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Abstract

We first‘investigate identical pion correlations in pp interactions
at 405 GeV/c in terms of the two pion invariant mass variable and the
Kopylov-Podgoretsky—-Cocconi formalism, and we obtain the radius of the
pion source as R = 1.50 % 0.25 fm, and the coherence parameter of the
source as A = 0,58 * 0.05, for central region processes. We then present
a nev method of analysis in terms of the moments of the lecal number
distribution for identical particles, and we find strong evidence for

higher order correlations.
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1. INTRODUCTION

Singce two-particle correlation data became available there have
been numerous attempts to interpret it [l]. Most studies on rapidicy
corvelations emplox some form of cluster model [2]. It hag also become
evident that resonance formation has a dominant contribution in multi-
particle productien and gives a substantial effect in particle cérre—
lation [3, 4]. Derailed studies ineluding the dependence of correlations
on transverse varfables revealed that the correlations of like and
unlike charged pion pairs differ in some respects [5]. In particular
when dealing with like bosons the effect of Bose Einstein atatistics
seems to be important [6].

Most studies of fdentical particle correlations at mediym energiles
have used the formalism developed by Kopylov & Podgoretsky {7] and
Cocconi [8} to measure the radius R, and lifetime T of the hadron source.
Despite the fact that this formalfsm has recently come under some criticism
[9], it remains a useful way to parametrize the observed correlations so
that one may compare results on differeat reactions at different energies.

Fowler amd Weiner [10) have recently suggested that the pion source
may be a mixture of chactic {quantum statistical) and coherent (classical)
fields, Thug we introduce into the Knpylovaodgoratsky-Cocconi(K. P. C.)
formalism a parameter M which measures the mixture of coherent and
incoherent field contributions in the source. If A= 1, we have a
copplately inecoherent source, and 1f A = 0, we have a fully coherent
source, in which case ne higher-order interference (i{.e. Bose Einstein
(B.E.) correlation) would be observed. Values of M may Yepresent the
first definite observation of classical (coherent) fields in the hadron
source, which 13 of great interest at present in studies of the state of

highly compressed quark matter in the framework of ¢ ¢ D [10]. Fowler

and Weiner have pointed out that wmeasurement of this parameter in different
reactions and at different emergies is important, since the mixture of
coherent and incoherent fields in the source is expected to depend on

the initial conditions.

The present work is concerned with the investigatidbn of identical
pion correlations in pp interacctlons at 405 GeV/c. We congider our data
in terms of the two plon mass variable, in order to separate resdnance
and B.E. effects more clearly, end we then consider the application of
the K. P. C. formalism including the coherence parameter Ao

We have zlso made some snalysis of higher order corralation, which
are of current theoretical jnterest {11]. The convenrional investigations
of 3 particle correlations in terms of the correlation functions R(yl,
¥g» y3) may not be sensitive to clustering In very smell rapidity intervals,
and previous inveatigation of correlations in terms of rapidity gap [12]
has not considered the charge structure of the clusters. In the present
study we use a new method of analysis of multiparticle correlaticns [13]
from the point of view of Bose condensation, which makes local number
fluctuations for identical particle groups very clear.

Section 2 deals with experimental procedurg, and Section 3 presents
the general features of the data in terms of the two pion invariant mass
variable. Section &4 deseribes analysis in terms of the K. P. C. formalism
and Section 5 presents the analyeis of local number fluctuationms.

Section 6 1s reserved for summary and conclusions.

