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Abstract

The multiplicity distributions of charged particles in full phase space and in
restricted rapidity intervals for events with a fixed number of jets measured
by the DELPHI detector are presented. The data are well reproduced by the
Lund Parton Shower model and can also be well described by fitted negative
binomial distributions. The properties of these distributions in terms of the
clan model are discussed. In symmetric 3-jet events the candidate gluon jet
is found not to be significantly different in average multiplicity than the mean
of the other two jets, thus supporting previous results of the HRS and OPAL
experiments. Similar results hold for events generated according to the LUND
PS and to the HERWIG models, when the jets are defined by the JADE jet
finding algorithm.The method seems to be insensitive for measuring the color ‘
charge ratio between gluons and quarks. '
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1 Introduction

In previous papers[1],(2] we presented an analysis of the multiplicity distributions of
charged particles produced in hadronic Z° decays in the DELPHI detector. In particular,
it was shown[2] that the multiplicity distribution reveals a shoulder structure which was
shown to be well reproduced by the Lund Parton Shower (PS) model (Monte Carlo
program JETSET version 6.3 and 7.2)(3],[4] and was explained by the superposition
of 2-jet events with mostly low multiplicities, and 3- and 4-jet events yielding larger
multiplicities. .

Due to the shoulder structure the multiplicity distribution could not be described by
a negative binomial distribution (N BD) which, however, has been successfully fitted in
many previous experiments[5)-[14].

In this paper we extend this study and report on properties of charged particle mul-
tiplicity distributions in full phase space and in restricted intervals of rapidity for events
with selected jet multiplicities. We show that the charged particle multiplicity distribu-
tions {or events with a given number of jets, as well as the multiplicity distributions of
individual jets for events with a given number of jets, are well described by fitted N BD’s.
The data are also compared with the Lund PS model and good agreement is found. An
attempt is made to compare the average multiplicities for quark and gluon jets.

In Section 2 the event sample, the selection criteria and the correction procedures
are described. The procedure used for the separation of multi-jet events is described in
Section 3. Experimental results on charged particle multiplicity distributions for events
with selected jet multiplicities and for the individual jets are presented in Sections 4 and
5. The average charged particle multiplicity of quark and gluon jets in 3-jet events is
discussed in Section 5. A summary is given in Section 6.

2 Selection and Treatment of Data

This study is based on 94439 hadronic events with five or more charged particles
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[15].
The measurements presented here are based on charged particles detected by the Time
Projection Chamber (TPC). For the event selection, we apply the same cuts as in our
previous studies{1],(2]. The most important of these cuts are that a track was kept only if
it extrapolated back to the nominal crossing point within 5 cm in the transverse direction
and 10 cm along the beam direction, if its momentum was greater than 0.1 GeV/c, if its
measured track length was greater than 50 cm and if its polar angle was between 25° and
155°. Events were kept only if the energy of charged particles (assumed to have the 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 5 charged particles
with momenta above 0.2 GeV/c and if the polar angle of the sphericity axis was in the
range 40° < & < 140°. The resulting data sample comprised 63434 events. The possible
contaminations from events due to beam-gas scattering, v interactions and r*7~ events
were reduced to a negligible level (< 0.1%, < 0.1% and < 0.15%, respectively) by the
imposed cuts.

The corrected multiplicity distribution of the events was calculated from the observed
one by means of a matrix unfolding technique described in detail in ref. [2]. The matrix
was determined from a full detector simulation of 54000 events generated according to



the Lund PS model, treating the simulated 'tracks in the same way as the real data.
This matrix can be used for correction of the observed distribution if the kinematic
distributions of charged particles do not differ widely from those in the Lund PS model.
We stress that the errors of the corrected multiplicity distributions are strongly correlated
in nearby bins due to the method of correction. Therefore comparisons between data and
models are made by transforming the predictions for the multiplicity distribution back to
the level of the uncorrected data. However, in the figures we show the comparison between
model predictions and corrected distributions. The correction matrix was determined for
each rapidity interval under study.

