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Preface 

The report contains the details of the research work being 

carried out under the IAEA,Coordinated Research Program under the 

contract No. 3310/EB. Main efforts were devoted to investigate the 

structure in the neutron emission cross-section of iron on • 

bombardment with 1^.6 MeV neutrons. The present measurements are 

confined to demonstration of the existence of structure in the 

neutron time-of-flight spectra and have been written in a suitable 

form for publication in a Journal. The data on the precise energy 

measurements of gamma-rays has not been fully analysed. Only yields 

of the gamma-rays relative to the yield of 8^7 keV gamma-rays have 

been calculated. Further analysis of the data is in progress. 



Scattering of 14.6 MeV Neutrons from Fe 

(I) Investigation of structure in neutron emission spectra 

K . G u l , M . A n w a r , M . A h m a d , S.M.Saleerri and N a e e m A . K h a n 

P a k i s t a n I n s t i t u t e of N u c l e a r S c i e n c e & T e c h n o l o g y 

P . O . N i l o r e R a w a l p i n d i , P a k i s t a n 

S t r u c t u r e in the s p e c t r a of n e u t r o n s e m i t t e d from iron 

on b o m b a r d m e n t w i t h 14.6 MeV n e u t r o n s has been i n v e s t i g a t e d and 
56 

e x p l a i n e d in t e r m s of e x c i t a t i o n of l e v e l s in F e . The e n e r g i e s 

of s c a t t e r e d n e u t r o n s h a v e been m e a s u r e d by the t i m e - o f - f 1 i g h t 

t e c h n i q u e b a s e d on the a s s o c i a t e d p a r t i c l e m e t h o d . The o b s e r v e d 

e x c i t a t i o n s h a v e b e e n c o r r e l a t e d w i t h the r e p o r t e d l e v e l s in a 

s a t i s f a c t o r y m a n n e r . E v i d e n c e for new e x c i t a t i o n s at 8.8 ± 0 . 2 , 

9 ..8 ± 0 . 1 , 10.2 ± 0 . 1 , 1 2 . 4 4 ± 0.03 and 12.52 ± 0. 0 3 MeV has 

been o b t a i n e d . The e x c i t a t i o n of p o s s i b l e c o m p o n e n t s of Ml 56 
g i a n t r e s o n a n c e in Fe is d i s c u s s e d . 

M U C L E A R R E A C T I O N S F e ( n , n ' ) , E = 14.6 M e V , 
° O o cc 

m e a s u r e d E (e = 30 , 45 , 60 ) , Fe 

• n e r n y l e v e l s , n a t u r a l t a r g e t . 

I. INTRODUCTION 

In o u r p r e v i o u s measurements'" on Fe we o b s e r v e d s t r u c t u r e 

in the n e u t r o n e m i s s i o n c r o s s s e c t i o n s w h i c h w a s a t t r i b u t e d to 
5 6 

the e x c i t a t i o n of d i f f e r e n t e n e r g y l e v e l s in F e . A l t h o u g h the 

s t r u c t u r e w a s c l e a r l y o b s e r v e d in the n e u t r o n e m i s s i o n c r o s s 

s e c t i o n s , it w a s n o t d i s t i n c t l y c l e a r in the n e u t r o n t i m e - o f - f l i g h t 

s p e c t r a . T h i s was p a r t l y due to the low signal to b a c k g r o u n d 

r a t i o and p a r t l y due to the p o o r e n e r g y r e s o l u t i o n . The p r e s e n t 

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

and i m p r o v e d signal to b a c k g r o u n d r a t i o . The m e a s u r e m e n t s h a v e 

been a i m e d at p r e c i s e e n e r g y r a t h e r than c r o s s s e c t i o n d e t e r -