2. EXPERIMENTAL' PROCEDURE
AN
The data used in this analysis were obtained from a 50k picture
exposure of the Fermilab 30 inch hydrogen bubble chambexr to a 403 GeV/c

proton beam, Results are based on 3220 all pr&nged events, Twe independent



scons were performed and a third check scan was made dy physicists. The
overall scanning efficiency was 98%. Events wete track matched by
physicists and then measured on conventionsl wmanual projectors. Tbs
measurements were processed usiag the TYGP programme and remeasured 1f
necessary. Finally 92% of the secondary tracks measured were sﬁccaasfﬁlly
reconstructed. Approxiumately 5% of ecanned events were impossible to .
@atch due to secondary interactions ot many overlapping tracks. Correc-
tions due to this loss were ﬂgde by comparison with the corteﬁt quiti-
plicity distribution obtained in scamning. There iz a relacively low
efficiency for wmeasurement of secondary tracks in the forward hemisphere.
By using the complete forward -backward symmetry property of the ﬂt [.%-
rapidity distribution which is expected in pp interactions, correction
factors were estimated for each track, in the forward hemisphere. It
was checked that these weights did not cause any distortion of the
double pion rapidity distribution. The average weight is less than 1.3,
A check on ianizaciun loss of low momeﬁtum gecondaries (momentum leas
than 1.4 CeV/c) wad also made by physiciscts, fn order ro discriminate
positive pions from protens. All positive tracks with xp » 0.6 {xF -
the Feynman variable) are taken to be protons, and all negative tracks
to be pions. The multipiicity distribution for charged particles is

shown in fig. 1. Further experimental details may be found elsewhere

ia).

3. GENERAL FEATURES OF THE DATA

3
We first consider the two particle inclusive correlation function

as a function of the invariant mass Mﬂﬂ of the two particle system,
since oue canh more easily separate the contributions of resonances and

the B.E. interference to correlations in terms of thig wvariable. B.E.

effecte are stronpost when the 4~momenta of the two porticles are nearly

equal, and thus q2 - (p1 - pz)z is small., Since the variable Mnu is

2 2

related to Q by the equation g = in® --‘Mﬂ in the case of two pions,

ve axpect B.E. effeqts to show up at threshold in the Hnn variable,

" whereas reaonances show up at the appropriate massés e.g.'l‘l’Ir =0y The

L4

corzelation fuaction {5 defined aa,
= ﬁ +— . + -
0 ) = p, () - 9y % 0TI,

vhere, ozi:(an) 1s tha usual differential cross section do/dM, divided

. ) .
by the inelastic cross section o, .., and [Dl pl](uﬂw) is the product of

single particle distributions at fixed palr maaa,

(o, * e 00 = f &% &5, aLep, + 92)}"’1 = Hypl Py (Ry)0y (o))

' » * -
where, ﬂl(pl) lluinel x d6/d"p. Thus iDl 91}(H““) representa the uncorre:
lated background. Ve have evaluated {t by Monte Carle techniques., Since the

choice of the cross sectdon O as the inelastic cross section may be

somewhat arbitrary, we have checked our results by normalizing the Monte
Carlo generated shape of [Pl * Pll(M““) te the data for Dz(H,w),for
vﬁlues of M!“ gteater than 2.0 GeV, and the slight difference of normali-
zation so latrvduced is ipcluded in our errotrs.

The results for ¥ @ and 5t pion pairs axe given in figs. 2a and
2b respectively. Oune can see that C2+-{Hu“) shows a broad threshold
enhancement anl evidence of P production. Analysis of @ esad f production

in this data haa already been published [14]. By contrast, Czn-(H 1

w
shows a much sbarper threshold ephancement and no resonant structures
may be Editi:ul.

The da'n are compared with 205 CeV/c data {i5] im fig. 3, irn terms

of the functlon Czi:(nvw)lln 5 for each data sample. The shapea of



+_(M y are similar, but the expectation Chat C2+-/1n B may scale
nn

{15] is not fulfilled. The dip at around 700 MeV in CZ--(an) for the

4
205 GeV/c data is not reproduced in our data, in fact the shapes of C2 N
and cz" for M, greater than 500 MeV are similar. A quantitative

comparison of the prasent data with data at 102 [16] and.205 GeV/c [15]

