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Total neut ron c r o s s - s e c t i o n s  were de te rmined  for  He, Li, Be, C, A1, Fe, Cu and Pb at an average neutron 
momentum of 10 GeV/e .  The r e s u l t s  agree  very  well with total  p ro ton-neucle i  c r o s s - s e c t i o n s  at 20 GeV/c.  
The interact ion radi i  in fe r red  f rom the c r o s s - s e c t i o n s  a re  in r e m a r k a b l e  agreement  with the ha l f -dens i ty  
radi i  as obtained f rom e lec t ron  sca t te r ing .  

T h e  i n v e s t i g a t i o n  of n e u t r o n  s c a t t e r i n g  f r o m  4 
n u c l e i  a t  h i g h  e n e r g i e s  c a n  i n c r e a s e  o u r  k n o w -  10~ 
l e d g e  on the  n u c l e a r  s t r u c t u r e .  In c o n t r a s t  to  F p r o t o n - n u c l e i  s c a t t e r i n g  C o u l o m b  s c a t t e r i n g  d o e s  
not  i n t e r f e r e  and  no c o r r e c t i o n s  a r e  n e c e s s a r y  in 
o r d e r  to d e t e r m i n e  r a d i i  o r  o t h e r  n u c l e a r  p a r a m -  
e t e r s .  On t he  o t h e r  h a n d  a c o m p a r i s o n  b e t w e e n  
p r o t o n  a n d  n e u t r o n  s c a t t e r i n g  cou ld  g ive  i n f o r m a -  10 ~ 
t i o n  on  the  e x i s t e n c e  of a r e a l  s c a t t e r i n g  a m p l i -  
t u d e  and  p e r h a p s  a l s o  on d i f f e r e n c e s  of t he  p r o t o n  
a n d  n e u t r o n  d i s t r i b u t i o n  in  n u c l e i .  

H e r e  m e a s u r e m e n t s  of t o t a l  n e u t r o n - n u c l e i  
c r o s s  s e c t i o n s  a r e  r e p o r t e d  f o r  t a r g e t s  r a n g i n g  
f r o m  h e l i u m  to l e a d .  F r o m  t h e s e  r e s u l t s  i n t e r -  1(~ 
a c t i o n  r a d i i  c a n  b e  e x t r a c t e d  by  u s i n g  a s i m p l e  
o p t i c a l  m o d e l .  

T h e  e x p e r i m e n t  w a s  p e r f o r m e d  w i t h  a n e u t r o n  
b e a m  a t  the  CERN PS w h i c h  had  b e e n  u s e d  to 
s t u d y  the  n e u t r o n  s c a t t e r i n g  f r o m  h y d r o g e n  and  
d e u t e r i u m .  T h i s  b e a m  h a s  b e e n  d e s c r i b e d  p r e -  10 
v i o u s l y  [1]. T h e  t a r g e t s  w e r e  p l a c e d  38.8  m f r o m  
the  n e u t r o n  d e t e c t o r  ( p o s i t i o n  T 1 of f ig .  1 in  r e f .  
1). T h e  p r o t o n  e n e r g y  w a s  19.3 GeV f o r  a l l  m e a s -  
u r e m e n t s  w h i c h  p r o d u c e d  n e u t r o n s  a t  a n  a n g l e  of 
2.7 ° w i th  a n  a v e r a g e  m o m e n t u m  of 10 G e V / c .  T h e  
t o t a l  f lux  a t  the  t a r g e t  w a s  a b o u t  30 000 n e u t r o n s  
p e r  b u r s t  of 5 × 1011 p r o t o n s .  M u c h  e f f o r t  w a s  
s p e n t  in  o b t a i n i n g  a we l l  d e f i n e d  g e o m e t r y  w i t h  
good b e a m  d e f i n i t i o n .  S ince  t he  e x p e r i m e n t  w a s  
p e r f o r m e d  on a p a r a s i t i c  b a s i s  s u f f i c i e n t  b e a m -  
t i m e  w a s  a v a i l a b l e  not  on ly  f o r  o b t a i n i n g  good 
s t a t i s t i c a l  a c c u r a c y  bu t  a l s o  f o r  e l i m i n a t i n g  s y s -  
t e m a t i c  e r r o r s .  
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Fig. 1. The total  c r o s s - s e c t i o n  for  neut ron-nucle i  sca t -  
te r ing  at 10 GeV/e  as a function of atomic mass  A. The 
values for  H and D are  taken f rom a previous  p a p e r [ l ] .  

