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Abstract: We present results from a study of hadronic event structure in high energy

e+e− interactions using the L3 detector at LEP. A new class of event shape distributions

are measured at and above the Z boson pole for light quark (u, d, s, c) flavours. Energy

flow correlations are studied for all hadronic events. Next-to-leading-log QCD calculations
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good agreement is found at the Z-pole whereas some discrepancies are observed at higher

centre-of-mass energies.
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1 Introduction

The hadronic final states of e+e− annihilation at high energy provide information about the

full range of QCD [1–7] dynamics, from the short-distance production of quarks and gluons

reflected in jet production, to the long-distance process of hadronization reflected in the

distributions of different particles in the final state. Event-shape variables are sensitive to

the distribution of gluon radiation in the final state [8, 9]. They offer a bridge between the

perturbative, short-distance and the nonperturbative, long-distance, dynamics of QCD.

Event-shape variables were introduced to test QCD, which describes well their main

features. Despite this success, perturbation theory cannot fully account for the exact form

of event-shape variables. This is due to hadronization effects that enter as nonperturbative

power corrections. The main, although not the only, effect of the hadronization process is

to widen the distribution of radiation in the final state, and thus to shift the peak of the

event shape distributions away from the narrow-jet limit [10, 11].

The analysis presented in the present paper is partially based on the same L3 data

sample as a recent study of event-shape variables in flavour tagged events [12]. We present,

for the first time, a new class of event shape variables [13] which allows a systematic

study of the approach to nonperturbative dynamics using infrared safe observables, and

which includes the thrust [14, 15] and jet broadening [16, 17] as special cases, as well as
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related [18–20] energy flow distributions. The theoretical predictions [21–23] of the event-

shape variables assume massless quarks. They are therefore compared to an event sample

enriched in light flavour (u, d, s, c) quarks. The energy flow distributions are presented

for a data sample without flavour selection, and are compared to the predictions of several

Monte Carlo event generators.

2 Event shape variables

The particle flow in hadronic e+e− annihilation events, with a nearly back-to-back config-

uration, is considered in two complementary regions Ω and Ω̄ as shown in figure 1. The

region Ω̄ is defined by the cone angle δ with respect to the thrust axis of the event ~nT

defined as the unit vector that maximizes the value of the thrust T :

T =

∑ |~pi · ~nT |
∑ |pi|

.

The ‘angularity’ parameter τa defines a new type of event shape variable [13]. It is

given by

τaΩ̄(a) =
1

Q

∑

i∈Ω̄

ωi(sin θi)
a(1 − | cos θi|)1−a,

=
1

Q

∑

i∈Ω̄

piT exp [−|ηi|(1 − a)], (2.1)

where piT is the transverse momentum of particle i relative to the thrust axis, ηi is the

corresponding pseudo-rapidity ηi ≡ ln (cot(θi/2)) with θi the angle with respect to the

thrust axis, ωi is the energy of the particle i and Q (=
√

s) is the total centre-of-mass

energy. a is any real number less than two. This variable allows to study various event

shapes within the same formalism for Q ≫ ΛQCD. The two definitions in Equation 2.1 are

equivalent for massless particles.

If the region Ω̄ covers the entire phase space (δ = 90◦), τa is essentially 1 − T for

a = 0, while for a = 1, τa is the jet broadening variable. The scaled energy flow into Ω is

denoted as

ε =
1

Q

∑

i∈Ω

ωi . (2.2)

The motivation for the introduction of the angularity parameter is to provide a new

set of calculable infrared safe variables that may be compared with experimental measure-

ments, The variable τa is infrared safe in the region 2 > a > −∞. However for 2 > a > 1

small angles θi have a positive exponential weight in τa according to Equation 2.1 so that

the jets contributing to a given bin of τa become extremely narrow. On the contrary for

large negative values of a, large values of θi can contribute to a given bin of τa and the

cross section within the range Ω̄ becomes inclusive.

In order to obtain well-defined QCD predictions at the next-to-leading logarithmic

levels for τa, only the range 1 > a > −1 is considered in Reference [13] and the present work.
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Within this range, variation of a controls the widths of the jets 1 and 2 in figure 1. They

are narrowest for a = −1 and widest for a = +1. The next-to-leading order contribution to

the cross section for the soft gluon, k, observed in the region Ω is due to radiation from a

hard gluon, l, in the region Ω̄. The leading logarithmic contributions arise from radiation

by the primary quarks of the e+e− annihilation process.

2.1 Inclusive event shape variables

The differential cross section in inclusive angularity given by τa ≡ τaΩ̄ |δ=90◦ is

dσ(τa, Q)

dτa
=

1

2 Q2

∑

N

|M(N)|2δ(τa − τa(N)) , (2.3)

where the sum is over all final states N that contribute to the interval dτa, and where

M(N) denotes the corresponding amplitude for e+e− → N .

The resummation of large logarithms of τa in Laplace moment space is given by [13]:

σ̃(ν,Q, a) =

∫ 1

0
dτae

−ντa

dσ(τa, Q)

dτa
. (2.4)

The Laplace moments probe the contributions of different event topologies to

dσ(τa, Q)/dτa. For large values of ν, only small values of τa (and hence extremely two

jet like events) contribute significantly to the Laplace moments due to the negative expo-

nential weighting according to ντa in Equation 2.4. Since τ0 ≃ 1−T and the peak in 1−T

is at ≃ 0.1 at LEP energies, the corresponding peaks in the Laplace moments occur for

ν ≃ 10.

Logarithms of 1/τa are transformed into logarithms of ν. The perturbative cross

section is ill defined for small values of τa. For τa ∼ ΛQCD/Q nonperturbative corrections

become dominant. When resummed, the next-to-leading logarithmic terms of τa, in the

cross section in Equation 2.4 can be rewritten as the sum of a calculable perturbative term,

labelled with the subscript PT , including all terms of parton transverse momenta above κ

(the infrared factorization scale) and a soft term that contains all non-perturbative (NP )

physics:

ln

[

1

σtot
σ̃(ν,Q, a)

]

≡ ln R̃PT (ν,Q, κ, a) + ln f̃a,NP

(

ν

Q
, κ, a

)

+

O
(

ν

(

κ

Q

)2−a

, ν
2

2−a

(

κ

Q

)2
)

, (2.5)

where logarithm of the soft term can be written as an expansion in powers of ν/Q:

ln f̃a,NP

(

ν

Q
, κ, a

)

≡ 1

1 − a

∞
∑

n=1

λn(κ)

(

− ν

Q

)n

. (2.6)

From Equation 2.6 it is clear that the only dependence on a is through an overall factor

1/(1 − a) which leads to an approximate scaling rule between the non-perturbative shape

functions for different values of a [21–23] given by rewriting it as:

f̃a,NP

(

ν

Q
, κ, a

)

=

[

f̃0,NP

(

ν

Q
, κ

)]
1

(1−a)

. (2.7)
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2.2 Energy flow correlation

The study of energy flow into regions between energetic jets [18, 19] holds important and

complementary information about the formation of final states. It reflects the flow of colour

at short distances [20]. The correlations between energy flow and event shapes (“energy

flow correlations”) are studied here. The differential cross section giving the correlations

for di-jet events (see figure 1) at fixed values of τaΩ̄ = τa(δ) and ε is

dσ̄(ε, τa(δ), a)

dεdτa(δ)
=

1

2 Q2

∑

N

|M(N)|2δ(ε − ε(N))δ(τa − τa(N)) , (2.8)

where the sum extends over final states N that contribute to the intervals dε and dτa(δ)

and where M(N) denotes the corresponding amplitude for e+e− → N . Taking the Laplace

moment with respect to τa, it gives

dσ̄(ε, ν, δ, a)

dε
=

∫ 1

0
dτa(δ)e

−ντa(δ) dσ̄(ε, τa(δ), a)

dεdτa(δ)
. (2.9)

The analysis presented here make use of the variables: δ, the cone angle with respect to

the thrust axis, the angularity parameter τa, the energy flow fraction ε and the coefficient

ν of the Laplace moment.