3 Selection of Multi-Jet Final States

In order to study the charged particle multiplicity distributions in the different multi-
jet final states we applied the jet finding algorithm originally introduced by the JADE
collaboration{16]. For each event the squares of the scaled invariant masses for each pair
of charged particles i and j, '

Yi; = 2E;E;(1 — cos8;;)/ By, (1)
are evaluated. Here E;, E; are the energies and §;; the angle between the momentumn
vectors of the two particles and E,,, is the total energy of the charged particles in 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;), thereby reducing the multiplicity by
one. The procedure is repeated until the values Y, for all pairs of pseudo-particles or
particles are larger than a given jet resolution Y,.;,. The remaining pseudo-particles or
particles are called jets.

As is known from our previous analysis of the jet production rates at LEP energies[17),
the fractions of different multi-jet configurations depend strongly on Y,,,. For an im-
proved understanding of jet separation, the JADE algorithm has been applied to events
with initial parton ¢, 439, 9ggg and ¢gqg-states generated by the JETSET 7.2 Monte
Carlo program(4], with parameters optimized for the center-of-mass energy of 91 GeV{18],
containing the second order QCD Matrix Elements (ME) of Ellis, Ross and Terrano[19).

The transformation of events with a certain number (m/) of initial partons, as defined
by the Lund ME, into events with a certain number (j) of jets, as defined by the JADE
cluster algorithm applied to the generated events, can be described in terms of the trans-
formation matrix M,,; (with 3> M,,; = 1). The dependence of the components of M,,;
on the jet resolution parameter Y,;, is illustrated in Fig.1. In the Lund ME program the
default value of minimum scaled invariant mass-squared of any two partons in 3- or 4-jet
events, was used. Other values of the parameter were tested and they do not change the
conclusions to be drawn from Fig.1. It shows that in the 2-jet events separated by the
JADE algorithm, the real 2-parton states are heavily contaminated by 3- and 4-parton
states even at small values of the jet resolution parameter (Fig.1a). The contamination
of 3-jet events by 2- and 4-parton states is less severe at minimal values of Y,;» up to
Ymin > 0.04 (Fig.1b), while the contamination of the 4-jet sample by 2- and 3-parton
states is maximal at small ¥,;, values (Fig.1c).

Next we compared the charged particle multiplicity distributions for 2-, 3- and 4-parton
states generated by the Lund ME program with the ones for the same Monte Carlo events
resolved into 2-, 3- and 4-jet events by the JADE algorithm. The agreement in shape of
multiplicity distributions for a fixed number of initial partons and for the same number



of selected jets is reasonable at Y,,,, = 0.005, 0.01 and 0.02 for 2-, 3- and 4-parton(jet)
states(events) respectively (as illustrated in Fig.2) but deteriorates significantly for higher
values of Y,,;,,.

We thus conclude that the JADE jet finding algorithm provides a reasonable separation
between 2-, 3- and 4-parton events only at small values of the jet resolution parameter
and the contamination of events with a given number of jets by events with different

numbers of initial partons significantly affects the shape of the multiplicity distributions
for Youn > 0.04.

4 Charged Particle Multiplicity Distribu-
tions for Selected Multi-Jet States

The corrected charged particle multiplicity distributions for 2-, 3- and 4-jet events for
values of the jet resolution parameter ¥,.;. = 0.01, 0.02 and 0.04 are given in Tables 1-3
and presented in Fig.3. The errors quoted here and elsewhere are calculated from the
statistical errors and from the correction procedure as described in ref. {1]. The errors
are strongly correlated in nearby bins due to the method of correction.

From Fig.3 it is seen that the charged particle multiplicity distribution becomes
broader and shifts to higher multiplicities as the calculated jet-multiplicity increases.
This is also evident from Table 4 in which the average multiplicity < n > and dispersion
D =(<n?>— < n>H2 for 2-, 3- and 4-jet events (together with their fractions of
the total sample) are shown as a function of Y, ranging from 0.01 to 0.08. The rise of
< n > and D for 2- and 3-jet events with increasing ¥,,;, is explained by the increasingly
important contamination by events with higher parton multiplicity discussed in the pre-
ceding section (Fig.la,b). For the 4-jet sample, the decreasing contamination by 2- and
3-jet events with increasing Y., (Fig.1c) leads to a similar rise of < n > with increasing
Ymin-

The predictions of the Lund PS model are plotted together with the data in Fig.3. The
model describes the data very well, apart from a slight systematic difference in the high
multiplicity tail of the distributions for 2- and 3-jet events, where the Lund predictions
are below the data (see also the corresponding discussion in ref. {2]). We cannot exclude
the possibility that a part of this small difference is due to an imperfect treatment of the

‘multiple photon conversion in our detector simulation program.

