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Abstract

The data collected by DELPHI in 1996 have been used to measure the average charged particle multiplicities and
dispersions in qg events at centre-of-mass energies of Vs = 161 GeV and Vs = 172 GeV, and the average charge multiplicity
in WW events at Vs = 172 GeV. The multiplicities in qg events are consistent with the evolution predicted by QCD. The
dispersions in the multiplicity distributions are consistent with Koba-Nielsen-Olesen (KNO) scaling. The average multiplic-
ity of charged particles in hadronic W decays has been measured for the first time; its value, 19.23 + 0.74(stat + syst), is
consistent with that expected for an e* e interaction at a centre-of-mass energy equal to the W mass. The charged particle
multiplicity in W decays shows no evidence of effects of colour reconnection between partons from different W’s at the

present level of statistics. © 1998 Elsevier Science B.V.

1. Introduction

The average charged particle multiplicity is one of
the basic observables characterizing hadronic final
states. It has been extensively studied both theoreti-
cally and experimentally, and results for e*e™— qg
events exist at several centre-of-mass energies [1].

The data collected at LEP in 1996 are at the
highest available centre-of-mass energies in e"e”
interactions, 161 and 172 GeV, and a new physics
window is opened: the production and decay of W
boson pairs. The cross-section for WW production
rises rapidly from about 3 pb at 161 GeV to about 12
pb at 172 GeV. Besides the study of the evolution of
charged multiplicity with energy, this channel is
important because it allows a comparison of the
average charged multiplicity in W hadronic decays
when both Ws decay in fully hadronic modes with
the case in which one of the Ws decays semileptoni-
cally. These two multiplicities should be equal in the
absence of interference between the products of the
hadronic decay of the Ws.

The possible presence of interference (due to
colour reconnection and Bose-Einstein correlations
[2-6]) in hadronic decays of WW pairs has been
discussed on a theoretical basis, in the framework of
the measurement of the W mass. A first measure-
ment of Bose-Einstein correlations in WW events
has shown, within the limited statistics, no evidence
for such correlations between pions from different
Ws [7]. A qualitative argument shows that the effect
of colour reconnection between the decay products
of different Ws could affect the charged multiplicity:
the presence of two cross-talking dijets in the fully
hadronic WW decay allows the evolving particle
system to pick states with smaller invariant mass
than in the case of independent dijets with no cross-
talk. In a recently proposed model [4], this correla-
tion could lead to a charged multiplicity for a WW
system in which both Ws decay hadronically that is
significantly smaller than twice the multiplicity of a
W whose partner decays semileptonically. In addi-
tion, effects of colour reconnection are expected to
be considerably enhanced in kinematic regions where
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there is strong overlap between jets originating from
different Ws. On the other hand, Bose-Einstein cor-
relations are predicted to increase the multiplicity in
WW events in some models [6].

In this paper, the data recorded using the DELPHI
detector [8,9] have been used to determine the aver-
age and the dispersion of the charge multiplicity
distributions in qq events at 161 and 172 GeV and in
WW events at 172 GeV. The multiplicity in qq
events is compared with the evolution predicted by
QCD. The multiplicity in W decays is discussed as a
probe for correlations between the W decay prod-
ucts. Since no significant difference is found be-
tween the fully hadronic and the mixed hadronic-
leptonic decay modes, both are used to extract the
first determination of the average charged multiplic-
ity in W decays.

The paper is structured as follows. Section 2
describes the detector, the data sample and the track
selection. Section 3 describes the selection and anal-
ysis of qq data. Section 4 describes the selection and
analysis of WW data. Finally, in Section 5, results
are discussed and conclusions are drawn.

2. Data sample and event preselection

During 1996, DELPHI collected data at centre-
of-mass energies around 161 GeV and around 172
GeV with integrated luminosities of 9.96 pb~' and
of 10.14 pb™! respectively.