3 Data

3.1 Event selection

We have used data with an integrated luminosity of 47.97 pb−1 collected with the L3

detector [24–27] at LEP in 1994 at
√

s = 91.2 GeV and with 602.2 pb−1 collected during

1998-2000 at
√

s ≥ 189 GeV as summarized in table 1.

The primary trigger for e+e− → hadrons events require a total energy greater than

15 GeV in the calorimeters. This trigger is in logical OR with a trigger using the barrel

scintillation counters and with a charged-track trigger. The combined trigger efficiency for

the selected hadronic events exceeds 99.9%.

The selection of e+e− → hadrons events is based on the energy measured in the

electromagnetic and hadron calorimeters. Energy clusters in the calorimeters have a mini-

mum energy of 100 MeV. The principal variables used to distinguish hadronic events from

backgrounds are the cluster multiplicity and the energy imbalances. Energy clusters in

the calorimeters are used to measure the total visible energy Evis, and the energy im-

balances parallel and perpendicular to the beam direction: E‖ = |∑E cos θB| and E⊥

=
√

(
∑

E sin θB sin φB)2 + (
∑

E sin θB cos φB)2, respectively, where E is the energy of a

cluster and θB and φB are its polar and azimuthal angles with respect to the beam di-

rection. More details of the calorimetric measurements can be found in References [12]

and [28]. Background processes are different for hadronic Z decays and hadronic events at

high energies, resulting in different selection cuts.

We use Monte Carlo events to estimate the efficiency of the selection criteria and purity

of the data sample. Monte Carlo events for the process e+e− → qq̄(γ) are generated by the
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parton shower programs Jetset 7.4 [29] at
√

s = 91.2 GeV, Pythia [30–32] for
√

s = 189

GeV and KK2f [33, 34], which uses Pythia for hadronization, for the higher energies. The

generated events are passed through the L3 detector simulation [35, 36]. The background

events are simulated with appropriate event generators: Pythia and Phojet [37, 38] for

hadron production in two-photon interactions, Koralz [39] for the τ+τ−(γ) final state,

Bhagene [40, 41] for Bhabha events, Koralw [42, 43] for W-boson pair production and

Pythia for Z-boson pair production.

The multi-hadronic final states at
√

s = 91.2 GeV are selected using cuts on the visible

energy, 0.6 < Evis/
√

s < 1.4, relative energy imbalances, E‖/Evis < 0.4 and E⊥/Evis <

0.4, and cluster multiplicity, Ncl > 12. These criteria select 1.42 million hadronic events

with a selection efficiency of 97.7% and purity of 99.2%. The background due to two-

photon interaction processes is negligible and that due to the τ+τ−(γ) final state is at the

level of 0.2%.

At higher centre-of-mass energies, background is mostly due to two sources: “radiative

return events”, where initial state radiation results in a mass of the resulting hadronic

system close to the Z boson mass, and W-boson and Z-boson pair production where one

or both bosons decay hadronically. Events are first selected by requiring Evis/
√

s > 0.7,

E⊥/Evis < 0.4, number of clusters > 12, and at least one well measured charged track.

To reduce the radiative return background, events are rejected if they have a high-energy

photon candidate, defined as a cluster in the electromagnetic calorimeter with at least 85%

of its energy in a 15◦ cone and a total energy greater than 0.18
√

s. In addition,
√

s′/s

> 0.85 is required where
√

s′ is the centre-of-mass energy of a system recoiling against

an unobserved photon emitted at small angle, and is estimated from the angles of the

jets [12]. To reject boson-pair events where a W-boson or Z-boson decays into leptons, we

remove events having an electron or muon with energy greater than 40 GeV. Fully hadronic

W-boson and Z-boson pair events are reduced by

• forcing the event into a 4-jet topology using the Durham jet algorithm [44–47],

• performing a kinematic fit imposing energy and momentum conservation,

• rejecting events if all of the following criteria are met: the energy of the most energetic

jet is less than 0.4
√

s, the ratio of the energy of the most energetic jet to the least

energetic jet is less than 5, the Durham jet resolution parameter yD
34 > 0.007, there

are more than 40 clusters and more than 15 charged tracks, and E‖ < 0.2Evis.

These cuts remove 11.6% of the signal events, 98.1% of the radiative return events and

83.3% and 80.1% of W-boson and Z-boson pair events respectively. We select a total of

13.9 thousand hadronic events with an efficiency of 88.3% and with purity of 78.2% for√
s ≥ 189 GeV. At

√
s ≥ 189 GeV backgrounds due to radiative return events, W-boson

pairs, Z-boson pair events and two-photon interactions are 5.71%, 12.3%, 1.12% and 2.58%

respectively. The remaining backgrounds are negligible. The number of selected events for

each of the energy points are also summarized in table 1 together with selection efficiencies

and purities. All the high energy data points between 189 and 207 GeV are combined

giving high energy sample with 〈√s〉 = 197.0 GeV.
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3.2 Flavour tagging

Heavy-flavour (b) events are separated from light-flavour (u, d, s, c) events using the char-

acteristic decay properties of the b-hadrons. As a first step, the position of the interaction

vertex is estimated for each machine fill by iteratively fitting all tracks measured in the

detector during the fill which pass basic track quality criteria. Measurements of the decay

lengths with respect to this vertex of all n tracks in the event contribute to a probability,

P [n], which would be flat for events with quarks of zero lifetime, but peak at zero otherwise.

A weighted discriminant is defined as BTag =− log P , where P =P [n]
∑n−1

j=0 (− log P [n])j/j!

and P [n] =
∏n

i=1 Pi, where Pi is the probability that track i originates at the primary

vertex [48]. A cut on this discriminant is made to distinguish light-flavour from b-flavour

events. Light flavour events are selected using 0.3 < BTag < 1.0 at
√

s = 91.2 GeV and

using BTag < 1.0 at 〈√s〉 = 197.0 GeV.

