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Abstract

The multiplicity distributions of charged particles in restricted rapidity in-
tervals in Z° hadronic decays measured by the DELPHI detector are presented.
The data reveal a shoulder structure, best visible for intervals of intermediate
size, i.e. for rapidity limits around +1.5. The whole set of distributions includ-
ing the shoulder structure is reproduced by the Lund Parton Shower model.
The structure is found to be due to important contributions from 3- and 4-
jet events with a hard gluon jet. A different model, based on the concept of
independently produced groups of particles, "clans”, fluctuating both in num-
ber per event and particle content per clan, has also been used to analyse the
present data. The results show that for each interval of rapidity the average
number of clans per event is approximately the same as at lower energies.
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1. Introduction

In a recent paper{ 1] we presented an analysis of the multiplicity distribution of charged particles
produced in 2Z° hadronic decays in the DELPHI detector at CERN.

To learn more about the mechanisms of multiparticle production we extend here this study and
report on properties of the charged particle multiplicity distributions in restricted intervals of rapidity.
The data are compared with the predictions of the Lund Parton Shower model (Monte Carlo program
JETSET version 6.3 )[2],[3]. The comparisons were made after transforming the model predictions
for the number of charged particles to the corresponding predictions for the number of tracks expected
in the DELPHI detector. The second model studied, which is based on the negative binomial distribu-
tion, was treated similarly. In this case the two free parameters of the model were adjusted to fit the
data. One interpretation of this distribution[4]-[6] is based on the concept of independently produced
groups of particles, “clans”, fluctuating in number per event with a group membership fluctuating such
that the resulting charged particle distribution is a negative binomial distribution.

In Section 2 the event sample, the selection criteria and correction procedures are described.
Experimental results on multiplicity distributions are presented in Section 3, while a summary of the
main conclusions is given in Section 4.

2. Selection and Treatment of Data

This study is based on 94439 hadronic events with 7,25 obtained in 1989-1990 with the

DELPHI detector at the LEP collider at energies near the Z’-resonance. The DELPHI detector has
been described in detail elsewhere[ 7]. The measurements presented here are based on the charged par-
ticles detected by the Time Projection Chamber (TPC). For event selection, we apply the same cuts as
in the DELPHI-study{1] on charged particle multiplicity distribution. The most important of these
cuts are: tracks were kept only if they extrapolated back to the nominal crossing point within Ar<35
cm and Az < 10 cm, if their momentum was greater 0.1 GeV/c, if the measured track length was above
50 cm and if the polar angle was between 25° and 155°. Events were kept only if the energy of charged
particles (assumed to have pion mass) in each of the two hemispheres with respect to the beam axis
exceeded 3 GeV, if the total energy of charged particles exceeded 15 GeV, if there were at least §
charged particles with momenta above 0.2 GeV/c and if the polar angle of the sphericity axis was in
the range 40° <6 < 140°. The resulting data sample comprised 63434 events. The possible contamina-
tions from events due to beam-gas scattering, yy interactions and 7*1” events, were reduced to a negli-
gible level (<0.1%, <0.1% and <0.15%, respectively) by the imposed cuts.

The correction procedure and the treatment of systematic uncertainties were the same as those
used earlier[1]. The acceptance matrix of the detector, including the imposed cuts, was determined
from a full detector simulation of 54000 events generated according to the Lund Parton Shower (PS)
model (Monte Carlo program JETSET version 6.3) [2],[3]. The treatment of the simulated tracks
was done in the same way as the real data. Let N, (m) be the number of accepted events with m tracks

when the corresponding number of produced events, N,(n), had n charged particles. Any complete
loss of events due to inefficiencies has to be treated separately, i.e. the N, (n) here is in fact the product

oftheaweptanceeﬁdmcyandthemtalnumbcrofpmduwdevenu.mamptame matrix is then
given by M(m,n)=N,,(m)/N,(n). For fixed n the matrix elements are in practice non-zero only for a

limited interval in m, the size of which depends on n. For fixed 7 it holds that ZM(m,n)= 1, imply-

ingthatthem&ixdunmtisthepmbabﬂitythatmaweptedehhnpmduwdchargedparﬁdu
appears as an event with m tracks. This matrix is independent of the shape of the multiplicity distribu-
tion produced by the model and can be used for any other multiplicity distribution, provided the kine-
maﬁcsofpmduwdchargedparﬁclesdonotdiﬂ‘erwidelyﬁomtheldnemaﬁcsofthe Lund PS model.
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Using normalized probability distributions for produced charged particles P _(n) and for accepted
events P, (/) the relation between them is

