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The  p r e s e n t  w o r k  i s  an i n v e s t i g a t i o n  of 24.5 
G e V / c  p - p  e l a s t i c  s c a t t e r i n g  at  m o m e n t u m  t r a n s -  
f e r s  b e t w e e n  49 MeV/c  and 735 M e V / c ,  c o r r e s p o n d -  
ing to 0.0024 --< - t  ~< 0.55 (GeV/c )2 .  No " a n o m a l o u s "  
b e h a v i o u r  has  been  o b s e r v e d  in th i s  r e g i o n .  

The  a n g u l a r  d i s t r i b u t i o n  a t  s m a l l  a n g l e s  has  been  
s t u d i e d  by  two d i f f e r e n t  and c o m p l e m e n t a r y  m e t h -  
ods ,  (A) on the one hand with  a l iqu id  h y d r o g e n  bub-  
b l e  c h a m b e r ,  (B) on the o t h e r  hand  with  p e r p e n d i c -  
u l a r l y  e x p o s e d  e m u l s i o n s .  
A) 17 000 p i c t u r e s  of the CERN 30 c m  l iqu id  h y d r o -  
gen  bubb le  c h a m b e r  have  been  s c a n n e d  fo r  p - p  in-  
t e r a c t i o n s  wi th  two c h a r g e d  s e c o n d a r i e s .  E v e r y  
even t  wi th  a r e c o i l  t r a c k  of p r o j e c t e d  l eng th  l > 3 m m  
on the s c a n n i n g  t a b l e  ( m a g n i f i c a t i o n  1.5 t i m e s )  had 
to be  no ted ,  and the  s c a n n e r s  w e r e  e s p e c i a l l y  
t r a i n e d  not  to o v e r l o o k  e v e n t s  wi th  s h o r t  r e c o i l s .  
The  g e o m e t r i c a l  r e c o n s t r u c t i o n  was  p e r f o r m e d  with  
the g r a p h i c a l  m e t h o d  d e s c r i b e d  by  B o r e l l i  et  a l  1). 
The  c a l c u l a t i o n s  w e r e  done with  a c o m p u t e r  of type  
"Bul l  G a m m a  3". 

E v e n t s  a c c e p t e d  a s  e l a s t i c  ones  had  to s a t i s f y  the 
fo l lowing  k i n e m a t i c a l  and  g e o m e t r i c a l  cond i t i ons  : 

_ 2 r n c o s  e l  = 0 ,  
a) F I = ~ I ( P l O r R 1 )  ~ / y ~ _ , / Y _ l x c o s 2 O  1 

7 -1  7+1 

b) F 2 = t g e  l x t g o  2 -  ( 1 - # 2 c m  2) = 0 ,  

c) F 3 -- l l- 21 - = 0 

* Supported in par t  by the "Schweizerischer National- 
fonds" and by the United States Government, contract  
no. 61(052)-433. 
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D, R, 6 and ~ a r e  the  m e a s u r e d  c u r v a t u r e ,  r e s t -  
r a n g e ,  p o l a r  ang le  and a z i m u t h a l  ang le  r e s p e c -  
t i ve ly .  Index 1 d e s i g n a t e s  the s l o w e r  p a r t i c l e  # a n d  
7 a r e  the  v e l o c i t y  p a r a m e t e r s  of the c .m .  in the 
L -  s y s t e m .  ' 

The  s e p a r a t i o n  of e l a s t i c  f r o m  i n e l a s t i c  even t s  
was  then p e r f o r m e d  with the d i s t r i b u t i o n  of the 
quan t i t i e s :  a) F 1 / A F 1 ,  b) F 2 / A F 2 ,  c) F 3 / A F 3 ,  
w h e r e  the A F i  a r e  the  e r r o r s  in F i e x p e c t e d  f r o m  
m e a s u r e m e n t  u n c e r t a i n t i e s .  Th i s  p r o c e d u r e  gave  
658 e l a s t i c  even t s  in the a n g u l a r  i n t e r v a l  4 m r a d  
< e L < 30 m r a d  at  a to ta l  pa th  of 25390 m. We con~ 
c luded  f r o m  the d i s t r i b u t i o n s  that  a p o s s i b l e  s y s -  
t e m a t i c  e r r o r  of the n u m b e r  of e l a s t i c  even t s  
shou ld  be  S m a l l e r  than about  ± 3%. 

