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1-3 

A d j o i n t MORSE Monte C a r l o c a l c u l a t i o n s were p e r f o r m e d t o v e r i f y 

t h e r e s p o n s e f u n c t i o n s o f s e v e r a l Bonner b a l l n e u t r o n d e t e c t o r s . These 

c a l c u l a t i o n s u t i l i z e d 1 2 3 - g r o u p c r o s s s e c t i o n s (P^) w i t h 30 t h e r m a l g r o u p s 

o f u p s c a t t e r and a l s o 1 0 4 - g r o u p c r o s s s e c t i o n s (P3> w i t h a s i n g l e t h e r m a l 4 

g r o u p . The 1 2 3 - g r o u p c r o s s s e c t i o n s were g e n e r a t e d v i a t h e XLACS r o u t e , 

and t h e 1 0 4 - g r o u p c r o s s s e c t i o n s v i a SUPERTOG. The b a s i c n e u t r o n c r o s s 

s e c t i o n s w e r e f r o m E N D F / B - I I d a t a . The r e s u l t s o f t h e s e c a l c u l a t i o n s a r e 6 7 compared w i t h p r e v i o u s r e s u l t s ' o b t a i n e d w i t h ANISN. 

The e n e r g y s p e c t r u m o f t h e s o u r c e i n t h e a d j o i n t Mon te C a r l o c a l c u l a t i o n s 

was t h e m a c r o s c o p i c ( n , a ) c r o s s s e c t i o n f o r ^ B a t a d e n s i t y o f 1 . 2 7 5 x 10 

a t o m s / b a r n * c m . The s p a t i a l and a n g u l a r d i s t r i b u t i o n s w e r e u n i f o r m and i s o t r o p i c 

i n a s p h e r e o f r a d i u s 2 . 5 4 cm. T h i s a c t i v e vo lume i s 5.6% l a r g e r t h a n t h a t 

i n t h e p r e v i o u s c a l c u l a t i o n s . However ? t h e p r e v i o u s c a l c u l a t i o n s ( # t l e a s t 

t h e b a r e case ) w e r e p e r f o r m e d f o r a 4% h i g h e r d e n s i t y ( 1 . 3 2 8 x 10~^ a t o m s / 

b a r n « c m ) . These d i f f e r e n c e s t e n d t o o f f s e t each o t h e r . 

The c o n f i g u r a t i o n c o n s i s t e d o f a s p h e r e 

o f 1 0 B o f r a d i u s 2 . 5 4 cm and 

d e n s i t y 1 . 2 7 5 x 10 a t o m s / b a r n • c m s u r r o u n d e d by a s p h e r i c a l s h e l l o f p o l y -

e t h y l e n e o f d e n s i t y 0 . 9 5 1 g r a m s / c c . Two p o l y e t h y l e n e t h i c k n e s s e s w e r e i n v e s t i g a t e d , 

1 . 1 9 3 8 and 5 . 0 0 cm. The " ^ B , f l u o r i n e , coppe r s h e l l and cadmium c o v e r w e r e 

n o t i n c l u d e d . The e n e r g y - d e p e n d e n t c u r r e n t l e a k i n g f r o m t h e c o n f i g u r a t i o n was 

c a l c u l a t e d . T h i s c o r r e s p o n d s t o t h e r e s p o n s e f u n c t i o n f o r an i s o t r o p i c s o u r c e i n c i d e n t on t h e d e t e c t o r . 

The n o n - a b s o r p t i o n w e i g h t i n g i n a d j o i n t Monte C a r l o c a l c u l a t i o n s can 

cause l a r g e w e i g h t f l u c t u a t i o n s , and h e n c e , p o o r s t a t i s t i c s . To m i t i g a t e 

t h i s p r o b l e m , R u s s i a n r o u l e t t e and s p l i t t i n g we re u t i l i z e d t o m a i n t a i n 

t h e p a r t i c l e w e i g h t s w i t h i n a f a c t o r o f 10 o f t h e s t a r t i n g w e i g h t . 

The r e s u l t s o f t h e s e c a l c u l a t i o n s a r e p r e s e n t e d as c o u n t s / i n c i d e n t 

n e u t r o n / c m , where t h e MORSE r e s u l t s have been m u l t i p l i e d b y t h e d e t e c t o r 

nsnuuiuiN OF rius BCCUHEBT IS U M M 





e f f i c i e n c i e s g i v e n i n r e f e r e n c e 7 . 

