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Abstract 

We f i r s t  inves t iga te  i den t i ca l  pion cor re la t ions  i n  pp in te rac t ions  

a t  405 GeV/c i n  terms of the two pion invar ian t  m a s s  va r i ab l e  and the  

Kopylov-Podgoretsky-Cocconi formalism, and we obtain the radius of the  

pion source a s  R = 1.50 f 0.25 f m ,  and the coherence parameter of the 

source a s  X -. 0.58 f 0.05, f o r  c e n t r a l  region processes. We then present 

a new method of ana lys i s  i n  terms of the moments of the l o c a l  nunber 

d i s t r i bu t ion  f o r  i d e n t i c a l  pa r t i c l e s ,  and we f ind s t rong evidence for  

higher order correla t ions .  
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1. INTRODUCTION 

Since two-particle correlation data became available there have 

been numerous attempts to interpret it (11. Most studiea on rapidity 

correlario~ employ same form of cluster model (21. It has also become 

evident that resonance formation has a dorainant contribution in multi- 

particle production and gives a subetantial effect in particle corce- 

Istion [3. 41. Detailed studies inclvdins the dependence of corralations 

on transverse variables revealed that the correlations of like and 

unlike charged pion paire differ in some respects (51. In particular 

when dealing with like bosoms the effect of Bore Einstein atatistics 

reems to be important 161. 

Host studies of identical particle correlations at medium energies 

have used the formalism developed by Kopylov 6 Podgoletsky [I] and 

Cocconi (81 to measure the radius R, and lifetime 1 of the hadron source. 

Despite the fact that this formalism has recently come under some criticism 

191. it remains a useful way to parametrize the observed correlations so 

that one m y  compare results on different reactions st different energies. 

Fowler asd Weiner (101 have recently suggested that the pion source 

nay be a mixture of chaotic (quantum statistical) and coherent (classical) 

fields. Thus ve introduce into the Kopylov-Podgoratsky-Cocemi(K. P. C.) 

formalisa s parameter A which measures the mixture of coherent m d  

incoherent field contributions in tha source. If A -  1, ve have a 

completely incoherent source, and if A - 0, we have a fully coherent 

eource,in which case no higher-order interference W e .  Boas Einstein 

(0 .E. )  correlation) would be observed. Values of A nay represent the 

first definite observation of classic31 (coherent) fields in the hadron 

source, which is of great interest at present in studies of the state of 

highly compressed quark matter in the frammrk of Q C D 1101. Fowler 

and Wriner have pointed out that mcasuremcnt of this parameter in different 

reactions and at different energies is important, since the mixture of 

coherent and incoherent fields in the source is expected to depend on 

the initial condit,iona. 

The present work is concerned with the investigatibn of identical 

pion correlations in pp interactions at 405 GeVlc .  We consider our data 

in terms of the two pion mass variable, in order to aoparate resonance 

and B.E. effects more clearly, and ve then consider the application of 

the K. P. C. fomalism including the coherence parameter A. 

We have also made some analysis of higher order correlation, vhicb 

are of current theoretical interest (111. The conventional investigations 

of 3 particle correlations in terms of the correlation functions R(yl. 

yZ, y3) may not be sensitive to clustering in very small rapidity intervals, 

and previous investigation of eorrelstiono in terms of rapidity gap LIZ] 

has not eonsidered the charge structure of the clusters In the present 

study we use a new method of analysis of mvltipartiele correlations 1131 

from the point of view of ~ o e e  condensation, whieh makes local number 

fluctuations for identical particle groups very Clear. 

Section 2 deale with experimental procedure, and Section 3 presents 

the general features of the data in t c m s  of the two pion invariant mass 

variable. Section 4 describes analysis in terms of the K. P. C. formalism 

and Section 5 presents tho analysis of local number fluctuations. 

section 6 is reserved for su-ry and conclusions. 

2. EXPERMWTU' PROCEDURE 
"\ 

The data used in this analysis were obtained from a 50k picture 

exposure of the Femilab 30 inch hydrogen bubble chamber to a 405 GeV/c 

proton beam. Results are based on 3220 all prbnged events. W O  independent 



scnns wcre performed and a th i rd  cheek acanwns ~ s d e  by physicieta.  The 

ove ra l l  ecannlng cf f ic ieney was 98%. Eventa were t r a ck  matchad by 

phyr ic ie ts  and then measured on conventional manual p ro j ec to r s .  The 

measurements -re pmcensed using the WGP programme and remeaeured i f  

necessary. F ina l ly  92% of the secondary t rack,  measured were successfu l ly  

reconstructed. Approximately 5% of scaMed events were i l p o s s i b l e  t o  

match due t o  secondary inrerae t ione  or many overlapping c r a b .  Carre=- 

t i ons  due t o  t h i s  l o s s  wra  made by comparison w i th  t h e  c o r r e c t  m u l t i -  

p l i c i t y  d i s t r i b u t i o n  obtained i n  scanning. There l a  a r e l a t i v e l y  low 

ef f ic iency f o r  measurement of aesondaty t m c b  i n  the  forward hemisphere.. 