In o r d e r  to d e t e r m i n e  the s cann ing  l o s s  for  
even t s  s a t i s f y i n g  the scann ing  c r i t e r i a  a r e s c a n  
has  been  p e r f o r m e d .  F o r  i n e l a s t i c  e v e n t s  the l o s s  
was  about  3%, whi le  for  e l a s t i c  ones  l e s s  than 0.5% 
new even t s  w e r e  d i s c o v e r e d .  

B e s i d e s  th i s  " n o r m a l "  s cann ing  l o s s ,  the cut -  
off a t  3 m m  m u s t  n e c e s s a r i l y  g ive  an i n e v i t a b l e  
s cann ing  l o s s  which  i s  the s t r o n g e r  the s h o r t e r  the  
r e c o i l  and the l a r g e r  the  dip  angle .  The e s t i m a t e  
of th i s  l o s s  was  p e r f o r m e d  by m e a n s  of the  t a r g e t  
d i a g r a m  shown in fig.  1. F o r  the a n g u l a r  i n t e r v a l  
be tw e e n  4 m r a d  and 8 m r a d  the r e s u l t i n g  c o r r e c -  
t ion was  +23% (4-6 m r a d )  and +9% (6-8 m r a d ) .  In 
add i t i on  the e x p e c t e d  s cann ing  l o s s  can  be c a l c u -  
l a t e d  d i r e c t l y  f r o m  the c h o s e n  cu t -o f f  va lue .  The 
c a l c u l a t i o n  c o n f i r m s  the c o r r e c t i o n s  ob t a ined  
from the target diagram inside the limits of sta- 
tistical errors. Thus, including the corrections 
the bubble chamber gave 701 ±35 elastic scatter- 
ings with 4 mrad < e L < 30 mrad. 

Next, one had to account for Coulomb scatter- 
ing. For the scattering amplitude we can write * 

A ( e )  = C(O) + N ( e )  + i I ( e )  , 

• Inelastic Coulomb scat ter ing is neglected. 
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Fig. 1. Target diagram for 658 elastic seatterings with 4 mrad < ~ < 30 mrad. 

where  C(e) denotes  the Coulomb s c a t t e r i n g ,  N(@) the 
n u c l e a r  r e a l  pa r t  and I(0) the d i f f r ac t ion  par t .  Then  
the e l a s t i c  c r o s s  sec t ion  b e c o m e s  

d ~  _ { C ( @ )  + N(8)} 2 + I2(0) 
d~ 

P r e s u m i n g  a lways  N(0) << I(@), one can  i nves t i ga t e  
the behav iour  of d ~ / d ~  as  a funct ion  of c(e)  and it  
can  ea s i l y  be  shown that  N(O) has a m a x i m u m  "ef-  
f e c t i v e n e s s "  on d ~ / d ~  in the r eg ion  where  C(O') = 
I(0 ' )*.  At th is  angle  the i n t e r f e r e n c e  t e r m  p roduces  
a s t rong  "Coulomb a m p l i f i c a t i o n "  f ac i l i t a t ing  the 
de tec t ion  of dev ia t ions  f r o m  a pure  d i f f r ac t ion  pat-  
t e rn .  Fo r  24.5 G e V / c  p ro tons  @' b e c o m e s  1.8 mr a d .  
F r o m  our  m e a s u r e d  d i s t r i b u t i o n s  the pure  Coulomb 
c o n t r i b u t i o n  C(0) 2 has  been  s u b t r a c t e d .  

