1008-01% a1§9-01 2.1258-01 2.0860-02
6.300R-01 -0 1 1.9973-02
6.500m-01 1.9278-02
2.0153-02
1,656 @2
1.4512-02
1.5260-02

1.7108-01

. - 01 mn 2

1.4093-01 2. 1333-02

1.8008-01 1.9795-02

1.1703-01 1.7272-02

1.0839-01 1.6893-02 1.4352-02
1.0153-01 1.4548-02

9. 1% 9.5772-03
8.0993-02 9.0308-01
2. 1708- 02 7.638%3-03
7.0468-02 4, 3703-03 6.3208-0)
. 260002 6.8902-03 5.909%-03

7.7568-02 6.3579-01
5.6100-03
23-03
3-03
3.6612-03
3,2333-03
2.936%-03
2,763 03
0 . 1.129%-01
1.231-01 7.7333-02 1.9363-0)
1.0502-01 7.3098-02 1.8083-03
1.2092-01 S.8451-02 1.8088-03
1.4203-01 6.2508- 02 3. 908E-08 1.5623-03
1,2%08-01 6.5193-02 =7.5693-08% 1.2863-03
9 €. 009802 -1.0572-03 1.235%-0)
5.803%-02 6| L]
S, 699302
5.4223-02
S.5708-02 03
5.2162-02 03
3 2 S. 078302 o8
3.130m-02 4.8130-02 s
6.5138-02 3.5008-02 ~6.1818-0% 1.3993-08
9.393-02 3.5198-02 +3. 800R-05 1.1028-00
9.0033-02 1.943%3-02 8.8262-08
1.0762-01 . 0698-02 8.7358-08
1.5032-01 1.0613-08
1.3758-01 1.2938-08

2. 6608-08 1. 495804
01 2.3362-08 1.5338-08

«690R 00 1.2952-01 3.6093-02
2.730% 00 1.1082-01 3.1773-02

IFTRGRATED DATA

PEOTON FERGY INTERVAL I-SKCTION BRROR
(ERY} {wsn) (wvse)

3.0003-01

2.383%-02
$.0001-01 02
6.000%-01

3513-02
1.2218-02
2.2883-02
1.6512-02
1.3563-02
1,1598-02
1.5200-02 9.3268-03
9.1522-03  7.7912-03
1.0363-02  1.222%-02
#,3188-03  6.2563-0)
IANIB-08  2.8663-0)
3.2108-08 9.3898-08
1.2958-04  1.8203-04
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PP. THR FIRST SET
B SEC SET IS THE
WTEBRVALS,
3Y L BTIAL DATA. THE
UNCRETAINTIES ARE GIVER IN THE SAEE URITS AS THE DATA AND DO NOT INCLUDE AN RSTI-
WATED 10 PERCENT BRRON IN ADSOLUTE WORMALIZATION.

IRCIDEF? WEUTRON RWERGY = 17.55 70 20.05 HEV. ARGLE = 12% DRGERES.

