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Total cross-section data arc presented for protons, positive pions and positive kaons on protons 
and deuterons in the momentum range 15 GeV/c to 60 GeV/c in 5 GeV/c steps. 

This  l e t t e r  g ives  the f i r s t  r e su l t s  of total  
c r o s s - s e c t i o n s  for pos i t ive  p a r t i c l e s  m e a s u r e d  
at the 70 GeV proton synchroton of the Inst i tute 
for  High Ene rgy  Phys ics .  The data p re sen ted  
a r e  for p, ~+ and K + in the momentum range 15 
GeV/c  to 60 GeV/c  on hydrogen and deute r ium.  
The s tandard  t r a n s m i s s i o n  technique was e m -  
ployed, and the expe r imen t  u t i l i zed  e s sen t i a l l y  
the same  detec t ion  equipment  as used  in the e a r -  
l i e r  m e a s u r e m e n t s  of c r o s s - s e c t i o n s  for  nega-  
t ive p a r t i c l e s  [1,2]. 

Pos i t i ve  p a r t i c l e s  produced in an in te rna l  t a r -  
get of the synchro t ron  w e r e  ex t r ac t ed  using a 
magnet ic  shie lding at angles  ranging f rom 10-50 
m r a d  depending on momentum [3,4]. F o r  second-  
a ry  momenta  between 25 and 60 GeV/c  the t a rge t  
was ope ra ted  on the full energy  flattop of the 
a c c e l e r a t o r ,  i .e.  using incident  protons  of 70 
GeV. F o r  the m e a s u r e m e n t s  at 15 and 20 GeV/c  
the t a rge t  was opera ted  on a "front  porch"  at 35 
GeV. The beam t r anspo r t  sys tem,  apar t  f rom a 
r ea l ignmen t  of the f i r s t  four quadrupoles ,  was 
ident ica l  with that used  for  the e a r l i e r  m e a s u r e -  
ments  with negat ive p a r t i c l e s  [1,2]. 

F o r  the m e a s u r e m e n t s  on protons  and kaons,  
the moni to r  cons i s ted  of s ignals  f rom sc in t i l l a -  
t ion counters  defining the beam,  the d i f fe ren t ia l  
counter  [5] tuned to the d e s i r e d  pa r t i c l e s ,  and 
the th resho ld  counter  [6] which de tec ted  al l  l ight-  
e r  p a r t i c l e s  and was used  in ant icoincidence.  
Contaminat ion of unwanted p a r t i c l e s  was always 
s m a l l e r  than 0.1%. Fo r  the m e a s u r e m e n t s  on 
pions,  the th resho ld  counter  was in coincidence.  
The total  flux in the beam was kept always 
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s m a l l e r  than 105 pe r  burs t  with a spi l l  t ime of 
~ 1 sec .  

The t r a n s m i s s i o n  counters  were  the same  as 
used  in the p rev ious  m e a s u r e m e n t s  and w e r e  
moved along the beam line, downs t ream of the 
t a rge t s ,  such that at each momentum,  the sol id  
angle subtended by the t r a n s m i s s i o n  counters  
accepted  the same  range of f ou r -m om en tum  
t r a n s f e r  squared.  This  p rocedure ,  which was 
done to avoid energy-dependen t  sy s t em a t i c  e r -  
r o r s  in the ext rapola t ion  of pa r t i a l  c r o s s - s e c -  
t ions to t = 0, was ident ical  to that c a r r i e d  out 
in the e a r l i e r  expe r imen t s  with negat ive pa r t i -  
c les  [1,2]. 

The new e lement  in this exper iment ,  in c o m -  
pa r i son  with p rev ious  m e a s u r e m e n t s  [2], was 
the t a rge t  sys tem.  The t a rge t  ce l l s  used were  
cy l inders ,  1.5 m long and 12 cm d iame te r ,  one 
containing l iquid hydrogen and the o ther  liquid 
deuter ium.  This  provided  10.9 g / c m  2 hydrogen 
and 26.3 g ' cm 2 of deu te r ium in the path of the 
beam. The liquid hydrogen was e s sen t i a l ly  pure  
pa ra -hyd rogen  ( less  than 5% ortho); the l iquid 
deu te r ium was in the n-s ta te .  The total  thickness  
of the m y l a r  end windows of the t a rge t  ce l l s  and 
vacuum v e s s e l  was 1.2 ram. An ident ical  eva -  
cuated dummy ta rge t  was used for  the empty 
t a rge t  m e a s u r e m e n t s .  The t a rge t  lengths were  
m e a s u r e d  under  the expe r imen ta l  conditions 
(i.e. full of l iquid H 2 and D 2) by an optical  t ech-  
nique which a lso  m e a s u r e d  the prof i le  of the 
windows of the ta rge t .  A sma l l  c o r r e c t i o n  (-0.1%) 
was applied for  the curva tu re  of the ends of the 
t a rge t s .  The t a rge t  lengths w e r e  known with an 
accu racy  of 0.6 mm,  i .e.  0.04%. 