The charged particle multiplicity distributions for events with a fixed jet-multiplicity

were fitted to the negative binomial distribution (NBD)

Pﬂ(ﬁ,k)=k(k+1)...(k+n—1)( k )"( m ) ('2)

n! k+7 k+7

with two parameters: the average multiplicity @ and the positive parameter k=1, related
to the dispersion D by

D 1 1
AT Rk (3)
The fitted values of parameters are given, together with x?/NDF, in Table 4.

The NBD fits the multiplicity distributions for fixed numbers of jets well for values of

Ynin < 0.04. The fits deteriorate for large values of Y,,;,. The deterioration of the fits for
Ymin 2 0.04 can be explained by the contamination pattern described in section 3. The



failure of the NBD to describe the overall multiplicity distribution, reported in ref. [2],
seems to be related to the superposition of events with different numbers of jets. Fits of
the multiplicity distributions to NBD’s are shown in Fig.4 for three values of Yoin.
The NBD fits were also transformed to the "clan” cascading picture [20]-[22] (see also
(23], [24] and refs. therein), with two parameters characterizing the clan structure: the

average number of clans, N,, and the average number of charged particles per clan, 7,
linked to the NBD parameters by

N.=a/m. =k In(l +7/k). (4)

The parameters N, and 7, calculated from (4) with experimental values of =< n > and
k! are also given in Table 4. The covariance between 7 and k~! was taken into account
in calculating the errors on N, and 7.

The mathematical property of the NBD in terms of clan parameters (Poisson distri-
bution for the number N, of clans and logarithmic distribution of the number of particles
per clan n.), together with the previously reported observation that the average number
N of clans for fixed rapidity windows is approximately energy-independent both in ete”
annihilation and in hadronic reactions ([2] and refs. therein), is of some interest and
awaits a dynamical interpretation at the parton level{23],(24]. In this respect it is also of
interest that the values of 7, for events with a fixed jet multiplicity are much closer to
unity (or the values of N, are not very different from < n >) than for all events{2] and
practically independent of the jet multiplicity.

We have also analysed the multiplicity distributions of charged particles for fixed
numbers of jets and for different rapidity maxima (the rapidity y was calculated with
respect to the thrust axis, assuming the pion mass for all particles). The corresponding
multiplicity distributions obtained for Ymn = 0.04, together with the results of the N BD
fits, are shown for illustration in Fig.5. The parameters describing the experimental
distributions and the fitted NBD parameters are collected in Table 5. We find that
the multiplicity distributions for 2-jet events are described by the NBD rather well in
all central rapidity intervals. The fits are also good for 4-jet events, but worse for 3-jet
events for | y |< 1.0 and | y |< 1.5. Fig.5b,c suggests that this can be again explained by
contamination of the 3-jet sample by 2-parton events peaking at low multiplicities and,
perhaps, by 4-parton events at high multiplicities. A similar behaviour is observed for
other values of the jet resolution parameter Yu;,. It is evident from Fig.5 that a shoulder
structure in the multiplicity distribution, best visible in the c.m. rapidity intervals y < 1.0
to 2.0[2], is obviously explained by the superposition of events with different number of
jets.

It is thus seen that the charged particle multiplicity distributions in restricted rapidity
intervals for events with selected jet multiplicities are reasonably well described by fitted
NBD’s, provided that events with different jet multiplicities are well separated by the
jet finding procedure. In central rapidity windows, the values of the parameter k! are
significantly larger than for distributions integrated over all rapidity intervals, thus show-
ing more important deviations of the multiplicity distributions from Poisson distributions
(this is also seen in the somewhat larger values of the parameter ;). It is of interest to
study the energy dependence of the NBD parameters for multiplicity distributions in the
central rapidity intervals for 2-jet events. A comparison of the "clan” cascade picture
parameters N, and 7, for 2-jet events at Y,,;, = 0.04 with those of the HRS collaboration
at /3 = 29 GeV (with 2-jet events selected using sphericity and aplanarity cuts)[3] is
shown in Fig.6. The average number of clans per event N, increases almost linearly with
the size of the rapidity interval in an approximately energy independent manner. The



average number of particles per clan 7. is rather constant about 1.2 at 29 GeV while at
91 GeV it increases with increasing size of the rapidity interval.