At
√

s = 91.2 GeV, 492.6 thousand light-flavour events are selected with an efficiency

of (38.84 ± 0.10)% and a purity of (90.41 ± 0.07)%. The dominant background is due

to b-quark events which amount to (9.59 ± 0.07)% of the sample. At the high centre-of-

mass energy, the number of selected light-flavour events is 6895 with selection efficiency of

(75.5 ± 0.3)% and a purity of (72.7 ± 0.1)%. Here the dominant background is W-boson

pair events amounting to (17.6 ± 0.1)% while that due to b-quarks, radiative return, Z-

boson pair and two-photon interactions are (3.9 ± 0.1)%, (3.7 ± 0.1)%, (0.6 ± 0.1)% and

(1.4 ± 0.1)%, respectively. Table 1 summarizes the selected number of events, efficiencies

and purities at each centre-of-mass energy.

3.3 Measurements

The distributions of the inclusive event shape variables at
√

s = 91.2 GeV and 〈√s〉 = 197.0

GeV are measured for the udsc-quark enriched samples for various values of the parameter

a (−1, −0.75, −0.5, −0.25, 0.0, 0.25, 0.5 and 0.75) with the region Ω corresponding to δ =

90◦. The distributions of the ‘energy flow correlation’ are obtained for all quark flavours

at
√

s = 91.2 GeV and at high energies for several values of the cone angle δ (30◦, 45◦, 60◦,

75◦) and the coefficient ν (10, 25, 35, 50).

The data distributions are compared to a combination of the signal and the different

background Monte Carlo distributions obtained using the same selection procedure and

normalized to the integrated luminosity. For Monte Carlo events, these event shapes are

calculated before (particle level) and after (detector level) detector simulation. The calcu-

lation before detector simulation takes into account all stable charged and neutral particles.

The measured distributions at detector level differ from the ones at particle level because

of detector effects, limited acceptance and finite resolution.

After subtracting the background events according to standard cross sections, the

measured distributions are corrected for detector effects, acceptance and resolution, using a

matrix unfolding method at
√

s = 91.2 GeV and on a bin-by-bin basis at 〈√s〉 = 197.0 GeV.

For extracting flavour-tagged distributions, the effect due to wrong flavour contamination

is taken care of using a treatment similar to standard background subtraction. We also
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correct the data for initial- and final-state photon radiation bin-by-bin using Monte Carlo

distributions at particle level with and without radiation.

Figure 2 shows the measured distributions of dN/dτa for a = −1.0, −0.5, 0.0, 0.5 at√
s = 91.2 GeV for the light-flavour event sample. The same distributions for 〈√s〉 = 197

GeV are shown in figure 3. The shaded areas show the different background contributions.

The comparisons with the predictions from signal (Jetset parton shower) and background

Monte Carlo programs show good agreement both at
√

s = 91.2 GeV and at high energy. All

the following differential event shape variables are determined from the light-flavour data

sample while those for ‘energy flow correlations’ are determined from the overall sample.

Figure 4 shows the measured distributions of dN/dε for δ = 30◦, 45◦, 60◦, 75◦ at
√

s =

188.6 GeV for the overall sample. As in the previous figures, the shaded areas show the

different background contributions. Again the overall agreement between data and Monte

Carlo is reasonable for all values of δ.

3.4 Systematic uncertainties

The bin-by-bin systematic uncertainties in the distributions of inclusive event shape vari-

ables or for energy flow correlation parameters arise mainly from uncertainties in the esti-

mation of detector corrections and background. The uncertainty in detector correction is

estimated by several independent checks.

• The definition of reconstructed objects used to calculate the observables is changed

from calorimetric clusters only to a non-linear combination of charged tracks with

calorimetric clusters [28].

• The effect of different particle densities in correcting the measured distributions is

estimated by using a different signal Monte Carlo program,Herwig [49–51] instead

of Jetset PS or Pythia.

• The acceptance is reduced by restricting the events to the central part of the detector,

with improved resolution, cos(θT ) < 0.7, where θT is the polar angle of the thrust

axis relative to the beam direction.

The following systematic checks are made on the background estimations.

• An alternative criterion is applied to reject radiative return events based on a cut in

the two dimensional plane of E‖/Evis and Evis/
√

s [28].

• The estimated background from two-photon interaction is varied by ±30% and is

simulated by using the Phojet instead of the Pythia Monte Carlo program.

• The W-boson pair-production background is estimated from the KoralW Monte

Carlo and subtracted from the data, while removing the cut on 4-jet events.

• The contamination from wrong-flavour events is estimated by varying the cut on the

BTag discriminant used to tag non-b events from 1.0 to 0.9 or 1.1. An additional

lower cut at 0.2 is also introduced for the high energy data.
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Table 2 summarizes the breakdown of different contributions of systematic uncertainty

for inclusive event shape variables of the enriched light-flavour data sample. The total

systematic uncertainty for the data sample at
√

s = 91.2 GeV is typically 3.8%− 4.5% and

is primarily due to the choice of signal Monte Carlo (∼ 3%) and detector correction (∼ 2%).

At high energies, the overall systematic uncertainty is 4.4%−6.4%. Here the contributions

from detector correction, background subtraction and wrong flavour contamination are

roughly equal.

Table 3 summarizes the systematic uncertainties for the energy flow correlation vari-

ables for different values δ and ν at the two centre-of-mass energies for a = 0. The sys-

tematic uncertainty is roughly the same for different a values at a given energy with fixed

values of δ and ν. At
√

s = 91.2 GeV, the overall systematic uncertainty is 2.1% − 3.7%.

This contribution due to background correction is larger for small δ-values while that due to

signal Monte Carlo is the dominant source for medium values of δ. The overall uncertainty

at high energies is 3.6% − 4.5% where the largest contribution comes from background

correction (∼ 3%) while that for detector correction is at the level of 1.6% − 2.3%.

The statistical component of the systematic uncertainty is negligible as the size of the

Monte Carlo sample is more than four times and sometimes even ten times larger than the

data sample. The final systematic uncertainty is taken as the sum in quadrature of all the

contributions.

4 Results

4.1 Inclusive event shape variables

The corrected distributions (1/σ)dσ/dτa at
√

s = 91.2 GeV and for 〈√s〉 = 197.0 GeV

for the eight a values −1.0, −0.75, −0.5, −0.25, 0.0, 0.25, 0.5 and 0.75 are presented in

tables 4–11. The first and the second moments of the distributions are also computed

and quoted in the tables 4–11. Figures 5, 6, 7 and 8 show comparison of (1/σ)dσ/dτa

for the eight a values in the form of fractional deviations from predictions of the parton

shower models Jetset, Ariadne [52] and Herwig at
√

s = 91.2 GeV and 〈√s〉 = 197.0

GeV respectively. The parameters of these models have been tuned using Z-pole data [28].

Figures 6 and 8 show the distributions from the Monte Carlo programs for two different

values of a, 0.0 and 0.75. At
√

s = 91.2 GeV all models agree well with the data for τa

≤ 0.15, 0.3, 0.4 for a = −1.0, 0.0 and 0.5 respectively. At 〈√s〉 = 197.0 GeV the same is

true for τa ≤ 0.07, 0.10 and 0.20. For higher values of τa the models tend to underestimate

the data, although the latter show large statistical fluctuations at both 〈√s〉 values. The

levels of agreement of the different models with the data are compared in tables 12, 13

where χ2 values and confidence levels of the model/data comparisons are shown. Among

the different models, predictions from Ariadne are the closest to the data.

