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Abstract

A study of individual jet and whole-event charged particle multiplicities in
three-jet events measured in ete™ annihilation at the Z reveals a significant
topology dependence. Mean jet multiplicities are inadequately described by
jet energies; interjet angles must also be specified. Quantitative tests suggest
that it is necessary to use transverse-momentum-like scales to describe the
data.
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1 Introduction

There have now been several studies of quark and gluon jet properties published by the
LEP Collaborations [1, 2, 3, 4]. In general these have been based on specific configurations
of three-jet events, in particular onefold and threefold symmetric events. As a result
of constraining the event topology the full two-dimensional' phase space for three-jets
is effectively reduced to a one-dimension curve, or even a point. Additionally such
restrictions limit the available statistics. In this paper the earlier analyses are extended
in a study of the behavior of the mean charged particle multiplicity of quark jets, gluon
jets and whole events for all three-jet configurations.

A principle result of this work is a demonstration that the energy of a quark or gluon
jet is an inappropriate scale to uniquely specify its mean multiplicity. That is, samples
of quark (or gluon) jets of identical energy generally have different mean multiplicities.
New energy- and topology-sensitive scales are suggested and shown to better describe the
jet data. This result is confirmed in a quantitative analysis of whole-event multiplicities
where it is not necessary to apply tagging or assign tracks to individual jets. In previously
published LEP analyses [1-4] only dependences on energy were considered.

The idea that the position of a jet relative to the other jets, in addition to its energy,
is important in determining its properties follows naturally from the coherence of QCD
radiation [5]. This should particularly be true for the event multiplicities which are
dominated by long wavelength, soft gluons [6]. Colour charge is conserved by QCD so
that at leading order in «g and the number of colours, the large N, limit, the gluon carries
an equal and opposite anti-colour charge to that of the quark; likewise for the anti-quark.
This is illustrated in figure 1.

)
Y
)

)

y

Figure 1: A three-jet event and the colour flow to O(a,N?).

It is therefore natural to expect that as the quark and gluon, for example, come close to
each other their colour charges mutually shield one another and the amount of subsequent
gluon radiation is reduced. The quark and gluon are not independent but form a coherent
system. Monte Carlo event generators such as HERWIG [7] and JETSET [8] which work
within the Modified Leading Logarithm Approximation (MLLA) to perturbative QCD
(pQCD) build in these coherence effects. Indeed it can be argued that the radiating units
are not the actual partons but rather the colour dipoles formed between them [9]; this
approach is directly exploited in the ARIADNE [10] Monte Carlo. The analysis presented
here confirms that the data do not support the concept of independent jets but prefer a
more coherent description.

!The event plane orientation is not expected to play a rdle in this analysis and is not therefore
considered here.



In section two of this paper the experimental procedures used to select and correct the
data sets are detailed. In section three new topology-sensitive scales are introduced and
used to demonstrate that they can characterize quark and gluon jet mean multiplicities
whilst energy alone cannot. In section four these new scales are used to parameterize
the jet and whole-event charged multiplicities in three-jet events. Finally conclusions are
given in section five.

2 Detector, data selection

2.1 Detector

The ALEPH detector, which provides both tracking and calorimetric information over
almost the full solid angle, is described in detail elsewhere [11]. The momenta of charged
particles are obtained from a fit to information provided by the three tracking devices: a
two-layer, double-sided silicon vertex detector, an eight-layer, axial-wire drift chamber and
a large time projection chamber. This measurement, when combined with calorimeter and
muon chamber information allows the reconstruction of energy flow objects [12]. Taking
advantage in this way of the redundancies built into the apparatus improves both the
energy and the angular resolutions.

2.2 Selection of three-jet events

The results presented here are based on two data samples which are used in the whole-
event and single-jet studies. In each case hadronic Z decays are selected using the
standard ALEPH criteria [13]. The Durham jet clustering algorithm [14] with a resolution
parameter of y” = 0.01 is then used to further select three-jet events. Geometric cuts are
applied to ensure that the event is well contained within the detector. The jet energies
are recomputed from their relative opening angles assuming massless, planar kinematics;
this significantly improves the resolution obtained on the jet energies.

The whole-event sample is based on 1.8 x 108 hadronic Z decays. The three jet selection
is as described above with in addition a minimum 30° inter-jet angle. This results in 3x10°
three-jet events, which have no tagging or unfolding applied.