Tab le 1 and F i g . 1 c o n t a i n t he responses above 1 .855 eV f o r t h e bare 

BF^ d e t e c t o r . T a b l e 1 g i v e s t h e r e s u l t s f o r b o t h the 123-g roup and 104 -

group c a l c u l a t i o n s . The e s t i m a t e d f r a c t i o n a l s t a n d a r d d e v i a t i o n s o f t h e 

Monte C a r l o r e s u l t s a re g i v e n i n p a r e n t h e s e s . F i g u r e 1 i n d i c a t e s t h a t 

t h e Monte C a r l o 123 -g roup r e s u l t s a r e c o n s i s t e n t l y h i g h (5-10%) when com-

p a r e d w i t h t h e ANISN c a l c u l a t i o n ; however , t h e shape i s i n q u i t e good 

agreement . Though n o t p l o t t e d , t h e 104-group Monte C a r l o r e s u l t s a r e 

v e r y c l o s e t o t h e ANISN c a l c u l a t i o n s , b o t h i n shape and m a g n i t u d e . 

Tab le 2 and F i g s . 2 -4 p r e s e n t responses f o r t h e 3 - i n . and 6 - i n . Bonner 

b a l l s . The two Monte C a r l o c a l c u l a t i o n s and t h e ANISN c a l c u l a t i o n a r e i n 

e x c e l l e n t agreement f o r t h e 3 - i n . Bonner b a l l . The 123-g roup Monte C a r l o 

r e s u l t s f o r t h e 6 - i n . case appear t o be h i g h e r t h a n t h e p r e v i o u s ANISN r e s u l t s 

howeve r , t h e shapes a r e i n good agreement . (The r e s u l t s i n F i g . 4 , i n d i c a t e d 

as 123 -g roup new r e s u l t s , a r e d i s c u s s e d i n t h e Addendum.) The a p p r o x i m a t e ave r 

age d i f f e r e n c e i n magn i tude i s l e s s t h a n 10%. T h i s d i f f e r e n c e may be w i t h i n 

t i re l i m i t s o f a c c u r a c y o f t h e t e c h n i q u e s . The r e s u l t s o f a 104-g roup c a l c u l a -

t i o n f o r t h e 6 - i n . Bonner b a l l a r e n o t shown due t o s t a t i s t i c a l d i f f i c u l t i e s 

t h a t were caused by " s t r a n g e b u t t r u e " n o n - a b s o r p t i o n w e i g h t i n g . 

I n o r d e r t o i n v e s t i g a t e t h e e f f e c t o f t h e response due t o ^ B ( n , a ) 

r e a c t i o n s above a few eV, a MORSE case was r u n i n w h i c h t h e a d j o i n t sou rce 

was ze roed above 1 .855 eV. The r e s u l t i n g response f u n c t i o n f o r t he 6 - i n . 

Bonner b a l l i s compared w i t h t h e MORSE r e s u l t s w i t h t h e f u l l sou rce i n 

F i g . 5 . The magn i tude was reduced 10-20%; however , t he shape was afJt . c t e d 

v e r y l i t t l e . T h i s i n d i c a t e s t h a t i ndependen t o f i n c i d e n t e n e r g y , 80% o r 

more o f t h e i n c i d e n t n e u t r o n s a r e d e t e c t e d a f t e r t h e y s l o w down t o be low 
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T a b l e 1 . Bare BF~ Response F u n c t i o n s 

123-Group 104-Group 
Top Edge o f R e s u l t s R e s u l t s 
Energy Group x 0 .525 x 0 . 5 2 5 

(eV) ( c o u n t s / i n c i d e n t n e u t r o n / c m ) 
1„ 855 
2 .382 0 . 2 0 1 ( 0 . 0 1 1 ) 0 . 1 8 5 ( 0 . 0 1 8 ) 
3 .059 0 . 1 7 5 ( 0 . 0 1 4 ) 0 . 1 6 7 ( 0 . 0 2 1 ) 
3 .928 0 . 1 5 7 ( 0 . 0 1 5 ) 0 . 1 4 6 ( 0 . 0 2 0 ) 
5 . 0 4 3 0 . 1 3 9 ( 0 . 0 1 7 ) 0 . 1 3 0 ( 0 . 0 2 3 ) 