T h e  m a i n  s o u r c e  of s y s t e m a t i c  e r r o r s  i s  t he  
s m a l l  a n g l e  s c a t t e r i n g .  To k e e p  i t  s m a l l  t he  t a r -  
g e t - d e t e c t o r  d i s t a n c e  w a s  m a d e  a s  l a r g e  a s  p o s -  
s ib l e .  F u r t h e r m o r e  m e a s u r e m e n t s  w i t h  f ive  i r o n  
c o n v e r t e r s  (2 c m  t h i c k )  of d i f f e r e n t  s i z e s  
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(4×8  cm 2, 6× 10cm 2, 9.5× 13.5cm 2, 13× 
× 17 cm 2 and 16 × 20 cm 2, with beam size 4.2 × 
x 8.5 cm 2 at converter) were performed and the 
cross section was obtained from an extrapolation 
to converter size zero. In addition the beam pro- 
file with and without target was measured with a 
pencil- counter. 

The cross-sections were derived from ab- 
sorption curves except for He. For LiH, Be, C 
and Al four to six different target thicknesses 
were used which varied between 0.1 and 1.5 colli- 
sion lengths. For Fe, Cu and Pb, absorption 
curves in steps of 0.78 g/cm 2 for Fe, 0.89 g/cm 2 
for Cu and 1.1 g/cm 2 for Pb were taken. The 
statistical accuracy was better than 1~0 for each 
target thickness and each converter size. For He 
only a target full-empty measurement was done. 
A steel cylinder filled to a pressure of 147 5 * 
+ 0.5 atm was used as target container. 

For Al and lighter elements the small angle 
scattering correction was negligible whereas it 
had to be taken into account for Fe, Cu and Pb. 
For the last three elements two additional effects 
were found. First  absorption curves showed two 
distinctly different slopes in a logarithmic plot. 
The steeper slope was caused by the absorption 
of 7 rays (~ 1%) and could be eliminated by adding 
5 cm lead. Secondly it was observed that the ratio 
of counting rates with and without target increas- 
ed with increasing converter size. This may be 
due to the scattering and probably production of 
secondary neutrons. By extrapolating to con- 
verter  size zero the absorption curves gave a 
straight line. The total cross-sections of these 
elements were derived from the slopes. 

The results are shown in table 1 together with 
other measurements. Our values for the neutron- 

nuc le i  c r o s s - s e c t i o n  at  10 G e V / c  a r e  s y s t e m a t i -  
ca l ly  h i g h e r  than  t h o s e  r e p o r t e d  p r e v i o u s l y  [2,3] 
at  27 G e V / c  and 8.3 G e V / c  r e s p e c t i v e l y ,  but  a r e  
in v e r y  good a g r e e m e n t  wi th  p r o t o n - n u c l e i  da ta  
at  20 G e V / c  [4]. T h i s  a g r e e m e n t  i n d i c a t e s  that  
the  r e a l  p a r t  of the s c a t t e r i n g  a m p l i t u d e  i s  neg -  
l i g ib l e  s i n c e  i t s  i n t e r f e r e n c e  wi th  the  Cou lomb  
a m p l i t u d e  c o n t r i b u t e s  to the  p r o t o n  but  not  to the  
n e u t r o n  s c a t t e r i n g .  

The  d e p e n d e n c e  of the  to ta l  n e u t r o n - n u c l e i  
c r o s s - s e c t i o n  on the  a t o m i c  n u m b e r  A i s  shown 
in fig.  1. F r o m  an o p t i c a l  m o d e l  a p p l i e d  to a 
s p h e r e  wi th  r a d i u s  R and u n i f o r m  o p a c i t y  a one  
o b t a i n s  a T - 2~ aR 2. With  R ~ A 1/~. H o w e v e r ,  a s  
can  be  s e e n  f r o m  fig.  1 the  e x p e r i m e n t a l  c r o s s -  
s e c t i o n s  show a s t e e p e r  s lope .  