* By using the complete foxward -beckward symetry  property of the  n c.m. 

r ap id i t y  d i s t r i b u t i o n  which i e  expected in pp in t e r ac t i ons ,  cor rec t ion  

factors were est imated fo r  each track,  i n  the forward hemisphere. It 

was checked t h a t  these weights d id  not cause any d i s t ~ r t i a o  of the  

double pion r a p i d ~ t y  d i s t r i bu t ion .  The average weicht is l e s s  than 1.3. 

A check on ian izac ion  l o s s  of low mementurn secondaries (momentum l e s s  

than 1.4 GeV/c) was also made by physieinca, i n  order  t o  d iscr iminate  

pos i t ive  pions from protons. All posit ive t racks  wi th  xp . 0.6 (xy - 
the Feynmnn var iable)  are taken t o  be protons, and a l l  negative tracks 

t o  be pions. The mu l t i p l i c i t y  d is t r ibut ion  f o r  charged p a r t i c l e s  is 

shorn m f i g .  1. Further experimental d e t a i l s  may be found elsewhere 

141. 

3 .  GENERAL FFANRES OF WE DATA 
* 

We f i r s t  consider the two p a r t i c l e  inslunlve co r r e l a t i on  function 

as a function of the invar iant  mass M,,,,of the rwo p a r t i c l e  system, 

s ince  one can more e a s i l y  s epa ra t e  the contzibvtione of resonances and 

the B . E .  in ter ference  t o  corre la t ions  in terms of t h i s  var iable .  B.E. 

e f f r c t s  arc PtroaHost when t h c  4-mnta qf the two p a r t i c l e s  are near ly  

2 
cqunl. and thue q2 - (pl - pZ) is e-11. Since che va r i ab l e  M is 

111 

2 
re la ted  t o  p by t h e  equation 92 - 4m - W in t h e  caae oE tva pione. 

1r 

M expect B . E .  e f f e q t s  t o  ahow up a t  threshold  i n  t h e  q, var iable .  

whereas reao-ee show up at the  appropr ia te  massis e.g.'H,, - mp. Tho 

co r r e l a t i on  func t ioa  is d c f h c d  i n ,  
.+ 4 t + - 

Cz--(%,) - P2--(Hn) - ID1- PI I(Wm) 

t 
where. P2-@I,,) 1' t ha  usual d i f f e r e n t i a l  cross see t i on  dn/dM, divided 

by the h a l a s t i r .  cross aeerion wbel. and [pl * P~](N,,~) i~ the product ~f 

s ing l e  p a r t i c l e  d i s t r i b u t i t m ~  a t  f ixad  p a i r  mas, 

3* 
where, P1(pl) - l/oi,,el x dWld p. Thue [Dl * Pl]iW,,) represea te  t h e  unsorre- 

l a t ed  background. We have w d u a t e d  i t  by Monte Carlo technique*. Slnce the  

choice of che cross s e c t i o n  0 as the  i n e l a s t i c  eroas sec t i on  msy be 

somawhat e rb i t r a ry .  n h v e  checlred our r e s u l t s  by nolmal i r ing  the  Monte 

Carlo generated ahape of  [P1 * PII(M,,,) t o  the d a t a  f o r  P2(U,,,),for 

values of k$, Srentcr  than 2.0 GcV, and the  s l i g h t  d i f f e r ence  of a o m l i -  

za t ion  so intrz8dvceJ l a  included i n  our e r ro t a .  

+ - 
The r e s u l t s  f o r  W-V- and a p i ~ n  p a i r s  are given i n  f i g s .  2. and 

Zb respect ive ly .  One can nee t h a t  cT(W,,) .bows P broad threshold  

enhancement n ~ s l  evidence of P production. Analysis of  P end f production 
-- 

i n  t h i s  da ta  !,as e l r c d g  been published (141. By con t r aaq  C2 (M8,) 

shows a PIUSI) ehEirpcr threshold enhancemeat and no resonant s t r u c t u r e s  

may be f i t ~ : P .  