Pob,(m)=ZM(m,n)~P”(n). (1)

Obviously fin,m)= M(m,n)-P,(n)/P,,(m) is the fraction of the population in bin m which came from
bin 2. By construction one may recover the true P,(n) distribution by the operation

P (r)= Zﬂn,m)-pm(m). o))

The basic assumption made is that the same fraction holds also for the case when the true distribution
in produced charged particles 7T(n) is to be recovered from an experimentally observed multiplicity dis-
tribution of tracks, O(m). Thus the assumption leads to

T(n)= ) M (nmy(P,(n)/P., (m))-O(m)

or

T()/P,(m)= D M (nmyO(m)|P,, (m), 3)

where M7 is the transpose of the matrix M. One may write the two basic relations, egs. (1) and (3), in
matrix notation as follows

P,=MP, *

=M (5

where the vector of ratios 7(n)=T(n)/P,(n) and w(m)= O(m)/P_, (m) have been introduced. If the
model predictions are equal to the observed data the solution according to eq. (3) will be equal to the
model. If the model predictions are close to the data, the corrections will not be large. Since it is
advantageous to have only small corrections, one should prefer to base the recovery of the true distri-
bution on a good model. The amount of agreement between the model and the data is measured by
calculating the x* between O(m) and P, (m), both normalised to the actual sample size and also by
observing the sign-changes in the set of differences. It should be remarked that the matrix M had to be
found for each rapidity interval under study.

3. Experimental Results

The multiplicity distributions are given in Table 1 for different rapidity intervals (rapidity was cal-
culated with respect to the thrust axis assuming pion mass for all particles). The Table contains data
with particles emitted in central rapidity intervals as well as the subset of particles emitted in a single
hemisphere, defined by the plane perpendicular to the thrust axis. In the latter case the rapidity inter-



page 3

vals were extended to |y| < 5.0, whereas in the first case it is restricted to |y| <2.0 in order to avoid
odd-even effects due to charge conservation, visible at the larger rapidity intervals. Charge conservation
restricts the multiplicities to even values only for the case of the full phase space.

The quoted errors here and elsewhere are calulated from the statistical errors and from the correc-
tion procedure as described in ref. [1]. It should be pointed out that the errors given in Table 1 are
strongly correlated for nearby bins due to the method of correction. The multiplicity distributions are
also presented in Fig.l and, in the KNO-form(8] (Y(z)= <n> P(n) versus z= n/<n>), in Fig.2.
Except for the distribution of charged particles in full phase space, odd and even topologies are plotted
consecutively. For clarity, each successive distribution in Figs.1 and 2 is lowered by a factor of ten.

From Fig.1 it is seen that the multiplicity distribution becomes narrower as the rapidity interval is
reduced. On the contrary, the distribution in KNO-form (Fig.2) widens under the same imposed cuts in
rapidity. In Table 2 the average multiplicity <n>, the dispersion D, defined by D*= <> — <n>3
and the moments C,=<n>|<n>Tfor ¢ = 2to 5 are presented. All moments C, increase with
decreasing size of the rapidity interval, reflecting the widening of the XNO multiplicity distribution.

The predictions of the Lund Parton Shower model are plotted together with the corrected data in
Fig.1. However, the judgment of the amount of agreement or disagreement has been made between the
transformed predictions for frequencies of track-multiplicities and the raw, uncorrected data. For the
subset of particles in a single hemisphere the x*-probabilities (see Table 3) are small and the number of
sign-changes are too few to make the agreements good. For the case of full phase space both the
x’-values and the number of sign changes indicate rather poor agreement between the Lund PS predic-
tions and the data. However, the origin of all the observed disagreements are found to be due to sys-
tematic differences in the high multiplicity tails of the various distributions, such that the frequencies of
events in the model predictions fall below the data. Because of the large sample size such differences
cause noticable contributions to the x*.