6 . 4 7 6 0 . 1 2 5 ( 0 . 0 1 7 ) 0 . 1 1 9 ( 0 . 0 2 2 ) 
8 . 3 1 5 0 . 1 0 7 ( 0 . 0 1 8 ) 0 . 0 9 8 ( 0 . 0 2 7 ) 
1 . 0 6 8 ( + l ) a 0 . 0 9 5 ( 0 . 0 1 7 ) 0 . 0 9 2 ( 0 . 0 2 5 ) 
1 . 3 7 1 0 . 0 8 3 ( 0 . 0 2 0 ) 0 . 0 7 7 ( 0 . 0 3 1 ) 
1 . 7 6 0 0 . 0 7 6 ( 0 . 0 2 2 ) 0 . 0 7 2 ( 0 . 0 3 2 ) 

2 .260 0 . 0 6 6 ( 0 . 0 2 1 ) 0 . 0 6 1 ( 0 . 0 3 3 ) 
2 .902 0 . 0 5 7 8 ( 0 . 0 2 6 ) 0 . 0 5 2 3 ( 0 . 0 3 4 ) 
3 .727 0 . 0 5 2 5 ( 0 . 0 2 4 ) 0 . 0 4 9 3 ( 0 . 0 3 6 ) 
4 .785 0 . 0 4 3 8 ( 0 . 0 2 4 ) 0 . 0 4 2 8 ( 0 . 0 3 7 ) 
6 . 1 4 4 0 . 0 3 9 0 ( 0 . 0 2 9 ) 0 . 0 3 7 0 ( 0 . 0 4 1 ) 

7 . 8 8 9 ( + D 0 . 0 3 5 5 ( 0 . 0 3 3 ) 0 . 0 3 4 7 ( 0 . 0 3 8 ) 
1 . 0 1 3 ( + 2 ) 0 . 0 2 9 8 ( 0 . 0 3 0 ) 0 . 0 2 7 5 ( 0 . 0 4 8 ) 
1 . 3 0 1 0 .0271 (0 .C3S) 0 . 0 2 6 7 ( 0 . 0 5 4 ) 
1 . 6 7 0 0 . 0 2 4 9 ( 0 . 0 3 9 ) 0 . 0 2 5 2 ( 0 . 0 4 8 ) 
2 . 1 4 4 0 . 0 2 2 9 ( 0 . 0 4 0 ) 0 . 0 2 1 0 ( 0 . 0 5 8 ) 

2 . 7 5 4 0 . 0 1 8 7 ( 0 . 0 4 6 ) 0 . 0 1 8 5 ( 0 . 0 6 1 ) 
3 .536 0 . 0 1 4 9 ( 0 . 0 4 5 ) 0 . 0 1 4 5 ( 0 . 0 7 8 ) 
4 . 5 4 0 0 . 0 1 4 4 ( 0 . 0 4 6 ) 0 . 0 1 4 3 ( 0 . 0 7 4 ) 
5 .829 0 . 0 1 3 2 ( 0 . 0 4 8 ) 0 . 0 1 2 6 ( 0 . 0 7 2 ) 
7 .485 0 . 0 1 1 6 ( 0 . 0 4 5 ) 0 . 0 1 0 1 ( 0 . 0 8 2 ) 

9 .611 (+2 ) 0 . 0 1 0 0 ( 0 . 0 6 5 ) 0 . 0 0 9 2 ( 0 . 0 9 4 ) 
1 . 2 3 4 ( + 3 ) 0 . 0 0 7 6 ( 0 . 0 7 1 ) 0 . 0 0 7 8 ( 0 . 0 8 8 ) 
1 .585 0 . 0 0 6 9 ( 0 . 0 7 1 ) 0 . 0 0 6 8 ( 0 . 0 8 8 ) 
2 . 0 3 5 0 . 0 0 6 8 ( 0 . 0 6 8 ) 0 . 0 0 5 8 ( 0 . 0 9 5 ) 
2 . 6 1 3 0 . 0 0 6 3 ( 0 . 0 7 6 ) 0 . 0 0 5 6 ( 0 . 0 9 9 ) 

3 .355 0 . 0 0 5 7 ( 0 . 0 7 8 ) 0 . 0 0 6 3 ( 0 . 0 9 8 ) 
4 .307 0 . 0 0 5 1 ( 0 . 0 8 1 ) 0 . 0 0 5 5 ( 0 . 1 0 6 ) 
5 . 5 3 1 0 . 0 0 4 1 ( 0 . 0 8 3 ) 0 . 0 0 4 2 ( 0 . 1 2 3 ) 
7 .102 0 . 0 0 3 6 ( 0 . 0 9 0 ) 0 . 0 0 3 9 ( 0 . 1 4 3 ) 
9 .119 (+3 ) 0 . 0 0 3 4 ( 0 . 0 9 2 ) 0 . 0 0 3 4 ( 0 . 1 3 9 ) 

