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F A S T N E U T R O N D A T A 

691256 
691257 
692376 
692433 
712080 

1 • 1 • D a t a E v a l u a t i o n for t h e N e u t r ó n S o u r c e R e a c t i o n L i ( p , n) 

(H. L i s k i e n , A. P a u l s e n ) -

T h i s w o r k h a s now b e e n p u b l i s h e d in A t o m i c D a t a and 

N u c l e a r D a t a T a b l e s ]_5_, 57 (1975) w i t h the fo l lowing a b s t r a c t : 

" C e n t r e - o f - m a s s b e s t v a l u e s for t h e n o r m a l i s e d L e g e n d r e c o ­

e f f i c i e n t s and t h e 0 ° d i / f e r e n t i a l c r o s s s e c t i o n s a s f unc t i ons of 

i npu t e n e r g y h a v e b e e n d e r i v e d f r o m v a r i o u s e x p e r i m e n t a l r e -
•7 7 7 7 

s u i t s for the r e a c t i o n s L i ( p , n) Be and L i ( p , n) Be*(431 k e V ) . 

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

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

e n e r g y and n e u t r o n e m i s s i o n a n g l e w h i c h a r e g iven in t a b u l a r 

f o r m t o g e t h e r wi th t h e c o r r e s p o n d i n g n e u t r o n e n e r g i e s . " 
235 

1.2 . N e u t r o n Induced . F i s s i o n N e u t r o n E n e r g y S p e c t r a of U 
7 30 

and P u . (H. - H . K n i t t e r , C . B u d t z - J ^ r g e n s e n , M. M a i l l y , R . Vogt) 
239 

A p a p e r on t h e f i s s i o n n e u t r o n e n e r g y s p e c t r u m of P u 

h a s b e e n p u b l i s h e d in A t o m k e r n e n e r g i e 26 , 76 (1975) wi th t h e f o l ­

l o w i n g a b s t r a c t : 

" T h e e n e r g y s p e c t r u m of p r o m p t n e u t r o n s e m i t t e d in the 
239 

f i s s i o n of P u i n d u c e d by 0. 21 5 M e V n e u t r o n s w a s m e a s u r e d 

in the e n e r g y r a n g e f r o m 0 . 2 5 to 1 5 MeV u s i n g n a n o s e c o n d t i m e -

o f - f l i gh t t e c h n i q u e . A p u l s e d Van d e G r a a f f a c c e l e r a t o r w a s u s e d 

to p r o d u c e the p r i m a r y n e u t r o n s . C o n s i d e r a b l e c a r e w a s t a k e n , to 

m e a s u r e the e n e r g y d e p e n d e n c e of t h e n e u t r o n d e t e c t o r e f f i c i e n c y . 

T h e s h a p e of the r e s u l t i n g s p e c t r u m a g r e e s wi th a M a x w e l l i a n 

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

f i s s i o n n e u t r o n e n e r g y of E = 2 . 1 3 6 + 0 . 0 4 5 M e V w a s o b t a i n e d . " 

In t h i s w o r k the c a l c u l a t e d c o r r e c t i o n to the s h a p e of the 

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

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

s a m e c o m p u t e r code h a s b e e n u s e d to c a l c u l a t e the c o r r e s p o n d i n g 

c o r r e c t i o n s for t h e e x p e r i m e n t s c a r r i e d out by A. B . A t o m - E n e r g i , 

isv i ' 
235, 

2 3 5 '2 39 
S t u d s v i k , S w e d e n on ' U and '" P u and a l s o for the e x p e r i m e n t 
on U c a r r i e d out by A E R E , Ha rwe l l , . UK, .and CEN C a d a r a c h o , 

F r a n c e . T h e r e s u l t s h a v e b e e n t r a n s m i t t e d to A E R E , H a r w e l l 

for the p r e p a r a t i o n of a c o m m o n c o m p i l a t i o n . 



-1.3. D e t e r m i n a t i o n of (n, 2n) E x c i t a t i o n F u n c t i o n s for T i , %">.... 
115 197 

In and Au (A. P a u l s e n , H. L i s k i e n , R . W i d e r a , F . A r n o t t e ) 

E v a l u a t i o n of the f ina l d a t a w a s c o m p l e t e d and the r e s u l t s 

732010 w e r e p u b l i s h e d in A t o m k e r n e n e r g i e 26 , 34 (1975) wi th the fo l lowing 
741308 . , 

a b s t r a c t : " 

" E x c i t a t i o n func t ions h a v e b e e n d e t e r m i n e d in the 10 to 20 M e V 

e n e r g y r e g i o n for the r e a c t i o n s T i ( n , 2n), T i , Zn(n , 2n) Z n , 

In(n, 2n) In ( 5 0 . 1 d) and Au(n , 2n) Aü by m e a n s of the 

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

d a t a for t h e s e r e a c t i o n s in t he" 13 to 1 5 MeV e n e r g y r e g i o n . E v i d e n c e 

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

for the d e c a y s c h e m e s and i n s u f f i c i e n t e n e r g y r e s o l u t i o n of ac t i v i t y 
•^ ., ,• 11 5T , _ \114 T m ' 

d e t e c t o r s in the . pa s t . F o r t h e r e a c t i o n s In(n, 2n] In and 
1 97 196 

Au(n, 2n^ Au the p r e s e n t r e s u l t s a r e c o n f i r m i n g the l o w e s t 
c r o s s - s e c t i o n s f r o m the e x i s t i n g d a t a . " , . 

1 .4 . ' M e a s u r e m e n t s of the F a s t N e u t r o n S c a t t e r i n g ' and T o t a l C r o s s 

S e c t i o n s of 1 4 1 P r (R. S ingh , H . - H . K n i t t e r ) 

A p a p e r wi th the fo l lowing a b s t r a c t w a s p u b l i s h e d in Z . P h y s . 

A 272 , 47 (1975N : 

" T h e d i f f e r e n t i a l e l a s t i c n e u t r o n s c a t t e r i n g c r o s s s e c t i o n s of 

P r w e r e m e a s u r e d at t h e i n c i d e n t n e u t r o n e n e r g i e s of 1. 2, 1 .7 

and 1.9. MeV in the a n g u l a r r a n g e b e t w e e n 25 and 150 d e g r e e s . 

At 1. 7 MeV the d i f f e r e n t i a l i n e l a s t i c n e u t r o n s c a t t e r i n g c r o s s s e c t i o n s 

c o r r e s p o n d i n g to O = - 1 1 2 2 k e V , and a t 1 .9 M e V t h e o n e s c o r r e - ' 

s pond ing to Q - - 1 1 2 2 , and Q = - 1 2 9 5 k e V w e r e a l s o d e t e r m i n e d . 

In a t r a n s m i s s i o n e x p e r i m e n t , t he t o t a l c r o s s s e c t i o n w a s m e a s u r e d 

b e t w e e n 0 . 5 0 and 2 . 4 2 M e V . T h e t o t a l and d i f f e r e n t i a l c r o s s s e c t i o n s 

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

r e s u l t s w e r e c o m p a r e d wi th t h e e x p e r i m e n t a l d a t a . " 

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

1 . 5 . S t a t u s R e p o r t for N E A N D C (H. - H . K n i t t e r ) 

On beha l f of the N E A N D C two r e p o r t s , e a c h b r i n g i n g the 

s t a t u s of e x p e r i m e n t a l m e a s u r e m e n t s up to d a t e , w e r e w r i t t e n , one 
238 

on " A v e r a g e f i s s i o n c r o s s s e c t i o n of U in. the f i s s i o n n e u t r o n 
23 5 s p e c t r u m of ' U i n d u c e d by t h e r m a l n e u t r o n s " and one on " T h e 

o ri * « o o r* 
r a t i o of the f i s s i o n c r o s s s e c t i o n of U to the one of U. " 
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1.6. Determina t ion of Exci ta t ion Funct ions for the Reaction 
103_,. , n 1 0 3 T , . m 115T ., ,,1.15. m . 4, . , 

Rh(n,n'> Rh and In(n,n 'J In in the r e p o n from 

threshold to 7 MeV (A. Pau l sen , H. L isk ien , R. Widera , 

F . Arnotte) 

Using the act ivation technique m e a s u r e m e n t s have been 

made at 100 keV in t e rva l s for both r e a c t i o n s in the energy range 

0. 3 MeV to 4. 1 MeV. Metal l ic rhodium and indium s a m p l e s 

(discs 20 m m $, 5 m m thick) w e r e i r r a d i a t e d with neu t rons p r o -
3 

duced by the reac t ion T(p, n \ H e ( 2 . 5 , 3 .0 , 3 . 5 MeV proton energy) 
3 

and the reac t ion D(d,n) He (1 .0 MeV deu te ron energy) . Act iv i t ies 
1 03 

have been obtained by counting the 20 keV X - r a y s of Rh and' 

the 336 keV v - r a y s of In r e spec t ive ly . Using the known 

angular d is t r ibut ion for each source condition and by i r r ad i a t i ng 

s imul taneous ly s a m p l e s under v a r i o u s e m i s s i o n d i r e c t i o n s , s e t s of 

r e l a t ive data have been obtained which w e r e fitted to each other by 

min imiz ing the va r i ance at all neu t ron e n e r g i e s . It i s intended to 

extend these m e a s u r e m e n t s up to 7 MeV neut ron energy and to n o r ­

m a l i s e them on an absolute b a s i s . 
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2. RESONANCE NEUTRON DATA 

The following s u p e r s c r i p t s indica te the affiliations of vis i t ing 

s c i en t i s t s engaged in col laborat ion with CBNM p r o g r a m m e s : 

SCK/CEN, Univers i ty of Antwerp, Univers i ty of Catania, 

* Technische Wnchschule, D a r m s t a d t , ** Nationaal Fonds voor 

Wetenschappel i jk Onderzoek, B r u s s e l s , . CNEN-Bologna. 
o o ¿ 

2 . 1 . R e s o n a n c e P a r a m e t e r s of U 

T h e e x t e n s i v e i n v e s t i g a t i o n s on t h i s i s o t o p e h a v e b e e n w r i t t e n 

i n two r e p o r t s . T i t l e s , a u t h o r s and a b s t r a c t s r e a d a s fo l l ows : 

714011 N e u t r 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 on U ( L . M e w i s s e n , 
If" "• 4..), 

F . P o o r t m a n s , G. R o h r , J . T h e o b a l d * , H . W e i g m a n n , G. V a n p r a e t ) 
" C a p t u r e , s c a t t e r i n g and t o t a l c r o s s - s e c t i o n m e a s u r e m e n t s 

o o ¿ 

have been per formed on U, over an energy range f rom 30 eV up 
to 1.8 keV. The neutron width T could be de te rmined for 97 l eve l s 

n 
and the capture width "T for 57 among t h e m . The average rad ia t ive 
width i s : T = C23. 0 + 0 .3 (s ta t . ) + 1. 5 (sys t . ) ] m e V . F o r the s-wave 

Y • ' _4 

s t rength function we find: S = ( 1 . 0 5 + 0.14)10 . " 

This pape r has been p r e s e n t e d at the "Conference on Nuclear 

C r o s s Sections and Technology" in Washington 1975. 
o o ¿ 

Total neutron c r o s s section m e a s u r e m e n t s of U in the energy-

range from 40 eV up to 4. 1 keV. (G. C a r r a r o , A. Brusegan) 

" T r a n s m i s s i o n m e a s u r e m e n t s have been pe r fo rmed on U 

vising the t ime-of-f l ight technique at a 100 m flight path of the 80 MeV 

e lec t ron l inea r a c c e l e r a t o r of CBNM. T va lues have been evaluated 
n 

for 185 r e sonances in the ene rgy range f rom 40 eV to 4 .1 keV. 

Assuming only s-wave contr ibut ions in the ana lys i s range the ave rage 

leve l spacing D, the ave rage reduced neu t ron width JT and the s t reng th 

function S were de te rmined as 
o . 

D' = (16. 2 '+ 0. 8) eV; i ° = (1.61 + 0. 18)mcV; S .= (1 . 00 + 0. l ) .• 1 0~" 

The method of Fuketa and Harvey.(NIM 33 (1965)1 07) was used 

to cons ider m i s s e d r e s o n a n c e s . F ina l ly Dyson ' s /\,0- and W- s ta t i s t ic s 

bes ide s the method of Boll inger et al, w e r e applied to put the p r e s e n c e of 

p -wave -resonances in the ana lys i s range into évidence . " 

This paper has been accepted for publication in Nuclear Phys i c s . 



238 ++ + 
2 . 2 . R e s o n a n c e P a r a m e t e r s of U ( E . C o r n e l l s , L . M e w i s s e n , 

+ ++ 
F . P o o r t m a n s , G. R o h r , R . S h e l l e y , T . v a n d e r V e e n , G. V a n p r a e t , 
H . W e i g m a n n ) 

691286 C a p t u r e c r o s s s e c t i o n e x p e r i m e n t s 
692385 • ' --
70202Q ^ B e r * e s °^ c a p t u r e and se l f i n d i c a t i o n m e a s u r e m e n t s h a v e 
714016 b e e n m a d e in t h e e n e r g y r a n g e b e t w e e n 1 0 eV - 6 k e V u s i n g v a r i o u s 
732113 , - 5 / - 5 / 

s a m p l e t h i c k n e s s e s ( c a p t u r e : 1 . 3 1 1 * 10 a t / b , 5 . 5 3 * 1 0 a t / b , 
3 2 3 

1 .61*10 a t / b and l . O l - l O " a t / b . T r a n s m i s s i o n : 6. 3 1 - 1 0 " a t / b and 
- 2 

1 . 1 0 - 1 0 a t / b ) . G a m m a d e t e c t i o n w a s by m e a n s of a p a i r 

of C , F , s c i n t i l l a t o r s a t a 60m f l i g h t p a t h and the v / e i g h t i n g m e t h o d 

p r o p o s e d by M a i e r - L e i b n i t z w a s a p p l i e d . T h e n e u t r o n f lux w a s 
2 38 10 

m e a s u r e d by r e p l a c i n g t h e U s a m p l e wi th a B s l a b . A b s o l u t e 

c a l i b r a t i o n of the c a p t u r e c r o s s s e c t i o n h a s b e e n a c h i e v e d by m e a n s 

of the s a t u r a t e d r e s o n a n c e t e c h n i q u e , u s i n g r e s o n a n c e s in Ag . T h e 
a r e a a n a l y s i s of t h e s e d a t a h a s b e e n s t a r t e d . T h e e x p e c t e d a c c u r a c y 
of the f ina l r e s o n a n c e p a r a m e t e r s V , T i s b e t w e e n 5 - 1 0 % d e p e n d i n g 

r n y 
on the ene rgy range and the s t r eng th of the r e s o n a n c e . 
Total c r o s s - s e c t i o n e x p e r i m e n t s 

A s e r i e s of t r a n s m i s s i o n e x p e r i m e n t s h a s been p e r f o r m e d 

between 9 eV and 4 keV us ing v a r i o u s sample t h i c k n e s s e s (7 .48 -10 a t / b , 

1. 6 0 9 - 1 0 " 3 a t / b , 3. 7 8 1 - 1 0 " 3 a t / b , 1. 009- 1 0 " 2 a t / b and 3. 481 • 1 0~ 2 a t / b ) . 

The samples which could be changed au tomat ica l ly , w e r e mounted at 
30 m e t e r from the l i n a c t a rge t , and the de t ec to r , cons i s t ing of four 
3 
He high p r e s s u r e gaseous s c i n t i l l a t o r s , was p laced at 60 m e t e r . 

E x p e r i m e n t s were p e r f o r m e d with s a m p l e s cooled at liquid n i t rogen 

t e m p e r a t u r e . All the m e a s u r e m e n t s w e r e done with a l inac b u r s t width 

of 23 n s e c . The s t a t i s t i ca l p r e c i s i o n on the t r a n s m i s s i o n i s be t t e r 

than 1 % for m o s t of the m e a s u r e m e n t s . The ana lys i s i s n e a r l y c o m ­

pleted between 9 eV and 1 keV. F o r m o s t of the s -wave r e s o n a n c e s , 

thé neut ron width h a s been d e t e r m i n e d to b e t t e r than 5%. The ana lys i s 

above 1 keV i s continued. 

Sca t te r ing c r o s s sect ion e x p e r i m e n t s 

Evaluation of the p r e v i o u s l y obtained da ta below 1.2 keV i s 

in p r o g r e s s . 
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2 , 3 . R e s o n a n c e P a r a m e t e r s of "' N o (A. A n g e l e t t i , L . M e w i s s e n , 
+ ++ 

F . P o o r l m a n s , G. R o h r , T , v a n d e r V e e n , G. V a n p r a e t , H. W e i g m a n n ^ 
T h i ? w o r k h a e b e e n in t e m p o r a r y o b e y a n c e d u r i n g t h i s y e a r . 

