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ABSTRACT
Recent results on two-particle correlations in rapidity
space, forward-backward multiplicity correiations, charge
correlations, flavour and baryon number correlations as
well as Bose-Einstein correlations of identical particles
are reviewed. Particular emphasis is given to the data
from e'e” annihilation which serve in many respects as
reference point in the interpretation of correlation
phenomena observed in hadronic reactions.

Introduction

Correlations are basically a mathematical concept, not a physical one.
This fact by itself implies the danger of a certain inhomogeneity in the physics
subjects to be covered in such a presentation. Since correlations between
physical observables play a role almost everywhere in particle physics and in
particular in jet physics, the subject of my talk, if interpreted without any
further restriction, would comprise an almost infinite field. Fortunately
not all possible correlations between physical observables have been studied,
which already facilitates my task substantially. However even among those topics
that have been studied I will have to make a selection.

Extensive studies of correlations in multiparticle production by
hadronic interactions started around 1975, mainly in the second generation
experiments at the CERN Intersecting Storage Rings (ISR). An important result
of the first studies was the existence of particle clusters in rapidity space.
By 1979 very impressive material on various types of correlations was available,
e.g. data on charge correlations, on correlations in transverse momentum and
multiplicities. Subsequently, as physics interest at the ISR became focussed
on high Py interactions, correlation studies established the existence of four
Jjets in this event class. Furthermore, correlations between the flavour content
of the 1eading particle in the so-called trigger jet and the rapidity and

% Invited paper presented at the XIII International Symposium on Multiparticle
Dynamics, Volendam, the Netherlands, 6-11 June 1982
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charge distribution of the opposite jet give indications that a considerable
fraction of high p, jets might be due to hard gluon scattering.

These facts underline the importance of correlation studies in the
effort to disentangle the complex production mechanism in hadronic reactions.

Whereas correlation studies in hadronic interactions have already a
relatively long history, similar studies in e'e” annihiltaion were performed
only in very recent time. For instance a first'investigation of charge correla-
tions in e'e  annihilation was published only in early 1981. It yielded direct
evidence of the charged nature of the primary partons produced in this reaction.
In contrast to hadronic interactions which contain 5 or 6 valence quarks al-
ready in the initial state, the final state in e"e” annihiltaion represents at
parton level a relatively simple dynamical system: only one quark-antiquark
pair, plus possibly a hard gluon, that arise from the decay of a massive photon.
Therefore jets produced in e'e” annihilation have to be considered as the
"cleanest" ones. The comparison of their properties, in particular that of their
correlation behaviour to corresponding observations in interactions between
hadrons is of extreme interest and, as will become evident, may serve as an
important tool in the analysis of the much more complex production mechanism
in hadronic interactions. For this reason, and also because I am working in
the e'e” field, I will emphasize the correlation data from e+e' annihilation,
which became available only very recently and are mostly unpublished. Unfor-
tunately very few correlation data from hadrons producedrin iepton-nucleon
scattering are available at present,

In chapter I two-particle correlations will be discussed as measured
in pp and pp interactions at the ISR and in e"e” annihilation at PETRA. The
comparison of the short range correlation strengths will yield evidence for
the assumption of two- (or more-) chain particle production in hadronic inter-
actions,

Forward-backward multiplicity correlations are the subject of
chapter II. Whereas substantial positive forward-backward multiplicity correla-
tions were observed in hadronic interactions at high energies, in particular
at the CERN pp collider, no genuine correlations of that type are found in ‘
e'e” annihilation.

In chapter III charge correlation studies in efe” annihilation are
presented. The short range correlation behaviour agrees with that observed in
hadronic interactions. The long range charge correlations present direct evi-
dence for the charge properties of the primary partons produced.

Chapter IV covers the scarce data on correlations within jets of
quantum numbers other than charge.
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Finally in chapter V we consider the Bose-Einstein correlation effect
between identical particles. The almost complete saturation of this effect as
observed recently in the process ete” > J/y - hadrons, is compared to ete”
annihilation data at higher energies and to correspdnding studies performed in
hadronic interactions.

Correlations observed in high Py physics at the I§R will not be sub=-
ject of this presentation. They are reported in papers contributed to this con-
ference by A. Putzer and K. Rauschnabel. Likewise the energy weighted angular
correlations in e'e” annihilation, which have been given much attention at
recent conferences as a special method to determine the strong coupling constant
% s will have to be omitted. The results of the CELLO Collaboration on this
subject have been presented to this conference by C. Kiesling.

I. Two-Particle Corre]ations.in Rapidity Space

Before discussing recent results from pp/pp collisions and eTe” anni-
hilations, we need a few words about definitions and conventions. The rapidity
y is defined as usual to be y = 1/2 In [(E + pu) / (E - pau)] where in hadronic
reactions p. is defined with respect to the incident beam direction and in
efe” annihilation with respect to the sphericity axis.

The two-particle correlation functionl)

b | b 1 1
P (yay') = o L0yay") - F o2 ) (1.1)
compares the two-particle density pgb(y,y') = (llcinel) doab/dydy' to its sta-
tistically uncorrelated expectation value which is the product of single par-

ticle densities pa(y) and pb(y') at y and y', respectively.
The 1nd1ces a and b denote particle properties, e.g. charge. The factor f in
eq.(I.1) is a matter of convention. Whereas several authors set f = 1 others

employ the definition
f = <na(nb - Sab)>/(<na><nb>) (1.2)

where n?, nb are particle multiplicities and <> denotes the average over the

event sample. The quantity 6ab

is equal to 0 for different particle Tabels,
a,b and equal to 1 for identical or undistinguished labels. Convention (I.2)
ensures that C{y,y')} = 0 for events with particles uncorrelated in y. The
normalized correlation function
ab | ab .
ab Clysy") Py (¥s¥')
REYsY') = — %7 TR (I.3)
oo (¥') fo (¥l (¥v")

ab

is more appropriate than C*"(y,y') for comparing the correlation behaviour



-4 -

of reactions with different average multiplicities. Furthermore R is rather
insensitive to acceptance corrections. |

Let us first consider the results on particle correlations in pp and
op collisions obtained by the ABCHW Collaboration®) with the Split Field Magnet
(SFM) detector at the ISR, at v5 = 53 GeV CM energy. Displayed in Fig. la) to
d) is the normalized correlation function R{y,y') with f = 1 for fixed values
of y' = -1, 0, 1, 2. Events with at least 8 charged tracks (Ntr > 8) were used
and all charged particles were assumed to be pions. R shows the same behaviour
for pp (closed circles) and pp collisions {open circles). It is characterized
by the well known local maxima at y ~ y' indicative of the production of

particle clusters.
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Fig.1 Correlation function Rz(yl,yz)' Fig.2 Correlation functions R,(yq,¥7)=0)
for all charge combinations (cc} of for cc, +-, ++, -- combinations o
hadton pairs in pp/pp collisions at ) hadions in pp/pp collisions ap )
YS = 53 GeV. ABCHW Collaboration /S = 53 GeV. ABCHW Collaboration

Fig. 2 shows R(y,y') for y' = 0, a) for the combination of any two
charged particles labelled cc, b) for +- combinations, c¢) for ++ and d) for
-- combinations. The peak in the correlation function at y ~ y' is also present
for equal charge combinations although less pronounced than in the case of
dpposite charges.Qualitatively this can be explained by the fact that on
average more opposite charge pairs than equal charge pairs will arise from
resonance decays. - '

We compare the pp-and pp data with corresponding results from e'e
collisions at </5> = 34 GeV evaluated by the TASSO Co]]aborat%on from ~15 000

hadronic events observed at various CM energies between 27 and 35 GeV3’4).