The comparison between data and the scaling rule predictions of Equation 2.7 is shown

for
√

s = 91.2 GeV for a = −1.0, −0.75, −0.5, −0.25, 0.25 and 0.5 in figure 5 and figure 6.

Data distributions at a = 0 are used to determine the non-perturbative contribution of

the shape function for a = 0. The comparison is not shown for a = 0.75 in order to avoid

theoretical uncertainties related to the approaching a = 1 singularity in Equation 2.6 [53].
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A similar comparison at 〈√s〉 = 197.0 GeV is shown in figure 7 and figure 8. Figure 9

shows the first moments of the distributions at
√

s = 91.2 GeV and 〈√s〉 = 197.0 GeV

compared with the theoretical predictions. The agreement is reasonable for
√

s = 91.2

GeV particularly for a ≤ 0.25, while at 〈√s〉 = 197.0 GeV the predictions are below the

data for a ≤ 0.25 and above the data for a = 0.75.

4.2 Energy flow correlations

The measured distributions for all quark flavours of the energy flow correlation for δ =

30◦, 45◦, 60◦ and 75◦, ν = 10, 25, 35, 50 and a = −1.0, −0.5, 0.0 and 0.5 are given in

tables 14–29 for
√

s = 91.2 GeV and 〈√s〉 = 197.0 GeV. Figure 10 shows the energy flow

correlation at
√

s = 91.2 GeV with ε for ν = 50 and for different values of δ and a and

a comparison with parton-shower models. The distribution gets steeper with increasing

values of δ and there is an appearance of a shoulder at δ values of 30◦ and 45◦, which is

reproduced by Monte Carlo models. The shoulder could be the effect of 3-jet events where

the thrust axis is lined up along the direction of the most energetic jet and both of the

other jets appear in the region Ω, thus contributing to ε. The energy flow correlation for

various values of δ and a and ν = 10 is shown in figure 11. The shoulder becomes more

pronounced as a increases for δ = 30◦ and 45◦, while for larger δ values, the distribution

is steeper for larger values of a. Monte Carlo models give a good description of this trend,

while a fluctuation at δ = 45◦ corresponds to a phase space edge not accurately reproduced

by Monte Carlo. Figure 12 shows the variation for different values of ν at four different

values of a and with δ = 60◦.

The change in energy flow correlation with δ at 〈√s〉 = 197.0 GeV for different values

of a is shown in figure 13 for ν = 50 and in figure 14 for ν = 10. Figure 15 shows the

variation for different values of ν and a at 〈√s〉 = 197.0 GeV for δ = 60◦. Unlike the Z-pole

data, there are discrepancies between the observed distributions and predictions from the

parton shower models. The discrepancies increase for larger values of ε.

The possible origin of the discrepancy is further investigated to exclude an effect from

background subtraction. The energy-flow correlation is determined from the corrected

dN/dε distributions. This process starts from measured distributions as those shown in

figure 4 together with prediction from signal and background processes. At this measured

level, agreement with predictions is observed. To further check that background modeling,

and in particular the dominant W-pair process, does not affect the measurement, corrected

distributions are presented in figure 16 for the single highest-statistic energy point,
√

s

= 188.6 Gev for for ν = 50, a = −1.0 and four different values of δ. Inspection of this

figure shows a marked decrease in the level of W-pair background with increasing δ. The

discrepancies observed in figure 13 do not show a similar dependency with δ, and are

therefore not correlated with the level of the W-pair background.

5 Summary

We have measured for the first time recently-proposed event shape distributions at
√

s =

91.2 GeV and
√

s = 189 − 207 GeV using 650 pb−1 of data collected by the L3 detector
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at LEP. These new event shape distributions are well described by different parton shower

Monte Carlo models. A next-to-leading-log approximation predicts a scaling rule for the

non-perturbative component of inclusive event shapes distribution which is qualitatively

observed at the Z-pole.

The Laplace moment dependence of energy flow into regions between energetic jets is

studied through a set of Laplace moments at the two centre-of-mass energies by varying

the inter-jet angular region. The comparison with parton shower model predictions shows

agreement at
√

s = 91.2 GeV where the parameters of the models were tuned, whereas

discrepancies are observed at 〈√s〉 = 197 GeV for moderate or high values of ε. On the

other hand, previous event shape studies [12, 28] on the same data sample, show good

agreement with model predictions, tuned to Z-pole data, at both high and low energies.
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33 INFN-Sezione di Perugia and Università Degli Studi di Perugia, I-06100 Perugia,

Italy

34 Nuclear Physics Institute, St. Petersburg, Russia

35 Carnegie Mellon University, Pittsburgh, PA 15213, USA

36 INFN-Sezione di Napoli and University of Potenza, I-85100 Potenza, Italy

37 Princeton University, Princeton, NJ 08544, USA

38 University of Californa, Riverside, CA 92521, USA

39 INFN-Sezione di Roma and University of Rome, “La Sapienza”, I-00185 Rome, Italy

40 University and INFN, Salerno, I-84100 Salerno, Italy

41 University of California, San Diego, CA 92093, USA

42 Bulgarian Academy of Sciences, Central Lab. of Mechatronics and Instrumentation,

BU-1113 Sofia, Bulgaria

43 The Center for High Energy Physics, Kyungpook National University, 702-701 Taegu,

Republic of Korea

44 National Central University, Chung-Li, Taiwan, China

45 Department of Physics, National Tsing Hua University, Taiwan, China

46 Purdue University, West Lafayette, IN 47907, USA

47 Paul Scherrer Institut, PSI, CH-5232 Villigen, Switzerland

– 12 –



J
H
E
P
1
0
(
2
0
1
1
)
1
4
3

48 DESY, D-15738 Zeuthen, Germany
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√
s Integrated All events udsc events

Luminosity Efficiency Purity # events Efficiency Purity # events

(GeV) (pb−1) (%) (%) (%) (%)

91.2 48.0 97.69±0.15 99.24±0.01 1420489 38.84±0.10 90.41±0.07 492555

188.6 175.1 87.72±0.62 80.92±0.25 4473 74.14±0.67 73.26±0.66 2179

191.6 29.4 87.77±0.62 80.11±0.26 720 76.24±0.68 74.83±0.67 363

195.5 83.4 88.42±0.63 78.60±0.27 1884 75.85±0.67 75.70±0.67 977

199.5 81.2 88.51±0.62 77.54±0.25 1835 76.56±0.67 73.22±0.64 927

201.7 36.5 89.02±0.63 76.98±0.25 817 75.68±0.67 71.80±0.63 403

205.1 70.5 88.78±0.64 75.57±0.22 1496 76.08±0.68 72.89±0.66 738

206.5 126.2 88.97±0.63 75.18±0.22 2688 76.25±0.68 69.67±0.62 1308

Table 1. Summary of integrated luminosity, selection efficiency, purity and yield at different

centre-of-mass energies.