+= +-
is given in table 1 in rerms of the Meuller moments fl_-' where fz—- =

I Czt:(“rr)durw'

The difference batween Cz*- and C,” 18 better {llustrated in terms
of the function

R(M,, ) = G, /() * B 10,0,

Despire the slightly differiﬂg single partiele rapidiry distriburions of
1 and v, the uncorrelated distributions [ﬁl+ * Pl_](M) and [91- * Pl—](M)
are very similar, apart from normalization, so that considering R rather
than ¢ should minimize the differences due to normalization and emphasize
the difference in an dependence. Table Z presents values of R in
40 MeV bins from threshold fo one pion mass above threshold, and also in
the p mass reglon and the higher wmass reglon, M, = 1.0 to 1.4 GeV for
comparison. We see thar the rthreshold dependence of R is much steeper
than that of R?_, byt that the values are similar in the higher mass
region. We may interpret the difference at threshold as a manifestatlon
of B.E. interferente., However, to evaluate this pffect wore guantitvatively,
we must as:iﬁa:e the background to such interference, ainee there may he
other orizins of correlation in the ¥ % system. There hava been numerous
attempts to interpret the threshold enhancements gbserved in the 205
Ce¥/c data [15, 17]. Some structure near threshold is expected as a
result of the decay of resonances of multiplicity m 2 2. Considerstions
along these lines yield a similar shape for cz+" and C2'P [17]. At low

energy it has been observed [18] that the broad threshold enhancements

digappear if one considers semi-inclusive dara, leaving only a narrow
threshold enhancement for like pairs and resonant structure for unlike
pairs, i.e. the broad enhancements are a feature of multiplicicy mixing.

In order to probe this problem further we may consider Czi:(M“J
more differentially, and it seems most ugeful to do this in terms of the
varizbles relevant to the K. P. C. formulation. Thus we define,

G =g - Bl adg - |53 =4 -3 .D,

where §, = By - By and £ = @) + /Gy + B .
(. £ represents the 4-momentum of the two plons. For reasons outlined
in the next sectlon, we have restricted further analysis co the central
region ]yﬂif < 2,0, where yﬂ+ and yi- stand for the rapildity in the
center of mass gystem of the u+, and ¥ , respactively,

In figs, 4a and 4b we present Czt:(nwﬂ) for the kinematic region
q, < 0.25 GeV, and in figg, 4c, and 4d, for the kinemapic region

q, < 0.4 GeV/c. One may expect some peak at small values of H“ﬂ on purely

 kinematfic grounds since one is restricting the difference in 4-mowenta.

However, the difference between ll!;'~ end CZF‘ at threshold is striking.
In table 3 we give a quancitative estimate of thiy difference in terms

af Ei:. In the same table we also compare R with B in the %inematic
regilons, 2, > (.25 GeV and 9, 0.40 GeV/g. They are quite similar, even
though the p and £ are viaibla in 624_(HRHJ. Thus one sees that the
strong differences occur in pracisely the kinematic reglons where B.E.
effects are expected to be atrongest. These observations support the
view that one may use the n+w' spectra as a hackground to the B.E.

interfarence, if one restricts the kinematic reglon tg that of small 4~-

"
samentun differenca.

4. AWALYSYS IN TERMS OF THE K. P. C. FORMALISM




Kopylov [7] wrote the B.E. interference term for incoberent pion
production from sources distributed over the surface of a circular

eulssion volume of radius R, and source lifetime ¢ as,
: 2 2
I = IR}/ (1.0 + (tq.)") ()

where I(x} = 2 Jl(x)lx and J; 15 the firét order Bessal fuaction. I¢
wvag assumed that Lawbert's Law applies anod that the conditionm ct >> R
holds, However in most analyses of this affé;t at medium energies [19],
this condition does not hold, and the alternative interpretation of
Coccani seems to be more appropriate. Cocconl [8] derived the same B.E.
interference term uaing a minimum of assumptions, the wmost important of

which is the incoherence of the source, as
1= exp(-(nqtf2))zl(1.0 + (tqa)z) &

for the case of & Gaussian luminosity distribution at the surface of the
emission volume. In this case ¢t is interpreted as the depth of the
layer from which two pions may be emitted in order to be observed
simultanecusly, thus ¢1 < 2R is required. In the présent work we use
formila (B}, although use of (A) doss not wakﬁ any large difference to
our results.

