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ABSTRACT 

D i f f e r e n t i a l  cross sections f o r  the neutron-induced gamma-ray 

production from thorium have been measured for  incident neutron energies 

between 0.3 and 20.0 MeV. The Oak Ridge Electron Linear Accelerator 

(ORELA) was used t o  provide the  neutrons and a NaI spectrometer t o  

d e t e c t  t he  gamma rays a t  125'. The d a t a  presented are  the double 

d i f  ferent i  a1 cross section, d20/dndE, f o r  gamna-ray energies between 

0.3 and 10.6 MeV for coarse i n t e r v a l s  i n  i n c i d e n t  neutron energy. The 

in tegra ted y i e l d  of gamma rays  o f  energies greater than 300 keV w i t h  

higher resolution in t h e  neutron energy i s  a1 so presented. 





INTRODUCTION 

As part of a continuing for determining numerical values 

of gamma-ray production cross sections f o r  neutron-induced reactions, we 

have measured the absolute differential  cross sections for  gamma rays 

produced by neutron interactions with thorium. The resul t i n g  data are 

presented i n  th is  report in tabular and graphical form. 

Two methods of data analysis were employed. The f i r s t  method gives 

the detailed gamma-ray spectra for a series of relatively coarse inter-  

vals in incident neutron energy while the second method uses integral 

quantities t o  i l  lustrate  the detailed behavior of the cross sections as 

a function of the incident neutron energy. The second approach i s  used 

t o  f a c i l i t a t e  comparison of the experimental and evaluated data in the 

region o f  the thresholds for  the ( n , Z n )  and (n,3n) reactions. 

EXPERIMENTAL PROCEDURE 

Detai 1s o f  t h e  experimental procedure are given el sewhere2 and 

only a brSef description will be given here. Neutrons were produced by 

photonuclear processes due t o  bremsstrahlung f r o m  the impact on a tanta- 

l u m  target of electrons f rom the Oak Ridge Electron Linear Accelerator 

(ORELA). The present experiment employed an electron beam energy o f  135 

MeV with a repetition rate  of 1000 pulses per second and a pulse width o f  

35 ns. The total electron beam power was 30 kW. 

Neutrons produced a t  the linac target traversed a 47.35-m f l i g h t  

pa th  and were incident, a f t e r  collimation to a beam diameter o f  13 cm, 

on a thin slab of thorium oriented 45" with respect t o  the incident beam. 



The s lab  was 30 cm wide by 30 cm h igh  w i t h  a th ickness o f  0.004967 

atoms/barn. Gamma rays  o r i g i n a t i n g  i n  the sample were detected by a 

h e a v i l y  sh ie lded 12.5-cm by 12.5-cm N a I  de tec tor  a t  125" w i t h  respect  

t o  the  i n c i d e n t  neutron beam. For each event i n  the  detector ,  da ta  were 

recorded i n  a two-parameter a r ray  conta in ing  gamma-ray pulse he ight  as a 

f u n c t i o n  o f  t ime-o f - f l i gh t  f o r  the i n c i d e n t  neutron. Neutron associated 

backgrounds were measured as described i n  Ref. 2 using a l ead  shadow 

s h i e l d  between t h e  sample and NaI detector .  Backgrounds due t o  the 

n a t u r a l  and/or induced a c t i v i t y  o f  the thor ium sample were determined by 

record ing  a pu lse  he igh t  d i s t r i b u t i o n  dur ing  a 200 psec i n t e r v a l  midway 

between l i n a c  pulses. 

The neutron f l u x  a t  t h e  sample p o s i t i o n  was determined i n  a separate 

measurement us ing c a l i b r a t e d  t h i c k  organic s c i n t i l l a t o r s .  During the  

course o f  the  gamma-ray measurements the  f l u x  was monitored using a smal l  

p l a s t i c  s c i n t i  l l a t o r  i n  the edge o f  the neutron beam 30 rn f rom the source. 

DATA REDUCTION 

Two methods o f  data  reduc t ion  were employed. I n  the  f i r s t  method, 

the  pulse-height  spectra were i n teg ra ted  over i n t e r v a l s  o f  neutron t ime- 

o f - f l i g h t  t o  form pulse-height  spectra f o r  s p e c i f i c  i n c i d e n t  neutron 

energy ranges. These i n t e r v a l s  ranged i n  w id th  from 0.5 MeV a t  energies 

below 5 MeV t o  3 MeV i n the range 14 t o  20 MeV. The spectra so formed 

were then unfolded us ing the code FERD and measured response func t i ons  o f  

the NaI de tec tor .  The r e s u l t s  were the gama-ray spectra def ined by 176 

po in ts  cover ing the  ganma-ray energy range from 0.30 t o  10.6 MeV. 



The data were corrected for f in i t e  sample effects which include: 

1 )  attenuation of the incident neutron f l u x  in the sample, 2 )  neutron 

mu1 t ip le  scattering inc luding neutrons from f i s s i o n  i n  the  sample, and 

3 )  gamma-ray self -absorption. These corrections were calculated using 

a Monte Carlo technique with the uncorrected data for  the gamma-ray 

production cross sections. The neutron cross sections were generated 

from the evaluated data (ENDF/B-IV MAT 1296) using the AMPX code system. 4 

Photon cross sections were taken from the tables of Ref. 5. 

A further correction was then applied t o  the d a t a .  The contribution 

t o  the measured cross section a t  E = 0.51 1 MeV due to pair production 
Y 

i n  the sample was analytically removed. T h i s  was done by f i r s t  calculat- 

i n g  the pair production p r o b a b i l i t y  as a function o f  gamma-ray energy 

using a Monte Carlo technique. Implicit in the calculation are the 

assumptions of uniform gamma-ray production probabi 1 i ty within the 

sample volume intercepted by the beam and the isotropy of emitted gamma 

rays. The total 0.511-MeV cross section w i t h i n  each neutron energy 

group was then calculated from the product o f  the observed gamma-ray 

cross section and the pair production probability. This cross section 

was then "smeared" w i t h  the detector resolution and subtracted f rom the  

original d a t a .  The magnitude of this correction ranged from on the order 

of 0.018 mb/sr for E n  = 1.0-1.5 MeV to 16 mb/sr for  En = 6-7 MeV. 

The resulting cross sections are presented in the f i r s t  set o f  

f i g u r e s  a t  the end of t h i s  report. Figure 1 i s  a three-dimensional 

representation o f  the data giving cross sect ion  versus gamma-ray and 

incident neutron energy. Figures 2-21 present the detailed gamma-ray 

spectra for each incident neutron energy interval. 



The data described above provide detailed information about the 

secondary gamma-ray spectra, bu t  because the unfol d i  ng technique requi res 

good s t a t i s t i ca l  accuracy the data must be binned over large neutron 

energy intervals. Therefore, a second type o f  data reduction, pulse- 

height weighting ,6'7 was also used. T h i s  technique provided only inte- 

gral information about the secondary gamma spectra (e-g.,  total yield and 

average photon energy), b u t  because the demands on s t a t i s t i ca l  accuracy 

are less  i t  allowed better resolution i n  the incident neutron energy. 

In this  work the pulse-height weighting analysis was applied t o  spectra 

formed by integration over time-of-fl i g h t  intervals corresponding t o  

bEn = 0.1 MeV a t  En = 1 MeV increasing to A E n  = 1.0 MeV a t  En  = 20 MeV. 

The results o f  this analysis f o r  the total yield and average secondary 

gamma-ray energy as a function of the incident neutron energy are pre- 

sented i n  F i g s .  22 and 23. A value o f  the lower cut -o f f  i n  gamma-ray 

energy o f  0.3 MeV was used. 

The data shown i n  the figures are l is ted i n  the tables contained i n  

the l a s t  section of this  report. The values shown i n  t he  figures and 

presented i n  the tables do n o t  include an uncertainty of 10% in overall 

normalization due mainly t o  the determination of the incident neutron 

f l u x .  
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DI?FERENTIAL CRCSS SECTIONS FOR GAFRA RAT PRODUCTIOR I N  TH. THE F I R S T  SET 
C F  IUNBEFS I S  TRE DOUBLY DIPFEBENTIIL CROSS SECTION, WHILE THE SECOND SET I5 TAE 
GAtOA RAY PRODUCTION CROSS SBCTION FOR THE DESIGNkTED GABNA R I Y  ENERGY INTERVALS. 
TRIS SECCBO S E T  RESULTS PBOR IITEGRATIOU OF THE D O O B I P  OIFPERENTf h L  CATA. THE 
aRCERTAINIIES ARE GIVEN TN THE ShdE UNITS fiS THE DATA A N t  DO NOT INCLUDE A N  ESTI- 
pJATPD 1 0  PZRCENT ERROR IN APSOLUTE RORHALIZAT?ON. 

INCIDENT NEOTFON ENEFGT = 0 . 5 0  TO 0 .70 nEV. ANGLE = 1 2 5  DEGREES. 

ERROR 
F/S y n r v )  

4.951E-03 
0.5202-03 
U. 365E-03 
4.10UE-03 
3.052P-03 
3.5 C5E-03 
?. 2 0 7 ~ - 0 3  
3.109F-03 
3.147E-03 
3.3C8E-03 
3.4503-03 
3. 272E-03 
3. 185F-03 
3.089E-03 
2.89UE-03 
2.6CBE-03 
i.411F-03 
Tr.315E-03 
2.2433-03 
2.2358-03 
2.128P-03 
1.952E-03 
1.76UF-03 
1.728E-03 
1.710E-03 
1.6481-03 
1.5i3E-03 
1.523E-03 
1.512E-03 
1.517E-03 
1.488P-03 
1.49UE-03 
1. b97P-03 
1.55313-03 
1.6303- 03 
1.677F- 03 
1.688E-03 
1.707E-03 
1.7073-03 
1.CCDE-03 
1. U8OE-03 
I. 4913-03 
1.481E-03 
1 ,3673-03 
1.27UE-03 
1.252E-03 
1.4831-03 
1.6521-03 
1.575E-03 
1.48UE-03 
1.440E-03 
1.5 10E-03 
1.4363-03 
1.3293-03 
1.329E-03 
1.37OE-03 
1.3333-03 
9.3668-03 
1.379E- 03 