√
s Value of the parameter a

(GeV) −1.0 −0.75 −0.50 −0.25 0.0 0.25 0.50 0.75

91.2 Detector 1.3 1.4 1.5 1.6 1.8 1.9 2.1 2.1

Frag. Model 3.0 3.2 3.3 3.6 3.4 3.0 2.1 3.3

Background 1.4 1.3 1.2 1.0 1.2 1.2 1.2 1.0

Wrong Flavour 1.0 1.0 1.0 1.0 1.0 0.9 0.9 0.9

Total 4.1 4.1 4.3 4.5 4.5 4.1 3.8 4.4

197.0 Detector 2.1 2.1 2.2 3.1 4.1 3.3 4.7 3.9

Frag. Model 1.4 1.2 1.0 0.9 0.8 1.1 1.1 0.7

Background 1.8 2.0 2.1 2.3 2.5 2.7 3.3 3.1

Wrong Flavour 2.8 2.7 3.3 2.4 2.3 2.5 2.6 2.1

Total 4.9 4.4 5.1 4.5 5.7 5.3 6.4 5.5

Table 2. Percentage bin-averaged systematic uncertainties due to different sources for the event

shape τa distributions at the two centre-of-mass energies.
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√
s δ Value of the parameter ν

(GeV) 10 25 35 50

91.2 30◦ Detector 1.3 1.5 1.6 1.7

Frag. Model 1.1 1.3 1.4 1.6

Background 1.5 1.6 1.6 1.7

Total 2.5 2.7 2.9 3.2

45◦ Detector 1.1 1.3 1.5 1.7

Frag. Model 2.6 2.6 2.6 2.6

Background 1.1 1.2 1.2 1.3

Total 3.2 3.4 3.6 3.8

60◦ Detector 1.0 1.5 1.7 2.1

Frag. Model 2.4 2.3 2.2 2.0

Background 1.2 1.3 1.3 1.5

Total 3.0 3.2 3.4 3.7

75◦ Detector 1.0 1.5 1.7 2.1

Frag. Model 1.6 1.2 0.9 1.2

Background 0.9 1.1 1.2 1.5

Total 2.1 2.3 2.6 3.1

197.0 30◦ Detector 2.1 2.1 2.1 2.2

Frag. Model 1.5 1.5 1.5 1.5

Background 2.8 2.8 2.9 2.9

Total 4.1 4.2 4.3 4.4

45◦ Detector 1.5 1.5 1.5 1.6

Frag. Model 1.2 0.9 0.8 0.8

Background 2.9 3.0 3.2 3.3

Total 3.8 3.8 4.0 4.1

60◦ Detector 2.0 2.1 2.1 2.3

Frag. Model 1.8 1.7 1.6 1.5

Background 2.7 2.9 3.0 3.2

Total 4.1 4.2 4.3 4.5

75◦ Detector 1.6 1.7 1.9 2.1

Frag. Model 1.9 1.8 1.8 1.7

Background 2.1 2.4 2.5 2.8

Total 3.6 3.7 3.9 4.2

Table 3. Percentage bin-averaged systematic uncertainties due to different sources for the energy

flow correlation for a = 0.0.
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√
s = 91.2 GeV 〈√s〉 = 197.0 GeV

τa (1/σ) · (dσ/dτa) τa (1/σ) · (dσ/dτa)

0.0000−0.0100 19.319±0.074±0.661 0.0000−0.0076 31.686±1.515±1.304

0.0100−0.0200 30.001±0.099±1.498 0.0076−0.0152 29.809±1.302±1.349

0.0200−0.0300 15.606±0.070±0.416 0.0152−0.0228 15.306±0.851±0.607

0.0300−0.0400 8.923±0.053±0.365 0.0228−0.0304 9.504±0.684±0.368

0.0400−0.0500 5.911±0.045±0.155 0.0304−0.0380 6.892±0.587±0.702

0.0500−0.0600 4.272±0.039±0.161 0.0380−0.0456 6.036±0.541±0.175

0.0600−0.0700 3.294±0.034±0.063 0.0456−0.0532 4.274±0.481±0.377

0.0700−0.0800 2.509±0.030±0.073 0.0532−0.0608 3.273±0.443±0.382

0.0800−0.0900 1.856±0.026±0.069 0.0608−0.0684 2.717±0.431±0.448

0.0900−0.1000 1.653±0.025±0.051 0.0684−0.0760 1.725±0.347±0.422

0.1000−0.1100 1.324±0.023±0.052 0.0760−0.0836 2.841±0.444±0.319

0.1100−0.1200 1.097±0.021±0.050 0.0836−0.0912 2.311±0.460±0.475

0.1200−0.1300 0.954±0.020±0.055 0.0912−0.0988 1.570±0.418±0.387

0.1300−0.1400 0.752±0.017±0.034 0.0988−0.1064 2.415±0.518±0.829

0.1400−0.1500 0.633±0.016±0.045 0.1064−0.1140 0.968±0.371±0.340

0.1500−0.1600 0.535±0.015±0.060 0.1140−0.1216 1.355±0.454±0.197

0.1600−0.1700 0.391±0.013±0.051 0.1216−0.1292 1.285±0.436±0.368

0.1700−0.1800 0.335±0.011±0.050 0.1292−0.1368 1.599±0.493±0.701

0.1800−0.1900 0.210±0.009±0.041 0.1368−0.1444 2.035±0.609±0.753

0.1900−0.2000 0.150±0.009±0.039 0.1444−0.1520 0.927±0.409±0.276

0.2000−0.2100 0.112±0.007±0.029 0.1520−0.1596 0.000±0.085±0.000

0.2100−0.2200 0.070±0.006±0.026 0.1596−0.1672 0.776±0.346±0.393

0.2200−0.2300 0.047±0.005±0.022 0.1672−0.1748 1.276±0.429±0.439

0.2300−0.2400 0.018±0.003±0.008 0.1748−0.1824 0.725±0.511±0.430

0.2400−0.2500 0.027±0.006±0.011 0.1824−0.1900 0.276±0.272±0.238

First Moment 0.0338±0.0001±0.0008 0.0350±0.0014±0.0018

Second Moment 0.0024±0.0001±0.0001 0.0029±0.0002±0.0003

Table 4. Differential distribution for event shape τa at
√

s = 91.2 GeV and 〈√s〉 = 197.0 GeV for

a = −1.0. Some of these data points are compared with theoretical predictions in figures 5 and 7.

The first uncertainty is statistical and the second is systematic.
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√
s = 91.2 GeV 〈√s〉 = 197.0 GeV

τa (1/σ) · (dσ/dτa) τa (1/σ) · (dσ/dτa)