Throughout the exper iment ,  the vapour  p r e s -  
su r e s  of the hydrogen and deu te r ium ce l l s  were  
moni to red  by p rec i s ion  m a n o m e t e r s  to an accu-  
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Est imated values of p, the ra t io  
putation of the Coulomb-nuclear  

Momentum 
GeV/c 

15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
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Table 1. 
of the rea l  to imaginary  pa r t s  of the forward sca t te r ing  amplitude,  used in the corn- 
in t e r fe rence  cor rec t ion  5CN, and the effect  of the combined cor rec t ion  (6C+5CN) on 

the total c ros s - sec t ions .  

- P  - ( 5  C+SCN ) mb 

pp ~ +p K+p pp ~'+p K+p pd y +d K+d 

0.24 0.18 0.22 0.20 0.08 0.08 0.35 0.14 0.16 
0.21 0.15 0.18 0.18 0.07 0.06 0.32 0.13 0.13 
0.18 0.14 0.16 0.16 0.07 0.06 0.28 0.12 0.12 
0.16 0.12 0.14 0.14 0.07 0.05 0.24 0.10 0.11 
0.15 0.11 0.12 0.13 0.06 0.05 0.23 0.09 0.10 
0.14 0.10 0.11 0.12 0.06 0.05 0.21 0.08 0.09 
0.13 0.09 0.10 0.11 0.05 0.04 0.19 0.08 0.09 
0.12 0.08 0.09 0.11 0.05 0.04 0.18 0.07 0.08 
0.11 0.07 0.09 0.10 0.05 0.03 0.17 0.07 0.07 
0.10 0.06 - 0.10 0.04 - 0.16 0.07 - 

Table 2. 
Results  of the total c ro s s - s ec t i on  measu remen t s .  The s ta t i s t ica l  e r r o r  is  given for  each point. The sys temat ic  

scale  e r r o r s  a re  indicated at  the foot of the table.  

/Iomentum (~tot (Trot a tot 

GeV/c  PP y+p K+p pd ~ +d K+d pn ~+n K+n 

15 
20 
25 
30 
35 
40 
45 
50 
55 
60 

Syste- 
matic 
3cale 
e r ro r  

39.29±0.12 24.08±0.12 17.31+0.13 
39.06~-~0.12 23.52:e0.11 17.42:~0.16 
38.80±0.12 23.43±0.11 17.68~0.10 
38.59±0.12 23.32-0.11 17.72~0.10 
38.49~-0.12 23.06±0.11 17.80~:0.10 
38.50±0.12 23.08±0.11 18.05=e0.13 
38.45±0.12 23.14±0.12 17.88~0.12 
38.46±0.12 23.11±0.12 18.37±0.11 
38.43±0.12 23.14±0.12 18.17~0.14 
38.44±0.12 23.33*0.20 

±0.4% ~0.5% ±0.4% 

75.25±0.22 48.21±0.22 34.44±0.20 
74.48±0.22 47.15±0.22 34.61±0.23 
74.00±0.22 46.85:e0.22 34.71~0.20 
73.85±0.22 46.41±0.22 34.66~0.20 
73.53±0.22 45.91~-0.22 35.15~0.20 
73.60±0.22 45.21±0.30 35.42±0~20 
73.22±0.22 45.88±0.22 35.40~-0.20 
73.43±0.22 45.51±0.22 35.60+0.20 
73.26±0.22 45.65±0.22 35.80±0.20 
73.42±0.22 45.58=e0.40 

±0.5% ±.0.6% ±0.5% 

39.68+0.17 25.60+0.20 17.87±0.23 
39.06±0.17 25.03*0.20 17.94±0.28 
38.79±0.20 24.85±0.23 17.78:e0.18 
38.84±0.15 24.45±0.20 17.69i-0.18 
38.58±0.24 24.18±0.22 18.12:e0.18 
38.65±0.15 23~42±0.30 18.15±0.22 
38.28±0.15 24.07:e0.23 18.30±0.24 
38.50:~0.23 23.71±0.25 18.02±0.20 
38.35±0.22 23.83±0.22 18.43±0.24 
38.51=e0.19 23.56+0.40 