PHOTCN ENERG 
( n e w  

1.5553 00 
1.585E 0 0  
1.615E 00 
1.6USE O C  
1 .6803 00 
1.720E 0 0  
1 .760E 00 
1.800E 00 
1.840E 00 
1.880E 00 
1.920E 00 
1.960E 00 
2.OCOE 00 
2.040E 00 
2.080E 0 0  
2.120E 00 
2 .160P 00 
2 . i00E 0 0  
2.210E 0 0  
2.280E 00 
2 . 3 2 0 3  0 0  
2.360E 0 0  
2.400E 0 0  
2.44OE O D  
2. 480E 00 
2.525E 0 0  
2.575P 00 
2. E25E 0 0  
2.675F 0 0  
2.725E 0 0  
2 . 7 7 5 8  0 0  
2.825E 0 0  
2.8753 0 0  
2. 9 2 5 1  0 0  
2 .975F 0 0  
3.030E 0 0  
3.090E 0 0  
3. 150E 00 
3. i l O E  0 0  
3 . 2 7 0 3  0 0  
3 .3308 00 
3.390E 0 0  
3 . 4 5 0 1  00 
3.510E 00 
3.570E 00 
3. €30E 0 0  
3.690E 0 0  
3.750E 0 0  
3.810P 0 0  
3 .8701 0 0  
3.930E 0 0  
3 .990E 0 0  
4.050E 00 
4 .110E 00 
4.170E 00 
U. 2aOE 0 0  
U.320E 0 0  
4 - 4 0 0 P  DO 
4.480E 00 

Y X-SECTION 
(B/SR/NEV) 

ERROR 
( R / S R / O E Y )  

1. 40iE-03 
1.359E-03 
1 -354R-03 
1.32UE-03 
1.239E-03 
1. 1U7P-03 
1.15EE-03 
1.llOE-03 
1 .  C89E-03 
l . IC?E-03 
i . o e e ~ - 0 3  
t.060E-03 
1.OUZE-03 
1.023E-03 
1.005E-03 
9. S43E-04 
1 .013E-03 
1.013E-03 
9 .53 1E-04 
8.563E-04 
7.93EE-04 
7.42 1E-04 
7.200E-04 
7.2313-00 
7.347E-0U 
7.6oer-04 
8.146E-OU 
8.17 13-04 
7.175E-0U 
6.C9EE-04 
5. E22E-04 
5.294E-04 
5.314E-04 
5.1991-04 
5. C72E-0U 
5.06UE-04 
5.008E-04 
4.592E-0U 
4.30UE-04 
4.43CE-04 
4.593E-0u 
4.516E-04 
4.40EE-OU 
4.54CE-04 
4.588E-04 
4 .  u26E-04 
0 .  21 UE-04 
9. 080E-04 
4.280E-04 
4.410E-04 
U.369E-04 
4 .31 1E-04 
4.122E-04 
3.977E-04 
3.4973-04 
U.019E-04 
4.044E-04 
4.001E-04 
3.904E-04 

INTEGRATED DATA 

PHOTON EYERGY INTERVAL X-S9CTION ERROR 
(REV) l e / s F )  IB/SR) 

PHOTON ENERG 

4.560E 0 0  
4.6901 00 
U.720E 0 0  
4 .800E 0 0  
11.8801 0 0  
4.960E 0 0  
5.0UOE 0 0  
5.120E 0 0  
5 .200P 0 0  
5 .280E 0 0  
5.360E 0 0  
5 . 4 4 0 ~  0 0  
5 .520E 0 0  
5 .600E 0 0  
5.680E 0 0  
5.760E 0 0  
5.850E 00 
5.950E 0 0  
6 .050E 0 0  
6 .150E 0 0  
6.250E CO 
6.350E 00 
6.U50E 0 0  
6 .550E 0 0  
6 .6507 0 0  
6.750E 0 0  
6 . 8 5 0 I  0 0  
6 .950E 0 0  
7 .0505 0 0  
7.150E 0 0  
7.250E 0 0  
7.350E 00 
7.USOE 0 0  
7.550E 00 
7 . 6 6 0 1  0 0  
7.7803 0 0  
7.900E 0 0  
8.020E 0 0  
8. luOE 0 0  
8 .260E 0 0  
0 .380E 0 0  
8 . 5 0 0 1  0 0  
8.620E 0 0  
P.740E 0 0  
8.860E 0 0  
8.980E 0 0  
9.100E 0 0  
9 .220E 0 0  
9.34OE 0 0  
9.470E 0 0  
9 ,610E 0 0  
9 .750E 0 0  
9 . 8 9 0 3  0 0  
1.003E 0 1  
1.017E 0 1  
1 .0318 0 1  
1 . 0 4 5 1  0 1  
1.059E 0 1  

; Y  X-SECTION 
tB/SR/RE Y) 

ERROR 
(B/SR/# EV) 

3.684E-04 
3.709E-OU 
3.629E-04 
3 .6313-04 
3.671E-04 
3.592E-04 
3,449E-04 
3 - 6 2  11-00 
3.472E-04 

-3.U25E-04 
-3 .5423-04 
-3.189E-OP 
-2 - 9 2 1  3-OU 
-2.9 16E-OU 

2.583E-Oh 
2.8083-04 
3.10UE-0U 
2.747&-04 
2.6003-04 
2.363E-0u 

-2.7833-04 
-2.391E-04 
-1.991E-OW 
-1.905E-0u 
-2.026E-00 
-1.877E-04 

1 .5823-04 
1.1 92E-04 
8.083E-05 
5 ,1253-05 
3 .2768-05 
2.296E-05 
1 .9052-05 
1.7721-0 5 
1.7393-05 
1 -3U2E-05 

-1 -227E-05 
-1.OU6 E-05 
-9. UUOE-06 
-8.9173-06 
-9.0973-06 

7-88OE-06 
7 .2253-06 
6 -7403-06 
7 - 6 1 9 3 - 0 6  
7-0853-06 
6.933E-06 
7.73UE-06 
8.0743-06 

-7-5173-06 
-7-887%-06 
-9 .1883-06 
-7.8 141-06 

7.3933-06 
8 . 4 1 8 3 - 0 6  
1 -1 79E-05 
1.178%-05 
1.2288-0 5 



DICFERENTIAI CflOSS SECTIONS F U R  GkUfIi RAY PR0DUCTI.CN I N  TH. THE FIRST SET 
O F  NOUBERS 1.5 THE DOUBLY DIPPERENTILL CROSS SECTION, WHILE THE SECOND SET IS  THE 
EAHHA R A Y  PRODUCTION CRCSS SECTION POA T H E  CESIGNlTED GlURl RAY ENERGY INTERVALS. 
TAIS SECCWD SET RESULTS PROU INTEGRLTION OP THE DOUBLY DIPPEREN'IIhL CA'TA. THE 
UNCPRTIIRTIES ARE GIVEN I N  THE SANE OWITS hS ?RE DATA A N D  D O  HOT I N C L U D E  A N  ESTI- . RATPD 10 PERCENT ERROR TU AESOLUTE UOR~ALIZATlO1. 

INCIDENT NEUTRON ENERGY = 0.70 W 1.00 UEf. A N G L E  = 125 DEGREES. 

I X-SECTION 
(s/cR/aeo) 

3.250B-02 
?s4i4E-02 
3.114F-02 
2.6U7E-02 
2.317f-02 
1.996E-02 
1.67QE-02 
1.451F-E2 
1.26111-02 
1.275 e-02 
1.51UE-02 
I.?EOE-a2 
2.101E-02 
2;636E-02 
3.036.F-02 
3.072P-02 
3.C54E-C2 
3.5241-02 
0.826E-02 
6.8752-02 
9-8191-02 
1.3S3E-01 
1,8797-01 
2.23UE-01 
2.25lE-01 
2.038E-01 
~ . ~ ~ s E - o I  
1. 6eOE-01 
1.538E-01 
1.313E-01 
9.9662-02 
6.tSZE-02 
4.119E-02 
2,5051-02 
1.669E-02 
1.3161-02 
1.?11E-02 
1.447F-02 
1.575E-02 
1.626E-02 
1.576E-02 
l.Ul6E-C2 
1.4??E-02 
1. U28E-02 
1.503E-02 
1 -562E-02 
l.!59E-C2 
1.532f-02 
1,526f -02 
1.5091-02 
1 .U72E-02 
?.4t7E-C2 
1.5331-02 
1,586f-02 
1.596E-02 
1.601.E-02 
I.€CfE-02 
1.5901-02 
'1.5801-02 

PRROR 
(6/9R/REVj 

5 - 0  12E-03 
4.46LlE-03 
4.317E-03 
9.2051-03 
4.011~-03 
3.759E-03 
3.589E- 03 
3.543E-03 
3.692E-03 
3,769P-03 
3.7 37P-03 
3.715E-03 
3.679E-03 
?.23UF-03 
2.786B-03 
2. 386E-03 
2.139E-03 
2.0323-03 
;,110?-03 
2,257E-03 
2.2231-03 
i.175E-03 
2,170E- 03 
i.088E-03 
1.947F-03 
1.823E-03 
1.73TE-03 
1.6968-03 
1.593P-03 
I. U85E-03 
1. 9 26E-03 
1.3 C1E-03 
1.222E-03 
1.234E-03 
1.29UE-03 
1.298E-03 
1.2818-03 
1.2893-03 
1.3321-03 
1.29OE-03 
1.260E-03 
1.2B9E-03 
1.2691-03 
1. 150E-03 
1.097E-03 
1.08OE-03 
1 -237E-03 
1,347E-03 
1.290.E-03 
1.291E-03 
1.28UB-03 
1 -328E-03 
1.23UE-03 
1.119P-03 
1.098E-03 
7.1363-03 
1.147E-03 
9 . 1  C8E-03 
1.131E-03 

PHOTON ENERGY 
( n w  

X-SECTION 
(E/S R / H  EV) 

1.6028-02 
1.628E-02 
7.606P-02 
1.581E-02 
1.6263- 02 
1.703E-02 
1.710E-02 
1.6803-02 
1.651E-02 
?.659E-C2 
1 - 6 7  5E- 02 
1-6638-02 
1.629E-02 
1.57UE-02 
1-4932-02 
1.3908- 02 
1,312E-02 
1.2538-02 
1.217E-02 
l.lf3E-02 
1.11OE-02 
1.035E-02 
9.44 lE-03 
8.5533-03 
7.879E-03 
7.365E- 03 
6.784E-03 
6.286E-03 
6.226E-03 
6.4053- 03 
6.282E- 03 
5.8031-03 
5.342E-03 
5.113E-03 
U.917E-03 
4.536E-03 
4. 085E-03 
3.707E-03 
3.413E-03 
3.233E-03 
3.0468- 03 
2.749E-03 
2.11143-03 
2. 123E-03 
1.934E- 03 
1 - 908E- 03 
1.896h-03 
1.7243-03 
1.471E-03 
1.335E- 03 
1.329E- 03 
1.307E-03 
1.2422-03 
1.213E-03 
1.1823-03 
1.0543-03 
8.432t-04 
6.927E-04 
5.663E-OU 