The d.,,.) e t c  compared with 205 GeV/c d a t a  (151 i n  f i g .  3, i n  term 

of the  fvncrlc~n ~ ~ = ( M . , ~ ) l l n  s f o r  each d a t a  sample. The shapes of 



czC(nn7) are similar. bur che expeceation that cZv/ln s may scale 
-- 

Ll5) is nor fulfilled. ~ h e  dip at aronnd 700 PleV in C2 (?I,") for the 

t 
205 CeVic data is not reproduced in our data. Fa fact the shapes of C2 , 

-- 
and C2 for ?I,,, greater than 500 Uev are similar. A quantitative 

eomparisan of the present dare with dara a t  102 [16] and.205 GeVIe L151 

t 
is given in table 1 in terms of the Meuller moments f2?. where f -- - 2 

I cz"cnn,)%n 
e 

The difference between C: and C2 is better illustrated in terms 

of the function 

a(K,,) = C~(?I~*)/[P~ * P~I(M~,,). 

Despite the slightly differing single particle rapidity distributions of 

+ f and i ,  the uncorrelated distributions [01 pl-](n) and [ P C  * P1-](H) 
are very similar, apart from normsliration, so that conaidering R rather 

than C should minimize the differsncas due to no-li<aCios and emphasire 

the difference in ?Ir,, dependence. Table Z presents values of B in 

40 MeV bins from threshold to one pion mass above threshold, and also in 

the p maos reglon and the higher mags region. H,, - 1.0 to 1.4 GeV for 

comparison. We see chat the threshold dependence of R- is mveh steeper 

than that of lit. but that the valves are similar in the higher m a s  
region. We may interpret the difference at threshold as s manifestation 

of B.E. interference. m o w e r ,  to evaluate thia affsct rore quantitatively. 

ve must estimate the background to aueh interference, aince there M Y  be 

other origins ef correlation in the if system. l'hsre bnvs been numerous 

attempts to interpret the threshold enhonc.ment8 observed in the 205 

GeVlc data [lS. 171. Same structure near threshold is expected as a 

result of the decay of resonances of multiplicity m'? 2. Considerations 

C -- 
along these lines yield s similar shape for C2 and C2 [17], At low 

energy it has been observed [la] that the broad threshold anhancementa 

disappear if one considers semi-inclusive dara. leaving only a narrow 

threshold enhancement for like pairs and resonant structure for unlike 

pairs. i.e. the Droad eihencements are a Feature of multiplicity mixing. 

In order to probe this problem further ve may consider C ~ ( M ~ J  
2 

more differentially, and it eeems most uaefvl to do thii in terms a£ the 

variables relevant to the X. P. C. formulation. Thus we define. 

q e -  IE,-E~I. e . 4 ~ ~ -  lit). it-is-c(?s .a. 
+ * + 

where qs - pl - p2 and - (< + F2)l((zl + g2) I .  
(F. E) represents the 4-mommtm of the t w  pions. Pnr reasons outlined 

in the aexc section, we have restricted further analysis to the centrsl 

region lylf( . 2.0, where yn+ and y%- stand f o r  the rapidity in the 

cater of maas system of the 2. and ;, respectively. 

h figs. 4a and 4b we present cZk(nr,) for the kinematic region 

go < 0.25 GeV, and in figs. 4c. and 4d, for the kinematic region 

qt < 0.4 GeV/c. OD= may expect some peak at small values of M on purely 
71 

kinematic .egrounds since m e  is restricting the difference in 4-mamanta. 

+- 
However, the difference between C2 end c2- at threshold is striking. 

In table 3 we give a quantitative estimate of thia difference in tern 

t of  R--. In the saw tabla we also compare R- wlth Rt in the kinemtic 

regions, qo r 0.25 GeV and qt . 0.40 CeV/c. They are quite similar, even 

t 
though the p sod f are visible in C2 (Msr). Thus one sees that the 

strong difhrenosn occur in pracinely the kinematic reg3.o- &era B.E. 

effects arc expected to be strongest. These observations support the 

vier  that one may UP. the rr+r- S P ~ E L I ~  as B beckground to the B.E. 

interference, if one rs$tricta the kinemcic region to that of small 4- 
"% 

m0mentum dLf f rrenca. 