±1.8% ±1.4% *1.3% 

r a c y  of 1 m m  Hg. T h e  v a l u e  of t he  t e m p e r a t u r e  
of t he  h y d r o g e n  c e l l  w a s  e v a l u a t e d  f r o m  t he  a b -  
s o l u t e  v a p o u r  p r e s s u r e  u s i n g  the  t a b l e s  of 
T a p p e r  [7]. T h e  t e m p e r a t u r e  of t he  d e u t e r i u m  
c e l l  w a s  a s s u m e d  to  b e  e q u a l  to  t he  t e m p e r a t u r e  
of t he  h y d r o g e n  ce l l .  T h e  a v e r a g e  v a l u e  of t he  
t e m p e r a t u r e  t h r o u g h t o u t  the  e x p e r i m e n t  w a s  
2 0 . 2 8 ° K  a n d  t he  v a r i a t i o n s  f r o m  t h i s  v a l u e  w e r e  
n o r m a l l y  l e s s  t h a n  0 . 0 5 ° K  w i t h  a m a x i m u m  v a r i a -  
t i o n  of 0 . 1 ° K  o b s e r v e d  f o r  a s h o r t  p e r i o d  w h e n  
t he  a t m o s p h e r i c  p r e s s u r e  w a s  a b n o r m a l l y  low. 
T h u s  f o r  a l l  t h e  da t a ,  t he  d e n s i t y  w a s  c o n s t a n t  
to  w i t h i n  l e s s  t h a n  ~-0.1%. F r o m  t he  v a l u e s  of 
t he  t e m p e r a t u r e  the  m o l a r  v o l u m e  of b o t h  h y -  
d r o g e n  a n d  d e u t e r i u m  w a s  c a l c u l a t e d ,  u s i n g  t he  
t a b l e s  of T a p p e r  [7]. T h e  d e u t e r i u m  d e n s i t y  w a s  
c o r r e c t e d  f o r  (1 .8±  0.6)% h y d r o g e n  c o n t a m i n a t i o n ,  
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m a i n l y  in  t he  f o r m  of HD m o l e c u l e s ,  d e t e r m i n e d  
b y  a m a s s  s p e c t r o m e t e r  t e c h n i q u e  a n d  b y  a p r e -  
c i s e  m e a s u r e m e n t  of t he  g a s  d e n s i t y .  B o t h  m e t h -  
ods  g a v e  t he  s a m e  r e s u l t s  w i t h i n  e r r o r s .  

T h e  f i n a l  v a l u e  of t he  t a r g e t  t h i c k n e s s  in  gin 
c m - 2  w a s  e s t i m a t e d  to  h a v e  a p o i n t  to  p o i n t  e r -  
r o r  of m u c h  l e s s  t h a n  0.1%. T h e  s y s t e m a t i c  
s c a l e  e r r o r s  a r i s i n g  f r o m  the  u n c e r t a i n t y  in  t he  
t a b l e s  [7], t he  e r r o r  in  t e m p e r a t u r e  d e t e r m i n a -  
t ion ,  t he  u n c e r t a i n t y  in  t he  t a r g e t  l e n g t h  a n d  the  
e r r o r  in  t he  e s t i m a t e  of c o n t a m i n a t i o n s  h a v e  
b e e n  e s t i m a t e d  to  b e  0.1% f o r  h y d r o g e n  a n d  0.3% 
f o r  d e u t e r i u m .  

T h e  d a t a  w e r e  t a k e n  in  a s i n g l e  p e r i o d  of a c -  
c e l e r a t o r  o p e r a t i o n  l a s t i n g  t h r e e  w e e k s .  P e r i o d -  
i c a l l y ,  p r o t o n  c r o s s - s e c t i o n s  a t  30 G e V / c  w e r e  
r e m e a s u r e d  a s  a c h e c k  on  r e p r o d u c i b i l i t y  w h i c h  
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Fig. 1. Resul ts  of the total c r o s s - s e c t i o n  m e a s u r e m e n t s  for  posit ive pa r t i c les .  The new data [ ~ ] a re  compared 
with the lower energy data of Foley et al. [13] [+] ,  Galbrai th  et  al. [14] [~ ], and Beupre et al. [15] [ ~]. The e r r o r s  

shown a re  s ta t i s t ica l  only. 