PEOTOP EFERGY I-SECTIO| BRRIOR PEOTOW BRERGY I-SECTION BRROB

(aY) (B/SR/ERY)  (B/SR/EEY) (oY) (3/SN/EEY}  (B/5R/MEV)
3.0258-01  6.786E-01  5.828%-01 2,8108 00  7,001E-02  3.7#0E-02
3.1752-01  6.0678-01  4.2108-01 2,8708 00  6.9073-02  3.6958-02
3.3258-01  8.8862-01 & 289301 2,930 00  8.7832-02  4.675B-02
3,4752-01  3.9608-01  #.0092-01 2.9908 00  2.829B-02 W, 13SH-02
3.6258-01 "we-01 7525 01 3.0502 0D 1,9648-02  3.509E-02
3.7752-01 .8822-01  S.1758-01 3,1108 00  2.362B-02  3.790E-02
3.9258-01  9.256E-02  S5.5362-01 3.180% 00  3.4908-02  3.626B-02
100B-01  1.329-01  S.781E-01 3.2608 00 3.0988-02
300E-01  1.502B-01  S.389E-01 3.3802 00 3.4088-02
8.500B-01  2.278E-01 5. 364B-01 3.8208 00 3.0902-02
N.T700R-01  5.8212-01  N.956E-01 3.500% 00 2.7888-02
4.900E-01  9.2998-01  &,290E-01 3.580E 00 3.7362-02
5.1008-01  1.119E 00  3.988E-01 3.660% 00 3,2008-02
5.3008-01  1.015% 00  3.0898-01 3.7008 00 3.4508-02
5.5008-01  8.6875-01  2.913E-01 3.820% 00 . 179802
S.700E-01  7.780E-01  2.8878-01 3.900% 00 2.9912-02
5.9008-01  6.0308-0%  2.679E-01 3.960% 00 3,108%-02
6.1008-01  3.227E-01  3.0158-01 8.0608 00 3. 1688-02
6.3008-01  1.2162-01 3276201 4.1808 00 2.9308-02
6.5008-01  1.627R-01  2.860E-01 8.220F 00 3.1178-02
6.700E-01  3.2838-01  2.3158-01 £.3008 00 3.188E-02
6.9008-01  8.0228-01 1.898%8-01 4.380% 00 2.7825- 02
7.1008-01  3.5158-01  1.926E-01 8.8608 00  9.599E-03  2.664E-02
7.3002-01  3.0098-01  1.970E-0t 8.580E 00 -1,0392-03  2.576%-02
7.5008-01 1.8598-01 §.630E 00  2.8908-03  2.3308-02
7.7002-01 1.768E-01 %.7308 00  2.8328-02  2.027E-02
7.9002-01 1.5962- 01 %.0308 00  3.2558-02  2.161E-02
8.1008-01 1.8162-01 %9308 00  2.795B-02  2.136B-02
8.3008-01 1.3018- 01 S.0308 00  2.7558-02  1.7968-02
8.5008-01 1.2328-01 5.1302 00  3.2698-02  2.217B-02
8.7008-01 1.1468-01 $.2308 00  2,5962-02  2.1108-02
8.9008-01 1.0492-01 5.3302 00  1,2698-02  1.988%-02
1.0362-01 5.430E 00  6.2188-03  2.0308-02
1.0578-01 $.530E 00  1.860E-02  1.7798-02
1.1228-01 5.630B 00  2.9272-02  1.981B-02
1.1028- 01 $.7308 00  3.9208-02  1,9233-02
1.0758-01 $.0308 00  3.830E-02  1.7008-02
1. 186801 5,930 00  2.708W-02  1.534E-02
8.8313-02 6.0308 00  1.4812-02  1,503B-02
9.0298-02 €.1308 00  S$.397E-03  1.680E-02
9.1208-02 6.2308 00 1,5638-02
8.2688- 02 6.3308 00 1.2918-02
8.0%62-02 6.4408 00 8.9238-03

9.1798-02 6.560E 00

9.1278-02
9.8008-02
0.1998-02
1 1 6.8058-02
1.8808 00 1.0032-01 7.7718~-02
1.5208 00 8.4T6E-02 0. 3208-02

1.3608 00 1.0708-01 7.9078-02 3. 3592-03
1.600E 00 1.2378-01 7. 176202 2.5142-03
t.6a08 00 9.1218-02 7.6738-02 8.503E-08
1.680r 00 §-02 0.3802-02 ~1.608E-08
1.7208 00 7.7872-02 9.2508-05 1.9198-01
1.760 00 6.3098-02 1.9583-03
1.08008 00 6.2358-02 B3-03
1.8508 00 5.7548-02 -2692-0)
1.9108 00 6,0658-02 9.2092-04
1.97¢e 00 1.0908-0% 6.6892-02 8.690B-08
2.0108 00 1,1418-01 6.9798-02 7.3228-08
2.0908 00 8.4972-02 6.8278-02 5.6008- 04
2.1508 00 1.9218-02 7. 2398 02 8.6222-04