The origin of these differences could be due to a failure of the model to produce sufficiently many
high multiplicity events or due to a failure of the detector simulation by causing somewhat too large
net losses when transforming the model data from the number of produced particles to the predicted
number of tracks. If anything we would expect the simulation to cause too small losses. A detailed
study of what would be needed to bring the simulated model predictions into agreement with the data
in the high multiplicity tail regions shows, that the present net losses are too large by about 0.5 parti-
cles per event, independent of whether the tail region is around 20, 30 or 40 particles. Such an inde-
pendence of the primary multiplicity indicates that the simulation program is not causing the discrep-
ancies. Thus it seems unavoidable to conclude that the Lund PS model slightly underestimates the
frequencies of high muiltiplicity events. The Lund PS model is, however, describing the measured,
uncorrected data sufficiently well so that the recovery of the true distributions as given in Table 1 and
Fig.1 has been based on it. The negative binomial distributions (NBD), with the two parameters taken
from the data, represent less good models as seen from the x’-values in Table 3. However, when they
are used as bases for the recovery of the true distributions the results are quite similar to the ones given
in Table 1 and in Fig. 1.

An interesting feature of the data is a shoulder in the multiplicity distributions, best seen for inter-
vals of rapidity |y|<1.5 and |y| <2.0 and most prominent for the case of single hemisphere data (Fig
Ib). This shoulder structure is present already in the raw, uncorrected data and is thus not an artifact
created by the correction procedure. The Lund PS model predicts this shoulder structure rather well.
In an attempt to understand this structure we resolved the data into multi-jet hadronic final states,
using the jet finding algorithm originally introduced by the JADE collaboration[9] and recently
applied by a number of other collaborations[ 10],[ 11],[ 12] for investigations of jet production rates at
the Z’-resonance. For each event the squares of the scaled invariant masses for each pair of charged
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particles i and j,
Y, =2EE(1~cosb )/E},, 6)

are evaluated. Here E, E, are the energies and 8, the angle between the momentum vectors of the two
particles, E,_ is the total charged energy of the event (pion mass assumed). The particle pair with the
lowest value of Y, is selected and replaced by a pseudo-particle with four momentum (p,+ p), hereby
reducing the multiplicity by one. In successive steps the procedure is repeated until the values Y, for
all pairs of pseudo-particles or particles are larger than a given jet cut resolution Y_,. The remaining
pseudo-particles or particles are called jets. The choice of the lower limit for the scaled invariant mass
has arbitrarily and conventionally been set at Y_, = 0.04.

With this jet definition and as an illustration, the multiplicity distribution for the rapidity interval
[¥| <2 has been resolved into components of 2- , 3- and 4-jet events as shown in Fig. 3a. The figure
contains also the Lund PS model predictions obtained by using the same JADE jet finding algorithm
and demonstrates rather good agreement between model and data, apart from a slight systematic
underestimation of the high multiplicity tails and of the number of 4-jet events. The main features seen
from Fig. 3a is that the multiplicity distribution is dominated by contributions from 2-jet events at low
multiplicities with a peak at n = 10, has a shoulder at n =~ 20—25 due to 3-jet event contributions and
has a tail dominated by 3- and 4-jet events. In Fig. 3b are given components due to ¢g-, 4gg- and
qggg-events as predicted by the JETSET 7.2 Monte Carlo program[3] with parameters optimized for
the center-of-mass energy of 91 GeV [13], containing the second order QCD Matrix Elements (ME)
of Gutbrod-Kramer-Schierholz[14]. The Lund ME model also describes the experimental data apart
from a slight underestimation of the high multiplicity tail of the distribution (as seen also for the Lund
PS in Fig.3a) and an underestimation of the data at small n (not seen for the Lund PS in Fig.3a). The
contribution of gg-events in the Lund ME model is rather small peaking at low multiplicities (7=7)
and it practically vanishes at n>20. The ggg-cvents give the most important contribution at the maxi-
mum of the experimental distribution at n = 10, while the gggg-events (and a small, =4.5%, admix-
ture of 4G4g-events) dominate the distribution at 2>20 and explain the shoulder structure.

