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< a z ) / e  s = Z - 1  - 1 . 8 8 ) ] ,  c .m .  e x p [ - 3 . 2 7  (Ec.  m. 
(1) 

w h e r e  ( e E '  and crs do not inc lude  d i f f r a c t i o n  
e l a s t i c  s c a t t e r i n g .  We wi l l  take  es  = 3 x 10-26 cm 2 
independen t  of ene rgy .  

In fig.  1 we plot  the quan t i ty  d(CrE)/d~2 where  

d((~E;/d~ = (3 x lO-26/2n)(((~E)/~s)  . 

We also plot the experimental data from ref. I) for 
comparison. It should be recalled that the statisti- 
cal model does not predict or even address the 
question of the angular distribution of products. As 
may be seen from the figure, the agreement with 
the statistical prediction is surprisingly good, par- 
ticularly if we consider the large angle points where 
0c.m. > 500. Probably a more sophisticated evalu- 
ation of the sticking probability and inclusion of an- 

g u l a r  m o m e n t u m  i n f o r m a t i o n  in the s t a t i s t i c a l  
m o d e l  a r e  n e c e s s a r y  in o r d e r  to m a k e  a m o r e  s i g -  
n i f i can t  c o m p a r i s o n .  P e r h a p s  the s t r o n g e s t  s t a t e -  
men t  that  can be m a d e  i s  that  the s t a t i s t i c a l  p r e -  
d i c t ion  i s  a s  s a t i s f a c t o r y  an exp l ana t i on  as  any 
o the r  a l t e r n a t i v e  at  th i s  t i m e .  

Note added i~z p r o o f :  G. Cocconi  has  i ndependen t -  
ly r e a c h e d  s i m i l a r  c o n c l u s i o n s  ( p r i v a t e  c o m m u n i -  
ca t ion) .  

Re f e t e ) i c e s  
1) G. Cocconi et a l . ,  Phys. Rev. Letters 11 (1963) 499. 
2) G. Fast  and R. Hagedorn, Nuovo Cimento 27 (1963) 208. 
3) G .Fas t ,  R.Hagedorn and L.W.Jones ,  Nuovo Cimento 

27 (1963) 856. 
4) Per l ,  Jones and Ting, Phys. Rev. 132 (1963) 1252. 

7 r±-p  A N D  p - p E L A S T I C  S C A T T E R I N G  A T  8 . 5 ,  1 2 . 4  A N D  1 8 . 4  G e V / c  

D. O. C A L D W E L L  *, B. ELSNER **, D. HARTING, 
A. C. HELMHOLZ ***, W.C .  MIDDELKOOP and B. ZACHAROV 

CERN, Geneva, Swilzerland 

P. D A L P I A Z ,  S. FOCARDI,  G. G I A C O M E L L I  ¢ and L. MONARI 
Islilzdo di Fisica,  Unit'ersil~ di BologTza, 

Islitulo Nazionale di Fisica Nl~cleare, Sez. Di BologTza 

J. A. BEANEY,  R . A .  DONALD and P. MASON 
Nz~clear Physics Research Laboralocv, 
The Universily of Lirerpool,  Li~.erpool 

L. W. JONES t t 
Harrison M. Randall LaboYalory of Physics ,  

The University of Michigan, Ann Arbor ,  Michiga~z 

Received 8 January 1964 

An e x p e r i m e n t  on e l a s t i c  s c a t t e r i n g ,  us ing  the 
s p a r k  c h a m b e r  t echnique ,  has  been  c a r r i e d  out at  
the CERN pro ton  s y n c h r o t r o n .  In th i s  p a p e r  r e s u l t s  
are given for n--p and p-p elastic scattering at in- 
cident momenta of 8.5, 12.4 and 18.4 GeV/c, and 
for n+-p at 8.5 and 12.4 GeV/c. For these three in- 
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of v a l u e s  fo r  the s q u a r e  of the f o u r - m o m e n t u m  
t r a n s f e r  It [ b e t w e e n  0 . 1 2 -  1.15, 0 . 1 2 - 2 . 3 6  and 
0 . 1 8 -  4.86 (GeV/c)  2. The l i m i t s  on Itl  w e r e  d e -  
t e r m i n e d  by the g e o m e t r y ,  which  c o v e r e d  a l l  an -  
g l e s  be tween  1.25 ° and 7.45 ° , and by the l i m i t e d  
r a n g e  of the  r e c o i l  p ro ton  in the h y d r o g e n  t a r g e t .  
Only m e a s u r e m e n t s  for  I ti v a l u e s  s m a l l e r  than 
1.6 (GeV/c)  2 a r e  r e p o r t e d  in th i s  p a p e r .  