1f the distributions ila the variables q, and q, without interference
are written as wo. then the distributions including interference are
written as

W= wo(l.o + AT},

where the parameter A has been introduced to take accaunt of the possibility

that the source may not be fully incoheremnt [10, 20]. The importance of

this pavaomcter has been gutlined in the section 1., We have restricted
our analysia to the céntral tegion Iy! < 2.0 eince this cut, and a
restriction ta mdltiplicitiga m » 6, ensure that we have elimicnated
leading particle and diffractive effects, and the interpretation of our
results 1s thus elarified as relevant to central hadron production. As
exSécted, the value of A decreases 1f non central {(possibly coherent)
procesges are included. We estimate that an uncertainty of 0,05 is
1ncr§ducad into the value of A by the arbitrary choice of the cut, for
central region process.

One must mext choose the non-interfering background W, suitably.
Most #nalysey have used the unlike pion spactra, and, 8s we saw in the
last section, this may not be teo bad en approximation, if one restricts
the kinematiy reglon to gmall valuves of q, and q., such that identical
particle interference ia enhanced, and resonant effects in s are
negligible. We compare this choice of background to a Monte Carlo
generated simple Independent Emisgion Model, based oa the single particle
distributiony of our data. Fig. 5 {iljustrateg the data and these two
choices of hackground for ;he variable 9, ia the_kinematic reglons
q * 0.4 Gev/c (fig. 5a) and q, >0-4 GeV/c (fig. 5b). Fig. & presents
the corveyponding plots for the variable q in the kinematic regions
q, f 0.25 eV and 9, >Q.25 GeV. The nornalization of the backgrounds
is the =same g for Fig. 4, such that there 1s nc difference between L

and v n  Bpegtra for values of H“ above 2.0 GevV,

T
W2 pee that the backgrounds are not very different for any kinematic
+ -
regicn.  We prefer the use of the m 7 spectra since, as discussed in
the pi +linuy sectioa, there may be some correlation in the ¥ 7 system