5 Average Charged Particle Multiplicity
of Quark and Gluon Jets

The study of multiplicity distributions of individual jets for events with selected multi-
Jet configuration can provide an important insight into a possible difference between the
multiplicities of quark and gluon jets.

Such a difference is predicted in the high energy limit by lowest order QCD calculations
[25], [26] (see also a review [27]) which give, assuming five flavours:

<n>, 9 (5)
<n>, 4

The value 9/4 reflects the ratio of the colour charges of the gluon and of the quark. Higher
order calculations[28] modify (5) to

<n>,

The expression in the brackets reduces the ratio by 10% at +/s = 91 GeV. The main
experimental problem is to identify the various types of jet.

In our analysis, we first defined the individual jets for a given multi-jet configuration
inclusively (with 2-, 3- and 4-entries for each 2-, 3- and 4-jet event, respectively). In Table
6 we show the same parameters as in Tables 4 and 5, but evaluated for the multiplicity
distributions of individual jets in events assigned to fixed multi-jet configurations. The
data are shown as a function of the jet resolution parameter Y,,,,. The corresponding
multiplicity distributions for several values of Y,,,, are shown for illustration in Fig.7.
The distributions become narrower and shift to smaller multiplicities with increasing jet
multiplicity. Fig.7 illustrates also the NBD fits to the data and the conclusions which
can be drawn about these results are very similar to those made in the previous section.

Comparing the dispersions of the multiplicity distributions of the individual jets, D;,
in Table 6 with the ones for whole events, D,,, in Table 4, one notices that empirically
they are approximately related by

= 49 (1 -0.27Va, - 0.07 - a,). (6)

D, =D} (7)

where j is the number of jets. This is unexpected since the full relation between the two
dispersions is given by

D? hJD2+2Zch(nk,n;) an—— (8)

where the covariance term refers to the multiplicities of pairs of jets (k,I), summed
over all pairs, and where the last term is due to possible differences between the average
multiplicity (7 ) of jet k from the overall average, summed over all jets. It should be noted
that the dispersions appearing in these equations are invariant for changes in the labeling
of the jets (such as ordering with respect to jet energy, jet multiplicity or according to
the nature of the parent parton), whereas the other terms in eqn. (8) are dependent on
such labeling,. '



If the jets are independent and with equal average multiplicities, equation (8) reduces
to equation (7). If equation (7) holds, at least approximately, and since obviously the
averages are related as < n >, = j< n >, it follows that

(<fi>.-) / (<fw>.,,) =i (9)

Table 7 shows that the data in 2-, 3- and 4-jet events satisfy well this relation.! We
conclude that there is an approximate cancellation between the term in equation (8)
containing the correlations and the term measuring the lack of equality between the
various average jet multiplicities, independent of the labeling of the jets. However, in the
case of interest the value of each term separately is not available, since the nature of the
various jets (gluon-jet or quark-jet) is unknown in the present sample.

An attempt to disentangle the quark and gluon jets in e*e™ annihilation has previously
been made by the HRS collaboration{29] by selecting symmetric 3-jet events with all jets
emitted at relative angles of about 120 degrees. From their sample of 276 such events
they found <n>,/<n>, = 1.29%0:3 + 0.20.

A similar analysis was performed with our symmetric 3-jet event sample. Events with
three jets were selected with the JADE algorithm with ¥.,,,=0.01. Different choices of
Ynin give the same result within errors. A 3-jet event is defined to be a symmetric one if
the angles between every pair of jet axes, projected into the event plane, are 120 degrees
with a tolerance of 120 degrees. Such events have approximately the same energy in
all three jets. A reduction of the tolerance reflects in a reduction of the statistics, but
does not change the conclusion. The selected sample has 451 events. For these events
a fit to a NBD gives @ = 7.54 & 0.15 and k~'=(4.6 £ 1.6) - 10~? with x*/NDF=8.9/18.
There is no simple way to identify the gluon jet. However, it is possible to test if one
of the jets has a significantly larger multiplicity than the others, thus being a candidate
for a gluon jet. The jets are labeled from 1 to 3 in order of increasing multiplicity.
The ratio of the average multiplicity of jet 3 to the average multiplicities of the other
two, 2- <n>3/(<n>; + <n>3), is found to be 1.68 £+ 0.06. Because of the multiplicity
ordering, this ratio is biased and must be greater than one. To quantify the expectation
of the bias factor, three equal and independent jets were generated with the same NBD
as found in the fit above. The bias factor is found to be 1.67. Thus the gluon candidate
jet appears to have the same multiplicity as the average of the other two, in agreement
with the conclusions of the HRS{29] and OPAL[31] collaborations.