2.2108 00 -1.2178-02 7.3528-02
2.270% 00 6. 6078-02 S.8078-02
2,330 00 1.129%-01 3.0378-02
2.3%08 00 1.0568-01 8,5218-02

2.450% 00 6.0678-02

2.5102 00 5.9192-02

2.5708 00 5.8218-02

2.6308 00 &, 7868-02

2.6908 00 9.6808-02 3. 601p-02 1.042B 01 6.6138-08

2.750R 00 6.3392-02 4,0538-02 1.0882 01 6, 555808 6.6168-08

INTEGRATED DATM

PEOTON BYERGY IN A-SBECTION BREOR
(m (B/%®) {3/38)
3.0008-01 4.0002-01 3.6848-02  N.TAT7E-02
4.000R-01 $.000E-01 3.9052-02  5.187p-02
5.0008-01 8.6848-02 3.1128-02
$.0002-01 2.6698-02  2.678E-02
7.0008-01 4.0708-02  1.828B-02
2.3112-02
1.9218-02
1.7668-02

2.2898-02
2.1483-02  1.6912-02
2.1508-02  1,6322-02
2.0178-02  1,8878-02
9.3398-03
2.5358-02
6,1028-03
1,8288-03
$.5058-08
3.723%-05
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TOTAL SECONDARY GANMA RAY YIELD AND AVERAGE SECONDARY GANNA RAY ENERGY FROM
PB AS A PUNCTION OF THE INCIDENT BEUTRON ENERGY. THESE DATA RESULT FROM A PULSE
AEIGHT WEIGHTING ANALYSIS FOR PULSE HEIGHTS GREATER THAN 0.300 MEV. UBCERTAIN-
TIES ARE GIVEN IN PARENTHIESES IN THE SANE UNITS AS THE DATA. THE UNCEBRTAINTIES
IN TOTAL YIELD DO WOT INCLUDE A 10 PEBRCENT ERROR IN ABSOLUTE WORNALIZATION. THE
ANGLE IS 125 DEGREES.

INC.NT. ENERGY SECONDARY PHOTON AVERAGE ENERGY INC.NT. ENERGY SECONDARY PHOTON AVERAGE ENERGY
ENERGY SPREAD YIELD (B/SR) (ME V) ENERGY SPREAD YIELD (B/SR) (MEV)

(MEW) (MEV) (NEV) (MEV)