4. ANALYSIS W TERUS OP ME K. P. C. F O W L I S M  



Kopylov (71 wrote the B.E. interference term f o r  incoherent pion 

production fmm sources d i s t r i bu t ed  over the  sur face  OF a c i r c u l a r  

mi s s ion  volume of radiUs R. and sou~ss l i f e t i m e  r a@, 

where I ( x )  - 2 .Il(x)/r and J1 is the  f i r s t  order  BesP0l  function.  It 

van assumed t h a t  Lamberr's Law appl ies  and t h a t  the condit ion cr ,> B 

holds. HoYever i n  mast analyses of t h i s  e f f e c t  a t  medium e n e r ~ i e a  1191, 

th ia  condit ion does not  hold, and the  a l t e rna t i ve  i n t e rp re t a t i on  of 

Coccani seems to  be more npproprhta .  Coc~on i  181 derived the  same B.E. 

in ter ference  term using a minimull of aesmpt iaoa ,  the -st i n ~ r t p n t  of 

which is the incoherence of the  source. as 

f a r  the case of a Gaussian luminosity d i r t r i bu t ion  a t  the  surface oC the 

emission volume. la t h i s  case er i n  in terpre ted  as tha depth of t h e  

layer from which two p i m s  may be w i t t e d  i n  order t o  be obsened 

sinultaneously,  thus CT 2R is reqaired.  I n  t h e  present  work we use 

formula (B), a l t h o u ~ h  usc of (A) docs not sake any lrree d i f f e r ence  t o  

our r e su l t s .  

If t h e  d i s t r i b u t i o n s  in the  var iables  qo and q t  u i t h m t  i n t e r f e r ence  

are v r i t t e a  as Uo, then the  dFstributions including i s t r r f e r e n c e  are 

written as 

P = llo(l.O + AI). 
where the parameter i has been introducad ro take accovnc of the p o s s i b i l i t y  

t ha t  the sovrce nay not be f u l l y  incoherent [lo. 201. The importance of 

t h i s  parnnetcr hss been out l ined  i n  t h e  s e c t i o n  1. We have r e s t r i c t e d  

our a l y s i a  t o  the  den t r a l  reg ion  l y l  < 2.0 s ince  t h i a  c u t ,  and a 

r e s t r i c t i o n  to m l t i g l i ~ i t i e s  rn 5 6, -sure t h a t  ue have el iminated  

leading p a r t i c l e  and d i f f r a c t i v e  e f f e c t s ,  and the 'interpretation of our 

r e a o l t e  is thua c l a r i f i e d  an re levant  t o  c e n t r a l  hadton brodustion. A s  
ti 

expected, the  value of A decreases i f  .on c e n t r a l  (possibly coherent)  

procesaee are included. We es t imate  t h a t  en @cer t a in ty  of 0.05 is 

introduced i n t o  the value of h by the  a r b i t r a r y  choice of t h e  c u t ,  f o r  

c e n t r a l  region process. 

Onc met next e h m  the  non-interfering baekiround WO su i t ab ly .  

Nost annlyseri have used the unl ike  pion spect ra .  and, as we saw i n  t h e  

l a s t  aretion, thin .ray not  be too  bad an  approximation. i f  one r e e t z i c t s  

the  ki!~r.matis mgion t o  small values  of qO and st ,  such t h r t  i d e n t i c a l  

+ - p a r t j c l e  I r~ t a r f e r ence  is enhanced, and resonant e f f e c t s  i n  rr n are 

eegligihle. We compere t h i s  choice of background to a Monte Carlo 

generated n fap l e  Independent Emission Model. based on the s i n g l e  p a r t i c l e  

d i s t r i b u l l o n s  of our data. Fig. 5 i l l u s t r a t e s  the da ta  and these two 

choices a l f  background fo r  the va r i ab l e  qo i n  the kinematic regions 

qt < 0.4 c*:V/c (f ig.  5a) n d  qt . 0.4 CeV/c ( f i g .  5 b )  Fig. 6 p r e sen t s  

the  colr~ro~mding p lo t s  for the va r i ab l e  qt i n  the  kioemptic regions  

q0 < 0.25 I:eV and qo .0.25 CeV. The normalization of the backgrounds 

is thr  qnule as fo r  Fig. 4, such t h a t  t he r e  i s  no d i f f e r ence  between rr+ir- 

and i n npsctra for values of MT, above 2.0 CeV. 

ki.? br.r Lhat the b a c k p u n d s  are not  very d i f f e r e n t  f o r  any kinematie 

+ - 
zegicrl W e  pre fe r  the  use of the  n n spec t r a  s ince .  as discussed i n  

the p i  . l r l o ? i  scctioa.thero may be some co r r e l a t i on  i n  the system 

ocher Ll1311 the B.E. e f f e c t  which 11 b e t t e r  accounted f o r  by the  use of 

t h i s  background. We have checked the  e f f e c t  on our value8 of R and r of 



the "so of rhcse nl tcrnnt ive  choices of backgraund, and ineluded the 

difference i n  our  systematic errors. 

me more s ignif icant  observation M can make by cobaidering f igs .  