This experimental finding is consistent with the expectations of the Lund PS and
HERWIG(32] models where this ratio for symmetric 3-jet events selected by the JADE
algorithm is predicted to be 1.64+0.06 and 1.65+0.03, respectively. If we use the com-
pletely different jet algorithm LUCLUS{4] we find the same result. The different colour
charges for gluon and quarks are included in the Lund PS[33] and HERWIG(32] models,
thus the method using symmetric 3-jet events as defined by the JADE algorithm seems
to be insensitive to the colour charge factor at least up to about 30 GeV per jet.

Moreover, in the HERWIG model it is possible to trace each final state particle to the
initial parton and thus to determine the origin of each jet. Applying this procedure to
the symmetric 3-jet events, without resorting to the JADE algorithm, we find that the
HERWIG gives < n >,/< n >,=1.54+0.02 and 2< n >3/(< n >+ < » >;)=1.9140.03.
The value of 1.54-40.02 is substantially lower than the theoretical prediction (6), presum-
ably because the latter is obtained by comparing the parton multiplicity produced by

tA similar conclusion was drawn by the OPAL collaboration[30] for events with suppressed hard gluon emission, by
progressively selecting samples of events with smaller sphericity. For these clean "two-jet” events, the measured quantity
(9) approaches the value of /2 as the events became more collimated.



a virtual gg system to that produced by a virtual ¢F one, rather than for the isolated
gluon and quark jets as in our case, and also due to influence of the fragmentation and
hadronization. Notice also that the value of 1.9140.03 is higher than the one obtained in
the HERWIG model (as well as in the Lund PS model and in the data) for the symmetric
jet events separated by the JADE algorithm. Therefore we are forced to admit that a
conclusion about equal average multiplicities for gluon and quark jets in 3-jet events is
not straightforward and, at least partly affected by the method of selecting jets.

6 Summary and Conclusions

The charged particle multiplicity distributions for events with selected numbers of jets
have been measured in e*e™ collisions at center-of-mass energies close to 91 GeV in the
DELPHI experiment at CERN for full phase space and for central rapidity intervals. The
main conclusions are:

1. The Lund Parton Shower model describes all of the studied features of the multi-
plicity distributions very well. .

2. Negative binomial distributions can be well fitted to the multiplicity distributions
for events with 2, 3 or 4 jets as well as to those of the individual jets. This result is in
contrast to the very poor fit obtained to the unselected sample in ref. [2].

3. The mathematical property of the NBD in terms of clan parameters, N, and
Tic, still awaits a dynamical interpretation at the parton level. For events with fixed
Jet multiplicity, the average number of particles per clan 7, is rather close to unity and
independent of the jet multiplicity.

4. A study of symmetric 3-jet events as defined by the JADE algorithm did not reveal
a different and larger average multiplicity for the gluon candidate jet as expected from the
QCD at asymptotic energies. However, the method seems to be insensitive to the larger

colour charge of gluons as shown by a similar treatment of events generated according to
the Lund PS and the HERWIG models.
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Table 1: Corrected charged particle multiplicity distributions P,-10% for 2-, 3- and 4-jet
events for the jet resolution parameter Y;,,,=0.01.

n  2-jets  3-jets  4-jets [n  2-jets 3-jets 4-jets
4 0.74£0.2 30 7.1+0.7 3612 9515
6 3.84£0.5 0.6+0.1 32 43105 21+1 7614

8 16+1 3.7+£04 0.9+0.3(34 1.3+0.3 11.1+0.7 50+3
10 49x3 14.4+0.9 3.0£0.5|36 1.2+0.3 6.1+0.5 3312
12 9344 39+2 T7.4+0.8(38 0.10+£0.07 2.840.3 22142
14 143+6 7443 19+1 |40 0.07£0.06 1.110.2 13%1