0.0000−0.0112 15.377±0.061±0.647 0.0000−0.0088 26.502±1.289±1.077

0.0112−0.0224 27.150±0.089±1.388 0.0088−0.0176 25.133±1.122±0.895

0.0224−0.0336 14.369±0.064±0.361 0.0176−0.0264 13.305±0.729±0.566

0.0336−0.0448 8.226±0.049±0.308 0.0264−0.0352 9.042±0.613±0.259

0.0448−0.0560 5.511±0.041±0.140 0.0352−0.0440 6.396±0.518±0.470

0.0560−0.0672 4.001±0.035±0.115 0.0440−0.0528 4.782±0.452±0.251

0.0672−0.0784 2.984±0.032±0.100 0.0528−0.0616 3.950±0.427±0.209

0.0784−0.0896 2.349±0.027±0.066 0.0616−0.0704 2.994±0.388±0.284

0.0896−0.1008 1.758±0.024±0.049 0.0704−0.0792 2.319±0.363±0.281

0.1008−0.1120 1.465±0.022±0.048 0.0792−0.0880 1.834±0.340±0.350

0.1120−0.1232 1.242±0.021±0.038 0.0880−0.0968 2.275±0.385±0.282

0.1232−0.1344 1.028±0.019±0.034 0.0968−0.1056 1.719±0.371±0.555

0.1344−0.1456 0.832±0.017±0.032 0.1056−0.1144 2.103±0.440±0.421

0.1456−0.1568 0.707±0.016±0.029 0.1144−0.1232 1.356±0.398±0.506

0.1568−0.1680 0.543±0.014±0.036 0.1232−0.1320 0.797±0.368±0.421

0.1680−0.1792 0.494±0.013±0.049 0.1320−0.1408 0.987±0.362±0.285

0.1792−0.1904 0.379±0.012±0.039 0.1408−0.1496 1.389±0.397±0.343

0.1904−0.2016 0.292±0.009±0.048 0.1496−0.1584 1.519±0.563±0.351

0.2016−0.2128 0.201±0.009±0.035 0.1584−0.1672 1.534±0.507±0.399

0.2128−0.2240 0.141±0.008±0.036 0.1672−0.1760 0.259±0.303±0.368

0.2240−0.2352 0.114±0.007±0.027 0.1760−0.1848 0.221±0.212±0.226

0.2352−0.2464 0.058±0.005±0.023 0.1848−0.1936 1.264±0.520±0.752

0.2464−0.2576 0.035±0.004±0.011 0.1936−0.2024 0.650±0.276±0.157

0.2576−0.2688 0.025±0.003±0.007 0.2024−0.2112 0.763±0.445±0.475

0.2688−0.2800 0.007±0.002±0.003 0.2112−0.2200 0.544±0.264±0.177

First Moment 0.0388±0.0001±0.0009 0.0412±0.0017±0.0019

Second Moment 0.0031±0.0001±0.0002 0.0040±0.0003±0.0004

Table 5. Differential distribution for event shape τa at
√

s = 91.2 GeV and 〈√s〉 = 197.0 GeV for

a = −0.75. Some of these data points are compared with theoretical predictions in figures 5 and 7.

The first uncertainty is statistical and the second is systematic.
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√
s = 91.2 GeV 〈√s〉 = 197.0 GeV

τa (1/σ) · (dσ/dτa) τa (1/σ) · (dσ/dτa)

0.0000−0.0128 11.755±0.049±0.638 0.0000−0.0100 21.363±1.083±0.886

0.0128−0.0256 24.076±0.078±1.273 0.0100−0.0200 22.582±1.013±1.008

0.0256−0.0384 12.958±0.056±0.285 0.0200−0.0300 11.901±0.659±0.395

0.0384−0.0512 7.486±0.044±0.281 0.0300−0.0400 8.106±0.535±0.620

0.0512−0.0640 5.040±0.037±0.112 0.0400−0.0500 6.076±0.476±0.188

0.0640−0.0768 3.675±0.032±0.107 0.0500−0.0600 4.536±0.406±0.364

0.0768−0.0896 2.691±0.028±0.091 0.0600−0.0700 3.724±0.385±0.266

0.0896−0.1024 2.123±0.024±0.078 0.0700−0.0800 2.718±0.346±0.362

0.1024−0.1152 1.620±0.022±0.023 0.0800−0.0900 2.105±0.316±0.246

0.1152−0.1280 1.324±0.020±0.049 0.0900−0.1000 1.679±0.305±0.503

0.1280−0.1408 1.106±0.018±0.037 0.1000−0.1100 2.163±0.351±0.359

0.1408−0.1536 0.910±0.017±0.026 0.1100−0.1200 1.432±0.299±0.410

0.1536−0.1664 0.765±0.015±0.029 0.1200−0.1300 1.624±0.368±0.294

0.1664−0.1792 0.616±0.014±0.030 0.1300−0.1400 1.794±0.400±0.330

0.1792−0.1920 0.487±0.012±0.034 0.1400−0.1500 0.789±0.320±0.301

0.1920−0.2048 0.398±0.011±0.031 0.1500−0.1600 0.844±0.313±0.373

0.2048−0.2176 0.361±0.010±0.046 0.1600−0.1700 0.848±0.317±0.268

0.2176−0.2304 0.249±0.008±0.044 0.1700−0.1800 1.519±0.477±0.381

0.2304−0.2432 0.168±0.007±0.033 0.1800−0.1900 0.573±0.402±0.397

0.2432−0.2560 0.131±0.007±0.030 0.1900−0.2000 0.690±0.302±0.157

0.2560−0.2688 0.100±0.006±0.023 0.2000−0.2100 0.182±0.230±0.263

0.2688−0.2816 0.043±0.004±0.020 0.2100−0.2200 1.021±0.482±0.525

0.2816−0.2944 0.024±0.003±0.007 0.2200−0.2300 0.422±0.240±0.234

0.2944−0.3072 0.016±0.003±0.009 0.2300−0.2400 0.744±0.349±0.322

0.3072−0.3200 0.004±0.002±0.002 0.2400−0.2500 0.565±0.307±0.162

First Moment 0.0453±0.0001±0.0010 0.0473±0.0019±0.0023

Second Moment 0.0041±0.0001±0.0002 0.0051±0.0004±0.0005

Table 6. Differential distribution for event shape τa at
√

s = 91.2 GeV and 〈√s〉 = 197.0 GeV for

a = −0.5. Some of these data points are compared with theoretical predictions in figures 5 and 7.

The first uncertainty is statistical and the second is systematic.
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√
s = 91.2 GeV 〈√s〉 = 197.0 GeV

τa (1/σ) · (dσ/dτa) τa (1/σ) · (dσ/dτa)

