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N E U T R O N - N U C L E U S  T O T A L  C R O S S  S E C T I O N S  A T  5 . 7  G e V / c *  
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The neutron total  c ross  sect ions for  He, Be, C, A1, Fe, Cu, Cd, W, Pb and U have been measu red  to an 
accuracy of 2 % at 5.7 ± 0.6 GeV/c. The total  c ross  section versus  atomic weight data was fit to an ab- 
sorbing uniform grey sphere  optical model. The bes t  fi t  p a r a m e t e r s  are  R = aoA1/3 where a o = 1.27 =e0.01 
fm, and a nucleon mean free  path in nuclear  ma t t e r  of 3.0 ±0.2 fm. The energy dependence of the nucleon- 
nucleus total  c ross  sect ions is d iscussed in t e r m s  of the nucleon-nucleon total  c ross  sect ions and a s c r een -  
ing te rm.  

The  "good  g e o m e t r y "  b e a m  a t t e n a t i o n  t e c h -  
n i q u e  h a s  b e e n  e m p l o y e d  to m e a s u r e  the  n e u t r o n -  
n u c l e o n s  t o t a l  c r o s s  s e c t i o n  f o r  He, Be,  C, A1, 
Fe ,  Cu, Cd, W, P b a n d U  a t  5.7 ± 0 . 6  G e V / c  
u s i n g  a n e u t r o n  b e a m  f r o m  the  B e v a t r o n  a t  the  
L a w r e n c e  R a d i a t i o n  L a b o r a t o r y .  T he  e x p e r i -  
m e n t a l  a r r a n g e m e n t ,  w h i c h  h a s  b e e n  d e s c r i b e d  
in  the  p r e v i o u s  l e t t e r  [1], c o n t a i n e d  a t o t a l  a b -  
s o r p t i o n  s p e c t r o m e t e r  (TAS) f o r  n e u t r o n  e n e r g y  
s e l e c t i o n .  T h e  e n e r g y  r e s o l u t i o n  of the  TAS a n d  
the  s t r o n g l y  p e a k e d  n e u t r o n  s p e c t r u m  r e s u l t e d  
in  a n  e f f e c t i v e  s p e c t r u m  h a v i n g  r o u g h l y  a t r i a n -  
g u l a r  s h a p e  w i t h  a m e a n  m o m e n t u m  of 5.7 G e V / c  
a n d  FWHM of 1.2 G e V / c .  T he  He m e a s u r e m e n t  
w a s  m a d e  w i t h  l i q u i d  h e l i u m  in  the  1 . 2  m t a r g e t  
f l a s k  d e s c r i b e d  in  re f .  1, w h i l e  the  o t h e r  m e a -  
s u r e m e n t s  w e r e  m a d e  u s i n g  s o l i d  t a r g e t s  h a v i n g  
a t t e n u a t i o n s  r a n g i n g  f r o m  20% to 40 %. 

T h e  a t t e n u a t i o n  c r o s s  s e c t i o n s  f o r  the  f o u r  
t r a n s m i s s i o n  c o u n t e r s  h a d  to b e  c o r r e s t e d  f o r  
a r a t e  e f f e c t  c a u s e d  by  p u l s e  p i l e u p  in  the  TAS. 
T h i s  c o r r e c t i o n  a m o u n t e d  to a b o u t  2% in m o s t  
c a s e s .  I t  w a s  n e c e s s a r y  to c o r r e c t  the  He c r o s s  
s e c t i o n  d a t a  f o r  He ga s  in  the  t a r g e t  f l a s k  d u r i n g  
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t he  t a r g e t  e m p t y  r u n s ,  w h i c h  r e s u l t e d  in  
0 .8% + 0 .4% c o r r e c t i o n  f o r  the  He da ta .  

T h e  t o t a l  c r o s s  s e c t i o n s  w e r e  o b t a i n e d  by  e x -  
t r a p o l a t i n g  the  a t t e n u a t i o n  c r o s s  s e c t i o n s  to  z e r o  
s o l i d  ang le .  B e c a u s e  of the  v e r y  s m a l l  s o l i d  
a n g l e s  s u b t e n d e d  by  the  t r a n s m i s s i o n  c o u n t e r s  
[1] the  e x t r a p o l a t i o n  to z e r o  r e p r e s e n t s  a s m a l l  
c o r r e c t i o n ,  r a n g i n g  f r o m  1% fo r  He to 4 .5% f o r  
P b  f o r  the  s m a l l e s t  c o u n t e r .  T h r e e  e x t r a p o l a -  
t i on  t e c h n i q u e s  w e r e  t r i e d .  T h e  f i r s t  a s s u m e d  
the  a t t e n u a t i o n  c r o s s  s e c t i o n  w a s  a l i n e a r  f u n c -  
t i on  of the  s o l i d  a n g l e s  s u b t e n d e d  by  the  t r a n s -  
m i s s i o n  c o u n t e r s .  The  s e c o n d  m e t h o d  a s s u m e d  
t h a t  the  d i f f e r e n c e  b e t w e e n  the  a t t e n u a t i o n  c r o s s  
s e c t i o n  and  the  t o t a l  c r o s s  s e c t i o n  i s  due  to 
small angle scattering and that d~/d~2 is ade- 
quately represented by the expression for scat- 
tering from a totally absorbing disc, i.e., 