The d i s t r i b u t i o n  of d~/dt r e s u l t i n g  f r o m  the bub-  
b le  c h a m b e r  p i c t u r e s  is  shown in  fig. 2. A func t ion  
of type a e At  has  b e e n  f i t ted to the m e a s u r e d  poin ts .  
The two dashed  c u r v e s  a r e  the enve lopes  to a l l  
" s t r a i g h t  l i n e s "  with one s t a n d a r d  devia t ion .  The 
opt ica l  point  ca l cu l a t ed  with ~T = 39.5 ± 1 m b a r n  ob-  

* For this consideration we assumed N(0) = constant. 

t a ined  by L i n d e n b a u m  et al.  2) i s  wel l  con ta ined  
wi th in  the r eg ion  def ined by these  enve lopes  and 
no l a r g e r  i r r e g u l a r i t i e s  appear .  B r a n d t  et al. 3) 
r e p o r t e d  a poss ib l e  upward  c u r v a t u r e  for  10GeV/c  
~ - - p  s c a t t e r i ng .  It  i s  pos s ib l e  that  a l so  in our  case  
the r e a l  l ine  i s  c u r v e d  upwards .  We have however  
no ind ica t ion  to a s s u m e  on e x p e r i m e n t a l  g rounds  
that  i t  would then not conve rge  to the opt ica l  point.  
B) S imu l t aneous ly  with the bubble  c h a m b e r  i n v e s -  
t iga t ion  the angu la r  d i s t r i b u t i o n  of e l a s t i c  p -p  
s c a t t e r i n g s  has  been  s tud ied  by m e a n s  of p e r p e n -  
d i c u l a r l y  exposed n u c l e a r  e m u l s i o n s .  Fol lowing a 
method f i r s t  appl ied  for th is  pu rpose  by Lub imov  
et al.  4) we s c a nne d  for  b lack  and g rey  r e c o i l  
t r a c ks .  The p r i m a r y  m o m e n t u m  was 24.4 GeV/c .  
E v e r y  a p p a r e n t  t end of a heavy t r ack  (with a 
length  R > 10 ~) has  been  ca re fu l ly  i nves t i ga t ed  
and has been  noted down in  the ca se  that  an o rd i -  
n a r y  p r i m a r y  and any n u m b e r  of s e c onda r y  m i n i -  
m u m  t r a c k s  were  connec ted  with it .  In  this  m a n -  
n e r  2500 even ts  with n h = 1 and among  them 954 
even ts  with n h = 1, n s = 1 have been  found. To the 

t This can be either the end or the beginning of the track. 
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Fig.  2. Di f fe ren t ia l  c r o s s  sec t ion  for  e las t i c  s c a t t e r i n g s .  

954 s t a r s  wi th  n h = 1, n s = 1 the  s a m e  s e l e c t i o n  
c r i t e r i a  have  b e e n  a p p l i e d  a s  fo r  the  a n a l y s i s  of the  
bubb le  c h a m b e r  d a t a  and  156 genu ine  e l a s t i c  p - p  
s c a t t e r i n g s  have  been  ob t a ined .  

A r e s c a n  h a s  b e e n  p e r f o r m e d  in o r d e r  to e s t i -  
m a t e  the  s c a n n i n g  l o s s  a s  func t ion  of the  s c a t t e r i n g  
ang l e .  The  a v e r a g e  s c a n n i n g  e f f i c i ency  was  70%. A 
c u t - o f f  n e a r  s u r f a c e  and g l a s s  h a s  b e e n  t aken  into  
accoun t .  A g a i n  the  p u r e  Cou lomb  p a r t  of the  c r o s s  
s e c t i o n  h a s  b e e n  c a l c u l a t e d  and  s u b t r a c t e d .  The  r e -  
su l t  i s  shown in  f ig.  2. 