*y *y ( j 

2<4. R e s o n a n c e P a r a m e t e r s . of '•' R a (H. C e u l e m a n s ) 
226 " 

T h e p r e l i m i n a r y r e s u l t s on R a m e n t i o n e d i n t h e p r e v i o u s 

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

p a r a m e t e r s o b t a i n e d f r o m a m o d i f i e d A t t a - H a r v e y t y p e s h a p e a n a l y s i s . 
- 3 T h i s w a s done on t r a n s m i s s i o n d a t a o b t a i n e d wi th the 5 . 9 10 a t o m s / 

b a r n s a m p l e , a n d u s i n g a r e s o l u t i o n f u n c t i o n of t h e f o r m 
2 2 3 2 2 2 

R (E) = R E + R. E (eV ) ( e n e r g y in e V ) . N u m e r i c a l v a l u e s u s e d a r e : 
' C (- £* A 

R . = 0 . 0 0 1 6 a n d R = 3 . 1 6 10 , 5 . 0 10 , 9 . 2 2 10 and 1 . 8 0 10 
1 o 

for t h e d i f f e r e n t t i m i n g z o n e s c o v e r i n g r e s p e c t i v e l y t h e e n e r g y i n t e r ­

v a l s 600 to 277 eV, 277 to 104 eV, 104 t o 33 eV a n d 33 to 9 . 4 e V . 

F o r t h e a n a l y s i s , t h e v a l u e r = 3 0 m e V w a s u s e d , to o b t a i n a v a l u e 

for F . V a r i a t i o n of the v a l u e a s s u m e d for T wou ld a l s o c h a n g e , 
n Y 

t o a v a r i a b l e e x t e n t , t h e r e s u l t i n g F a n d t h e s a m e i s t r u e fo r a 

v a r i a t i o n of the r e s o l u t i o n w i d t h . B o t h e f f e c t s h a v e b e e n t a k e n in to 

a c c o u n t in quo t ing t h e f l u c t u a t i o n s on t h e i n d i v i d u a l r e s u l t s ( s e e t a b l e 2 . 1 

T h e t r a n s m i s s i o n r e s u l t s h a v e b e e n e x t e n d e d up t o 2 . 5 k e V , w i t h 

a v e r y n o t i c e a b l e d e c r e a s e of d e t a i l t o w a r d s the h i g h - e n e r g y e n d . , 

T a b l e 2 . 1 . 

E (eV) 
o x ' 

2 4 . 2 5 + 0 . 0 1 

3 9 . 1 4 ¿ 0. 01 

3 9 . 7 2 ¿ 0. 01 

5 5 . 5 3 ¿ 0 . 0 1 

80.45 ¿ 0 . 0 4 

8 8 . 1 6 ¿ 0. 02 

1 5 4 . 6 + 0 . 1 

2 1 7 . 5 + 0 . 1 

2 3 6 . 5 + 0 . 1 

2 6 1 . 9 + 0. 1 

2 9 0 . 3 ± 0. 1 

328 . 0 ¿ 0 . 1 

3 4 6 . 6 + 0 .1 

3 7 5 . 9 + 0. 1 

F (meV) 
n • 

0 . 0 1 6 

0 . 0 7 

0 . 4 2 

6 . 4 

0. 15 

2 7 . 0 

1 .65 

2 . 4 

187 

15 

180 ' 

134 

25 0 

95 

± 
¿ 
± 
+ 

_+ 

± 
± 
+_• 

± 
± 
± 

. + 

+_ 

+ 

i ' 

0. 002 

0. 02 

0 . 04 

0 . 6 

0. 02 

2 . 0 

0 . 3 

0 . 5 

2 0 

3 

20 

15 

25 

10 

1° (me n 

0 . 0 0 3 2 

0. 011 

0 . 0 8 5 

. 0 . 8 5 

0 . 0 1 7 

2 . 9 

0 . 1 3 

0 . 1 6 

1 2 . 2 

0. 9 

1 0 . 6 

7 . 4 

1 3 . 4 

4 . 9 

± 0 . 0 0 0 4 

+ 0 . 0 0 3 

± 0 . 0 0 8 

+ 0. 08 

± 0. 002 

± ° - 2 

+ 0. 02 

+ 0 . 0 3 

+ 1 .3 

± ° - 2 

¿ 1 . 2 

+ 0.-8; 

¿ 1 . 3 

.+ 0 . 5 
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T (meV) r r 

24 0 

23 .7 

17 

7 .7 

83 

± 25 

¿ 3 . 0 

+ 2 

± z 

+•• i o 

i ( m e 

12. 0 

1.1 

0 .8 

0.35 

3 .6 

sV*) 

± 1.3 

+ 0 .15 

± 0.1 

± 0. 1 

-1- 0.4 

Table 3. 1. (contd. ) 

E (eV) 

396 .8 + 0.1 

460 . 1 ¿ 0 . 2 

47 0.8 + 0. 2 

481 .7 ± 0.2 

522 .2 1 0.2 _ _ 

91 96 

2 . 5 . Resonance P a r a m e t e r s of Z r and Zr (A. B r u s e g a n , 

G. Rohr , T. van d e r Veen) 

Capture c r o s s sect ion m e a s u r e m e n t s have been p e r f o r m e d on 
96 -3 

an enr iched Z r s ample (4 .78*10 a t / b ) us ing a p a i r of C , F , d e -
691156 

74.1 074. t e c t o r s and applying the s p e c t r u m weight ing technique. The fl ight-

path length was 60 m. 

The ana lys i s of the c a p t u r e and self indicat ion data obtained 
91 in a p rev ious expe r imen t on Z r s a m p l e (8. 184 a t / b ) in the s a m e 

energy range is in p r o g r e s s . 

2 . 6. Resonance P a r a m e t e r s of Nb (L . Mewissen , F . P o o r t m a n s , 

G. Rohr , T. van de r Veen, J . Winter ) 
Total c r o s s sect ion m e a s u r e m e n t s (30 eV - 7 keV) 

_ ^ 
o* data w e r e obtained with four high p r e s s u r e He gaseous 

- 3 2 

sc in t i l l a to r s at 60m and 3 s a m p l e s ( 4 . 2 3 -10 a t / b , 1 .27-10 a t / b 

and 2 . 5 3 - 1 0 a t / b ) cooled down to l iquid n i t rogen t e m p e r a t u r e . 

A r e a ana lys i s i s in p r o g r e s s . Shape ana ly s i s was poss ib l e for 5 r e ­

sonances below 200 eV yielding r% v a l u e s which a r e in a g r e e m e n t 

with the va lues quoted in BNL 325 but which show a s m a l l e r s p r e a d . 
Sca t te r ing c r o s s sect ion m e a s u r e m e n t s . (30 eV - 4 keV) 

M e a s u r e m e n t s have been p e r f o r m e d -with 6 high p r e s s u r e 
3 

He gaseous sc in t i l l a to r s p laced at 30 m on two different s a m p l e s 

(4 .25 • 10~3 a t / b and ] . 27 • !0~ 2 a t / b ) . The reso lu t ion being sufficient 

to r e so lve m o s t of the r e s o n a n c e s , the da ta were n o r m a l i s e d r e l a t i ve 

. t o the sca t t e r ing c r o s s section of P b . 

Cap ture c r o s s sect ion and self indicat ion ra t io m e a s u r e m e n t s (30 eV-7keV) 

The canture e x p e r i m e n t s w e r e c a r r i e d out on a s a m p l e , 
- 3 

5 .463 * 10 a t / b , a t 60m with two C/F, s c in t i l l a to r s for y - r a y de tec t ion . 
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The neutron flux w a s m e a s u r e d by rep lac ing the Nb sample with a 

B s lab . Saturated Ag r e s o n a n c e s s e rved for the no rma l i sa t ion . 

The self indication r a t io data w e r e obtained with a sample th ickness 

of 2 .235 • 10 a t / b . Data ana ly s is is in p r o g r e s s . 

p -wave a s s ignmen t 

The capture data m e a s u r e d with the C , F Z de tec tor have been 
o o 

used for pa r i ty a s s i g n m e n t of r e s o n a n c e s , compar ing t ime of flight 

spec t r a taken with a high ampl i tude b ias with those with a low b i a s . 

The r e s u l t s a r e in v e r y good a g r e e m e n t with the r e s u l t s of the low 

populat ion method a s r e p o r t e d l a s t yea r . 

127 

2 . 7 . Resonance P a r a m e t e r s of I (G. Rohr , R. Shel ley) 

Motivated by a d i r e c t r e q u e s t from RCN Pe t ten \ in re la t ion 

to the STEK-pro jec t conce rned with in tegra l m e a s u r e m e n t s of the 
127 cap ture c r o s s sect ion of f i ss ion p roduc t s ) for p values of I 

a s e r i e s of cap ture , self indicat ion and t r a n s m i s s i o n m e a s u r e m e n t s 

have been c a r r i e d out on ^bI-> s a m p l e s in the energy range f rom 

20 eV - 5 keV. All m e a s u r e m e n t s have been pe r fo rmed using a 

p a i r of C / F , - d e t e c t o r s a t a 60 m flightpath. F o r the cap ture c r o s s 

sec t ion data the weighting method p roposed by Maie r -Le ibn i t z has been 

u s e d . Absolute ca l ib ra t ion of the capture c r o s s section has been ob­

tained by the sa tu ra ted r e s o n a n c e technique using Ag r e s o n a n c e s . 

F o r the total c r o s s sec t ion and the flux m e a s u r e m e n t the cap ture 

sample was rep laced by a B s lab . A r e a ana lys i s óf the capture 

data has been s t a r t ed . The expected a c c u r a c y of the final r e sonance 

p a r a m e t e r s g« r and p i s be tween 7% and 20<#> depending on the 

energy range and the s t r eng th of the r e s o n a n c e s . ' 

177 
2 . 8 . Resonance P a r a m e t e r s of Hf_ (G. Rohr, H. Weigmann) 

177 
The r e su l t s of the Hf m e a s u r e m e n t s have been submit ted to Nuclear Phys ic s for publ icat ion with the t i t le "Short Range Ene rgy-

177 
Dependence of the Neu t ron Widths of Hf Resonances" . The a b s t r a e 

r e a d s as follows: 
177 

"Neutron widths of ,Hf+n r e s o n a n c e s have been de te rmined from 

neut ron radiat ive cap ture and se l f - indicat ion m e a s u r e m e n t s , Together 

with resonance spin c lass i f ica t ion of Coceva et al . (P roc . Int. Conf. on 

Stat. p rop , of Nuclei , Albany 1971), the da ta have been used to study 

sp in - and energy dependence of the neutron s trength 
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function. A s ta t i s t ica l ly significant ene rgy dependence of the s t r eng th 

function for spin 4 has been o b s e r v e d . V a r i o u s s t a t i s t i ca l t e s t s show 

the p r e s e n c e of two n a r r o w s t r u c t u r e s with a " sp read ing width" of the 

o r d e r of the level spacing (~ 5 eV). " * 

235 
2. 9. . In t e rmed ia te S t ruc tu re in the keV F i s s i o n C r o s s Section of U_ 

(E. Migneco+++, P . Bos ignore , G. Lanzano , J . A. War tena , 

H. Weigmann) 

A pape r with this t i t le was p r e s e n t e d at the Conference on 

Nuc lea r C r o s s Sections and Technology in Washington 1975. 

The a b s t r a c t i s : 
235 

"The r e l a t i ve f iss ion c r o s s sec t ion of U has been m e a s u r e d 

up to 200 keV with a nominal r e so lu t ion of 1.0 n s / m , using a thin 

foil p l a s t i c sc in t i l la tor d e t e c t o r . The data have been analysed, in o r d e r 

to de tec t nons ta t i s t i ca l effects due to i n t e r m e d i a t e s t r u c t u r e . S ta t i s t i ca l 

t e s t s which have been appl ied to this f i ss ion and s imi lar , total c r o s s 

sec t ion data include ca lcu la t ions of the au tocor re l a t ion function and 

Wald-Wolfowitz t e s t s on the c r o s s - s e c t i o n s and on the a u t o c o r r e l o g r a m s . 

The compar i son of the r e s u l t s ind ica tes the p r e s e n c e of i n t e r m e d i a t e 

s t r u c t u r e eifectp in the f iss ion c r o s F - s e c t i p n which may be i n t e r p r e t e d 

on the b a c i ? of the doub1 e -humped deformat ion p o t e n t i a l . " 

238 +++ 
2 . 1 0 . S u b - B a r r i e r F i r s i o n of U ^E. Migneco , J. A. War tena , 

H. Weigmann) 

A paper was p r e s e n t e d at the Conference on Nuclear C r o s s 

691416 Sec ' iono and Technology in Washington, 1 9 7 5 . The a b s t r a c t i? : 
238 

" S u b - b a r r i e r f ission in U has firpt been obse rved by 

R. Block et a l . , using ionisa t ion c h a m b e r s for f ission f ragment de tec t ion . 

In the p r e sen t m e a s u r e m e n t s a liquid sc in t i l l a to r was used to de tec t 

p rompt f ission neu t rons . The reby , with a sample of 250 g of U, 

neut ron t ime-of-f l ight m e a s u r e m e n t s could be pe r fo rme d at a 30 m 

flightpath with a nominal reso lu t ion of 1.3 n s e c / m . The resu l t of the 

p r e s e n t invest igat ion is a full conf i rmat ion of the findings of Block 

et a l . This includes a conf i rmat ion, by high resolu t ion data, of the 

fact that the r e sonances at 7 2 1 . 0 eV and 1210.7 eV contr ibute most 

s t rongly to the obse rved f iss ion in the two s u b - b a r r i e r s t r u c t u r e s at low 

neutron e n e r g i e s . The i r f iss ion widths a r e found to be (0 .85 _+ 0. 13)meV 

and (0 .25 }_ 0. 05)meV, r e spec t ive ly (assuming " = 23 meV). 
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661045 
691439 
691467 
693070 
714024 
721085 
721086 
741125 
742006 
754009 

F o r mos t of the other r e s o n a n c e s in these two s t r u c t u r e s only upper 

l i m i t s for the fission widths a r e obtained. •' 

239 2 . 11 . F i s s i o n C r o s s Section M e a s u r e m e n t s on Pu ( R. B a r th é 1 é m y, 

C. Wagemans , J . A . War tena , H. Weigmann) 
239 P r e l i m i n a r y m e a s u r e m e n t s of the Pu fission c r o s s sec t ion 

and neut ron mul t ip l ic i ty have been c a r r i e d out with a new liquid sc in ­

t i l l a to r de tec to r . F i s s i o n c r o s s sec t ion de te rmina t ion via f ragment 

de tec t ion has been p e r f o r m e d with l a r g e a r e a s surface b a r r i e r d e t e c t o r s . 

The ana lys i s range extends f rom 5 eV to 35 keV. The m e a s u r e m e n t s will 

be continued after Linac mode rn i s a t i on . 

2 . 1 2 . F i s s i o n F r a g m e n t Kinetic E n e r g y and Mass Dis t r ibut ions for 
• • " ' 2 3 5 ~ 

the Neut ron Induced F i s s i o n of U (C. Wagemans**, H. Weigmann, 

G. Wegener -Penn ing and R. B a r t h é l é m y ) 

The capaci ty of the t h r e e - d i m e n s i o n a l analysing s y s t e m has been 

improved by coupling a 20 bit EMI magne t i c tape to the T r idac s y s t e m . 

This al lows the s imul taneous r e c o r d i n g of c o r r e l a t e d f ission f ragment 

p a i r s (E , E_) in a 128 x 128 channels m a t r i x for 64 t ime-of- f l ight 
235 

a d d r e s s e s . M e a s u r e m e n t s w e r e pe r fo rme d with two different U 
l a y e r s . Three neutron ene rgy r eg ions w e r e selected: from 10 keV to 

300 keV and the two s t rong r e s o n a n c e s at 8.79 eV (J=4) and 12 .39 eV 

(J = 3). F r o m these data the total f iss ion fragment kinetic ene rgy 

(E ) d i s t r ibu t ions a s well a s the m a s s d is t r ibu t ions were ca lcula ted 
is. 

a s functions of the incident neut ron e n e r g i e s . With the actual s t a t i s t i ca l 

a c c u r a c y no significant d i f ferences a r e found between the mean total 

f ission1 f ragment kinet ic e n e r g i e s EL. nor between the s y m m e t r i c - t o -

a s y m m e t r i c fission yields for both r e s o n a n c e s . In the neut ron energy 

reg ion from 10 to 300 keV a significant and sys temat ic d e c r e a s e of 

E^ with increas ing neut ron energy is obse rved . The s y m r n e t r i c - t o -

a s y m m e t r i c fission yields a r e cons iderab ly higher in the keV region 

than for both r e sonances cons ide red . 