1 . 1 7 1 ( + 4 ) 0 . 0 0 3 0 ( 0 . 0 9 7 ) 0 . 0 0 3 0 ( 0 . 1 3 4 ) 
1.503(-!"4) 0 . 0 0 2 5 ( 0 . 1 1 5 ) 0 . 0 0 3 1 ( 0 . 1 3 5 ) 
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Table 2, Bonner Ball Response functions 

3 - i n . - D i a m e t e r Bonner B a l l 
( 0 . 4 7 i n . P o l y . ) 

6 - i n . - D i a m . BB 
( 1 . 9 7 i n . P o l y . ) 

Top Edge 
o f Energy 

Group 

MORSE 
123-Group 

R e s u l t s 
x 0 . 4 7 0 

MORSE 
104-Group 

R e s u l t s 
x 0 . 4 7 0 

MORSE 
123-Group 

C a l c . 
x 0 . 4 4 3 

(eV) 
( c o u n t s / i n c i d e n t n e u t r o n / c m ^ ) 

1 . 8 5 5 
2 . 3 8 2 
3 .059 
3 . 4 2 8 
5 . 0 4 3 

1 . 3 9 ( 0 . 0 4 1 ) 
1 . 4 5 ( 0 . 0 3 3 ) 
1 . 3 3 ( 0 . 0 4 0 ) 
1 . 2 7 ( 0 . 0 4 3 ) 

1 . 5 2 ( 0 . 0 6 9 ) 
1 . 5 1 ( 0 . 0 7 1 ) 
1 . 4 8 ( 0 . 0 6 8 ) 
1 . 4 1 ( 0 . 0 6 7 ) 

6 . 4 7 6 
8 .315 
1 . 0 6 8 ( + l ) a 

1 . 3 7 1 
1 . 7 6 0 

1 . 2 3 ( 0 . 0 4 3 ) 
1 . 2 4 ( 0 . 0 3 9 ) 
1 . 2 1 ( 0 . 0 3 6 ) 
1 . 1 7 ( 0 . 0 3 5 ) 
1 . 1 6 ( 0 . 0 3 9 ) 

1 . 4 1 ( 0 . 0 6 7 ) 
1 . 3 3 ( 0 . 0 6 3 ) 
1 . 3 1 ( 0 . 0 6 5 ) 
1 . 2 4 ( 0 . 0 6 3 ) 
1 . 2 1 ( 0 . 0 6 7 ) 

2 . 2 6 0 
2 . 9 0 2 
3 .727 
4 . 7 8 5 
6 . 1 4 4 

1 . 1 4 ( 0 . 0 4 8 ) 
1 . 0 9 ( 0 . 0 4 2 ) 
0 . 9 9 ( 0 . 0 4 4 ) 
0 . 9 3 ( 0 . 0 5 0 ) 
0 . 9 4 ( 0 . 0 4 7 ) 

1 . 1 7 ( 0 . 0 6 5 ) 
1 . 1 2 ( 0 . 0 6 3 ) 
1 . 0 7 ( 0 . 0 6 6 ) 
1 . 0 2 ( 0 . 0 6 9 ) 
0 . 9 9 ( 0 . 0 6 0 ) 

7 . 8 8 9 ( + 1 ) 
1 . 0 1 3 ( + 2 ) 
1 . 3 0 1 
1 . 6 7 0 
2 . 1 4 4 

0 . 9 7 ( 0 . 0 4 7 ) 
0 . 8 7 ( 0 . 0 5 5 ) 
0 . 8 1 ( 0 . 0 4 6 ) 
0 . 7 7 ( 0 . 0 5 4 ) 
0 . 7 5 ( 0 . 0 4 9 ) 

0 . 9 4 ( 0 . 0 6 8 ) 
0 . 9 1 ( 0 . 0 6 5 ) 
0 . 9 0 ( 0 . 0 6 5 ) 
0 . 8 6 ( 0 . 0 6 4 ) 
0 . 8 0 ( 0 . 0 6 4 ) 

1 . 1 2 ( 0 . 1 1 1 ) 
1 . 0 4 ( 0 „ 1 0 7 ) 
1 . 1 6 ( 0 . 1 0 8 ) 
1 . 0 2 ( 0 . 1 1 9 ) 

2 .754 
3 .536 
4 . 5 4 0 
5 . 8 3 0 
7 .485 

0 . 7 0 ( 0 . 0 5 6 ) 
0 . 6 2 ( 0 . 0 5 4 ) 
0 . 6 8 ( 0 . 0 4 9 ) 
0 . 6 1 ( 0 . 0 5 4 ) 
0 . 6 1 ( 0 . 0 6 0 ) 