w a s  b e t t e r  t h a n  0.1%. At  e a c h  m o m e n t u m  a 
s t a n d a r d  p r o c e d u r e  f o r  s e t t i n g  t he  b e a m  e l e m e n t s  
a n d  t u n i n g  t he  C e r e n k o v  c o u n t e r s  w a s  fo l lowed .  
C r o s s - s e c t i o n  m e a s u r e m e n t s  c o n s i s t e d  of a s e -  
r i e s  of r u n s  w h e r e  t he  p a r t i c l e s  t r a n s m i t t e d  
t h r o u g h  t he  t a r g e t  a n d  d e t e c t e d  b y  e a c h  t r a n s -  
m i s s i o n  c o u n t e r  w e r e  r e c o r d e d  f o r  a f i xed  n u m -  
b e r  of m o n i t o r  c o u n t s  [1,2].  T h e  s e r i e s  of r u n s  
w a s  a c y c l i c  p e r m u t a t i o n  of m e a s u r e m e n t s  w i t h  
h y d r o g e n ,  d e u t e r i u m ,  a n d  d u m m y  t a r g e t s .  A t  
t he  e n d  of e a c h  r u n ,  the  d a t a  w e r e  t r a n s f e r r e d  
on to  p u n c h e d  c a r d s  f o r  o f f - l i n e  a n a l y s i s ,  w h i c h  
w a s  c a r r i e d  out  on  a B E S M - 6  c o m p u t e r .  D a t a  
w e r e  s c r u t i n i z e d  to c h e c k  t h a t  c h a n n e l  e f f i c i e n -  
c i e s  w e r e  good  (>1 99.8%). 

T h e  d e l a y e d  c o i n c i d e n c e s  of t he  t r a n s m i s s i o n  
c o u n t e r s  w e r e  c o n t i n u o u s l y  r e c o r d e d  a n d  w e r e  
u s e d  to m e a s u r e  t he  v a r i a t i o n s  in  i n s t a n t a n e o u s  
b e a m  r a t e .  T h e  d e p e n d e n c e  of the  m e a s u r e d  c r o s s -  

s e c t i o n s  on  b e a m  r a t e s  w a s  s t u d i e d  a n d  t he  e f -  
f e c t  w a s  found  to b e  c o r r e l a t e d  w i t h  t he  d e l a y e d  
c o i n c i d e n c e  r a t e .  U n d e r  s t a n d a r d  c o n d i t i o n s  in  
t he  25 to  60 G e V / c  m o m e n t u m  r e g i o n ,  the  v a l u e  
of the  d e l a y e d  c o i n c i d e n c e s  w a s  ~0 .5%,  w h i c h  
c o r r e s p o n d e d  to a c o r r e c t i o n  of 0.15% to the  
c r o s s - s e c t i o n s .  At  15 a n d  20 G e V / c  s e c o n d a r y  
m o m e n t u m ,  t he  d e l a y e d  c o i n c i d e n c e s  w e r e  m u c h  
l a r g e r  b e c a u s e  of t he  R . F .  s t r u c t u r e  c o n t a i n e d  
in  t he  b e a m ,  a n d  in  the  l a r g e s t  c o u n t e r s  r e a c h e d  
v a l u e s  of 2-5%.  T h i s  c o r r e s p o n d e d  to  a c o r r e c -  
t i o n  w h i c h  w a s  a m a x i m u m  of 1% a t  20 G e V / c .  

T h e  e x t r a p o l a t i o n  to z e r o  s o l i d  a n g l e  w a s  c a r -  
r i e d  out  u s i n g  the  r e l a t i o n  

cr (ti) = a t o  t exp  (a/i+ bti2 ) (1) 

w h e r e  a(l i) i s  t he  p a r t i a l  c r o s s - s e c t i o n  m e a s -  
u r e d  by  t he  i t h  c h a n n e l  a c c e p t i n g  a m a x i m u m  
f o u r - m o m e n t u m  s q u a r e d  ti ,  a n d  a t o t  i s  t he  d e -  
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Fig.  2. C o m p a r i s o n  of total c r o s s - s e c t i o n s  fo r  K±p, 
y±p, pp and ~p reactions. The data are from this ex- 
periment [~]; Allaby et a[. [1] [ *]; Denisov et ai. [2] 
[,~]; Foley et al. [13] [+ ]; Galbraith et al. [14] [5 ]; and 
B~eupre et al/[151 [ ~]. The errors shown are statisti- 

cal only. 