16 166+7 110+£5 4012 (42 0.3+0.1 5.0+0.6
18 16817 136%+6 59+3 |44 0.221+0.08 2.84+0.5
20 139+t6 14646 9114 |46 _ 0.06+0.04 2.41+0.4
22 954 13946 11345 |48 0.3x0.1
24 62+3 11345 12546 |50 0.04+0.04
26 33%2 B6t4  126+6 |52 0.121-0.09

28 17+1 5913 11916

Table 2: The same as in Table 1 but for Y,,,,=0.02.

n  2-jets 3-jets 4-jets |n  2-jets 3-jets 4-jets
4 0.2940.09 30 12.5+£0.8 5843 11346
6 2.7£0.3 0.2340.09 32 T7.440.6 39+2 99+6

8 11.9+0.8 2.04+0.3 34 2.8+0.3 23+1 8145

10 38+2 8.6+0.6 2.51+0.6(36 1.2+0.2 14.3+0.9 61+4
12 8044 2311 38 0.6+0.1 8.0+0.6 46+3

14 12645 4942 8+1 (40 0.07+0.05 3.9+04 27+2

16 15447 8214 1412 (42 1.5+£0.2  17+2
18 16347 1095 2542 |44 0.8+0.2 1041

20 146%6 12946 5214 (46 0.44+0.1 6+1

22 11045 1366 83+5 |48 0.13+0.06 1.7+0.5
24 75+3 124+5 10246 |50 ‘ 0.8+0.4
26 43+2 1065 11916 |52 0.9+0.4
28 2641 8214 13147




Table 3: The same as in Table 1 but for Y,,,;,=0.04.

n  2-jets 3-jets  4-jets |n  2-jets 3-jets 4-jets
4 0.21£0.07 30 21+l 78+4 114%10
6 2.0+0.2 32 12.3x0.7 58+3 136+11
8 9.2406 1.0+0.2 34 6.0+£0.4 38+2 106%10
10 3142 4,14+0.5 36 2.840.3 2742 80+8

12 66+3 12.1%0.9 38 1.410.2 17x1 76L8

14 110%5 28+2 0.5£0.5[{40 0.8%0.1 9.1+0.7 4116
16 14046 53+£3 7+2 142 0.06+0.04 4.2+0.5 4246

18 15246 83+t4 6+2 |44 0.11£0.05 2.7+0.4 18+4
20 146+6 10445 2945 (46 0.03+0.02 1.6+0.3 1443

22 117+£5 129+6 5747 |48 0.02+0.02 0.51£0.2 3x2

24 87+4 12746 617 |50 0.5+0.2 _

26 5743 12045 8348 |52 0.09+0.06 3x1 .
28 37+2 102+5 126411
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Table 4: Parameters characterizing the corrected multiplicity distributions for events
with 2-, 3- and 4-jet configurations together with their respective fractions of the total
sample, F, in dependence of the jet algorithm parameter Y;,;,, fitted values of the NBD
parameters (with corresponding x?/NDF values) and parameters of the "clan” cascading
picture.

Ymin

2-jets - 0.01 0.02 0.04 0.06 0.08

<n> | 17.6+0.7 18.41+0.7 19.34+0.8 19.840.8 20.210.8
D 4.74+0.2 5.0+0.2 5.3+0.2 56+0.2 5.8+0.2
F 0.282 0.463 0.659 0.767 0.834
0 17.6+£0.1 18.5+0.1 19.440.1 20.040.1 20.440.1
k=1-107 {11.50+0.09 1.76+0.08 2.30+0.07 2.6540.07 2.93+0.07

X*/NDF| 20/15  20/16  41/18  78/19  76/20

N, 15.6+0.6 15.91+0.7 15.840.7 15.7+0.7 15.610.6

i, 1.13+0.05 1.16+0.05 1.2240.05 1.27+£0.05 1.29+0.05
Ym:'n

3-jets 0.01 0.02 0.04 0.06 0.08

<n> |21.0+0.8 228409 24.8+1.0 25.9+1.0 96.7%1.1
55+0.2 59403 6.3+0.3 6.4+0.3 6.5+0.3
0.481 0.447 0.321 0.227 0.164
21.140.1 22.940.1 24.8+0.1 26.040.1 26.8+0.1
k™' -10% |1.8740.07 2.28:+0.07 2.37+0.08 2.24+0.08 2.05+0.09
x*/NDF| 19/18  15/18  13/20  29/20  29/20