A preselection of hadronic events in both samples
was made, requiring at least 6 charged particles with
momentum p above 400 MeV/c, angle 6 with
respect to the beam direction between 20° and 160°,
a track length of at least 30 cm in the Time Projec-
tion Chamber (DELPHI’s main tracking detector), a
distance of closest approach to the interaction point
less than 4 cm in the plane perpendicular to the beam
axis and less than 10 cm along the beam axis, and a
total energy of the charged particles above 0.15
times the centre-of-mass energy Vs . In the calcula-
tion of the energies E, all charged particles were
assumed to have the pion mass.

Charged particles were then used in the analysis if
they had p > 100 MeV /c, a relative error on the
momentum measurement Ap/p < 1, polar angle 20°

<9< 160° a track length of at least 30 cm in the
TPC, and a distance of closest approach to the
primary vertex smaller than 3 cm in the plane per-
pendicular to the beam axis and 6 cm along the beam
axis.

The influence of the detector on the analysis was
studied with the full DELPHI simulation program,
DELSIM [9]. Events were generated with PYTHIA
5.7 and JETSET 7.4 [10], with parameters tuned to
fit LEPI data from DELPHI [11]. The Parton Shower
(PS) model was used. The particles were followed
through the detailed geometry of DELPHI giving
simulated digitizations in each detector. These data
were processed with the same reconstruction and
analysis programs as the real data. The sizes of the
simulated samples were 20995 qqy and 4806 WW
events at 161 GeV; 62823 qqvy and 27546 WW
events at 172 GeV. In addition, 100 000 events with-
out Initial State Radiation effects were generated
with JETSET /PYTHIA for each energy and chan-
nel, in order to compute the average charged multi-
plicity and dispersion at generator level. In the WW
case two samples were generated, one with two W
bosons and the other with only one W with energy
equal to half the centre-of-mass energy; for both
samples only hadronic W decays were generated.

To check the ability of the simulation to model
the efficiency for the reconstruction of charged parti-
cles, the sample of 0.9 pb~! collected at the Z during
1996 was used. From this sample, by integrating the
distribution of £, = —In(2E/Vs) corrected bin by
bin using the simulation, the average charged particle
multiplicity at the Z was measured to be 20.98 +
0.04(stat), in good agreement with the world average
of 20.99 + 0.14 [12]. A “*multiplicity scale’’ uncer-
tainty of 0.7% can thus be assumed in addition to the
systematic errors quoted below.

3. Analysis of qq decays

3.1. Charged multiplicity in qq events at 161 GeV

The cross-section for e*e™ — qq(y) above the Z
peak is dominated by radiative qgqy events; the
initial state radiated photons (ISR photons) are gen-
erally aligned along the beam direction and not
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Fig. 1. Distribution of the reconstructed hadronic centre-of-mass
energy in e’ e~ — g events at 161 GeV for data (points) and for
simulation (solid line). The simulation is the sum of two contribu-
tions: the white area represents the qg contribution simulated with
PYTHIA Parton Shower model (QQPS in the label) and the
hatched area represents the contribution from WW events. Data
and simulation are normalized to the same number of events.

detected. In order to compute the hadronic centre-
of-mass energy, the procedure described in [13] was
used. The procedure clusters the particles into two
jets using the Durham algorithm [14], excluding
candidate ISR photons. Assuming an ISR photon
along the beam pipe if no candidate ISR photon has
been detected, the energy of the ISR photon is
computed from the jet directions assuming massless
kinematics. The effective centre-of-mass energy of
the hadronic system, Vs , is calculated as the invari-
ant mass of the system recoiling from the ISR pho-
ton. The spectrum of the calculated energies for the
events collected at 161 GeV is shown in Fig. 1. The
full width at half maximum of the peak correspond-
ing to the radiative return to the Z is about 10 GeV,

in agreement with simulation. The small contribution
from WW pairs is shown in the same figure.

The method used to obtain the hadronic centre-
of-mass energy overestimates the true energy in the
case of double hard radiation in the initial state. For
instance, if the two ISR photons are emitted back to
back, the remaining two jets may also be back to
back, but with energy much smaller than the beam
energy. Cutting on the total energy measured in the
detector reduces the contamination from such events.
Events with reconstructed hadronic centre-of-mass
energy (Vs') above 150 GeV, with total energy seen
in the detector above 105 GeV, and with at least 9
charged particles with momentum above 100 MeV /c,
were used to compute the multiplicity at 161 GeV. A
total of 282 events were selected.