The  op t i ca l  m o d e l  can  be  r e f i n e d  by a l l o w i n g  
the  o p ac i t y  a(b) to c h a n g e  wi th  the  i m p a c t  p a r a m -  
e t e r  b in wh ich  c a s e  one h a s  (~T = 4 ~ f o a b d b .  If 
f o r  a(b) a F e r m i  d i s t r i b u t i o n  c h a r a c t e r i z e d  by an 
i n t e r a c t i o n  r a d i u s  R and a sk in  t h i c k n e s s  p a r a m -  
e t e r  t i s  a s s u m e d ,  one f inds  gT ~ 2~(R2 + t2).  
S ince  t should  not ch an g e  a p p r e c i a b l y  wi th  A the  
s l o p e  of cr T b e c o m e s  even  f l a t t e r  than  fo r  t = 0. 
H e n c e  a m o r e  s o p h i s t i c a t e d  m o d e l  i s  r e q u i r e d  to 
ex p l a i n  the  m e a s u r e d  c r o s s -  s e c t i o n s .  

In the  l a c k  of a b e t t e r  m o d e l  an e m p i r i c a l  f i t  
i s  t r i e d  by pu t t ing  Ref  f ~ A 1/3 + co n s t .  S u r p r i s -  
ingly  the  e x p e r i m e n t a l  da ta  can  be  r e p r e s e n t e d  
down to the  l i g h t e s t  n u c l e i  by gT = 2g( 1.3A~/3- 
- 0.6) 2 fm 2 ( see  fig.  1). The  p a r a m e t e r s  d e t e r -  
m i n i n g  the  e f f e c t i v e  i n t e r a c t i o n  r a d i u s  a r e  in r e -  
m a r k a b l e  a g r e e m e n t  wi th  t h o s e  of the  h a l f - d e n s i -  
ty r a d i u s  tO.  5 = 1.18 AVe_ 0.48 a s  d e t e r m i n e d  
f r o m  e l e c t r o n  s c a t t e r i n g  [5]. Th i s  a g r e e m e n t  
m i g h t  be  f o r t u i t o u s  s i n c e  the s i z e  of the  nuc leon  
and the  r a n g e  of n u c l e a r  f o r c e s  b e s i d e s  o t h e r  e l -  

Table 1. 
Total c ro s s - s ec t i o n s  for nuclei 

Nucleus A gT[mb] 

10 GeV/c  neutrons 
[this experiment[ 

(~T[mb] 

27 GeV/c  neutrons 
[2] 

OT[ mb] 

8.3 GeV/c  neutrons 
[4] 

OT[mb] 

20 GeV/c  protons 
[3] 

He 

Li 

Be 

C 

A1 

Fe 

Cu 

Pb 

4 

7 

9 

12 

26.9 

55.8 

63.5 

207.2 

141 + 6 

237 ± 7 

271 ± 6 

340 ± 3 

683 ± 3 

1204 ± 12 

1364 ± 14 

3146 ± 50 

250 ± 6 

300 ± 7 

573 ± 17 

1023 • 25 

1090 ± 30 

2630 ± 120 

345 ~: 15 

600 ± 23 

1217 ± 48 

2556 ± 100 

250 ± 5 

278 ± 4 

335 ~= 5 

687 ± 10 

1360 ± 20 

3290 ± 100 
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f e c t s ,  s h o u l d  l e a d  to  an  i n t e r a c t i o n  r a d i u s  d i f f e r -  
en t  f r o m  the  e l e c t r o m a g n e t i c  r a d i u s .  

We a p p r e c i a t e  the  c o n s t a n t  i n t e r e s t  and  s u p p o r t  
of P r o f e s s o r s  G. C o c c o n i  and  P.  P r e i s w e r k .  We  
wou ld  l i ke  to  t h a n k  the  PS r u n n i n g  s t a f f ,  and  e s -  
p e c i a l l y  J.  G e i b e l ,  f o r  t h e i r  he lp .  M r .  H. K e i m  
a n d  M r .  K. Ra t z  h a v e  c o n t r i b u t e d  m u c h  to the  
s u c c e s s  of the  e x p e r i m e n t  and  t h e i r  d i l i g e n c e  and  
e n t h u s i a s m .  T h i s  w o r k  w a s  s u p p o r t e d  by  t he  B u n -  
d e s m i n i s t e r i u m  f~lr w i s s e n s c h a f t l i c h e  F o r s c h u n g .  
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