Higher reso lu t ion m e a s u r e m e n t s will be per formed to d e t e r m i n e 

m o r e p r e c i s e m a s s - d i s t r i b u t i o n s . At the s ame occasion s eve ra l wel l-

r e so lved r e sonances with wel l -known spin values will be m e a s u r e d in 

o r d e r to invest igate the co r r e l a t i on between E^., s y m m e t r i c - t o - a s y m m o t ric 

f iss ion yields and r e sonance spin. 
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235 
2- 13. Capture to F i s s i on Ratio çc_of_ U, from the M e a s u r e m e n t 

of Low- Energy y - r a y s ( F . Corv i , P , Giacobbe *"*"*) 

This work was p r e s e n t e d at the Conference on Nuclear C r o s s 

Sect ions and Technology in Washington, 1975. The a b s t r a c t of. the 

pape r is a s follows: 

691249 "A new technique of a - d e t e r m i n a t i o n i s p resen ted , cons is t ing 
692373 
714008 °^ m e a s u r i n g v/ith a Ge(L i ) -de t ec to r l ow-ene rgy Y _ r a y spec t ra fol-
, 235 

721 077 lowing neut ron absorp t ion in U, a s a function of neut ron ene rgy . 

A r e l a t i ve value of a can then be deduced a s s u m i n g that the in tens i ty 

of a given cap ture (fission) Y - r a y is proport ional to the ave rage c a p ­

t u r e (fission) c r o s s - s e c t i o n . Such an a s sumpt ion is thoroughly d i s ­

c u s s e d in the text . More specif ica l ly , a was taken p ropor t iona l to the . 

r a t i o between the in tens i ty of the 642 keV capture t r ans i t ion and those 

of the f iss ion Y - r a y s at 352 keV and 1280 keV. Average a - v a l u e s with 

s t a t i s t i ca l e r r o r s l e s s or equal to _+ 5% w e r e de te rmined for 20 i n t e r ­

v a l s in the range 86 eV - 31 .6 keVM . 
238 

2 .14 . p-Wave Ass ignmen t of U_Nj^t£on_R^s o nances ( F . Corv i , 

G. Rohr , H. Weigmann) 

A paper , with the following a b s t r a c t was p r e s e n t e d at the 

Conference on Nuclear C r o s s Sect ions and Technology in Washington, 

1975. 
2 38 

"A method of p -wave a s s i g n m e n t of U r e s o n a n c e s is p r e s e n t e d , 

cons is t ing of m e a s u r i n g the f rac t ion of cap tu re Y - r a y s above 4 . 3 MeV 

for neutron r e s o n a n c e s in the range 10 - 1600 eV. In this way 57 r e ­

sonances showing an enhancement of the high energy y - r a y yield, 

w e r e identified as p - w a v e s . In addit ion, a capture c r o s s - s e c t i o n 

m e a s u r e m e n t was pe r fo rme d on a 6.32 • 10 a t / b a r n thick s ample 

in o r d e r to obtain the e r va lues of such smal l r e s o n a n c e s . The d e -

r ived final e s t i m a t e s of the p -wave s t rength function S. and of the s -wave 

level spacing D Q a r e : S = (2 .3 + ¡j"*-) • 1 0 - 4 ; D Q = (22.4 + 1 . 0 ) eV, " 

232 2.. 15. p-Wave Ass ignment of Th Neutron Resonances ( F . Corv i , 

R. Shellev, T. an der Veen) . 

The p-wave a s s ignmen t technique desc r ibed in 3. 14 above was 
2 32 applied a i ro to the Th c a s e . The yield of h igh-energy cap ture 

y - r a y s above 4 .4 MeV from a 6 mm thick meta l l i c sample was 

m e a s u r e d in the neutron energy r an^e 110 - 2200 eV at a 50 m long 
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f l i g h t p a t h . T h i s r u n w a s . then c o m p a r e d to a n o r m a l i s a t i o n r u n in 

w h i c h y - r a y s in the r a n g e 3 .7 ' - 4 . 4 MeV w e r e d e t e c t e d : s u c h 

a h igh t h r e s h o l d w a s c h o s e n in o r d e r to cu t down the y - a c t i v i t y 
2 08 " > 

f r o m the d e c a y of the d a u g h t e r p r o d u c t T l . E v e n s o , r e s i d u a l 

s u m m i n g e f f ec t s f r o m t h i s a c t i v i t y c o n t r i b u t e d m o r e t h a n 5 0% of 

t h e t o t a l b a c k g r o u n d . ' 

T h e r a t i o s R bet-ween t h e r e s o n a n c e a r e a s of the two r u n s 

a r e p l o t t e d a g a i n s t g r / E in f ig . 2 . 1 : t h e p i c t u r e i s s i m i l a r to t h a t 
238 n n 

a l r e a d y found for U, w i th w e a k r e s o n a n c e s showing h igh R v a l u e s 

w h i l e m o s t s t r o n g l e v e l s h a v e v a l u e s fa l l ing b e l o w the d o t t e d l ine a t 

R = 0 . 5 9 . On the b a s i s of s u c h a p lo t a n d of a d d i t i o n a l c a l c u l a t i o n s , 

w e . iden t i fy a s p - w a v e s t h o s e r e s o n a n c e s w h i c h s a t i s f y the fo l lowing . 

two c o n d i t i o n s : a ) (R - AR)> 0. 5 9 ; b) g r / E < 0. 15 m e V . 
° n ' n 

A p r e l i m i n a r y l i s t of 4 6 p - w a v e a s s i g n m e n t s b a s e d on s u c h 

r e q u i r e m e n t s a r e g i v e n i n t a b l e 2 . 2 . It i s p l a n n e d to r e p e a t the m e a s u r e ­

m e n t s wi th t h e u p g r a d e d L i n a c a t a s h o r t e r f l i gh tpa th (L = 30 m ) in 

o r d e r to i m p r o v e the s t a t i s t i c a l a c c u r a c y a n d the s i g n a l - t o - b a c k g r o u n d 

r a t i o . 
235 

2 . 1 6 C o n t r o v e r s y on F i s s i o n F r a g m e n t E n e r g y Var_iati_ons__in__ U 

N e u t r o n R e s o n a n c e s (R . B a r t h é l é m y , C. W a g e m a n s t * J . W a r t e n a , 

H. W e i g m a n n ) 

R e c e n t l y , F e l v i n i et a l . ( P r o c . of the C o n f e r e n c e on N u c l e a r 

C r o s s S e c t i o n s and T e c h n o l o g y , W a s h i n g t o n 1975 , NBS S p e c i a l P u b l . 

4 2 5 , p . 580) o b s e r v e d s t r o n g v a r i a t i o n s of t h e e n e r g y d i s t r i b u t i o n of 

f i s s i o n f r a g m e n t s a s a func t ion of n e u t r o n e n e r g y for t h e r e s o n a n c e 
235 

n e u t r o n i n d u c e d f i s s i o n of U. S ince t h i s would have i m p o r t a n t 

c o n s e q u e n c e s on bo th f i s s i o n t h e o r y and 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 , we u n d e r t o o k a v e r y s i m i l a r m e a s u r e m e n t . U n d e r c o m p a r a b l e 
5 

m e a s u r i n g c o n d i t i o n s w e r e c o r d e d 8. 5 x 10 f i s s i o n e v e n t s in the 

e n e r g y r a n g e f r o m 0 . 6 t o 23 eV, i . e . five t i m e s m o r e than in the 

c a s e of F e l v i n c i et a l . D e t a i l e d s t a t i s t i c a l t e s t s w e r e a p p l i e d to the 

d a t a , d e m o n s t r a t i n g tha t no f l u c t u a t i o n s s t r o n g e r than should he e x p o r t e d 

f r o m count ing s t a t i s t i c s a r e p r e s e n t . 

A m o r e d e t a i l e d r e p o r t on t h e s e m e a s u r e m e n t s h a s b e e n p u b l i s h e d 

in P h y s . R e v . L e t t . ¿ 5 , 18 (1975)1213 wi th the fol lowing a b s t r a c t : 

" M e a s u r e m e n t s have b e e n m a d e to check r e c e n t f indings of f i s s i on 
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T a b l e 2. 2 . 
232 

p - W a v e R e s o n a n c e s of " Th 

E (eV) 
n 

128 , 2 

145 . 9 

1 6 7 . 7 

1 6 8 . 2 

1 9 6 . 2 

2 0 1 . 3 

202 . 7 

2 4 2 . 4 

2 9 9 . 9 

302 . 7 

380 . 6 

392 . 0 

412 . 2 

4 5 9 . 1 

4 7 6 . 5 

5 3 3 , 9 

5 3 5 . 9 

5 7 4 . 2 

7 6 5 . 2 

8 0 2 . 4 

8 2 1 . 9 

8 5 1 . 6 

9 1 9 . 8 

R + 

0 . 9 0 

1 .12 

2 . 1 5 

1. 18 

1 . 13 

1 .10 

0 .81 

• 1-. 89 

3. 12 

0 . 9 9 

1. 34 

1. 03 

1 . 4 5 

1. 36 

1. 63 

1. 05 

1. 08 

1. 58 

0. 97 

1. 35 

0. 80 

0. 76 

1. 56 

AR 

0. .1 5 

0. 11 

0 .71 

0. 29 

0. 11 

0. 17 

0. 18 

1. 00 

2. 32 

0 . 1 9 

0, 31 

0 .41 

0 . 2 4 

0 . 4 7 

0. 78 

0. 17 

0. 12 

0. 08 

0. 17 

0 . 4 6 

0 . 1 5 

0. 11 

0. 58 

E (eV) 
r r 

9 9 7 . 1 

1 044 . 9 

1049 . 8 

1 1 1 5 . 9 

1117 . 5 

1 2 0 6 . 2 

1 234 . 8 

1 3 4 7 . 2 

1 3 7 3 . 9' 

1389 .21 

1408.0» 

1613 .4" 

1626 . 0' 

1 6 4 5 . 8 

1 6 9 2 . 9 

1732 . 1 

1 7 8 7 . 9 

1 8 3 8 . 8 

1850. 6 

1 8 7 6 . 2 

1 8 9 6 . 6 

1 9 1 7 . 5 

2104 . 8 

R + 

0 . 8 8 

1.11 

1 .13 

1 .04 

0 . 8 6 

1 . 1 5 

1 .22 

1. 74 

1. 07 

0 .81 

1. 01 

1. 82 

1. 35 

1. 68 

1. 17 

1. 30 

1.21 

1. 55 

0 . 8 4 

1 .46 

1 . 1 8 

2 . 1 4 

3 . 62 

AR 

0. 17 

0. 21 

0 . 4 2 

0. 11 

0. 18 

0 . 1 8 

0 . 3 4 

0. 61 

0 . 2 3 

0. 13 

0 .41 

0 . 7 0 

0. 54 

0 . 2 3 

0. 51 

0. 27 

0. 41 

0. 50 

0. 14 

1.71 

0. 10 

0 . 8 0 

2 . 66 
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Fig: 2 .1 . Plot of R values against grn7 ]/Ën for Z32Th neutron resonances in the range 110 - 2200eV. 
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f r a g m e n t e n e r g y v a r i a t i o n s in low e n e r g y n e u t r o n r e s o n a n c e s of 
235 

U. T h e r e s u l t h a s b e e n n e g a t i v e . " 

2 . 1 7 . Preci_sjo_n_ _N eut ron_ J-5.n e r g_y_ D e t c r m i n a ti o n_ of C, Na,- ' _L i_, Li_ 

and __y„£^onan_cej__ (K. H. Bockhoff , F . C o r v i , A . D u f r a s n e ) 

D i s c r e p a n c i e s in t h e n e u t r o n e n e r g y s c a l e s of d i f f e r e n t l a b o ­

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

b r a t i o n a t o u r L i n a c b y m e a s u r i n g n e u t r o n r e s o n a n c e e n e r g i e s f rom 

the MeV r a n g e down to the eV r a n g e a n d c o m p a r i n g t h e m wi th the 

r e s u l t s of o t h e r l a b o r a t o r i e s . 

a ) C a r b o n r e s o n a n c e s 

E x p e r i m e n t . : 

D e t e c t o r : 

F l i g h t p a t h l e n g t h : 

B u r s t a n d c h a n n e l 
w i d t h s : 

R e s u l t s : ( in keV) 

t r a n s m i s s i o n w i t h o u t m o d e r a t o r 

d e t e r m i n a t i o n of r e s o n a n c e m i n i m a 

p l a s t i c s c i n t i l l a t o r v i e w e d by t h r e e 60 A V P 

p h o t o m u l t i p l i e r s 

4 0 0 m 

10 n s e a c h 

c o m p a r e d w i th r e s u l t s f r o m o t h e r l a b o r a t o r i e s 

1)1 2) 
K a r l s r u h e 68 j W i s c o n s i n 69 I N B S 75 3* 

C y c l o t r o n 

4933+5 

5369+6 

6293+8 

Ï I 
G e e l 75 B N L 325 ! 

Van de G r a a f f ¡ L i n a c | L i n a c 

2079 + 3 ¡ 2079 + 3 

28 Í9 + 3 j 2819 + 5 

4 9 3 5 + 4 j 4940 + 11 

! 5368 + 5 l 5378 + 13 

| 6 2 9 4 + 8 6 2 9 5 + 1 6 

2077 + 3 

2817"jh 3 

4935 _+ 8 

5368 + 9 

2077 ± 2 

2818 +_ 4 

4936 _+ 6 

5366 ± 6 j 

6292 ¿ 1 1 ¡ 6293 + 5 ¡ 

1) S. C i e r j a c k s , P r o c . Conf. N u c l . D a t a , Vo l .11 , H e l s i n k i , 1 5 - 1 9 J u n e , 
1 5 - 1 9 J u n e , 1970, p . 238 . 

2) J . C . D a v i s and F . T . Noda , N u c l . P h y s . A 134 (1969) , 3 6 1 - 3 6 8 

3) H . T . l l e a t o n II, J . L . M e n k e , R . A . S c h r a c k , R. B. S c h w a r t z , 
N u c l . S c i . E n g . 5 6 ( 1 9 7 5 ) , 2 6 - 3 6 . 

b) Çojliurjl rÇ.̂ .Ç.H .̂'IÇ.̂ Ë. 

E x p e r i m e n t for 1 6 0 2 . 9 keV r e s o n a n c e : a s in c a s e a ) 

E x p e r i m e n t for 2 9 9 . 4 keV r e s o n a n c e : 

- T r a n s m i s s i o n wi th m o d e r a t o r 

B - N a l d e t e c t i o n s y s t e m . . . , . ' 

- F l i g h t p a t h l eng th : 100 m 
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R e s u l t s (in keV) c o m p a r e d with r e s u l t s f r o m o t h e r l a b o r a t o r i e s . 