The background from WW events was estimated
from the simulation to be 7.9 events. The contamina-
tion from double radiative returns to the Z (within 10
GeV of the nominal Z mass) was estimated from the
simulation to be around 2%. The analysis procedure
described below corrects for this effect.

The measured average multiplicity of charged
particles with p > 0.1 GeV /¢, after subtraction of
the WW background events, was 22.54 + 0.40(stat),
to be compared to 22.75 + 0.12(stat) in the qq PS
simulation including detector effects. The dispersion
of the multiplicity distribution in the data was 6.55
+ 0.28(stat), to be compared to 6.63 + 0.08(stat) in
the qg PS simulation. After correcting for detector
effects, the average charged multiplicity was found
to be (ng, ) =25.45 + 0.45(stat), and the dispersion
to be D = 7.80 £ 0.34(stat). These values include
the products of the decays of particles with lifetime
7<107% s, in particular K§ and A.

The average multiplicity was also computed by
integrating the distributions of rapidity y = élnﬁ—lﬁﬁ
with respect to the thrust axis, and of & = —In(2E/
Vs ), both distributions having been corrected bin by
bin using the simulation. In the calculation of the
energies, all particles were again assumed to have
the pion mass. The £, distribution was integrated up
to a value of 6.2, and the extrapolation to the region
above this cut was based on the simulation at genera-
tor level.

For the central value for the measurement of the
charged multiplicity, the resuit of the integration of
the £, distribution was taken, since the detection
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efficiency depends mostly on the momentum of the
particle. The maximum shift of this value with re-
spect to the values from the other methods, 0.28, was
included in the systematic error. The systematic er-
rors due to the statistics of the Monte Carlo samples
were found to be 0.1, both for the multiplicity (with
&;) and for the dispersion, and were added in
quadrature to the systematic errors.

Half of the value from the extrapolation in &,
0.04, was also added in quadrature to the systematic
error. The average charged multiplicity in the se-
lected events, including the above corrections, was
25.19 and 25.46 from the y and £, distributions
respectively, consistent with the value, 25.45, ob-
tained from the average observed multiplicity. In the
selected events, one is integrating over hadronic
energies above 150 GeV. By comparing the multi-
plicity and the dispersion obtained using JETSET PS
at 161 GeV with the average values above 150 GeV
from the energy spectrum of the selected events in
the simulation, the values of <{n, ) and D were
found to differ by 0.21 and 0.10 respectively. The
analysis procedure corrects for these differences and
they were also added in quadrature to the systematic
error.

Finally, for the centre-of-mass energy of 161 GeV,
the values

(ny ) =25.46 £ 0.45(stat) + 0.37(syst) (D)
D = 7.80 £ 0.34(stat) £ 0.14(syst) (2)

were obtained for the average charged multiplicity
and for the dispersion. The systematic errors were
obtained by adding in quadrature the contributions
from the sources above.

3.2. Charged multiplicity in qq events at 172 GeV

Events with reconstructed hadronic centre-of-mass
energy (Vs ) above 155 GeV were used to compute
the multiplicity at 172 GeV.

A total of 235 hadronic events were selected by
requiring that the multiplicity for charged particles
(with p > 100 MeV /c) was larger than 9, that the
total energy of the charged particles exceeded 0.2Vs,
and that the narrow jet broadening [15] was smaller
than 0.1. The distribution of the narrow jet broaden-
ing for the data, compared to the expectations from
simulation, is shown in Fig. 2. From the simulation it

Vs >155 GeV
80 -y —

DELPHI |
|

cut

e DATA 172 GeV

Events / 0.01

— QQPS+WW sim

WW osim

9] 005 0.1 0.15 0.2 0.25 0.3 0.35 0.4

Narrow Jet Broadening (B)

Fig. 2. Narrow Jet Broadening distribution, as defined in [15], for
the selected data events compared with that expected from simula-
tion.

was calculated that the expected background coming
from WW events was 4.1 + 0.1 events. The contami-
nation from double radiative returns to the Z (within
10 GeV of the nominal Z mass) was estimated by
simulation to be around 3%.