s i r e d  total  c r o s s - s e c t i o n  [1]. This  form gave 
s ta t i s t i ca l ly  acceptable  fits to the data in the 
t - r ange  used, which was 0.014< Iti 1<0.065 
(GeV/c) 2. The f i r s t  two t r a n s m i s s i o n  counters  
(Itil< 0.01 (GeV/c)2) were  usual ly  ignored be-  
cause of Coulomb sca t t e r ing  effects. The ex t ra -  
polation t - r ange  was var ied  by adding and sub-  
t rac t ing  one counter  at the beginning and end of 
the range in o rder  to check the s tabi l i ty  of the 
extrapolated c ros s - sec t i on .  

The values  of the p a r a m e t e r  a in eq. (1) were  
found to be constant  or smoothly varying  over the 
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momentum range studied. For  the deuter ium 
data with al l  pa r t i c les ,  the p a r a m e t e r  b was nor -  
mal ly  posi t ive and reasonably  well  de te rmined  
although for K+d the difference from zero  was not 
very  signif icant .  F o r  the hydrogen data, b was 
defini tely posi t ive and fa i r ly  well  de t e rmined  for 
protons.  F o r  ~+p the value of b was no rma l ly  
posi t ive but not very  s ignif icant ly  different  f rom 
zero.  For  K+p, b was found to be varying  in sign 
and always s ta t i s t i ca l ly  cons is ten t  with zero. 

Extrapola t ions  were  also made without the 
quadrat ic  t e rm in eq. (1), i.e. with b = 0. As 
might be expected the difference between the va l -  
ue obtained by the quadrat ic  fit and the l i nea r  fit 
ref lected the effect of the quadrat ic  t e rm  through 
the magnitude of the b coefficient.  Thus for the 
data on the p ro ton-pro ton  c r o s s - s e c t i o n s ,  the 
quadrat ic  exponential  fit gave a resu l tan t  c r o s s -  
sect ion about 0.5% higher than the l i nea r  fit, 
whereas  for ~r + on hydrogen the difference was 
sma l l  and changed s ign at some momenta .  The 
data for K + on hydrogen gave di f ferences  usual ly  
s m a l l e r  than the s ta t i s t i ca l  e r r o r s  and with no 
definite sign. 

Hence in  the f inal  values  quoted, the quadrat ic  
exponential  fit has been adopted for al l  the data 
with the exception of K+ on hydrogen where the 
l i nea r  exponential  fit was used. However, in a 
few cases  the quadrat ic  fit for 7r+p or K+d r e -  
sul ted in a negative coefficient b. In these cases  
a fit was made us ing a posi t ive value of b, ob- 
ta ined by in terpola t ion  from neighbouring mo-  
menta.  

The pion c r o s s - s e c t i o n s  were  co r rec ted  for 
muon contaminat ion  in the beam. The contamina-  
t ion was m e a s u r e d  d i rec t ly  at 20 and 30 GeV/c 
by ut i l iz ing the high resolu t ion  threshold 
Cerenkov counter  and the coincidence s ignal  
$6S 7 from the two counters  behind the s tee l  at 
the end of the beam [1,2]. The sma l l  c o r r e c t i o n  
a r i s ing  from pion decay between the threshold 
counter  and the cen te r  of the ta rge t  was computed 
and added to the measu red  contaminat ion  to 
yield the total ~+ contaminat ion.  

Another m e a s u r e m e n t  of the ~+ contaminat ion 
was obtained by me a su r i ng  the c r o s s - s e c t i o n  
with the counters  $6S 7 in coincidence with the 
t r a n s m i s s i o n  counters ,  but not in the moni tor  [2]. 
This  has the effect of a r t i f i c ia l ly  i nc reas ing  the 
f rac t ion of p+ in the beam at the target ,  s ince 
the beam can be cons idered  as composed of only 
those g+ which decay af ter  the target  and produce 
a muon which can be detected in $6S 7. The decay 
probabi l i ty  was about 1%, independent of momen-  
tum, so these m e a s u r e m e n t s  yielded a c r o s s -  
sect ion lower than the rea l  y+ c r o s s - s e c t i o n ,  by 
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an amount  co r re spond ing  to a .p.+ contaminat ion 
100 t i m e s  g r e a t e r  than in the Ir + c r o s s - s e c t i o n  
m e a s u r e m e n t s .  Hence even with a r a the r  c rude  
m e a s u r e m e n t  of this type, i t  was poss ib le  to 
find the muon contaminat ion with a good a c c u r a -  
cy. 