- 2 -

m i n a t i o n . E n e r g y l e v e l s u p t o 13 MeV h a v e been e x c i t e d and 
5 6 

i d e n t i f i e d w i t h the r e p o r t e d l e v e l s in F e . E v i d e n c e for the 

e x c i t a t i o n of 5 new l e v e l s has been o b s e r v e d . The s t a t e s w h i c h 

w e r e e x c i t e d t h r o u g h r e s o n a n c e s c a t t e r i n g of e l e c t r o n 

b r e m s s t r a h l u n g and w e r e p r o p o s e d to be the c o m p o n e n t s of g i a n t 2 
m a g n e t i c d i p o l e r e s o n a n c e have a l s o been seen in the p r e s e n t 

m e a s u r e m e n t s . W h i l e the p r e s e n t w o r k w a s in the p r o c e s s of 
3 

p u b l i c a t i o n , T a k a h a s h i et al r e p o r t e d s t r u c t u r e in the n e u t r o n 

e m i s s i o n c r o s s s e c t i o n s of F e . 

II. EXPERIMENTAL METHOD 

The n e u t r o n s w e r e g e n e r a t e d t h r o u g h the r e a c t i o n 
2 3 4 

H( H , n ) He by b o m b a r d i n g an a i r - c o o l e d t r i t i u m t a r g e t w i t h 120 

keV deuterons.. The e n e r g i e s of s c a t t e r e d n e u t r o n s w e r e m e a s u r e d 

by the t i m e - o f - f 1 i g h t t e c h n i q u e u s i n g a 3.3 m e t e r s f l i g h t p a t h . 

A" N E 2 1 3 l i q u i d s c i n t i l l a t o r of s i z e 12.7 cm d i a m e t e r and 12.7 

cm t h i c k n e s s c o u p l e d to a X P 1 0 4 0 p h o t o - m u l t i p l i e r t u b e was used 

as a n e u t r o n d e t e c t o r . The g a m m a - r a y s b a c k g r o u n d w a s s u p p r e s s e d 

by u s i n g an O r t e c n e u t r o n g a m m a - r a y s p u l s e s h a p e d i s c r i m i n a t i o n 

s y s t e m . T h e s c a t t e r i n g s a m p l e w a s 7.6 cm in t h i c k n e s s and 7.6 

cm in h e i g h t . In o r d e r to. r e d u c e g e n e r a l n e u t r o n b a c k g r o u n d , 

the n e u t r o n d e t e c t o r a l o n g w i t h its s h i e l d i n g of b o r a t e d w a x and 

lead w a s p l a c e d in a small room b u i l t w i t h i n the e x p e r i m e n t a l 

h a l l . T h e room was b u i l t of c o n c r e t e b r i c k s h a v i n g 1.2 m e t e r 

wall t h i c k n e s s . The s c a t t e r e d n e u t r o n s w e r e well c o l l i m a t e d 

o v e r a f l i g h t path o f . a b o u t 2.5 m e t e r s . As the n e u t r o n d e t e c t o r 

w a s f i x e d the n e u t r o n g e n e r a t o r w a s r o t a t e d a b o u t the v e r t i c a l 

a x i s of the s c a t t e r i n g s a m p l e for t a k i n g n e u t r o n t i m e - o f - f 1 i g h t 

s p e c t r a at d i f f e r e n t a n g l e s . The s c a t t e r e d n e u t r o n t i m e - o f - f 1 i g h t o o o 
s p e c t r a at the l a b o r a t o r y a n g l e s of 30 , 45 and 60 w e r e 

t a k e n . The b a c k g r o u n d s p e c t r a w e r e t a k e n at each a n g l e for the 

s a m e long c o u n t e r c o u n t s and s u b t r a c t e d from the s a m p l e - i n 

s p e c t r a . A t y p i c a l b a c k g r o u n d s p e c t r u m is s h o w n in f i g u r e 1 . 