0.0000−0.0140 7.569±0.036±0.706 0.0000−0.0116 16.247±0.879±0.653

0.0140−0.0280 21.504±0.070±1.232 0.0116−0.0232 19.985±0.898±0.837

0.0280−0.0420 12.626±0.053±0.186 0.0232−0.0348 10.633±0.594±0.303

0.0420−0.0560 7.543±0.042±0.270 0.0348−0.0464 7.272±0.467±0.308

0.0560−0.0700 5.039±0.035±0.095 0.0464−0.0580 5.966±0.432±0.216

0.0700−0.0840 3.636±0.031±0.140 0.0580−0.0696 3.668±0.340±0.291

0.0840−0.0980 2.759±0.026±0.056 0.0696−0.0812 3.722±0.361±0.237

0.0980−0.1120 2.103±0.024±0.104 0.0812−0.0928 2.414±0.297±0.201

0.1120−0.1260 1.649±0.021±0.047 0.0928−0.1044 1.735±0.271±0.092

0.1260−0.1400 1.364±0.019±0.023 0.1044−0.1160 2.130±0.295±0.214

0.1400−0.1540 1.081±0.017±0.043 0.1160−0.1276 1.791±0.308±0.140

0.1540−0.1680 0.954±0.016±0.018 0.1276−0.1392 1.120±0.269±0.212

0.1680−0.1820 0.739±0.014±0.023 0.1392−0.1508 1.307±0.319±0.228

0.1820−0.1960 0.648±0.014±0.030 0.1508−0.1624 1.225±0.303±0.212

0.1960−0.2100 0.506±0.012±0.031 0.1624−0.1740 0.901±0.307±0.288

0.2100−0.2240 0.418±0.011±0.024 0.1740−0.1856 0.922±0.317±0.270

0.2240−0.2380 0.369±0.010±0.031 0.1856−0.1972 0.553±0.285±0.413

0.2380−0.2520 0.300±0.009±0.036 0.1972−0.2088 0.799±0.350±0.351

0.2520−0.2660 0.200±0.007±0.041 0.2088−0.2204 1.196±0.438±0.347

0.2660−0.2800 0.160±0.007±0.034 0.2204−0.2320 0.237±0.190±0.088

0.2800−0.2940 0.115±0.006±0.023 0.2320−0.2436 0.290±0.237±0.268

0.2940−0.3080 0.076±0.005±0.019 0.2436−0.2552 0.514±0.381±0.258

0.3080−0.3220 0.030±0.003±0.014 0.2552−0.2668 0.567±0.249±0.442

0.3220−0.3360 0.034±0.005±0.014 0.2668−0.2784 0.363±0.267±0.396

0.3360−0.3500 0.007±0.002±0.006 0.2784−0.2900 0.651±0.348±0.306

First Moment 0.0540±0.0001±0.0011 0.0552±0.0023±0.0022

Second Moment 0.0056±0.0001±0.0003 0.0068±0.0006±0.0005

Table 7. Differential distribution for event shape τa at
√

s = 91.2 GeV and 〈√s〉 = 197.0 GeV for

a = −0.25. Some of these data points are compared with theoretical predictions in figures 5 and 7.

The first uncertainty is statistical and the second is systematic.
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√
s = 91.2 GeV 〈√s〉 = 197.0 GeV

τa (1/σ) · (dσ/dτa) τa (1/σ) · (dσ/dτa)

0.0000−0.0160 4.263±0.024±0.684 0.0000−0.0136 11.298±0.670±0.440

0.0160−0.0320 18.067±0.059±1.029 0.0136−0.0272 16.603±0.786±0.560

0.0320−0.0480 11.735±0.048±0.132 0.0272−0.0408 10.044±0.531±0.383

0.0480−0.0640 7.183±0.038±0.210 0.0408−0.0544 6.401±0.406±0.404

0.0640−0.0800 4.800±0.032±0.088 0.0544−0.0680 5.660±0.381±0.263

0.0800−0.0960 3.503±0.028±0.095 0.0680−0.0816 3.243±0.300±0.376

0.0960−0.1120 2.630±0.025±0.044 0.0816−0.0952 3.328±0.301±0.365

0.1120−0.1280 2.074±0.022±0.064 0.0952−0.1088 2.315±0.275±0.355

0.1280−0.1440 1.544±0.019±0.081 0.1088−0.1224 1.664±0.240±0.172

0.1440−0.1600 1.287±0.018±0.035 0.1224−0.1360 1.803±0.253±0.264

0.1600−0.1760 1.104±0.016±0.035 0.1360−0.1496 1.593±0.253±0.399

0.1760−0.1920 0.829±0.014±0.041 0.1496−0.1632 1.371±0.267±0.225

0.1920−0.2080 0.751±0.014±0.015 0.1632−0.1768 0.877±0.243±0.229

0.2080−0.2240 0.604±0.013±0.023 0.1768−0.1904 0.841±0.245±0.215

0.2240−0.2400 0.496±0.011±0.023 0.1904−0.2040 1.306±0.277±0.550

0.2400−0.2560 0.402±0.010±0.029 0.2040−0.2176 0.791±0.250±0.418

0.2560−0.2720 0.312±0.009±0.029 0.2176−0.2312 0.314±0.255±0.497

0.2720−0.2880 0.318±0.009±0.042 0.2312−0.2448 0.667±0.319±0.218

0.2880−0.3040 0.202±0.007±0.030 0.2448−0.2584 0.838±0.327±0.218

0.3040−0.3200 0.144±0.006±0.032 0.2584−0.2720 0.202±0.167±0.090

0.3200−0.3360 0.121±0.005±0.025 0.2720−0.2856 0.658±0.304±0.253

0.3360−0.3520 0.066±0.004±0.015 0.2856−0.2992 0.554±0.272±0.328

0.3520−0.3680 0.031±0.003±0.011 0.2992−0.3128 0.162±0.183±0.156

0.3680−0.3840 0.027±0.004±0.014 0.3128−0.3264 0.705±0.314±0.202

0.3840−0.4000 0.009±0.002±0.005 0.3264−0.3400 0.293±0.225±0.154

First Moment 0.0659±0.0001±0.0011 0.0678±0.0026±0.0029

Second Moment 0.0080±0.0001±0.0003 0.0098±0.0008±0.0009

Table 8. Differential distribution for event shape τa at
√

s = 91.2 GeV and 〈√s〉 = 197.0 GeV for

a = 0.0. Some of these data points are compared with theoretical predictions in figures 6 and 8.

The first uncertainty is statistical and the second is systematic.
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√
s = 91.2 GeV 〈√s〉 = 197.0 GeV

τa (1/σ) · (dσ/dτa) τa (1/σ) · (dσ/dτa)