PHOTOR EYERG 
(NEVI 

U.560E 0 0  
8.6UOE 0 0  
4.7203 00 
4.8001 0 0  
u . 8 8 0 ~  oa 
4.960E 0 0  
5.040P 0 0  
5.120E 00 
5.200F 00  
5.2ROE 00 
5.3601 00  
4.UUOE 0 0  
5.5203 00 
5.600E 00  
5.6808 00 
5.760E 00  
5.850E 00 
5.9SOE 00 
6.050h 00  
5.150E 00 
6.250E 00 
6.350E 00 
6.450E 00 
6.550% 00 
6.6506 00 
6.750E 00 
6.850E 00 
6.950E 00 
7.05Of 00 
7.150E 00 
7.2502 00 
7.3502 00 
7.450E 00 
7.5502 00 
7.660E 00 
7.780E 00 
7.900F 0 0  
e.020E 00 
B.lUOE 00 
8.260E 00 
8.380E 00 
9.500E 00 
8.620P 00 
8.74OF 00 
8.8601 00 
a.9eaE 00 
9.100E 00 
9.2202 00 
9.340E 00 
9.U70E 00 
9.610E 00 
9.750F 00 
9.890E 00 
1.003E 01 
1.017E 0 1  
1.031E 0 1  
1.0u5E 0 1  
1.059E 01 

INTEGRATED DA?A 

PHOTOR ERE FGT IRTERVAL X-SECTION ERROR 
( R E V )  [B/SR) (B/SR) 

;I X-SECTION 
(d/SR/HEV) 

U.296E-09 
3. 211E-0U 
2.795E-04 
2.887E-04 
3.0 13E-OU 
2.958E-04 
2.5513-09 
1.942E-04 
1.46UE-0d 
1.237E-OU 
1.315E-OU 
1.7 54E- 0 U 
1.668E-04 
1.042E-04 
1. 502E-06 

-6.6428-05 
-7.10BE-05 
-1.329E-05 
8.963E-05 
1. 222E-0U 
9,808E-0 5 
5.605E-05 

-2.309E-05 - 1.2 82E- 04 
-2.063E-0U 
-1.902E-OU 
-6.995E-05 

5.771 E-05 
1.056E-04 
9.237E-05 
6. 1558-05 
4. 106E-05 
3.177E-05 
2.9 SUE- 05 
1. 578E-05 
6. o 21 e-06 

-2.197E-07 
-2.078E-06 
-2.9551- 06 
-2.037E-06 
-1. 130E-06 
- I. 300B-06 
-2-224E-06 
-3.358E-06 
-1. U60E-06 

7.831 E-07 
1. U63E-06 
2.7783-06 
2.019B-06 
2.049E-06 
U. U52E-06 
4.027E-06 
3.198E-06 
2.2673-06 
1.916E-06 
1.292E-06 
1.7U7E-06 
2.103E-06 



D Z P P E R E N T I A L  C R O S S  S E C T I O N S  FOR GACRA R L I  PRODUCTION I N  TH. THE F I R S T  SET 
CE ZUUBEFS I S  T H E  OOUELY D I F F E R E N T I A L  CROSS S E C T f o n .  U H I L E  THE SECOHC SET I S  TRE 
GAI(I1A RAY PRODUCTION CROSS SECTION FOR THE D E S I G N I T E D  GAUnA RAY ENERGY INTEOVALS.  
T H I S  S E C C B D  SET AESULTS FROB IBTEGRATION O F  THE DOUBLY D I F F E R E N T I A L  CITA. THE 
O N C P R T A I R T T E Z  L R E  G I V E N  I N  T H E  S L ~ E  TJHITS AS T H P  C A T I  A H C  DO NOT I N C L U D E  A H  emr- 
HAZED 10  PERCENT ERROR I H  LBSCLUTE NOFNALIZATICN. 

I N C I D E N T  NEUTRON E R R F G Y  = 1.00 T O  1 . 5 0  NEV. ANGLE = 1 2 5  OEGRYPS. 

PHCTCN ENFRGY X- S E C T I O N  ERROR FHOTCN EHERGT X-SECTION ERROR PHOTON ENERGY X-SECTION ERROR 
Ifl Ev) ( P / S B / ? F V )  E/SR/?IEV) (fi EV) (B/SR/NEV) (B/SR/OEV) (REV) (B/SR/NE V )  (B/SR/!IEV) 

INTEGRATED CLTA 

PHOTON ENEBGT I R T E R P L L  X-SECTION EBROR 
( N E V I  (F/SR) (B/SR) 



DLFPERENTIAL CPOSS SPCTIONS FOB GAHHA RAY PRODUCZICN I N  TH. THE FIRST SET 
OP NUHBERS I S  THE DOUBIY DIFPERERTIlL CROSS SECTION, WHILE THP SECOND SET IS  SHE 
6AllOA RhY PRODUCTION CROSS SECTION POR THP CESIGNATEC GAfiUA RAY ENERGf INTERVALS. 
T R I S  SECCNC SET RESULTS PRO4 INTEGRRTION OF THE DOUBZY DIFFERENTIAL CATA. THE 
UNCFBTLINTIES ARE GIVEN I N  THE SIRE UNITS AS THE DATA 4LD DO NOT IRCLODE A N  ESTI- 
UATED 10 PERCElT ERROR IN AeZOLOTE NORnkLIZkTION. 

INCIDENT NEUTACH ENERGY = 1 . 5 0  TO 2.00 f lEV.  ANGLE = 125  CEGREES. 

PPOTOH ENERGY 1-SECTTON ERROR PHOTON ENERGY X-SECTION ERBOR PHCTON ENERGY X-S ECTION EBROR 
(u Ev) ( B / ~ R / ~ E V )  ( E / ~ R / ~ E V )  (MEV) (P/sR/NEV) ( % / S R / H E V )  (IEV) (B/SR/MEV) (B/SR/HEV) 

1.555E 00 
1 . 5 8 5 3  00 
1.615E 00 
1 . 6 4 5 1  0 0  
1.680E 00 
1.720E 0 0  
1.760E 0 0  
1 .800E 90 
1 .WOE 0 0  
1.880E 0 0  
1.920E 0 0  
1.960E 0 0  
2 .000E 00 
2 .  OSOE 0 0  
2.080E 0 0  
2.120E 0 0  
2 . 1 6 0 3  0 0  
2.200E 0 0  
2.240E 0 0  
2 .280E 00 
2.320E 0 0  
2.36OE 0 0  
2.400E 0 0  
2.440E 0 0  
2 .1808 0 0  
2.52EE 0 0  
2.575E 0 0  
2.625E 0 0  
2 .675E Q Q  
2.725E 0 0  
2.7752 0 0  
2.825E 0 0  
2.875E 0 0  
2 .925P 0 0  
2.9758 0 0  
3 .0301 0 0  
3 .090E 0 0  
3 . 1 5 0 1  0 0  
3.210E 0 0  
3.27CE 0 0  
3 .330E 0 0  
3 .39oe  0 0  
3 . 4 5 0 P  0 0  
3 .510E 0 0  
3 .5701 0 0  
3 . 6 3 0 1  0 0  
3 . 6 9 0 1  0 0  
3 . 7 5 0 3  0 0  
3.810E 0 0  
3. E7CE 0 0  
3.930P 0 0  
3 . 9 9 0 1  0 0  
U-O5OE 00 
4 .110E 0 0  
U. 170E 00 
U.2UOE 0 0  
U.320E 0 0  
4 .  UOOE 0 0  
U.480E 00 

INTPGR ATED OA ?A 

PAOTOH EHEFGY INTERVAL X-SECTION ERROR 
(4Ev)  (B/SR) (B/SR) 

3.OOOE-01 - 
4.000E-01 - 
5 . 0 0 0 t - 0 1  - 
6.0001-01 - 
7.00OE-01 - 
6.000E-01 - 
7.OOOE 0 0  - 
1.200E 0 0  - 
1.400E 00 - 
1.60Cf 0 0  - 
1.800F 0 0  - 
2.000E 0 0  - 
2.500E 0 0  - 
3.000P 0 0  - 
3.500E 0 0  - 
U.OOOE 0 0  - 
(r.500E 0 0  - 
5. OOCE 0 0  - 
6.0001 0 0  - 
7.0003 0 0  - 
6.OOOE 0 0  - 
9.Q00E 0 0  - 



D I F F E R E N T I A L  CACSS  SECTIONS FOR G A f l f l A  RAY PRODUCTION IN TH. THE F I R S T  SET  
CF 1UMBFRS I S  THI COUPLI D l r F E R E R T I L L  CROSS SECTION,  YBILE THE SECOND SET I S  THE 
G I I H A  RAT PRODUCTION CROSS SECTIOY FOR THE DESIGNATED GABHi R A Y  ENERGY INTERVALS. 
' IR IS  SECCND SET RESULTS PRO1  INTEGRATION OP THE DOUBLY DIFFERENTIAL CLTA. T H E  
UNCERTAINTIES  ARE GrVPP I N  THE S A N E  UNITS LS THE CATh ANE DO NOT INCLUDE L N  E S T I -  
Oh'IED 1 0  PERCENT EPROR I N  AESCLUTE NOFHALIZLTION. 

I N C I D E N T  NEUTRON ENEFGY = 2 . 0 0  TO 2 . 5 0  MEV. ANGLE = 1 2 5  DEGREES. 

PRCTCR PHPRGY X-SEClTON E R R O R  PHOTCN ENERGY X-SECTION ERROR PHOTON ENERGY X-SECTION ERROR 
( R E V )  [P/SR/I!EV) (E/SR/NEV) (REV) tB /SR/nEt )  (B /SR/RET)  (REV) (B/SR/nEV) (B/SR/REV) 

INTEGRATED EATL 

PHOTOR ENERGY K N T E R V A I  X-SECTION 
(REV) t e/s R) 

ERROR 
tB /SR)  



PROTON ENERG 
(n EV) 

?.015E-01 
3.22CE-01 
3.3752-01 
3,5251-01 
3.675E-0 1 
?.I22CF-01 
3.97572-0 1 
4.125E-01 
4.275E-01 
4.4253-01 
4.E75E-C1 
9.7259-01 
4.875E-01 
5.025E-0 1 
5.1753-0 1 
C.32EP-01 
5.475E-01 
5.f25E-01 
5.775E-01 
5.925E-01 
d.100E- C1 
6.3OOE-O\ 
6.5008-0 7 
6.7003-01 
6.900E-0 1 
7.1OOE-C1 
7.300P- 0 t 
7.500E-01 
7.700E-0 1 
7.900E-01 
e.10OE-Cl 
Q. WOE- 0 1 
8.500E-01 
8.70072-01 
8.900E-01 
9.725E-01 
9.3758-01 
9.6253-01 
9.87SE-01 
1.012E 0 0  
1.C37P O C  
1.063E 0 0  
1.087E 0 0  
1 .1123 00 
1.137E 0 0  
1.162E OC 
1.188E 00 
1.21 28 0 0  
1 . 2 3 7 r  0 0  
1.262E 0 0  
1 .287F 0 0  
1.315E 0 0  
1 .3453 0 0  
1.375E 0 0  
1 .40fE 0 0  
1.935B 0 (  
1.46 5 9  0 0  
1.495E 0 0  
1.525E 0 0  

DIPFEREHTIhL CRCSS S8C'XXONS P O 8  GAIflL RLI PRODUC'IICN I N  TH. TBE FIRST SET 
OF NUMBERS I S  THE DOUBLY I)I?PPREITIAL CfiOSS SFCTION, Y H l l E  THE SECOND SET I S  THE 
G A I M A  R A Y  PRODOCTION CROSS SECTION COR THE CESIGNATED GAIHA RAY ENERGY INTERVALS. 
TRIS  SECCWD SET RESULTS euo4 I R T E G R ~ T I O N  O P  T H E  D O U B L Y  DIPFEPENTIAL CITI .  T H E  
UICERTIIN'TIES ARE G I V L b  Iff THE SARI UNITS I S  THE DATA IUD DO NOT INCLUOP A N  ESTI- 
RRTID 10 PERCENT ERRCB IN AESOLUTF NORIIIIZATIOH . 