T h e b a c k g r o u n d s u b t r a c t e d n e u t r o n t i m e - o f - f 1 i g h t s p e c t r a at the 

t h r e e a n g l e s are s h o w n in f i g u r e s 2 - 4 . The s p e c t r a w e r e a c q u i r e d 

on a 85 s e r i e s C a n b e r r a M u l t i c h a n n e l A n a l y z e r and 3 - p o i n t s m o o t h i n g 

w a s c a r r i e d o u t f o r the s p e c t r a . 
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III. ENERGY CALIBRATION AND ENERGY RESOLUTION 

The t i m i n g c a l i b r a t i o n of m u l t i c h a n n e l a n a l y s e r w a s d o n e 

by u s i n g s t a n d a r d O r t e c and C a n b e r r a d e l a y s . A t i m e d i s p e r s i o n 

of 0 . 4 1 7 n a n o - s e c o n d per c h a n n e l was u s e d . T h e i n c i d e n t e n e r g y 

of the n e u t r o n s w a s o b t a i n e d from the k i n e m a t i c s of the n e u t r o n 

p r o d u c i n g r e a c t i o n and the n e u t r o n t i m e - o f - f 1 i g h t s p e c t r a of 
12 

C . The i n c i d e n t e n e r g y thus d e t e r m i n e d was 1 4 . 6 0 ± 0. 0 3 M e V . 

The t i m i n g r e s o l u t i o n of our s y s t e m was a b o u t 7 c h a n n e l s a m o u n t i n g 

to 3.1 n a n o - s e c o n d s . The f l i g h t path b e i n g 3.3 m e t e r s , it a m o u n t s 

to a b o u t 0.9 n a n o - s e c o n d per m e t e r . As the i n c i d e n t e n e r g y of 

d e u t e r o n b e a m is 120 k e V , the l o w e s t l i m i t of the e n e r g y . d i s p e r s i o n 

is ± 60 keV for t h i c k t a r g e t s and it is less for thin t a r g e t s . 

The e n e r g y r e s o l u t i o n A E ( M e V ) is r e l a t e d to the t i m i n g r e s o l u t i o n 

by the f o l l o w i n g e x p r e s s i o n : 

A E = 
E 3 / 2 X At 
l O d 

w h e r e E is the e n e r g y of a n e u t r o n in M e V , A t is the t i m i n g 

r e s o l u t i o n in n a n o - s e c o n d s and d is the f l i g h t path in m e t e r s . 

IV. DISCUSSION 

5 6 
A . d e t a i l e d i n f o r m a t i o n on e n e r g y l e v e l s of Fe has 

been r e p o r t e d by A u b l e 4 . M o r e s t a t e s at 6 . 9 2 7 , 7 . 2 1 2 , 8 . 1 3 1 , 

8 . 2 4 3 , 3 . 5 3 8 , 1 0 . 4 7 9 and 1 1 . 1 3 3 MeV h a v e been r e p o r t e d by K u m a g a i 
2 

et al t h r o u g h r e s o n a n c e s c a t t e r i n g of e l e c t r o n b r e m s s t r a h 1 u n g 

and t h e s e s t a t e s h a v e been s u g g e s t e d to be c o m p o n e n t s of g i a n t 

M 1 ( T < ) r e s o n a n c e r e s u l t i n g from e x c i t a t i o n o f the p a r t i c l e - h o l e 

s t a t e s of the form [ 1 f 1 f 1 + • A 1 f o r c l G t h a v s r e p o r t e d 
l e v e l s at 5 . 3 , 6 . 5 5 , 8 . 1 5 0 and 9 . 2 4 0 MeV t h r o u q h ( 3 H e , n ) r e a c t i o n 

54 on Cr w h i c h are in a g r e e m e n t with the e n e r g y l e v e l s r e p o r t e d 
c 

by E v e r s et al . T h e s e s t a t e s are two p r o t o n e x c i t a t i o n s from 
56 7 

the g r o u n d s t a t e of F e . A h m a d et al h a v e m e a s u r e d e n e r g i e s 
c c 

of s e v e r a l s t a t e s t h r o u g h ( p , y ) and ( p , n ) r e a c t i o n s on M n . 