- 5 -

Figs. 3a) to 3d) show R(y,y') for different intervals of y'. The data include

only events with >6 charged tracks produced, including Kg decays. They are cor-
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Fig.3 Correlation functions R(y,y'l for any
charge combinations of hadrons in e’e at 3)
VS = 34 GeV. TASSO Collaboration

rected for acceptance losses.
The rapidity is calculated
with respect to the sphericity
axis of the event assigning
the pion mass to all charged
particles. The curves in

Fig. 3 represent the predic-
tion of a Field-Feynman types)
jet fragmentation Monte Carlo
program6) (Hoyer et al.),
taking into account gq and

qag production in the appro-
priate proportion. The agree-
ment of the data with the
predictions of the fragmenta-
tion model, henceforth re-
ferred to as MC(qq + qqg), is

remarkably good when taking into account that the free parameters of the model
had been adjusted without using any correlation data at a117 .

Except for the outer y' interval (Fig. 4d) where energy momentum

conservation suppresses the simultaneous production of neignbouring particles,
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Fig.4 Correlation functions R{y,y'} aty' =0
for a) ++ and b) +- combinations in ete” at 3)
¥S = 34 GeV. TAESSO Collakoraticn

e'e” data and fragmentation
model exhibit peaks of the
correlation function at
values y ~ y', similar to
those in the data from hadron
collisions. From the satis-
factory agreement between
the data and MC(qq + 9gqg) we
conciude that at least in
e"e” » hadrons there is no
need to invoke the existence
of clusters other than the
known resonances to explain

the behaviour of R{y,y'). In
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MC(gq + qqg) the fraction of vector mesons produced was assumed to be 45 %, in
agreement with recent measurements 8).

Fig. 4a) shows R{y,y') for combinations of equal charges, Fig. 4b} for
opposite charges, both evaluated for the central y' interval |y'| < 0.75. As in
the case of pp and pp collisions (Fig. 2) R+'(y = y') is larger than R++(y ~y').
Again the prediction of MC(qq + qqg) is shown as full line. It should be re-
called that in the e'e” analysis the factor f in eq.(I.3) was determined from
eq.{l.2), yielding £€¢ = 1.03, £ - 0.96, £ = 1.11, whereas in the pp/pp
data f was set equal to 1. , .

Although qualitatively very similar,the correlation functions measured
in pp/pp and in e'e” collisions show definite quantitative differences, which
are visualized in Table 1 and Fig. 5. Here we compare the peak values R{y = y')
of the correlation functions measured in pp/pp and ete”.

Table 1. Comparison between R{y,y') from e"e” and from pp/pp collisions.

SFM : pp/pp TASSO : efe”
/S 53 GeV 34 GeV
Ymax 5.9 5.5
FWHM of do/dy 6.0 4.8
charged tracks Ntr >8 >6
Ry =y"}, y=0 0.15 0.34
y =1 0.15 0.20
y =2 0.125 0.06
T I ! T ’ ‘ J From Fig. 5 we conclude
061 o ee i that R(0, 0) as observed
= o4l Pp/Pp _ in e'e” is about 2 times
> " ] as large as that in pp/pp
= 02t - collisions and that with
0 - ' : J 1 l : ' 1 increasing |y| the peak
o 2 0 1 2 i values R{y = y') drop
v reere faster in e'e” than in
hadronic collisions.
Fig.5 Height of Tocal maxima of correlation func- Both observa-

tion RCC(y,y') at y = y*' for ete” at /S = 34 GeV

and pp collisions at /S = 53 GeV. tions find a rather

strajghtforward explana-
tion if one assumes that in pp/pp interactions particles are produced in two
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{or more) overlapping chains (strings) in contrast to ete” + qq where only one
such chain is present. This idea is for instance expressed in the multichain
dual parton model based on dual topological unitarizationg). According to this
model final state hadrons are produced in chains linking either a quark to an
antiguark as in ete” - qq or a quark to a diquark as in deep inelastic lepton-
nucleon scattering. Hadron production in pp collisions would then proceed to
lowest order via two colour-reutral quark-diquark chains as sketched in Fig. 6.
It is easy to show that the superposition of two independent chains

2)

with correlation functions R(I) and R( , respectively, yields as resulting

correlation function for y =y’

, 2 2] | 2
QTes _ [R(l) {1%) /(D) (@) | [pgl) . Dgz)] (1.4)

If chains 1 and 2 have the same densities then R"®S=(1/2)R(P-(1/2)r(2), i e.

the resulting correlation function is reduced to half the singie chain value.
Consequently, if one assumes that the single gg chain in e'e” annihilation has
approximately the same correlation function R as one of the q - gqq chains 1in
pp collisions then the difference between R(y = y' = 0) from e'e” and that
from pp/pp (Fig. 5) is almost quantitatively explained.

It has to be mentioned that the pp/pp data sample with Ntr 2 4 (not
shown here) yields an R(y = y' = 0) value rather close to that observed in
e'e” annihilation. However this sample contains the class of single and
double diffraction dissociation events, which, due to their special production
mechanism, cannot be compared to those from e+e' annihilation. These events have
Ol(y =0} =0, ;Z(y =y' =0) =0, A 13 % contribution of diffraction events
in the Ntr > 4 sample would explain the observed difference in R(0,0} between
this and the Ntr > 8 sample. Such a yield of diffraction events does not appear
unreasonably high.l)

-1 T
. , a) slow chains b} fast chains
e 1chain pp:2chains
9 q qe——— =——§ >
— o aN

34578 1 L

0 0

y y

Fig.6 Chain production in e'e” and pp Fig.7 Rapidity distribution in
collisions. different chain confiqurations.

