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SELF-CONSISTENT EVALUATION OF. F I S S I L E NUCLEI RESONANCE 

CROSS SECTIONS 

A . L u k y a n o v , N. J a n e v a , I . S i r a k o v 

I n s t i t u t e f o r N u c l e a r R e s e a r c h a n d N u c l e a r E n e r g y , 

S o f i a . B u l g a r i a 

V. K o l e s o v , V . U k r a i n t z e v 

O b n i n s k I n s t i t u t e f o r N u c l e a r E n e r g y , USSR 

U s i n g t h e A d l e r f o r m a l i s m a n d t h e S - m a t r i x u n i t a r y p r o p e r t y , 

we o b t a i n e d t h e r e s o n a n c e p a r a m e t e r s of 2 3 £ > P u t l J a n d now of 2 3 5 U 

c o n s i s t e n t b e t w e e n d i f f e r e n t e x t e r n a l c h a n n e l s a n d w i t h t h e 

e x p e r i m e n t a l d a t a a v a i l a b l e . The d e t a i l e d e n e r g y s t r u c t u r e of 

r a d i a t i v e c a p t u r e a n d e l a s t i c s c a t t e r i n g c r o s s s e c t i o n s was 

d e s c r i b e d w i t h t h e s a m e p r e c i s i o n u s u a l f o r t o t a l a n d f i s s i o n c r o s s 
2 3 5 

s e c t i o n measu remen t s . P r e l i m i n a r y r e s u l t s fo r U p a r a m e t e r s a r e 

p u b l i s h e d b u t a f o i l i wing c o r r e c t i o n w i t h p r e c i s i o n of t h e 

l e v e l s p i n s i s n e c e s s a r y . The d e t e r m i n a t i o n of an a n a l o g o u s 
2 3 5 

c o n s i s t e n t s e t fo r U i s i n p r o g r e s s now. 

We a r e i n s e a r c h of some b e s t s t a t i s t i c a l s a m p l e C r e s o n a n c e 

p a r a m e t e r s e t i n t h e c a s e ? i n t h e u n r e s o l v e d r e s o n a n c e r e g i o n i n 

t h e scheme of Monte C a r l o r e s o n a n c e c r o s s s e c t i o n s m o d e l l i n g , which 

g i v e s t h e same v a l u e s of t h e e n e r g y a v e r a g e d c r o s s s e c t i o n 

f u n c t i o n a l s Ce .g . a v e r a g e t r a n s m i s s i o n i n d e p e n d e n c e of sample 

t h i c k n e s s } . The c r o s s s e c t i o n s c a l c u l a t e d w i t h t h i s s a m p l e can be 

c o n s i d e r e d a s recommended fo r u n r e s o l v e d r e s o n a n c e r e g i o n . Us ing 

t h e scheme of c o n v e r s i o n of R - m a t r i x p a r a m e t e r s i n t o S - m a t r i x o n e s , 

we can o b t a i n a f u l l e v a l u a t i o n of r e s o n a n c e c r o s s s e c t i o n s i n t h e 

r e s o l v e d and u n r e s o l v e d r e s o n a n c e r e g i o n i n Adler f o r m a l i s m . 

R e f e r e n c e : 1. N. J a n e v a , V. K o l e s o v , A. Lukyanov, S. Toshkov, 

B u i . P h u s . J . ,13C 40 , 1 9 8 6 , p . 335 



NEUTRON PHYSICS AND FUSION REACTOR TECHNOLOGY 

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

b y IAEA A d v i s o r y G r o u p M e e t i n g on N u c l e a r D a t a f o r F u s i o n R e a c t o r 

T e c h n o l o g y , c a l c u l a t e d b y ANISN. MCNP a n d MORSE t r a n s p o r t c o d e s a n d 

d i f f e r e n t c r o s s s e c t i o n d a t a h a v e b e e n c a r r i e d o u t . TOF a n d PRS 

e x p e r i m e n t a l s p e c t r a a r e h i g h e r t h a n c a l c u l â t ! o n a l o n e s . T h i s 

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

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

R e f e r e n c e - A n t o n o v S. , G. D a s k a l o v , K. I l i e v a , 

J . J o r d a n o v a , K . P a v l o v a , I . P o p o v a , IAEA S p e c . M e e t i ng on 

FENDL 1 9 S 9 , Vi enr .a 

A b e n c h m a r k e x p e r i m e n t i n a s p h e r i c a l g e o m e t r y w i t h a 

c e n t r a l 14 Mev n e u t r o n s o u r c e f o r i n v e s t i g a t i o n of m u l t i p l i e r 

p r o p e r t i e s o r a F l u o r i n e - L i t h i u m - B e r i l i u m m i x t u r e CFLiBeD h a v e b e e n 

