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ABSTRACT 

Inclus ive  co r re la t ions  between l i k e  and unlike 
charged pions a r e  observed t o  be peaked and t o  drop 
o f f  bv 0.5 wi th  a r a o i d i t v  seoara t ion  of two. A t  - " - 
each charge m u l t i p l i c i t y ,  n 's a r e  uncorrelated i n  
r ap id i ty .  The cor re la t ion  f o r  n+n- i s  observed t o  
b e  associa ted  with leading p a r t i c l e s .  
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Strong posit ive correlations between pions with small rapidi ty  separations 

were observed i n  experiments a t  10 t o  30 G ~ v / c ' - ~ ,  and i n  pp interactions 

6 a t  200 GeV/c . These observations are made i n  terms of the  inclusive 

correlation Punction: 

This i s  the  difference between the coincidence of two par t ic les  a t  rap id i t ies  

y1 and y2, normalized by the i n e l a s t i c  cross section uin,  and the product of 

the  singles counts a t  yl and y2, both normalized by uin. Alternatively one 

can use: 

This r a t i o  has experimental advantages over the correlation fbnction (1)  i n  

t ha t  the  measurement ineff ic iencies  w i l l  cancel out if they are  uncorrelated, 

and no absolute normalization problem exis t s  when one counts the  number of 

coincidences and the number of inezast ic  events i n  the  data sample. 

The data we used are  from an exposure of the FNAL 30" hydrogen bubble 

+ 
chamber t o  a mixed, tagged posi t ive  beam and include 1903 ine l a s t i c  ir p 

events and 3477 ine l a s t i c  pp events. The average charge mul t ip l ic i t i es  are 
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6.80 * 0.14 and 6.49 + 0.10 for  n p and pp interactions respectively . The 

events were measured twice on an LBL spiral reader, resul t ing i n  a be t t e r  than 

96% measuring efficiency for  tracks going backward i n  the  center of mass, 



independent of mult ipl ic i ty .  An average of 80% for  tracks going forward i n  

8 
the c.m. was obtained, with a  decreasing efficiency for  increasing mult ipl ic i ty  . 

+ 
Although the correlation behavior i n  n  p  and pp interact ions  are  found t o  be 

s imilar ,  data from both reactions w i l l  be presented for  comparison. 

The correlation function defined i n  ( 2 )  for  n- and IT- i s  shown i n  Fig. 1. 

When one IT- i s  confined t o  be i n  the  cen t ra l  region, -0.5<y1<0.5, a  posit ive 

correlation i s  c lear ly  observed with respect t o  neighboring par t ic les .  We 

take as a  measure of the  range of correlation the rapidi ty  i n t e rva l ,  yd, over 

which the value of R drops by one-half un i t  from i t s  peak value, i .e. ,  

We f ind y t o  be 2 un i t s  of rapidi ty .  Only a  very s l i gh t  posi t ive  correlation 
d 

i s  observed when one of the n- i s  i n  the  end region, -2<y <-I. 
1 

+ 
In  order t o  study the correlation between IT and n- mesons, we t r y  t o  

+ 
choose a  n sample equivalent t o  t h a t  of n-. Therefore, we always exclude 

+ 
the posi t ive  pa r t i c l e  with the la rges t  rapidi ty  and exclude the n  with the 

smallest rapidi ty  if a proton i s  not observed. This selection gives a  def ini te  

+ 
number of n  for  each charged prong topology and minimizes leading pa r t i c l e  

effect  so thatemphasis w i l l  therefore be on the non-diffractively produced 

par t ic les .  The resul t ing correlation fbnction is shown i n  Fig. 2. 

The correlation i s  posit ive everywhere and much bigger than for  ;n-. 

+- 
However, i n  the  cen t ra l  region the slope of R i s  similar t o  R-- and yd 

i s  again two. 

To fur ther  investigate correla t ions ,  we w i l l  look a t  the  correlation 

dis t r ibut ion fo r  a  fixed number of pions - t ha t  i s  t he  semi-inclusive correlation 

a t  fixed prong mul t ip l ic i t i es .  The inclusive correlation d is t r ibu t ions  re f lec t  



t h i s  kind of correla t ion,  but a lso show ef fec t s  resul t ing from the convolution 

of the prong mult ipl ic i ty  dis t r ibut ion with single pa r t i c l e  production spectra 

for individual mul t ip l ic i t i es .  With a fixed number of l i k e  pions, n ,  the 

1 don 
probabili ty t ha t  one pion w i l l  be located a t  yl i s  - - where an i s  the 

"On dJ '~ 
cross section for  production of n such pions. Since there  are n(n-1) possible 

combinations, the  expected cross section for  finding a pa i r  of uncorrelated - 