5 and 6 is thsr whereas the background shape follows the data closely 

for f igs .  5b and 6b, t h i s  is fa r  from the case for figs.  5a and 6a, and *. 
the discrepancies are a t  small value of qo and q i . e ,  exactly i n  the  

t 

kinematic region whera the B.E.  interference is strongest. mua ve f i t  

the date of these plots,  simultaneously, using formula (B). Ihe f i t  to 

f ig .  5a is made in  the range q from 0.0 to  0.9 GeV, and it employs an 

average valve of qt in  the range qt 0.4 GaV/c. The f i t  t o  f ig .  6a is 

made i n  the range q from 0.0 to 1.05 GeVlf and it employs an average 
t 

value of qo i n  the range qo < 0.25 CeV. h e  nornuliretion of the f i t t e d  

form is chosen such that the number of evenZs (combinations) i n  the 

data,  and under the f i t t e d  curve, is the same, i .e.  Wo d i f f e r s  from the 

background i l l u s t r a t e d  in  f igs .  5 and 6 by a normalization factor.  

However the value of t h i s  factor  is never f a r  from 1.0. 

The tesults for R, CT m d  A a r e  

R = 1.50 .25 f m ,  c r  - 1.20 f 0.30 f m  and A - 0.58 2 0.05. 

2 
The X2/n.d.f .  of the f i t  is 46/36. Compare x 1n.d.f. - 95139 i f  

A - D (i.e. no in terference) .  An attempt to f i t  f igs .  5b, and 6b to  the 

2 
same form yie lds  A - 0.03 t 0.10 fo r  x 1n.d.f. - 44/39. The re su l t s  

have been fur ther  checked by a l t e r ing  the kinematic regions of f i t t i n g  

and the cuts on q, and qt.  The f i t  i s  i l lu s t r a t ed  i n  f igs .  7.9 and 7b. 

Our value of R i e  eoneieteet with. although e l igh t ly  higher than, 

the values quoted i n  other studies on pp interact ions  a t  28 CeV [Zl]. R - 
1.3 L 0.1. and ar the ISP [22],  R = 1.34 '- 0.31. However the study a t  

28 GeV did not include the parameter A, and there is some indication 

that  irtcluding A tends to incresee the valves found f o r  R 1231. 

Our Value 18 i n  good agreement v i t h  the most r e fen t  high s L a t i ~ t i c s  

data of the ABBCCLVW collaboration f o r  medium energy m, Kp and ip 

interactionu 1231. The new higher value of P. has been interpreted ae 

representing the primeval i n t e r r c t i m  r e t i o n  plus  tho decay l ens th  of 

the  many resonances f i r s t  produced. We have evidcnee fm strong reeonanca 

production in the cen t ra l  region of our in teract ion [14], so our value 

f o r  R must ills. include the i r  decay length. Thus there  seem t o  be no 

s ignif icant  chaw. in the value of R o v e r  a vide  energy ranse. 

Our value f o r  cr i n  co-iatent wi th  Cceconi's ~ o n d i t i o n  cr < 2%. 

It is closer  t o  tb. value found a t  the  ISR (1.38 i 0.6 fm) than t o  the 

value found a t  28 GeV (0.58 * 0.2 f 3 .  lhvs there  may be sole inereme 

i n  th io  parameter fronmediun t o  high energies. 

Our value of A i n  somewhat higher than the  valuee given f o r  np. and 

Kg reactions at medium energy (we discount comparison with the  ISR value 

since no r e s t r i c t i o n  was made to  the  cen t ra l  region i o  t h e i r  case and 

consequent inclusion of coherent processes could lead to  an underestimate 

of the hadron nource s i z e  and the value of U. The approach of Ciovanni 

and Veneziaao 120) would predict that pp interact ions  are essen t i a l ly  the 

same IS np a d  Kg reactions,  from the  point  of view of the dual ehest  picture. 

However the approach of Fouler and Weiner 191, predicts t h a t  the  value 

of A depends on the i n i t i a l  conditione i .e.  on the reaction and the  c.m. 
tn, 

energy. UCing t h i s  model we m y  obtain  the  r a t i o  
a> * 2 €?Dm 

random * 
our value of ;L, ubieh i w l i e a  t h s t  abmut 213 of pions are still emitted 

coherently. 'Ihe r i s e  nf  A with emrgy implies s carresponding decrease 

of t h i s  r a t io ,  vhifh i s  eonaistent with the observed increase i n  resonance 

production 13, 13. 141 and the f i r e b a l l  p i c tu re  of Hagadorn 1241 and 

Fravtsshi 1251, which include8 resoname production i n  a s t a t i s t i c a l  

booCstraP approach. It would be very in te res t ing  to  see the  r e s u l t s  of 



similar analysis  of iden t i ca l  pa r t i c l e  corre la t ions ,  including the A 

parameter, f o r  o ther  reactions in the 100 CeV/a energy r-. 