other Lhan the B.E. effect which is better accounted for by the use of

this backgground. We have checked the effect on our values of R and t of



Our value is In good agreement with the most recent high statistics
the use of these alternative cholces of background, and ineluded the
data of the ABBCCLVW collaboration for madium energy p. Kp and pp
difference in our systematic arfrors.
. ) interactions [23]. The new higher value of R has been ilaterpreted as
The more significant obgervation wea can make by considering figs.
Tepresenting the -primeval interactionm region plus the decay length of
5 and 6 15 that whereas the background shape follows the data closely ' :
N the many rvesonances first produced. We have evidence [oF strong resonance
for figs. 3b and 6b, this is far from the case for figs. 5a and 6a, and ¢
™ preduction in the central region of our imteraction [14), so our value
the discrepancies are &t small value of 9 and 9 i.e. exactly in the .
: for R wust also inciude their decay leagth. Thus there seems to be no
kinematic region whére the B.E. interference 1s strongest. Thus we fit - .
significant change in the value of B over a wide energy range.
the data of these plots, simultaneously, using formulae (B). The fit to :
: Qur value for ¢t ie conalstent with Coceoni's condition ot < 2R.
fig. 5a ig made in the range 8, from 0.0 to 0.9 GeV, and it employs an - . ’
, It is closer to the value found at the ISR (1.38 2 0.6 fm) than to the
average value of q; in the range 9. < 0.4 GeV/c. The fit to fig. 6a is :
value found at 28 GeV (0.58 + (0.2 fm). Thus there may be some increase
made in the range 9, from 0.0 to 1.05 GeV/c and it employs an average
i in this-parameter from medium to high energies.
value of q, in the range 9, < 0.25 GeV. 7The normalization of the fitrted
Our value of ) is somewbat higher than the values glven for np, and
form 15 chosen such that the number of events {(combinarions) in the : -
Kp reactions at medium energy (we discount comparison with the ISR value
data, and under the fitted curve, is the game, i.e. HB differs from the
since no restriction was made to the central region in their cage and
background illustrated in figs. 5 and 6 by a normalization factor. P
consequent incluslon of coherent processes could lead to an underestimate
However the value of this factor is never far from 1.0. . .
. of the hadron source size and the value of A). The approach of Gigvanni
The pesults for R, ¢T and A are
and Veneziano [20) would predict that pp interactions are essentially the
R=1.50+% .25 fm, ¢t = 1.20 * 0,30 fm and A = 0.58 * 0.05.
2 2 same as Tp and Kp reactions, from the point of view of the dual sheet picture.
The %" /n.d.f. of the fit is 46/36. Cowmpare x /o.d.f. = 95/39 if
However the approach of Fowler and Weiner [9], predicts that the value
x =D {l.e. no interference). An attempt to fir figs. 5b, and 6b to the
of A depends on the initilal conditions i.e. on the reaction and the c.m.

I

same form yields A = 0.03 % 0,10 for len.d.f. = 44/39. The results >
coherent

energy. Uding this wodel we may obtain the ratioe a 2 from
have been further checked by altering the kinematic regions of fitting B> candom
aur value of %, which implies that sbout 2/3 of pions are still emitted
and the cuts on 9 and q,- The £it 1s illustrated in figse. 7a and 7b. : .
coherently. The rise af A with energy implies s corresponding decrsase
Our value of R ia consisteat with, although slightly higher than,
of this ratio, which 1s conaistent with the observed increase in resonance
the values quoted in other studies on pp interactions at 28 GeV [21], R » oo - .
production {3, 13, 14] and the fireball picture of Hagedorn [24] and
1.3 L 0.1, and at the ISR [22], R = 1.3 % 0.31. However the study at .
Frautschi {25], which includes resonanta production in a stacistical
2B Gev did not include the parapeter A, and there is some indicatiom
bootstrap approach. It would be very interesting to see the results of
that including A tends to increase the values found for R [23],

- 10 - ~11 -



similar analysis of identical particle correlaticns, including the A

parameter, for other reactions in the 100 GeV/c energy ranoge.

5. LOCAL NUMBER FLUCTUATIONS AND HIGHER ORDER CORRELATIONS OF IDENTIiAL

PABRTICLES
While there is considerable evidence for two particle correlacicas,
the real existence of higher order correlations has not yet ba?n eatablished
[26, 27)]. Observarion of three negative plon co:reiatinnu in 200 GeV/c
n-p data has been explained as a reflection of two particle correlationa
[12, 28]. 1o this section we present a pew wethod of analysis in terwms
of local nymber fluctuations {13], which wmakes Interpretation of the
obaerved fluctuations in terms of higher order correlations very clear.
The idea of a local number digtribution is similar to the usual multiplicity
distribution except that it is defined in terws of a restricted domain
of phase space, which we will lable §. This window § L8 specified horh
- in rapidity and azimuthal angle N with respect to the beem directiou.