T h e s e s t a t e s h a v e i s o s p i n v a l u e T = 3 and are a n a l o g u e of the 

low lying s t a t e s in 5 6 M n . The f i r s t T = 3 s t a t e in 5 6 F e w h i c h 
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c c 
is t h e a n a l o g u e of t h e g r o u n d s t a t e of Mn o c c u r s at 1 1 . 5 0 9 

M e V . In t h e r e g i o n of h i g h e x c i t a t i o n s , o n l y s e l e c t i v e s t a t e s 

a r e p i c k e d up t h r o u g h d i f f e r e n t t y p e s of r e a c t i o n s . It is well 

e s t a b l i s h e d t h a t 1 4 . 6 M e V n e u t r o n s c a t t e r i n g t a k e s p l a c e 

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

s t a t e s w h i c h h a v e w a v e f u n c t i o n s s i m i l a r to t h a t of g r o u n d 

s t a t e a r e p r e f e r e n t i a 1 1 y e x c i t e d t h r o u g h d i r e c t i n e l a s t i c 

s c a t t e r i n g r e a c t i o n b e c a u s e t h e c o n t r i b u t i o n of t h e o v e r l a p 

integral, to the D W B A c r o s s s e c t i o n is s i g n i f i c a n t . T h e r e f o r e 
56 

t h e T = 3 s t a t e s in Fe w h i c h a r e a n a l o g u e s of t h e low l y i n g 
5 6 

s t a t e s in Mn a r e e x p e c t e d to be p r e f e r e n t i a l l y e x c i t e d . T h e 

d i r e c t e x c i t a t i o n is a l s o k n o w n to g i v e an e s s e n t i a l c o n t r i b u t i o n 

to t h e r e a c t i o n m e c h a n i s m in n e u t r o n s c a t t e r i n g on l o w l y i n g o c o l l e c t i v e s t a t e s in t h e t a r g e t n u c l e u s . T h e r e f o r e t h e 

4 . 5 1 ( 3 ~ ) M e V o n e p h o n o n o c t u p o l e s t a t e and o n e p h o n o n s t a t e s 
+ 56 

s u c h as 3 . 1 2 ( 4 )MeV s t a t e in Fe a r e e x p e c t e d to be s e l e c t i v e l y 

e x c i t e d . F o r t h e c o n v e n i e n c e of the d i s c u s s i o n we d i v i d e t h e 

e n t i r e r e g i o n of e x c i t a t i o n i n t o t h e f o l l o w i n g t h r e e e n e r g y 

r e g i o n s . 

A. 0-8 MeV excitation region 

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

l e v e l s . T h e e n e r g y r e s o l u t i o n b e i n g p o o r , it is d i f f i c u l t to 

r e s o l v e e n e r g y l e v e l s c o m p l e t e l y . M o r e o v e r , d u e to r a p i d i n t e n s i t y 

v a r i a t i o n s of t h e a n g u l a r d i s t r i b u t i o n s , d i f f e r e n t l e v e l s d o m i n a t e 

at d i f f e r e n t a n g l e s . T h e r e f o r e , an e x a c t i d e n t i f i c a t i o n of l e v e l s 

at d i f f e r e n t a n g l e s is r e n d e r e d d i f f i c u l t . H o w e v e r , it is p o s s i b l e 

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

m e a s u r e m e n t s b a s e d on n u c l e o n s c a t t e r i n g of a b o u t t h e s a m e 
g 

e n e r g y . P e t e r s o n r e p o r t e d m e a s u r e m e n t s of 1 7 . 5 MeV p r o t o n s 
0 3 

f r o m i r o n at 65 . T a k a h a s h i et al r e p o r t e d m e a s u r e m e n t s of 14 
° 9 