5. LOEAL W E R  mCTUAl'IONS HIGHBP OBDEX CO-TIOIIS 08 InJNTll dL 

PARTICLES 

While t he re  is considerable rvideaea f o r  tw p a r t i c l e  enrrelarlrms, 

the r e a l  exist-. of higher order corra l r t iona ha- not  ga t  been ea~sb l l s l - ed  

[26. 271. Observation of three negative pion c a r r e l a t h a  in 200 GeVlc 

n p  data  has been explained as a ref leet ion of No p a r t i c l e  eorrelationa 

(12, 281. In t h i ~  eection we present a nev method of analysis  in termr 

OF l oca l  number fluetuntione 1131, whish uks  i n t e rp re ta t ion  of t h e  

obmerved f luctuat ions  in terms of higher order corre le t ioos  r e v  clear .  

The idea of a l o c a l  number d i s t r ibu t ion  is simt1.r t o  the u s u a l n u l t i p l i e i t y  

dis t r ibut ion except tha t  it l a  defined in re- of a r e s t r i c t e d  domain 

of phase space. vhich we vill lab le  c .  'Ibis window 6 18 specified Lot13 

in  r ap id i ty  and azinuthal angle (o v i t h  respect t o  the  beam direct ion.  

We consider the normalized nomento 

where H (6) are the l o c i 1  f a c t o r i a l  wments 
a - 

and P,(P) is the l o c a l  mul t ip l ic i ty  d i s t r ibu t ion  

pasitive pions i n  6  umber of events vhich hove n 

P,)(&) - 
Total number of i n e l a s t i c  events 

There are tM problems involved in making the calculation of Cm(<). 

The f i r s t  i s  that  for  high m. these quantit ies are  extremely sensi t ive  

t o  the normaliraeion of h$(_6). The second i s  that track 109s i n  the 

forward di rect ion for  high mul t ip l ic i ty  event* reduces the value of 

Cm(j). We do not apply any rapidi ty  dependent weight to account for  t h i s  

loss in the present section, ineteed the folloving al ternat ive  procedure 

is used ro .=count for  these problem. We evaluate the quantity MI(!) 

semi-iaclusivelyfor a l l  m l t i p l i c i t i c a  4 < N < 2 4 .  I f  the data is free 

from experimental bins ve should obtain 

lhis is t rue  within experimental errors, for  low mult ip l ic i t ies ,  but 

for  N > 16 due to  track loss .  We thus introduce a mul t ip l ic i ty  dependent 

veight vN, where 

t o  recover the equality.  Then the higher momenta are calculated by using 

this weight vN and Hm(q) ie obtained by suming over mult ipl ic i t ies .  

In  order to  llasess the significance of the values of C (6)  vhich we 
m - 

obtain from the data, ve a l so  erlell late c?@) i o  a simple Independent 

M a s i o n  Model fo r  vhich 



wliarc U i s  t o t a l  phase space, so t h a t  U - 6 is phase space i n  the 

window. 

In Pract ice ,  s ince  we use the s i ng l e  p a r t i c l e  eemi-inclusive d is t r ibu-  

t ions  of our da t a  to  make t h i s  ca lcula t ion ,  ve must 8g.a co r r ec t  f o r  

forward l o s s ,  by applying the weight vN before e u d l n g  over mul t ip l i c i t i e s .  

The c a l c u l a t i ~ n  i a  performed by Monte Carlo techniques. Pos i t i ve  end 

negative s i n g l e  p a r t i c l e  d i Q t r i b u t i o n s  are considered separately, but 

Since the window is r e s t r i c t e d  co the cencr.1 region t he re  is no a ign i f i -  

cant  d i f f e r ence  i n  the values of Cm(&) obtained. We present  the  average 

r e s u l t .  

Fig. 8 i l l u s t r a t e s  c i e N ( ~ )  f o r  the  case when 6 is r e s t r i c t e d  J y \  5 a 

and 0 5  + o z  P ~ .  f a r  ( i )  a =  1.0, bMAX- 2 r , n n d  ( i i )  a - 0 . 2 5 ,  

In rhe former case the calculation i s  in azreement wi th  a ca l cu l a t i on  

made d i r e c t l y  from the t o t a l  m u l t i p l i c i t y  d i s t r i b u t i o n  i n  which case the 

window 6 spans a l l  phase space. This is a good consistency check on o u r  

Procedure. The f a c t  t ha t  c?(&) for the  more r e s t r i c t e d  window s i r e  

l i e s  abwe c : ~ ( ~ )  for  the  l e s s  r e s t r i c t e d  window sire nay be a simple 

r e f l eee ion  o f  the  cen t r a l  production of high mu l t i p l i c i t y  events.  