B e s i d e s  the i n t r i n s i c  i m p o r t a n c e  of obt.aining 
da t a  on the f u n d a m e n t a l  7r-p and p - p  p r o c e s s e s ,  
the i n t e r e s t  in t h e s e  p h e n o m e n a  was  enhanced  by 
the t h e o r e t i c a l  p r e d i c t i o n s  of Regge  po le  t h e o r y  1). 
In the l i m i t  of high e n e r g i e s  and s m a l l  m o m e n t u m  
t r a n s f e r s ,  the P o m e r a n c h u k  t r a j e c t o r y  (vacuum 
t r a j e c t o r y )  was  e x p e c t e d  to d o m i n a t e .  The  e l a s t i c  
s c a t t e r i n g  of any two e l e m e n t a r y  p a r t i c l e s  was  
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Fig. 1. Experimental layout. Spark chambers S 1 -S  4 detect the incident par t ic le ,  S 5 -S  8 the scat tered 
par t ic le  and S 9 the recoil  proton. C 2 is a 10 m long threshold ~erenkov counter. The counters 
C 1 - C 4 define the incident beam, C 5 and C 6 detect the recoil  proton and C 7 - C9 the scat tered 
par t ic le .  A1-A 8 are  anticoincidence counters. 

then p r e d i c t e d  to show a l o g a r i t h m i c  s h r i n k i n g  of 
the d i f f r a c t i o n  p a t t e r n  with i n c r e a s i n g  ene rgy .  Th i s  
b e h a v i o u r  was  found in h i g h - e n e r g y  p - p  s c a t t e r i n g  
by  Diddens  et  a l .  2), and c o n f i r m e d  by F o l e y  et  
al .  3). S e m i - c l a s s i c a l l y  th i s  i s  i n t e r p r e t e d  as  an in-  
c r e a s e  of the r a d i u s  of the  i n t e r a c t i o n .  The behav -  
iou r  of the r e l e v a n t  c r o s s  s e c t i o n s  m e a s u r e d  so fa r  
n e v e r t h e l e s s  i n d i c a t e  that  the  p r e s e n t  Regge  po le  
t h e o r y  i s  o v e r - s i m p l i f i e d .  

Our  r e s u l t s ,  b a s e d  on about  one t h i r d  of our  da ta ,  
c o n f i r m  p r e v i o u s l y  r e p o r t e d  o b s e r v a t i o n s  f r o m  
o t h e r  e x p e r i m e n t s  on the n o n - s h r i n k i n g  of t h e ~ - p  
d i f f r a c t i o n  p e a k s  3-5) .  We f ind no s i g n i f i c a n t  d i f -  
f e r e n c e  in the  b e h a v i o u r  o f ~ + - p  s c a t t e r i n g  c o m p a r e d  
w i t h ~ - - p  s c a t t e r i n g .  Our  r e s u l t s  c o n f i r m  the s h r i n k -  
ing of the  p - p  d i f f r a c t i o n  peak  be tween  8.5 and 18.4 
G e V / c  if the  da t a  a t  a l l  t v a l u e s  a r e  inc luded .  Wi th-  
in the a c c u r a c y  of our  da t a  the d i f f r a c t i o n  p a t t e r n  
for  I t l < 0.5 (GeV/c )  2 does  not  s h r i n k  s i g n i f i c a n t l y  
in th i s  e n e r g y  r a n g e ,  but  i t  i s  d e f i n i t e l y  n a r r o w e r  
than for  i n c i d e n t  m o m e n t a  be low 7 G e V / c .  

