
ABSTRACT 

The K - - ~  t o t a l  cross section has been 

measured between 2.7 and 5.2 BeV/c, by means of 

a transmission experiment. Points with about 3% 

s t a t i s t i c a l  errors  have been obtain ?IF 3. a ? ,  
A -* . -. . . ... t' 
..4 Ci 

'"'."" '-:,i@pproximately 200 M ~ V /  c apart . $q:. . - 
<'.;*.;*<p: .. . f. :.. -&@ 
;: , ..4v,'J -,r::sy-:i 

Previous mcasureueuts of the K--p t o t a l  cross section a t  

momenta of about 4 B ~ v I c ~ ' ~ ' ~  are widely spaced but , l lect ively the 

momentum I n  order t o  inve8ti)gate t h i s  region more thoro~ghly, a 

transmission experiment was undertaken, 
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' The experimental arrangement fo r  the  present measurements, 

on the  ins ide  of the  Alternating Gradient Synchrotron, i s  shown i n  

0 
Fig.  1. The secondary beam, produced a t  15 , passed through a 1" x 1%'' 

coll imator.  It was subsequently magnetically analyzed and defined by 

2" diameter s c i n t i l l a t i o n  counters S and S2. The K mesons were iden- 1 
4 

t i f i e d  by means of a gas Cerenkov counter taken i n  coincidence with 

s ' and S to  form a K meson telescope.  1 2 

The ~ e r e n k o v  counter was of the  d i f f e r e n t i a l  type using com- 

pressed C02 a s  a rad ia to r .  The pressure of the  gas was s e t  so t ha t  

for the  se lected momentum K mesons would emit l i g h t  a t  the  acceptance 

angle of lo0. Cerenkov l i g h t  from elect rons ,  mhons and rr mesons was 

emitted a t  l a rge  enough angles to  be col lected i n  the  anticoincidence 

channel. Under the  experimental condit ions Afl / f l ,  the  resolut ion of 

- 3 
the counter, was approximately 10 . Fig.  2 shows a typ ica l  pressure 

curve taken a t  a momentum of 4.0 BeV/c. The f r ac t i on  of the  be& 

counted in  the Cerenkov counter i s  p lo t ted  a s  a function of the  C02 

pressure. The K- meson peak i s  well  separated from the  n- meson peak, 

the  contamination of the  K's being l e s s  than one p a r t  i n  1000. Simi- 

l a r  high s e l ec t i v i t y  was obtained a t  a l l  the  other  momenta. The 

amount of mater ia l  presented by the  windows 'and gas of the  Cerenkov 

counter t o  the  beam var ied from 11 g/cm2 a t  2.7 BeVlc to  7 g/cm2 a t  

5 .2  BeV/c. Any K mcoons in te rac t ing  i n  the  Cererrkuv cuu11Ler were 

swept away by a second bending magnct. 

The f lux i n  the  telescope var ied from 80 per pulse a t  

2.7 BeV/c t o  25 per pulse a t  5.2 BeV/c, f o r  an in te rna l  c i r cu l a t i ng  

11 
beam of 3 x 10 protons per pulse. The accepted beam, whose absolute 
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momentum was known t o  51% and had a spread of 6% f u l l  width a t  hal f  

height ,  was then incident upon a 47.0'' long l i qu id  hydrogen t a r g e t ,  

6'' i n  diameter and with .007" mylar walls .  The K mesons which passed 

through the  t a rge t  were detected i n  four s c i n t i l l a t i o n  counters, 
S3 , 

S4, S5, and S6. The outputs from these counters were separately taken 

i n  coincidence with the telescope and scaled. The counters subtended 

so l i d  angles a t  the  t a rge t  of 1 t o  4 mi l l i s t e r ad i ans  and were l a rge  

enough to  contain the  multiple Coulomb sca t t e r i ng  of the  beam. 