M e a s u r e m e n t s  of the muon c o r r e c t i o n  by the 
las t  method w e r e  made at a l l  momenta .  At 20 
and 30 GeV/c ,  these  va lues  ag reed  with the d i -  
r ec t  m e a s u r e m e n t  made with the th resho ld  
Cerenkov counter .  The muon contaminat ion  v a r -  
ied f rom 2.5% at 15 G e V / c  to 1.0% at 60 GeV/c .  
The s y s t e m a t i c  e r r o r  a s s igned  to this  c o r r e c t i o n  
was 0.3%, with a point to point e r r o r  of 0.1%. 

The effect  of m a t e r i a l  in the beam path was 
inves t iga ted  by m e a s u r i n g  the total  c r o s s - s e c t i o n  
with addit ional  m a t e r i a l  p laced  at d i f fe rent  points  
along the beam.  A c o r r e c t i o n  of (0.2 ± 0.1)% was 
appl ied to a l l  the total  c r o s s - s e c t i o n s  to allow 
for  the r e s idua l  m a t t e r  in the beam (sc in t i l l a to r s ,  
windows, a i r ,  etc.).  

The final  data w e r e  c o r r e c t e d  for  the combined 
effect  of Coulomb sca t t e r i ng  and Coulomb-nu-  
c l e a r  i n t e r f e r e n c e  neglec t ing  the ef fec ts  of spin. 
In o r d e r  to eva lua te  the l a t t e r ,  the value  of the 
ra t io  of the r ea l  to imag ina ry  par t  of the s ca t -  
t e r ing  ampli tude p is  needed. F o r  pp s ca t t e r i ng  
this has been  m e a s u r e d  [8,9], but for  7r+p and 
K+p it  was es t imated ,  using a Regge model  [10]. 
An e r r o r  was a s s igned  to these  values  of p of 
0.05. This  co r r e sponds  to an e r r o r  in the total  
c r o s s - s e c t i o n  of l e s s  than 0.1%. 

F o r  the total  c r o s s - s e c t i o n s  on deu te r ium the 
Coulomb c o r r e c t i o n  5 C and the Cou lomb-nuc l ea r  
i n t e r f e r e n c e  c o r r e c t i o n  5CN can be e s t i m a t e d  
using a fo rmula  which cons ide r s  e l a s t i c  s c a t t e r -  
ing and deuteron  b r eak -up  [9]. However  because  
of the l a rge ly  unknown fo rward  r ea l  pa r t s  for 
s ca t t e r i ng  on neutrons ,  5 CN is poor ly  d e t e r -  
mined. It was f inal ly a s s u m e d  to be equal to 1.5 
t imes  the hydrogen c o r r e c t i o n  for  y+d and two 
t imes  the hydrogen c o r r e c t i o n  for  pd and K+d. 

The c o r r e c t i o n s  5 C and 5CN w e r e  evalua ted  
as a function of the accepted  t - r a n g e  of each 
t r a n s m i s s i o n  counter .  Then the c o r r e c t i o n s  
w e r e  added and appl ied to each pa r t i a l  c r o s s -  
sect ion,  ~(t i ) ,  be fore  the f inal  ext rapola t ion.  
Table  1 shows the effect  of the combined c o r r e c -  
t ions on the total  c r o s s - s e c t i o n s  as wel l  as  the 
e s t i m a t e d  va lues  of P used  in the computation.  
Beam s ize  ef fec ts ,  inves t iga ted  by means  of a 
Mon te -Ca r lo  calculat ion,  w e r e  found to yield ef -  
fec ts  s m a l l e r  than 0.1% and so w e r e  negl igible .  

F r o m  the total  c r o s s - s e c t i o n s  on deu te r ium 
and hydrogen the total  c r o s s - s e c t i o n s  on neu-  
t rons  have been der ived ,  using the Glauber  f o r -  
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Fig. 3. Values of the total cross section differences,/xG= 
= ~-  -o +, for K±p, 7r ±p, and p+p reactions. The three 
straight lines are least-squares fits to the data of the 
form Act= Ap -n  where p is th3 incident momentum in 
GeV/c. The best-fit values of A and n are given in 

table 3. 

mula  [11] to take into account  the shadow effect ,  
neglect ing the F e r m i  mot ion 

% = - % ÷ 8 (2) 

where  the shadow t e r m s  5 is given by 

8 =--(~-~2) Op ~n (3) 