The  e x p e r i m e n t a l  l ayou t  i s  shown in fig.  1. The  
b e a m ,  f r o m  an i n t e g r a l  t a r g e t ,  had a m o m e n t u m  
s p r e a d  of =~ 2.5%. To e n s u r e  the  c o r r e c t  p a r t i c l e  
a s s i g n m e n t ,  a 10 m long h y d r o g e n  g a s  t h r e s h o l d  
~ e r e n k o v  c o u n t e r ,  C2, was  i n c o r p o r a t e d  in the  b e a m  
layout ,  and u sed  in c o i n c i d e n c e  for  ~ - p  s c a t t e r i n g ,  in 
a n t i c o i n c i d e n c e  fo r  p - p  s c a t t e r i n g .  The  pion b e a m s  
had  a muon c o n t a m i n a t i o n  of (6 :~ 1)% a t  8.5 G e V / c ,  
(5 ~: 1)% at  12.4 and 18.4 G e V / c  i n c i d e n t  m o m e n t u m .  
The  b e a m  was  f o c u s e d  onto a c y l i n d r i c a l  l iqu id  hy-  
d r o g e n  t a r g e t  of 20 cm d i a m e t e r  wi th  0.25 m m  th ick  
m y l a r  wa l l s .  

A s c i n t i l l a t i o n  c o u n t e r  s y s t e m  p r e s e l e c t e d  the  
p o s s i b l e  e l a s t i c  s c a t t e r i n g  even t s .  It c o n s i s t e d  e s -  
s e n t i a l l y  of a t r i p l e  c o i n c i d e n c e  of the  inc iden t ,  
s c a t t e r e d ,  and r e c o i l  p a r t i c l e s ,  in add i t i on  to an  
a n t i c o i n c i d e n c e  f r o m  a coun t e r  which  l i m i t e d  the  in-  
c i d e n t  b e a m  to 5 c m  h o r i z o n t a l  and  2.5 c m  v e r t i c a l  
c r o s s  s ec t i on .  The  a z i m u t h a l  a n g u l a r  i n t e r v a l  a c -  
c e p t e d  was  be tween  14 ° and  20 ° . The  m o m e n t a  of 
i n c i d e n t  and  s c a t t e r e d  p a r t i c l e s  a r e  d e t e r m i n e d  by  
m a g n e t i c  d e f l e c t i o n  to an  a c c u r a c y  of ÷ 1.5%. The  

18 v iews  of the c h a m b e r s  (one h o r i z o n t a l  and one 
v e r t i c a l  v iew for  e ach  c h a m b e r )  w e r e  brought  to-  
g e t h e r  in a s i n g l e  p i c t u r e  by a s y s t e m  of 38 p lane  
m i r r o r s .  The  c a m e r a  i m a g e d  an o b j e c t  p lane  at  
17 m d i s t a n c e  with  a l i n e a r  d e m a g n i f i c a t i o n  of 55 
onto 35 m m  f i lm .  S p h e r i c a l  f i e ld  l e n s e s  w e r e  u s e d  
ove r  the l a r g e r  s p a r k  c h a m b e r s  S 5 -  S 9 to r e d u c e  
parallax. 

Events not obviously inelastic were measured 
by means of digitized scanning tables. The position 
of a track is located to a precision of about 0.5 ram, 
its direction to a precision of about 0.7 mrad. We 
measured the momenta of the incident and scattered 
particle, together with the angles of the scattered 
particle and recoil proton. Thus, the two-body 
kinematics is twice over-determined. The kine- 
matics are calculated using only the measured in- 
cident particle momentum and the scattered angle 
of the pion. The selection criteria for elastic events 
are the measured deviations from the calculated 
scattered particle momentum and proton angle. 
Limits are placed on the distributions of these two 
quantities corresponding to approximately three 
times their standard deviations. The inelastic con- 
tamination within these limits changes from 1.5% 
at I tL -- 0.13 to 11% at L tl = 1.0 (GeV/c)2 for all 
energies. The scanning efficiency is checked to be 
better than 98%. Pictures with two or more inci- 
dent particles are not measured and a correction is 
applied for this. 