The fact that R(y,y') drops with increasing |y| much more slowly in the
pp/pp case than in efe” can be explained by the kinematics of the two-chain
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production. Let us assume, for the sake of simplicity, that the two chains

are produced in only two kinematical configurations as depicted in Fig. 7. In
case 1 the centres of gravity of the two chains are at rest in the CM and give
rise to fully overlapping particle density distributions, as shown in Fig. 7a).
In case 2 (Fig. 7b) the chains have smaller rest mass and move rapidly in the
common CM. Particle pairs produced at y = y' = 0 will predominantly arise from
case 1 in which, due to the full overlap, the value of R(y = y' = 0) will be
reduced by a factor of ~2 with respect to the case of one chain only as in ete”.
On the other hand, particle pairs produced at e.g. y = 2 will arise from both
cases considered in comparable proportion. Case 1 will contribute. a very small
R while case 2 will contribute the high R measured in the centre of the single
chain. The superposition of the two kinematical configurations will yield an
average R at e.g. y = y' = 2 close to that observed at y = y' = 0. In this way
the comparatively fiat behaviour of R{y,y') in hadronic collisions can be
qualitatively understood. '

" In summary, if one assumes a similar correlation behaviour of q - q
and q - qq chains the comparison of the correlation functions R(y,y') observed
in hadrqhic'collisibns and efe' annihilation yields probably the strongest
experimental evidence presently known for multiparticle production by two (or
more) largely uncorrelated chains in hadronic collisions. In this context it
has to be emphasized that data on short range correlations from high energy
lepton~nucleon scattering (single q - gqq chain) would be very desirable.

Conclusions on two-particle correlations:

- Two-particle correlations in pp and pp collisions at v§ = 53 GeY are the
same within errors, thus reflecting a similar production mechanism.

- The two-particle correlation behaviour in e'e” annihilation is satisfacto-
rily described by the Field-Feynman jet fragmentation model. In particular
it appears unnecessary to invoke production of particle clusters other than
the known resonances.

- The maximum of the normalized correlation function R(y,y') aty =y' =0
is about twice as high in e'e” annihilations as in pp/pp inelastic colli-
sions. With increasing |y} the Tocal maximum of R at y = y' decreases much
faster for e*e” than for pp/pp. These observations can be consistently ex-
plained by assuming particle production in a single q - q chain for the case
of e"e” annihilation, and production in two largely uncorrelated g - qq
chains (plus possibly more chains at higher energies) for hadronic inelastic
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interactions, where the q - qq chains are assumed to have a similar correlation
behaviour as the q - q chains. The comparison of the correlation functions ob-
served in e e  annihilation and in hadronic inelastic events as shown in Fig. 5
yields indeed very strong experimental evidence for two- or multichain pro-
duction in hadron interactions,

II. Forward-Backward Multipliicity Correlations

Not only short range particle correlations, as studied in the pre-
vious chapter, but also long range correlations between particles or groups of
particles produced at larger distances in rapidity, may give valuable informa-
tion about the multiparticle production mechanism.

We will consider the correlation between the multiplicity of particles
emitted into one CM hemisphere, defined with respect to the direction of the
projectile,and the multiplicity in the opposite hemisphere. This is called the
forward-backward (F-B) multiplicity correlation. In Fig. 8 we present a compi-
lation by A. Nréb]ewskilo) of pp data at various energies, showing the average

muitiplicity in the forward hemisphe-

T T re, <nF>, as a function of the dis-
9 pp coilisions + + i . L. .
e 4 63GeV by + crete multiplicity in the backward
8- :ﬁ;gj 2t ) hemisphere, ny . The average forward
ds . . multiplicity <n> exhibits an approxi-
5k 4, * - mately linear rise as a function of
N " ++ + + i ng. The slope d< ng>/dng is a measure
il a WW | of the correlation strength and
, " oe? + clearly rises with energy. Fitting
* i straight Tines <fg> = a + an to these
o 7 data, Wroblewski abserves to good
T . approximation a linear rise of the
1 Il L £ — 1
Tt 6w w1 1 Slope b =d <nc>/dng with InS, the
Ng ause0 logarithm of the CM energy squared.

Fig.8 <np> as a function of ng in pp This is displayed in Fig. 9. Recent
collisions at different CM energies. 0

Private communication by A.Wréblewski )_resu1ts from the UAS experiment at

the CERN pp collider demonstrate the
continuation of this rise of the correlation strength to /5=540 GeV. Figs.10a,b)
show <> as a function of ng as measured by the UA5 experimentll), where in
Fig. 10a) only particles in the interval of pseudorapidity In] <1 are con-
sidered and in Fig. 10b) particles in the interval 1 < n} < 4, where pseudo-
rapidity is defined as usual to be n = -In tg g-, 0 being the particle
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emission.angle in the CM with
respect to the beam direction.

by

e
L]
1 |

Particles emitted into one

hemisphere are Separated from .
those emitted‘into the opposite
one by at most 2 units of n in

- the case:of Fig. 10a) and by

°r + I
PP .
100

g

Parameter b in <np)ea+bny
e
T
—_———

et lTeast:2 units of n in the
case of Fig. 10b). Therefore
= d-<nF>/dnB
10a) and 10b) measure

the slopes b in

Figs.

BT | N ko aaa

19 1000

S{Gev?)
the strength of short-range and

+ bn

Fig.9 Slope paramefer b in <ng>
Private

= a
for pp collisions as a function of S.
. communication by A. WréblewskilO

long-range multiplicity corre-

lations,. respectively. The values
0.52 + 0.03 for the short
range_case and b=0.42 + 0.03

-are b =

74 I T T 1 T T T T T T

Short range O-iyl=!
-d (ﬁ;>/dﬂ.=0-52 + .03 1

20

e

Long range 1<|-y'[<i.
d<np¥dng=0422003

for the long range case.
In Fig. 11 the

strengths of short range
and long range multiplicity
correlations are compared
as a function of Sll). The
short range correlation

‘strength is already sub-

Fig.10 <ng> as a function of ng for short stantial at Tow energies
(0 < |n] < 1) and Tong (1 <|n|¢”4) distances
in pseudorapidity n, measured by the UAS Col-

laboratidn in pp at 540 GeV.

and increases only slightly
with S. On the other hand
the strength of long range
nu1t1p11c1ty correlations is negligible at low energies -and reaches almost

the strength of short range correlations at pp collider energies.