We consider the normalized momenta

o
€ (8) = M_(8)1, (§)

vhere Mh(g) are the local factorial moments

M (8) = E
n"m

n!
(n—m=)! Pn(é)

and Pn(g) is the local multiplicity distribution

pasitive

negative pions in §

Number of events which have n

P olg) =
Total number of inelastic events

- 12 -

There are two problems involved in making the calculation of Cm(g).
The first is that for high m, these quantities are extremely semsitive
to thé normalization of-Hl(g). The second 1s that track less in the
‘forward direction for high multiplicity eventa reéuces the value of
Cm(é). We do not apply any rapidity dependent weight ta.account for this
leoss in the present section, inaread the following altermative procedure
is used to account for these proﬁlens. We eva;uate the quantity Ml(g)
setml-inclusively for all multiplicities 4 < N < 24. If the data is free
from experimental bias we should obtain

-+

do,
Mgy N
My (S Ia e dk[cinelf

This is true within experimental errors, for low multiplicities, but

(N)ob

do
N .+
MO @ < f M,

for N > 16 due to track loss. We thus introduce a multiplicity dependent

weight w_, where

4o

w, = fﬁ fdi/omel * wP sy for w > 16;

N = 1.0 for 16 > N> &

N
to recover the equality. Then the higher moments are calculated by uaing
this weight y and Mm(g) 1e obtained by summing over multiplicities.

In order to assess the significance of the values of cm(ﬁ) which we

obtain frem the data, we also calculate CIEM

o (8} in a simple Independent

Emission Model for whieh

= d, 1 do, n 1 da HKen
N N N
P(8) = ()€ (— [ ~—di) G —= 48)
n Nen Tipe1 ¥ B Noy '{g o ROy =g gt
- 13 -



vhere U is total phase space, so that U - § is phase space not in the
window.

In practice, sinee we use the single particle semi-inclusive distribu~
tiens of our data to make this calculation, we must agaip correct for
forward loss, by applying the weight y before sumdng over multiplicities.
The caleulation is performed by Monte Carlo techniqueé. Positive and
negative single particle diatrihutiqns are considered separately, but
since the window ig restricted to the central region there is no aignifi~
cant difference in the values of Cm{g) obtained., We present the average
resule.

Fig. 8 illustrates'C;EM(ﬁ) for the case when § is restricted Jy| < a
and 0 < ¢ < byaxr for (1) 2 = 1,0, bypy = I, and (i§) 8= 0.25, gy *
In the former case the ralculation is in agreement with a calculation
made directly from the total multiplicity distribution in which case the
window ¢ spans all phase space. This is a good consistency check on out
precedure, The fact that Ciﬁm(g) for the mate restricted window size

lies above CtEM

m .8} for the less restricted window eize may be 3 simple

reflection of the cemtral production of high multiplicity eveats.
In evaluating Cm(g) from the data we have considered m = 2, 3, &4, 5
for window sizes a = 0,25, 0.5, 1.0 and haax = ™ 2w. In the case of

the smaller window sizes we may increase statistics, by sliding a

window of width 0.5 {1.0) from y = -1.0 to 1.0, since there is no significant

¥ dependence of the results in the central region. Similarly to the
case for the independent emission model, there is no systematic difference
in the results for n+ and 7 . We thus present the cowbined rasults in

order to increase statistics.

-4 -

In Fig, 8 we present the result for a = .25, ¢,,, = = for com-

pargion with the IEM, The discrepancy is striking, however we prefer to

pregent the results in terms of the ratio cn@)}cm“(g), such that the

m
sensitive dependénce on Hltg) ie removed. As a gelf consistency check
on our procedure, we have also evaluated ¢ (§) snd C;EM(E) with no
weighting procedure, Although the values of Cm are different, {since
Hltg) ig different) the rxatio lecisu is comsistent with present results,

for all m and §.

In Table &4, we give the valuea of these yaties. We see that for
cIEM
-
swall wiedow a = 0,25, cﬂ(g)/CiFu(Q) » 1, and this ratie increases with

large window ch(g) p ()] » Gu (total phase gpace). However fot

Ra

In order to perform correlation analysis om the observed locgl
number fluctuation, the expansion of moments by factorlal cumulamts is uged.
According to Mueller [29], each moment is expressed by

Bm e [ £ 2L
C(8) = 2" exp rEnR@val

where F,(§) is the 2-th order normalized local factorial cumulant which
representa the f-th order correlation.