( ~ ) 2 f  2 J  l ( k R 0 )  2 ~ l d ~  (1) 
(~T =(~a ( i )+  I I  hRO } fi(O)÷ 

w h e r e  era(i) i s  the  a t t e n u a t i o n  c r o s s  s e c t i o n  a n d  
f i  (0) i s  the  g e o m e t r i c a l  r e s p o n s e  f u n c t i o n  of 
the  i t h  t r a n s m i s s i o n  c o u n t e r ,  R i s  the  n u c l e a r  
r a d i u s ,  a n d  the  ~/ t e r m  t a k e s  in to  a c c o u n t  i n -  
e l a s t i c  s c a t t e r i n g  w h i c h  i s  a s s u m e d  i s o t r o p i c  
o v e r  the  s m a l l  r a n g e  of a n g l e s  i n v o l v e d  
(0 < 0 .75o) .  T h e  t h i r d  a p p r o a c h  w a s  to  m a k e  
a l e a s t  s q u a r e s  f i t  to  the  d a t a  to  a p o l y n o m i a l  
in  the  f o u r - m o m e n t u m  t r a n s f e r  s q u a r e d ,  t, i . e . ,  

%(i) : ~ + a [ t l + b [ t 1 2 + c  Itl 3. (2) 
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Fig. 1. Total c ross  section versus  atomic weight. 

The  to t a l  c r o s s  s e c t i o n  v a l u e s  y i e l d e d  by  t h e s e  
t h r e e  e x t r a p o l a t i o n  m e t h o d s  w e r e  a v e r a g e d  to 
ob ta in  the f ina l  c r o s s  s e c t i o n s ,  and  the  s p r e a d  
a m o n g  the  m e t h o d s ,  w h i c h  w a s  t y p i c a l l y  4- 0.3 %, 
w a s  t aken  a s  a m e a s u r e  of the  u n c e r t a i n t y  in the  
e x t r a p o l a t i o n .  In a l l  c a s e s  th i s  u n c e r t a i n t y  w a s  
s m a l l  c o m p a r e d  wi th  the  s t a t i s t i c a l  u n c e r t a i n t y  
of the  data .  

Fig .  1 is  a p lo t  of to ta l  c r o s s  s e c t i o n s  v e r s u s  
a t o m i c  we igh t .  The  con t inuous  l ine  i s  a l e a s t  
s q u a r e s  f i t  to the  da t a  u s i n g  a p a r a m e t r i z a t i o n  
g iven  by S i e v e r s  [2]; i . e . ,  

cr t = 2~ [ R 2 - ½ Xo 2 { 1 - ( 2 R I x  o + 1 ) exp (- 2 Rlxo}] ,  (3) 

w h e r e  x o i s  the m e a n  f r e e  pa th  of a nuc l eon  in 
n u c l e a r  m a t e r i a l ,  and  R = aoA1/3.  T h i s  e q u a -  
t ion  r e s u l t s  f r o m  a s s u m i n g  tha t  the n u c l e a r  in -  
t e r a c t i o n  is  p u r e l y  a b s o r p t i v e  and  tha t  the  p a r -  
t i a l  w a v e  a m p l i t u d e  a p p e a r i n g  in  the  l a r g e  l max 
i n t e g r a l  a p p r o x i m a t i o n  fo r  the  s c a t t e r i n g  a m -  
p l i t ude  can be w r i t t e n  a s  

R2_b2) ½ a(b) = 1 - exp [-2 ( /Xo] , (4) 

w h e r e  b is  the  i m p a c t  p a r a m e t e r .  The  b e s t  f i t  
v a l u e s  fo r  a o and x o a r e  a o = 1.27 ~- 0.01 fm 
and  x o = 3.0 ± 0.2 fm.  T h i s  a o va lue  a g r e e s  
qui te  w e l l  w i th  v a l u e s  o b t a 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  [3].  