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

e n e r g y r a n g e f r o m 1 t o 1 5 Mev. A c o m p a r i s o n w i t h t h r e e - d i m e n s i o n a l 

c o d e MORSE a n d o n e - d i m e n s i o n a l c o d e ANISN h a s b e e n c a r r i e d o u t . The 

e x p e r i m e n t a l r e s u l t s a r e l o w e r t h a n t h e c a l c u l a t i o n a l o n e s . T h a t 

m e a n s t h e m u l t i p l i c a t o i o n of t h e F L i B e a s s e m b l y i s s m a l l e r t h a n t h e 

p r e d i c t e d o n e . 

R e e f e r e n c e s : A n t o n o v S. , R . R a d e v , Bui . Y a d e r n a j a 

E n e r g í a , 3 0 , 1 9 9 9 . 

R a d e v R. , O. P e n c h e v , I . P e n e v , Bul . Y a d e r n a j a E n e r g i a , 3 1 , 

1 9 9 0 . 

A n t o n o v S. , M. D r e n s k a e t a l . , XIX I n t . Symp. on Nucl . P h y s . , 

G a u s s i g , N o v e m b e r , 1 9 8 9 . 



STATISTICAL MODELLING OF THE RESONANCE CROSS SECTIONS 

IN THE UNRESOLVED REGION 

A. Lukyanov, N. Koyumdjieva, M. N.Alami, N. Janeva 

Institute for Nuclear Reseasch and Nuclear Energy 

Sofia, Bulgaria 

The R-matrix formalism and the statistical distributions of 

resonance level parameters were used for constructing the practical 

scheme for neutron cross section energy structure modelling in the 

unresolved region with the aime to analyse the transmission 

experiments on a wide energy beam. In general, such a scheme has to 

be realized by Monte Garlo method for random sampling of resonance 

parameters. For non fissile nuclei Cone channel case) the 

analytical method of the average cross section functional 

determination is in development . The statistical function of 

cross section distribution one the same for all energy averaged 

physical cross section functional s has been found. The 

generalization of the method for a two-channel case is in progress. 

The results of the analytical aproach have to be used for testing 

the Monte Carlo calculations. The forthcoming application of the 

method developed is provided in analysis of the U and Th 

transmission experiments. 

Reference: N. Janeva, A. Lukyanov, Mito Conf. on Nuclear 

Data, 19S8, p. 635. 



GAMMA-MULTIPLI CITY IN THERMAL NEUTRON CAPTURE BY HAFNIUM 

G. G e o r g i e v , T. M a d j a r s k i , N. S t a n c h e v a , N. C h i k o v , N. J a n e v a 

I n s t i t u t e f o r N u c l e a r R e s e a r c h a n d N u c l e a r E n e r g y 

S o f i a , B u l g a r i a 

G. V. M u r a d y a n 

K u r c h a t o v A t o m i c E n e r g y I n s t i t u t e , Moskow, USSR 

The e x p e r i m e n t a l s e t - u p f o r m e a s u r e m e n t b y t h e m u l t i p l i c i t y 

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

t h e r e s e a r c h r e a c t o r I R T - 2 0 0 0 i n S o f i a C I ] . I t s m a i n p a r t i s t h e 

1 2 - s e c t i o n a l s c i n t i l l a t i o n d e t e c t o r " R o m a s h k a " C " D a i s y " : ) C2] w i t h 

t o t a l v o l u m e o f s c i n t i l a t i o n c r y s t a l s 1 6 . 6 1 . The n e u t r o n beam i s 

f o r m e d b y c r y s t a l f i l t e r s a n d m u l t i - s l i t c o l l i m a t o r . D a t a 

a c q u i s i t i o n a n d e l a b o r a t i o n i s p e r f o r m e d b y CAMAC e l e c t r o n i c s y s t e m 

b a s e d or. irl n i - c c i r . p u i e r . 