If there is only two particle correlation (i.e. F (§) = € for £ 3 3,
moments are simply given by

Cz(é) =1+ Fz(fj

63'@_1 =1+ 31?2(5)

g (8) = 1+ 67,(8) + 3%, (607 (5.2)

C5(8) = 1 + 107,(8) + 15(F (807

2 3
Ce(8) = 1 + 15F,(8) + 45(F,(8))" + 15(F, (607

These relations are shown in fig. 9 in terms of F,{§) by dotted

- 15 -



1ines and the observed values of the moments Cm/C::IEM are shown puper-
imposed an the appropriate line with hatched error bars. The values of
chCiEM are used rather than Cm(g) in order to illuarrate nontriyisl loeal
fluctuations. Thig represents a conservative estimate, since C;EM Leoey
increases with m. If there ate no higher order corvelatloms (1 » 1),
these observed values should be consistent with & single walue of

Fz(g) for each window size(8), i.e. the points would lie on a line
psrallel to the ordinate. For the larger window size the data are
consistent with this assumption. .Systemacic devietions, however, are
appréciable for the smaller window, & < 0.25. Therefore, in this caue

it seems ilmpossible to explair the observed large local fluctuation:
without the contribution from-highet order correlations above 1 » 3.

Such evidence has not been noticed previously (12, 26, 28], since
no comparable amalysis considering idencical particle distributiocas in
such restricted regions of phase space in both rapidity and azimuthal sugle,
has been made,

The existence of such larpge fluctuations in the local number
distribution for identical particles 1s consistent with the "pi-bali" effect
discussed by Michael and Webber [11]. More detailed theoretical
consideration of our results in terms of the cooperative existence of
higher order correla:ipns dué to Bose symmetry may be found in a sepavate

publication [13].

6, SUMMARY AND CONCLUSION

We have investigated identical particle correlations in multiparticle
production in pp interactions at 405 CeV/c,
In two particle correlation anelysis we have first considered the

two pion invarilant mass variable, and we have observed a significant

- 16 ~

2

- ¥ -
difference between m 7 and 7 7 correlations, at threshold. We have

‘paranetrized this difference in terms of the Kopylov-Podgeretsky-Cocconi

formalism ineluding the parsmeter A, which accounts for the possibilicy of

coherent field contributions In the picn source.. We obtain the values

of the radius R and lifetime T of the_souree'as

R=1.50 % 0.25 fm and cT ~ 1.2 £ 0.3 fm
and the coherence parameter A is obtained as

A= (.58 £ 0.05

We have also investigated the possible existence of higher order
correlations ameng identical particles comsidering the moments of the
local number distribution, and we conclude that the observed fluctuations
cannot be explained by two particle correlarion alope, and the real

existence of higher order correlations is required.
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Table Captioms

1}

2}
3

)

-

The Meuller moments EZP— for data at different laboratory Incident
momenta, Plab'

The functions ii:(M“") for various ranges of Hﬂ".

4
The functions R—-(Mn") for various ranges of Mnr' in the kinemal i
regions 1 % 0.25 GeV, 9, 3 0.40 GeVfe, when single particle

rapidit§ is restricted to the central region |y| < 2.0.
€ _(38)

Values of —2—— for » = 2, 3, &, 5 in various vindow sizes.
cT™ee)
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Figure Captions

1)
2)

3

4)

3}

6

7

8)

9)

The multiplicity distribucion.
The funetions pz(M,’); Epl * pl](M’ﬁ) anq Cz(ﬁwﬂ) for {(a) F-ﬂ- pairs
() w-i+ palrs, mulriplied by the inelastic cross section.

The functions Czi:(Hﬂﬂ)lln s for 200 GeV pp daea ) {fyll lines)

and the present data (dashad lines).