The dominance of the multi-jet events at large multiplicities explains why the structure in multi-
plicity distributions is best scen in the central rapidity windows with |y| < 1.5, 2. Indeed, the multi-jet
events are more “spherical” with respect to the thrust axis and thercfore imposed cuts on rapidity
reduce the multiplicities of multi-jet events much less than those of 2-jet events, thereby enhancing the
difference between their respective average multiplicities. The differences between the multiplicity distri-
butions of 2-, 3- and 4-jet events explain also why the shoulder structure is most prominent for the
case of single hemisphere data.

In the multiplicity distribution for pp-collisions at 900 GeV c.m. energy the UAS collabora-
tion[ 15] observed a narrow peak and a shoulder-like structure. This peculiar shape was reported to
depend on the size of the pseudorapidity interval, being most pronounced for large and disappear for
small intervals. This is different from what we here observe in e*e” collisions.

The UAS collaboration has also observed that the NBD, which was successfully fitted to the
charged multiplicity distributions in full phase space and in limited parts of it for various interac-
tions[ 16]-[25], fails to give a good fit to data at the center-of-mass energy of 900 GeV [15] in full
phase space and for large rapidity intervals due to a shoulder structure. The fit of the NBD to our
data in restricted rapidity intervals is found to be of rather poor quality (see Fig.2 and 2*/NDF values
in Table 3) due to the shoulder structure of the experimental distributions. The maximum ampli-
tudes of the deviations between the NBD model predictions and the data amount to about 15 to 20 %
(30 % for a single hemisphere). Obviously, a superposition of two or more NBD’s would fit the data
better, but we do not pursue this approach here. However, the gross shapes of the experimental distri-
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butions including the tails at high multiplicities are reasonably well reproduced. Therefore, and since
several earlier investigations have been performed along these lines, we also analyse our data in terms
of the “clan” cascading picture, introduced independently by Ekspong{4] and Giovannini and Van
Hove[5],[6]. The term “clan” refers to a group of particles with common and independently produced
ancestor, the number of which per event therefore fluctuates according to a Poisson distribution with

an average N. The number of particles per clan also fluctuates (on the average according to a logarith-
mic distribution) with an average #i,. These two quantities can be derived from the following formulae:

N=kin(1+ <n>/k), A= <n>/N,
with the parameters <n> and 1/k=D?/ <n>%*—1/ <n> taken from the experimental data.

The dependence of the average number of clans, N, on the size of the rapidity interval for our
data is compared with the Lund PS model prediction and with the lower energy TASSO data[25] in
Fig.4. The dependence of the average number of particles per clan, 71, on the size of the rapidity inter-
val for the same data is presented in Fig.5. The average number of clans is approximately energy inde-
pendent in fixed rapidity intervals. On the other hand the average number of charged particles per
clan, 7, shows strong energy dependence. Thus we observe that a scaling, which fails to hold in parti-
cle density[ 26],[27], holds in clan density. It implies that the multiplicity increase with energy is due
not to an increased clan density, but to the average clan getting larger in particles and, of course, also
due to a wider rapidity range at higher energies. This agrees with conclusions about the “clan pic-
ture” made by Giovannini and Van Hove[28] in their “Monte Carlo experiment” based on the Lund
PS model! and with the similar results obtained for hadronic collisions[ 19].

4. Swmmary and Conclusions

The multiplicity distributions in restricted intervals of rapidity have been measured in e*e™ colli-
sions at center-of-mass energies close to 91 GeV in the DELPHI experiment at CERN for charged
particles emitted in central rapidity intervals and particles emitted in a single hemisphere. The main
conclusions are:

e The multiplicity distributions in intermediate sized rapidity intervals show a shoulder structure,
less evident in full phase space. This structure is explained by the superposition of 2-jet events with
mostly low multiplicities and 3- and 4-jet events yielding much larger multiplicities.

e The Lund Parton Shower model describes practically all of the studied features of the multiplici-
ty distributions, including the shoulder structure. The model slightly underestimates the frequency of
events in the high multiplicity tails of the distributions, where multi-jet contributions are dominant.