4) 
K a r l s r u h e 69 ; 

C y c l o t r o n 

299 . 5+0. 1 
1 602. 9 + 1 . 4 

4) C o l u m b i a 73 

S y n c h r o c y c l o t r o n 

2 9 8 . 5 + 1 . 0 

H a r w e l l (I) 7 4 4 ' 

L i n a c 

2 9 8 . 8 + 2 . 3 

H a r w e l l (II) 7 4 4 / 

S y n c h r o c y c l o t r o n 

2 9 9 . 1 9 + 0 . 1 2 

G e e l 75 

L i n a c 

299 . 4 + 0 . 4 
1603 . 8 + 1 . 2 

c)- L i t h i u m - 6 R e s o n a n c e ( s e e a l s o c h a p t e r 4 . 1 ) 

T h e e n e r g y of the p e a k of the L i t o t a l c r o s s s e c t i o n h a s b e e n d e t e r ­

m i n e d f r o m L ë g e n d r e p o l y n o m i a l l e a s t s q u a r e s f i t s t o the c r o s s s e c t i o n 

d a t a of 3 i n d e p e n d e n t t r a n s m i s s i o n e x p e r i m e n t s (with 2 d i f f e r e n t t h i c k ­

n e s s e s of Li e n r i c h e d s a m p l e s ) , e a c h of t h e m p e r f o r m e d s i m u l t a n e o u s l y 
7 

wi th a t r a n s m i s s i o n e x p e r i m e n t on n a t u r a l L i so tha t the L i c o n t r i b u t i o n 

cou ld be s u b t r a c t e d d i r e c t l y . The r e s o n a n c e e n e r g y a s o b t a i n e d from" a 

B r e i t - W i g n e r fit (Kn i t t e r ) a g r e e d wi th in 0. 1 ke V wi th the v a l u e f r o m a 

p o l y n o m i a l fit. S t a t i s t i c a l a c c u r a c y of the o"T d a t a p o i n t s a r o u n d t p e a k 

of t h e r e s o n a n c e i s ~ 1%. The d i s t a n c e b e t w e e n t h e s e d a t a p o i n t s at the 

p e a k i s 700 eV. F l i g h t p a t h l eng th w a s 100 m , b u r s t and c h a n n e l w i d t h s 

20 n s e a c h . The m e a s u r e m e n t s w e r e done wi th the B - N a l d e t e c t o r . 
R e s u l t s (in keV) T . „ , 

v ' L i n a c v a l u e s . . . 
H a r w e l l (I) 7 4 4) H a r w e l l ( l l ) 7 4 4) Oak Ridge 7 5 Gee l 7 5 

2 4 3 . 5 + 1 242.71 + 0. 33 (246 . 0 + 0 .25 ) 5) 
244. 9 + 0. 5 
2 4 5 . 1 + 0. 5 
2 4 5 . 0 + 0. 5 

Van de Graa f f v a l u e s 

A r g o n n e 68 (I) 

250 

A r g o n n e 68 ( I I ) 4 ' 

250 . 6 + 2 

A r g o n n e 72 (III)4) 

252 . 5 
_.,, 

.- — 

Gee l 75 

2 4 8 . 7 + 3 

d) L i t h i u m - 7 R e s o n a n c e 

T h e e n e r g y p o s i t i o n of the p e a k c r o s s s e c t i o n w a s d e t e r m i n e d by a 

L e g e n d r e p o l y n o m i a l fit applied to the d a t a o b t a i n e d in e x p e r i m e n t (c) 

on n a t u r a l Li and w a s c o r r e c t e d for L i . The r e s u l t i s : 

E D = 2 5 5 . 2 + 0. 5 keV 
R 

4) G . D . J a m e s , D. B . S y m e , P . H. Bowen , P . E . Dol ley , 
A E R E R e p o r t 7919 . 

5) P r o c . of the Conf. on N u c l . C r o s s S e c t i o n s a n d T e c h n o l o g y , 
, . . .Washington- DC, Maçch 3 - 7 , 1975,, 244,-245. .. 
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v 238T T T, 

e) Ui R e s o n a n c e s 

E x p e r i m e n t : c a p t u r e 

D e t e c t o r : 7 " x 6" NaT c r y s t a l 

F l i g h t p a t h l e n g t h : 50 and 200 m 

B u r s t a n d c h a n n e l 
w i d t h s : 2 0 n s e a c h . 

238 
T h e e n e r g y v a l u e s of . . U n e u t r o n r e s o n a n c e s d e d u c e d f r o m the 

d a t a of s e c t i o n 2 .13. w h i c h w e r e t a k e n a t a 50 m f l i gh tpa th d i s p l a y 

a s y s t e m a t i c shif t a s c o m p a r e d to t h e d a t a of R a h n e t a l . ( P h y s . R e v . C, 

"Vol. 6, N u m b e r 5, 1 8 5 4 - 1 8 6 9 ) p e r f o r m e d a t a 200 m flightpath. A c a p t u r e 

r u n w a s t h e r e f o r e m a d e a t 200 m to c h e c k t h e G e e l 50 m d a t a . T h e r e w a s 

v e r y good a g r e e m e n t b e t w e e n the two G e e l r u n s . As a f u r t h e r p r e c a u t i o n the 

f l i g h t - p a t h for the n o m i n a l 200 m r u n w a s m e a s u r e d wi th an I n v a r t a p e y i e l d i n g 
• . . • 5 • ' • • ' ' • ' • ' 

a p r e c i s i o n in l i n e g t h of 1 p a r t in 10 . T h e e n e r g i e s of a s e l e c t e d 
? 38 

n u m b e r of- U r e s o n a n c e s a r e c o m p a r e d in a t a b l e for the two G e e l 

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

d i f f e r e n c e s b e t w e e n t h e 200 m r u n s of C o l u m b i a a n d G e e l . F r o m the 

a p p r o x i m a t e c o n s t a n c y of t h e s e d i f f e r e n c e s in e n e r g y a n d i t s a v e r a g e 

v a l u e of 0 . 1 % one m a y c o n c l u d e t h a t t he f l igh tpa th l e n g t h d e t e r m i n a t i o n s . 

of b o t h l a b o r a t o r i e s d i f fe r b y a b o u t 10 c m . 

2 38 
E n e r g i e s in eV of U n e u t r o n r e s o n a n c e s 

G e e l ( 5 0 m ) G e e l ( 2 0 0 m j C o l u m b i a 1 ( 2 0 0 m ) R e l a t i v e 
D i f f e r e n c e 

2673.9 + 0.8 2674.0 + . 0 . 8 2 6 7 1 . 3 + 0.9 +1.00 -0 .3 

2490.7 + 0.7 2490.8 + 0.4 2488.4 + 0.7 +0.96 -03 

2 4 5 7 . 2 + 0 .7 2 4 5 7 . 3 + 0 . 4 2 4 5 4 . 8 + 0 . 7 + 1 . 0 2 - 0 3 

2428.3 + 0.7 2428.8 +_ 0.4 2 4 2 5 . 7 + 0.7 +1.63 - 0 3 -

2393.5 + 0.7 2 3 9 3 . 6 + 0.4 2 3 9 1 . 4 + 0 . 7 +0.92 -03 

2282.2 +_ 0.6 2283.2 + 0.4 2281.7 j - 0.7 +0.66 -03 

2 1 4 6 . 9 + 0.6 2 1 4 6 . 7 + 0.3 2 1 4 4 . 6 + 0 . 6 . + 0 . 9 8 - 0 3 

2097.5 + 0.6 . 2 0 9 7 . 6 + 0.3 2 0 9 5 . 9 + 0.6 +0.81 -03 

2 0 3 1 . 7 + 0 . 5 2 0 3 1 . 9 + 0 . 3 2 0 2 9 . 8 + 0 . 6 + 1 . 0 3 - 0 3 

1 8 0 9 . 4 + 0 . 5 1 8 0 9 . 5 + 0 .2 1 8 0 7 . 9 + p. 5 + 0 . 8 8 -03 

1 6 3 9 . 0 + 0 .4 1 6 3 9 . 1 + 0 . 3 1 6 3 7 . 4 + 0 . 5 41 .04 -03 

1 4 7 4 . 6 + 0 .4 1 4 7 4 . 6 +• 0 . 3 1 4 7 3 . 4 + 0 .4 +0 .81 -03 

1 4 4 4 . 8 +. 0 . 3 1 4 4 5 . 1 + 0 . 3 1 4 4 3 . 5 -f 0 .4 +1 .11 - 0 3 

1 4 2 8 . 7 T 0 . 3 1 4 2 8 . 8 +_ 0 . 3 . 1 4 2 7 . 4 + 0 .4 + 0 . 9 8 - 0 3 

1420.7 + 0.3 ' 1 4 1 9 . 2 + 0.3 +1.06 -03 
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3, STANDARD NEUTRON CROSS SECTION DATA 

AND RELATED INVESTIGATIONS 

6 
3 . 1 . M e a s u r e m e n t s Pe r t a in ing to the Li(n,a) C r o s s Sections 

A 7 

M e a s u r e m e n t s on H, C, Li and Li in the keV-MeV range using 

a "whi t e" sou rce . (K. H. Bockhoff, A. Dufrasne) 

Since the r e s u l t s of the p rev ious m e a s u r e m e n t s e r i e s showed . 

691009 up to 3% deviat ions from recen t l i t e r a t u r e data , a new s e r i e s of 
691011 . . _ TT „ , 6T . '' , 7T . , , . , 

/ „ 2 0 0 4 t r a n s m i s s i o n m e a s u r e m e n t s on H, C, and Li and Li has been pe r fo rmed 

692005 at a 100 ra flightpath (20 ns b u r s t and channel widths) after, modification 

71 300? °^ some exper imen ta l conditions (neutron moni to r , col l imation, e lec t ron ics ) 

721008 and careful check of o t h e r s . P i e c e s of lead, 3 m m thick, placed between 

732038 the ' B slab and each of the 4 Nal c r y s t a l s reduced the y-fra-sh signal 

742024 to a 1.5 MeV pulse . 

The t o t a l ' c r o s s section da ta of hydrogen was obtained from 

t r a n s m i s s i o n expe r imen t s on two r e s e a r c h grade polyethylene samples 

of different th i cknesses and one r e a c t o r g rade graphi te sample employed 

in the s ame sample changer sequence . F ig . 3.1 shows how a leas t 

s q u a r e s fit to the da ta devia tes from the cor responding fit to the E N D F / B IV 

data . F ig . 3.2. d isp lays the pe rcen tage deviat ions of l e a s t squa re s fits 

to the carbon total c r o s s section da ta of this and other e x p e r i m e n t s . 

In a t r a n s m i s s i o n expe r imen t us ing . 20 cm of i ron in the beam 

a total c r o s s section for carbon of 4. 650 b a r n s was found at the "neutron 

windows" near 24 keV, which a g r e e s within 0 .7% with the_ value obtained 

in a s i m i l a r exper imen t by Block et al . (CINDA 7 5). 
. . . 

The total c r o s s sect ions of Li and Li obtained from q u a s i -

s imul taneous t r a n s m i s s i o n expe r imen t s on th ree Li enr iched samples 

and one na tu ra l Li sample a re plotted in F ig . 3 . 3. The Li peak c r o s s 

sec t ions as de te rmined from the expe r imen t s with the two thinner samples 

and polynomial l ea s t squa re s fits yielded the same value-of 0™= 10.7 + 0.1 b . 

The energy of the maximum of 0" in the resonance i s 245. 0 _+ 0. 5 keV. 

The total c r o s s section r e s u l t s p resen ted he re still show unexplained 

sys t ema t i c deviat ions in p a r t s of the analysed energy range from the 

r e s u l t s of other au thors . An explanation has not yet been found. 
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1) C. A. Uttley, KM Diment, Proc. Symp Neutron Standards and 
Flux Normalisation, Conf. 701002, p 201, US Atomic Energy 
Commission (1971). 

2) HT. Heaton I I , J.L Menke.R A. Schrack, R B.Schwartz 
Nucl. Sci.Eng. 56,27-36 (1975). 

3) J.W. Meadows and J.F Whaien.Nucl. Sci Eng 41/351 (1970). 



IS, 50 

12. CO 

I t . 50 

II . 00 

o 

6 7 
TOTAL CROSS SECTIONS OF LI AND L! 

@"LI (SINGLE LEVEL FIT) 
O 7 L ! {EYE GUIDED CURVE) 

—r~ 
o —r- _r_ T —r-

Fig. 33 

tí e ' - . ' 0 r, c- ~ _ , 

neuíron ensrgy in MeV (xlO ) 

—r -



- 21 .-

At p r e s e n t it cannot be excluded that the 2. 2 MeV y ' s from neut ron 

cap ture in the polyethylene m o d e r a t o r have a h igher influence on the 

r e s u l t s than a s sumed , 

M e a s u r e m e n t s of neut ron total and e las t i c sca t t e r ing c r o s s sect ion 
Z.~~ • ' . " ' " " — 

of Li with the monoenerge t i c beam technique (H.-H. Kni t te r , 

C. Budtz - J p r s e n s e n , M. Mailly, R. Vogt) 

The total c r o s s section m e a s u r e m e n t s of Li have been completed 

in the energy range from 0. 1 to 3. 0 MeV neut ron energy using the 

t r a n s m i s s i o n method and the monoene rge t i c beam technique. Since 

the total c r o s s sect ion changes by about a factor of 10 over the r e ­

sonance n e a r 250 keV incident neu t ron energy, th ree different s amp le s 

were used in the m e a s u r e m e n t s in o r d e r to keep the t r a n s m i s s i o n be­

tween 0. 5 and 0 . 7 . Cor rec t ions due to the insca t t e r ing effect, i sotopic 
7 

content of Li , e l ec t ron ic dead t ime and due to the energy sp read of 
the incident neutrons were applied to the raw exper imenta l da ta . 

E l a s t i c neut ron sca t t e r ing angular d i s t r ibu t ions were m e a s u r e d 

at the following incident neutron e n e r g i e s : 0.22, 0 .25 , 0 .27, 0 .30, 

0 .32 , 0 .35 , 0 .40 , .0 ,45 , . 0 .50, 0 .55 , 0 .60, 0. 65, 0. 70, 0 .75 , 0 .80, 

0 .85 , 0 .90, 0 .95 , 2 .20 , 2 .30 , 2 .40 , 2 .50 , 2 .60, 2. 70, 2. 80, 2 .90 

and 3.00 MeV. Analysis of the da ta i s n e a r l y complete . In the 

energy range from 1. 0 to 2 .3 MeV the data agree with those obtained 

p rev ious ly (Knit ter and Coppola, EUR 3454. e 1967). 

A fit with a single Bre i t -Wigne r level and a background was 

m a d e to the total c r o s s sect ion da ta only. This gave a m a x i m u m value 

at 248 .7 + 3. 0 keV and a value of 3 . 27 + 0.14b for the peak (n ,o )c ros s - sec t ion . 

When ana lys i s of the e l a s t i c sca t t e r ing c r o s s section data i s completed, 

the whole data set will be t r ea t ed using the S -ma t r ix fo rma l i sm and it 

i s hoped to obtain the in tegra ted c r o s s section as well as the angular 

d i s t r ibu t ions as a function of the incident neutron energy of the react ion 
6 Li(n , t ) 4 He. 

M e a s u r e m e n t of the Li to B(n,ft) c r o s s - s e c t i o n ra t io (C. Bast ian, 

G. Le DezV 

Appara tus for c a r r y i n g out this m e a s u r e m e n t as desc r ibed in the 

642001 prev ious r epo r t is in an advanced stage of const ruct ion. The gas sc in-

/ ~ , ^ - > filiation technique has been tes ted with the Ci-particles from a uran ium 
69102Z 

deposi t in a smal l container through which purified Xenon is c i rcu la ted . 
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691364 Two quartz window photomultiplicrs view the gas. Good separation 
691373 
721 028"" t n e ^ -particle scintillations from background is obtained; the 

754025 pulse amplitude, decreases noticeably in about 2 days after dis­

connecting the container from the purification loop. 

1 97 
3. 2. Determination of Au(n, y) Cross Sections in the 0.2 to 

3. 0 MeV Region (A. Paulsen, H. Liskien, R. Widera, F. Arnotte) 

This work was finished and published (A. Paulsen, R. Widera, 

H. Liskien, Atomkernenergie 2j6 (1975) 80 with the following abstract: 
197 198 

"Cross sections for the standard capture reaction Au(n, y) Au 

671082 were measured between 0.2 and 3.0 MeV neutron energy with an ac-

692317 curacy better than + 5% by means of the sample activation technique. 

721073 Quasi-monoenergetic neutrons were produced at the 3.7 MV Van de 

Graaff accelerator of the CBNM and the neutron fluences were de­

termined by a proton recoil proportional or telescope counter. " 

. "•• In addition the following information is given here: The neutron 

fluence determinations are based on the integral and differential 

n-p scattering cross sections as given in E N D F / B - I V . The induced 

activities were measured by means of a Ge(Li) gamma spectrometer 
1 98 

in comparison with Au calibration sources which resembled the 

activation samples with respect to material and geometry. Corrections 

were applied for neutron beam attenuation within the sample, for 

neutron in-scattering by target backing and holder and for thermal and 

epithermal neutrons. When compared with earlier measurements 

published since 1969 the present results are not systematically higher 

than the corresponding results of the prompt y detection measurements. 