The functions cz(uﬂﬂy for {aY n 7% , 9, < 0.25 GeV (b r+r-. 9, < 0.25
GeV () % % , g, ¢ 0.4 GeV/e (a4} w+w’, q, < 0.4 GeV/c, multiplied by
the inelastic cross gection. In all figs. the single particle rapidity
distribution is restricted to the central reglon |y| < 2.0.

The q, distribution for T % pairs {a) for q, < 0.40 Ge¥/c (b} for

q, > 0,40 GeV/e., The dot-dashed line represents Monte Carlo background,
and the dashed line represents the w+i_ background.

The q, distribution for 7w pairs (a) for q, < 0.25 GeV (b) for

q, 0.25 GeV. The dot-dashed line represents Monte Carlo background,
and the dashed line represents the w+§' backgrounad.

The XK. P. €. fit illustrated on {a) 9,» for q < 0.25 GeV (b) a9,

for q, < 0,40 GeV/c.

The functions Cmﬂi) for A) the data, in window size a = 0.25,

*HAX = %, B) the Independent Emigsion model, in window size a = 0,25,
¢MAx = 1, C) the Independent Emigsion model, in window aize a = 1.0,
*MAX = 2.

The calculated functions Cm(g)sz(g) for m= 2, 3, 4, S showm as dashad
lines, with the values of cm(g)lcigu(g) of the data superimposed

as open circles with hatched error bars, for (a) a = 0.25, ¢MAX = 2

(b) a = 0.25, ¢, =7 {e) 8= 0.5, §,, =27, (d) a =05, byuax - T

-21 -



Table 1

-— =
Py 0 GeVie £y £y Table 3
102 0.28 = .07 -
q, < 0.25 GevV q_ > 0.25 GeV
205 0.8 = 0.1 4.0 2 0.2 -
405 1.8 % 0.3 7.3 £ 0.2
— e —
M_ in Gev K K K e
0.25 - 0,35 0.79 £ 0,06 0.30 £ 0.04 0.40 £ 0,09 0.28 % 0.04
0.35 - 0,45 ©.54 * 0,04 0.29 % 0,02 0.28 * 0.04 0.30 % 0.02
0.60 - 0,85 0.35 ¥ 0.04 0.22 ¥ 0.03 0.23 £ @.03 0.17 % 0.02
q, < 0,40 GeV/e qt> 0.40 GeV/c
0,25 - 0.335 0.78 £ D.06 0.26 * Q.03 - -
Table 2
0.35 - 0.45 0.40 *0.04 0.30 0,02 - -
M in GeV R B
5 in Ce 0.60 ~ 0.85 0.25 *0.04 0.14 *0.03 0.35 £0.03 0.28 *0.02

0.28 - 0.32 1.06 & 0.07 0.63 & 0.04
0.32 - 0.36 0.58 + 0.06 0.68 + 0.04
0,36 - D.40 0.55 + 0.04 0.584 » 0,03
0.68 - 0.84 0.33 + 0.04 0.52 &+ 0.04

1.00 - 1.40 0.26 + 0.06 0.34 + 0.04
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Table 4
Window Size | m = 2 3 4 5
a=0.2]| ¢ .
L 1,13 £ 0.10f 1.6 +0.2| 2.6 +0.3] 4.2 +1.2
TEM
W = 27 C
m
a=0.25} ¢
. | 117 $0.16) 1.8 £0.3 | 5.0:1.5 -
W =T Cn
a = 0.5 c
L 1.05 + 0,06] 1.15 ¢ 0.15] 1.5 £ 0.2| 2.2 +0.)
IEM
W - cm
a=0.5 1 ¢
o 1.07 £ 0.08] 1.3 +0.2 | 1.9 +0.4] 3.1 +1.0
1EM
i ~ 7 <
m
a=1.0 | ¢
2 1.0t £ 0,047 1.1 0.1 ] 1.2 $0,2] 1.5 + 0.4
IEM
fax = 27 Ca
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