INCIbENT VEOTAON ENERGY = 2.50 TO 3.00 MeV.  ANGLE = 1 2 5  DEGREES. 

ERROR 
(!!/SR/flEV) 

2.2 18E-02 
2.0412-C2 
1.9603-02 
1.8851-02 
1.790E-02 
1.7 1bB-02 
1.662E-02 
1.631E-02 
1.7 1UF-02 
1.771P-02 
1.769E-02 
1 -773P- 02 
1.60OE-02 
1. SICE-02 
1. 357E-02 
1. 182B-02 
1.064E- 02 
5.71 9E- 03 
9.685E-03 
1.05hF-02 
1.1 l8E-02 
1.116s-02 
1 . 1 0 3 ~ - 0 2  
1.0 11E-02 
9.240 E-03 
8.9403-03 
E.929E-03 
e.885E-03 
8.238E-03 
7 .959I-03 
1.8959-03 
7.271C-03 
6.8123-03 
6.543.F-03 
6,4811-03 
6.60 1E-03 
6 -7616-03 
8.2451-03 
9.418F-03 
9 .101P-03 
8.966P-03 
1.088E-02 
9 .86lE-03 
7.668E-03 
6.202E-03 
6.184E-03 
7.42UE-03 
e.13lE-03 
7.727E-03 
7.039P-03 
6.5531- 0 3  
6.9018-03 
6.5832-03 
6 .0858-03 
5.9(13E-03 
6.2 29E-0 3 
6.068E-03 
5.6628-03 
5. R98E-03 

PHOTON EHERG 
( r e v )  

1.555E 00 
1. 585E 0 0  
1 . 6 1 5 3  0 0  
1.645E 0 0  
1.680E 00 
1 .7201 0 0  
1 .760E 0 0  
1 . 8 0 0 8  0 0  
7.euoz 0 0  
1.880E 00 
1.920E DO 
1.960E 0 0  
2.000E 0 0  
2 . 0 4 0 s  0 0  
2.080E 0 0  
2. 120E 0 0  
2.160E 0 0  
2.200P 00 
2.2bOE 0 0  
2.iBOE 0 0  
2. 320E 0 0  
2 .360E 0 0  
2.UOOE 0 0  
2 .440F 0 0  
2.480E 00 
2.525L 0 0  
2 .5751 0 0  
2 . 6 2 5 1  0 0  
2 , 6 7 5 1  0 0  
2.725E 0 0  
2.7751 0 0  
2.8251 0 0  
2.0753 0 0  
2.925E 0 0  
2.975s 0 0  
3.03011 00 
3 .0901 0 0  
3.150E 0 0  
3.210F 0 0  
3.27CE 0 0  
3. 330E 0 0  
3 .390F 90 
3.450P 3 0  
3.510E 0 0  
3.570E DO 
3.630E 0 0  
3.690E 0 0  
3 . 7 5 0 3  0 0  
3.810E 0 0  
3.87CE 0 0  
3.930E 0 0  
3.990E 0 0  
4.050E 0 0  
4.110E 0 0  
4.170E 0 0  
U. 240E 0 0  
4.320E 0 0  
U.400E 0 0  
4.480E 0 0  

Y X-SECTION 
(B/S A/H EV) 

l.7OUE-01 
1.620P-01 
1.51UE-01 
l.430E-01 
1.389E-01 
1.3758-01 
1.364E-01 
1.373E-01 
1.376E-01 
1.3443-C1 
1.2892-01 
1.208E-01 
1.108E-01 
1 .019E-01 
9.61 7E- 02 
9.375E-02 
9.208@-02 
6 .7721-02 
7 .9683-02 
6.9278-62 
5. 885E- 0 2  
5 .0216-02 
4.37OE-02 
3 .882t-02 
3 . 4 ~ 2 ~ - 0 2  
3.01 11- 0 2  
2 .717t-02 
2.4131-02 
1.859E-02 
1.2283- 0 2  
7.7791- 03  
5.3701-03 
3.9801-03 
3.1311-03 
3.ooes-03 
3.546B-03 
3.8031-03 
3.383X-03 
2.939E-03 
2 -  7261- 0 3  
2.6808- 03 
2.697B-03 
2.6081-03 
2.494E-03 
2.3972-03 
2.0722-03 
1 .593E-03 
1 .2953-03 
1.209E-03 
1.1263-03 
9.908E-04 
8.3758-04 
7.047E-04 
7. U97E-04 
1.0393-03 
l.UU3E-03 
1.U04E-03 
9.23111-04 
5.712E-04 

INTEGRATED D A T 9  

PHOTON ERE FGY TXTERVAL X-SECTION ERR3R 
(REV) (B/SR) (B/SR) 

PHCTON ENERGY X-SECTXON 
(NEVI (e /sa /nev)  

ERROR 
Is/sa/a a v )  

5.119E-04 
4.9063-OU 
U.717E-04 
4.5633-04 
5.066 8-04 
4.759E-OU 
4.653E-04 
4.672E-04 
4-5U2E-04 

-4.3523-04 
-U.721E-Ou 
-3.930E-04 

4.144E-04 
U.U65E-04 
8.271 E-04 
4. 103E-04 
3.859E-04 
3 .3551-04 
3.415E-0U 
3.138E-0U 
3.OU9E-OU 
2.872E-0u 
2.642B-04 

-2.41DE-04 
-2.247E-04 
-2.18OE-OU 
-1.908E-011 
-1.7608-04 

1.479E-04 
1 .1  80E-04 
1-OU5E-Ob 
B.52UE-05 
7.339B-05 
5.9793-05 
5.055E-05 

-4.604E-05 
-3.846E-05 
-3.040E-05 

2 .6813-05 
2.76OE-05 
2.U86E-05 
2.353E-05 
2.647E-05 
2 . 4 l l E - 0 5  
2.2 74E-05 
2.305E-05 
2- 304E-0 5 
2.131E-05 
2.2853-05 
2.351E-05 
2.726E-05 
2.6681-05 
2 .490%-05 
2.166E-05 
2.154E-05 
3 . l U l E - 0 5  
3.11UE-05 
3 - 2 0 2 3 - 0 5  





PROTON ENPRG 
in Ev) 

3.075E-01 
3.225E-0 1 
3.375E-01 
3.52 5E-0 1 
3.675E-01 
3.EZ CE-01 
3.975E-0 1 
U.125E-0 1 
4.275E-01 
4.425E-01 
4.575E-C1 
4.725E-01 
4.875E-01 
5.025E-0 1 
5.175E-01 
5.32 5E-01 
!!.475P-C1 
5 .625P-01 
5.775E-0 1 
5.925F-01 
6.100E-C1 
6 .3002-01 
6 .5001-01 
6 .7003-0  1 
6.900E-01 
7.7OC.E-01 
7.300E-0 1 
7.500E-01 
7.700E-01 
7.900E-01 
e.100E-C1 
e.300E-01 
e. 5008-o 1 
8.7003-0 1 
8.900E-01 
9.12SP-C1 
9.375E-C1 
9.625E-01 
9.875E-01 
1.01ZE 0 0  
1.03 7F Oc 
1.063P 0 0  
1.087E 0 0  
1.112E 0 0  
1.137E 0 0  
1.162P CC 
1.18eE OC 
1.212E 0 0  
1.237P 0 0  
1 .2623 0 0  
1.287E OC 
1.315E C C  
1.3USE 0 0  
1.375E 0 0  
l.405E 0 0  
1.435F O C  
1.965E OC 
1.U95E 0 0  
1.525E 0 0  

D I F F E R E N T I A L  CROSS SECTIONS W R  GAnnA R A Y  P R O D U C T I C N  I N  TH. T H E  FIRST s m  
OF NUHBERS I S  THE DOOEtY DIPPERENTIAI CROSS SECTION, WHILE THE SECOND SET I S  THE 
6AflflA RAY PRODOCTION CROSS SECTICN FOR THE DESIGNATED GIfIUA RAY ENERGY INTERVALS. 
TRfS SECCRD SET RESULTS PROR INTEGRATfON O F  THE DOUBLY DIFFERENTIAL CATA. THE 
U N C E R T A I N T I E S  R R E  GIVEN IN Tne  sane O N I T S  A S  T H E  D A T A  A N D  D C  NOT I N C L U D E  A N  ESTI-  
R A T E D  10 PERCENT ERR05 IN APSOLalE NORUhLIZhTION. 