3.3. Measurements Pertaining to Absolute Fission Cross-Section Dat.i 

241 
Measurement and normalisation of the relative Pu fission c ross -

section in the thermal and low resonance region. (C. Wagemans^f 

A.J . Deruytte'r****. R. Barthélémy) 

A report has been written and is accepted for publication 

in Nucl. Sc. Eng. The abstract is: 
241 

"The neutron induced fission cross-section of Pu has been 

measured at an eight meter flightpath of the CBNM Linac from 50 eV 

to 0.01 eV, allowing a direct normalisation to the 2200 m/sec refe­

rence cross section. The fission reaction rate and the neutron flux 

*# "Nationaal Fonds voor Wetenschappelijk Onderzoek", Brussels 

»H»ttn University of Ghent 
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w e r e d e t e r m i n e d s imul taneous ly with sur face b a r r i e r d e t e c t o r s p laced 

pn each side of back - to -back Pu and B l a y e r s . The f iss ion 

c r o s s - s e c t i o n was de te rmined assuming a l / v behaviour of the 
10 7 

B(n,a) Li c r o s s - s e c t i o n . Severa l f ission and" r e s o n a n c e i n t e g r a l s 

were calcula ted from the n o r m a l i s e d a ¿--curve and compared with 

o the r r e s u l t s . Also the 20 .44°C Westcot t factor was ca lcu la ted , . 

yielding g f = 1.046 + 0 . 0 0 6 . " 

235 

M e a s u r e m e n t - o f the f ission c r o s s sect ion of U in the ene rgy region 

from 5 eV to 30 keV (C. Wagemans*? R. Bar thé lémy, J . Van Gils) 

The neu t ron induced f ission c r o s s - s e c t i o n of ' U was m e a s u r e d 
10 7 

6601043 re l a t ive to the B(n ,a ) Li reac t ion . In addition the flux de te rmina t ion 
et a l . 6 / \4 

was ver i f ied us ing a l so the Li(n, t) He reac t ion . F i s s i o n f r agment s 
70, 71, and a p a r t i c l e s were detected with S i - su r face b a r r i e r de t e c to r s and 
72 of 
W R E N D ^ e b l a c k - r e s o n a n c e technique was used for the background de t e rmina t ion . 
LIST The da ta have been n o r m a l i s e d to the f ission in tegra l 

7 8 y . a , (E)dE = (240.1 _+ 2. 1) b* eV de te rmined in a p rev ious m e a s u r e ­

men t (JNE 2_5 (1975) 263), which was i tself n o r m a l i s e d to the absolute 

2200 m / s f ission c r o s s - s e c t i o n value (587.6 + 2. 6)b de t e rmined by 

.Deruyt ter et a l . (JNE 27 (1973)645). A c r i t i ca l ana lys i s of published 

c r o s s sect ion da ta shows that d i s c r e p a n c i e s m a y be explained to a 

}arge extent by the v e r y different no rma l i s a t i on m e t h o d s . 

233 
Pe t e rmina t i on of the f ission c r o s s - s e c t i o n of U from 0.002 eV 
to 0. 15 eV and i t s r e f e r en c e value at 2200 m / s (R. Buyl, J . Van Gils , 
E . Wat tecamps) 

233 
The purpose of the exper iment i s to de t e rmine c , of U 

10 7 
re la t ive to B(n,0t) Li from 0.002 eV to 0 .15 eV and to d e t e r m i n e 

621035 in p a r t i c u l a r the r e f e r ence value O " at 2200 m / s in absolute uni ts 
A71 O'í/í 
, to v/ithin 0 . 5 % a c c u r a c y . The slow chopper facility at the BR-2 r e a c t o r 
753025 of the SCK l a b o r a t o r y is being used. Since CT ° of U is a l r eady known 

235 
and since U c a u s e s l e s s radiat ion damage to the s emi -conduc to r 

235 de tec to r , p r e l i m i n a r y m e a s u r e m e n t s a re being made on O U re la t ive 10 to x B. To d i s c o v e r and reduce as far as poss ib le sy s t ema t i c e r r o r s , 
? 3 *5 1 0 

t h ree U s a m p l e s and four B samples were inves t igated, thus a l -
235 

lowing c r o s s - c h e c k s . The accuracy obtained so far for ol of U i s 2%, 
but the poor accu racy i s mainly due to poor s ta t i s t i ca l accuracy and 

7 ' 
bad pulse height reso lu t ion of the a and Li peaks . New d e t e c t o r s 
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with 25 keV pulse height resolu t ion (for . 1. 5 MeV a.) have now been 

incorpora t ed and m e a n s for i nc rea s ing the flux and thus improving 

the s t a t i s t i ca l accu racy a re under study. 

3 . 4 . Pa r t i c ipa t ion in the Internat ional F a s t Neutron Fluence 

I n t e r c o m p a r i s o n s by BIPM (H. Liskien, A. Pau l sen , R. Widera) 

The s e r i e s of i n t e r c o m p a r i s o n done in 1974 have been c o m -

pleted in May 1975 by i r r ad i a t ing about 80 m g / c m thick i ron foils 

in known 14 .8 MeV neutron fluxes. The " s a t u r a t e d " |3 - e m i s s i o n 

r a t e at the end of the i r r ad ia t ion se rves , as a b a s i s for i n t e r l ab 

compar i son . No co r r ec t i on for selfabsorpt ion i s applied; " s a tu r a t ed ' 

m e a n s that the r e s u l t s a r e c o r r e c t e d for the finite i r r a d i a t i o n t ime 

appl ied. CBNM fluxes w e r e de t e rmined via proton r eco i l te lescopes» 

F ina l r e s u l t s a r e : 

Fo i l Weight "Efficiency" Stat, unce r t . Sys t / unce r t . 

(g) ( g / n / c m Z ) (%) (%) 

F e - 4 4 0.4128 3 . 2 2 - 1 0 " 4 0 .8 2 . 5 

F e - 4 5 0.4057 3 . 2 2 - 1 0 " 4 0 .9 2 . 5 

F e - 4 6 0 .4085 3 . 1 8 ' 1 0 " 4 0 .9 2 . 5 

The foils were rece ived from N P L Teddington and have 

been p a s s e d on to ETL , Tokyo. 
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4 . NON-NEUTRON NUCLEAR AND ATOMIC DATA 

4 . 1 . Hal f - l ives of Act in ides 

Status Repor t for NEANDC. (R: Vaninbroukx) 

On behalf of the NEANDC a s ta tus file on the half-l ife of 
239 

Pu is kept and updated . F r o m some new values which b e c a m e 

avai lab le in 1975. and a cons ide ra t ion of older data., i t s e e m s ve ry 

probable that the va lues p rev ious ly adopted a r e too high. Until the 

r e s u l t s of s e v e r a l m e a s u r e m e n t s , which a r e p resen t ly in p r o g r e s s , 

a r e ava i lab le , a value of (2 .42+0.01)10 y e a r s is r e commended , 
233 

De te rmina t ion of the half- l i fe of U. (R. Vaninbroukx, P . De B i è v r e , 

Y. Le Duigou, V. Verdingh) 

A paper r epor t ing on these m e a s u r e m e n t s has been accep ted 

for publication in P h y s . R e v . C. The a b s t r a c t i s as follows: 

"Combining different me thods , a l l based on the m e a s u r e m e n t of the 

specif ic act iv i ty of a l a r g e number of s amples from two different 
233 

741115 ba tches of u ran ium oxides , both enr iched to near ly 100%- U, a 
233 

new de te rmina t ion of the half- l i fe of U was m a d e . The ac t iv i t i e s 

of the s amples w e r e d e t e r m i n e d by ex-counting techniques: low 

geomet ry , l iquid sc int i l la t ion, and 4TT propor t ional counting. The 

u ran ium content of the s amp le s was de te rmined by isotope dilution 

m a s s s p e c t r o m e t r y technique and by control led potent ial cou lomet ry . The 

half-l ife was m e a s u r e d a s (1 .5925 + 0. 0040)-10 y e a r s . The uncer ta in ty 

quoted is the overa l l unce r t a in ty a t - the 9 9 . 7 % confidence level , taking 

into account both s t a t i s t i c a l and s y s t e ma t i c effects. This r e s u l t is 

in c lose a g r e e m e n t with the value published recent ly by Jaffey et a l , 

(Phys . Rev. C 9, 1991, 1974) and with the new recommended value, 

evaluated by L e m m e l (NBS Spec . Publ icat ion 425, 1975, pp. 286-293) . 
239 De te rmina t ion of the half- l ife of Pu . (R. Vaninbroukx, J . B r o o t h a e r t s , 

B . Denecke, M. Gallet , G. G r o s s e , F , Hendrickx, A. Loopmans , 

W. Zehner ) 

M e a s u r e m e n t s have been pe r fo rmed using the NBS cert i f ied 

re fe rence m a t e r i a l 949d: me ta l l i c Pu with (99.99 + 0.05)% Pu. 

The 2 3 9 P u en r i chmen t was de te rmined to be (97. 624 + 0. 007) atom % 

by m a s s s p e c t r o m e t r y . The a - r a d i o a c t i v i t y concentrat ion of a solution 

containing a known quanti ty of the Pu was de te rmined by two different 

me thods : a counting in a defined- low geometry solid angle (LG) and 

a counting by liquid sc int i l la t ion (LS). 
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241 . 241 
The Am activity, which had grown in from the Pu, was de­
termined by 'v -ray spectrometry using a Si(Li) detector; its contribution 

O O Q 

to the total o.-count rate was (0 .43+0 .01)%. The Pu content as 
241 

determined by a-ray spectrometry, with the Am contribution in the 

5. 5 MeV a peak subtracted was (33+2)ppm, which is in agreement 

with the mass spectrometric value of (35 + 10) ppm. From the iso-

topic composition and from the a and Y- r ay spectrometric determinations, 

the contribution to the total a~count rate from all other impurity radio­

nuclides was calculated to be (9.32 ± 0.19)%. The results of the 

measurements are summarised in Table 4 .1 . 

Table 4..1. Specific activity and half-life of 239 
P u 

¡Method 
of 

239 ' 239, 
Pu specific activity I '" Pu half-life j Uncertainty* 

|ÇOunt_ingj____; : \ ; j 

LG 

LS 

¡2 284 s - ^ g " 1 

l -1 -1 
¡2 292 s Lig 

¡ 2.4225 x 10 yr 
i 4 
¡ 2.4143 x 10 yr 

.1 

+ 0 .5% 

+ 0 .4% 

'""Quadratic sum of all individual statistical uncertainties involved 

plus the linear sum of the systematic uncertainties. 

The weighted mean of both values is: 

T., ( 2 3 9Pu) = (2.41.7 i 0.010)- 104 years. 
s 

It is planned to make further measurements on a sample containing 
_. 239 

99. 98 % ;Pu. 

Determination of the half-life of Pu. (P. De Bièvre, M. Gallet, 

J. Broothaerts) 

Mass spectrometer measurements of the Pu/ Pu ratio as 
241 

Pu and 
of a function of time on a sample initially containing 92.806?') 

, 2 4 0 
4. 011% Pu have started. Similar measurements will also be made 

on two samples which have previously been used for half life measure 

ments at Harwell, U. K. 

4 . 2 . Other Half-lives. 

The half-lives of Co and Co. (R. Vaninbroukx, G. Grosse) 

The half-life of Co has been redetermined by observing the 

deca\ of three Ni foils, irradiated in the reactor BR2. With a Ge(l.i) 
{ f\ '—' 

detector the correction for the Co and especially of Co contri*-

bution can be determined w i t h much higher, accuracy than in the past. 
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58 
The final value for tin- half-life of Co is 70 .81+0 .10 days , 

which conf i rms the r e s u l t of 70 .78+0. 13 days published recen t ly by 

L/agoutine et a l . (Int. J . Appl . Radiâ t . Isotopes 2_6, 131 (1975)). 

Some of the Co s o u r c e s which were prep'ared a t CBNM 

13 yea r s ago, have been used during the subsequent y e a r s to t e s t the 

l o n g - t e r m stabi l i ty of s e v e r a l v d e t e c t o r s . After m o r e than 

two ha l f - l ives , these m e a s u r e m e n t s have now been used to compute 

the half-life of Co. The r e s u l t obtained is 5.283+0.008 y e a r s , 

which is in good a g r e e m e n t with the value 5.279+0.008 y e a r s of 

J . S , M e r r i t t and J . G . V . Taylor (AECL-3333 (1969), p. 32), but 

i s higher than the r e c e n t va lues 5.2719+0.0011 years' by K . F . Walz 

and H . M . Weiss (Z. N a t u r f o r s c h . 2_5a (1970), 921) and 5 .270+0.003 y e a r s 

by A. Rytz ( P r o c è s verbaux des séances du Comité In ternat ional des 

Poids et M e s u r e s , 4_0 (1973)). 

95 " 
Determina t ion of the half- l i fe of Nb. (R. Vaninbroukx, G* Grosse ) 

95 The half- l ife of Nb h a s been r ede t e rmined . In o r d e r to 
95 

c o r r e c t for admix tu res of. Zr the s o u r c e s , some with known added 
95 amounts of Z r w e r e examined with a Ge(Li) y s p e c t r o m e t e r . All 

s o u r c e s were Y counted 20 t imes at r egu la r in te rva l s dur ing a per iod 

of 210 days , using a 3"x3" Nal(Tl) de tec to r . The final value obtained 

fpr the half- l ife of 9 5 N b i s 34. 967 + 0. 034 days . The uncer ta in ty 

quoted i s the overa l l uncer ta in ty at the 99. 7% confidence level , 

taking into account both s t a t i s t i ca l and sys t ema t i c effects. 

A 139 4. 3 . Studies on the Decay of Ce 
1 39 

The nuclide Ce is one of the mos t suitable r e fe rence nucl ides 

for the efficiency ca l ibra t ion of y - ray de tec to rs in the energy range 

below 200 keV. The following s tudies have been per fo rmed . 

Determina t ion of the hal f - l i fe . (R. Vaninbroukx, G. G r o s s e ) 

The. decays of three s o u r c e s with initial ac t ivi t ies 1, 2 and 

4n Ci, respec t ive ly , have been followed for one year with a 3"x3"NaI(Tl) 

de tec tor under three different geomet r ica l conditions (efficiencies 

ranging from about 3 to 20%). The radiochemical puri ty of the sou rce 

m a t e r i a l was checked by a Ge(Li) s p e c t r o m e t e r . The value obtained 
1 39 

for the hal l - l i fe oí Ce is 137. 66 + 0. 13 .days. The uncer ta in ty quoted 

is the ovor -a l l uncer ta in ty at the 99 .7% confidence level, taking into 

account both stat ist ical- and sys temat ic effects. 
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, 139 

In ternal conversion coefficient of the 165 keV Y r a Y i*1 La . 

fH. H. Hansen, D. Mouchel) 

The de te rmina t ion of the in te rna l convers ion coefficients, 
d e s c r i b e d in the Annual Repor t 1974 has been finished. The following 
r e s u l t s were obtained: the probabi l i ty for in terna l convers ion in the 

K-she l l K = 0.1719 + 0.0020 and the convers ion r a t i o s 
is. — 

K / ( L + M + . . . ) = 5 . 8 4 + 0 .17 , K / L = 7.45 + 0. 20, and L/(M+. . . )~3. 63+0. 29. 

The i n t e rna l convers ion coefficients deduced a r e Ci=(0.2520^0. 0050), 

oJO.2151,+0. 0033) and cr =(0. 0289.+0. 0012). The r e s u l t s a r e in good 

a g r e e m e n t with p rev ious expe r imen ta l va lues and with t heo re t i ca l 
139 data ca lcula ted for an Ml t rans i t ion of 165.8 keV in La. 

De te rmina t ion of the total in terna l convers ion coefficient. (I. W. Goodier , 

E . Celen) 

An a c c u r a t e value of the total in terna l convers ion coefficient 

for the de -exc i t a t ion of the f i rs t excited level of Lanthanum-139 has 

been m e a s u r e d by the 4T"r(AX)-y coincidence counting ex t rapola t ion 

technique. The value obtained was Ct = 0.2522 with a r a n d o m unce r t a in ty 

of _+ 0.0005 and a s y s t e m a t i c uncer ta in ty of _+ 0 .001 . This i s in exce l ­

lent a g r e e m e n t with the va lue of Hansen and Mouchel. .. 

De te rmina t ion of the K-she l l e l ec t ron capture probabi l i ty P „ 

(H.H. Hansen , D. Mouchel) 

Th i s work is finished and published ( Z . P h y s i k A 274, 335, 1975) 

with the following a b s t r a c t : "A new coincidence p rocedure for the de ter ­

minat ion of the K-she l l e l ec t ron cap ture probabi l i ty in s imple EC decays 

is d e s c r i b e d . By m e a s u r i n g Y - r a y s a n < l K-shel l convers ion, e l e c t rons . 

s epa ra t e ly and in coincidence with the K X - r a y s , the K capture proba­

bili ty can be deduced from counting r a t e s only. The method has been 
139 applied to " Ce. The r e s u l t of P = 0 .726^0.010 is in fair ly good 

a g r e e m e n t with other expe r imen ta l va lues r epor t ed prev ious ly . 

