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ABSTRACT 

We have, measured the inclusive c ross  sections for y, KO, A a n d x  pro- 
s 

t duction in .rr - p  and pp interactions a t  100 Gev/c and compared various in- 

clusive distributions of the produced y and K:. 
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We have used a sample of 58,000 pictures of the FNAL 30-inch hydrogen 

bubble chamber to compare the production of neutral particles (y,  KO A ,  
6' 

t in rr p and pp interactions a t  100 G ~ V / C .  The chamber was exposed to an 

unseparated tagged beam of positive particles. This allows us to compare 

n+ and proton induced reactions with minimum biases. 

The film was scanned twice, yielding 1360 events which had a t  least one 

Vee visible within a restricted'fiducial volume in the chamber. The overall 

scanning efficiency for the two scans was 96%. The events were  measured on 

an LBL spiral  reader.  The measurements were processed using the programs 

POOH and TVGP, and the position of the beam track in  the chamber was 

matched with data from the beam tagging system to identify the beam track. 

-t 
The incident particle was unambiguously identified a s  a rr or  proton in 7% 

of the events. The program SQUAW was then used to fit the Vees associated 

with ~nambiguously identified beam tracks; in each f i t  the ~ e u t r a l  u7as con- 

strained to come from the measured production vertex. Each event was then 

re-examined on a scan table. A11 events considered to be possibly measure- 

able were  remeasured on a Franckenstein. The overall efficiency of the two 

measurements for Vees produced by an ambiguously identified rrt or  proton 
\ 

was 8%. Most of the events that fail a r e  just very hard to measure.  

The identity of each neutral t rack producing a Vee was assigned, where 

possible, by using the ionization information f rom the special scan. Ambigu- 

ous events were selected on the basis of the confidence level of the kinematic 

fit and the transverse momentum of the decay tracks with.respect to the line 

of flight of the neutral. A fiducial volume smaller than that used in  scanning 

was imposed. Also, y conversion pairs  were rejected if  they were within 

4 cm of the production vertex and strange particle decays within 2 cm. The 

number of events remaining after al l  acceptance cr i ter ia  were met  a r e  given 



in Table I. The contamination of the y 's  i s  negligible and for K O  A and s ' 
i s  estimated to be less  than 2 ,  5 and 10yo respectively. 

The events were  weighted for escape from the chamber, decay close to 

the production vertex, and neutral decay modes. To investigate our detection 

efficiency, we looked a t  the inclusive distributions in the rapidity variable y 

plotted in Fig. 1 (the A and x distributions a r e  not shown because of space 

limitations). We note that the y and K O  distributions for ppinteractions a r e  ap- 
s 

proximately symmetric about y=O, indicating that our detection efficiency for these 

processes is  s imilar  inboththe forward and backward hemisphere. This forward- 

backward similarity i s  lacking i n  observed A distributions becausemany of the A's 

a r e  produced peripherally and those in the forward hemisphere a r e  very fast and leave 

the chamber before they decay. Fo r  3 s  i t  appears that our detection efficiency 

i s  adequate in the forward hemisphere. To calculate the total inclusive cross-  

t 
scctions fo: y, K O  and x production and for a p -,A we used al l  events. Fo r  s 

the reaction pp-A we used only the backward going A's and the symmetry of 

the reaction. The neutral inclusive cross-sections a r e  presented in  Table I, 

where we normalize to the measured total cross sections. The e r r o r s  include 

uncertainties in the scanning, measuring and beam tagging efficiencies. The 

neutral inclusive pp cross-sections agree  very well with those of 

t Chapman et  al. 3 ' 4  a t  102 GeV/c. The n p c~oss -sec t ions  for K O ,  A and 
- S 

production when compared with those of Sturtebeck e t  al. at 18.5 G e ~ / c  al l  

show an increase with energy. Fo r  K: production the r i se  i s  rapid f rom 

1.1 * 0.07 mb to 3.9 0.4 mb. On the other hand, the A cross-section has 

risen slowly f rom 0.73 * 0.05 mb to  1.0 0.2 mb; however, i t  must be re -  

membered that our inclusive cross-section i s  really a lower limit because _ 
of our poor detection efficiency in the forward hemisphere. Increasing cross-  

6 sections with incident momentum a r e  observed in a - p  interactions, however, 



the r ise in K i  production i s  much less  pronounced than the r i se  we see in 

t f the n p reaction. Comparison of our rr p and pp cross-sections i s  inter- 

esting because i t  shows that the production of y1 s and x ' s  i s  roughly in the 

ratio of the total cross-sections,  whereas K O ' S  a r e  produced with nearly equal 
S 

probability in the two reactions, and A's  a r e  produced relatively prolifically 

in pp collisions. 