The p a r t i a l  t o t a l  cross  sect ions  a s  measured by counters 

S3 - S were l i nea r ly  extrapolated t o  zero so l i d  angle. Fig.  3 shows 6 

one such extrapolation.  The e r ro r  bar drawn on t he  c ross  section a s  

measured by counter S gives the  e r ro r  i n  the  di f ference of the  c ro s s  
5 

sect ions  a s  measured by S and S6, and s imilar ly  fo r  the  e r ro r  bars  5 

on S and s ~ . ~  These r e l a t i v e  e r r o r s  were used i n  the  extrapolat ibn,  
4 

but t he  f i n a l  s t a t i s t i c a l  e r ro r  . i n  the extrapolated c ross  sect ion 

contains, i n  addit ion,  the  s t a t i s t i c a l  e r ro r  i n  the  p a r t i a l  cross  

sect ion obtained from counter S 6 ' 

Some correct ions  had t o  be applied t o  the  c ross  sect ion 

obtained from the  extrapolat ion t o  zero so l i d  angle. The l a rges t  of 

these arose from the  change i n  decay r a t e  of the  K mesons between the  

t a rge t  and the  transmission counters, due t o  the  addi t ional  energy 

l o s s  suffered by transmitted K mesons when the  t a rge t  contained 

l iqu id  hydrogen. A t  3.6 BeV/c, for  example, t h i s  correct ion amounted 

t o  -0.42 mb. The random coincidence r a t e  between t he  telescope and 

one of the  transmission counters was continuously tnonitored and found 



t o  be very small.  The cor rec t ion  t o  t h e  f i n a l  c r o s s  s e c t i o n s  due t o  

t h i s  cause was of t h e  order  of 0.05 mb. 

A f i n a l  co r rec t ion  was made t o  the  measured c r o s s  s e c t i o n s  

t o  allow f o r  the  r e s i d u a l  gas i n  the  t a r g e t  during the  target-empty 

runs. This  r a i s e d  a l l  t he  va lues  by 0.8 0.5%, t h e  uncer t a in ty  being 

due t o  a  l ack  of p r e c i s e  knowledge of t h e  temperature of the  r e s i d u a l  

gas. The dens i ty  of t h e  l i q u i d  hydrogen f o r  the  t a r g e t - f u l l  runs  was 

3 - assumed t o  be .0708 g/cm . 
The r e s u l t s  a r e  t abu la ted  i n  Table I and p l o t t e d  i n  Fig .  4 

a s  a  funct ion  of the  labora tory  momentum of t h e  K- meson, together  wi th  

previous K--P t o t a l  c r o s s  sec t ions .  The e r r o r s  a r e  s t a t i s t i c a l  and 

do not  include the  systematic e r r o r  due t o  the  uncer ta in ty  i n  t h e  

r e s i d u a l  gas dens i ty .  The new r e s u l t s  ex t rapo la te  smoothly t o  t h e  

higher momentum p o i n t s  of Baker, e t  a l .  A t  lower momenta, the  d a t a  

l i e  s l i g h t l y  higher than those of  Cook, e t  a l ,  although the re  i s  no 

s i g n i f i c a n t  disagreement. Fig. 5 smmarizes  t h e  present  knowledge 

of the  behavior of the  K - - ~  t o t a l  c ross  s e c t i o n  a s  a  function of the  

t o t a l  c.m. energy. 

I n  summary, the  r e s u l t s  of the  present  measurements a r e  

cons i s t en t  with a smooth f a l l  o f f  of the  t o t a l  c r o s s  sec t ion  with 

momentum i n  t h e  .range between 2 and 6 BeV/c. However, t h e  exis tence  

of some s t r u c t u r e  a t  about 3.5 BeV/c cannot be r u l e d  out  and the  

region i s  worthy of f u r t h e r  sLudy. 
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FIGURE CAPTIONS 

Fig.  1 Experimental arrangement. 

F ig .  2 P ressure  curve taken with the  gas Cerenkov counter  a t  a  

momentum of 4 B e ~ / c .  

Fig. 3 Typical  ex t rapo la t ion  of  the  p a r t i a l  t o t a l  c ross  s e c t i o n s  

t o  zero s o l i d  angle. 

Fig.  4 The experimental r e s u l t s  p l o t t e d  a s  a  funct ion  of labora tory  

momentum. 

Fig. 5 Summary of K - - ~  t o t a l  c r o s s  s e c t i o n s  a s  a funct ion  of t h e  

t o t a l  energy i n  the  cen te r  of mass'system. 
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Table I .  The ~ - - p  Total Cross Sections 

Laboratory Center of Mass 0 (K- -PI 

Momentum Total Energy 

(BeV/ c) ( BeV) (mb.) 

2.67 2.49 27.20 - + 0.80 