The quark and gluon jet properties are measured in a sample of 5.4 x 10° three-jet
events. First, a bbg enriched subsample of 5 x 10* events is obtained using an impact
parameter tag [15]: the probability that all the charged tracks originate from the primary
vertex is required to be less than 1073. The gluon jet is identified as the jet with the
highest probability to be from the primary vertex. The resulting purity of the gluon jet
varies between 50% at a jet energy of 40 GeV to 97% at 5 GeV and is typically larger
than 90%. The gluon jet charged multiplicities are determined as a function of its energy
and also the angles to the other two jets. This binning allows any dependence on event
topology to be investigated. The effect of the residual quark contamination is removed
by applying a small, < 8%, multiplicative correction factor determined from Monte
Carlo. Second, charged particle multiplicities in quark jets are linearly unfolded from
the full, untagged, three-jet event sample using the above gluon results and quark/gluon
compositions determined from the leading order QCD matrix element. This unfolding
is possible because the gluon jets are the same in udsc- and b-quark initiated events, as
expected from QCD.



2.3 Purities

After selecting a three-jet event, one is faced with the issue of assigning to each jet
probabilities for the quark and gluon hypotheses. At O(a?) and beyond this classification
is a matter of definition. Two prescriptions have been used in this paper according to the
information available.

Matrix Element method: Using only the jet energies the leading order QCD matrix
element may be used to give a probability that any particular jet is the gluon [18]:

T2 + 22
(]_ — .'L'l)(l — 1‘2)

Pg:g X (1)
and so on, where x; are the three scaled jet energies: x; = 2Eget/Ecm. This definition does
not require any tagging.

Monte Carlo matching method: An alternative method based on fully simulated
Monte Carlo events is to use an angular matching procedure to pair sets of three jets
found at detector level to three jets at the end of the parton shower. If the two primary
quarks can be unambiguously traced to two separate jets at detector level then the third
jet is called a gluon jet. Such events allow probabilities to be defined for jets in specific
configurations which can be applied to data. This procedure is particularly important
when a flavour tag indicates the presence of a heavy quark in one or more of the jets;
variants of this method have been extensively used in previous studies [1-4].

A comparison between the gluon jet purities obtained using the matrix element and
the Monte Carlo matching definitions has been performed as a function of the event
topology. For a jet of energy Eje the variable chosen to characterize the event topology is
A = Opax — Omin the difference of the opening angles to the other two jets?. The variable
Af, which is independent of Ej., has several simple properties: Af = 0 for symmetric
events and Af = 180° for two-jet-like events. The variables (Eje;, Af) span a rectangular
phase space 0 < Eje; < Eon/2 and 0 < A < 180°; selecting jets with y2, = 0.01 and a
minimum inter-jet angle restricts the analysis to a subspace with curved boundaries.

Figure 2 shows the lines of constant gluon purity in the (Eje, Af) phase space. The
full lines are obtained with the matrix element definition and the dotted lines with the
Monte Carlo matching. The agreement between the two definitions is good except at
the phase space boundaries. This graph also confirms that the jet energy Fje; essentially
fixes the gluon purity and thus that different topologies for jets of fixed energy can be
studied at almost constant gluon purity. The scheme based on the leading order QCD
calculation has been used in this paper for quark/gluon jet purity evaluation in three-jet
events. It has the advantage of avoiding the complexity and the uncertainties involved
with the Monte Carlo matching method.

2.4 Acceptance corrections and checks

For each sample the effects of geometrical acceptance, detector efficiency and resolution
are obtained by comparing the properties of Monte Carlo events before and after detector
simulation. From an event generator based on Dymu3 [16] and JETSET 7.3 [8] with
parameters adjusted to describe the ALEPH data [13] are obtained 2.8 x 10° hadronic
events. These events are passed through the full ALEPH detector simulation. After event
reconstruction three-jet events are selected as for the data. This allows multiplicative

2By kinematics fixing the jet’s energy strongly constrains the opening angle between the other two
jets.



corrections to be determined which are applied bin-by-bin on any measured raw data
distribution, according to the method explained in reference [13]. The definition of
charged multiplicity follows [17]: all particles with lifetimes < 1ns are forced to decay;
this includes K2’s and strange baryons, whilst tracks associated with photon conversions
are not counted. These corrections factors are small, < 8%, and do not alter the basic
shapes of the measured raw distributions.