In evalua t ing  Cm($) from the  d a t a  we have considered n - 2, 3, 4, 5 

for  window s i r e s  e - 0.25. 0.5. 1.0 and qNAX - v, 2". In t h e  case of 

the smal ler  window s i z e s  we may increase s t a t i s t i c s .  by s l i d i n g  a 

window of width D.5 (1.0) from y - -1.0 t o  1.0. s b e e  there is no s i g n i f i c a n t  

Y dependence of the  r e s u l t s  i n  the  c e n t r a l  region. S imi lar ly  t o  t h e  

case f o r  the independent emission model, t he r e  is no e y s c e w r i c  differemee 

+ 
i n  the r e s u l t s  f o r  n and ;. We t h u s  present  the  combined r e s u l t s  i n  

ordcr t o  increase s t a t i s t i c s .  

In Fig. 8 we present t h e  r e r u l t  fo r  r - 0.25. & - n f o r  cam- 

parsion &th  the IEM. The discrepancy is s t r i N n g ,  however we prefer  to  

present the re.~.ulte i a  krm of the r a t i o  c ~ ( ~ ) / c ~ ( ~ ) ,  such t h a t  the 

s ans l r i ve  dcpandaace on M1(6) i e  removed. As a s e l f  eonaisteney check 

on our procedure, we have a l s o  evsluated cm(pl and cF(~) with no 

weighting procedure. Nthovgh the values of Cm a r e  diEferent.  (since 

M.,(;) i s  d i f f e r en t )  the m t i o  C ~ / C ; ~  i n  cons is tent  wi th  ppreaent reaul ra .  

f o r  a l l  m and 6. 

l n  Table 4, we give  the  values of thaee r s t i o o  We see t h a t  for 

z. C ( t o t a l  phase space). However for l a r g e  u*ndw ~ ~ ( 5 )  : c : ~ ( ~ )  a 
IEU -11 wlodu r - 0.25, C,(P)/Cm (&) ' 1. LDYd t h i s  r a t i o  i l lcreases wi th  

a. 

In  order t o  perfor. ce r r e l s t i on  analys is  on the obeerved l o c a l  

number f l uc tua t i on ,  the expansion of mmeots by f a c t o r i a l  cumulmts l a  used. 

According to  Mueller [291, each moment is expressed by 

where ~ ~ ( 2 )  is the P-th o rde r  normalired l o c a l  f a c t o r i a l  fvmulant which 

represents  the I- th order  corre la t ion .  

IE there  ii eonly tu. ~ r t i c l e  co r r e l a t i on  (i.e. Fa(!) - 0 for L 3 3). 

mments are s i r p l y  given by 

c2(6) - 1 + P 2 ( 9  

C,(c) - 1 + 3P2(6) 

~ ~ ( 6 )  - 1 + 6 ~ ~ ( 6 )  + 3(F2(9 )  
2 

(5.2) 

C5(6) - 1 + lop2(!) + 15(F2(6)) 
2 

2 3 
C 6 ( 9  - 1 + 15F2(6) + 45(F2(6)) + 15(F2(6)) . 
These r e l a t i ons  are shorn i n  f i g .  9 in tern of F2(6_) by dot ted  



l ines  and the observed values of the moments C lcIW are sham super- rn m 

imposed an the appropriate l ine  n t h  hatched error bars. The value* of 

C /cIEM are used rather than Cm(_6) i n  order to i l l u s t r a t e  nontrivii#l local  m rn 

fluctuations.  Thiq represents a consenrative estimate, einea c"" II ,., 1 1  
II 

increases v i t h  m. I f  there are no Nghar order c o r r s l s t ~ m s  (I 2 I ) .  

these obserred valves shovld be consistent v i th  a s ing le  value oE 

F2(@ for  each vlndrnr sire(!). i.e. the points would l i e  on a l i n e  

paral le l  t o  the ordinate. For the larger  viadm s ize  the data are 

consistent v i th  t h i s  assumption. Systematic deviations, however, are  

appreciable for  the smaller window, a < 0.25. Therefore, i n  t h i s  cnne 

i t  =ens impossible to  explain :he observed large l o c a l  flvctvatlor!ri 

vithout the contribution from higher order correlations above I z 3. 

Such evidence has not been m t i c e d  prevbvsly 112, 26 ,  281, ~ i n c e  

no comparable analysis considering ident ical  pa r t i c l e  dis t r ibut joos  i r r  

such res t r ic ted regions of phase space i n  bath rapidi ty  and dzimuth.il engle. 

has been made. 