C I M

N, 17.5+0.7 18.240.8 19.4+0.8 20.3+0.8 21.1+0.9

Tic 1.20£0.05 1.2540.05 1.27+0.05 1.28+0.05 1.26+0.05
. 'Ymin

4-jets 0.01 0.02 0.04 0.06

<n> |259+10 288%+1.2 314+1.3 33.0+1.3
6.240.3 6.430.3 6.340.3 5.640.2
0.199 0.085 0.020 0.005
25.940.1 28.9+0.1 31.440.2 33.2+0.4
k~1-10% [1.9140.08 1.440.1 1.0£0.2 1.040.5
x*/NDF| 20/18  24/18  19/13 17/9
N. [21.1£09 23.9+1.0 27.7+1.1 34.1+1.4
M. |1.2320.05 1.2040.05 1.13+0.05 0.97+0.04

El N
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Table 5: The same parameters as in Table 4, but for fixed value Y;,,»=0.04 of the jet
resolution parameter and for different central rapidity intervals | ¥ |< yeu.

. Yeut
2-jets 0.5 1.0 1.5 - 2.0 2.5
<n> |2.0410.08 4.4+0.2 7.1+£0.3 10.0+0.4 13.0£0.5
D 1.624+0.07 2.6+£0.1 3.710.2 4.8+0.2 5.5+0.2
7 2.0340.02 4.36+0.02 7.1010.03 10.1+0.03 13.1+0.04
k=1.10% | 15.2+1.0 13.04+0.4 12.740.3 12.3+0.2 10.5+0.2
x!/NDF| 9/10 31/17 48/24 70/32 28/19
N, |1.79%0.07 35+0.1 5.040.2 6.5+0.3 8.2404
fi. |1.1440.05 1.2640.05 1.40+0.06 1.5510.06 1.59+0.07
: Yeut
3-jets 0.5 1.0 1.5 2.0 2.5
<n> | 4940.2 10.040.4 14.6+0.6 18.3+0.7 21.3+0.9
D 2.940.1 4.7£0.2 6.0£0.3 6.7+0.3 6.8+0.3
7 4.9240.03 10.240.04 14.8::0.05 18.3+0.06 21.2+0.06
k~1.10%{14.6+£05 10.3+0.2 9.2+0.2 7.7£0.1 5.740.1
x*/NDF| 15/117 75/30 88/35 79/40 48/20
N, 3.740.2 6.64+0.3 8.9+04 11.3£0.5 14.0+0.6
7, |1.33+£0.06 1.5240.06 1.63+0.07 1.62+0.07 1.52+0.06
ycut
4-jets 0.5 1.0 1.5 2.0 2.5
<n> | 82403 17.3£0.7 24%1 28+1 30+1
D 3.8+£0.2 59403 6.6+0.3 6.9£0.3 6.8+0.3
T 8.240.1 17.240.2 24.240.2 28.4+0.2 30.240.2
k~1.10%| 1141  6.3+0.5  3.1+03 2.6+0.2 1.7+0.2
x}/NDF| 13/16 37/24 53/27 33/28 24/15
N, 6.14+0.3 12.0+0.5 17.840.7 21.74£0.9 24.4%1.0
%, |1.354£0.06 1.43+0.06 1.37+0.06 1.314+0.05 1.24+0.05
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Table 6: The same parameters as in Table 4, but for the multiplicity distribution of
individual jets at fixed multi-jet configurations.