141 4 . 4 . The 145 keV y-F?ay Intensi ty in the Ce Decay (R. Vaninbroukx, 

I. W. Goodier , E . Celen, G. Grosse ) • 
139 141 

In addition to Ce the nuclide Ce would be very sui table 

for the efficiency ca l ibra t ion of Y-ray de t ec to r s provided that the in­

tensi ty of i ts y ray is well es tabl i shed . Values between 0.45 and 0.51 

have been r epor t ed . The intensi ty has been r e m e a s u r e d counting the 

^ - r a y s with a well ca l ib ra ted Si(Li)detector from a source whose a c t i -

vitv was m e a s u r e d by 4 " , -y coincidence counting. 
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139 The s o u r c e contained about 1 % Ce i m p u r i t y . A p r e l i m i n a r y 

value of I =0.475+0.010 was obtained, but it is bel ieved that 
Y -

the e r r o r could be reduced by up to a factor of two if a 
141„ 

pure Ce s o u r c e is u sed . . 

4 . 5 . M e a s u r e m e n t of the Tota l In terna l Convers ion Coefficient 

of the F i r s t Exc i ted Level of ¿ TI ( I .W. Goodier , E. Celen, 

W. Zehne r ) 

M e a s u r e m e n t s of the d i s in tegra t ion r a t e s of s o u r c e s of 
203 

Hg by the 4TT|3-Y co inc idence counting extrapolat ion technique 
give r e s u l t s f rom which the total in te rna l convers ion coefficient 

203 
of the f i r s t exci ted l eve l of Tl can be ca lcula ted . The value 

obtained i s 0.2310 with a r andom uncer ta in ty of + 0.0008 and a 

s y s t e m a t i c unce r t a in ty of + 0 . 0 0 1 . Sources w e r e p r e p a r e d by 

prec ip i ta t ion of the M e r c u r y - 2 0 3 as m e r c u r i c sulphide on carbon 

f i lms, to obviate such effects a s volat i l isat ion, diffusion, 

ama lgama t ion e tc . which could give r i s e to a l o s s or var iab le 

d i s t r ibu t ion of the rad ioac t iv i ty during the m e a s u r e m e n t s of the 

s o u r c e s . 

4 . 6 . Review on Orb i t a l E lec t ron Capture by the Nucleus 

(W. Bambynek) 

The final draf t of the survey is finished and will be sent 

to the ed i tor at the end of this y e a r . 

4 . 7 . Isotope Abundances and Atomic Weights of the E lemen t s 

(P . De B i è v r e , M.. Gallet) 

B e s t e s t i m a t e s of i sotope abundances were contr ibuted to 

Nukl idkar te , 4. Auflage, Ger sbach und Sohn Ver lag , Mtinchen, 1975 

4 . 8 . K-Shell In ternal Ionization Probab i l i t i e s in Nuclear 8 Decay 

(H.H. Hansen) 

This work is finished and a paper with the following 

a b s t r a c t has been submit ted for publication in Phys . Rev. C. 

"Total K-she l l in te rna l - ion iza t ion probabi l i t ies p e r B decay of 
63^T. 1 4 3 ^ , 2 04 , , . , , , • 

the isotopes Ni, P r and i l have been de te rmined by 
x - r a y spec t roscopy with a h igh-ene rgy- reso lu t ion Si(Li) de tec to r . 
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The number of emi t ted K X- rays was deduced and compared 

with the abso lu te B~-decay r a t e . The r e s u l t s of (4. 6+0. 4)-10~ 

for 6 3 N i , ( 2 . 9 2 + 0 . 1 6 ) - 1 0 " 4 for 1 4 3 P r and (1 .12+0;11}-10" 4 

204 
for Tl a r e compared with previous exper imenta l values and 

r ecen t theore t i ca l ca lcu la t ions of Law and Campbell (Nucl. P h y s . A 185, 

529, 1972). Good a g r e e m e n t i s found between this theory and 

the p r e s e n t expe r imen ta l r e s u l t s . " 

4. 9. Photon In te rac t ion C r o s s - S e c t i o n s 

Total photon in te rac t ion c r o s s sect ions for photons of ene rg ies 

between 60 and 1333 keV. (H. H. Hansen, K. P a r t h a s a r a d h i °) 

The total photon in te rac t ions a t s eve ra l ene rg ies between 

60 and. 1333 keV have been m e a s u r e d for V, Cu, Mo, Sn a n d . U . .. 

They were found to a g r e e with those calculated by E. S to rm 

and H . I . I s r a e l (Nucl. Data 7, 565 (1970)).-

De te rmina t ion of the total and sub - she l l photoelec t r ic c r o s s 

sec t ions by a d i r e c t method . ( K . W . D . L e d i n g h a m 0 0 ) 

A 4TT well type p las t ic scint i l la t ion s p e c t r o m e t e r has 

been designed and cons t ruc ted to detec t photoelectrons of up to 

300 keV while min imis ing the detect ion of y r a y s . A heavily 

col l imated Ce source (y energy 145 keV) of s t rength about 

ImCi has been used as the sou rce of photons. A fine beam 
2 

óf y r ays s t r i ke s var ious foils of th ickness about 5 m g / c m 

placed a t the f o o t o f the well in the sc in t i l l a to r . The e lec t rons 

resu l t ing from the photoeffect in the var ious foils a r e detected 

with a lmos t 100% efficiency in the surrounding sc in t i l l a to r . 

Knowing the incident y .flux and the number of photoelec t rons , 

the c r o s s sect ions may be de te rmined . P r e l i m i n a r y total photo­

e l ec t r i c c r o s s sec t ions have been de te rmined for Cu, Sn, and Au 

while the K and L+M s u b - s h e l l yields have been obtained for Au. 

c 

o o 

Depar tment of Nuc lea r Phys i c s , Andhra Univers i ty , India 
On sabbat ica l leave from the Depar tment of Natura l Philosophy, 
Univers i ty of Glasgow, Scotland 
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4 . 1 0 . Metrology of Radionucl ides 

In ternat ional i n t e r c o m p a r i s o n and s tandard iza t ion of r ad ionuc l ides . 

( I .W. Goodier , R. Vaninbroukx, E. Celen, G. G r o s s e ) 

M e a s u r e m e n t s of the d i s in tegra t ion ra t e s of s o u r c e s of 
139 

Ce have been c a r r i e d out us ing the 4TT(AX)-Y coincidence 

counting ext rapola t ion technique with high efficiency s o u r c e s . 

A s imple theory has been developed to explain the d i sc repancy 

in the values of " G r a d i e n t / i n t e r c e p t " obtained by the 4TT(AX)-Y 

139 

coincidence ext rapola t ion technique for Ce in a sma l l i n t e r ­

compar i son held a s a fo re runne r to the full sca le in ternat ional 

i n t e r c o m p a r i s o n to be o rgan ised by BIPM. 

In o r d e r to suppor t the m e a s u r e m e n t of Rh(n n ' )Rh 

de sc r i bed in Sect ion 2 . 6 , s o u r c e s of the pa ren t -daugh te r 
103 1 03 

equi l ibr ium m i x t u r e R u / Rh have been m e a s u r e d by 4TT8-V 

coincidence counting. These m e a s u r e m e n t s a r e a l so of i n t e r e s t 

a s they involve the study of a "mixed 8 decay" . The pa ren t 

Ruthenium-103 decays by 3 e m i s s i o n giving r i s e to a typical 

S s p e c t r u m energy dis t r ibut ion while the daughter decays by 

a l m o s t total i n t e rna l convers ion of i ts 40 keV t rans i t ion giving 

r i s e to K convers ion e l ec t rons and L convers ion e lec t rons with 

ene rg i e s of 17 keV and 35 keV, r e spec t ive ly . 

Invest igat ion of count r a t e dependent co r r ec t i ons for 4TT8-Y 

coincidence counting. (I. W. Goodier , E . Celen, R. Vaninbroukx) 

A detai led examinat ion of the coincidence equations used 

by s t andard i s ing l a b o r a t o r i e s has been m a d e . An in te rco inpar i son , 

a r r a n g e d by BIPM, is in p r o g r e s s to a s s e s exper imenta l ly the 

validi ty of approximat ions made in coincidence counting and to 

check the range of counting r a t e s over which they a r e appl icable . 
An i 

A s e r i e s of s o u r c e s of Co with ac t iv i t ies ranging from 2x10 to 
5 - 1 10 s has been d i s t r ibu ted to s eve ra l s tandardis ing l a b o r a t o r i e s , 

A round robin p r o g r a m m e is then envisaged with each set of 

s o u r c e s being m e a s u r e d by each l abo ra to ry . P r e l i m i n a r y r e su l t s 

a t CBNM indicate that s o u r c e s of Co with d i s in t eg ra t ion r a t e s 
4 - 1 

of 8x10 s can be m e a s u r e d by 4TTP-Y coincidence counting with 
an accuracy of be t te r than 0 . 1 5 % . F u r t h e r m e a s u r e m e n t s and 
detai led ana lys i s of data a r e in p r o g r e s s . 
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4 . 1 1 . Improvement s of Techniques to Measu re Nuclear and 

Atomic Radiat ions 

Ionization C h a m b e r . (G. B o r t e l s ) 

A 4TT p r e s s u r i s e d ionisa t ion chamber, has been brought 

into opera t ion for a c c u r a t e secondary re fe rence m e a s u r e m e n t s 

of Y act iv i ty . Repea t m e a s u r e m e n t s on one source have shown 

that the in te rna l s t andard deviat ion is about 0 .005%, but 

l a r g e r s y s t e m a t i c e r r o r s a r e in t roduced when compar ing sou rces 

with widely different a c t i v i t i e s . 

Ge(Li) Y _ r a y s p e c t r o m e t e r . (D. Mouchel , H .H. Hansen) 

A s p e c t r o m e t e r has been buil t for the de te rmina t ion 

of Y-ray in tens i t ies and for pur i ty m e a s u r e m e n t s of radioact ive 

s a m p l e s . It cons i s t s of an encapsula ted Ge(Li) c rys ta l (coaxial 

type) with an act ive volume of 18 cm and a sens i t ive a r e a of 
2 

7 .5 cm cooled a t 85°K. The energy resolut ion of the sys tem 

is 2 .48 keV at FWHM for the 1.372 MeV Y-ray peak. A r e p r o ­

ducibil i ty of + 0 .2% has been achieved for any source manipulat ion 

in the poss ible 7 different sou rce to de tec tor pos i t ions . A ca l ibra t ion 

curve for the photopeak efficiency has been es tabl ished in the 

energy range of 122 to 1332 keV. 

Solid s ta te de tec to r sandwich s p e c t r o m e t e r . (D. Reher , W. Bambynek) 

The Solid State Detec tor Sandwich Spec t romete r (SSDSS), 

has now been se t up and t e s t ed . A new kind of s low- fas t - s t robed 

coincidence chain has been ins ta l led which has the advantage 

of high energy resolu t ion in conjunction with excellent t iming 

qua l i t i e s . The dead t ime c o r r e c t i o n s in the single channels a r e 

be t t e r than + 0 . 1 % below 10 cps . The dead time cor rec t ion in the 

coincidence channel is difficult to calculate due to the extending 

dead t imes in the single channels , which may vary between 5 Us and 

100 Ms and so measurements have been c a r r i e d out to find an 

empi r i ca l re la t ion . The deduced co r r ec t ion formula gives good 

r e su l t s for s ingles count r a t e s below 5000 cps and dead t imes 

s m a l l e r than 50 Ms. 

With two CBNM made Si(Li) de tec tors of about 700 mm 

and each having an energy resolut ion of about 2 keV at. 33 keV, 
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a t ime resolut ion of 35 ns in the coincidence channel is 

obtained. The e l ec t ron i c s , d i s r e g a r d i n g the p reampl i f i e r , 

cont r ibutes l e s s than 1 ns to th is value. 

Automat ic cont ro l and data acquis i t ion of magne t ic 8 - ray 

s p e c t r o m e t e r m e a s u r e m e n t s . (E. Sa t t le r , H .H . Hansen, 

K. Hofmans, D. Mouchel , H. N e r b , H. Schipke) 

A paper has been published in Nucl . In s t r . Methods 

124 (197 5), 131 with the following a b s t r a c t : 

"The development of a v e r s a t i l e e lec t ron ic sys tem for control 

and data acquis i t ion in connection with a gon iomete r - type 

magne t i c B-ray s p e c t r o m e t e r is d e s c r i b e d . Bes ide the commerc i a l l y 

avai lable t r a n s i s t o r i s e d power supply the e lec t ron ic s y s t e m 

cons i s t s of a magne t c u r r e n t cont ro l unit including an au tomat ic 

demagnet i sa t ion rou t ine and a r e a d - o u t control unit. Use has 

been made of CAMAC s tandard equipment as much as poss ib le . 

Expe r imen ta l t e s t s a r e pe r fo rmed on stabil i ty and reproduc ib i l i ty 

of the complete ins ta l la t ion . " 

N u m e r i c a l methods to evaluate o._ray s p e c t r a . (G. Bo r t e l s ) 

The p rocedu re for the n u m e r i c a l evaluation of the total 
, 2 3 8 „ , , 2 3 9 ^ , 2 4 0 ^ , . . „, 4 

a r e a of Pu and ( Pu-f Pu) peaks in @.-ray spec t r a has 
238 

been modified. Al l p a r a m e t e r s for the peak region in the Pu 

group can now be opt imized in one computer p r o g r a m m e . A second 

p r o g r a m m e ca lcu la tes the p a r a m e t e r s of the Pu tail under 

the ( Pu+ Pu) group and a th i rd one computes the a r e a s of 

both g roups . This modif icat ion gives an i n c r e a s e of a ccu racy 

and a gain in computing t i m e . 

Radioact ive source p r epa ra t i on . (I .W. Goodier, D. Reher , 

W. Oldenhof, W. Zehner ) 

A study of var ious techniques for the p repara t ion of 

high efficiency s o u r c e s for 4TTB-V coincidence counting has been 

m a d e . Ea r ly r e s u l t s show that f reeze drying and e lec t rospray ing 

of solutions and suspens ions a r e most p romis ing . A s imple device 

has been made for m e a s u r i n g the conductivity of meta l l i sed , 

p las t ic films and carbon foils. 
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Techniques for the p repa ra t i on of quanti tat ive s o u r c e s 

of a -emi t t i ng ac t in ides , with high resolut ion, have been s tudied. 

These sou rces will be used in the ana lys i s of Plutonium samples 

by <X s p e c t r o m e t r y . « ' . 

A technique to p r e p a r e very thin s o u r c e s of ex t r emely 

low se l f -absorpt ion has been developed. The radioac t ive m a t e r i a l 

is evapora ted under vacuum by flashing onto thin me ta l l i s ed 

p las t i c f i lms . Sources of this type a r e needed in invest igat ions 

of low energy e lec t rons and X r a y s . 

S ta t i s t ica l evaluat ions of mul t ichanne l s p e c t r a us ing the i r Walsh 

t r a n s f o r m . (C. Bast ian) 

The quality of a mul t i channe l spec t rum strongly depends oh 

the number N of counting channels into which the range of var ia t ion 

of the p a r a m e t e r has been divided. Choosing N too low may cause 

significant evolutions to be in tegra ted to z e r o over one single channel . 

Choosing N too l a rge will bury them into a b lur of counting f luctuat ions. 

However , in the l a t t e r ca se , i t i s poss ib le to op t imise the signal to 

fluctuation ra t io by condensing g roups of contiguous channels into 

l e s s n u m e r o u s , b r o a d e r channe l s . The condensation factor can be 

de te rmined ra t ional ly on the b a s i s of in t eg ra l s of the Walsh t r a n s f o r m 

of the r e c o r d . The method has been applied successful ly to s e v e r a l 

t i m e - o f - ñ i g h t spec t r a taken at the Linac of Geel. 
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5• SAMPLE AND TARGET PREPARATION 

5 . 1 . Special P r e p a r a t i o n s (M. A e r t s , E. F r e i s t e d t , W. Lycke, 

J . Mast , H. Mast , F . Mich ie l s , G. Mtischenborn, M. Parengh , 

J . Pauwels , F . P e e t e r m a n s , J . Tjoonk, J . " Triffaux, J . Van Audenhove, 

J . Van Geste l , V. Verdingh, J . W a e l b e r s ) 

During 1975 we have continued to supply specia l s amples 

and t a r g e t s for CBNM groups and for outside u s e r s . The total 

n u m b e r of s amples was 4660 cover ing 120 o r d e r s . About 45% 

of these o r d e r s a r e for bulk s a m p l e s not r equ i r ing support on 

a back ing .and used main ly as m a t e r i a l s with cer t i f ied composi t ion 

in solid s ta te physics and ana ly t i ca l c h e m i s t r y . These s amples 

a r e l i s ted in table 5 . 1 . The r e m a i n d e r a r e very thin s amples 

usua l ly r equ i r ing a backing and used mainly as t a rge t s for 

nuc lea r m e a s u r e m e n t s . The l i s t of these samples is given in 

table 5 .2 . 