INCIDENT NEUTRON ENERGl = 3 - 4 9  M 4.00 REV. h%LE = 1 2 5  DEGREES, 

ERROR 
(B/ER/UE V) 

3.315E-02 
3.279P-02 
3.064E-02 
2.897E-02 
2.787E-02 
2.688E-02 
2.7713-02 
2.8693-02 
i.949E-02 
2.976E-02 
i.932E-02 
2.8478-02 
2.751E-02 
2-498E-02 
i.222E-02 
1.911E-02 
1.684E-02 
1.5808- 02 
1.6 17E-02 
1.117P-02 
1.7832-02 
1 -799E-02 
1.717E-02 
1.56 IF-02 
1. U28E-02 
9. UO3P-02 
1.382E-02 
1.366E-02 
1.30 3f-02 
3-236s-02 
1. 1961-02 
1.122E-02 
1.079E- 02 
1.074E-02 
1.065E-02 
1.0451-02 
1.1018-02 
1.2423-02 
1. 3701-02 
1.323E-02 
1.275E-02 
1 . 4 ~ 9 ~ - 0 2  
1.351E-02 
1.09UE-02 
9.548E-03 
9.3912-03 
1 -137E-02 
1.268E-02 
t.204E-02 
1 . 1 2 5 ~ - 0 2  
1.058E-02 
1.08UE-02 
1 . 0 1 3 ~ - 0 2  
9.268E-03 
9.113E-03 
9-5073-03 
S .407E-03 
e . 7 7 3 ~ - 0 3  
8.967E-03 

FHOTOW ENERG 
(flp'a 

1 .5558 00 
1 . 5 8 5 F  00 
1 .615E 00 
1 . 6 4 5 P  0 0  
1.680E 00 
1.720E 00 
1 .760E 00 
1.800E 0 0  
1 .840E 00 
1.880E 00 
1.920E 00 
1 .960P 00 
2.00OE 00 
2.040E 00 
2.08OE 00 
2.120E 00 
2.160E 0 0  
2.200E 0 0  
2.240E 0 0  
2.iBOE 0 0  
2.320E 0 0  
2.360B 00 
2 . 4 0 0 1  0 0  
2.4eOE 00 
2.480E 00 
2.5251 0 0  
2.57SB 0 0  
2.625E 0 0  
2.675E 0 0  
2.725E 0 0  
2.7751 00 
2.825P 0 0  
2 .875P 0 0  
2.925E 0 0  
2.975E 0 0  
3.030E 0 0  
3 .090E 0 0  
3.150E 0 0  
3.210E 00 
3.17CE 0 0  
3.330E 0 0  
3 .3908 00 
3 . q 5 C E  0 0  
3 . 5 1 0 3  00 
3 .5703 0 0  
3 . 6 3 0 I  DO 
3.690E 0 0  
3.750E 00 
3.810E 0 0  
3. 870E 0 0  
3.930E 0 0  
3 .9902 0 0  
4.050E 00 
4.110E 00 
4. l7OE 00 
U.240E 00 
4 .3203 0 0  
4. 4OOE 0 0  
4.480E 0 0  

, I  X-SECTION 
(P/S R/n PV) 

2.2698-01 
2.2331-01 
2.155E-0 1 
2.062E-01 
1.965E-01 
1.8728-01 
1.8222-01 
1.830E-0 1 
1.835E-01 
1.76UE-01 
1.638E-01 
1.52PE-01 
1.4298-01 
1.331E-01 
1.235E-01 
1 . t62E-01 
1.103P-01 
1.036E-01 
9.677E-02 
8.9UlE-02 
8.055E- C2 
7.281E-02 
6.806E-02 
6 .4468-02 
6.232E-02 
6.5762- 0 2  
7.294E-02 
7.1578-02 
6.088E-02 
4.941E-02 
4.087E- 02 
3.448E-02 
2.968E-02 
2.6273-02 
2.UOlE- 02 
2.21 7E- 02 
1.979E-02 
1.712E-02 
1.490E-02 
1.305E- 02 
1 - l 2 1 E - 0 2  
9.510E-03 
8 .206B-03 
7.9493- 0 3  
6.9308-03 
6.197E- 0 3  
5.2331-03 
4. 192E-03 
3 .2923-03 
2.u86E- 03 
1.644E-03 
9.682E-04 
6 .2593-04 
5.6USE-04 
6.363E-0U 
7.6u OE- 04 
R.932E-04 
9.90aE-04 
9.929E-04 

ERROR 
(B/SR/U EVj 

9-3978-03 
8.9552-03 
8.147E-03 
7.483E-03 
6.57CE-03 
6.87 0E-03 
6.850E-03 
6.543E-03 
6.3233-03 
6-270E-03 
6.00UE-03 
5.674f-03 
5. i53E-03 
5 -  111E-03 
5.011E-03 
4 -6798-03 
4.403E-03 
4.3302-03 
4.154E-03 
3.889E-03 
3 - 6 5  PE-03 
3.3823-03 
3.084E-03 
3.0632-03 
3.201E-03 
3.23 1E-03 
3.1652-03 
2.915F-03 
2.520E-03 
2 .  C86E-03 
1 - 8 6 7 3 - 0 3  
1.8142-03 
1.667E-03 
1.565E-03 
I .  4608-03 
1.3963-03 
1.36CE-03 
1.3658-03 
1.30EE-03 
1 .1971-03 
1.166E-03 
1 . 1 6 3 I - 0 3  
1. OR 12-03 
1.0173-03 
9.939E-04 
1.125E-03 
1.2761-03 
1 .11iE-03 
9 .87 11-04 
9.908E-0u 
9.735E-04 
9.463E-04 
9 . 0 3 2 ~ - 0 4  
8.277E-04 
8.114E-OD 
8.0863-04 
8.2771-04 
8.63CP-04 
8.669E-04 

PROTON ENEFGY TITERVAL X-SECTTON ERROR 
(NEW) (B/S R) (B/sR1 

PHOTON ENERGY X-SECTION 
(NEVI (B/SR/REVl 

ERROR 
(B/S R/fl EV)  

7.350B-00 
6.350E-04 
6.254E-04 
6.230E-OQ 
7.31 8E-04 
7-757E-04 
7.0 30E-04 
6 .451E-04 
6 .937E-04 
5.962E-04 
7.385E-0U 
7.169P-04 
6.993E-04 
6.329E-04 
6.6 80E-04 
5.789E-04 
6.753E-04 
6.319E-04 
5.732E-04 
5.424E-O(, 

-4.877E-0U 
-4. 857E-04 
-4.806E-04 

9 .3173-04 
-4 -029E'-04 
-3.623E-04 
-3.53UE-04 
-3.0308-04 

2.7408-04 
2.269E-04 
2.055E-04 
1.831E-0@ 
1 .491E-@4 
1 -286E-04 
1 .01 5 E-04 
9.203E-05 

-8.7 27E-0 5 
-7.534E-05 

6.048E-05 
5.442E-05 
4. 373E-05 

-3.110E-05 
2 -891E-05 
2.676E-05 
2.3 70E-05 
1.671E-05 
9.631E-06 
5.546E-06 
4.291E-06 
3.3123-06 
2,UOlE-06 
2.400E-06 
3 . 2 4 0 ~ - 0 6  
4.038E-06 
4.8503-06 
5.7851-06 
6 .447E-06 
6.686E-06 



D I F F E R E N T I A L  CROSS S E C T I O N S  POU GArnR R A T  P R O D U C T I O N  I N  TH. T H E  FIRST SET 
Cf LUNBEFS I S  THE COUEtY OIFPERENTIkL CBOSS SECTION. URILE THE SECOND SET I S  THE 
GAYMA RAY PRODUCTlON CROSS SECTION POR IRE DISIGNhTED GAINA RAT ENERGY INTERVALS. 
THIS SECCIID SET RESULTS FROR IATEGRATTON OP THE DOUBLr DIPPEBENTLAL CATA. THE 
Q N C E R T A I N ~ I E S   RE G I V E N  I N  T R E  S R R E  UNITS  AS T H E  C I T A  A N D  DO NOT INCLODE ESTI-  

. nATED 1 0  PERCENT ERROR I N  ABSCLUTE NORflALIZATION. 

INCIDENT NEUTRON ENEFGT = 4.00 TO 4.49 UEV. LNGLE = 1 2 5  DEGREES. 

PHCTCW ENERGY X-EECIIOW ERROR PHOTCN ENERGY X-SECTION ERROR PHOTON ENERGY K-SECTION ERROR 
f n ~ v )  (E/SP/IEV) (E/SR/NPV) I N  PV)  (B/SR/UYV) (B/SR/!IEV) ( ~ E v )  (B/SR/IEV) (B/SR/NEV) 

1. 555E 0 0  
1 .585E DO 
1.615E 0 0  
1.6f65F 0 0  
1 .680E 0 0  
1 .720E 0 0  
1 .760E 0 0  
1.800E 0 0  
1.840E 0 0  
1 . 8 8 0 E  0 0  
1.920E 0 0  
1 . 9 6 0 E  0 0  
2. COOE 0 0  
2. 04OE 0 0  
2.OBOE 0 0  
2-  120E 0 0  
2 .160E 00  
2 .  ICOE 0 0  
2.1UOI 0 0  
2 . 2 8 0 8  00  
2 .320E 0 0  
2 .360E 0 0  
2.UOOE 0 0  
2. 4U0E 0 0  
2 .480E 0 0  
2 . 5 2 5 1  0 0  
2 . 5 1 5 3  0 0  
2. E25E 0 0  
2. 675E 0 0  
2 . 7 2 5 8  0 0  
2.775E OD 
2.825E 60 
2 . 8 1 5 8  0 0  
2 .925E 0 0  
2 .975E 0 0  
3 . 0 3 0 E  0 0  
3 .090E 0 0  
3. 150E 00 
3. 2tOE 0 0  
3 . 2 7 0 1  0 0  
3. 3 3 0 3  0 0  
3.390E 3 0  
3.45CE 0 0  
3.510E 0 0  
3 . 5 7 0 3  0 0  
3. t 3 0 E  0 0  
3.690B 0 0  
3 . 7 5 0 3  0 0  
3.810E 0 0  
3 . 8 7 0 3  0 0  
3 .9302 0 0  
3.990E 0 0  
U.OSOE 0 0  
4 . 1 1 0 E  0 0  
4.170E 0 0  
4. 2 4 0 s  0 0  
U. 320E 0 0  
4 . 4 0 0 2  0 0  
4. U80E 0 0  

INTEGRATED DATA 

PHOTON ENERGI INTERVAL X-SECTION 
( a e v )  (P /SR)  

ERROR 
(B/SR) 



DIPPERENTILL CRCSS SECTIONS FOR G A I N A  RAY PRODOCTICW I N  TH. THE FIRST SET 
OP NONBERS I S  THE DOOBLY DIFFERENTIAL CROSS SECTION, WHILE THE SECOND SET I S  THE 
GAflIlA RAT PRODUCTICN CRCSS SECTION POR THE DESIGNATED GANKA SRY ENERGY INTERVALS. 
THIS SECCND SET RESULTS PROH IITEGR4TION OF THE DOUBLY DIFPEREATIAL DATA. THE 
ONCFRTAZRTIES I R E  GIVEN IR TEE SIRE ONITS AS THE DhTL I N D  DO HOT INCLUDE R1 BSTI- 
HATED 10 PERCENT EkRCR I N  RESOLUTE WORBALIZATION. 

INCIDENT NEUTRON ENERGY = 4.49 TO 5.00 BEV. ANGLE = 1 2 5  DEGREPS. 