Due to the shape  of the t a r g e t  and  the inc iden t  
b e a m  d i s t r i b u t i o n ,  the  r e c o i l  p ro ton  n e e d s  a m i n i -  
m u m  in i t i a l  e n e r g y  of 50 MeV in o r d e r  to a l w a y s  
r e a c h  the c oun t e r  C 5 o r  C 6. Th i s  i s  the  c a s e  for  
l a b o r a t o r y  s c a t t e r i n g  a n g l e s  l a r g e r  than  2.2o a t  
8.5 G e V / c ,  1.5 ° a t  12.4 G e V / c  and 1 ° a t  18.4 G e V / c .  
A c o r r e c t i o n  f a c t o r  h a s  been  c a l c u l a t e d  to t ake  into  
accoun t  the p r o b a b i l i t y  that  the p r o t o n  m a k e s  a nu-  
c l e a r  i n t e r a c t i o n  be tw e e n  i t s  poin t  of o r i g i n  and i t s  
a r r i v a l  a t  c oun t e r  C 5 o r  C 6. Th i s  c o r r e c t i o n  i s  
l a r g e s t  a t  8.5 G e V / c  w h e r e  i t  i s  3.3% fo r  the  
s m a l l e s t  a n g l e s .  An a d d i t i o n a l  c o r r e c t i o n  fo r  p a r -  
t i c l e  l o s s  be tw e e n  c o u n t e r  C4 and c o u n t e r s  C7 - C9 
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Fig. 2. n - -p  elast ic  scat ter ing differential  c ross  sections 
at 8.5 and 18.4 GeV/c. 

a m o u n t s  to 3.7% of the  inc iden t  b e a m  for  ~+-p  s c a t -  
t e r i n g  and to 5.2% for  p - p  s c a t t e r i n g .  

The r e s u l t s  of th i s  e x p e r i m e n t  a r e  at  p r e s e n t  
b a s e d  on a p p r o x i m a t e l y  3000 even t s  fo r  e ach  m o -  
m e n t u m  and each  type  of i nc iden t  p a r t i c l e .  As  an 
e x a m p l e ,  the 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  for  y - - p  
s c a t t e r i n g  at  8.5 and 18.4 GeV/c  a r e  shown in f ig.  2 
a s  d~/d t  v e r s u s  {t{. The  It i s c a l e  i s  u n c e r t a i n  by 
about  2%. It i s  e s t i m a t e d  tha t  the a b s o l u t e  c r o s s  
s e c t i o n s  have  an u n c e r t a i n t y  of • 7%. 

The  da t a  have  been  f i t t ed  by  the  l e a s t  m e a n  
s q u a r e s  m e t h o d  wi th  the func t ions  

d~/ dt = e a+bt m b / ( G e V / c ) 2  (1) 

and 

dc~/ dt = e A+Bt+Ct2 m b / ( G e V / c ) 2  (2) 

The  r e s u l t s  of t h i s  a n a l y s i s  a p p l i e d  to our  da t a  a r e  
g iven  in t a b l e s  1 and 2. 

F o r  a l i m i t e d  It { r a n g e ,  e .g .  0.13 < It I<  0.5 
(GeV/c)  2, the  f i t  of our  da t a  to eq. (1) g i v e s  qu i te  a 
r e a s o n a b l e  X 2. F o r  the  c o m p l e t e  It I r a n g e ,  eq. (2) 
i s  r e q u i r e d ,  e .g . ,  C i s  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  
z e r o .  

The  d e v i a t i o n  of the  d i f f r a c t i o n  p a t t e r m  f r o m  a 
p u r e  e x p o n e n t i a l  can  be  r e p r e s e n t e d  by  the  d i m e n -  
s i o n l e s s  quan t i t y  C / B  2, which  i s  the s e c o n d  c o e f -  
f i c i e n t  in the  e x p a n s i o n  

log L (d /dt)t=0 J . . . .  

The  v a l u e s  for  C/B2  o: t ab l e  2 show that  the  d e v i -  
a t ion  f r o m  a p u r e  exponen t i a l  i s  s m a l l .  The  e r -  
r o r s  a r e  c a l c u l a t e d  unde r  the a s s u m p t i o n  tha t  the 
e r r o r s  in B and C a r e  u n c o r r e l a t e d  and a r e  t h e r e -  
f o r e  p r o b a b l y  o v e r e s t i m a t e d .  

To d e s c r i b e  the b e h a v i o u r  of the c r o s s  s e c t i o n s  
in the r e g i o n  of s m a l l  t v a l u e s ,  we c h o o s e  the r a -  
d ius  of i n t e r a c t i o n ,  which  for  an exponen t i a l  d i f -  
f r a c t i o n  p a t t e r n  i s  u s u a l l y  def ined  as  

r = ~ .  (4) 

~ present experiment 
i~ Re,. 3 t Re,6 }~ Re,. 9 
i~  Re,. ~ ~ Re,.7 { R,,.,0 

t Ref. 5 ~ Re,. 8 

1.2 I ~+p 

O.9 I 

r - p  
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1 ,2 -  
PP 
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0.8 
g8 

I I I I 

I I I 

I 
0.9 1.0 
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I I I i 
1.1 1.2 1.3 1.~ 1.5 tg los 

Fig. 3. Radii of interaction for n- -p ,  n+-p and p-p elast ic  
scatterin~a_against lOgl0 s; the radius is defined 
as r = 2~/-b where b is obtained with a purely ex-  
ponential fit of the data over the region 
0 . 1 3 <  {t} < 0 . 5 .  