What does one expect for e'e” annihilation? There are essentia]ly
two classes of theoretical concepts describing the hadrénization process. In
perturbative {or probabilistic) models, 1ike that of Field and Feynmans), the
hadronization of any given emitted parton proceeds essentially independently
of that of another one. Such models predict rather small F-B multiplicity
correlations in e'e”. The other class of models, sometimes quoted as non-
perturbative, view hadronization as the explosion of a single colour flux tube.
For example in the model of Kiihn and Schne1der12) the first stage of this explo-
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T T T T sion is characterized by the
06+ .
$ <1 R701 UAS formation of energy clusters
0s - $ Ini=1 R701 4 or fireballs which further
éf cascade down. Large fluctu-
4 E 2 . .
3 0 ations of the field strength
c
°  03p | extending over the whole
“ flux tube will influence
0z 7 the particle density in all
o1 k- | regions of Tongitudinal phase
space simultaneously,
1 | | 1
102 193 10t 105 108 thus giving rise to strong

S 1Gev?) asss  1ong range multiplicity
correlations. The model of

Fig.1l Strength b = d <nF>/dnB of short range Kiihn and Schneider allows
(In! < 1) and long range (|n| > 1) F-B multi-

plicity correlations as a function of S. for such fluctuations and

satisfies KNO scaling. Its
basic ingredients are the same as those used in similar mode]éa)- describing
F-B multiplicity correlations in pp collisions. The predictions of this model
for the dependence <nc> = f(nB) is shown in Fig.12 where the curves correspond
to various values of the average charged multiplicity n. From Fig. 12 one
calculates for e e at /5 = 34 GeV, assuming n = 14, a correlation strength
b = d<nF>/dnB < C.25.

In Fig. 13 experimental results on the F-B multiplicity correlation
in e'e” are plotted. The data, obtained by the TASSO collaboration at V5=34 GeV,
include only events with an observed charged multiplicity ngﬁs > 5 and are not
corrected for losses induced by acceptance limitations of the apparatus. The
full line in Fig. 13 is the prediction of the Feynman-Field type jet fragmen-
tation model MC{qq + qqg) already referred to in chapter I. In this model jets
fragment completely independently of each other up to a final overall kinema-
tical rearrangement that ensures energy-momentum conservation. The free para-
meters of the model have not been adjusted to any particle or muitipticity
correlations. From the almost perfect agreement of the model with the data we
have to conclude that long range multiplicity correlations as observed in pp
collisions are absent in e'e” annihilation. A certain amount of long range
multiplicity correlation of trivial nature is, however, also expected in e e
due to the pair production of quarks of different flavour and their different
fragmentation properties. Charm and bottom quarks will yield on average a
larger multiplicity in both hemispheres than light quarks. In fact the rising
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Fig.12 <ng> as a function of ng for Fig.13 <np> as a function of ng in ete”
different average multiplicities n at vS = 34 GeV, for events with at least
as predicted for ete~ annihilation 5 observed charged tracks, uncorrected
by J.H. Kihn and H. Schneideri?), for acceptance losses. The curve is the’
' prediction of the Field-Feynman jet 3)
_ fragmentation model. TASSO Collaboration
siope in the middle portion of the MC curve and the data in Fig. 13 can be
mainly ascribed to this effect. Another contribution to the positive slope is
due to remaining short range correlations,which have not been removed by cut-

ting out a central rapidity interval as in the UA5 analysis. The negative

' obs

_ ch 2 5.

To further elucidate the multiplicity correlation behaviour ine'e”

slope at Tow values of Mg is due to the muitiplicity cut n
we present in Fig. 14 Monte Carlo studies for the case of complete geometric
acceptance. Curve a) corresponds to the curve in Fig. 13, thus reflecting the
actual behaviour of the data when corrected for acceptance losses. The steepest
local slope around ng = 7 amounts to 0.18, rather close to the value

of 0.25 predicted by the model of Kiihn and Schneiderlz). Curve b) in Fig. 14
represents the prediction for the case that only u and d quarks were produced.
The slope is substantially smaller than that of curve a) showing that the

major part of the correlation strength observed is due to quark production of
different flavours. Curve ¢) is the same as curve b) (only u and d.quark pro-
duction) except that the‘mu1tip1icity cut has been lowered from

nEEOd > 6 to nEEOd > 2,.which removes the negative slope at low values of Ng-

For higher values of ng curves b} and c¢) coincide. Finally in curve d) the
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effects of short range correlations have been removed by complete suppression
of vector meson production and by preventing Kg from decaying. The remaining
small but finite positive slope is due to the decay of heavier pseudoscalars
1ike n and n' which, within the given Monte Carlo program, could not easily be
prevented from being produced nor from decaying.

These Monte Carlo studies suggest that the non-vanishing long range
multiplicity correlations cbserved in e'e” annihilations are entirely due to
trivial effects: the production of different quark flavours and a remaining
part of short range correlations induced by decays of resonances and of heavy
pseudoscalars. These (trivial) effects are of completely different nature than
those considered by Kihn and Schneiderlz) or those acting in pp collisions at
high energies.

In a contribution to this conference Fiatkowski and Kotaﬁskil4)have
shown that the F-B multiplicity correlations observed at ISR energies can
entirely be described as a kinematical effect due to internal degrees of free-
dom. If for instance 2 heavy chains are produced at rest in the CM system, more
particles will be emitted into both hemispheres than in the case when two
chains of low rest mass are moving rapidly into opposite directions. Averaging
over all possible kinematical configurations of the two-chain process will
introduce long range multiplicity correlations by the chain energy spread, even
if in each single chain such correlations do not exist. In the model of
Fiatowski and Kotahski the weights for different kinematical configurations
of two-chain production are determined by the quark momentum distribution in-
side the proton, as derived from the proton structure functions.

It was pointed out at this conference by A. Capella that the extre-
mely strong F-B multiplicity correlations found at collider energies could not
be explained by the kinematics of two-chain processes alone. At these energies
more than two chains would have to contribute to understand the experimental
results.

Finally we show in. Fig. 15 F-B correlations, as observed in vp

15). As in ete” also here

scattering between the current jet and the spectator jet
the hadronization is supposed to proceed via a one-chain process, here a

g - qq chain. The data are certainly compatible with the assumption of no
genuine long range multiplicity correlations. The small effect possibly pre-
sent could most likely be interpreted as a contribution from short range corre-

lations.
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Full acceptance Monte Carlo, e*e‘.lg= 34GeV
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Fig.14 MQnte Carlo studies of F-B multi-
plicity correlations in ete™. See expla-
nations in the text.
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Fig.15 F-B multiplicity correla-
tions for charged hadrons in vp
scattering for three W intervals,
from BEBC vH,15). F refers to the di-
rection of t%e current jet.

Conclusions on F-B multiplicity correiations.

- F-B mu1t1p11city correlations in hadronic reactions rise about linearly

with In S.

+ - . . .. .
- In e e annihilations no rnon-trivial long range F-B correlations are ob-

served. The measured correlation behaviour may be explained as due to pair

production of different quark flavours plus contributions from short range

correlations.

- F-B correlations between hadrons produced in vp reactions are negligible

within errors or refiect contributions from short range correlations only.