e The negative binomial distributions (NBD) fail to describe the shoulder structure of the multi-
plicity distributions and thus fail to give good fits to our data. However, the gross shapes, including the
high multiplicity tails, are represented by the NBD’s. When analysed in terms of independently pro-
duced groups of particles, “clans”, we find that the average number of clans per event at 91 GeV c.m.
energy is approximately the same as at lower energies for each rapidity interval where information
exists, i.e. the clan density with respect to rapidity is approximately energy independent. The multiplici-
ty increase with energy is in this picture due to the average clan containing more particles and also due
to the wider rapidity range at higher energies.

! The difference in conclusions between our analysis and the one in ref. [28] about the applicability of the NBD can be, most
probably, explained by the relatively low statistics of 2000 generated events used in ref. [28].
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Corrected charged particle multiplicity distributions P(r)x10? in central rapidity (y) intervals

Table I:

and in a single hemisphere. The errors in nearby bins are strongly correlated.

a) [y| <0.5
n both hem. sing.hem.
0 11615 301+12
1 19248 299+12
2 19818 19118
3 15817 101+4
4 10815 51+2
5 7313 26%1
6 50+2 14.5%0.7
7 3412 7.9%0.5
8 2311 4.210.3
9 15.9+0.8 2.340.2
10 11.240.6 1.0%0.1
11 7.240.4 0.56+0.09
12 4.610.3 0.2510.06
13 3.3%0.3 0.16%0.05
14 2.0+0.2 © 0.05%0.03
15 1.240.1 0.0410.02
16 0.9%0.1
17 0.57+0.09
18 0.3610.07
19 0.19+0.05
20 0.05+0.03
21 0.03+0.02
22
23
24
25
26
27
28
© 29
30
31
32
33
34

b) yl<1.0
both hem. sing.hem.
201 116%5
5612 19348
93+4 19518
11615 15516
12145 10815
111%5 7313
934 4712
7713 33%2
6213 2211
51+2 15.3#0.8
4012 11.84+0.6
32+1 8.7%0.5
261 6.310.4
22+1 4.610.3
15.710.8 3.31%0.3
13.9%0.7 2.2140.2
9.710.5 2.1+0.2
9.010.5 1.3%0.2
7.310.4 1.010.1
5.810.4 0.54+0.09
4.610.3 0.431+0.08
4.120.3 0.28%0.06
2.910.2 0.2240.06
2.1%0.2 0.10+0.04
1.940.2 0.0310.02
1.240.1 0.02+0.02
0.910.1 0.05+0.03
0.710.1 0.03+0.02
0.5610.09 0.02+0.02
0.4310.08 .
0.1710.05
0.410.2
0.1610.05
0.1110.04
0.08+0.03
0.0410.02
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c) yl<1.5
both hem. sing.hem.
4.1%+0.3 49%2
13.740.7 1064
32%1 14616
51%2 14916
703 130%5
844 1004
884 76%3
86x4 56%2
803 412
723 30%1
61+3 24%*1
52%2 18.240.9
452 15.2%0.8
38%2 12.0%0.6
33%2 10.9+0.6
291 8.3%0.5
2411 6.810.4
21%1 5.6x0.4
18.6%0.9 4.0+0.3
16.310.8 3.410.3
13.6%0.7 2.610.2
11.9%0.6 1.910.2
9.8%0.5 1.4%0.2
8.7+0.5 1.0+0.1
7.2%0.4 0.6%0.1
5.6x0.4 0.47%0.08
5.1+0.3 0.21+0.06
4.2%0.3 "0.1410.04
3.5%0.3 0.06%0.03
2.7%0.2 0.05+0.03
2.610.2 0.07+0.03
- 1.8%0.2 0.03%0.02
"1.1+0.1 0.008%0.008
1.1%0.1
1.010.1
0.45%0.08
0.840.3
0.32%0.07
0.2+0.1
0.12%0.07
0.25%0.06
0.08+0.03
0.02+0.02
0.08%0.03
0.06%0.03
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d) | <2.0

both hem. sing.hem.
0.9%0.1 21%1
3.7%0.3 56%2
9.3%0.5 954

18.6%0.9 117%5
311 1205
4412 11015
56%2 92%4
6613 753
68+3 59+3
693 4712
6713 37+2
6313 30+1
57%3 25%1
52%2 22*1
4612 19.3%0.9
43+2 16.3+0.8
38%2 13.5%0.7
35%2 11.1+0.6
30%1 8.5%0.5
281 6.8+0.4
25%1 5.1%0.3
22#*1 4.240.3
201 3.0%0.2