M e V n e u t r o n s f r o m i r o n at 45 . P e t e r s o n o b s e r v e d s t r o n g e x c i t a t i o n 

of t h e 4 . 5 1 M e V s t a t e v/hich has a s p i n - p a r i t y v a l u e of 3" and 3 

is r e g a r d e d as o n e p h o n o n o c t u p o l e v i b r a t i o n . T a k a h a s h i et al 

h a v e r e p o r t e d an e x c i t a t i o n of 4 . 5 9 M e V w h i c h t h e y h a v e i d e n t i f i e d 

w i t h the 4 . 5 1 M e V s t a t e . We a l s o see a s t r o n g e x c i t a t i o n at 4.5 
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± 0 . 1 MeV t h a t c o u l d be i d e n t i f i e d w i t h the d i s c u s s e d 4 . 5 1 MeV 

s t a t e t h o u g h c o n t r i b u t i o n from the n e a r by l e v e l s c a n n o t be 

r u l e d o u t . B e t w e e n the two p r o m i n e n t n e u t r o n g r o u p s that c o r r e s p o n d 

to the g r o u n d s t a t e and the 4 . 5 1 MeV s t a t e , we see a n e u t r o n 

g r o u p t h a t c o r r e s p o n d s to 3.2 ± 0.2 MeV w h i c h is in g o o d 

a g r e e m e n t w i t h the 3.23 MeV n e u t r o n g r o u p r e p o r t e d by T a k a h a s h i 
3 

et al . The 3.2 MeV e x c i t a t i o n o b s e r v e d by us p o s s i b l y c o r r e s p o n d s 

to the s t r o n g l y e x c i t e d 3 . 1 2 MeV s t a t e w h i c h has the spin 
+ 9 ° 

p a r i t y v a l u e of 4 and is r e p o r t e d by P e t e r s o n . At 30 w h e r e 

the i n t e n s i t y of neiutr.on g r o u p c o r r e s p o n d i ng to the 4 . 5 1 MeV 

s t a t e is l o w , we c l e a r l y see the p r e s e n c e of a n e u t r o n g r o u p 

t h a t c o r r e s p o n d s to an e x c i t a t i o n of 5.3 ± 0.2 MeV w h i c h is in 

good a g r e e m e n t w i t h the e n e r g y of 5 . 2 9 MeV r e p o r t e d by T a k a h a s h i 
3 

et al . T h i s g r o u p of n e u t r o n m a y c o r r e s p o n d to the u n r e s o l v e d 

g r o u p s of p r o t o n s r e s u l t i n g from the e x c i t a t i o n of 5.15 and 9 
5 . 2 6 MeV d o u b l e t seen by P e t e r s o n . The 6.1 McV e x c i t a t i o n 

o b s e r v e d by us is a l s o in g o o d a g r e e m e n t w i t h the e x c i t a t i o n of 3 
6.09 MeV r e p o r t e d by T a k a h a s h i et al . The 6.5 MeV e x c i t a t i o n 

3 
r e p o r t e d by T a k a h a s h i et al is also in g o o d a g r e e m e n t w i t h the 

6.5 MeV e x c i t a t i o n o b s e r v e d in the p r e s e n t m e a s u r e m e n t s and 
g 

p o s s i b l y c o r r e s p o n d s to the 6 . 4 8 MeV s t a t e o b s e r v e d by P e t e r s o n . 

We see n e u t r o n g r o u p s c o r r e s p o n d i n g to e x c i t a t i o n s at 6.9 ± 0.1 

and 7.3 ± 0.1 MeV w h i c h a r e n o t c o m p l e t e l y r e s o l v e d . T a k a h a s h i 3 
et al a l s o see a n e u t r o n g r o u p t h a t c o r r e s p o n d s to 6.9 MeV 

2 

e x c i t a t i o n . K u m a g a i et al h a v e r e p o r t e d e x c i t e d s t a t e s at 

6 . 9 2 7 and 7 . 2 1 2 MeV w h i c h c o u l d be i d e n t i f i e d w i t h the 6.9 and 