- The long range multip]icity correlations measured in hadronic reactions can

be interpreted as kinematical effect due to internal degrees of freedom

(chain energy spread) in the production'of two or more partitle chains,

neither of which has to show tong range multiplicity correlation in its

own CM.
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III. Charge Correlations in Rapidity Space

Charge correlations can be described in an appropriate and convenient
way by introducing the concept of charge compensation. In an event with net

charge zero the charge of the k'th particle, s is compensated, i.e. neutrali-
zed, by the sum of all other charges:
n

e =~ I €. (I11.1)
k i £k 1

The charge compensation "probability” for a particle k produced at y' =y, in
a particular event is given by the expression

n
pyay =) = o T ey, (111.2)
i . _

where (-e K& ) is +1 for opposite charges and -1 for equal charges e. i@ The
symbol ¢&. iy 1n eq.{111.2) is equal to +1 if particle i lies inside the interval

Ay and zero otherwise. Note that p(y,y = yk), although locally negative, is
normalized to 1:

{p(y,y' =y ) dy =1 | (II1.3)

Generalizing eq.(III.2) we introduce a two-particle density &(y,y') which we
will call "compensating charge flow":

1 - 1 'n S n
ysy') = YAy kzl € Sy (iik eiéiy) (I11.4)

+= 1 -+ . 1 ++ . 1 - 1
[02 (yoy") + 0p (¥s¥ )] - [02 (Ysy') + oo (¥sY )]
and a charge compensation probabi1ity

By.y') = ooy ) [olrsy )y = 8lyay' Vely') i (111.5)

Fig. 16 shows the charge compensation probability (y y ) for 4 different y'
intervals of the reference particle, as measured in efe” at ¥§ = 34 GeV by the
TASSO co]Taborat1on3 16). The data are corrected for acceptance losses and re-
fer to nE;Od > 6. We observe that charge compensation reaches relative maxima
at y = y*, a clear short range effect. For the central interval -0.75 < y' <0
(Fig. 16a) & drops with y about symmetrically to both sides, becoming negli-
gible at values ~2.5 units of rapidity apart from y'. However, when selecting
reference particles at higher values of iy'l, @ exhibits a tail at opposite
values of y, particulariy well developed for the outer interval y' < -2.5 in
Fig.16d. This long range effect in charge compensation is considered as direct
evidence that the primary partons produced in efe” annihilation are charged1
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oLt ¢ p Fig.17 Associated charge density ba-
ook : lance {eq.(II1.6)] measured by CCHK
: : Collaborationl?) in pp collisions at
0 LSl 3 S = 52.5 GeV.
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Rapidity y— 3458+
The curves in Fig. 16 represent

Eig.l? Charge compensation propability the predictions of the fragmenta-
. Egg;ﬁi%y[sq%éilééiggc?zsapiggiéégnaify‘. tion model MC(qq + qqq) mentioned
Data from e*e~ -+ hadrons at +S =34 GeV, previously. No adjustment of the
measured by TASSO Collaboration3). parameters to any correlation data
was done.

Short range charge ccmpensation in e'e” due to resonance decays and
to local charge compensation in the quark-gluon cascade is very similar to that
observed in hadron collisions. This can be seen from Fig. 17 which shows the

so-called "associated charge density balance" Aq as measured in pp collisions

at v§ = 52 GeV at the ISR17). This quantity
-+ ' ++ 1 +- 1 _ oA 1
£qly.y') = LYY )+- 2 (oy') o (yoy') & (yLy") (111.6)
o {y") e (¥y")

would be (up to a factor of 2) identical to 5 wien applied to a system with net
charge zero and local charge density identical to zero. In fact when choosing re-
ference particies at y' = 0 the charge compensation Tengths (FWHM) measured
in ete” and pp collisions are practicalily the same: 2.75 units of rapidity in
3) and 2.8 in pp interactionsl7).

Long range charge compensation can be particularly well described

+ -
e e

by the quantity
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) - e,

e e

e(y,y') .
oolysy') (o

(111.7)

Aly,y') =

(o + 0
+_
+D
the compensating charge flow per particle pair, which has the structure of an
asymmetry. For hypothet1ca1 events of charge 0, random charge d1str1but1on and
constant charged mu}t1p]1c1ty n this quantity would be identical to 1/(n - 1).
Fig. 18a) to d) shows A(y,y') for ete™ annihilation at v§ = 34 GeV.
A(y,y') does not show any pronounced structure
< =2.,5

exhibits a very clear separation between short range and long range compensa-

Whereas for low values of jy'|

apart from a local enhancement at y = y', the outermost y' interval y'
tion. Charge compensat1on is extremely strong for y values near y's passes a

minimum at y ~ 1 and rises again as y moves to more positive values in the he-
misphere opposite to y'.This second rise is a clear long range effect due to the
charge of the primary partons. In fact, assuming the production of two neutrail
partons, e.g. two gluons that follow Field-Feynman fragmentat1on, it can be

that A(y,y'

creasing y, being practically 0 for y > 1, in disagreement with the data.

shown < -2.5) in Fig. 18d) would decrease monoton1ca11y with in-
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Fig.19 Strength of charge compensation per
charged hadron pair, A(J) as a function of
y for particles produced in the test inter-
val -5 2 g' < -1.5. Measured by PLUTO Colla-
borationi8) in e+e > hadrons at V5§ ~30 GeV.

Lower statistics data from the

PLUTO Collaboration are shown in Fig. 19.
They are in agreement with the TASSO data
in Fig. 18d).

Fig.18 Compensating charge flow
per charged hadron pair
leq.(II1.7)1, Teasur d _by TASSO
Col]aboration in e e —+hadrons
at /S = 34 GeV.
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If we assume that the charge correlations between the intervals

y' < -2.5 and y >~ 2, separated from each other by 4.5 units of rapidity, are
entirely due to the charge of the primary quarks, we can actually calculate
the differential orobability p(y), valid in the interval ly| > 2, for the as-
sumption that a sarticle produced in this interval contains the primary quark.

Fig. 20 shows a sketch of &{y,y' < -2.5) and A(y,y' < -2.5) and as hatched
area the regions between which charge

o lyy1=-<aly)Qlyd AWYh5Wﬂh5w;ﬁ ' compensation is entirely due to the
charge of the primary quarks.

For the average number of pairs
§ - that can be formed between the particles

2 0 2 4 produced in the intervals Ay and Ay',

respectively, we write
Fig.20 Sketch cf the gquantities

o(y,y') leq.(II11.4}] and A(y,y') <Npartic]e pairs(y’y > =

feq.{IIl.7)] for y' < -2.5. Charge 2

correlations between the hatched _ , CC ' 3

y'/y regions are assumed to be due = &yby o, (¥sy") (Z) (1I1.8)
to the charge of the primary quarks cc

only. where £s is the two-particle density of

charged particles. Assuming half as many neutral as charged particles in the
all

2 .
final state, the factor (%) in eq.(I11.8) converts Dgc into ey s which
includes also neutral particles. For the average number of primary quark pairs
in Ay, ly' we write

- bydy! <Q(y)0(y‘)>/eg eff ~ (I11.9)

<Nprim. q pairs(y’y )>

L]

| YR
byby o(y,y')/e  og¢

where Q(y) is the charge density at y in an event and eg off denotes the effec-
tive quark charge squared which is defined as averaged over the produced pri-
mary quarks qp = u,d,s,¢c,b with weights proportional to eg. Since only quark
charge differences can be observed, eq off is also averaged over the guarks
Qe = u,d,s participating in fragmentation:
el L =le - <o >)%>=0.305 | (111.10)
q ef % q

f
if the mean charge of the fragmentation guarks is chosen to be %5 5).