In f ig.  3 the r e s u l t s  fo r  r f r o m  our  e x p e r i m e n t  
a r e  shown a s  a func t ion  of lOgl0 s and  c o m p a r e d  
wi th  t h o s e  f r o m  o t h e r  e x p e r i m e n t s .  The  d a t a  t aken  
f r o m  the l i t e r a t u r e  have  been  r e a n a l y s e d  so  tha t  
they  app ly  to a p p r o x i m a t e l y  the  s a m e  t i n t e r v a l  a s  
our  d a t a  (0.13 < It  I < 0.5).  Whi le  the  r a d i i  for  
7r--p and ~+-p  i n t e r a c t i o n  r e m a i n  c o n s t a n t ,  the  p - p  
i n t e r a c t i o n  r a d i u s  i n c r e a s e s  wi th  s.  

The  d e s c r i p t i o n  of the  s l o p e  of the  d i f f r a c t i o n  
p a t t e r n  in t e r m s  of r i s  b a s e d  on ly  on d a t a  at  low 
t v a l u e s .  A t e s t  fo r  the  s h r i n k i n g  o r  n o n - s h r i n k i n g ,  
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Table  1 
Resul ts  of the best  fit analysis  according to formula  (1). 

E r r o r s  r e p r e s e n t  s tandard deviat ions independent of the goodness of fit (internal e r r o r s ) .  

Labora tory  pion S [ l I range -b r = ~,/-b 
momentum (GeV/c) (GeV) 2 (GeV/c)2 (GeV/c)-2 (fro) 

8.5 16.8 0.13 - 0.50 7.33 + 0.18 1.069 ± 0.013 
~- 12.4 24.2 0.13 - 0.50 7.64 + 0.18 1.091 _+ 0.013 

18.4 35.4 0.19 - 0.50 7.21 ± 0.28 1.060 _+ 0.021 

~+ 8.5 16.9 0.13 - 0.50 7.23 _+ 0.17 1.062 + 0.012 
12.4 24.2 0.13 - 0.50 6.93 + 0.38 1.039 ± 0.028 

8.5 17.8 0.13 - 0.50 7.74 ± 0.19 1.098 + 0.013 
p 12.4 25.1 0.13 - 0.50 8.15 + 0.24 1.127 ± 0.016 

18.4 36.3 0.19 - 0.50 7.86 + 0.30 1.107 +_ 0.021 

Table 2 
Resul ts  of the best  fit analysis  according to formula  (2). 

Labora tory  pion [ t [ range A -B C C 
momentum (GeV/c) (GeV/c)2 (GeV/c) -2 (GeV/c) -4 B 2 

8.5 0.13 - 1.10 3.608 ± 0.068 8.42 ± 0.37 1.78 ± 0.41 0.025 + 0.006 
12.4 0.13 - 1.50 3.504 + 0.059 8.62 ± 0.30 1.84 + 0.30 0.025 + 0.004 
18.4 0.19 - 1.50 3.361 + 0.100 8.55 + 0.32 1.97 + 0.25 0.027 + 0.004 

8.5 0.13 - 1.10 3.509 + 0.061 7.94 ± 0.35 1.47 ± 0.40 0.023 + 0.007 
12.4 0.13 - 1.30 3.166 2= 0.138 7.42 + 0.70 1.13 ± 0.74 0.021 + 0.014 

8.5 0.13 - 1.10 4.264 2= 0.067 8.34 ± 0.40 1.01 + 0.47 0.014 + 0.007 
12.4 0.13 - 1.50 4.250 + 0.074 9.59 ± 0.38 2.24 + 0.38 0.024 + 0.0()5 
18.4 0.19 - 1.50 4.095 + 0.134 9.14 2= 0.55 1.16 + 0.51 0.014 + 0.006 

I-[ 

~+ 

b a s e d  on the  d a t a  a t  a l l  t c a n  b e  o b t a i n e d  f r o m  the  
b e h a v i o u r  of  d~/dt/[~2(s)/16~] at  f i x e d  t a s  a f u n c -  
t i on  of  l O g l 0  s 2, 3). 