PHOTON ENERGY X-SECTION ERROR PHOTON ENERGY X-SECTION EREOR FHOTON ENERGY X-S ECTION ERROR 
(a Ev) (B/eR/UEq) (B/SR/REI) (NET) (E/SR/REV) (8/5R/REV) (NET) (B/SR/NEV) (B/SR/HEY) 

INTEGRATED DLTA 

PHOTON ENE FGP INTERVAL 
( M e V )  

X -5  ECTXON 
(B/SR) 

3. 419E-02 
2.64933-02 
4. U73E-02 
5.077E-02 
6.02UE-02 
8. 533E-02 
7.0233-02 
4. 111E-02 
5. 2511-02 
U. 989E-02 
4.5913-02 
7 .279E-02 
3.734E-02 
1. 1642-02 
4.515E-03 
2. 345E-03 
4.899E-04 
1.215E-04 
3.275E-04 
1.797E-04 
3.934E-05 
3.059E-05 

E R R O R  
( a / s w  

3.88113-03 
3.514E-03 
2.383E-03 
2.055?-03 
1.680E-03 
i .953E-03 
3.091E-03 
2.8602-03 
i. 4928-03 
i.040!3-03 
1 .707E-03 
2.9158-03 
1.695%-03 
9.76'4E-04 
8.8l l ' l -Ou 
S.92Q F-OU 
4.323E-04 
2.616E-04 
2.405E-0u 
1.03 8E-04 
6 .  E67E-05 
3.425E-05 



DIYPBRENTIA~ CRCSS SECT1085 FOR GANNA R A Y  PRODUCTION I N  TR. THE FIRST SET 
CF X O U B E K S  IS THE noneLr DIPPERENTIIL CROSS SECTION, W H I L E  T H E  S E C O N D  SET IS T H E  
Grnnn @ A T  ~ s o o o c r s o s  CROSS SECTIQN FOR THE D E S I G N ~ T E D  B A M U A  R A T  E N E R G Y  INTERVALS. 
qnrs s e c c a o  SET RESULTS PROM I N T E G R L T I O N  O F  THE DOUBLY D I P P E R E U T ~ A L  CATA. THE 
UNCERTRINTIES  ARE G I V E N  I N  THE SInE UNITS AS THE DATA ANC DO NO? INCLUDE A N  ESTI- . flATED 1 0  PERCFN? ERROR I N  ABSCLUTE NORMALIZATION. 

INCIDENT NEUTRON EHEFGY = 5.00 T O  5 .99  H E V .  hHGLE = 1 2 5  DEGBEES. 

ERROR 
(E/SR/MPV) 

4. 502F- 02 
U.02UE-02 
3.955F-02 
3.9 22E-02 
3,748E-02 
3.664E-02 
3.606F-02 
3.528P-02 
3.637E-02 
3.774E-02 

PROTCN ENERGY 
( H E W  

X-SECTION 
( e / s R / a r v )  

2.97 1E-01 
2 .956E-01 
2.892E-01 
2.7853- 0 1  
2.6801-0 1 
2.61UE-01 
2.5383-0 1 
2.513E-01 
2.5738- 0 1  
2 .591I-0  1 

ERROR 
(e /sR/nev)  

1.3628-02 
1.302E-02 
1.237E-02 
1.1723-02 
1.093E-02 
1.0121-02 
1 .03 1E-02 
9.678E-03 
9.18UE-03 
9-131E-03 

PHOTON ENERGY 
( a e v )  

X- SEC TION 
(B/SR/IE V J  

5.0413-03 
U.Ul7E-03 
U.04UE-03 
3.a55E-03 
2.609E-03 
1 .689P-03 
8.591 E-04 
3.0611-OU 
3.595E-OP 
5.8 51E-04 

E RBOR 
(B/S R/t!PV) 

9.392%-OU 
8.816E-04 
8,217E-0l4 
7.892E-OU 
8 , U l l E - 0 4  
8 .3262-04 
8.023E-0U 
7.867E-04 
7.65UE-OU 
7.5 90E-0 U 

2.161E- 01 
2.10Uf-0 1 
2.055E-0 1 
1.952E-01 
1.820E- 0 1  
1 -703E-01 
1.60ZE-0 1 
1.506E-01 
1.418E-01 
1.327E-01 
1.241E- 01 
1.209E-01 
1.275%-0 1 
1.374E-01 
1.335B-01 
1.150E-01 
9.307E-02 
7.5992:-02 
6.522E-02 
5.882E- 02 
5.388E- 0 2  
4.8258-02 
4.204E-02 
3.8103-02 
3.64 EE- 02 
3.UOOE-02 
3 .0131-02 
2.583E-02 
2.243B-02 
2.088E- 0 2  
2.000B- 0 2  
1.835E-02 
1.6218-02 
1.462E-02 
1 . 3 5 3 ~ -  02 
1.2273- 0 2  
t .059E-02 
9.004E-03 
7. WOE-03 
6 .9188-03 
5.68CE- 0 3  
4.424P-03 
3.839E-03 
4.8168-03 
6.053E- 0 3  
5.95CE- C 3  

INTEGRATED CATA 

PIlOTON ENERG? INTERVAL 
(Rev) 

3.000E-01 - 0.000E-01 
4.000E-01 - 5.000E-01 
5.00QE-01 - 6.00OE-01 
6.000E-01 - 7.000E-01 
7.000E-01 - 8.000E-01 
e . o o o ~ - 0 1  - 7.oooa oo 
1.000E 0 0  - 1.200E 0 0  
1.200E 0 0  - 1.400E 0 0  
1. U00E 0 0  - 1.600E 0 0  
1.600E 0 0  - 1.800E 0 0  
1.800E 0 0  - 2.000E 0 0  
2.00CE 0 0  - 2.50OE 0 0  
2.500F 0 0  - 3.0002 0 0  
3.000E 0 0  - 3.SOOE 0 0  
3.500E 0 0  - 4.000E 0 0  
U-OOOI 0 0  - 4.500E 0 0  
U.500E 0 0  - 5.OOOE 0 0  
5.000E 0 0  - 6 . 0 0 0 3  0 0  
6 . 0 0 0 t  0 0  - 7.600E 0 0  - 
7.00CE 0 0  - 8.000% 0 0  
8.OOCE 0 0  - 9.000E 0 0  
9.000E 0 0  - 1.000E 0 1  

ERROR 
(B/SR) 



D I F F E R E N T I A L  CBOSS S E C T I O N S  FOR GAU5A RAY PRODUCTICN I N  TH. T H E  F I R S T  S E T  
OF HOMBERS I S  THE DCDF!Ll D T F F E R E N T I L L  CROSS S E C T I O N ,  UHILE T H E  SECOND SET IS THE 
GAflMA RAY PRODOCTICN CRCSS S E C T I O N  FOR T H E  C F S I G N A T E D  GlflMA RAY ENERGY I N T E R V A L S .  
T H I S  SECCNC SET R E S U L T S  PROFI I N T E G R A T I O N  O F  THE DOURLY D I F F E R E N T I A L  CATA. THE 
U N C E R T # I U T I E S  ARE G I V E N  I N  THE SkRE O H I T S  A S  THE DATA A 6 D  DO NOT I N C L U D E  AN E S T I -  
MITED 1 0  PERCENT ERRCA I N  bESOLUTE N O R N A I I Z h T I O N .  

I N C I D E N T  YEUTRON ENERGY = 5.99 10 7 . 0 0  MSV. h N G t E  = 125 BEGREES. 

PROTON F N P R G l  X-SECTION ERROR PHOTON ENERGY R - S E C T I O N  ERAOR FHCTON ENERGY X - S E C T I O N  ERROR 
(U pv) (%/FR/llEV) ( B / S R / R E  V) ( M E V )  (F!/SR/UEV) (FJ/SR/REV) (NEVI (B/SR/REV) (B/SR/U EV) 

I H T E G R L T E D  D b T h  

PHOTON ENEFGY I N T E R V A L  X - S E C T I O N  ERROR 
( O E v )  ( B / S R )  (B/SR)  



DIFFERENTIAL CROSS SECTIONS FOR GAFUA RAY PRODUCTION I N  TH. THE FIRST SET 
CF R O W B E D S  I S  THE EOOELY DIFFERENTIAL CROSS SECTION, WHILE THE SECONC SET I S  TRE 
Gnp.nA B A Y  E R O O U C T ~ O ~ I  CROSS SECTION FOR THE D E S I G N A T E D  G A M U A  R A Y  E N E R G Y  I ITEEVALS.  
TRIS SECCRD SET RESULTS FROM INTFGRATION OF THE OOUBZY DIFFEPENTIAL EATA. THE 
ORCERTAINTIES ARE GIVEN I N  THE SIRE UNITS AS THE CATA A N C  DO NOT INCLUDE Ad ESTI- 

. $ A V I D  1 0  PERCENT ERROR IN AESOLUTE NOBflALIZATIOR. 

INCIDENT N E U T R O N  E R E F G Y  = 7 - 0 0  TO 8 .07 n iv .  A N G L E  = 1 2 5  D E G R E E S .  

PACTCA EBE1GT X-SECTION ERROR PHOTON ENERGY X-SECTION ERROR PHOTON ENERGY X-SECTION ERROR 
rUEVt { E / S R / C E P )  ( E / S R / . Y P V )  f I P v )  ( a / s a / a n v )  / B / S R / # E V )  l a ~ v )  (B/sa/sE v l  (s /sn/nev)  

2.224E-01 
2.220E-01 
2.231E-01 
2.207E-01 
2.231E-01 
2. 138E-0 1 
2.0563-0 1 
2.OUUE-01 
2.016E-01 
1.953F-01 
1.902E-01 
1.839E-01 
7.731E-01 
1.623E-01 
1.563E-01 
1.5283-01 
1.4722-01 
1.388E-01 
1.316E-01 
1.291P-01 
1.295E-01 
1.252E-01 
l.132E-01 
1.011E-07 
9.472F-02 
9.1211-02 
8.536E-02 
7. R7UE-02 
7.3933-02 
6 .822I-02 
6.01ZE-02 
5.269E-02 
4. 726E- 02 
0.3961- 02 
U. 299P-02 
4.267E-02 
U.03UE-02 
3.63EE- 02 
3.3701- 02 
3.350E-02 
3.3793-02 
3.195E-02 
2.7743- 02 
2.340E- 02 
1.992E-02 
1.6723-02 
1.470E-02 
1. u22E-02 
1. 4052- 02  
1.303P-02 
1.162E-02 
1.0762-02 
1.061E- 02 
1.0322-02 
9.573E-03 
8.772E-03 
9 .4063-03 
I.  OBOE- 02 
1.0208- 02 

TNTEGRATED CATA 

PHOTON ENERGY INTERVAL 
( NEV) 

X- SECTION 
1 B/s 81 

3.773E-02 
3.2118-02 
4. 216E-02 
u. 2 0 6 ~ - 0 2  
U -  62UE-02 
6. 379s-02 
5.756E-02 
0. 107E-02 
4.4623-02 
4. 322P-02 
3.8432-02 
6.6693-02 
3.2231-02 
1.1301-02 
7.610E-03 
4.985E-03 
2.7115E-03 
2.2751-03 
1.6191-03 
3.266E-04 
7.803E-05 
4.704E-05 

ERROR 
( B / S R )  

4. 107E-03 
4.05OE-03 
2.7(133-03 
2.321E-03 
1.8723-03 
2.9878-03 
3.0723-03 
2.928E-03 
2.5583-03 
2.11 8E-03 
1.8143-03 
3. U03E-03 
2.023E-0 3 
1.323E-03 
1.211E-03 
9.533E-04 
8.1763-04 
9.211E-04 
3.739B-04 
1.656E-04 
7.1143-05 
E. 773E-05 



DIPFFRENTIAL CRCSS SECTIONS FOR GAURA RAT PRODUCTICN I N  TH. THE FIRST SET 
OF NUMBERS I S  THE D O W B L Y  DIFFERENTIAL CSOSS SECTION, WHILE THE SECOND SET IS THE 
EAMRA RhY PRODUCTION CROSS S E C T I O N  FOR THE CFSIGNATED GalfMA RAP ENERGI INTERVALS. 
T t I S  SECCNC SET RESULTS PROK INTEGRfiTION OF THE DOUBLY DIFPERENTIAL CATA. THE 
UNCERTAINTIES k R E  G I V E N  I N  THE SAUE UNITS AS THE OhTA A I D  DO NOT INCLUDE A N  PSTI- 
NRTPD 10 PERCENT ERFOR I N  8ESOLUTF. H O R R k L l Z L T I O W .  