7.3 MeV e x c i t a t i o n s o b s e r v e d in the p r e s e n t m e a s u r e m e n t s . 

B. 8.0 - 11.509 MeV energy region 

In the 8.0 - 1 1 . 5 0 9 MeV e n e r g y r e g i o n , the n u m b e r of 

r e p o r t e d l e v e l s is s m a l l . We see a n e u t r o n g r o u p t h a t c o r r e s p o n d s 

to an e x c i t a t i o n of 8.3 ± 0.2 MeV w h i c h c o u l d c o n t a i n c o n t r i b u t i o n s 

from the 3 . 1 3 1 , 8 . 2 4 3 and 3 . 5 3 8 MeV s t n t ^ s r e p o r t e d by K u m a g a i 

et a l 2 . The o n l y o t h e r l e v e l s at 3 . 1 5 0 and 9 . 2 4 0 b e i n g f o r m e d 

by two p r o t o n s e x c i t a t i o n from the g r o u n d state of c a n n o t 
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be e x p e c t e d to c o n t r i b u t e s i g n i f i c a n t l y . We see a n e u t r o n g r o u p 

t h a t c o r r e s p o n d s to 9.1 MeV w h i c h p r o b a b l y c o r r e s p o n d s to the 

level at 9 . 1 4 MeV r e p o r t e d by smith and S e g e t h ^ . We a l s o see 

n e u t r o n g r o u p s t h a t c o r r e s p o n d to e x c i t a t i o n s at 10.5 and 1 1 . 1 3 

MeV w h i c h c o u l d be i d e n t i f i e d w i t h the o n l y two l e v e l s at 
3 

1 0 . 4 7 8 and 1 1 . 1 3 3 MeV r e p o r t e d by K u m a g a i et al . The e x c i t a t i o n 

of d i f f e r e n t s u g g e s t e d * c o m p o n e n t s of g i a n t M 1 ( T < ) r e s o n a n c e in 

the p r e s e n t m e a s u r e m e n t s m a y be due to the p r e d i c t i o n of Cecil 

and P e t e r s o n * * for the e n h a n c e m e n t of e x c i t a t i o n of g i a n t m a g n e t i c 

d i p o l e r e s o n a n c e ( T < ) t h r o u g h n e u t r o n s c a t t e r i n g . In t h i s e n e r g y 

r e g i o n we see n e u t r o n g r o u p s w h i c h c o r r e s p o n d to e x c i t a t i o n s at 

8 . 8 ± 0.2 and 9 . 8 0 ± 0.1 and 10.2 ± 0.1 MeV t h a t h a v e n o t b e e n 

r e p o r t e d so f a r . 

C. The 11.509 - 12.8 MeV energy region 

5 6 
In t h i s e n e r g y r e g i o n s e v e r a l l e v e l s in Fe w h i c h are 

5 6 
the a n a l o g u e of the low lying s t a t e s in Mn have been r e p o r t e d 

7 
by A h m a d e t al t h r o u g h ( p , y ) and ( p , n ) r e a c t i o n s . T h e e n e r g y 

r e s o l u t i o n i m p r o v e s c o n s i d e r a b l y for the l o w e r e n e r g y n e u t r o n 

g r o u p s and we see c l e a r l y well r e s o l v e d n e u t r o n g r o u p s . All the 

r e p o r t e d s t a t e s t h a t c o u l d be r e s o l v e d h a v e been i d e n t i f i e d and 

label led w i t h the e n e r g y v a l u e s r e p o r t e d by A h m a d et a l ^ . T h e 

e x p e c t e d p o s i t i o n s of r e p o r t e d l e v e l s h a v e been i n d i c a t e d t h r o u g h 

t h e i r e n e r g y v a l u e s m e a s u r e d by A h m a d et a l ^ . T h i s has f a c i l i t a t e d 

the c o r r e l a t i o n of the t h r e e s p e c t r a a n d the i d e n t i f i c a t i o n of 
56 

o b s e r v e d l e v e l s w i t h r e p o r t e d l e v e l s . Two new s t a t e s in Fe 

not r e p o r t e d b e f o r e h a v e b e e n v e r y c l e a r l y s e e n : The level 