18.3%0.9 2.1%0.2

15.0%0.8 1.5%0.2

12.610.7 1.0%0.1

10.7%0.6 0.7%0.1
9.2%0.5 0.45%0.08
8.2+0.5 0.30+0.07
7.210.4 0.09%0.04
5.5%0.4 0.08%0.04
4.7%0.3 0.07%0.03
4.0%0.3 0.04+0.02
3.410.3 0.008+0.008
2.5%0.2 ‘
2.2%0.2

1.310.1

1.310.2

1.110.1

0.8%0.1

0.710.1

0.37+0.07

0.28%0.06

0.2310.06

0.15%0.05

0.111+0.04

0.13+0.04

0.11+0.04

0.02+0.02
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e) ly| <3.0
sing.hem.

3.2%0.3
11.010.6
29+1
4812
70%3
8414
914
904
864
7743
713
613
5412
4612
392
32+1
26%1
21+1
16.410.8
.510.7
.410.5
.110.4
.3120.3
.510.3
.910.2
.6x0.2
.010.1
.810.1
0.50+0.09
0.24%0.06
0.2210.06
0.10£0.04
0.06x0.03
0.02+0.02
0.02+0.02

-
O MFEFMNMWLWULINOYUN

) byl <40

sing.hem.

0
2
8
18

19

13.

[
O M= WWLWWumyOo

[N eNolNo Nl

.70
.80
.3%0
.60
3612
54%2
7313
874
9614
954
924
83t4
7413
6213
51+£2
4112
322
25%1

.0£0.
9+0.
.610.
.740.
.740.
.810.
.0£0.
.810.
.120.
.930.
.5240.
.2740.
.2040.
.1110.
.0640.
.0210.
.0210.

.1
.2
.5
.9

== NMNDNWOWPHFPUOY O

8) I<35.0

sing.hem.

0.
1
5

12

1
1

19.
14.

—
O M= WWWBmINO

COO0OO0OO0OO0OO0

31%0.
.3%0.
.0%0.
.910.

271
4612
7143
8514
004
004
98t4
884
78%3
6613
5312
4212
33+2
261

2%0.
1£0.
.610.
.820.
. 710,
.810.
.110.
.8%0.
.10,
.910.
.5210.
.27%0.
.2010.
.1120.
.0610.
.0210.
.0210.

7
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10
12
14
16
18
20
22
24
26
28
30
32
34
36
38
40
42
44
46
48
50
52

both hem.

0.18%0.
410.
6x0.
221
48+2
81+3

1.
6.

1105
12715
13015
11915
1004

18.
12.

O N &

78%3

603

41%2

291

5%0.
410.
.710.
.3%0.
.3%0.
.310.
.8%0.
0.26%0.
0.24%0.
0.100.

S

h) all y

WoONOONPWN=O

sing.hem.

0.
1
4

12

1
1

19

14.

O = = W WwWu

[eNelNelNelNelNoNo)

19%0.
.210.
.610.
.210.

271
4612
713
85%4
00x4
00x4
99%4
88%4
783
6613
53%2
4212
33%2
26%1

.20.
1%0.
.620.
.8%0.
.710.
.80.
.1%0.
.810.
.1%0.
.9%0.
.52%0.
.2720.
.20%0.
.11%0.
.0610.
.02%0.
.0210.

oW O
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Table 2:

Moments of charge particle multiplicity distributions in central rapidity intervals and in a sin-
gle hemishpere.