1 don 1 do n 
pions i n  coincidence a t  y and y i s  n(n-1) (- -) (- 1 2 

-1. A s  a measure of 
nun dyl "0" dy2 - -- - 

correlation between n l i k e  pions, we may consider the extent t o  which the 

function, 

differsfrom zero. Again, as with equation (1) and (2 )  t o  minimize bias  we 

1 don dun 
divide by - - - t o  obtain 

'n w1 dy2 

where 

I n  the absence of correlation R t n  w i l l  be zero. Similar arguments apply for  

unlike pions. However, since there  are  n+n- pa i r s  of pions instead of n(n- l ) ,  

1 
we do not need t h e  - term and with no correla t ions ,  R ( y  ) w i l l  be zero. n n 1'Y2 

A t  lower energies, a sharp and s t r i k ing  neighboring (within Ay<.5) correlation i s  

1 
observed i n  Gn(yl,y2) . Although attempts have been made t o  explain t h i s  



feature by interference terms i n  the  multiperpheral model9, resonance 

production i n  quasi-two-body reactions i s  a large e f fec t  a t  lower energies 

making interpreta t ion ambiguous. Sharp neighboring correlation between 

- + 
II is not observed i n  the  II p and pp interact ions  a t  100 GeV/c. RIn(yl,y2) 

i s  shown i n  Fig. 3 for  d i f fe ren t  charge mul t ip l ic i t i es .  In  f ac t ,  

these values are  quite consistant with zero f o r  a l l  mul t ip l ic i t i es .  The 

absence of semi-inclusive correla t ion among pions mult ipl ic i ty  is not surprising 

when yl i s  between -2 and -1 where i n  fac t  we saw no inclusive correlation i n  

figures l c  and id .  However, i n  the  central  region where strong inclusive 

correlation is observed ( f ig .  l a , l b )  it is very in te res t ing  tha t  there  i s  s t i l l  

no correlation a t  a f ixed pion mult ipl ic i ty .  Contrary t o  lower energy data, 

no cluster ing of i is  observed. 

A t  FNAL energies, phase space e f fec t s  on the correlation should be 

negligible except a t  large rapidi ty  separation. Singer e t .  a l .  6a10 have a 

phase space model which gives R (Y1,Y2) approximately constant and equal t o  
n 

- - a t  a l l  but large rapidi ty  differences, a r e su l t  equivalent t o  s t a t i ng  n 

R;(y1,y2) = 0. 

I n  the case of t he  unlike pion correla t ion,  shown i n  Fig. 4, there  i s  

again very l i t t l e  o r  no neighboring correla t ion when y+ i s  i n  the  central  

region, with the possible exception of the  low mult ipl ic i ty  events. It 

should be recal led t h a t  our observation of weak correla t ions  i n  n+n- i s  

based on a reduced sample, biased against  posi t ive  leading par t ic les .  This 

is  ,consistant with data a t  200 ~ e ~ / c l O  where most of the s t ructure  i n  R:- 

is a t  low mul t ip l i c i t i e s  and can be a t t r i bu t ed  t o  events with large rapidi ty  

gaps where leading p a r t i c l e  e f fec t s  are  large.  We also observe a posi t ive  

neighboring correlation when one of the pions i s  close t o  t he  end region, 

-2<y <-I. This demonstrates c luster ing of unlike charges a t  the end regions + 



for low mul t ip l ic i t i es .  

We have presented inclusive and semi-inclusive correlation dis t r ibut ions  

+ 
for pions produced i n  100 GeV/c n p and pp interactions.  Corresponding 

+ 
dis t r ibut ions  from d i f fe ren t  incident par t ic les  (n or  p) were shown t o  .be 

very similar. The inclusive correla t ions  dis t r ibut ions  are  peaked a t  

Ay = 0 ,  dropping off by 0.5 f r o m t h e i r  maximum values when Ay = yd = 2. 

A t  f ixed pion mul t ip l ic i ty ,  however, there  i s  l i t t l e  or  no correlation 

among l i k e  charged pions, and any cluster ing of n+n- pa i r s  i s  associated 

with leading pa r t i c l e  effects.  Therefore, a t  one energy, the  inclusive 

correlation must a r i s e  from the  re la t ionship between t h e  mul t ip l ic i ty  

dis t r ibut ion and the single pa r t i c l e  spectra  a t  each mult ipl ic i ty ,  ra ther  

than from a tendency for  pions t o  be formed i n  c lus te rs  within two units 

of rapiai ty .  
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Figure Captions 

Fig. 1. Inclusive rr-n- correlation functions ~--(y~,y~). 
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Fig. 2. Inclusive rr'rr- correlation functions R (y+,y-). 

Fig. 3. Semi-inclusive rr-rr- correlation M c t i o n s  ~ - - ( y ~ , y ~ )  for different prong 
n 

multiplicities plus one over the number of IT-'s. 

Fig. 4. Semi-inclusive 1;'; correlation functions R:-(y+,y-) for different prong 

multiplicities. 
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