The average multiplicity of charged particles with
p>0.1 GeV/c measured in the selected events,
after subtraction of the WW background estimated
by simulation, was 22.25 4+ 0.44(stat), to be com-
pared to 22.04 + 0.06(stat) in the qq PS simulation
including detector effects. The dispersion of the mul-
tiplicity distribution in the data was 6.69 £ 0.31(stat),
to be compared to the dispersion from the qq PS
simulation of 6.39 + 0.04(stat). After correcting for
detector effects, the average charged multiplicity was
found to be {n,, ) = 26.60 + 0.53(stat), and the dis-
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persion to be D = 8.46 + 0.40(stat). These values
again include the products of the decays of particles
with lifetime 7< 1077 s.

The average multiplicity was also computed, as in
Section 3.1, by integrating the distributions of rapid-
ity with respect to the thrust axis and of £,. The &,
distribution was integrated up to a value of 6.2, and
the extrapolation to the region above this cut was
based on the simulation at generator level. Half of
the value from that extrapolation, 0.07, was added in
quadrature to the systematic error. The average
charged multiplicity of the selected events, including
the above corrections, is 26.78 and 26.52 respec-
tively from the y and &, distribution, consistent
with the value from the average observed multiplic-
ity.

To estimate the systematic error associated with
the procedure to remove the contribution from the
WW events, the value of the cut on the narrow jet
broadening was varied from 0.06 to 0.14 in steps of
0.02. The new values for the average charged multi-
plicity and the dispersion were stable within these
variations, and the highest shifts with respect to the
previous results, 0.38 and 0.45 respectively, were
added in quadrature to the systematic error. The
effect of the uncertainty on the WW cross-section
was found to be negligible.

By comparing the multiplicity and the dispersion
obtained using JETSET PS at 172 GeV with the
average value above 155 GeV from the energy spec-
trum of the selected events, it was found that the
values of (nch> and D differ by 0.27 and 0.13
respectively. These shifts were added in quadrature
to the systematic error. As a central value for the
measurement of the charged multiplicity the result of
the integration of the £, distribution was taken,
since the detection efficiency depends mostly on the
momentum of the particle. The maximum shift with
respect to the values obtained with the previous
methods, 0.26, was added in quadrature to the sys-
tematic error. The systematic errors due to the statis-
tics of the Monte Carlo samples were found to be
0.06, both for the multiplicity (with &) and for the
dispersion, and were added in quadrature to the
systematic errors.

Finally, for the centre-of-mass energy of 172 GeV,
the values

(ng4y=26.52 +0.53(stat) £ 0.54(syst) (3)

D = 8.46 + 0.40(stat) + 0.47(syst) (4)

were obtained for the average charged multiplicity
and for the dispersion. The systematic errors were
obtained by adding in quadrature the contributions
from the sources above.

4. Analysis of WW decays

The analysis of WW decays was performed only
on the 172 GeV data, since the sample collected at
that energy was significantly larger than that at 161
GeV.

4.1. Fully hadronic channel (WW — 4j)

Events with both Ws decaying into (q are charac-
terized by high multiplicity, large visible energy, and
tendency of the particles to be grouped in 4 jets. The
events were pre-selected by requiring at least 12
charged particles (with p > 400 MeV /c), with a
total energy (charged plus neutral) above 20% of the
centre-of-mass energy.

The background at 172 GeV is dominated by
qq(v) events. For these events, the hadronic centre-
of-mass energy was computed as described in the
previous section. To remove the radiative hadronic
events, the hadronic centre-of-mass energy was re-
quired to be above 110 GeV.