F o r  l a r g e  v a l u e s  of s t he  d e p e n d e n c e  on s of the  
s h a p e  of the  d i f f r a c t i o n  p e a k  i s  u s u a l l y  e x p r e s s e d  by  
the  f u n c t i o n  or(t) in t he  p a r a m e t r i s a t i o n  

log  [ d ~ / d t / ~ ]  = K +  [ 2 ~ ( t ) - 2 ]  l og  s , (5) 

w h i c h  i s  s u g g e s t e d  by  t h e  R e g g e  p o l e  t h e o r y .  
F r o m  o u r  r e s u l t s  we  f ind  

p - p  a ( t )  = ( 0 . 8 9 ~ 0 . 1 0 ) -  (0.45~=0.22)t 
u - - p  ~ it) = (0 .89±0.06)  + ( 0 . 0 6 , 0 . 1 4 ) t  
~ + - p  ~ (t) = ( 0 . 7 1 , 0 . 1 9 )  + (0 .24~0.50)  t .  

T h u s  act)  h a s  a s i g n i f i c a n t  t d e p e n d e n c e  f o r  p - p  
s c a t t e r i n g ,  i . e . ,  t he  p - p  d i f f r a c t i o n  p e a k  s h r i n k s .  
F o r  ~ - - p  and  u + - p  s c a t t e r i n g ,  h o w e v e r ,  ~( t )  i s ,  
w i t h i n  t h e  e r r o r s ,  i n d e p e n d e n t  of  t and  t h e r e f o r e  t h e  
d i f f r a c t i o n  p e a k  d o e s  no t  c h a n g e  i t s  s h a p e  a s  a f u n c -  
t i on  of  s .  

T h e  e x t r a p o l a t i o n s  of  o u r  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  to t = 0 a r e  no t  p a r t i c u l a r l y  s i g n i f i c a n t  b e c a u s e  

of t he  l a r g e  t r a n g e  o v e r  w h i c h  the  e x t r a p o l a t i o n  
h a s  to be  m a d e .  In g e n e r a l ,  h o w e v e r ,  t he  e x t r a -  
p o l a t e d  v a l u e s  a g r e e  w i t h  the  o p t i c a l  t h e o r e m  
po in t  w i t h i n  t h e  e r r o r s .  

F i g .  4 s h o w s  a l l  t o t a l  e l a s t i c  c r o s s  s e c t i o n s  a t  
p r e s e n t  a v a i l a b l e ,  a s  a f u n c t i o n  of i n c i d e n t  m o -  
m e n t u m .  O u r  v a l u e s  w e r e  o b t a i n e d  by  i n t e g r a t i o n  
of the  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 ,  e x t r a p o l a t e d  to  
the  o p t i c a l  t h e o r e m  po in t  a t  t = 0. T h e  v a l u e s  f r o m  
o t h e r  a u t h o r s  w e r e  t a k e n  d i r e c t l y  f r o m  t h e i r  r e -  
s p e c t i v e  p a p e r s .  T h e  e r r o r s  s h o w n  i n c l u d e  s t a t i s -  
t i c a l  a s  w e l l  a s  s y s t e m a t i c  e r r o r s .  

We  a c k n o w l e d g e  w i t h  g r a t i t u d e  the  f r u i t f u l  d i s -  
c u s s i o n s  we  had  w i t h  m a n y  p h y s i c i s t s  in and  o u t -  
s i d e  C E R N .  

T h e  a s s i s t e n c e  of M. N. F o c a c c i ,  J .  H. G e i b e l ,  
F .  L.  Hue t ,  R.  K e y s e r  and  J .  R e a d  h a s  b e e n  of g r e a t  
v a l u e .  V. B e c k ,  H. Kuhn  and  J .  S i c h e r  c o n s t r u c t e d  
m o s t  of  t he  a p p a r a t u s .  In  a d d i t i o n ,  H. Kuhn g a v e  
c o n s i d e r a b l e  h e l p  d u r i n g  t h e  r u n s .  We  thank  o u r  
s c a n n e r s  f o r  t h e i r  w o r k  on t h e  a n a l y s i s  of t he  p h o -  
t o g r a p h s .  
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as  well  as s y s t e m a t i c  e r r o r s .  
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