1 2 . 5 2 0 ± 0 . 0 3 MeV has b e e n seen at the t h r e e a n g l e s w h e r e a s the o 
level 1 2 . 4 4 0 ± 0. 0 3 has b e e n seen o n l y at the a n g l e s 45 and 

o 

60 . 
5 6 

The Q - v a l u e for ( n , 2 n ) r e a c t i o n on Fe b e i n g 12.2 M e V , 

one w o u l d e x p e c t i n t e r f e r e n c e from n e u t r o n g r o u p s c o r r e s p o n d i n g 
5 5 

to d i f f e r e n t a c c e s s i b l e e x c i t a t i o n s in F e , w i t h t h o s e r e s u l t i n g 

from e x c i t a t i o n s a b o v e 1 2 . 2 MeV in 5 6 F e . T h e c o n t r i b u t i o n s of 

n e u t r o n g r o u p s from the g r o u n d s t a t e and e x c i t e d s t a t e s at 

0 . 4 1 1 , 0 . 9 4 1 , 1 . 3 1 7 and 1 . 4 0 8 MeV in 5 5 F e h a v e been t a k e n into 
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a c c o u n t and the c o r r e s p o n d i n g e x p e c t e d p o s i t i o n s h a v e been 

i n d i c a t e d in the n e u t r o n t i m e - o f - f 1 i g h t s p e c t r a . T h e r e is some 

c o n t r i b u t i o n of the n e u t r o n g r o u p r e s u l t i n g from the e x c i t a t i o n 
5 5 

of 1 . 3 1 7 MeV s t a t e in Fe to the o b s e r v e d n e u t r o n g r o u p t h a t 

c o r r e s p o n d s to the u n r e p o r t e d level at 1 2 . 5 2 M e V . T h e r e is a l s o 
5 6 

a v i s i b l e c o n t r i b u t i o n from ( n , 2 n ) r e a c t i o n on Fe l e a d i n g to 
5 5 

the g r o u n d s t a t e of F e , to the n e u t r o n g r o u p of 1 1 . 1 3 3 MeV 
56 ° 

st a t e in Fe at 30 . 
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MEASUREMENT OF YIELD OF GAMMA-RAYS EMITTED FROM 
IRON ON BOMBARDMENT WITH 14.7 MeV NEUTRONS 

K.Gul, M.Ahmad, S.M. Saleem, M.Anwar and Naeem A. Khan 

Introduction 

The knowledge of production of gamma-rays from Fe on bombardment 

with 14.7 MeV neutrons is desirable both from nuclear physics and applied 

point of view. Iron is to be used as a structure material in Fusion 

reactors which involve interaction of 14.6 MeV neutrons. Moreover the 

precise knowledge of gamma-rays and their yields also helps in knowing 

the energy levels and their decay scheme. The present work.describes the 

measurements of energies of gamma-rays and their yields from Fe relative 

to the yield of 847 keV gamma-rays emitted from the deexcitation of 

847 keV (2*) level in 5 6Fe. 

Experimental Details and Results 
X 

The energies of gamma-rays were measured by a 100 cc Ge(Li) detector. 