Ymin
2-jets 0.005 0.01 0.02 0.04 0.06
<n> | 83+0.3 8.8+0.4 9.2+0.4 9.6+04 9.9+0.4
D 3.1+0.1 3.3%0.1 3.5+0.1 3.8+0.2 4.1+0.2
7 8.2940.04 8.7840.03 9.21+0.03 9.70+0.03 10.040.03
k1107 | 1.640.2 2.540.2 3.740.2 5.340.1 6.4+0.2
x!/NDF| 13/18 24/20 27/22 59/26 86/27
N, 7.7£0.3  7.940.3 7.9+0.3 7.7+£0.3 7.6+0.3
e 1.07+0.04 1.1140.05 1.1740.05 1.25+0.05 1.31+0.05
Ymin
3-jets 0.005 0.01 0.02 0.04
<n> | 65+£0.3 7.040.3 7.6+0.3 8.2+0.3
D 3.04£0.1  3.240.1 3.4+0.1 3.7+0.2
7 6.44+0.03 7.0440.03 7.68+0.03 8.3310.03
k='.10% | 5.740.3 5.840.2 6.54+0.2 7.340.2
x*/NDF| 18/17 32/19 44/21 49/23
N, 5.540.2 5.8+0.3 6.1+0.3 6.4+0.3
e 1.18:+0.05 1.20£0.05 1.24+0.05 1.29+0.05
) Ymin
4-jets 0.005 0.01 0.02 0.04
<n> | 58+0.2 6.5+0.3 7.240.3 7.8+0.3
D 2.74£0.1  3.040.1  3.240.1 3.440.1
T 5.82+0.03 6.531+0.03 7.21+0.05 7.85+0.10
k~1.10% | 4.840.3 5.44+0.3 6.0+04 6.7+0.8
x*/NDF| 35/16 32/17 12/17 5/16
N, 5.1£0.2 5.5+0.2 6.0+0.3 6.3+£0.3
T, 1.1340.05 1.1740.05 1.20£0.05 1.2440.05




Average multiplicity-to-dispersion ratios for the whole event, a =< n >, /D, and for
individual jets, 3 =< n >; /D;, and their ratios y = o/ for 2 3- and 4-jet events as a

Table T:

function of the jet resolution parameter Ymm

Number {Parameter Yoin
of jets 0.01 0.02 0.04
o 3.724+0.15}3.71£0.15{3.61£0.15
2 8 2.66+£0.1112.60+0.11 (2.50+0.10
~ 1.40+0.08(1.43+0.08 |1.4440.08
o 3.854+0.16|3.84+0.16 (3.9410.16
3 A 2.214+0.09(2.23+0.09(2.244+0.09
¥ 1.744+0.1071.721+0.10|1.76£0.10
a 4.1740.17|4.4840.18 |4.95+0.21
4 A 2.184-0.09(2.24+0.09|2.281+0.09
v 1.914+0.112.00+£0.1112.17£0.13
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Figure Captions

Figure 1

- Figure 2

Figure 3

Figure 4

Figure 5

Figure 6

Figure 7

Components of the transformation matrix M,,; for events with
initial 2-, 3- and 4-parton states, generated by the Lund ME, into
events with a) 2, 8) 3 and ¢) 4 jets separated by the JADE jet
finding algorithm as a function of the jet resolution parameter
Yoin (XX M,,; =1 for each Y,;,). The curves are labelled with
the indices {mj) of the components shown.

Charged particle multiplicity distribution for events with initial a)
2-, b) 3- and c) 4-parton states generated by the Lund ME and
for the same Lund ME Monte Carlo events with a) 2, b) 3 and ¢)
4 jets separated by the JADE algorithm for the values of the jet
resolution parameter Y., = 0.005, 0.01 and 0.02, respectively.
Corrected charged particle multiplicity distributions for 2-, 3- and
4-jet events for several values of the jet resolution parameter-a)
Ymin = 0.01, b) Y,in = 0.02 and ¢) Y,.;, = 0.04 in comparison
with the Lund PS model predictions.

Corrected charged particle multiplicity distributions for 2-, 3- and
4-jet events multiplied by the fraction, F(7), of events assigned to
the given jet configuration (¥ P(n)F(j) = 1) for a) Yonm = 0.01,
b} Ynin = 0.02 and ¢) Y, = 0.04. The solid curves represent fits
of the data by the NBD.,

Same as in Fig.4, but for one value of Y,,;, = 0.04 and for different
central rapidity intervals.

a) Average number of clans, N, b) Average number of charged
particles per clan, 7, all obtained from the data for ¥,,,, = 0.04,
as a function of the limit of the rapidity interval.

Corrected charged particle multiplicity distributions of individual
jets for 2-, 3- and 4-jet events multiplied by fraction, F(j), of the
given jet-configuration (3 P(n)F(j) = 1) for a) Yuin = 0.01, b)
Ymin = 0.02 and ¢) Y,,;, = 0.04. The solid curves represent fits of
the data by the NBD.
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