Several checks of the correction/unfolding method used to obtain the the quark and
gluon jet properties were carried out. The results were shown to be stable against altering
y2. to 0.005 or 0.02, or imposing a minimum, 70°, angular separation between the jets.
In the bbg enriched sample the gluon jet identification was changed to require it to have
a probability that its tracks come from the primary vertex > 0.2 and the other two jets
< 0.1 before applying a correction for quark contamination. For the quark jet sample the
unfolding was repeated using the Monte Carlo matching definition of purity, described
above. In both cases the resulting distributions remained very similar. Finally tests were
also performed to explicitly demonstrate using the data that the gluon jet properties in
the b-tagged and untagged event samples are equivalent.

3 Topology sensitive scales

3.1 Quark scale

The idea that the gluon and (anti-)quark colour charges screen each other suggests that
the appropriate scale for quarks (and likewise antiquarks) is

0
Qqe = Eysin (%) (2)

rather than Qp = E,. Here E, is the quark’s energy and 6,, the quark-gluon opening
angle. This scale depends only on the direction (and not energy) of the gluon and tends
to E, when the quark and gluon are back to back, i.e., colour screening is minimal, and
vanishes as the quark and gluon become parallel, i.e., maximal colour screening. The scale
(Qqq 1s related to the quark’s transverse momentum with respect to the gluon direction. In
practice one cannot per se say which is the gluon jet but 6,,;,, the angle to the closest jet,
predominantly gives the desired angle: 0., ~ 6,,. The probability that this assignment
is correct lies in the range 75-95%. In figure 3 the mean quark jet charged multiplicity,
(N,), is plotted as a function of the two quark scales: a) Qp = E, (figure 3.a) and b)
Qumin = Eysin(0min/2) = Qg (figure 3.b). In figure 3.a the points in a vertical band
all lie in the same energy bin but different Af sub-bins: they have been plotted such
that a lower energy point corresponds to a lower Af bin. Each data point in figure 3.a
corresponds to a single value of Qui,. A clear difference is the extent to which the data
points lie on a single curve, i.e., the extent to which the scale uniquely determines the
mean charged multiplicity for quark jets. At fixed Qg the vertical dispersion in figure
3.a is a measure of the unaccounted-for topology dependence, whereas figure 3.b shows
little dispersion. To confirm the effectiveness of the new scale a single function taken
from the (phenomenological) set of functions {a + blog @ + clog® @} is tested to see how
well it is able to describe the data. Performing a fit the best chi-squared per degree of
freedom (x?/d.o.f.) for Q@ = Qg is 1208/(59 — 3) = 21.6 whilst for Q@ = Qmin ~ Qqq it is
54/(59 — 3) = 0.96. The dashed curve in figure 3.b shows this best fit function; the solid
curve is described in section 4. The ad hoc scales Qmax & Qqg and @, (see equation (4)



below) also fail to describe the data: their minimum x*/d.o.f. are 893/(59 — 3) = 15.9
and 235/(59 — 3) = 4.20, respectively.

3.2 Gluon scales

In the previously advocated picture the gluon is approximated by a pair of colour-
anticolour charges so that using two scales seems appropriate to describe a gluon, one
associated with each colour line. This leads to the following expression for the two scales:

0 0 -
Qqgq = E,sin (%) and Ry = E,sin (%) : (3)
As explained in the next section, these two scales can be combined into one effective scale:
@g - \/nglei = \/Qmamein- (4)

The mean gluon jet charged multiplicity, (N,), is plotted in figure 4 as a function of: a)
Qr = E,and b) Q = @g. Again significant vertical dispersion is apparent in the data
points belonging to the same energy (Qg) whereas the data align on a single curve for the
topological scale (@g). Performing a least-squares fit, assuming a quadratic dependence
on log @, yields a x?/ d.o.f. for Q = Qg of 373/(59 — 3) = 6.66 whilst for Q = @g it
drops to 39.0/(59 — 3) = 0.70. The ad hoc scales Quin and Qnax also fail to parameterize
the data: their minimum x?/d.o.f. are 263/(59 — 3) = 4.70 and 388/(59 — 3) = 6.93,
respectively.

