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ABSTRACT: Experimental studies on two-particle and multi-particle correlation in ete™
interactions performed by the L3, OPAL and SLD collaborations are summarised. Inter-
esting results on Bose-Einstein correlation, Fermi-Dirac correlation, Factorial Cumulants

and Rapidity Gap correlation are discussed.

1. Introduction

Correlation studies in multi-particle production in a variety of interactions have been stud-
ied over many years [ih]. These studies have played a vital role in understanding the
production dynamics in these interactions. The present renewal of interest, however, is
more due to the fact that understanding correlations in these processes is crucial for un-
derstanding precision measurements of W boson mass at eTe™ colliders where a pair of
W’s produced can lead to four jets of hadrons. The fragmenting partons can interfere
and this interference can manifest via change in correlations. Variety of correlation stud-
ies have been reported at this conference. We restrict to: Bose-Einstein correlations [2],
Fermi-Dirac correlations [3], multiparticle correlations using cumulants [4] and rapidity gap
correlations [5]. As a set they cover both short range and long range correlations.

2. Bose-Einstein and Fermi-Dirac Correlations

Bose-Einstein and Fermi-Dirac correlations study the effect of two-particle wave functions
(pair of identical bosons or fermions) when these particles are in close proximity. As a
result of the interference either the density of pairs increases (BEC) or decreases (FDC).
The range of this effect provides information about the space-time structure of the emitting
source.! The effect is analysed using two particle correlation function expressed in terms
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LA precise understanding of the effect is far from satisfactory, although experimental observations have
accumulated over four decades Ed]
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of four-momenta of the two particles p1, po as:

p(p1,p2)
po(p1,D2)
where po(p1,p2) , the two particle density in the absence of BE/FD correlation obtained

C(p1,p2) = (2.1)

using MC sample. This acts as normalisation scale instead of using single particle density
functions p1(p1).p1(p2) from data and takes into account the residual correlations, if any.
The phase space proximity is measured using 4-momentum difference/gap:

Q% = —(p1 —p2)* = Mfy — 4m” (2:2)

where Mo is the invariant mass of the pair and m is the mass of the individual parti-
cle. Assuming spherical particle emission source with a Gaussian density the two particle
correlation is parametrised as:

C(p1,p2) = C(Q) = N(1 + Exe™ OF) (2.3)

where R is radius of the source, A the strength of correlation/chaoticity and £ is +1 for
bosons and —1 for fermions. Here N is the normalisation coefficient.

The L3 collaboration has studied Bose-Einstein correlation in 7%7% from Z decays for
the first time, and compared with charged pion correlation. The excellent BGO crystal
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Figure 1: C3(Q) distribution for 7°7° . Fit  Figure 2: C3(Q) distribution for charged
is restricted to @ > 300MeV as efficiencies pion pair. For ease of comparison the fit
at lower values are less reliable. range is kept the same as for 707°.

electromagnetic calorimeter in L3 has been used for reconstructing 7° where o(M,,) ~
7 MeV. The pair 7970 is formed in such a way that no photon cluster is common to both
79’s at the same time, in order to determine the the four momentum difference Q. The 7%7°
component of the () distribution is estimated by two-dimensional mass spectrum for every
bin in Q [7] and this leads to 7°7° probability to extract the BE correlation. The result of
such pairing and the fit to the data to extract correlation parameters in equation (2.3) is

shown in figure 1. In figure & result of similar study for charged pions is shown.
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A fit to equation (2.3), for 770 correla-

tion data yields A o0 = 0.129 + 0‘040i8:8ig 18

Cc@

and Ryo,0 = 0.347£0.06470072 fm. Whereas  16- OPAL

a fit for charged pion correlation data yields, 1.4

Aptps = 0.2844+0.0097000 and Repe = 120 ﬂ, #JF 1 H, ‘ |
0.496 + 0.008'_F8:8‘11§ fm. These results indicate 1% + S \ # |
that 797% source has smaller dimension than o.sf + %T
the charged pion, 77, source. This result is 060

in qualitative agreement with the string frag- 04F

mentation model [§], as two neutral pions can 02
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same charge pions can not. Q (GeV)

The OPAL collaboration has studied Fermi-
Dirac correlations using anti-protons [J]

stay at adjacent hadronisation vertices, but two

OO

Figure 3: Correlation function C(Q) for pp.

) USl‘ng The line shows the result of the fit to equa-
dE /dX measurements they select 6500 pp pairs tion (3.3).

with a purity of ~ 70% from hadronic Z decays.

The resulting correlation as a function of four momentum difference of the pair is shown
in figure 8. Fitting equation (2.3) for £ = —1 leads to App = 0.75 + 0.15(stat) + 0.25(syst)
and Rpp = 0.141 £ 0.033(stat) £ 0.036(syst) fm. This is an excellent measurement and
confirms the mass hierarchy for the emission source Rrr > Rxg > R,, > Raa, when other
measurements are considered together.