The existence of such large fluctuations i n  the loca l  number 

diStribution for  ident ical  pa r t i c l e s  is eonsietent v i t h  the "pi-ball" r l l c e t  

diseuseed by Michael and Webber 1111. .%re detailed theoret ical  

mnsideration of our r e su l t s  i n  t e r m  of the cooperative existence of 

Ngher order correlations due t o  nose Bymetry may be found i n  a separate 

publication 1131. 

6. -1 AND CONCLUSION 

We have imreatigated ident ical  pa r t i c l e  oorrclation= i n  mul t ipar t ic lc  'v ' 

produ~tion i n  pp interactions a t  405 CeVlc. 

In two par t ic le  correlation analysis we have f i r a t  considered the 

tw pion invariant mass variable, and we have observed a s ignif icant  

+ - 
difference between << and n n correlations,  a t  threshold. We have 

parametrised t h i s  difference i n  t e r m  of the Kapylov-Podgoretsky-CoccOnS 

formalism including the parameter A. which accounts fo r  the  possibility of 

coherent f i e l d  contributions in  the pion source. W e  obta in  the values 

of the  radius ll and l i fe t ime T of the  lioucce aa 

R - 1.50 t 0.25 fm and c r  - 1.2 + 0.3 fm 

and the coherence parameter A is obtained as 

A - 0.58 f 0.05 

We have a lso  investigated the possible existence of higher order 

~ ~ r l e l a t i ~ n s  among ident ical  pa r t i c l e s  considering the moments of the 

local  number dis t r ibut ion,  and we eonelude tha t  the observed f luctuat ions  

cannot be explained by two pa r t i c l e  corre la t ion alone, and the  r e a l  

existence of Ngher order corre la t ions  i n  required. 

We are very grateful  to  Professors J .  C. Vander Velde of University 

of Mishigao. and T. Yerbel of Rochester University f o r  l e t t i n g  us use the 
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We w u l d  a l so  l i k e  to  thank the Permi National Aceelaratar Laboratory 

for  granting us the use of t h i s  film. Both groups a t  KEY. and OCV are 

mvch obliged to  t h e i r  scanning and measuring s t a f f  f o r  t h e i r  pat ient  

work. One of the authors (A. M. Cooper) would l ike  to  express her s incare  

thanks to  Prof. T. Nishikawa and Prof. S. Suva of KEK f a r  t h e i r  hospi te l i ty .  
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Table Captions 

Figure Captions 

C 
1) The Meuller moments f2-- for data st different laboratory incident 

mments, P lab' 
't 

2) The functions R-(M,,") for various ranges of Mnn. 

t 
3) The functions 8--(Mmr) for various ranges of qT, in the kloeota~ 1 

regions q < 0.25 GeV, qt 2 0.40 GeVlc. when single psrcicle 
0 )  

rapidity i a  restricted to the central region lyl < 2.0. 

The multiplicity dietribucion. - - 
The functions P ~ ( M ~ S ,  * plI (M,,) and C~(M"J for (a) . pairs 

+ 
(b) "-a pairs, multiplied by the inelastic cross siction. 

The functions  lo s for 200 GeV pp data(15) (full limes) 

and the present data (dashed lines). 

me functions C2(M,,x) for (a) n-n-. qo < 0.25 GeV (b) qo < 0.25 

G ~ V  ( c )  7-n-. qt 0,4 GeVIe (d) n+n-. qt < 0.4 GeVJc, multiplies by 

the inelastic cross $ection. In all figs. the single particle rapidity 

distribution is restricted to the central resion lyl < 2.0. 

The qo distribution for n-w- pairs (a) for qt < 0.40 CeVle (b) for 

qt > 0.40 GeVlc. The dot-dashed line represents Monte Carlo background. 

and the dashed line teeresents the n+n- background. 

The qt distribution for n-n- Pairs (a) for qo < 0.25 GeV (b) for 

g o ,  0.25 GeV. The dot-dashed line represents Monte Carlo background, 

+ - 
and the dashed line represents then n background. 

The K. P. C. fit illustrated on (a) qt, for q, < 0.25 GeV (b) qo. 

for q < 0.40 GeVlc. t 

The functions Cm(6_) for A) the data. in vindw sire a = 0.25, 

tMAX - n, B) the Independent Emission model, in window sine a - 0.25, 
d W -  w ,  C) the Independent Emission madel, in vindov eize a - 1.0, 
(,, - 2n. 
The calculated functions Cm(6)IF2(6) for m - 2. 3. 4. 5 shown ae dashed 

lines, with the values of of the data superimposed 

a$ open circles with hatched error bars. for (a) a = 0.25. $H*X - 2"' 
(b) a = 0.25, (wM - n, (e) a -  0.5. +W- 2" (d) '-0.5. PEIAX - n. 
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