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The fission cross section of Pu2^9 is of basic importance 
for many reactor calculations. However at the present time there 
are still serious discrepancies between the experimental values of 
Of at this isotope [l] • 

la this paper there is proposed a method of measurement 
with the aid of a chopper, in which at least two of the main dif-
ficulties are overcame s 1) the determination of the efficiency of 
the fission detector, 2) the determination of the neutron current 
irradiating the target area. 

I» The efficiency of the fission detector 
A particular difficulty in the case of Fu2^9 is due to the 

high alpha particle activity equal to about lo^ désintégrations 
per зесоМ and per grain. In a chopper measurement,due to the small 

p neutron fluxes available, of the order of lo /sec in a few time of 
flight channels, one must use high quantities.of the order of p 
1 mg/cmG of Plutonium in the target. At this point two difficul-
ties are interfering in the determination of the efficiency; 
Firstly there appears a pile up background due to cx particles that 
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I m p l i e s a h i g h d i s c r i m i n a t i o n t h r e s h o l d a n d s e c o n d l y , due t o t h o 

t h i c k n e s s o f t h e t a r g e t t h e p u l s e h e i g h t s p e c t r u m o f t h e f i s s i o n 
p 

f r a g m e n t s i s s t r o n g l y a l t e r e d . F o r a t h i c k n e s s o f a b o u t 1 m g / c m 6 

on'e c a n n o t e x p e c t i n a p u l s e h e i g h t a n a l y s i s a c u r v e t h a t d i f f e r s 

much f r o m a n e x p o n e n t i a l o n e , i n d e p e n d e n t l y how g o o d i s t h o d e -

t e c t o r r e s o l v i n g p o w e r . I n o r d e r t o e v a l u a t e t h e e f f i c i e n c y w i t h 

a g o o d d e g r e e o f a c c u r a c y , t h e r e i s p r o p o s e d t o u s e i n t h e same о 
e x p e r i m e n t t w o p l u t o n i u m t a r g e t s , a t h i n o n e ( ~ l o ^ g / c m ' " ) a n d a 

p 

t h i c k o n e 5оо^а g / c m ) p l a c e d i n two d i s t i n c t c o m p a r t m e n t s o f 

a g a s e o u s a c i n t i l l a t i o n d e t e c t o x * , e a c h c o m p a r t m e n t b e i n g v i e w d by 

a p b o t o r a u l t i p l i e r . One h a s t o know t h e r a t i o R o f t h e p l u t o n i u m 

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

a w a y , t h a t t h e same n e u t r o n beam i s p a s s i n g t h r o u g h b o t h t a r g e t s . 

One s h o u l d t o u s e t h e t h i n t a r g e t f o r a p u l s e h e i g h t a n a -

l y s i s , i n o r d e r bo c h e c k t h o e f f i c i e n c y t h a t c o r r e s p o n d s t o 

t h i s t a r g e t , u s i n g t h e p u l s e h e i g h t s p e c t r u m o f t h e f i s s i o n f r a g -

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

s h o u l d b e g i v e n t o a s c a l e r a n d t o a t i m e o f f l i g h t a n a l y s e r . T h e 

e f f i c i e n c y b ^ o f t h i s c o m p a r t m e n t i s g i v e n b y t h e r e l a t i o n 

w h e r e N f £ r e p r e s e n t s t h e number o f f i s s i o n f r a g m e n t e c o u n t e d b y 

t h e s c a l e r , a n d N f ^ t h e number o f f r a g m e n t s c o n t a i n e d . i n t h e 

p u l s e h e i g h t s p e c t r u m r e g i s t e r e d b y t h e a n a l y s e ^ . The e f f i c i e n c y 

e q u a l p r a c t i c a l l y t o 1 , c a n b e i n p r i n c i p l e a c c u r a t e l y d e t e r -

m i n e d w i t h t h e a i d o f t h e p u l s e h e i g h t s p e c t r u m . R r e p r e s e n t s t h e 

r a t i o o f t h e p l u t o n i u m d e n s i t i e s f r o m t h e t h i n t o t h e t h i c k t a r -

g e t s . 

I n s u c h a t i m e o f f l i g h t e x p e r i m e n t t h e u s e f u l l i n f o r m a -

t i o n i s c o n t a i n e d i n a f e w c h a n n e l s t h a t c o r r e s p o n d t o t h e 2 2 o o 

m / s n e u t r o n s . Now t h e p u l s e h e i g h t i n f o r m a t i o n c o m e s f r o m a l l 
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time of flight channels such that alltough the plutonium density 
in the thin target io about two orders of magnitude smaller than 
in the thick one, the statistical accuracy in determination of £2 
should be of the same order as in the interesting part of the 
time of flight spectrum. 

II. Determination of the neutron current 
For this purpose there is indicated to use a method that 

is slightly dependent on the accuracies, -with which there is 
known the target density or the isotopic composition. In connec-
tion with this, the most suitable method is the detection of the 
neutrons with the aid of the 478 kev ray from the reaction 
BloCnoOLi?. 