The r e a l  pa r t s  of the fo rward  s ca t t e r i ng  a m -  
pli tude have been neglec ted  in eq. (3) s ince  they 
a r e  e s t ima ted  to be smal l .  ( r - 2 )  is  the mean in-  
v e r s e  square  separa t ion  between the proton and 
and the neutron in the deuteron.  In the p r e sen t  
work  a value 0.030 rob-1 has been used  and an 
e r r o r  of +0.005 mb -1 has been as s igned  to it, 
just  as  was done with the equivalent  data for  ne-  
gat ive  p a r t i c l e s  [1]. In o ther  words  <r-2> was 
a s sum ed  to be independent of the incident  mo-  
mentum.  However~ s e v e r a l  au thors  [12] have 
sugges ted  that <r-'2 > might  depend on the m o m e n -  
tum. 

The re su l t s  for  the c r o s s - s e c t i o n s  obtained 
in this expe r imen t  a r e  shown in table 2, where  
the f i r s t  column gives  the total  c r o s s - s e c t i o n s  
on hydrogen, the second column the c r o s s - s e c -  
t ions on deu te r ium,  and the final column shows 
the c r o s s - s e c t i o n s  on neutrons  de r i ved  using the 
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Table 3. 
Values of the p a r a m e t e r s  of the l e a s t - s q u a r e s  fit of 
the form A ~  = A p  -n to the c r o s s - s e c t i o n  d i f ferences  

shown in fig. 3. 

p±p K±p ff±p 

A(mb) 56.8 ±5.3 19.2 ±1.3 3.88±0.35 
n 0.61±0.03 0.56±0.02 0.31±0.04 

G l a u b e r  f o r m u l a  (2). T h e  s y s t e m a t i c  s c a l e  e r r o r  
s h o w n  a t  the  foot  of t a b l e  2 c o m p r i s e s  t he  u n c e r -  
t a i n t i e s  in  t he  t a r g e t  t h i c k n e s s e s ,  t he  e r r o r  a s -  
s i g n e d  to the  e x t r a p o l a t i o n  p r o c e d u r e ,  t he  u n c e r -  
t a i n t y  of the  c o r r e c t i o n s  f o r  m a t e r i a l  in  t he  b e a m  
and  r a t e  d e p e n d e n t  e f f e c t s ,  a n d  t he  o v e r a l l  u n -  
c e r t a i n t y  of the  m u o n  c o r r e c t i o n  a p p l i e d  to t he  
~+ c r o s s - s e c t i o n s .  T he  s y s t e m a t i c  e r r o r  f o r  t he  
n e u t r o n  c r o s s - s e c t i o n s  a l s o  i n c l u d e s  t he  e r r o r  
in  the  G l a u b e r  c o r r e c t i o n .  

T h e  new r e s u l t s  a r e  c o m p a r e d  w i t h  e x i s t i n g  
d a t a  [13-15]  in  f ig.  1. In the  r e g i o n s  of o v e r l a p  
w i t h  d a t a  a t  l o w e r  m o m e n t a ,  the  new r e s u l t s  
g ive  s a t i s f a c t o r y  a g r e e m e n t .  ( S y s t e m a t i c  s c a l e  
e r r o r s  a r e  not  s h o w n  in  fig.  1). 

In t he  h i g h e r  m o m e n t u m  r e g i o n  t he  m o s t  i n t e -  
r e s t i n g  and  u n i q u e  f e a t u r e  i s  the  i n c r e a s e  in  
(~tot (K+P) w i t h  m o m e n t u m .  T h e  new d a t a  f o r  n+p 
a b o v e  35 G e V / c  a r e  r a t h e r  i n d e p e n d e n t  of m o -  
m e n t u m ,  s h o w i n g  a b e h a v i o u r  s i m i l a r  to  t h a t  
s e e n  f o r  Crto t (n-p)  [1,2].  T h e  d a t a  f o r  pp  a r e  ex= 
t r e m e l y  f la t ,  s h o w i n g  no m o m e n t u m  d e p e n d e n c e  
a b o v e  35 G e V / c .  It  i s  p o s s i b l e  t h a t  t he  n+p a n d  
pp  t o t a l  c r o s s  s e c t i o n s  h a v e  a m i n i m u m  in  t he  
m o m e n t u m  r e g i o n  5 0 - 1 0 0  G e V / c .  