0 . 7 5 ( 0 . 0 6 6 ) 
0 . 7 3 ( 0 . 0 6 2 ) 
0 . 6 9 ( 0 . 0 6 6 ) 
0 . 6 7 ( 0 . 0 6 6 ) 
0 . 6 4 ( 0 . 0 7 0 ) 

1 . 0 0 ( 0 . 0 6 7 ) 
1 . 1 4 ( 0 . 0 9 2 ) 
1 . 1 7 ( 0 . 0 5 2 ) 
1 . 1 6 ( 0 . 0 5 7 ) 
1 . 1 0 ( 0 . 1 1 6 ) 

9 . 6 1 1 ( + 2 ) 
1 . 2 3 4 ( + 3 ) 
1 .585 
2 .035 
2 . 6 1 3 

0 . 5 7 0 ( 0 . 0 5 4 ) 
0 . 5 5 5 ( 0 . 0 5 9 ) 
0 . 4 6 1 ( 0 . 0 5 8 ) 
0 . 4 7 8 ( 0 . 0 5 2 ) 
0 . 4 4 4 ( 0 . 0 6 0 ) 

0 . 6 2 ( 0 . 0 6 8 ) 
0 . 5 5 6 ( 0 . 0 6 6 ) 
0 . 5 4 9 ( 0 . 0 7 0 ) 
0 . 5 1 4 ( 0 . 0 7 2 ) 
0 . 5 2 4 ( 0 . 0 6 7 ) 

1 . 1 6 ( 0 . 0 9 7 ) 
1 . 2 4 ( 0 . 0 9 6 ) 
1 . 2 8 ( 0 . 0 8 9 ) 
1 . 1 5 ( 0 . 1 2 9 ) 
1 . 1 0 ( 0 . 0 7 3 ) 

3 .355 
4 .307 
5 . 5 3 1 
7 .102 
9 . 1 1 9 ( + 3 ) 

0 . 3 9 3 ( 0 . 0 6 5 ) 
0 . 3 8 8 ( 0 . 0 6 6 ) 
0 . 3 9 2 ( 0 . 0 5 8 ) 
0 . 3 8 7 ( 0 . 0 6 8 ) 
0 . 3 6 9 ( 0 . 0 6 3 ) 

0 . 4 7 8 ( 0 . 0 6 7 ) 
0 . 4 5 8 ( 0 . 0 6 8 ) 
0 . 4 3 3 ( 0 . 0 6 8 ) 
0 . 4 3 0 ( 0 . 0 6 9 ) 
0 . 3 9 9 ( 0 . 0 7 1 ) 

1 . 1 8 ( 0 . 0 9 2 ) 
1 . 2 7 ( 0 . 1 0 3 ) 
1 . 2 7 ( 0 . 0 8 3 ) 
1 . 2 5 ( 0 . 0 5 4 ) 
1 . 2 0 ( 0 . 0 9 6 ) 
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T a b l e 2 ( c o n t i n u e d ) 

3 - i n . - D i a m e t e r Bonner B a l l 6 - i n . - D i a m . BB 
(0 .47 i n . P o l y . ) (1 .97 i n . P o l y . ) 

MORSE MORSE MORSE 
Top Edge 123-Group 104-Group 123-Group 
o f Energy R e s u l t s R e s u l t s C a l c . 

Group x 0 .470 x 0 .470 x 0 .443 
(eV) ( c o u n t s / i n c i d e n t n e u t r o n / c m ^ ) 

1 .171 (+4 ) 0 . 3 8 4 ( 0 . 0 5 9 ) 0 . 3 7 8 ( 0 . 0 6 6 ) 1 . 2 2 ( 0 . 0 8 7 ) 
1 .503 0 . 3 5 9 ( 0 . 0 6 9 ) 0 . 3 5 7 ( 0 . 0 7 0 ) 1 . 1 7 ( 0 . 0 7 1 ) 
1 . 9 3 1 0 . 3 0 6 ( 0 . 0 7 3 ) 0 . 3 5 0 ( 0 . 0 6 5 ) 1 . 1 9 ( 0 . 0 7 6 ) 
2 .479 0 . 3 0 2 ( 0 . 0 6 0 ) 0 . 3 1 6 ( 0 . 0 6 9 ) 1 . 2 5 ( 0 . 0 9 5 ) 
3 .183 0 . 3 0 7 ( 0 . 0 6 7 ) 0 . 3 1 1 ( 0 . 0 6 8 ) 1 . 2 8 ( 0 . 0 7 1 ) 