Ae it is known the mean free path of a thermal neutron in 
is of the order of 2o microns such that it is sufficient to 

use about 14o microns of В 1 0 in order to stop the neutron with an 
accuracy of 1 part in a thousand. Now let suppose for example that 
the altogether accuracy in the target thickness and isotopic com-
position should Ъе ± СГ. Then to maintain the proposed accuracy xn 
the neutron stoppings one has only to increase the target thick-
ness beyond the calculated value by 2 or 3 (Г . However the pro -
blem that remains here is to determine the efficiency with which 
there are detected the gamma ray&. 

An attractive solution to this point was given by Sapla-
koglu [2] based on coincidences between alpha and gamma rays, but 
it is subjected to a high rate of random соincidences.Another way 
to establish the efficiency should be the activation of a gold 
foil put in the front of the Boron target, and then to measure 
absolutely the activity induced in the gold and to compare this 
activity with the number of counts due to the 412 kev gamma fays, 
the gold foil being placed at the target position. Here a small 
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c o r r e c t i o n l a t o b e t o k e n i n t o a c c o u n t due t o t h e e n e r g y d i f f e -

r e n o e b e t w e e n t h e l i t h i u m 4 7 8 k e v r a y a n d t h e M e r c u r y 4 1 2 k e v 

r a y . T h i s c o r r e c t i o n i s o f t h e o r d e r o f 1%, u s i n g a b i g N a l c r y s -

t a l , b u t i t c a n be e s t a b l i s h e d a c c u r a t e l y . 

I I I . B l o c k d i a g r a m 

I n f i g u r e 1 t h e r e i s r e p r e s e n t e d t h e b l o c k d i a g r a m o f t h e 

p r o p o s e d e x p e r i m e n t 

P i g . 1 . 
1 , 2 - t h i n a n d t h i c k p l u t o n i u m t a r g e t , 3 - b o r o n t a r g e t , 
4 - g o l d f o i l , От, Gp— g a s s c i n t i l l a t i o n d e t e c t o r s , 
N a l - n a t r i u m . i o d i d e d e t e c t o r , PHA1 a n d PHA2- t w o s e c -
t i o n s o f a p u l s e h e i g h t a n a l y s e r , TA1 a n d T A 2 - t w o 
s e c t i o n s o f a t i m e o f f l i g h t a n a l y s e r , A - p u l s e 
a m p l i f i e r , F D - f a s t d i s c r i m i n a t o r , D - d i s c r i m i n a t o r , 
OA-one c h a n n e l a n a l y s e r , S-, , S 2 - s c a l e r s , E C - e l e c t r o n 
c h r o n o m e t e r , C h - t h e r m a l necrbron c h o p p e r . 

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

a r e r e g i s t e r e d r e s p e c t i v e l y b y t h e t i m e a n a l y s e r s T a l a n d T A 2 . T h e 

b a c k g r o u n d s h o u l d b e t a k e n b y p u t t i n g a t h i n c a d m i u m f o i l i n t h e 

n e u f e r o n b e a m . The p u l s e s a t t h e o u t p u t o f d i s c r i m i n a t o r D are a l s o 

r e g i s t e r e d b y s c a l e r S-^, f o r c o m p a r i s o n w i t h p u l s e h e i g h t s p e c -

t r u m f r o m PHA1. The p u l s e s f r o m N a l d e t e c t o r a f t e r a m p l i f y i n g a r e 

g i v e n t o t h e p u l s e h e i g h t a n a l y s e r s e c t i o n PHA2 a n d a l s o t h r o u g h 
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t h e o n e c h a n n e l a n a l y s e r t o t h e t i m e a n a l y s e r TA2 and. t o t h e s c a -

l e r S 2 ' To o b t a i n t h e e f f i c i e n c y o f t h e n e u t r o n r e g i s t r a t i o n o n e 

h a s t o c o m p a r e t h e a r e a u n d e r t h e p h o t o p e a k o f t h e L i t h i u m 4-78 

k e v l i n e a n d t h e n u m b e r o f c o u n t s r e g i s t e r e d b y S g w i t h t h e a r e a 

o f t h e p h o t o p e a k o f t h e 4-12 k e v o f t h e g o l d f o i l a c t i v a t e d a t p o -

s i t i o n 

An i m p o r t a n t p o i n t i s t o h a v e p r e c i s e l y d e t e r m i n e d t h e 

n u m b e r o f p l u t o n i u m a t o m s i n b o t h t a r g e t s . P o s s i b l y i t s h o u l d 

b e i n d i c a t e d t h e m e t h o d o f t a r g e t p r e p a r a t i o n d e s c r i b e d b y G l o v e r 

a n d B o r r e l [ 5 ] i n w h i c h o n e h a s t o a v o i d t h e o x i d a t i o n o f t h e 

b a c k i n g m a t e r i a l a n d t h e n t o u s e a c o m b i n e d m e t h o d o f w e i g h i n g 

a n d o f a s s a y i n g b y a l p h a p a r t i c l e s . 

The a u t h o r w i s h e s t o e x p r e s s h i s g r a t i t u d e t o P r o f e s s o r s 

H . H u l u b e i a n d C . H . W e s t c o t t f o r many v a l u a b l e d i s c u s s i o n s a n d c o m -

m e n t s . 
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