0.689 0.097 0.281E-02( 0.275E-03) 0.910E 00( 0.167E 00) 6.758 0.895 0.572E 00( 0.801E-02) 0.161FE 01( 0.267E-01)
0.749 0.103 0.894E-02( 0.260E-03) 0.788E 00( 0.802E-01) 7.258 0.505 0.620E 00( 0.877E-02) 0.166E 01( 0.283E-01)
0.852 0.103 0.882E-02( 0.314E-03) 0.761E 00( 0.459E-01) 7.765 0.508 0.620E 00( 0.905E-02) 0.173E 01( 0.308E-01)
0.951 0.095 0.108E~01( 0.365E-03) 0.698E 00( 0.389E-01) 8.270 0.503 0.632E 00( 0.920E-02) 0.181E 01( 0.323E-01)
1. 123 0.249 0.228E-01( 0.425E-03) 0.731E 00( 0.195E-01) 8.766 0.488 0.615E 00( 0.101E-01) 0.185E 01( 0.367E-01)
1.374  0.255 0.300E-01( 0.583E-03) 0.761E 00( 0.193E-01) 9.242 0.863 0.527E 00({ 0.101E-01) 0.187E 01( 0.430E-01)
1.628 0.252 0.426E-01( 0.728®-03) 0.786E 00( 0.167E-01) 9.723 0.500 0.476E 00( 0.101E-01) 0. 184E 01( 0.4TuE-01
1.880 0.253 0.609B-01( 0.981E-03) 0.745g 00( 0.156E-01) 10.243 0.540 0.816E 00( 0.107E-01) 0.179E 01( 0.553E-01)
2.130 0.247 0.784E-01( 0.125E-02) 0.757E 00( 0.156E-01) 10.763 0.899 0.370E 00( 0.109E-01) 0.168E 01( 0.598E-01)
2.373 0.239 0.941E-01( 0.145E-02) 0.778E 00( 0.155E-01) 11.235 0.844 0.350E 00( 0.12uE-01) 0. 153E 01( 0.682E-01)
2.622 0.258 0.108E 00( 0.171E~02) 0.B822E 00( 0.167E-01) 11.781  0.569 0.3u44® 00( 0.180E-01) 0.148E 01( 0.722E-01)
2.876 0.251 0.132F 00( 0.216E-02) 0.981E 00( 0.200E-01) 12.279 0.508 0.323E 00( 0.161E-01) 0. 132E 01( 0.816E-01)
3.131 0.259 0.155E 00( 0.244E-02) 0.106E 01( 0.210E-01) 12.748 0.430 0.367E 00( 0.200E-01) 0.132E 01( 0.887E-01)
3.377  0.233 0.178E 00( 0.2982-02) 0. 1152 01( 0.239E-01) 13.2488 0.569 0.382E 00( 0.196E-01) 0.133E 01( 0.830E-01)
3.623 0.258 0.2138 00( 0.329E-02) 0.115E 01( 0.224E-01) 13.774 0.483 0.455F 00( 0.226%-01) 0.127E 01( 0.810E-01)
3.877  0.250 0.250E 00( 0.392E-02) 0.121E 01( 0.237E-01) 14.270 0.510 0.880E 00( 0.258E-01) 0.133E 01( 0.899E-01)
4.120 0.235 0.286E 00( 0.472E-02) 0.123% 01( 0.250B-01) 14.794 0.538 0.500E 00( 0.26B8E-01) 0. 136E 01( 0.933E-01)
4.366 0.257 0.346E 00( 0.508E-02) 0.125E 01( 0.229e-01) 15.496 0.865 0.505E 00( 0.294E-01) 0. 148FE 01( 0.103E 00)
4.610 0.232 0.396E 00( 0.580E-02) 0.129E 01( 0.235E-01) 16.482 1.108 0.517E 00( 0.289E-01) 0.160E 01( 0.104E 00)
4.868 0.277 0.838E 00( 0.565E-02) 0.129E 01( 0.212E-01) 17.559 1.046 0.582E 00( 0.323E-01) 0.173E 01( 0.111E 00)
5.257 0.508 0.479E 00( 0.585E-02) 0.1398 01( 0.209e-01) 18.556 0.9487 0.556E 00( 0.365E-01) 0.165E 01( 0.130E 00)
5.754 0.486 0.518F 00( 0.636 E-02) 0.186E 01( 0.223E-01) 19.582 1.025 0.564E 00( 0.411E-01) 0.161E 01( 0.180E 00)

6.254 0.518 0.539E 00 ( 0.680E-02) 0.152E 01( 0.237e-01)

8Y



INC.HT.
ENERGY
(HEV)

0.649
0.749
0.852
0.951
1.123
1.37%
1.628
1.880
2.130
2,373
2.622
2.876
3.131
3.3
3.623
3.877
84.120
4.366
8.610
4.8648
5.257
5.754
6.254

ENERGY
SPREAD
(aBY)

0.097
0.103
0.103
0.095
0.249
0.255
0.252
0.253
0.247
0.239
0.258
0.251
0.259
0.233
0.258
0.250
0.235
0.257
0.232
0.277
0.508
0.886
0.514

PB AS A PUNCTION OF THE INCIDENT NEOTRON ENERGY.

TOTAL SECONDARY GANNA BRAY YIELD AND AVERAGE SECOWDARY GASNA RAY ENERGY FROAM

THESE

DATA

RESULT PRON

A PULSE

HEIGAT WRIGHTING AMALYSIS POF PULSE HEIGETS GREATER THAN 0.700 MEV. UNCERTAIN-

THE UNCERTAINTIRES
IN TOTAL YIEID DO NOT INCLODE A 10 PERCENT ERROR IN ABSOLUTE WORMALIZATION. THE
ANGLE IS 125 DEGREBES.

TIES ARE GIVEN IN PARENTHIESES IN THE SASE OUSITS AS THE DATA.