I n s i d e  the  r a t h e r  l a r g e  e r r o r s  the  d i s t r i b u t i o n  
o b t a i n e d  wi th  e m u l s i o n s  a g r e e s  wi th  tha t  of the  bub-  
b l e  c h a m b e r .  In  f a c t  the  e m u l s i o n  i n v e s t i g a t i o n  con-  
t r i b u t e s  p r i m a r i l y  to  the  two i n n e r  p o i n t s ,  the  in -  
n e r m o s t  one ex t end ing  f r o m  2-4  m r a d ,  the  nex t  
c o v e r i n g  4 -6  m r a d  w h e r e  the  bubb le  c h a m b e r  i s  a l -  
r e a d y  on i t s  r e l i a b i l i t y  l i m i t s  of a p p l i c a t i o n .  R e -  
s u l t s  of c o u n t e r  m e a s u r e m e n t  of D i d d e n s  et  a l .  5) 
and  of F o l e y  et  a l .  6) a r e  shown fo r  c o m p a r i s o n  in 
f ig.  2. Mos t  of t h e i r  po in t s  a r e  in ou r  v a l i d i t y  r e -  
g ion.  In o r d e r  to g e t  an  i d e a  abou t  the  m a g n i t u d e  of 
a r e a l  p a r t  in ou r  a n g u l a r  r e g i o n  we took the m e a s -  
u r e d  ~ ( t ) - d e p e n d e n c e  6) and  the t h e o r e t i c a l  c o n s i d e -  
r a t i o n  of A m a t i  eL a l . ,  and  Had j ioannou  et  a l .  7). 
The  p r e d i c t e d  r e a l - p a r t  c o n t r i b u t e s  to cb/dt about  
2%o fo r  I tl < 0.5 (GeV/c )  2. Th i s  i s  e x t r e m e l y  s m a l l  
and  i t  i s  today  i m p o s s i b l e  to m e a s u r e  such  a con-  
t r i b u t i o n  d i r e c t l y ,  h o w e v e r  i t  i s  c l e a r  tha t  i f  one ob-  
S e r v e d  now any " b u m p "  n e a r  the  r e g i o n  e = e'  *, 
w h e r e  the  c r o s s e d  t e r m  i s  e s p e c i a l l y  e f f e c t i v e ,  t h i s  
would  a l l ow to put  f u r t h e r  r e s t r i c t i o n  on the t h e o r y .  

In the  t a b l e  we s u m m a r i z e  f i na l l y  the  va lue  of 
a e l  , A ( f rom the  f i t  a e At)  and  ~T  a s  o b t a i n e d  wi th  
the  bubb le  c h a m b e r  (BC),  BC and o p t i c a l  po in t  (OP),  
BC and e m u l s i o n  (EM),  and  wi th  a l l  t h r e e  t o g e t h e r .  

* Such a "bump", natural ly  need, not necessa r i ly  appear  
p rec i se ly  at O = e,. It could be shifted since as well as 
N the "Coulomb-amplification,,  var ies  with e. 

Table 1 
Measured values from bubble chamber,  emulsion and 
optical point. 

BC BC+OP BC+EM BC+EM+OP 

Vel(mbarn) 8.7+0.4 8.8+0.3 8 .720 .4  8.8&0.3 

A(GeV/c) -2 8.8+0.4 8.9+0.3 8 .9+0.4 9.0+0.3 

vT(mbarn)  38.8+1.2 39.2+0.8 38.9+1.2 39.3+0.8 

The  " b e s t "  v a l u e s  a r e  

a e l  = 8 . 8 ± 0 . 3  m b a r n ,  

A = 9 . 0 ± 0 . 3  (GeV/c )  - 2 ,  

~ T  = 3 9 . 3 + 0 . 8  m b a r n .  

We a r e  g r a t e f u l  fo r  s t i m u l a t i n g  d i s c u s s i o n s  to 
P r o f e s s o r s  H o u t e r m a n s ,  P e y r o u  and T h i r r i , l g .  Dr .  
D. R. O. M o r r i s o n  s u p p l i e d  us  wi th  the  fi lsn and 
with  much  i n v a l u a b l e  i n f o r m a t i o n .  D r s .  C o m b e ,  
Lock  and the CERN e m u l s i o n  g r o u p  m a d e  p o s s i b l e  
the  e x p o s u r e  of the  e m u l s i o n s  a t  the  C E R N - P S .  
The  c a l c u l a t i o n s  w e r e  p e r f o r m e d  at  the  B e r n e -  
R e c h e n z e n t r u m ,  we want  to thank P r o f e s s o r  Nef 
and D r s .  H t l s s e r ,  G o r g 4 ,  L ind t  and L o c h e r  for  
t h e i r  h e l p f u l n e s s .  
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