Fig .  2 s h o w s  the a v a i l a b l e  n u c l e o n - n u c l e u s  
to ta l  c r o s s  s e c t i o n  da t a  above  1 G e V / c  fo r  C, 
A1, Cu and  Pb .  The e a r l y  r e s u l t s  of A t k i n s o n  
e t  al. [5] and  P a n t u y e v  et  al. [6] a r e  i n c o n s i s t e n t  
w i th  the r e s t  of the  a v a i l a b l e  da t a  and have  not  
b e e n  inc luded .  

Our  r e s u l t s  can  b e s t  c o m p a r e d  wi th  the  e a r -  
l i e r  r e s u l t s  by m e a n s  of the " s h a d o w i n g "  o r  
m u l t i p l e - s c a t t e r i n g  c o r r e c t i o n  f a c t o r ,  5(A) 
d e f i n e d  f r o m  

axA = [ (A -Z )axn+ Z~xp][1-5(A)]  , ( 5 )  

w h e r e  Crxn and crxp a r e  the n u c l e o n - n u c l e o n  to t a l  
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Fig. 2. Aluminium carbon, copper and lead total c ross  sections from this exper iment  and ref. 4. 
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Fig. 3. 5(A) ve r sus  momentum for  Be, C, A1, Cu and 
Pb. The data point symbols used in this  figure a re  the 

same as those used in fig. 2. 

c r o s s  s e c t i o n s ,  a n d  axA i s  the  n u c l e o n - n u c l e u s  
t o t a l  c r o s s  s e c t i o n .  T h i s  d a t a  a r e  w e l l  r e p r e -  
s e n t e d  b y  t he  e m p i r i c a l  f i t  5(.4) = A 0"26. P u m p l i n  
a n d  R o s s  [7] h a v e  i n v e s t i g a t e d  the  e n e r g y  d e p e n -  
d e n c e  of 5 a n d  c o n c l u d e  t h a t  a b o v e  5 to 10 GeV/c 
m u l t i p l e - s c a t t e r i n g  e f f e c t s  a s s o c i a t e d  w i t h  i n e -  
l a s t i c  i n t e r m e d i a t e  s t a t e s  of the  n u c l e o n  p r o d u c e  
a s i g n i f i c a n t  i n c r e a s e  in  the  s i z e  of 5 o v e r  t h a t  
a s s o c i a t e d  w i t h  p u r e l y  e l a s t i c  s c a t t e r i n g .  Fig .  3 
s h o w s  the  v a l u e s  of 5 o b t a i n e d  f r o m  the  n u c l e o n -  
n u c l e o n  d a t a  p r e s e n t e d  in  r e f .  1. T h e  v a l u e s  c a l -  
c u l a t e d  b y  P u m p l i n  a n d  R o s s  a r e  a l s o  i nc luded .  
I f  we  a s s u m e  t h a t  5 i s  c o n s t a n t  be low 10 G e V / c  
t h e r e  i s  good a g r e e m e n t  a m o n g  the  v a r i o u s  e x -  
p e r i m e n t s  be low 10 G e V / c .  If  we a s s u m e  t h a t  
5 i n c r e a s e s  a b o v e  10 G e V / c  a s  p r e d i c t e d  b y  
P u m p l i n  a n d  R o s s  o u r  r e s u l t s  a g r e e  qu i t e  w e l l  
w i t h  the  27 G e V / c  r e s u l t s  of J o n e s  e t  al .  How-  
e v e r ,  i f  5 r e m a i n s  c o n s t a n t  o u r  r e s u l t s  a r e  in  
o u r  r e s u l t s  a r e  in  a g r e e m e n t  w i t h  the  20 GeV/c 
r e s u l t s  of B e l l e t t i n i  e t  al .  M o r e  d a t a  a b o v e  10 
G e V / c  a r e  n e e d e d  to r e s o l v e  t h i s  q u e s t i o n .  

T h e  a u t h o r s  w o u l d  l i ke  to  e x p r e s s  t h e i r  a p -  
p r e c i a t i o n  to W. H a r t s o u g h  a n d  the  o p e r a t i n g  c r e w  
a t  the  B e v a t r o n ,  to  B. E d w a r d s  a n d  E.  M c L a u g h -  
l in  of t he  L R L  M e c h a n i c a l  E n g i n e e r i n g  Group ,  
a n d  to C. C o r k ,  O. H a a s  a n d  S. W i l s o n  fo r  t h e i r  
m o s t  v a l u a b l e  a s s i s t a n c e .  
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