The particles in the event were forced to 4 jets
using the Durham algorithm, and the events were
kept if all jets had charged multiplicity larger than 1.
It was also required that the separation between the
jets (y.,. value) be larger than 0.005. The combina-
tion of these two cuts removed most of the remain-
ing semi-leptonic WW decays and the 2-jet and 3-jet
events of the qq background.

A four constraint fit was applied, imposing energy
and momentum conservation except along the beam
line, and the equality of the two dijet masses. Of the
three fits obtained by permutation of the jets, the one
with the best x> was selected. Events were accepted
only if the product of the smallest fitted jet energy
and the smallest angle between the fitted jet direc-
tions was greater than 13 GeV - rad.

The purity and the efficiency of the selected data
sample were estimated using simulation to be about
68% and 73% respectively. The data sample consists
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of 58 events, where 57 are expected from simulation.
The expected background was subtracted bin by bin
from the observed distributions. The values of {n, )
before and after the background subtraction were
34.5 and 35.4 respectively.

The final value of {n,) was estimated by inte-
grating the & distribution. To account for ineffi-
ciencies due to detector effects and selection criteria,
a correction factor was computed, bin by bin, as the
ratio of the &, distributions at generator level and
after full simulation of the DELPHI detector and
application of the above cuts. The following final
value was obtained:

(NUHADY QW )Y = 40.6 + 1.7(stat) + 1.1(syst),
(5)

where the systematic error accounts for variation of

the selection criteria (0.8), change of the qq cross-

sections within the error of the measured value [16]

(0.04), uncertainty on the modelling of the back-

ground (0.64), and limited statistics in the simulated

sample (0.08). The value of {n,) was also esti-
mated from the observed multiplicity distribution as

40.3 + 1.7(stat), and the difference (0.36) from the

reference value was taken as an extra systematic

error. The uncertainty on the modelling of the back-
ground quoted above is the sum in quadrature of
three contributions:

+ Uncertainty on the multiplicity at 172 GeV. A
relative uncertainty as in Eq. (3) was assumed;
this gives a multiplicity error of 0.43.

+ Uncertainty on the modelling of the 4-jet rate.
The agreement between data and simulation was
studied in a sample of 4-jet events at the Z, with
Yeu: Tanging from 0.003 to 0.005. The rate of 4-jet
events in the simulated sample was found to
reproduce the data within 10%. The correction
due to background subtraction was correspond-
ingly varied by 10%, which gives an uncertainty
of 0.16.

+ Uncertainty on the multiplicity in 4-jet events.
The average multiplicity of 4-jet events selected
at the Z for a value of y,, = 0.005 is larger by
(2.8 + 1.3(stat))% than the corresponding value in
the simulation. A shift by 2.8% in the multiplicity
for 4-jet events induces a shift of 0.45 on the
value in Eq. (5).

The presence of interference between the jets
coming from the different Ws could create subtle
effects, such as to make the application of the fit
imposing equal masses inadequate. For this reason a
different four constraint fit was performed, leaving
the dijet masses free and imposing energy-momen-
tum conservation. Of the three possible combinations
of the four jets into WW pairs, the one with mini-
mum mass difference was selected. No x? cut was
imposed in this case. The average multiplicity ob-
tained was 41.4, again fully consistent with (5).

4.2. Mixed hadronic and leptonic final states (WW
- 2jlv)

Events in which one W decays into lepton plus
neutrino and the other one into quarks are character-
ized by two hadronic jets, one energetic isolated
charged lepton, and missing momentum resulting
from the neutrino. The main backgrounds to these
events are radiative qg production and four-fermion
final states containing two quarks and two oppositely
charged leptons of the same flavour.

Events were selected by requiring seven or more
charged particles, with a total energy (charged plus
neutral) above 0.2vs . Events in the qqy final state
with ISR photons at small polar angles, which would
be lost inside the beam pipe, were suppressed by
requiring the polar angle of the missing momentum
vector to satisfy |cos@, ;| < 0.94.