INCIDENT NEUTRON E N E R G Y  = 8.01 70 9-06 HEY.  ANGLE = 125  DEGPEFS- 

PROTON EVERGT X-SEClION ARROR PHOTON ENERGY X-SECTION EREOR PHCTON ENERGY X-SECTTON ERROR 
( u E V J  . (B/SR/MEP) (8/2R/MEV) (PEP) (E/S R/REV) (B/SR/H2V) ( U E V )  (B/SR/HEV) (B/SR/NEV) 

INTEGRATED DATA 

PHOTON ENE FGY INTERVAL 
(MEW) 

X-S ECTION 
(B/SRI 

3.512E-02 
3 .483~-02  
4.171E-02 
3.67OE-02 
3.6861-02 
5.277E-02 
4. 675E-02 
3.1421-02 
2.8 13E-02 
2.506E-02 
2.1043-02 
3.723E-02 
1.901E-02 
8.9363-03 
U. 66UE-03 
4.026E-03 
1.667E-03 
2. 231E-03 
2.5648-03 
6.529E-Or 
7. 1751-05 

-4. 101E-0 6 

ERROR 
( B / s R )  

4.107E-03 
4.078F-03 
2.630E-03 
2.272P-03 
1.865E-03 
i.893E-03 
2.656E-03 
2.524E-03 
2.115E-03 
1.8471-03 
1.516E-03 
3.071 3-03 
2.030E-03 
1.455E-03 
1.361E-03 
1.1953-03 
1.140E-03 
1.7823-03 
1.289 E-0 3 
2.849E-00 
1.6572-05 
2.6473-05 



DIIIEREITIAZ CROSS SECTIONS ?OR G A U H A  lfhY PRODUCTION I N  TH. THE FIRST SET 
C F  NUOBEFS I S  THE DOOELI DIFFERENTIAL CROSS SECTION, N A I L E  TAE SECOND SET I S  THE 
GhLUh RAY PROCUCTIOH CROSS SEClION FOR IBE DESIGNATED GAIIh B A Y  ENERGY INTERVALS. 
'IRIS SECCND SET RESULTS PROR INTEGRATION OF ?HE D O U B L I  DIPPERENTIhL CATA. T H E  
UNCERTLIMIIES LRE GIVEN IN THE SAnE UNITS AS THE OhTA RNC DO NOT INCLUDE hN E S T L -  
NITFD T O  PERCENT ERROR IN RESOZWTE NORHhLIZATION. 

PRC'CN ENERGY X-SECTION ERROR PHOTCN ENERGY X-SECTION ERROR PHOTON ENERGY X-SECTION ERROR 
(NEVI (P/SR/FEF) I E / S R / ~ F P I  ( H E V I  (B/SR/HEV) (B/SR/HEI) ( R E V )  ( e / s ~ / n E v )  ( e / s ~ / a e v )  

1.333E-0 1 
1.289E-01 
1.2573-01 
1 . 2 1 7 ~ - 0 1  
1.158E-01 
1.llOE-01 
1.096E-01 
7.3631-01 
9.859E- C2 
9. 185 E-02 
8.801E-02 
8.5312-02 
8.381E-02 
8.288E- 02 
7.9921-02 
7 . 5 0 2 ~ - 0 2  
6.926E-02 
6.236E-02 
5.4591- 02 
4.715E-02 
4.137B-02 
3.780E-02 
3 .456~-  02 
3.0363- 02 
2.644P-02 
2.595E-02 
2.9U6E-02 
3.0823-02 
2.9088- 02 
2.708E-02 
2.5052-02 
2.233E-02 
1-9913-02 
1.01BE-02 
1.580E-02 
1.227E-02 
1.0268-02 
1.152E-C2 
1.354E- 02 
1.391E-02 
1.275E-02 
1-08 2E-0 2 
8.653%- 03 
6.93 OE- 03  
6,3153-03 
6-2293-03 
5.6503-03 
4.886E-03 
9.. 89 OE- 03 
5.27UE-03 
5.76OE-03 
6.583E-03 
7.293E-03 
6.1763- 03 
5.5793-03 
5.593E-03 
7.141E-03 
7.533E- 03 
6.793E-03 

PHOTON ENELGT INTERVAL X-SECTION ERROR 
  REV^ (e/s ai (B/SRJ 



DIPPERENTILL CROSS SECTIONS FOR GARKh RAY PRODUC'ifCN XN TH. THE FIRST SET 
OF WOUBER? I S  THE DOUBLY DI FFERENTIlL CROSS SICTTON, UHILE THE SECOND SET IS THE 
EAUHA RAY PRODOCTION CROSS SECTION FOR THE EPSIGNATED GAUUR R A Y  ENERGY INTERVALS. 
THIS SECCN6 SET RESULTS FROB INTEGRATION OP T H E  D O U B L Y  OIPFEAENTIAL CkTl. THE 
UNCIRTIINTIES ARE GIVPN IN THE ShRE UNITS bS THE DATA A60 D O  NOT INCLUDE hN ESTI- 
HLTED 10 PERCENT EPUOR IN AESOLOTE NORUALIZKTIOH. 

INCIDENT NEOTRON ENERGY = 10.00 TO 12.02 UEV. RNGLE = 1 2 5  DEGREES. 

P FOTQN ENERGY X- SECT108 ERROR PHOTON ENERGY X-SECTION ERROR PHCTON ENERGY X - S  ECTION ERROR 
(a ev) (B/IR/UEV) (B /SR/NEV)  (MEW (E/SR/NEV) (B/SR/HEY) {aer) (B/SR/HEV) ( s / s e / n r v )  

U .926E-01 
4 r e 4 1 ~ - 0 1  
4.403E-01 
3.921E-01 
4.030E-01 
U .226E-01 
?.C72E-01 
3.457E-01 
3.97U.F-01 
3.156E-01 
3.42UE-01 
?.9CEE-01 
4.3471-01 
U.513I-01 
U.. 5U9E-01 
U -570E-01 
q.lS8E-01 
Q.012'5-01 
3.705E-01 
3.579E-01 
3 . U U  IF-01 
?.13€E-01 
3.207E-01 
3- 339E-0 1 
3.488E-01 
3 -51  83-0 1 
3.?52E-01 
3.3031-01 
3.3131-01 
3.309E-01 
3.238E-0 1 
3.1?6E-01 
2.967E-01 
2.775 E-0 1 
2.6U5E-01 
2.6U2E-0 1 
2.173%-01 
2.911E-01 
2.897E-01 
2,7452-01 
2.6878-01 
i.732E-01 
2. E5UI-Cl 
2.U3eE-0 1 
2.222E-0 1 
2.102E-01 
2.Cl9E-C1 
2.OC5E-01 
2.072E-Of 
2. lu3E-01 
2.1371-0 1 
2.C53P-C1 
1.9252-01 
1.778E-07 
1.65OP-01 
1.612E-01 
l.EC2E-01 
1.768E-01 
1 .7561-01 

INTEGRATED DI Th 

PHOTON ENEfGY INTERVAL 
(REV) 

X-S ECTION 
(B/SR) 

4. 359E-02 
3.64 2 - 0  2 
b. 172E-02 
3.3411-02 
3.364E-0 2 
5.157E-02 
U. 901E-02 
3.985E-02 
3,331E-02 
3. 158E-02 
2.7958-42 
4. 504E-02 
1- 709E-02 
6.511E-03 
u. I U ~ E - O ~  
1. 225F-03 
2.643E-03 
1.4308-03 
2.617E-03 
3. 3072-03 
1 .921P-04 

.I.  579E-05 

ERROR 
(B/SA) 

5 -  316E-0 3 
5.54SE-03 
3.5373-03 
3.7278-03 
2.366E-03 
2.6663-03 
3.30UE-03 
3.3222-03 
i .632E-03 
i.279E-03 
1.870 E-0 3 
3.6U5E-03 
i.503B-03 
1.788P-03 
1.827E-03 
1.010 E-03 
1.390E-03 
1.475E-03 
2.091E-03 
-S.U03E-OU 
7.830E-04 
?.563E-05 



D I F F E R E N T I A L  C R O S S  S E C T I C N S  FOR GAPNA RAT PRODUCTION I N  TH. THE F I R S T  S E T  
CF W O f l E I S S  I S  T H E  DOUELT D I F P E R E H T I I L  C R O S S  S E C T I O N ,  WHILE THE SECOND SF'f I S  THE 
GAPE& RAT PRODOCTION CROSS S E C T I O N  ?OR THE DESIGNATED GAURA RAY ENERGY INTERVALS.  
T H l S  S E C C N D  S E T  R E S U L T S  PROM I N T E G R A T I O N  OF THE D O U B L l  D I F F E R E N T I A L  CRTA. T H E  
UNCERPAIN?IES I R E  G I V E N  I N  T H E  S A N E  UNITS AS THE DATA A N C  DO NOT T N C L U D E  A N  ESTI- 
RA'IFD 10 PERCENT ERROR I N  AESCLUTE NORNALIZATION. 

I N C I D E N T  NEUTRON ENEFGY = 12.02 T O  14.00 HEV. ANGLE = 1 2 5  DEGREES.  