T h e  s a m e  g r o s s - f e a t u r e s  a r e  s e e n  in  the  d a t a  
on d e u t e r o n s  a n d  in  the  d e r i v e d  c r o s s - s e c t i o n s  
on  n e u t r o n s .  It  i s  n o t a b l e  t h a t  a t o t  (pn) i s  a l m o s t  
i d e n t i c a l  in  m a g n i t u d e  w i t h  a to t  (PP) in  a g r e e -  
m e n t  w i t h  i s o s p i n  i n d e p e n d e n c e  [16]. F o r  t he  
p i o n - n u c l e o n  s y s t e m  t h i s  i s  no t  t he  c a s e  in  t he  
m o m e n t u m  r a n g e  s t u d i e d  a s  i s  c l e a r l y  s h o w n  by  
t he  c o m p a r i s o n  of a to t  (n+P) in  f ig.  2. F o r  t he  
K + - n u c l e o n  s y s t e m ,  t he  s y s t e m a t i c  e r r o r s  a r e  
c o m p a r a b l e  w i t h  the  d i f f e r e n c e  b e t w e e n  K+n a n d  
K+p c r o s s - s e c t i o n s  s o  no  d e f i n i t e  c o n c l u s i o n  c a n  
b e  d r a w n .  

F ig .  2 s h o w s  a c o m p a r i s o n  b e t w e e n  t he  a v a i l -  
a b l e  d a t a  on t o t a l  c r o s s - s e c t i o n s  f o r  b o t h  p a r -  
t i c l e s  a n d  a n t i p a r t i c l e s  on  p r o t o n s ,  p l o t t e d  
a g a i n s t  t he  i n c i d e n t  m o m e n t u m .  T h i s  f i g u r e  s u g -  
g e s t s  t h a t  t h e  t o t a l  c r o s s - s e c t i o n  f o r  K+p w i l l  a p -  
p r o a c h  t he  a s y m p t o t i c  v a l u e  f r o m  b e l o w ,  u n l e s s  
t he  c r o s s - s e c t i o n  o s c i l l a t e s  in  v a l u e .  T h e  p a r -  
t i c l e  a n d  a n t i p a r t i c l e  c r o s s - s e c t i o n s  a r e  s i g n i f i -  
c a n t l y  d i f f e r e n t  e v e n  a t  60 G e V / c .  

Fig .  3 s h o w s  t he  b e h a v i o u r  of t he  d i f f e r e n c e  in  
t o t a l  c r o s s - s e c t i o n s  f o r  p a r t i c l e  a n d  a n t i p a r t i c l e  
on  p r o t o n s  (A~) 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  
p. In the  r e g i o n  s t u d i e d  Aa  f a l l s  l i n e a r l y  on a l o g -  
log  g r a p h .  T h i s  d e p e n d e n c e  m a y  b e  d e s c r i b e d  by:  

A ~  = A p  - n  (4) 

T h e  s t r a i g h t  l i n e s  in  f ig.  3 a r e  l e a s t - s q u a r e  f i t s  
to  the  d a t a  and  l e a d  to t he  v a l u e s  of t he  c o e f f i -  
c i e n t s  A a n d  n s h o w n  in  t a b l e  3. T h i s  b e h a v i o u r  
of the  c r o s s - s e c t i o n  d i f f e r e n c e s  i s  c o n s i s t e n t  w i t h  
t he  P o m e r a n c h u k  t h e o r e m  [17], a c c o r d i n g  to  
w h i c h  Act ~ 0 a s  p --. oo. 

T h e  f ac t  t h a t  t he  K+p t o t a l  c r o s s - s e c t i o n  i n -  
c r e a s e s  w i t h  m o m e n t u m  a n d  t h u s  t he  d i f f e r e n c e  
Aa f o r  K+p d e c r e a s e s  m e a n s  t he  c r o s s - s e c t i o n  
f o r  r e g e n e r a t i o n  of K ° m u s t  f a l l  r a t h e r  r a p i d l y  
w i t h  m o m e n t u m .  

W e  g r a t e f u l l y  a c k n o w l e d g e  t h e  c o o p e r a t i o n  of 
m a n y  I H E P  p e o p l e  who  e n s u r e d  the  s u c c e s s f u l  
o p e r a t i o n  of t he  a c c e l e r a t o r  and  of the  s e c o n d a r y  
b e a m  c h a n n e l  a n d  t h e  s u p p o r t  of P r o f e s s o r s  A. A. 
Logunov ,  R . M .  S u l y a e v  a n d  A. A. N a u m o v .  
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