3. Study of Factorial Cumulants

In another interesting study of correlations, OPAL collaboration [4] has considered factorial
cumulants [d] as a measure of genuine correlations® for 2-, 3- and 4-particles. The study
is performed by partitioning the phase space into cells of rapidity, y, azimuth angle, ®,
and transverse momentum, Pr. The smallest cells correspond to dy = 0.01, §& = 0.9° and
d(¢nPr) ~ 0.008. One, two and three dimensional cells have been considered for the mul-
tiparticle correlation studies. As an example two, three and four particles correlations in
terms of comulants Ko, K3 and K} in cells of y x ® and y x ® x Pr are shown in figure 4. The
data is compared with simulation using Pythia generator and introducing Bose-Einstein
correlation. The data strongly favour the need to include BEC. What is even more in-
teresting is that introducing only two-particle BEC explains even the higher multiplets,
indicating that higher multiplet correlations are essentially driven by two-particle correla-
tions. This is more explicitly seen in figure 5, where higher multiplet cumulants, K3 and K4
are plotted as function of K5. The data satisfy an elegant relationship {n K, = aq+r4n Ko
and show that the slope r, increases with the order of the cumulant. More interestingly this
also confirms that the multiparticle-correlations are driven by two-particle correlations, as
noticed earlier. Expectations from the Negative Binomial multiplicity distribution are not
favoured by the data.

2By construction whenever a particle within a multiplet is statistically independent of the others, the
cumulant vanishes.
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Figure 4: OPAL study of cumulants K, in Figure 5: Dependence of 3- and 4-particle
two and three dimensional cells for all-sign cumulants on 2-particle cumulants for all
and like-sign multiplets. The simulation is charge multiplets and same charge multiplets
compared only for like-sign multiplets. in cells of y x ® and y x & x Prp.

4. Rapidity Gap Correlations

The SLD collaboration has studied two particle rapidity gap correlations, where Chrenkov
Ring Imaging Detector (CRID) has been extensively used to identify 7/K/p. Taking event

thrust as the reference axis the particle rapidity Y = %Kn E Etﬁ”; has been used to study
two particle rapidity gap, | AY |=| Y3 — Y3 |, correlation for any two particles of same

flavour, different flavour, same charge and opposite charge. Studies have also been made
in events tagged as heavy flavour events like Z — ¢ and Z — bb. As example we show
the SLD results for rapidity gap correlation in figure § for all particles and in figure i for
hard particles of momentum in excess of 9 GeV/c. Rapidity gaps | AY |=| Y1 — Y2 |[< 2.5
correspond to the pairs in the same jet, whereas | AY |=| Y1 — Y5 |> 4 are those for
particles in opposite jets. From these figures one notices very clear manifestation of local
conservation of strangeness and baryon number, apart from charge. Also that locality holds
for pair of hard particles as well. Clear indication of long range correlation is seen in all
pairs. In particular, clear excess of opposite charge strange pairs (fig. ) demonstrates the
leading particle effect in the two opposite jets of the Z decay. Using heavy flavour tagged
events SLD has clearly demonstrated long range correlations. They have also observed
some disagreement in data and simulation for rapidity gap correlations, particularly for
pairs of different flavours. Thus the study indicates clear need to improve simulation to
better describe the data in detail. These studies in turn might improve our understanding
of quark asymmetry measurements, where effective hemisphere charge assignment plays

important role.
It is a pleasure to thank Michiel Sanders, Eddi Wolf and David Muller for many
fruitful discussions.
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Momentum > 9 GeV/c for both tracks

' 15
800 [| SLD Preliminary { e 1200
4000 | [ SLD Preliminary . 1 1000
600 | - ] K 10 ot Rk
—rnn — KK w000 — TRk KK ] 600
— T, T — KK, KK — i,
400 t ] ] ]
5 2000 £ ] 600
200 1 3 9 400
1000 F :l 1 100
0 0 -
0 P I = R 0
150 | — K, K | P K 8 1 o o 4 600
7 — K, K + m 3000 F — nK, K 4 — Kp,Kp
3 62 — mK, K — K'p,KPp
@
x L o 9 3 4400 m
g 190 x £ 2000 | ] 2
2 ot ES
£ 4 S @ b 3
] © L i
0r 2 1000 [ —’_,J_FLLL} 200
0 0 0 |" —— = I s S
8o ¢ . 1000 £ 1 1 500
— mp, mp 4 — mp, mp — PP
60 | — mp,mp , 800 F —pp ¥ — pp. PP 7400
600 F 3 q 300
40 t ) [
400 | T 7 200
20 1 200 F _'_F':LL‘ 4 100
0 n n n 0 0 1 1 1 1 0
0 2 4 6 8 0 2 4 6 8 0 2 4 6 8 10
BAA V.= Y, | 1. =Yl 12 =% |

Figure 6: Rapidity gap distributions for Figure 7: Rapidity gap distributions for
opposite-charge and same-charge pairs of  opposite-charge and same-charge pairs for
identified particles. both particles having p > 9 GeV/ec.
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