Table 5. 1 

Bulk Samples de l ive red in 1975 

M a t e r i a l s 

Sc 
2 3 5u 
M o / N i / F e al loys 

A u / T a / C u 

Li , In, Pb 

S, Al, Au, Cu, 

Pt , Rh, Nb, Ta 

Z r 

U / F e a l loys 

C u / F e al loys 

Al /Co al loys 

Appl icants 

(a) 

(1) 

(2) 

(3) 

(2) 

(4) 

(2) 

(2) 

(5) 

(5) 

N u m b e r 
of 

Samples 

1 

1 

4 

16 

82 

2 

4 

3 

3 

Def. Meth. 

.(b) 

IA-DC-MD 

QA-DC 

MD-DC 

MD-DC 

DC-MD 

QA 

QA 

QA 

P r e p . Meth. 

(c) 

M; C 

R 

LM; R 

R 

C; R; 

M; 

R 

LM; M; C 

LM; R 

LM; R 
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Table 5. 1 (continued) 

M a t e r i a l s 
• Bill 

: 

A l / C u a l loys 

A l /Ag a l loys 

C 

Ti, TA6V, W, Mo, 

Mo, Ta, P b , Cu 

Al," Ni 

Cu-12 a n d l . 2 p p m P t 

Cu-12 and 1. 2 ppmPd 

Nb 

Au, Al, P t 

Ta, Ni , Cu, 

Vyns 

Z r 

Be 

Z n 0 2 

Ga ac t iva ted 

96_ 
Z r 

Appl icants 

(a) 

(6) 

(14) 

(3)(10)(4)(5) 

(14) to (42) 

(17)(36)(10) 

(43)(44)(35) 

(45)(46)(3) 

(51) 

(4) 

(2) 

(4) 

(4) 

(4) 

N u m b e r 
of 

Sample s 

30 

10 

3648 

71 

5 

230 

2 

6 

2 

1 

Def. Meth. 

(b) 

QA 

QA 

- -

DC 

QA 

MD 

MD 

MD 

MD 

P r e p . Meth. 

(c) 

LM;R 

LM;R 

M 

M 

LM;M; 

R;WD 

es 

Misce l l . 

VD 

VD 
; • | 

! ' 
MD ES i 

i 

MD ES ; 
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Table 5. 2 

Thin s a m p l e s de l ivered in 1975 

L a y e r s 

2 3 5 u 

2 3 8 u 

Nat . U 

2 3 9 P u 

2 5 2 C £ 

2 3 7 N p 

2 3 3 U 

2 4 1 , 
Am 

2 3 2 T h 

L i , L i 

1 0 B , U B 
B nat . 

1 8 2w 
184w 
1 8 6w 

Appl icants 
(a) 

(1)(3)(4)(7)(8)(9) 

(10)(I3)(14)(20) 

(48)(53) 

(4)(10) 

(1) 

(1)(20)(4)(2)(31) 

(49)(50)(10)(3) 

(20)(1)(31)(4) 

(1)(10) 

(3)(4) 

(10)(2) 

(4)(18) 

(49)(52) 

(51) 

Number 
of 

Samples 

434 

9 

4 

20 

16 

9 

11 

. 7 

15 

9 

4 

6 

Def. Meth. 
(b) 

MD 
a count. 
XRF 
IDMS 

MD-XRF 

MD-XRF 
IDMS 

a count. 

Count. 

MD 

a count. 

a count. 

MD-XRF 

MD 

MD 

MD 

P r e p . Meth. 
(c) 

ES; VD 

E S 

E S 

E S 

ST 

ES 

E S 

ES 

E S 

VD 

ES; VD 

ES 
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(a) L i s t of Applicants 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
(27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 

I. A. E . A . , Vienna, A 
S . C . K . - C . E . N . , Mol, B 
C. C .R . I s p r a , I 
C . B . N . M . Geel , B 
K F Jtt l ich, BRD 
Univ. Milano, I 
Univ. Catania , I 
CEA Grenoble , F 
Johannes Gutenberg Univ. , Mainz , BRD 
CEN Saclay, F 
Univ. Louis P a s t e u r , S t r a s b o u r g , F 
Ins t . Reak tor fo rschung , "Wurenlingen, Switz. 
Lab . Chemie Nucl . , Gradignan, F 
INW, Univ. Gent, B 
NPL , Teddington, UK 
Cent re Reche rche Aluminium Péch iney , Voreppe, F 
BAM, Ber l in , BRD 
Inst . Phys . Nucl. , Univ. L iège , B 
Meta l lgese l l schaf t AG, F rank fu r t , BRD 
CEN B r u y è r e s - l e - C h â t e l , Mont rouge , F 
CEN Valduc, I s - s u r - T i l l e , F 
Max-P lanck Ins t . Meta l l forschung, Schwabisch Gmtlnd, BRD 
Méta l lurg ie Hoboken-Overpel t , B 
CEN F o n t e n a y - a u x - R o s e s , F 
Cent re de R e c h e r c h e Va l lourec , Aulnoye, F 
Soc. Ind. Combus t r ib l e s N u c l é a i r e , Veurey, F 
Krupp For schungs ins t i t u t E s s e n , BRD 
CEN Grenoble , F 
Impe r i a l Meta ls I n d u s t r i e s , Kynoch, UK 
Ugine A c i e r s , Ugine, F 
Gesel lschaft fur Kernforschung , K a r l s r u h e , BRD 
Groupe de Physique Nucl. de l 'Eco le Norm. Sup. , P a r i s , F 
Staat l iches Mate r i a lp ru fungsamt Nordrhein-West f . , Dortmund, BRD 
Inst , fur Radiochemie der Univ. Koln, BRD 
Univ. Vlaude B e r n a r d , I n s t . P h y s . Nucl. , Vi l leurbanne, F 
CNRS, Lab. du Cyclotron, O r l é a n s , F 
CNR-TNI, Milano, I 
CNRS, Lab. de Méta l lu rg ie , V i t r y - s u r - S e i n e , F 
Mullard R e s . Lab . Redhi l l , UK 
Meta l lwerk , P l a n s e e , Reut te , A u s t r . 
Ugine Carbone , Grenoble , F 
Inst . f. Radiochemie der Techn. Univ. Mûnchen, BRD 
Bundesans ta l t f. E rna he rung , K a r l s r u h e , BRD 
Comptoir Lyon Al lemand, P a r i s , F 
Ugine Kuhlmann, Leva l lo i s , F 
C .R . A. A. , Pav ia , I 
Univ. Tubingen, BRD 
CEN Cadarache , F 
Univ. Darms tad t , BRD 
Univ. Heide lberg , BRD 
U. L . B . , B r u x e l l e s , B 
Univ. Louvain, B 
Univ. K a r l s r u h e , BRD 
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(b) Definition Methods 

XRF 

MD 

a count. 

IDMS 

Count. 

IA 

DC 

QA 

X - r a y f luorescence 

M a s s definition 

a counting 

Isotope Dilution - M a s s S p e c t r o m e t r y 

Counting 

Isotope Ana lys i s 

Dimensional Contro l 

Quant i ta t ive al loying 

(c) P r e p a r a t i o n Methods 

ES 

VD 

ST 

CS 

C 

R 

L M 

M 

WD 

E l e c t r o s p r a y i n g 

V a c u u m d e p o s i t i o n 

Self t r a n s f e r 

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

C a n n i n g 

R o l l i n g 

L é v i t a t i o n m e l t i n g 

M a c h i n i n g 

W i r e d r a w i n g 
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241 
5 . 2 . The P r e p a r a t i o n of Am Samples (F . Michie ls , H. Ruts , 
H. S i lves te r , V. Verdingh) 

241 
In o r d e r to m e a s u r e f ission c r o s s sec t ions of Am at 

e n e r g i e s up to 1 MeV and e spec i a l l y the shape below t h r e s h o l d , 
241 

two Am samp le s each of l a r g e su r face a r e a w e r e reques ted 

for a s sembly in a spa rk c h a m b e r ( see section 9..1.)- The s p e c i ­

f icat ions of the l a y e r s w e r e 200 x 200 m m with a l aye r th ickness 
-2 

of about 1 mg • cm Am on each s ide of a s t a in le s s s tee l backing. 

The l a y e r s have now been fabr ica ted by the techniques of suspension 

spray ing of a m e r i c i u m oxide . 
241 Both samples of Am a r e a l so requ i red for t r a n s m i s s i o n 

and capture m e a s u r e m e n t s with the L inac . As a total act ivi ty of 
241 

60 Ci for Am is involved, e v e r y s tep of this p ro jec t i s studied 

f rom the point of view of contaminat ion and radia t ion haza rd . 

The s amp le s will be p r e p a r e d by vacuum-cann ing and a double 

conta inment will be employed. An a t t empt i s being made to make 

these samples equally useful for m e a s u r e m e n t s in o ther Community 

l a b o r a t o r i e s and in this r e s p e c t col laborat ion i s mainta ined with 

AERE, Harwel l and GfK, K a r l s r u h e . 

In addition specia l con t a ine r s which a re fire proof, shock 

r e s i s t a n t and which provide sufficient shielding have been const ructed 

for safe t r anspor t a t ion . 

5 . 3 . P r o c u r e m e n t of Special Isotopes (H. Ruts , V. Verdingh) 

The isotope p r o c u r e m e n t for neutron m e a s u r e m e n t s from 

USA was continued. A con t r ac t was made for the p r o c u r e m e n t 
239 

of a 1 00 g sample of Pu , to be used at CBNM for a, and 
239 

V m e a s u r e m e n t s . F o r the s a m e purpose a 12g sample of Pu 

was rece ived on a sub- loan con t rac t from GfK K a r l s r u h e . 
91 96 

Recovery and final accounting were made for Zr , Zr 
7 36 

and U isotopes on loan from the USAEC R e s e a r c h Pool . 
• o o z 

In a subcont rac t with the USERDA about 200 mg of the U isotope 
Stock held at CBNM was shipped to CEN, Bordeaux. 
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6. ACCELERATORS AND INSTRUMENTATION 

6. 1 E l ec t ron L inea r A c c e l e r a t o r and Expe r imen ta l Equipment 

Opera t ion of the l inea r a c c e l e r a t o r . ( J . M. Sa lome, R. Cools , R . F o r n i , 

F . M a s s a r d i e r , F . M e n u , R . P i j p s t r a , P . S i m é o ñ e , F . V a n R e e t h , C .Wal l e r ) 

In 1975, the Linac was opera ted for 2 619 hou r s f rom January to 

the end of July . Opera t ions were then stopped in o r d e r to c a r r y out the 

modern i sa t ion p r o g r a m m e . Deta i l s on k lys t ron h o u r s , useful b e a m and 

main tenance t ime a r e l i s ted in Table 6. 1 and F i g . 6. 1 . 

Table 6. 1 

1974 1975 (7months) 

Klys t ron hours 

E l ec t ron beam hours 

Hours for main tenance 

and other in te r rup t ions 

The a c c e l e r a t o r was a lmost en t i r e ly used a s a pulsed neut ron 

s o u r c e with an ave rage number of 5.8 f l ightpaths . Th ree expe r imen t s 

for act ivat ion ana lys i s were c a r r i e d out which took 29 h o u r s , main ly 

for conditioning . F o r this purpose a p la t inum t a r g e t was bombarded by 

a n e l e c t r o n b e a m o f 2 kW mean power at 30 MeV . 

EEV thy ra t rons CX 1529 were ins ta l led in the modula tor in March and 

w e r e opera t ional for 17 00 hours up to the shut-down . 

In F i g . 6.2 the number of useful e l ec t ron be a m h o u r s per yea r over the 

las t ten y e a r s is given. 

Modernisa t ion of the l inear a c c e l e r a t o r . ( J . M . S a l o m é , R. Cools , R . F o r n i , 

F . M a s s a r d i e r , F . M e n u , R . P i j p s t r a , P . S i m é o ñ e , F . V a n R e e t h , C .Wal le r ) 

Del ivery to CBNM of the components of the modern i sed linac is 

expected in January 1976 . It is hoped that the ins ta l led machine will be t e s ­

ted in May 1976 and will be opera t ional the following month. The new gun 

is now under t e s t . Glass was finally chosen for isolat ion r a the r than c e r a ­

mics since with g lass it is e a s i e r to provide a long e l ec t r i c a l path for high 

voltage and very shor t connectors for the grid can be m a d e . The modulator 

and the buncher a r e completed and a r e now being checked. 

3870 2689 

3750 2619 

552 294 
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Many modif icat ions of the building a r e being made in o r d e r 

to instal l the main new p a r t s of the mach ine . Special a t tent ion has 

been paid to the development of a new cooling c i r cu i t for the a c c e l e ­

ra t ing sec t ions and the focusing co i l s . Some a p p a r a t u s in the t a r g e t 

room which suffered f rom rad ia t ion damage is being renovated . 

A magnet ic deflect ion sys t em for 20 to 30MeV with a 50% bandwidth 

will be ins ta l led to p rov ide an e l ec t ron b e a m for activation ana lys i s , 

without d i s tu rbance to the neu t ron t a rge t . 

Development of t a r g e t s and m o d e r a t o r s ( J . M . S a l o m é , J . War tena , 

R. Cools, P . Siméone ) 

The u r an ium t a r g e t of 26 m m d i a m e t e r has been used for 7000 

hou r s between 4 and 5 kW without diff icul t ies . Two s i m i l a r t a r g e t s , 

30 m m in d i a m e t e r , one in na tu ra l u r an ium , the other pa r t i a l l y made 

of 93% enr iched u r a n i u m a r e ava i lab le together with water m o d e r a t o r s 

in me ta l l i c b e r y l l i u m cans and it i s expected that these could ope ra te 

with an e lec t ron b e a m of up to 7 kW , 

In o r d e r to have a t a rge t compat ib le with the expected m a x i m u m 

power of the m o d e r n i s e d machine , r o t a r y t a r g e t s a r e under development 

with e i ther the t a r g e t a lone or both t a rge t and exchanger rota t ing,a l though 

the l a t t e r idea s e e m s to be the m o r e feasible. In addit ion an efficient 

m e r c u r y cooling s y s t e m is being s tudied. The poss ib i l i ty of using u ran ium 

carbide as a t a rge t i s a l so being cons ide red . 

Development of a s p a r k chamber for f ission c r o s s sect ion m e a s u r e m e n t s 

of Am . ( A. B r u s e g a n , M. Mer l a ) 

The new c h a m b e r with s t a i n l e s s s tee l e l ec t rodes was a s s e m b l e d and 
241 fitted with the l a rge a r e a A m l a y e r s on s t a in l e s s s teel backings men­

tioned in sect ion 8.2 . The gas filling which gave mos t successful operat ion 

was pure N at 500-600 t o r r but even then the pe r fo rmance d e t e r i o r a t e d 

quickly with t i m e . On opening the counter rad ia t ion damage effects were 

obse rved , although on this occas ion the re was no not iceable migra t ion of 
241 the Am layer and no format ion of a chemical compound on the 

e l e c t r o d e s . 
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Development of a 5 - e l ec t ron counter (R. Werz , P . Rietveld) 

F o r the m e a s u r e m e n t of fission c.ross sect ions of highly 

a - a c t i v e i so topes , a f ission f ragment de tec tor , insens i t ive to 

the. . 0 . -par t ic les and to the y - f l a s h °f the Linac a c c e l e r a t o r , 

would be d e s i r a b l e . Charged p a r t i c l e s t r a v e r s i n g a thin foil 

eject a ce r t a in number of secondary e lec t rons ( so-ca l led ^ -e l ec ­

t rons) from the surface of the foil. F o r a fission fragment , the 

total number of e l e c t rons r e l e a s e d i s about 50 t i m e s g r e a t e r than 

for an a . - P a r t i c l e . With the aid of e l ec t r i ca l and magnet ic fields 

i t i s poss ib le to s e p a r a t e the secondary e lec t rons fr om the fission 

f ragments and a p a r t i c l e s and to r e j ec t the a - c o u n t s by pulse 

height d i s c r im ina t i on . 

Out of the different poss ib le configurat ions, a sample foil 

of spher ica l form, 100 m m d i a m e t e r and a cyl indr ical a c c e l e ­

ra t ing grid at a potent ia l of about 20 kV, followed by a 180° d e ­

flection magne t has been chosen. It can be shown that such an 

e lec t ron optical s y s t e m i s able to focus the secondary e l ec t rons 

into a point sufficiently off axis (to be off line from the neu t rons 

and y-f lash) . 