Including the missing momentum as an additional
massless neutral particle (the candidate neutrino), the
particles in the event were forced to 4 jets using the
Durham algorithm. The jet for which the fractional
jet energy carried by the highest momentum charged
particle was greatest was considered as the ‘‘lepton
jet”’. The most energetic charged particle in the
lepton jet was considered the lepton candidate, and
the event was rejected if its momentum was smaller
than 10 GeV/c or greater than 65 GeV /c. The
“peutrino jet”” was considered the jet clustered
around the missing momentum. The event was dis-
carded if the invariant mass of the 2 hadronic jets
was smaller than 20 GeV /c?.

At this point three alternative topologies were
considered:

» Muon sample: when the lepton candidate was
tagged as a muon and its isolation angle, with
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respect to other charged particles above 1 GeV /c,
was above 10° the event was accepted either if
the lepton momentum was greater than 20 GeV /¢,
or if it was greater than 10 GeV /¢ and the value
of the y,., parameter required by the Durham
algorithm to force the event from a 3-jet to a 4-jet

configuration was greater than 0.003.

- Electron sample: when the lepton candidate had
associated electromagnetic energy deposited in
the calorimeters larger than 20 GeV, and isolation
angle (defined as above) greater than 10 degrees,
the event was accepted if the required value of
V... Was greater than 0.003.

- Inclusive sample: the events were also accepted if
the “‘lepton”” momentum was larger than 20
GeV /¢ and greater than half of the jet energy, the
missing momentum was larger than 0.1Ys, the
required value of y_, was greater than 0.003, and
no other charged particle above 1 GeV /¢ existed
in the lepton jet.

All three topologies were then retained for the
analysis, giving 33 events in the data sample. The
estimated purity was 90%, and the efficiency was
54% (64% in the electron channel, 81% in the muon
channel and 17% in the 7 channel). A total of 30
events were expected from simulation. A correction
was estimated from simulation to account for detec-
tor effects and the contribution from the initial lepton
(or its decay products) to the observed multiplicity,
taking as reference the sample generated with one W
decaying into hadrons. The values of the observed
charged multiplicity before and after the background
subtraction were 16.9 and 16.8 respectively.

Finally the following value was obtained for the
charged multiplicity for one W decaying hadroni-
cally in a WW event with mixed hadronic and
leptonic final states by integrating the & distribu-
tion:

(NSS(W)) = 18.0 + 0.9(stat) & 0.6(syst), (6)

where the systematic error accounts for the variation
of the selection criteria (0.42), variation of the qq(y)
cross-sections within the error of the measured value
[16] (negligible), limited statistics in the simulated
samples (0.06) and the difference between the esti-
mates of the charged multiplicity obtained from the
&p integration and from the alternative method of

taking the average of the observed multiplicity distri-
bution (0.43).

5. Discussion

Fig. 3 shows the value of the average charged
particle multiplicity in e*e” — gg events at 161
GeV and 172 GeV compared with lower energy
points from TASSO [17], HRS [18], and AMY [19],
with DELPHI results in qgy events at the Z [20],
with the world average at the Z [12], with the LEP
results at 133 GeV [13,21-23], and with L3 and
OPAL values at 161-172 GeV [24,25]. A point corre-
sponding to the multiplicity observed by DELPHI in
W decays is also included at Vs = My, and is dis-
cussed later in this section. The value at the Z has
been lowered b_y 0.20, to account for the different
proportion of bb and ¢ events at the Z with respect
to the continuum e*e”— qq [26]. Similarly, the
values at 133, 161 and 172 GeV were lowered by
0.15, 0.12 and 0.11 respectively.

The QCD prediction for charged multiplicity has
been computed as a function of «, including the
resummation of leading (LLA) and next-to-leading
(NLLA) corrections [27,13]:

7Y = o ()] e V] 4 Y.

where s is the squared centre-of-mass energy and a
is a parameter (not calculable from perturbation the-
ory) whose value has been fitted from the data. The
constants b = 0.49 and ¢ = 2.27 are predicted by the
theory [27] and a (Vs ) is the strong coupling con-
stant. The parameter d was introduced [20] to allow
for higher order corrections. A fit to data between 20
GeV and Vs = M, with a,(Vs) (expressed at next-
to-leading order) and a and d as free parameters, is
shown in Fig. 3. The results of the fit are: a = 0.053
+0.006, d=1.11+0.39, and «(m,)=0.119 £+
0.003(stat). This value of a(m,) yields
a (172GeV) = 0.108 + 0.002(stat), and the curve
describes the data well.