The detector was placed in an apartment of 1.2 meters thick wall constructed i 

of concrete bricks. All Gamma-rays in the energy range 400 keV to 10 MeV 

were recorded on a 85 series Canberra multichannel analyser. Gamma-rays 

background was taken by removing the sample and subtracted from the sample-in 

spectrum. A part of the spectrum is shown in figure 1. The yield of gamma-ray 

alongwith the energies is shown in Table 1. The efficiency of the Ge(Li) 
1) 

detector was measured in a seperate. experiment on the 5 Mega-Watt research 

reactor at Pinstech using the reaction ^ C l ( n , Y )^C1, and 1Sl(n, ) and 

{nrf) reaction on Cr. The yield of the gamma-rays have been corrected for the 

attenuation of emitted gamma-rays in the iron sample. For comparison the 



reported measurements of Lachkar et al are also given in the table 1. The 

agreement between the present measurements and the reported measurements 

is quite satisfactory. Further analysis of the data is in progress. 
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Table 1: Yield of gamma-rays relative to 847 keV gamma-ray 
from Fe on bombardment with 14.7 MeV neutrons and 
their comparison with reported values1. 

Energy (keV) 1 ̂ Present "M Reported 
measurement measurement 

438 1.6 + 0.4 
475 1.9 + 0.5 
567 1.0 + 0.4 
698 9.4 + 0.6 
847 100.0 + 0.8 100 
931 10.7 + 0.6 
1010 1.3 • 0,4 
1038 10.4 + 0.9 10.5 * 1.6 
1175 1.1 + 0.4 
1238 50.1 + 2.5 49.3 ± 12.1 
1310 16.5 • 0.5 
1360 1.2 + 0.3 
i4o8 3.1 * 0.3 
1581 0.5 + 0.3 
1670 3.8 + 0.3 
1728 0.4 + 0.3 
1775 1.3 + 0.2 
1811 9.3 + 0.7 7.6 t 1.2 
1861 0.4 + 0.3 
2035 2.4 * 1.2 
21,3 1.7 + 0.3 
2217 2.5 + 0.3 
2273 1.2 + 0.3 
2374 0.5 + 0.3 
2425 0.8 + 0.3 
2469 0.6 + 0.2 
2526 2.4 • 0.3 

4.6'± 0.9 2599 4.6 + 0.6 4.6'± 0.9 
2759 1.5 + 0.4 
2956 0.9 + 0.3 
2985 0.8 + 0.2 
3063 0.2 
3203 1.0 + 0.4 
3254 1.5 + 0.4 
3^50 1.2 + 0.3 
355^ 0.4 + 0.3 
3612 1.6 + 0.3 
3663 1.0 • 0.4 
3835 1.0 + 0.5 
5095 0.9 + 0.4 
6747 0.9 * 0.4 
7091 0.7 + 0.4 • 

8800 0.6 + 0.3 



T I M E C L ) = O 

T I M E ( T ) = O 

O C H # V F S = 6 5 5 3 6 

c-
CD C R T = 0 7 - 1 8 ) 

lO: 10 14 J A N 8 4 
U N I T * 5 D T = OZ 

T A G NO. = 9 
511 C H # 

C A N B E R R A 

CO 
CO 

6> 
IL 

m 
in 

CO 
a» 

o 

ro 

t* 

in 

•4- O r— 
M rr" CD 

11 KO in 
1 j 11 r-

J ft Tr II 

L C — O C H # 
O @ L C 

INT 1 5 5 7 2 9 2 5 C P S 0 . O RC — 
Fig.1 

5 1 1 

5 5 6 1 

C H # 
@ R C 



T I M E CL)= • 
TI ME <T)= • 

C H # 

IDs 15 
U N I T# 

TAG 
V F S = 8 1 9 2 C R T = C19-20) 

14 J A N 84 
5 D T = OX 

NO. = 9 

1 0 2 3 C H # 
C A N B E R R A 

ci 
CM 
CM 

CM 
O 
«P 
C* 

n 
U3 CO o o in 
ci CM N o 

«*» cn 
» 

in 
<4-
CO 

_C = 5 1 2 C H # INT = 17101 15 C P S = 0 . 0 R C = 1 0 2 3 C H # 
5 7 4 0 @ L C rt. w .. n 1 7 Q 6 @ R C Fig.1 (continued; 