This result is confirmed in an independent study performed using a highly-enriched
sample of gluon jets which avoids using model-based purity corrections and instead relies
on stricter selection criteria. The event selection is similar to that of the nominal analysis
but now includes tighter geometrical cuts to insure that all three jets are contained well
within the coverage of the vertex detector. The tagging procedure is again based on
the impact parameter technique [15]. Two of the three jets are tagged as heavy flavour
jets, the third is taken as the gluon jet. The tagging criteria are energy dependent in
order to optimize the selection efficiency whilst maintaining high gluon purities across
the whole available jet energy range. This yields 1.1 x 10 jets whose gluon purity lies
between 73 and 97% according to their energy, with a 94% average value. No correction
was applied for the small residual quark contamination or even detector acceptance. The
same investigation of the scale dependence of the mean charged multiplicity is repeated.
Assuming a quadratic dependence on log @ the x*/d.o.f.= 79/(49 —3) = 1.72 for the scale
Q, and 281/(49—3) = 6.11 for the scale Qp; again the mean charged multiplicity is found

to be a function of @, and not Q.

4 Jet and Event Multiplicities

In the previous section topology-sensitive scales are identified, @)\, and @g, which are
more appropriate than the jet energy for characterizing mean charged multiplicities in
jets. These scales are now used to parameterize the variations of jet and whole event
multiplicities.

4.1 Multiplicity formulae

The evolution of the mean charged particle multiplicity in ete™ collisions, as a function
of center of mass energy, has been reliably predicted in pQCD by applying Local Parton-

5



Hadron Duality to a MLLA calculation [6]:

NN Q) = 2Kab(Q) exp | ——— | .(1+ O(ya3)) = 2M(Q 5
( (@) ()p(m)( (\ﬁ)) (@) (5)

with

QN = Bt A | R los(Q3/A) (©)

For five active flavours [6], b ~ 0.492, ¢ ~ 2.265, [y ~ 7.667 and (; =~ 38.67, @ is
the ‘energy’ scale, K and A are free parameters® which must be found from fits to event
charged multiplicity data. Using half the charged multiplicity in ete™ annihilation events,
compiled in [22], and the scale @ = 4/s/2, which is in agreement with equation (2),
reference values of K and A are determined. The result of the fit is K = 0.035 £ 0.004
and A = 80+ 29 MeV where K and A are almost fully correlated. Hadronic Z decays are
dominated by pairs of back-to-back quark jets so that to leading order (N°"¢7) = 2(N,);
thus equation (5) is used to also describe the mean charged multiplicity of quark jets:
(N)(Q) = N(Q)

The mean multiplicity in a pair of back-to-back gluon jets has also been calculated and
at leading order (LO) is predicted to be approximately twice (C'4/Cr) that of an equivalent
pair of quark jets [19]. However large corrections to this ratio are expected at Next-to-
Next-to-Leading Order [20] and particularly when energy conservation is implemented
[21], so that (N, (Q)) = fN(Q) is used with f free. In realistic situations it has been
argued that it is more appropriate to consider the gluon as having two scales, leading to
the following expression for the mean charged multiplicity: (N,) = fIN(Qq) +N (Qyq)]/2-
Now since the scale dependence of the jet multiplicity is expected to be via as(Q) and
hence logarithmic the two scales for a gluon can be combined into one, equation (4), and

the multiplicity given by: fA(Q,). To see this consider (Ny) = N(Qgq) + N (Qq7) and
write Qgq = @g X 1/ Qgq/Qqq s0 that log Qg = log@g +10g \/Qgq/Qqq, likewise for Qyq;

then expanding each A in a Taylor series one has (N,) = 2N (Q,) + O(N"). This result
only assumes a logarithmic scale dependence in N (Q). When the previously employed

quadratic form is used the difference between the two expressions is 2¢log? \/ Qgq/Qgq- If

equation (5) is used for A/ then the neglected term is of higher order than the presently
calculated terms [6] and it would be unjustified to retain it.

It is important to remember that using the above functional form for the multiplicity in
an individual jet is an approximation to the full theory since it takes no account of how the
jet definition chooses to assign particles to the jets. However it should offer a reasonable
first estimate for the purpose of comparison. Alternatively one can regard equation (5)
as simply a parameterization of the, two-jet dominated, total event multiplicity to which
comparison is made.

A [1 _ Bilog log(QQ/AQ)]

4.2 Jet multiplicities

Equation (5) is used to try and fit the mean quark and gluon jet charged multiplicities
of the unfolded/corrected data samples, determined in subsections 3.1 and 3.2, with the
energy scale definitions given in equations (2) and (4), respectively. The equation fails to
describe the quark jet data, as can be seen in figure 3 where the solid curve represents

3The full /a;s correction to equation (5) would need to be known before the effective A appearing in
the multiplicity formula could be related to that determined from other measurements.



the best fit. However the choice of scale is the correct one and it is the choice of the
functional form for the scale dependence which is wrong. As previously observed a good
fit is possible by assuming a quadratic dependence on log (), the dashed line in figure 3. In
contrast the gluon jet data is described very well by equation (5) with fitted parameters
fK =0.046 £ 0.004 and A = 80 4+ 16 MeV; this is the solid line in figure 4.