The product of probabilities that a particle produced at y and
another one produced at y' both contain a primary quark (or antiquark) is
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<N_ . R
) . S
PlY)P(y') = oo PeT

(¥>y')>
Y.y >

particle pairs (I11.11)

2 .
L AL eff]/[pgc(y,y')(%) | = $arr el o

Thus choosing a fixed y' interval (y' < -2.5) the quantity A(y,y') in the region
y > 2 will be proportional to the probability p(y) that a particle at y
contains the primary quark. From the measured quantity o(y,y"') 3) one calculates
with relation (III.11) firstthe average value p(ly'! > 2.5) = 0.25 and with
this result the probability p(ly! > 5) = 0.95 = 0.35, which carresponds to the
last data point in Fig. 18d). This high probability value shows that the ob-
served long range correlations in ete” are actually saturated within the frame-
work of the quark model, i.e. the observed effect could hardly be stronger.

It is interesting to consider a similar quantity for the fast par-
ticles of the u quark current jet observed in vp = i+ hadrons. With Feynman
x as longitudinal variable we can write

p(x) = <Ax)>/[3 5°00) e, - <o )] )

where <Q(x)> is the charge density, pc(x) the charged particle density and e,
the charge of the u quark.
Using the exponential parametrization of the inclusive w /T produc-

tion cross section do/dx in vp -~ u + anythinglg)

, we find for x - 1 the value
p(x + 1} = 0.76, within errors in good agreement with that obtained for e'e”
at high y.

Conclusions on charge correlations.

- Short range charge compensation in e+e“ is the same as in pp, with a charge
compensation length (FWHM) of 2.8 units in rapidity.

~ Long range charge correlations in e+e', attributed to the charge of primary
quarks, are well separated from short range effects.

- The fraction of primary quarks contained in high y particles from e'e” can
be determined by measurements of charge correlations. It is found to be
substantial and agrees with that obtained for high x particles in the u quark
(current) jet from vp interactions.

IV. Fiavour and Baryon Number Correlations.

Unfortunately not many data on correlations of this type are avai-
lable at present. A first evidence for local conservation of strangeness in
phase space was reported from an experiment with the SFM detector investigating
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high Py reactions at the CERN
20)

2

x® KAON TRIGGER dN [ e PION TRIGGER

|
s SFM  ACDMW av |8 ISR

When triggering on a
7> 800 mav s b5 800 mev charged kaon with high trans-
) verse momentum it was observed
that an associated K° is pro-
! ] duced more often in neigh-
‘ bouring regions of phase-
— ] ! ' ‘ q'ijj1ﬂ ‘ space than if the high Pt
oo e 2 2 e trigger was due to a pion.
s4se7 This is illustrated in Fig.2l

Fig.21 Rapidity y of K°'s with respect to the where the distribution of

rap1d1ty ¥T1rig of the triggering K* (a) or _
» measured in high py proton-proton By = Ygo = Yqpyg 1S shown

coT11s1on520). ACDHW Co]]aborat1on for triggering K~ and 7,
A very pronounced peak at

»

Y-Yiic

Ay = 0 is observed for K triggers whereas wt triggers yield a much flatter
distribution. This has to be taken as clear evidence for local strangeness
conservation,

As to baryon-antibaryon correlations, only data from the JADE Colla-
boration at PETRA are

JADE
or avai]ab]eZI) It was ob-
M served that proton and
" 2ol % pairs identified at
. o oW momenta (p<1 GeV/c)
] nll 7

are preferentially emit-
34580  ted in opposite direc-

Fig.22 Azimuth angle ¢ formed by the emission di- tions of the azimuth
rect1ons of a baryon and an antibaryon produced in

e*e” - hadrons, measured by JADE Collaboration angle ¢, defined with

respect to the thrust
axis as sketched in Fig. 22a). In the ¢ distribution plotted in Fig. 22b) most
of the entries have ¢ > 90°. This observation suggests local transverse
momentum compensation in baryon pair production.

V. Bose-Einstein Correlations Between Identical Particles.
In 1960 G. Goldhaber, S. Goldhaber, W. Lee and A. Pais reported
on an observation made in pp annihilation, that identical pions stick closer

22)

togethef in phase space than pions of different charge. They explained
their observation, nowadays often called the GGLP effect, as a consequence of

24)

Bose-symmetrization of the multipion wave function. It was realized only later
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that the effect observed in hadronic reactions was essentially the same as a
second order interference phenomenon of photons which was proposed by R.Hanbury
Brown and R.Q. Twiss in 1954 and successfully employed afterwards as a method
to measure the diameter of discrete radio sources in the universe23). Whereas 1in
the latter case the interference in the coincidence rate between two detectors
~100 km apart occurs near the detector, in the GGLP case the interference

occurs already within or near the particle source.

The GGLP effect, originally observed in pp annihilation,was subse-
quently found to be present in practically all multiparticle data samples
investigated for this effethS). The radius of the particle source was deter-
mined in such measurements to be of the order of 1 Fermi, as expected.

tast year G. Go1dhaber26)

formed with 1.3 million events from e'e” - J/y - hadrons.In distinction from pre-

presented the results of an analysis per-

vious observations in other reactions, here the effect reaches its maximum
possible strength, signalizing a completely incoherent (chaotic) source. Before
discussing these and other results we have to present a few formulae describing
the effect. ' |
In Fig. 23 we consider the production of two identical pions with
momenta Kl and ﬁz, arising from two sources A and B with coordi-
nates Xps Xg- The pion wave func-

tions in the plane wave approxi-

> mation are
R : Via ik X + o
*ﬂ be kg + 8
ks A LIJZB =€
¢ if W(El) is emitted from source A
28

and m(K,) from source B. They are

_.+ -+ .
- e ikyxg + 18

. “18 (v.2)
Fig.23 Emission of two identical bosons N )
with momenta Ky, K, from two sources A,B. ~ikoxp + 1o
if “(El) is emitted from source B and n(fz) from source A. In egs.(V.1l, 2) K

stands for th and & and 8 are arbitrary phases of the scurces. Since the
two pions are assumed to be identical bosons and the observer cannot decide
from which source a particular pion was emitted,the coincidence amplitude for
simultaneous observation of two pions with momenta Kl and EZ has to be Bose-
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symmetrized:
ABE = “1a 2B * V1B Yoa . (V.3)
The corresponding coincidence rate is
o 2_ [+-+_+_+.I
IBE = 'ABE| = 2 + 2cos L(k1 k2) (xA XB)J (v.4)