A de tec tor based on this pr inc ip le has now been designed and 

cons t ruc ted . It wil l be tes ted f i r s t by a thermionic e lec t ron source 
252 

and then with Cf sou rce , each placed at the sample posi t ion. 

Avalanche coun te r for neutron flux m e a s u r e m e n t s at the Linac . 

(J . Wartena) 

Some inves t iga t ions on the poss ib le applications of pa ra l l e l 

plate avalanche coun te r s for flux m e a s u r e m e n t s have been m a d e . 

Such a counter , loaded with a B l aye r and a quenching gas , 

was tes ted on a 30m flight path. The output pu lses had a r i s e 

t ime of about 3 n s , the counter didn ' t respond to the Y-f l a s h 

and it gave a good neutron spec t rum, although the efficiency function 

could not be p rope r ly unders tood. A te lescope a r r a n g e m e n t con­

sis t ing of two p a r a l l e l plate avalanche de tec to r s is now being tes ted 
252 

with a Cf s o u r c e . 

6. 2. Van de Graaff Acce le ra to r and Exper imenta l Equipment 

Operat ion and main tenance of the 3.7 MV Van de Graaff A c c e l e r a t o r . 

(A. C rame tz , P . Fa lque , J . Leonard, R. Smets) 

During this yea r the opera t ions of the 3, 7 MV Van de Graaff 

suffered from the fact that the building of the new Van de Graaff 

tower has been in p r o g r e s s . The machine was operated 
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for 1880 hours of which 166 5 h o u r s were for expe r imen ta l work 

and 215 h o u r s to condition the m a c h i n e . In addition main tenance 

r e q u i r e d 390 hours to exchange two ion s o u r c e s (having a l i fe t ime 

of 1200 and 550 hou r s r e s p e c t i v e l y ) , one coil of the analysing m a g ­

net and to ver i fy the a l ignment of the beam handling suppor t s . 

Using insulat ing gas containing about 7% S F , , an expe r imen t with 

a 3. 9 MeV proton beam was p e r f o r m e d successfu l ly in March . 

The exper imen ta l t ime was divided between 1400 hou r s for neu t ron 

phys ics and the r e s t main ly for Ru the r fo rd backsca t t e r i ng . A few 

i r r a d i a t i o n s and flux m e a s u r e m e n t s were made for outs ide o r g a n i ­

s a t i ons . 

The a c c e l e r a t o r could not be ope ra t ed during day t ime (890 h r s 

b e c a u s e of the cons t ruc t ion of the new tower for the CN a c c e l e r a t o r . 

Modern i sa t ion of the Van de Graaff a c c e l e r a t o r . (A. C r a m e t z , 

P . Fa lque , J . L e o n a r d , R . S m e t s 

De l ive ry of the k l y s t r o n bunched Van dé Graaff a c c e l e r a t o r 

mode l CN with an upgraded tube supplying 7 MV (High Voltage En­

g ineer ing Corporat ion, Burl ington) i s scheduled for end of Janua ry 

1976. P r e p a r a t i v e work is r e l a t e d to the n e c e s s a r y changes in the 

i n f r a s t r u c t u r e and to the des ign of the beam handling sy s t em, for 

which CBNM is r e spons ib l e . S tud ies concerned the vacuum, the 

w a t e r cooling sys tem, the gas t r a n s f e r , the e l e c t r i c a l power d i s ­

t r ibu t ion , the heat ing of the tower , and the se rv ice p la t form. The 

r e q u i r e d o r d e r s for work a r e being placed and in some c a s e s d e l i ­

v e r y has been effected. 

Development of a r eac t ion c h a m b e r for the m e a s u r e m e n t of (n, p ) 

and (n)(y) r eac t ions . ( A . P a u l s e n , H. Lisk ien , F . A r n o t t e , R. Widera) 

F o r the de te rmina t ion of c r o s s sec t ions for fast neu t ron -

induced reac t ions producing hydrogen and hel ium the act ivat ion 

technique is often not appl icable and ins tead .a d i rec t detect ion 

technique for the emi t ted cha rged p a r t i c l e s has to be used . 

The design of a su i tab le reac t ion chamber for m e a s u r e m e n t s 

of this type is near ly finished. The chamber cons i s t s of five te lescope 

d e t e c t o r s covering a lmos t the angu la r range 0 to 180°, so that an 

in teg ra ted c r o s s - s e c t i o n can be obtained in one run. In o r d e r to make 

max imum use of the avai lable neut ron flux, a solid neut ron producing 

t a r g e t is placed as near as poss ib le to the sample and m a k e s par t 



- 46 -

of the in s t rumen t . 

Development of a f iss ion ionisa t ion chamber (C. Bud tz - J^ rgensen , 

H . - H . Kni t ter , M. Mailly, R. Vogt) 

A double gridded ionisa t ion chamber has been cons t ruc ted . One 

of the g r ids , placed at 3 m m dis tance f rom the source p la te , is used 

to der ive a fast t iming s ignal from an ionizing event and the second 

g r id is opera ted as a F r i s c h gr id , whereby energy propor t iona l pulse 

neight r e sponse is e n s u r e d . The de tec tor has been tes ted using a weak 
252 

Cf - sou rce . With a p r e l i m i n a r y e lec t ron ic se t -up a t ime resolu t ion 

(FWHM) of 2 ns was found for a coincidence from the fast t iming s ig ­

nal of a f ragment pulse and the f ission y - r a y s as detected by a liquid 

sc int i l la t ion de tec to r . The pulse h e i g h t - r a t i o between the a lpha- and 

the low energy f ragment peak was m e a s u r e d to be 1 : 1 5 . The de tec to r 

wil l now be tes ted under a c c e l e r a t o r condit ions. 
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SCIENTIFIC PUBLICATIONS OF CBNM IN 1975 

'• • Pub l i ca t ions in P e r i o d i c a l s 

LISKIEN H. and PAULSEN A. Neutron P roduc t ion C r o s s Sections 

and E n e r g i e s for the React ions L i - 7 ( p , n ) , B e - 7 and L i -7 (p , n) 

B e - 7 * , A tomic Data and Nuclear Data Tab les , J_5 , 57 (1975) 

S A T T L E R E . , HANSEN H . H . , HOFMAN K . , MOUCHEL D. , NERB H. 

and SCHIPKE H. Automat ic Control and Data Acquis i t ion Magnetic 

of 3-Ray S p e c t r o m e t e r M e a s u r e m e n t s , N u c l . I n s t r . Methods , 124 ,131 

(1975) 

SINGH R. and KNITTER H . H . M e a s u r e m e n t s of the F a s t Neut ron 

Sca t te r ing and Total C r o s s - S e c t i o n s of P r - 1 4 1 , Z . P h y s . A , 272 ,47 (1975) 

BABELIOWSKI T. and BRULMANS J . The Densi ty at 25 °C of D O 

with N a t u r a l Oxygen Isotopic Composi t ion , Z . f .Natur forschung A , 30A , 

103 (1975) 

BRULMANS J . , VERDONCK J. and ESCHBACH H. L . T h e r m a l Expansion 

of Heavy Water be tween 7 and 26°C , Z . f .Na tu r fo r s chung A , 3 0 A , 107 (1975) 

PAULSEN A , , WIDERA R. and LISKIEN H. Au-19? (n , y ) Au- 198 

C r o s s - S e c t i o n between 0.2 and 3 .0 MeV , A t o m k e m e n e r g i e , 2j> , 8 0 (1975) 

KNITTER H . H . M e a s u r e m e n t s of the E n e r g y Spect rum of P r o m p t Neut rons 

f rom the F i s s i o n of 239-Pu by 0.215 MeV Neut rons , A tomkernene rg i e ,26. , 

76 (1975) 

PAULSEN A . , LISKIEN H. and WIDERA R. Cros s -Sec t ions of ( n , 2n ) 

Reac t ions for T i -46 , Zn-66 , In-115 and Au-197 , A tomkernene rg i e , 2_6 , 

34 (1975) 

HANSEN H . H . and MOUCHEL D . De te rmina t ion of the K-shell E l e c t r o n 
1 39 

Capture Probab i l i ty P „ m the Decay of 7Ce , Z . Phys ik , 274 , 335 

(1975) 

L . GORSKI and W. VAN DER EIJK In te rna t iona l D i r e c t o r y of Cert i f ied 

Radioact ive Mate r i a l s ( In ternat ional Atomic Energy Agency , Vienna 1975 ) 

WEIGMANN H. , WARTENA J. and WAGEMANS C. Are there F i s s ion 

F r a g m e n t s Energy Var ia t ions of U-235 Neutron Resonances? 

P h y s . Rev. L e t t e r s .35, 18 (1975) 1213. 



- 48 -

Z, Submitted for. Publ icat ion in P e r i o d i c a l s 

ROHR.G. and WEIGMANNH. Short Range Energy-Dependence of the 

Neu t ron Widths of Hf-1 77 Resonances , Nuc lear Phys i c s A . 

VANINBROUKX R . , DE BIEVRE P . , LE DUIGOU Y . , SPERNOL A . , . 

VAN DER EIJK W. and VERDINGH V. New Dete rmina t ion of the 

Half-Life of 2 3 3 U , P h y s . Rev. C. 

WAGEMANS C. and DERUYTTER A . J . M e a s u r e m e n t s and Normal i za t ion 

of the Rela t ive Pu-241 F i s s i o n C r o s s - S e c t i o n s in the The rma l and Low 

Resonance Region , N u c l . S c . E n g . 

LE DUIGOU Y. and LEIDERT W. A T e s t of the Rel iabi l i ty of the Control led 

Po ten t i a l Coulomet ry Method to Dete r m i n e P u in U-Pu Mix tu res , Z . f . A n a l . 

Chem. 

LE DUIGOU Y. and LEIDERT W. Influence of a Photochemica l React ion 

on the Control led Poten t ia l De te rmina t ion of Plutonium mixed with Uranium 

Z . f. A n a l . Chem. 

CARRARO G. and BRUSEGAN A . Tota l Neut ron Cros s -Sec t ion M e a s u r e ­

men t s of U-236 in the Energy Range f rom 40 eV up to 4 . 1 KeV . , Nuclear 

P h y s i c s A . . Í 

HANSEN H . H . K-Shell In ternal Ionizat ion Probab i l i t i e s in Nuclear p -Decay, 

P h y s . Rev . C. 

ESCHBACH H . L . and WERZ R. A Genera l i zed Cor rec t ion factor for the 

Knudsen Rad iomete r Gauge with A r b i t r a r y Vane and Heater Shape , Vacuum 

HANSEN H . H . , PARTHASARADHI K. Tota l Photon In te rac t ion C r o s s 

Sect ions for Photons of Ene rg i e s be tween 60 and 1333 keV , Z . Phys ik . 

HANSEN H . H . and MOUCHEL D. In te rna l onvers ion Coeff ic ient for the 

165,8 keV Trans i t ion in 9 L a , Z . P h y s i k . 

3. Submit ted Eura tom Repor t s 

WERZ R. and ESCHBACH H . L . Abhangigkeit der Schubkraft beim 

Molekulvakuummeter von F o r m und Abstand der Pla t ten . 
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Pr in ted Conference P a p e r s 

VAN AUDENIIOVE J . , VER.DINGH V . , ESCHBACH H. L. and 

DE BIEVRE P . Sample P r e p a r a t i o n and Definition at the 

CBNM P r o c e e d i n g s of the 1974 Annual Conference of the Nuc lea r 

T a r g e t Development Society, Chalk River Nuclear L a b o r a t o r y , 

1-3 October 1974, p . 119. 

Conference on Nuc lea r C r o s s - S e c t i o n Technology, NBS Washington, 

USA, 3-7 March 1975, P r o c e e d i n g s N B S . : 

MEWISSEN L. , POORTMANS E . , ROHR G. , THEOBALD J . , 

WEIGMANN H. and VANPRAET G. Neutron C r o s s - S e c t i o n 

M e a s u r e m e n t s on U-236 . Specia l Publ icat ion 42 5, p . 729. 

WAGEMANS C. and DERUYTTER A . J . The Pu-241 N e u t r o n s 

induced F i s s ion C r o s s - S e c t i o n f rom 0.01 eV to 50 eV and i t s 

Normal i za t ion . Special Publ ica t ion 425, p. 603. 

WARTENA J . A . , WEIGMANN H. and MIGNECO E. On Sub-

b a r r i e r F i s s ion in U-238. Special Publicat ion 425, p . 597. 

CORVI F . , ROHR G. and WEIGMANN H. p-Wave Ass ignmen t 

of U-238. Special Publ ica t ion 925, p . 733. 

CORVI F . and GIACOBBE P . Cap tu re - to - f i s s ion Rat io of U-235 

from the M e a s u r e m e n t of L o w - E n e r g y Y-R a y s - Special Publ icat ion 

425, p . 599. 

LISKIEN H. Techniques for the Determinat ion of Neutron Induced 

Charged P a r t i c l e Reac t ions . Special Publicat ion 425, p . 156. 

MIGNECO E . , P . BONSIGNORE, E. LANZANO, J . A. WARTENA, 

H. WEIGMANN. In t e rmed ia t e S t ruc tu re in the keV F i s s i o n C r o s s -

Section of 2 3 5 U . Special Publ ica t ion 425, p . 609. 

LE DUIGOU Y. , P . DEBIEVRE, J. BRULMANS, W. LEIDERT, 

P r e p a r a t i o n and Assay at CBNM for the IDA-72 E x p e r i m e n t . 

"The In t e r l abo ra to ry E x p e r i m e n t IDA-72 on Mass S p e c t r o m e t r i c 

Isotope Dilution Ana lys i s " , KfK 1905, Gesel lschaft fur Kernforschung, 

Vol. II, p. 29. 

DE BIEVRE P . , J . VAN AUDENHOVE, An Accura te P r o c e d u r e 

to Safeguard the F i s s i l e Ma te r i a l Content of Input and Output 

Solutions of Reprocess ing P l a n t s . KfK 1905, Vol. I, p. 215. 
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Spec ia l i s t s Meeting on Resonance P a r a m e t e r s of F e r t i l e Nuclei 

and 7 P u , Saclay, May 1974, NEANDC(E)l63 U: 

MEWISSEN L. , F . POORTMANS, G. ROHR, H. WEIGMANN, 

J . P . THEOBALD, G. VANPRAET 

Neut ron c r o s s sec t ions m e a s u r e m e n t s on U below 2 keV. 

238 CEULEMANS H. Resonance sca t t e r ing c r o s s - s e c t i o n of U 

below 220 eV. 

POORTMANS F . , L . MEWISSEN, G. ROHR, H. WEIGMANN, 

G. VANPRAET. Neutron sca t t e r ing c r o s s sect ion m e a s u r e m e n t s 
238 

on U in the r e so lved energy r ange . 

WEIGMANN H. et a l . Investigation of r e sonance neut ron capture 
238 

in U. P r i v a t e communicat ion, not included in the p roceed ings . 

WEIGMANN H. , G. ROHR, F . POORTMANS. An evaluation of 
2 4 0 „ . j , 

Pu resonance p a r a m e t e r data . 

WAGEMANS C. , A . J . DERUYTTER. The low-ene rgy neut ron 
239 

induced fission c r o s s section of Pu and the t e m p e r a t u r e depen­

dence of the Westcot t g.. factor . 

Accepted as Pr in ted Conference P a p e r 

BERTHELOT CH. A. Les P r o b l è m e s d 'Eta lonnage dans l 'Analyse 

des T r a c e s G. A. M. S. - Benelux - Méta l lurg ie - U. L. B . / B r u x e l l e s , 

7 févr ie r 1975. P roceed ings : "Compte Rendu de la Réunion des 

Commiss ions du G. A. M. S. (Abbreviated). 

BASTÍAN C. F a s t S ta t i s t ica l Evaluation of Multichannel Spec t ra 

using the Walsh T r a n s f o r m . 2nd I sp ra Nuclear E lec t ron ic s Sym­

pos ium, S t r e sa , I tal ia , 20-30 May, 1975. P roc e e d ings . 

PAULSEN A. and MAGURNO B.A. ( B . N . L . ) Differential Neutron 

Data for Reactor Dos imet ry ASTM-Eura tom Conference on Reac tor 

Dos ime t ry , Pet ten , 22-26 September 1975. 

DE BIEVRE P . , J . VAN AUDENHOVE. An accura t e P rocedu re to 

Assay the F i s s i l e Mater ia l Concentrat ions of Input and Output 
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