4 .087 0 . 2 5 8 ( 0 . 0 7 3 ) 0 . 2 7 8 ( 0 . 0 6 8 ) 1 . 3 1 ( 0 . 0 6 3 ) 
5 .248 0 . 2 5 7 ( 0 . 0 7 1 ) 0 . 2 7 3 ( 0 . 0 6 6 ) 1 . 3 3 ( 0 . 0 7 7 ) 
6 .738 0 . 2 2 4 ( 0 . 0 9 1 ) 0 . 2 4 6 ( 0 . 0 7 7 ) i : 3 5 ( 0 . 0 7 2 ) 
8 . 6 1 2 ( + 4 ) 0 . 2 2 0 ( 0 . 0 8 8 ) 0 . 2 5 0 ( 0 . 0 6 6 ) 1 . 3 6 ( 0 . 0 7 5 ) 
1 . 1 1 1 ( + 5 ) 0 . 1 9 7 ( 0 . 0 7 0 ) 0 . 2 2 8 ( 0 . 0 7 5 ) 1 . 2 8 ( 0 . 0 6 0 ) 

1 ,228 0 . 1 6 8 ( 0 . 0 9 1 ) 0 . 2 0 1 ( 0 . 0 7 3 ) 1 . 5 7 ( 0 . 0 7 0 ) 
o n 

- L . / 0 . 1 8 3 ( 0 . 1 1 6 ) 0 , 1 9 1 ( 0 . 0 7 3 ) 7 . 5 4 ( 0 . 1 0 1 ) 
1 .500 0 .203 (0x083) 0 . 1 8 6 ( 0 . 0 7 6 ) 1 . 4 1 ( 0 . 0 5 8 ) 
1 .657 0 . 1 7 3 ( 0 . 0 9 9 ) 0 . 1 8 1 ( 0 . 0 8 0 ) 1 . 4 5 ( 0 . 0 7 3 ) 
1 .832 0 . 1 5 6 ( 0 . 0 9 4 ) 0 . 1 8 1 ( 0 . 0 6 7 ) 1 . 5 5 ( 0 . 0 7 3 ) 

2 .024 0 . 1 4 1 ( 0 . 1 0 8 ) 0 . 1 4 5 ( 0 . 0 7 4 ) 1 . 4 1 ( 0 . 0 6 1 ) 
2 .237 0 . 1 1 7 ( 0 . 0 8 8 ) 0 . 1 5 8 ( 0 . 0 8 0 ) 1 . 5 0 ( 0 . 0 8 8 ) 
2 .472 0 . 1 3 1 ( 0 . 1 0 2 ) 0 . 1 4 2 ( 0 . 0 7 4 ) 1 . 5 0 ( 0 . 0 7 5 ) 
2 .732 0 . 1 3 1 ( 0 . 0 8 5 ) 0 . 1 4 3 ( 0 . 0 7 1 ) 1 . 6 2 ( 0 . 0 5 2 ) 
3 .020 0 . 1 3 0 ( 0 . 0 9 1 ) 0 . 1 2 2 ( 0 . 0 7 8 ) 1 . 4 6 ( 0 . 0 6 8 ) 

3 .337 0 . 1 1 2 ( 0 , 0 9 3 ) 0 . 1 3 6 ( 0 , 0 7 5 ) 1 . 5 4 ( 0 . 0 5 5 ) 
3 .688 0 . 1 0 9 ( 0 . 0 9 4 ) 0 . 1 1 7 ( 0 . 0 8 3 ) 1 . 5 9 ( 0 . 0 6 9 ) 
4 .076 0 . 1 3 1 ( 0 . 0 8 8 ) 0 . 1 1 3 ( 0 . 0 8 1 ) 1 . 5 2 ( 0 . 0 7 5 ) 
4 .505 0 . 1 0 5 ( 0 . 1 0 5 ) 0 . 1 1 5 ( 0 . 0 7 6 ) 1 . 5 8 ( 0 . 0 5 5 ) 
4 .979 0 . 1 0 2 ( 0 . 1 0 2 ) 0 . 1 0 1 ( 0 . 0 7 5 ) 1 . 6 4 ( 0 . 0 8 0 ) 