— — S——
Ak AX
Note that the arbitrary phases a,B have dropped out from eq.(V.4) which is
valid for completely incoherent emission. We define as Bose-Einstein ratio RBE
the ratio between IBE and the rate I0 which would be observed if there were
no BE interference:

Rgg = Igg/Iy = 1+ cos [8K - AX] - (V.5)

From eq.{V.5) it follows that Rgp reaches a maximum value of 2 for AK = 0.
Furthermore it can be seen that the momentum difference Aﬁ'probes the source

27)

source considered so far is a source with a Gaussian density distribution of

dimensions in a direction parallel to Ak . More realistic than the binary

emitting centres:zz)

o(F) ~ exn[-?Z/(Z rg)} (V.6)
whicnh yields as Bose-Einstein ratio

Rae = 1 + expl-ré- [k, - k, |2 (V.7)

BE Pl7Mo71*1 7 %2 -

Another parameterization has been suggested by Kopylov and
Podgoretskiizg)in the framework of a simple model of a radiating spherical
surface of radius R with incoherent pointlike oscillators of 1ifetime t:
4 9%(qqR) .
Rgp = 1+ — — (V.8)
(qTR) 1+ (qOT)

where of is the transverse component of ?1 - ?2, i.e. af L Ei + Kz,and
Gy = E1 - EZ‘ J1 is the first order Bessel function.

From the symmetrization of the coincidence amplitude of n identical
bosons it is straightforward to show that RBE is in the general case equal to
n! if all relative momenta AK go to zero.

A1l formulae discussed so far refer to a totally incoherent (chaotic)
source which is expected to yield the maximum effect. For partially
coherent sources the effect should be smaller and it should be absent in the

case of a completely coherent source29’30). Therefore the strength of the GGLP
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effect is a measure of the incoherence of the source.

In practice the determination of the strength of the effect is more
problematic than it may appear at first sight. This is mostly due to the fact
that the quantity I0 in eq.(V.5) to which the effect is normalized, is unphysi-
cal. It cannot be measured, but has to be approximated e.g.by using phase space

distributions or measured combinations of non-identical particles as reference.
. In his analysis of the reaction ete” J/y - naarons G. Goldhaber
considers the number ratio Rt of equal charge (like)nm combinations to opposite
charge (unlike) combinations as a func-
5 T A MARK T tion of Q_2 = M2 -(2mﬂ)2, the squared

T 1t combinations

pion momentum difference in the CM of a
RE(02) pion pair with invariant mass M. An
overall normalization factor, the ratio of
the numbers of unlike and like mm com-

binations in the entire data sample, is em-

ployed in the definition of'Rb, 50

a2(cev/el? that pure phase space events would yield
, Rt = 1. Fig. 24a) shows Rb_for pion
2 - T T : -
Ly | KT combinations i pairs as a function of Q°. An impressive
Ry (@4}
vt n enhancement is observed at Q2 -+ 0. The
“"' \ ] refative minima at higher 02 values are
Ll A A, .
?###1r Pﬁér?ﬂﬂ;? _ 3 due to Kg and o° production.
or , ;‘ i Fig. 24b) shows Rt for KT com-
5 » R S S — binations. The enhancement as Q2 -0 1is
g 02 04.06 08 10 12 14 8 ) o
' \ 5 considerably reduced, the remaining
Q<iGev/el
sesse effect being easily explained as due to
Fig.24 The GGLP effect in e'e” > misidentified pions.
J/U + hadrons:26} a) The ratio RU for
=7 combinations as a function of Q Cutting out the intervals

b) The same ratio for K combina- 0 o S .
tions. The curve in a) is a f1t of where KS and p- distort the shape a fit

the expression y[l+a exp(-8 Q )1 to of the expression
the data yielding o« = 0,71 = 0.03 2
and B = 18.7 = 0.8 GeV~c, L -£Q
RU =y(l+ae ); (v.9)
to the data in Fig. 24a) yields x = 0.71 * 0.03, and 8 = 18.7 + 0.8 GeV™%,
which corresponds to a (root mean square) interaction radius of
= 0.1973 /B GeV Fermi = 0.85 = 0.02 Fermi,
The observed effect can be enhanced when considering only particle

pairs with Timited values of & = |ip;| - {p,!|, a requirement which restricts
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essentially the difference in Tongitudinal momentum, thus projecting out
according to eq.(V.5), the transverse dimensions of the source.

In Fig. 25 the ratio Rt is plotted for various values of & , the
enhancement at Q2 + 0 being strongest for § < 0.1 GeV /c yielding a = 0.94%0.01

24 Jee I MARKE T 1 T | T
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g 7 Wi |
N N | Q“(GeV) 24540
1T . . -
ol T Fig.26 The GGLP effect in ete” J/v -
gl T hadrons2): Three-pion ratio RiZ- as a func-
ol otesess ] tion of Q4(3m).
r=0642007F 7
Wl b ) The effect is also observed in 3-pion
| i ] . . . .
) " FEE correlations as shown in Fig. 26. Here the ratio
a2 teevrci? ‘ 34553 + 4+ _+ .
§+E+g : E g , containing a similar over-
Fig.25 The GGLP eff%g} in L
ete~ + J/v > hadrons all norma11zat1on factor as the ratio RU’ is

The ratio Ry for mn combi- 2
nations w1tH different
values of § = |!p1é gll this case the invariant mass of the 3-pion

as a function of @

plotted versus Q (3mw) » where M is in
system. A fit to the functional form of

eq.{V.9) yields ap = 2.33 £ 0.06, ry = 0.49 + 0.003 Fermi. Since the denomi-
nator of the ratio contains an enhancement factor due to two identical pions

which is 1 + o = 1.89 at 02 = 0, the corrected BE ratio, which would be pre-

photoat
(Q > OL is obtained by multiplying RT bt

mtota-
+r=m0

by the factor 1 + o = 1.89 yielding at Q = 0 a value of 6.2, Thus the theore-
tical maximum n! for the n-particle BE ratio at Q2 = 0 is reached, suggesting
complete chaoticity of the J/y source.

ferentially measured by R

Off resonance e'e  data at energies between 4 and 7 GeV 26) analysed
in the same way show a weaker effect: a = 0.52 + 0.06, r = 0.77 + 0.08 Fermi,
which might be indicative of a more coherent behaviour of the source in
efe” » 2 jets.
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Fig. 27 shows plots of a preliminary analysis from TASSO3) for e 'y

at 34 GeV. In Fig. 27a) the rat1o of the two -particle densities p ** and o s

displayed as a function of Q 2 - (Zm ) . Fig. 27b) shows the corresponding

plot for the ratio of 3-particle densities p+++/p++- with 02 = M2 - (3mﬁ)2. The

indices of the densities are a shorthand for all combinations having the same

++ ++ -— + ++- -t .
absolute net charge, e.g. p +p +p Orpo > p +p stheir sequence
being irrelevant. The ratios do not contain an overall normalization factor.
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Fig.27 The GGLP effect in e'e” » hadrons at /5 = 34 GeV 3) pretiminary!
a) 2-pion, b) 3-pion charge ratios as a functlgn of Q ¢} 2-pion, d) 3-pion
MC - corrected charge ratios as a function of Q .