PACTCR FNERGY X-'ECSION ERROR PHOTCN E N E R G I  X-SECTION ERROR PHOTON ENERGY X - S E C T I O N  ERROR 
(NEV) ( E / S R / C E V )  ( E / S R / U E V )  l a w  ( B / S R / ~ E V )  ( B / S R / U E V )  ( M E V I  ( B / S R / R E  v)  ( B / S R / U E V J  

I N T E G R A T E D  DATA 

PHOTON ENERGY IWTERVAL I - S E C T I O N  ERROR 
( H E W  ( B / S R )  (B/SR)  



DIPPERENTIAL CROSS SECTIONS R 3 R  GkMh RLY PRODUClfCl I N  TH. T B E  FIRST SET 
OF NUtlBERS I S  THE DODBZP DIFFERENTIAL CROSS SECTION, WHILE THE SECOND SET I S  THE 
G A O H A  R A Y  PRODOCTICN CROSS SECTION FOR THE DESIGNATED GAMHA RAY ENERGY INTERVALS. 
TRIS SECCNL! SfT RESULTS PRON SHTEGRkTION OF THE D O U B l Y  DIPFERENTIAL CATA. THE 
UNCERTflINTIES ARE GIVEN I N  THE SAHE ONTTS AS THE DkTA AND DC NOT INCLUDE A N  ESTI- 
HATED 10 PERCENT ERRCR IN APSOLOTE NORnhLIZATION. 

INCIDENT NEUTRON ENEPGY = 14.00 TO 17.02 !EV. R K t E  = 1 2 5  DEGREES. 

ERROR 
( e / s a /nEv j  

PHOTON PNERG 
(HEV) 

1.555E 00 
1. 585E 0 0  
1 .615E 00 
1.645E 00 
1.680E 00 
1 .7201 00 
1 .760E 00 
1.800E 0 0  
1.8QOE 0 0  
1. 88OE 00 
1 .920E 00 
1.960E 00 
2.000E 00 
2.040E 0 0  
2.C8OE 00 
2.120E 00 
2 .160E 0 0  
2 .200E 0 0  
2 .2403 00 
2 .  i@OE 00 
2. 3202 0 0  
2.360E 0 0  
2 .400P 00 
2 .4402  00 
2.480E 0 0  
2. 525E 0 0  
2. 575E 0 0  
2 .6251 0 0  
2 .6753  0 0  
2.725E 0 0  
2.775E 0 0  
2. 825E 0 0  
2.875E 0 0  
2. 925E 0 0  
2.9753 00 
3.030P 0 0  
3 .0901  00 
3.150E 0 0  
3.210E 0 0  
3. i7CE 00 
3.330E 0 0  
3.390E 0 0  
3.450E 0 0  
3.510.E 0 0  
3.5703 0 0  
3 .6301 0 0  
3.690E 00 
3.750E 00 
3.810E 0 0  
3.870E 0 0  
3.930E 0 0  
3 .990E 0 0  
4.050E 00 
4.110E 00 
4.170E 00 
4. 240E 00 
4 .3202 00 
4.YOOE 0 0  
4.UBOE 0 0  

Y X-SECTION 
(E/S R f !  EV) 

EBEOR 
(B/SR/!!EV) 

2.306%-02 
2.29EE-02 
2. i13E-02 
2. 100E-02 
2.06 18-02 
2.1338-02 
1.956E-02 
i .e93e-a2 
1.87 3E-02 
1.81 8E-02 
l - 72  BE-02 
1. t8CE-02 
1.639P-02 
1.715E-02 
1.785E-02 
1.6978-02 
1.58GB-02 
I. S ~ ~ E - O Z  
1.51UE-02 
1.493E-02 
1 .434E-02 
1 .31 3E-02 
1 , i lEE-02  
1.217E-02 
1.2352-02 
1 -3658-02 
l . f l5E-02 
1.49eP-02 
1.3141-02 
1 -06 8E-02 
9 ,098E-03 
8.15OE-03 
7 -69 iE -03  
7.8003-03 
7 -5368-03 
7. U3 1E-03 
7.73CE-03 
8.306E-03 
8.5993-03 
8.211 5E-03 
7.64 0E-03 
7.567E-03 
7. sea-03 
6.8063-03 
7.423E-03 
9.14 OE-03 

- 1 .OU3E-02 
9.1308-03 
7.2553-03 
6.796E-03 
6-6833-03 
6.42 4E-03 
6.18OE-03 
5,7804-03 
5.700E-03 
5 -5632-03 
5. El 1E-03 
5.79CE-03 
5 . 6 2 e ~ - 0 3  

INTEGBhTED DATA 

PHOTON ENE FGY INTERVAL X-SECTION ERBOR 
(UEV)  (B/SR) wsrcl 

PHOTON ENERGY X-SECTION 
(B/SR/BEVI 

2.771E-03 
6.773E-OU 
1.910E-04 
4,5713-04 
6.763E-0U 
4.006E-00 
2. U34E-04 

-7.171E-05 
-3.796E-04 
-1. 166E-0 3 
-7.50 1E-OU 

6.7503-04 
2.566E-03 
3.357E-03 
2 705E-03 
2.0903-03 
I. 90uE-0 3 
2 .3193-03 
3.830E-03 
4.358E-03 
3 .6233-03 
2.2023-03 
1.100E-03 
1.57SE-03 
3.1852-03 
4.265E-03 
3.9753-03 
2.9023-03 
1.709E- 03  
1.0931-03 
1. 22UE-03 
1.643B-03 
1.645E-03 
1.222E-03 
5.66I)E-OU 

-3.119E-04 
-5.153B-04 
-4.099E-04 
-1.1 91E-0s  

2.9h9E-04 
5.774E-04 
4.889E-04 
~ . ~ ~ E E - o Q  
1.5543-05 
2. 106E-05 
1.5 36E-0 4 
9. 55PE-05 
1.1 DOE-04 
7.793B-05 
4- 948E-05 
2.594E-OU 
1.996E-04 
1.839E-04 
2.055E-04 
9.438E-05 
5 .5572-05 
1.15SE-04 
3.3013-04 

ERROR 
(B/S R/R EV) 

U.896E-03 
u.237E-03 
U.392E-03 
4,323E-03 
4 -447E-03 
e .607E-03 
4.6023-0 3 

-4.252E-03 
-4.260E-03 
-4.393E-03 
-4.388E-0 3 

4 .3783-03 
4.52OE-03 
U.569E-03 
4.6 94 E-03 
4 .6723-03 
4.289E-0 3 
4.311E-03 
4. 453E-03 
4 -490E-03 
U. 21UE-0 3 
4 .0712-03 
3.887E-03 
3.836E-03 
3.611E-03 
3.4073-0 3 
3.150E-03 
2.884E-03 
2,555E-03 
2 -2868-03 
2.20 1E-03 
2.137E-03 
1 -937E-03 
1 -600E-03 
1.45OE-03 

-1.346E-03 
-1.368E-03 
-1.2273-03 
-1 -0433 -03  

9.036 E-04 
8.642E-0U 
8.200E-04 
6.712E-04 
5.826E-04 
5.348E-04 
5.074E-ou 
4. 771E-04 
5.255E-04 
4.972E-04 
5.144E-04 
5.052E-04 
4.684E-0U 
4.092E-04 
3.810E-04 
4-9143-04 
5.805E-0u 
6.443E-04 
5-IBRE-04 



DIPFERENTIIL CROSS SECTIONS FOR G A R M A  R l Y  PRODUCTION I N  TH. TH9 FIRST SET 
C P  ROOBE65 I S  THE DOOELY DIPfERERTIRL CROSS SECTION, WHILE THE SECOND SET I S  THE 
GhRRA K A Y  PRODUCTION CROSS SECTION ?OR THP DESIGNATED G A N U A  R 1 Y  ENERGY INTERVRLS. 
TRIS SECCND SET RESULTS PROM INTEGRATION OF THE D O D B l l  DIFFERENTIAL CITl. T H p  
ONCERTAINlIES &RE GIVEN I R  THE SRNE UNITS AS THE DATA A N C  DO NOT INCLUDE A N  ESTI- 
RRTED 10 PERCENT ERPOR I N  AESCLUTE NORnRLIZITICN. 

INCIDENT rEOTRON ENEFGY = 17.02 TO 20.OU MeP. ANGLE = 125  DEGREES. 

P A C T C R  ENERGY X-'EC'IION ERROR PHOTCN ENERGY X-SECTION ERROR PHOTON ENERGY X-SECTION ERROR 
(REV) b (e/sn/rEv) (E/SR/REV) tars) (B/SR/OEYI (B/SR/REV) (REV) (B/SR/RRV) (B/SR/l!EV) 

INTEGRRTED CAT8 

PHOTON EBEFGT INTERVAL 
( f lyv)  

3,000E-01 - r.000E-01 
4.000E-01 - 5.000E-01 
5.0002-01 - 6 ~ 0 0 0 ~ - 0 1  
6.0001-01 - 7.000E-01 
7.000E-07 - 8.000E-01 
8.OOOE-01 - 1.000E 00 
1.000E 00 - 1.200E 00  
1.20UI 0 0  - 1.UOOE 0 0  
1. UOOE 00 - 1.600E 00 
1.600E 00 - 1.8OOE 0 0  
t . eooa  oo - 2 . 0 0 0 ~  00 
2-00CE 00 - 2.50013 00 
2.5OQE 00 - 3.000E 00  
3.000E 00 - 3.500E 00 
3.5003 00 - U-OOOE 00 
U-OOOE 00 - 4.500E 00 
4.500E 00 - 5. OOOE 00 
5.000E 00 - 6.000E 0 0  
6.000E 00 - 7.000E 0 0  
3.00CE 00 - 8.OOOE 00 
8.000E 00 - 9.000E 00 
9.000E 00 - 1.000E 01 

X-SECTION 
(e/s R) 

1.053E-01 
6.747E-02 
9.8438-02 
5-7333-02 
5.797E-02 
7. 1 6 5 ~ - 0 2  
7.78UE-02 
5.062E-02 
4. U03E-02 
2.06413-02 
3.052E-02 
5.286E-02 
2.U03E-02 
2.309.E-03 
1.303E-02 
2.585E-03 
6.7611-04 
2.312E-03 
1.5262-03 
1.32CE-03 
3.06tE-OU 
6-65313-04 

ERROR 
(B/SR) 

f.72UE-02 
1.709E-02 
1.0963-02 
9.626E-03 
7.4642-03 
1.167E-02 
E .  479F-03 
1.750E-03 
6~61UE-03 
6.6123-03 
t.319E-03 
1. 1293-02 
8.227E-03 
4.51 73-03 
C. 597E-03 
6.9623-04 
9.637E-0U 
1.7USE-03 
4.7233-04 
e.901E-04 
1,017E-04 
7.397E-OU 
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