4.3 Event multiplicities in three-jet events

Rather than assigning particles to jets according to a cluster jet algorithm and study
the exclusive jet mean charged multiplicities, the fully inclusive total multiplicity is now
considered. This simpler observable has the advantage of minimizing any sensitivity to
the choice of jet algorithm [2, 4] and is likely to be more amenable to a theoretical
description. Further, in order to avoid biases in the tagged jet properties, only the events
of the untagged event sample described in subsection 2.2 are used; no b tagging and thus
no unfolding is performed. This not only reduces strongly the size of the systematic errors
but also gives a substantial gain in statistics.

The total event multiplicity is regarded as consisting of three components (Neyt) =
(Ng + N; + Ny). Two expressions for (Ne) are considered, based on using equation (5)
with either jet energies or the topology-sensitive scales introduced in equations (2) and
(3). Since in practice it is not known which jet is the gluon all expressions are averaged
over the three ways of assigning the gluon weighted by their probabilities. Probabilities
based on equation (1) are used for this purpose. The expression using jet energy is:

(Ne) = 3 Prog{ IN(B) + N (Ez) + N (o)} (7

perms

and the expression using topology-sensitive scales is:

(New) = X Prg{ FN(@)) + N (Qur) + N (Qu) } 0

perms

Here Q, = /Q12Q13 is the gluon scale and Qg (Q31) is the corresponding quark
(antiquark) scale. Figure 5 shows the mean total charged multiplicity of each three-
jet event in 4 GeV bins of Eje, as a function of Af, using 20° bins. Here each event
contributes to three bins in the (Ej, Af) space shown in figure 2, once as each of the
three jets are selected; the sub-figures correspond to vertical slices across this space.
Fitting this data allows K, A and f to be fitted simultaneously. The dashed curves are
the results of a fit using the independent jets model, equation (7), where the scale is the
jet energy for both quark and gluon jets. Clearly, this choice of scale is excluded, the best
fit giving x?/d.o.f.= 559/(65 — 3) = 9.02. The solid curves show the best fit based on
the coherent jets model, equation (8), which uses the new topology-sensitive scales. The
fitted parameters in this case are K = 0.034+0.002, A =814+10 MeV and f = 1.48+0.08
giving a x?/d.o.f.= 56.0/(65 — 3) = 0.90. Again K and A are almost fully correlated to
each other whilst f is almost fully anti-correlated to them. If the Monte Carlo matching
based definition of purity is instead used in equation (5) then the fit gives almost the
same results.

A test of the Monte Carlo models was also performed on the total event multiplicity.
ARIADNE, HERWIG and JETSET are all capable of reproducing the three-jet data as
a function of position in phase space. Further their predictions may be successfully
parameterized using equation (8) with the same values of K, A and f as found for data.



In fit results for both the single jet and whole event samples quoted above only the
numerically dominant statistical errors are used in the x? measure. Many sources of
potential systematic error were investigated, including all those considered in section 2.4.
Additionally to check stability the fit region used in the complete three-jet study was
reduced to only those 4 GeV x 20° bins wholly contained within the three-jet event
definition region. Finally instead of numerically integrating the theoretical functions
over the allowed regions of the wide bins to obtain predicted average values, the fit was
repeated using the function values at the centers of small, 1 GeV x 2° bins. In all cases
the measured effects on the fit results were below the level of those due to the statistical
errors and in no instance greater than 10%.

4.4 Discussion

The QCD derived formula, equation (5), for the scale dependence of mean charged particle
multiplicities provides an excellent description of the data for (half) the total multiplicity
of all eTe~ annihilation events, as it should, for the gluon jet data and for the total
multiplicity of the untagged three-jet event sample, provided the proposed topological
scales are used, equation (8). The best fit values of the free parameters, K, A and f,
obtained for these three data sets are remarkably similar, which could be interpreted as
evidence for an universality in the hadronization process. It is interesting that the value
of the gluon-jet/quark-jet multiplicity ratio obtained, f ~ 1.5, is in good agreement with
the most recent OPAL measurement [4], which aims at a jet definition independent result,
and also the theoretical prediction in reference [21].