To study in detail the dependence of the neutral particle production upon 

i ts  longitudinal momentum, we show in Fig. 1 distributions in rapidity (y). 

Note, since ( l / oT)  (do/dy) =(l/NT) ( d ~ / d ~ ) ,  all distributions have been 

normalized by the total events in our data sample reducing biases and making 

comparison eas ier .  The e r r o r s  a r e  statistical only. The y distributions for 

+ 
rr p and pp reactions show similar  shapes in the backward hemisphere and 

+ the ratio of the two distributions (rr /p) is  smaller than 1.0. In the forward 

hemisphere there i s  a suggestion that the shapes a r e  different and the ratio i s  

+ 
greater than 1.0. The KO distributions a r e  very interesting. The rr and p 

S 

t induced distributions a r e  quite different and their ratio (n /p) is  much larger 

+ than 1.0. The y distribution for rr p- KO i s  almost flat in the region 
S 

- 1.6< y < 1.8 and then falls rapidly. On the other hand the pp -. K: distri- 

t 
bution i s  equal to that for  n p at  y = 0 and then falls. This remarkable be- 

havior i s  seen clearly i n  the ratio which i s  about one a t  y = 0 and then r i ses  

rapidly. 

Next we look a t  the dependence on the neutral particle transverse mo- 

mentum squared p' We see  the expected exponential fall with increasing T '  

pZ and the slope decreasing with increasing neutral particle mass .  W e  note T 
also that a single exponential t e rm will not describe either y distributions 

2 
because the lowest bin contains too many events. The average pT i s  given 

t in Table I. The shapes of the n p and pp induced reactions a r e  similar .  



t .  
T h e n  induced y distribution is na r rower  and the K O  wider than the c o r r e -  

s 

sponding pp distribution. 

In F ig .  3 we show the average  number of rro and KO produced per  in- 
s 

e last ic  interaction a s  a function of the number of charged prongs produced 

("ch 
) Here we a s s u m e  that a l l  y's come f r o m  no's and that 0 ~ 0  . We 

t 
OY 

s e e  that the average  number of no's is s imi l a r  to r  rr p and pp interactions and 

r i s e s  m o r e  o r  l e s s  l inear ly ,  a s  observed i n  pp collision a t  s eve ra l  en- 

e rg ie s .  4 '  The average  number of K O  shows only weak dependence on the  
6 

number of charged prongs.  F o r  pp interact ions the distribution is fa i r ly  f la t  

4 
fo r  nch?6 an  effect a l ready seen  i n  pp collisions a t  102 and 205 G e ~ / c  and 

6 t .  i n  rr-p a t  205 Gev/'c. However, the n p lnduced distribution shows a slow 

r i s e  with increasing multiplicity.  

We have compared the inclusive c r o s s  sections fo r  neut ra l  par t ic le  pro-  

t duction i n  -IT p and pp react ions a t  100 G ~ V / C .  We find that when we normalize 

by the total c r o s s  sect ions the y production i s  s imi l a r  in  the two reactions 

t with a slight excess  of events in  the forward  hemisphere fo r  the n p interaction 

and a depletion backwards.  The K O  a r e  produced quite differently in  the two 
S 

reactions; the c r o s s  sect ion is r i s ing  much  m o r e  rapidly with energy than i t  

t does i n  pp and n -p  induced react ions and the y distribution fo r  n p in te rac-  

tions i s  much f la t te r .  
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TABLE I .  Product ion of Neutral  Pa r t i c l e s  a t  100 G ~ V / C .  

Number Vees n f p  192 11 2 33(9)a 2 

PP 304 145 75(3)a 7 
. 

Inclusive stp i06*9 3.9*0.4 2 1.0*0.2 0.20rt0.14 
Cross  section 

(mb) pp  154-+i i  4.4*0.4 3.8*0.5 o . ~ o * o . I ~  

b 
Ratio c~(~'p)/o(pp) 0.69*0.08 0.89*0.12 2 0.26 " 0.67 

a 
Number detected in forward  hemisphere.  

b 
uT(ntp)/uT(pp) = 0.61. 



Figure  Captions 

F I G . l .  Inclusive distributions in  center  of m a s s  rapidity.  

= 0.5 ln (E  + p L ) / ( ~ - p L ) .  
.m . 

FIG. 2. Inclusive distributions i n  t r ansve r se  momentum, P 
2 
T ' 

FIG. 3 .  Average number  of neut ra ls  produced. 
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