G a m m a - m u l t i p l i c i t y s p e c t r a i n t h e r m a l n e u t r o n c a p t u r e b y 

h a f n i u m i s o t o p e s h a v e b e e n m e a s u r e d . The m o n o i s o t o p i c h a f n i u m o x i d e 
-2 

samp le s w i t h t h i c k n e s s 0 . 5 g. cm were p l a c e d i n a lumin ium 

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

p r o c e d u r e was a p p l i e d fo r c a l c u l a t i n g t h e s o - c a l l e d p h y s i c a l 

m u l t i p l i c i t y from t h e e x p e r i m e n t a l d a t a . The e s s e n t i a l r e s u l t of 

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

/ 2 — 2 
\> - C u 5 a r « s h o w n h e r e i n c o m p a r i s o n o f t h e e x i t * . t i o n e n e r g y 

Tí 
Uo and compound n u c l e u s s p i n J . 

t a rge t 
1 7 7 H f 
17°Hf 

1 7 *Hf 
1 7 8 H f 
1 B O H f 

Uo 

7 . 6 2 3 

7 . 3 8 3 

6 . 3 8 3 

6 . 0 9 8 

5 . 6 9 3 
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3 ~ . 4 ~ 

' 4 + , 5 + 

l / 2 + 

1 / 2 " 

l / 2 + 

V 

3 . 9 

4 . 0 

3 . 8 

3 . 5 

3 . 3 

/ v 2 - C v 3 2 

0 . 9 

0 . 9 

0 . 7 

0 . 7 

0 . 9 

From t h e c a s c a d e d e c a y m o d e l l i n g i n c o m p a r i s o n w i t h 

t h e e x p e r i m e n t a l d a t a t h e c a l c u l a t i o n s have t o be pe r fo rmed fo r 

o b t a i n i n g t h e new i n f o r m a t i o n a b o u t r a d i a t i v e s t r e n g t h f u n c t i o n s i n 

l a r g e e n e r g y i n t e r v a l under t h e b i n d i n g e n e r g y . 

R e f e r e n c e s : 1. Muradyan G. V. ,Sov. At. Ene rgy , 1981 , V50C6D , p . 394 

2. Adamchuk Yu.V. , e t a l . . i b i d . , 1 9 8 5 , v58C13 . p . 61 



MEASUREMENT OF NEUTRON DATA IN THE RESONANCE ENERGY BY GAMMA 

MULTIPLICITY METHOD 

G. G e o r g i e v , B. I v a n o v , I . S i r a k o v , S . T o s h k o v , N. J a n e v a 

I n s t i t u t e o f N u c l e a r R e s e a r c h a n d N u c l e a r E n e r g y , S o f i a , B u l g a r i a 

Yu. S. Z a m y a t n i n , J I N R , Dubna 

Yu. V. G r i g o r i e v I n s t i t u t e o f Power E n e r g e t i c s , O b n i n s k , USSR 

A m u l t i p l i c i t y d e t e c t o r o f " R o m a s h k a " t y p e h a s b e e n u s e d on t h e 500m 

f l i g h t p a t h o f t h e I B R - 3 0 p u l s e d r e a c t o r a t t h e L a b o r a t o r y o f 

N e u t r o n P h y s i c s J INR CDubnaD. T h e d e t e c t o r c o n s i s t s o f 1 6 

i n d e p e n d e n t s e c t i o n s w i t h t o t a l v o l u m e o f 3 6 1 N a l C T l ^ . T h e 

g e o m e t r i c e f f i c i e n c y o f s i n g l e - r a y r e g i s t r a t i o n i s 80%. T h i s d e t e c t o r 

a l l o w s p e r f o r m a n c e of n e u t r o n c a p t u r e a n d f i s s i o n c r o s s s e c t i o n 

m e a s u r e m e n t s a n d i n v e s t i g a t i o n o f g a m m a - r a y m u l t i p l i c i t y a n d 

r e s o n a n c e a b s o r p t i o n e f f e c t s i n t h e 2 0 e v - 2 0 0 k e v e n e r g y r a n g e . 

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

t h e U c a p t u r e c r o s s s e c t i o n The s p e c t r a w e r e m e a s u r e d i n 

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

t h e s p e c t r a w i t h l o w b a c k g r o u n d Ce. g . t h i r d mul t i p l i c i t y 3 . The 

t r a n s m i s s i o n s w e r e m e a s u r e d s i m u l t a n e u s l y on t h e lOOOm f l i g h t p a t h 
3 

with a battery of sixteen He counters of SNM-type. 
The experimental data have been analysed and resonance 

[33 
structure parameters have been obtained The average total and 

radiative cross sections in ABBN groups, self-schi el ding factors 

and resonance parameters have been evaluated on the base of 

experimental results. 

The work is in progress and up to now we have only 

preliminary results about the analysis of the experimental data. 

Similar investigations are now in progress with some samarium 

isotopes. 
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