Both 2-particle and 3-particle ratios exhibit the expected enhance-
ment at Q2 = 0., Fitting the functional form
R = (v + v, (1 + o e (V.10)

+o0 the data which allows for a linear background term one obta1ns for the
2-particie ratios o = 0.30 + 0.08, B = 22.5 £ 8.1 (GeV/c) and for the 3-
particle ratios ay = 0.78 ¢ 0.12, B + 0.9 (GeV/c)™2. It is questionable,
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however, whether this is the correct procedure. This is because the jet frag-
mentation model which does not contain the GGLP effect, predicts a
non-linear drop of the ratios p++/p+' and p+++/p++- as QZ goes to 0, as a con-
sequence of local charge compensation. 7

For the 3-particie ratio the prediction of MC(qq + qqg) is drawn in
Fig. 27b) as dashed line. Since the BE ratio defined in eq.(V.5) compares the
physical observation to an (unphysical) theory which takes into account all
physics laws except BE symmetrizations, it appears more justified to compare
the data to the Monte Carlo prediction rather than to a linear background
extrapolation when trying to determine the strength of the effect. It has to
be noted that the drop of o' /p  and o' ' '/o"" predicted by MC(qq + gag) for
Q2 -+ 0 is insensitive to the choice of fragmentation parameters.

Normalizing the effect to the MC prediction is easily achieved by
fitting the expression of eq.(V.10} to the MC corrected ratios, e.g.
(p++/p+“)data/(p++/p+")MC. This method avoids problems of absolute normaliza-
tion. Figs. 27c),d) display the MC corrected ratios for 2- and 3-particle
combinations as well as the fitted curves. In all 2-particle fits the 02 inter-
vals affected by K and po production were eliminated. The results of the fits
_ to the MC corrected data are: o = 0.72 + 0.08, 8 = 16.2 + 2.4 (GeV/c)-Z,

Qay = 1.43 = 0.22, 83 =7,321.0 (GeV/c)—Z. The strength of the effect has con-
siderably increased by the MC correction.

In Fig. 28 we show that the GGLP effect is also observed in 4-parti-
cle combinations of e'e” annihilation events.

The results on the effect observed in e e  annihilation are summa-
rized in Table II. Evidently the GGLP effect is maximally developed on the
J/{, perhaps a particular feature of the 3-gluon final state,which might act.
as a more incoherent source than one-chain {= 2-jet) production off reso-
nance31). O0ff resonance the strength of the effect depends, however, on nor-
malization. Normalization to a linear background yields for the TASSO data a
substantially smaller effect than normalization to the shape predicted by the
jet fragmentation model. In fact with the MC normalization the two-particle
combinations from TASSO, although containing the background from Km combina-
tions, show an effect as strong as that observed on the J/$ without cut in 8.
When the TASSO data are normalized to a linear background the effect is stil]
stronger than that found by MARK II in ete” at 29 GeV, for which the prelimi-
nary values o = 0.12 + 0.12 and ag = 0.1 0.1 have been quoted32). Note,

however, that also the TASSO data are preliminary.
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TASSO-prefiminary, eve-, VS=34GeV In a recent3ggepr1nt of a bubble
04 prr—Trrrrre chamber collaboration the GGLP effect

is investigated in two-pion combinations
of 16 GeV/c m'p and K'p interactions and

3
3
3
3
pna.

in pp annihilations at rest. The effect
is studied with different normalization

0.3

procedures. Besides the usual normaliza-

tion to n'n combinations denoted by the
ratio Ryp = RIT the authors also used for
the denominator in RBE pion combinations

0.2 MC (q§+qgg)

i l N T S | l F R T S

prest fpt+--

E
3

VI S N | l o X

0.1 where transverse momenta had been "reshuf-

fled", i.e. interchanged at random in a
given event. This leads to the ratios

- o+t ++ .

0 A llIl 12 1 ]Jl]llllli RBE - R(+‘)resh. and R(++)resh.. The rat]os
0 05 10 1.5 20 were analyzed using eq.(V. 8) where the
0?(Gevrc)? - Bessel function term was multiplied by

Fig.28 The GGLP effect in 47 com- the free parameter a. The fitted values

binations as a function of Q¢ (4w3 of a and r are quoted in Table II for
in ete” - hadrons at v5=34 GeV 35
Preliminary!

T'p interactions. The data from K'p and
pp interactions yield similar results. We
observe that the étrength of the effect is considerably increased when norma-
Tizing the Bose-Einstein ratio to reshuffled pion pairs. The larger values of
the source radius in comparison to the ete” results are due to the different
functional form (eq. V. 8) employed in the fit: here the radius refers to an
emitting spherical surface, whereas for ete” r was assumed to be the root
mean square radius of a spatial Gaussian distribution.

On the basis of the topological expansion approach Giovannini and
VenezianoSl) predict a scaling law for the strength of the Bose-Einstein en-
hancement in reactions involving different numbers of chains. It reads

= RBE(Q2 =0)-1 =1 - const/n (V.11)

chain

Using the value a = 0.5 = 0.1 found for pp col1isions34) (involving two
chains) they predict with eq.(V.11) for efe” annihilation (one chain) a value
of @ = 0.0 £ 0.2. Given the experimental errors and normalization uncertain-
ties, such a prediction cannot be ruled out yet. However problems may arise
for relation eq.(V.11) if one takes as granted that o is equal to 1 in J/v
decays. This would imply const = O and therefore the maximum Bose-Einstein
effect for all reactions.



- 29 -

Conclusions on Bose-Einstein Correlations.

- The GGLP effect reaches maximum strength in the reaction J/¢ - hadrons,
signalizing a completely chaotic source.

- In e'e” annihilation the effect seems to decrease with increasing energy.
Definitive statements are difficult due to systematic uncertainties caused
by normalization problems,

- In ordef to come to more reliable determinations of the quantitites des-
cribing Bose Einstein correlations, deeper theoretical and experimental under-
standing of all the problems involved is needed. In particular sufficient
clarification of the concept of coherence and chaoticity of a source in
particle physics would be highly desirable.
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