However, equation (5) fails badly to describe the observed scale dependence of the
quark jet multiplicity. Two features are worthy of comment. The relatively high
multiplicities at low scale, compared to half that measured in an e*e™ annihilation event
at a corresponding lower /s, and the flattening of the dependence at higher scales, see
figure 3.b. Neither feature can be accommodated simultaneously in the QCD based
formula, equation (5). Nevertheless it is an important fact that the coherent Monte
Carlos, in particular JETSET which was used in the data correction/unfolding, reproduces
the behavior of the quark jet multiplicity in detail. That is, the MLLA contains, in large
part, the physics underlying this observed scale dependence, unlike equation (5). The
high values at low scales cannot be attributed to using incorrect purities when performing
the unfolding procedure since in this region, 5-10 GeV, both quarks and gluons have
comparable multiplicities; changing the purities would not alter this result.

A conclusion to be drawn from these measurements is that the quark jet multiplicity
defined as half that seen in a full ete~ annihilation event is not equivalent to the number
of tracks assigned to a quark jet by a cluster algorithm. As emphasized previously,
a potential reason why equation (5), which was developed to describe the total event
multiplicity, fails to describe the quark jet data is that the formula does not contain any
information about the jet algorithm. It is then all the more remarkable that the formula
works so well for gluon jets. Such sensitivity to the details of the jet definition have been
reported previously [2, 4].

5 Conclusions

Quark and gluon jet mean multiplicities are not functions of jet energy alone, as
demonstrated in figures 3.a and 4.a by the large vertical dispersions, up to 40% at low



scales. This is due to the neglect of topology dependence. Inspired by the colour coherence
of QCD new transverse momentum-like scales are proposed, Qi for quarks and @g for
gluons, which can uniquely parameterize the data shown in figures 3.b and 4.b.

An investigation of the functional form of the jets’ multiplicity dependence on these
new scales shows that equation (5), developed to describe total event multiplicities in
ete  annihilation, can also describe gluon jets using very similar parameters. This is not
the case for quark jets. The form of the scale dependence in a quark jet’s multiplicity
defined to be half that of an e™e™ annihilation event or defined with the aid of a cluster jet
algorithm in a three-jet event are quite different. These measurements highlight the need
for any theoretical prediction to take account of the precise definition of jet multiplicity.

The naive model for the total event multiplicity, taking full account of the three-jets’
relative orientations, is tested. In the coherent jets version, equation (8), where the new
scales are used, the model is fully capable of describing the data with a consistent value
of f ~ 1.5. In contrast the independent jets model, equation (7), is wholly incapable
of describing the data, thus providing further confirmation of the need for topology
dependent scales, rather than jet energies, when studying quark and gluon jet properties.
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Figure 2: The accessible region of three-body phase space in (Eje;, A#) coordinates after
imposing y2, = 0.01. The solid curves show the gluon isopurity lines using the QCD
O(a,) matrix element based definition and the dotted curves the Monte Carlo matching
method.
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Figure 3: The mean quark jet charged multiplicity plotted as a function of: a) the jet
energy, Qg = E,, and Af or b) the topological scale Quin = Ey Sin(0min/2) & Qqq- In each
energy bin the jets are further divided into Af sub-bins; in a) lower Af bins are shown
offset to lower energies and appear as vertical bands. In b) the dashed curve is the best
fit to the data assuming a quadratic dependence on log @), the solid curve is the best fit
assuming the QCD-inspired form given in equation (5). The errors shown are statistical
only.
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Figure 4: The mean gluon jet charged multiplicity plotted as a function of: a) the jet
energy Qp = E, and Af and b) the topological scale @, = v/Qmax@min- In each energy
bin the jets are further divided into A# sub-bins; in a) lower Af bins are shown offset to
lower energies and appear as vertical bands. In b) the dashed curve is the best fit to the
data assuming a quadratic dependence on log @), the solid curve is the best fit assuming
the QCD-inspired form given in equation (5). The errors shown are statistical only.
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Figure 5: The mean total three-jet event multiplicity plotted as a function of Af =
Omax — Omin in 4 GeV bins of the selected jet’s energy. The solid curve is the best fit
obtained using the coherent jets formula, equation (8), and the dashed curve the best fit
obtained using the independent jets formula, equation (7). The errors shown are statistical
only.
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