5 .502 0 . 0 8 1 ( 0 . 1 3 4 ) 0 .090 (0 .072 ) 1 . 5 6 ( 0 . 0 6 5 ) 
6 . 0 8 1 0 . 0 9 3 ( 0 . 1 2 1 ) 0 .089 (0 .075 ) 1 . 4 8 ( 0 . 0 6 1 ) 
6 . 7 2 1 0 . 0 6 7 ( 0 . 1 0 8 ) 0 .076 (0 .095 ) 1 . 7 3 ( 0 . 0 4 3 ) 
7 .427 0 . 0 7 5 ( 0 . 1 1 8 ) 0 .073 ( 0 . 0 8 4 ) 1 . 5 5 ( 0 . 0 7 7 ) 
8 .209 0 . 0 6 3 ( 0 . 1 3 6 ) 0 .063 (0 .088 ) 1 . 5 4 ( 0 . 0 6 2 ) 

9 .072 (+5 ) 0 . 0 7 1 ( 0 . 1 2 8 ) 0 .065 ( 0 . 1 0 0 ) 1 . 6 4 ( 0 . 0 6 0 ) 
1 .003 (+6 ) 0 . 0 5 6 ( 0 . 1 2 5 ) 0 . 0 5 4 2 ( 0 . 0 8 6 ) 1 . 5 3 ( 0 . 0 7 4 ) 
1 .108 0 . 0 5 6 5 ( 0 . 0 9 2 ) 1 . 4 2 ( 0 . 0 6 7 ) 
1 .225 0 . 0 5 0 0 ( 0 . 0 8 5 ) 1 . 5 1 ( 0 . 0 8 3 ) 
1 .353(+6) 0 . 0 4 6 4 ( 0 . 0 9 7 ) 1 . 2 9 ( 0 . 0 4 9 ) 
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T a b l e 2 ( c o n t i n u e d ) 

3 - i n . - D i a m e t e r Bonner B a l l 6 - i n . - D i a m . BB 

MORSE MORSE MORSE 
Top Edge 123-Group 104-Group 123-Group 
o f Energy R e s u l t s R e s u l t s C a l c . 

Group x 0 . 4 7 0 x 0 . 4 7 0 x 0 . 4 4 3 
(eV) ( c o u n t s / i n c i d e n t n e u t r o n / c m ^ ) 

1 . ^ 9 6 ( + 6 ) 0 . 0 4 1 6 ( 0 . 1 0 0 ) 1 . 3 3 ( 0 . 0 6 0 ) 
1 . 6 5 3 0 . 0 4 0 5 ( 0 . 0 9 6 ) 1 . 2 5 ( 0 . 0 6 5 ) 
1 . 8 2 7 0 . 0 3 3 8 ( 0 . 0 8 6 ) 1 . 3 0 ( 0 . 0 7 6 ) 
2 . 0 2 0 0 . 0 3 4 6 ( 0 . 0 9 7 ) 1 . 2 4 ( 0 , 0 6 6 ) 
2 . 2 3 1 0 . 0 2 7 7 ( 0 . 1 0 2 ) 1 . 2 2 ( 0 . 0 6 5 ) 

2 . 4 6 6 0 . 0 2 3 4 ( 0 . 1 1 8 ) 1 . 0 9 ( 0 . 0 6 4 ) 
2 . 7 2 5 0 . 0 2 1 6 ( 0 . 1 2 3 ) 1 . 0 9 ( 0 . 0 6 5 ) 
3 .012 0 , 0 1 8 8 ( 0 . 1 1 9 ) 0 . 9 2 ( 0 . 0 6 5 ) 
3 . 3 2 9 0 , 0 1 8 7 ( 0 . 1 1 0 ) 0 . 9 4 ( 0 . 0 9 1 ) 
3 .679 0 . 8 1 ( 0 . 0 7 4 ) 

4 . 0 6 6 0 . 7 7 ( 0 . 0 8 2 ) 
4 . 4 9 3 0 . 8 2 ( 0 . 0 8 6 ) 
4 . 9 6 6 0 . 6 9 ( 0 . 0 7 7 ) 
5 . 4 8 8 0 . 6 1 ( 0 . 0 6 8 ) 
6 . 0 6 5 0 . 6 7 ( 0 . 0 7 2 ) 

6 . 7 0 3 O . ^ S ( 0 . 0 9 3 ) 
7 . 4 0 8 0 . s : - l ( 0 . 0 7 8 ) 
8 . 1 8 7 0 . 4 6 5 ( 0 . 0 8 6 ) 
9 . 0 4 8 ( + 6 ) 0 . 3 9 0 ( 0 . 0 6 5 ) 
1 . 0 0 0 ( + 7 ) 0 . 3 7 6 ( 0 . 0 9 4 

1 . 1 0 5 0 . 2 8 8 ( 0 . 0 9 4 ) 
1 . 2 2 1 0 . 2 9 4 ( 0 . 0 6 9 ) 
1 . 3 5 0 0 . 2 7 7 ( 0 . 0 9 3 ) 
1 . 4 9 2 ( + 7 ) 0 . 2 7 0 ( 0 . 1 0 4 ) 

^ e a d as 1 . 0 6 8 x 1 0 1 . 

b Read as 1 . 3 9 + 4 .1%. 