SBCOBDARY PHOTOWN
YIBLD (B/SR)

0.285E-03 (
0.470E- 03 (
€.3348-02(
0.4868-02(
0.130B-01(
0.188E-01(
0.2598-01(
0.371E-01(
0.4788-01(
0.5918-01(
0.694E-01(
0.9022-01(

0.104E
0.1218
0.138E
0.1618
0.183e
0.2158
0.2478
0.274E
0.3168
0.3412
0.360E

00 (
00 (
00 (
00 (
00 (
00 (
00(
00 (
00 (
00 (
00 (

0.180E-03)
0.112E-03)
0.943E-03)
0.1682-03)
0.175E-03)
0.2842E-03)
0.322R-03)
0.865E-03)
0.602E-03)
0.7632-03)
0.888E-03)
0.121E-02)
0.1512-02)
0.1838-02)
0.1872-02)
0.2342-02)
0.272R-02)
0.3138-02)
0.3442-02)
0.357E-02)
0.350R-02)
0.8192-02)
0.431E-02)

AVERAGE ENERGY

0.4382
0.3168
0.114B
0.9288
0.9292
0.9328
0.9268
0.92CE
0.939R
0.961B
0.1032
0.1208
0.1392
0.151B
0. 1568
0.1682
0.170B
0.1768
0.1848
0. 1842
0.192E
0.2012
0.2102

(MEV)

01( 0.2588 01)
01( 0.105E 01)
01( 0.109% 00)
00( 0.7518-01)
00( 0.256E-01)
00( 0.216B-01)
00( 0.198E-01)
00( 0.189E-01)
00( 0.191E-01)
00( 0.196E-01)
01( 0.208E-01)
01( 0.251B-01)
01( 0.284E-01)
01( 0.316B-01)
01( 0.306E-01)
01( 0.336E~01)
01( 0.389R-01)
01( 0.339E-01)
01( 0.389E-01)
01( 0.328E-01)
01( 0.288E-01)
01( 0.3268-01)
01( 0.336E-01)

INC.NT.
ENBRGY
(NBY)

6.758
7.258
7.765
8.270
8.766
9.282
9.723
10.243
10.763
11.235
17481
12.279
12.748
13.248
13.778
14.270
14.794
15.496
16.482
17.559
18.556
19.542

BNERGY
SPREAD

(MEYV)

0.495
0.505
0.508
0.503
0.488
0.463
0.500
0.540
0.899
0.8488
0.569
0.508
0. 430
0.569
0.483
0.510
0.538
0.865
1. 108
1.046
0.9a87
1.025

SECONDARY PHOTON
YIERLD (B/SR)

0.3828
0.818E
0.8182
0.8348
0.4198
0.3622
0.3262
0.285E
0.24828
0.2228
0.2172
0.2132
0.239E
0.248R
0.2898
0.3162
0. 3218
0.3462
0.365E
0.8212
0.3758
0.376E

00(
00¢(
00(
00(
00(
00(
00 (
00(
00(
00¢(
00¢(
00¢(
00(
00¢(
00(
00(
00 (
00(
00(
00 (
00(
00(

0.5892-02)
0.5378-02)
0.5688-02)
0.564E-02)
0.681E-02)
0.622E-02)
0.6378-02)
0.690E-02)
0.618E-02)
0.7368-02)
0.7815-02)
0.881E-02)
0.105E-01)
0.105E-01)
0.1328-01)
0.1598-01)
0.187E-01)
0.159E-01)
0.181E-01)
0.167E-01)
0.200R-01)
0.2328-01)

ORNL-DWG 74-13129

AVERAGE ENERGY

0.224E
0.230E
0.241E
0.249E
0.2578
0.258E
0.254E
0. 246E
0. 2358
0.2188
0.2042
0.181E
0.182¢
0.182E
0. 1798
0. 1832
0. 190E
0.200E
0.2148
0. 2298
0.2298
0.225E

(EEY)

0.106E
0.113E
0.108E
0.116B
0.126E
0.136E
0.124E
0.132E
0.118E
0.163E
0.179E

- o b od b o b b b b b b b D b d wb o b b b b

- - - - - - X-X-X-N-N-X-N-N-X- -]
S~ . . S S S~ S~~~ p— T~ S~ g S~ S~ g~ P~ g~

0.3658-01)
0.386E-01)
0.428E-01)
0.433E-01)
0.506E-01)
0.572E-01)
0.686E-01)
0.755E-01)
0.789E-01)
0.988E-01)
0.998E-01)

00)
00)
00)
00)
00)
00)
00)
00)
00)
00)
00)

6v
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