a) Charged particles in central rapidity intervals

Wl <n> D G G C Cs
<0.5 3.1%0.1 2.7%0.1 1.74%0.07 4.2%0.2 12.6%0.6 45%2
<1.0 6.5%0.3 4.6%X0.2 1.51%0.06 3.1%0.1 7.8%0.3 23%1
<1.5 9.9+0.4 6.2+0.3 1.39+0.06 2.50.1 5.3%0.2 12.9%0.6
<2.0 13.1%0.5 7.1+0.3 1.29%0.05 2.03%0.09 3.7%0.2 7.5%0.3

all 20.8+0.8 6.2+0.4 1.09%0.03 1.29%0.03 1.63%0.04 2.20%0.06

b) Charged particles in a single hemisphere

Wl <n> D G G C Cs
<0.5 1.54%0.06 1.6%0.1 2.14%0.09 6.5%0.3 26%1 12247
<1.0 3.2¢0.1 2.9+0.1 1.84%0.08 5.0%0.2 17.5%0.8 754
<1.5 4.9%0.2 4.0%0.2 1.67+0.07 3.9%0.2 11.5%0.5 39+2
<2.0 6.5t0.3 4.7%0.2 1.51%0.06 3.0%0.1 7.2+0.3 19.6*0.9
<3.0 9.2+0.4 4.8+0.2 1.28+0.05 1.94%0.08 3.4%0.2 6.6+0.3
<4.0 10.2+0.4 4.3+%0.3 1.18+0.04 1.60%0.06 2.4%0.1 4.1%0.2
<5.0 10.4%0.5 4.2+0.3 1.16%0.03 1.54%0.04 2.29+0.06 3.8%0.1

all 10.4#0.5 4.2+0.3 1.16+0.03 1.54%0.04 2.28%0.06 3.7%0.1
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The values of x*/NDF obtained from differences between the uncorrected multiplicity distri-
butions and the predictions of the Lund PS model and from the predictions from fitted nega-
tive binomial distributions. The model distributions were transformed according to the

Table 3:

matrix relation Ppzp=M'P,,,, see eq. (1) or (4).

a) Charged particles in central rapidity intervals

Wl

<0.5
<1.0
<1.5
<2.0

all

b) Charged particles in a single hemisphere

Wl

<0.
<1.
<1.
<2.
<3.
<4,
<5.

~OOOOWUWOoOWuW

[+
—

Lund PS

55/20
67/32
81/42
68/46
81/43

Lund PS

37/16
48/26
56/31
42/33
59/35
68/35
82/35
89/35

NBD

75/18
342/30
478/40
280/44
205/41

NBD

39/14
287/24
530/29
472/31
143/33

45/33
151/33
174/33
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Figure Captions

Fig.1 Corrected charged particle multiplicity distributions P(n) a) in central rapidity intcr?als and
b) in a single hemisphere. Each successive distribution is lowered by a factor of ten. The histograms
show the Lund PS model predictions.

Fig.2 The same as in Fig.1 but in KXNO-form of ¥/(2)= <n> P(n) versus z=n/<n>. The solid
curves represent the negative binomial distributions with parameters obtained from the data.

Fig.3 a) Multiplicity distributions P(n) of charged particles for the rapidity range |y| <2 for all
events and for events with 2-, 3- and 4-jets, as separated by the JADE jet finding algorithm (for the
jet cut resolution Y_,=0.04), in comparison with the Lund PS model predictions; 5) Multiplicity
distributions P(n) of charged particles for the rapidity range |y| <2 in comparison with the Lund ME
model predictions for the total distributions and for the components due to the ¢g, ¢gg and 4ggg sub-
processes.

Fig.4 Average number of clans, N, for multiplicity distributions of charged particles as a function
of the limit of the rapidity interval. Straight lines connect points predicted by the Lund PS model at
the center-of-mass energy of 91 GeV. The TASSO data are from ref. [25].

Fig.5 Average number of charged particles per clan, 7, as a function of the limit of the rapidity
interval. Straight lines connect points predicted by the Lund PS model at the center-of-mass energy of
91 GeV. The TASSO data points[25] are connected by dashed lines.
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b) Charged particles in a single hemisphere lyl < 0.5
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a) Charged particles in central rapidity intervals (KNO—form).
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b) Charged particles in a single hemisphere (KNO—form).
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b) Charged particles for lyl < 2
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