= 1 M i l l ! ! ! 1 I I I N I 

3-in. BONNER E 

1 1 I I I M I 

IALL RESPONSE 

1 1 ! 1 M i l 

ORNL-TM-34 
123 GROUP R 
TIMES 0.470 

1 1 1 1 1 Itfc 

51 Z 
ESULTS — 

1 1 1 1 l l l l 

l . . ) w i " 1 J 

1 M I N I ! 1 I I 1 M i l 1 I I I I M ! 

L . . I • j 
• h i i 

i I I 1 M 11 

10° 101 10* 103 104 105 

NEUTRON ENERGY (eV) 

F i g . 2 . Compar ison Between ANISN and MORSE C a l c u l a t e d 3 - i n . 
Bonner B a l l Response F u n c t i o n s . 



= I ! I I M i l I I I I I N I 

3-in. BONNER 1 3ALL RESPONSE ORNL-TM-34 
104 GROUP R 
TIMES 0.470 

1 1 1 1 I I t t 

51 Z 
ESULTS — 

I I I I 11 I I 1 I I I l l i l 1 1 1 1 M i l I i 1 1 m i 

101 102 103 404 10 
NEUTRON ENERGY (eV) 

F i g . 3 . Compar ison Between ANISN and MORSE C a l c u l a t e d 3 - i n . 
Bonner B a l l Response F u n c t i o n s . 



= I I I M i l l 1 I I 1 l l l l 

6-in. BONNER 

" - - I 

1 1 1 M i l l 

3ALL RESPONSE 

1 1 I I 1 I I I 
ORNL-TM-345 
123 GROUP RE 
TIMES 0.443 
123 GROUP NE\ 
TIMES 0.443 ( 

I I M I I - -— 

SULTS _ 

V RESULTS — 
SEE ADDENDUM) 

1 1 1 1 l l l l 1 I I 11 I I I ) 1 1 1 l l l l I I I I I I I I 

— — 

I I I M i l l 

102 103 104 105 106 107 

NEUTRON ENERGY (eV) 

F i g . 4 . Compar ison Between ANISN and MORSE C a l c u l a t e d 6 - i n . 
Bonner B a l l Response F u n c t i o n s . 



ORNL-DWG 72-246R 
T 

— 6-in. BONNER BALL RESPONSE 

123 GROUP RESULTS TIMES 0 .443 — 
FULL SOURCE 
123 GROUP RESULTS TIMES 
0 . 4 4 3 , NO SOURCE ABOVE 
1.855 eV 

NEUTRON ENERGY (eV) 

Fig. 5. Comparison of Calculated 6-in. Bonner Ball Response 
Functions With and Without Neutrons Above 1.855 eV. 



14 

1.855 eV. Thus, even the larger Bonner balls may be sensitive to the 

thermal neutron transport treatment. 

The results described here utilizing MORSE with 123-group and 104-

group cross sections were less than 10% different in magnitude from the 

ANISN calculations. The shape of the response functions was affected 

very little by the thermal neutron transport treatment. The method of 

calibration of the Bonner balls utilizes only the shape of the calculated 

response functions. The magnitudes are determined by folding known 

neutron spectra of calibrated sources with the calculated response func-

tions. The ratio of measured counts to calculated counts for each Bonner 

ball is the "efficiency" of that detector. Although the differences in 

. magnitude observed are not completely explained, they indicate no change 

in the previously determined response functions is required. 
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Addendum 

Additional ANISN calculations have been performed. These calculations 

utilized the identical 123-grcup cross sections and identical configuration 

and source as the MORSE calculations. The results for the 3-in, Bonner 

ball is essentially indistinguishable from the previous ANISN calculations 

which utilized single thermal group cross sections and a slightly differ-

ent configuration. The new ANISN results for the 6-in. Bonner ball are 

within a few percent of the previous ANISN calculations above 1 MeV. Below 

1 MeV, new results are 2-5% higher. The results for the 6-in. Bonner ball 

are shown In Fig. 4 as 123-group new results times 0.443. 
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