The ratios of the average multiplicity to the dis-
persion, (nch »/D, measured at 161 GeV and 172
GeV, are consistent with the average from the mea-
surements at lower centre-of-mass energies (3.12 +
0.05), as can be seen in Fig. 4. This is consistent
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Fig. 3. Measured average charged multiplicity in e e~ — qq events as a function of centre-of-mass energy \/s_ . DELPHI high energy results
are compared with other experimental results and with a fit to a prediction from QCD in Next to Leading Order. The average charged
multiplicity in W decays is also shown at an energy corresponding to the W mass. The measurements have been corrected for the different
proportions of bb and cZ events at the various energies.

with KNO scaling [28], and also with the predictions From the results obtained on hadronic W decays,
of QCD including 1-loop Higher Order terms (H.O.) we observe that the charged multiplicity from WW
[29]. systems in which both Ws decay hadronically is
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Fig. 4. Ratio of the average charged multiplicity to the dispersion in e e™ — q{ events at 161 GeV and 172 GeV, compared with lower
energy measurements. The straight solid and dotted lines represent the weighted average of the data points and its error. The dashed line
represents the prediction from QCD (see text).
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consistent with twice that from a W whose partner
decays semileptonically:

2N (W)

W =0.89 + 0.06(stat) £ 0.04(syst) .

(7

The ratio above is three standard deviations smaller
than the ratio (1.11) obtained by applying our selec-
tion efficiency to the prediction in [4] in case of
complete colour reconnection, folded around 90 de-
grees because quarks were not distinguished from
antiquarks in this analysis.

A possible dependence of the charged multiplicity
in WW fully hadronic events on the minimum angle
between two jets, suggested in [4], was checked by
dividing the sample into two sub-samples according

o
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Events / 5°
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I

] WW-4j+Backgr] o

s | B Backgrounds
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Minimal Interjet Angle - G)j

Fig. 5. Distribution of 6, the smallest angle between any two
fitted jet directions in ete” — WW candidates, for events in
which both Ws decay hadronically. The data (points) are com-
pared with the simulation. The shaded area shows the simulated
background.

to the smallest interjet angle 6, in the event, (a)
6, <60° and (b) 6;> 60°. The distribution of the
angle 6, for data and simulation is shown in Fig. 5.
The average multiplicities measured (including cor-
rections for detector effects) were consistent: 42.9 +
2.5(stat) in sample (a) and 38.6 + 2.3(stat) in sample
(b). The ratio r of the average multiplicities in
sample (b) to sample (a) is

r=0.90 + 0.07(stat) £ 0.03(syst) (8)

where the systematic error accounts for the different
background correction in the two regions (the result
was 0.95 + 0.06(stat) before background subtraction).
The ratio obtained by applying the prediction in [4]
to the observed Gj distribution is 1.08, which is
larger than the measurement by 2.3 standard devia-
tions.

Thus, at the present level of statistics, the study of
charged multiplicity in W decays shows no evidence
of colour reconnection effects.

In the hypothesis (consistent with this analysis)
that the charged multiplicity in a W decay is inde-
pendent of the decay mode of the other W, the
measurements can be averaged to obtain the best
determination of the charged particle multiplicity
from hadronic decays of the W. Considering the
systematic errors as independent:

(N(W)) =19.23 £+ 0.74(stat + syst), (9)

where the error is the sum in quadrature of the
statistical and of the systematic contributions. The
value of N(W) is also plotted in Fig. 3 at an energy
value corresponding to the W mass; it has been
increased by 0.35 units to account for the different
proportion of events with a b of a ¢ quark in WW
decays than in continuum e*e” events [26]. It lies
on the same curve as the e*e™ data.
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