0.0000−0.0180 1.521±0.012±0.521 0.0000−0.0152 6.025±0.444±0.426

0.0180−0.0360 13.544±0.047±0.646 0.0152−0.0304 14.911±0.736±0.617

0.0360−0.0540 11.383±0.045±0.215 0.0304−0.0456 9.359±0.504±0.162

0.0540−0.0720 7.177±0.036±0.126 0.0456−0.0608 6.187±0.384±0.541

0.0720−0.0900 4.886±0.031±0.121 0.0608−0.0760 5.057±0.340±0.246

0.0900−0.1080 3.588±0.027±0.071 0.0760−0.0912 3.991±0.299±0.218

0.1080−0.1260 2.653±0.023±0.089 0.0912−0.1064 2.710±0.261±0.180

0.1260−0.1440 2.149±0.021±0.039 0.1064−0.1216 2.731±0.261±0.248

0.1440−0.1620 1.673±0.019±0.051 0.1216−0.1368 1.961±0.233±0.187

0.1620−0.1800 1.279±0.016±0.069 0.1368−0.1520 1.323±0.206±0.204

0.1800−0.1980 1.113±0.016±0.025 0.1520−0.1672 1.355±0.207±0.169

0.1980−0.2160 0.918±0.014±0.034 0.1672−0.1824 1.549±0.245±0.294

0.2160−0.2340 0.712±0.012±0.030 0.1824−0.1976 1.215±0.234±0.200

0.2340−0.2520 0.631±0.012±0.026 0.1976−0.2128 1.043±0.245±0.243

0.2520−0.2700 0.513±0.011±0.022 0.2128−0.2280 0.491±0.191±0.179

0.2700−0.2880 0.440±0.010±0.022 0.2280−0.2432 1.160±0.257±0.364

0.2880−0.3060 0.349±0.009±0.024 0.2432−0.2584 0.754±0.247±0.226

0.3060−0.3240 0.279±0.008±0.027 0.2584−0.2736 0.520±0.218±0.226

0.3240−0.3420 0.263±0.008±0.034 0.2736−0.2888 0.572±0.261±0.204

0.3420−0.3600 0.170±0.006±0.030 0.2888−0.3040 0.894±0.274±0.186

0.3600−0.3780 0.128±0.005±0.027 0.3040−0.3192 0.219±0.134±0.094

0.3780−0.3960 0.086±0.004±0.018 0.3192−0.3344 0.464±0.250±0.214

0.3960−0.4140 0.048±0.003±0.014 0.3344−0.3496 0.176±0.200±0.153

0.4140−0.4320 0.025±0.003±0.017 0.3496−0.3648 0.347±0.217±0.137

0.4320−0.4500 0.028±0.005±0.012 0.3648−0.3800 0.779±0.341±0.356

First Moment 0.0828±0.0001±0.0012 0.0841±0.0030±0.0040

Second Moment 0.0119±0.0001±0.0004 0.0140±0.0011±0.0016

Table 9. Differential distribution for event shape τa at
√

s = 91.2 GeV and 〈√s〉 = 197.0 GeV for

a = 0.25. Some of these data points are compared with theoretical predictions in figures 6 and 8.

The first uncertainty is statistical and the second is systematic.
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√
s = 91.2 GeV 〈√s〉 = 197.0 GeV

τa (1/σ) · (dσ/dτa) τa (1/σ) · (dσ/dτa)

0.0000−0.0216 0.392±0.005±0.177 0.0000−0.0176 1.986±0.222±0.268

0.0216−0.0432 8.134±0.031±0.361 0.0176−0.0352 11.976±0.639±0.654

0.0432−0.0648 10.226±0.040±0.371 0.0352−0.0528 8.037±0.465±0.392

0.0648−0.0864 6.697±0.032±0.122 0.0528−0.0704 6.339±0.376±0.325

0.0864−0.1080 4.703±0.027±0.072 0.0704−0.0880 5.069±0.319±0.336

0.1080−0.1296 3.390±0.024±0.120 0.0880−0.1056 3.489±0.268±0.311

0.1296−0.1512 2.584±0.021±0.064 0.1056−0.1232 3.239±0.248±0.162

0.1512−0.1728 2.074±0.019±0.042 0.1232−0.1408 2.430±0.227±0.105

0.1728−0.1944 1.622±0.017±0.035 0.1408−0.1584 2.182±0.221±0.204

0.1944−0.2160 1.272±0.019±0.054 0.1584−0.1760 1.646±0.200±0.146

0.2160−0.2376 0.995±0.013±0.041 0.1760−0.1936 1.382±0.196±0.145

0.2376−0.2592 0.900±0.013±0.026 0.1936−0.2112 1.087±0.182±0.109

0.2592−0.2808 0.703±0.011±0.028 0.2112−0.2288 1.250±0.199±0.148

0.2808−0.3024 0.569±0.010±0.036 0.2288−0.2464 1.092±0.213±0.086

0.3024−0.3240 0.474±0.009±0.016 0.2464−0.2640 0.900±0.210±0.205

0.3240−0.3456 0.408±0.009±0.016 0.2640−0.2816 0.643±0.185±0.201

0.3456−0.3672 0.326±0.008±0.020 0.2816−0.2992 1.061±0.242±0.253

0.3672−0.3888 0.251±0.007±0.028 0.2992−0.3168 0.595±0.195±0.119

0.3888−0.4104 0.216±0.006±0.027 0.3168−0.3344 0.322±0.181±0.213

0.4104−0.4320 0.153±0.005±0.026 0.3344−0.3520 0.389±0.193±0.219

0.4320−0.4536 0.090±0.004±0.023 0.3520−0.3696 0.666±0.254±0.183

0.4536−0.4752 0.059±0.003±0.016 0.3696−0.3872 0.201±0.158±0.116

0.4752−0.4968 0.031±0.002±0.013 0.3872−0.4048 0.221±0.255±0.158

0.4968−0.5184 0.015±0.002±0.005 0.4048−0.4224 0.346±0.199±0.166

0.5184−0.5400 0.015±0.003±0.007 0.4224−0.4400 0.272±0.177±0.295

First Moment 0.1078±0.0002±0.0015 0.1042±0.0033±0.0060

Second Moment 0.0187±0.0001±0.0006 0.0193±0.0013±0.0025

Table 10. Differential distribution for event shape τa at
√

s = 91.2 GeV and 〈√s〉 = 197.0 GeV

for a = 0.5. Some of these data points are compared with theoretical predictions in figures 6 and 8.

The first uncertainty is statistical and the second is systematic.
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√
s = 91.2 GeV 〈√s〉 = 197.0 GeV

τa (1/σ) · (dσ/dτa) τa (1/σ) · (dσ/dτa)

0.0000−0.0256 0.068±0.002±0.025 0.0000−0.0208 0.528±0.101±0.201

0.0256−0.0512 2.447±0.013±0.522 0.0208−0.0416 6.395±0.430±0.346

0.0512−0.0768 8.014±0.030±0.405 0.0416−0.0624 7.320±0.439±0.265

0.0768−0.1024 6.694±0.029±0.118 0.0624−0.0832 5.717±0.356±0.271

0.1024−0.1280 4.830±0.025±0.061 0.0832−0.1040 4.097±0.277±0.178

0.1280−0.1536 3.564±0.022±0.068 0.1040−0.1248 4.294±0.270±0.315

0.1536−0.1792 2.719±0.020±0.080 0.1248−0.1456 2.864±0.220±0.176

0.1792−0.2048 2.153±0.018±0.068 0.1456−0.1664 2.643±0.208±0.192

0.2048−0.2304 1.735±0.016±0.051 0.1664−0.1872 2.026±0.183±0.102

0.2304−0.2560 1.402±0.014±0.035 0.1872−0.2080 1.902±0.195±0.162

0.2560−0.2816 1.107±0.013±0.049 0.2080−0.2288 1.421±0.171±0.168

0.2816−0.3072 0.883±0.012±0.025 0.2288−0.2496 1.394±0.174±0.041

0.3072−0.3328 0.749±0.010±0.024 0.2496−0.2704 0.871±0.148±0.131

0.3328−0.3584 0.618±0.010±0.028 0.2704−0.2912 0.945±0.168±0.170

0.3584−0.3840 0.501±0.009±0.028 0.2912−0.3120 0.938±0.166±0.046

0.3840−0.4096 0.399±0.008±0.011 0.3120−0.3328 0.903±0.194±0.087

0.4096−0.4352 0.357±0.008±0.012 0.3328−0.3536 0.576±0.173±0.268

0.4352−0.4608 0.269±0.006±0.021 0.3536−0.3744 0.926±0.198±0.162

0.4608−0.4864 0.200±0.006±0.022 0.3744−0.3952 0.573±0.190±0.208

0.4864−0.5120 0.162±0.005±0.020 0.3952−0.4160 0.247±0.130±0.150

0.5120−0.5376 0.092±0.004±0.022 0.4160−0.4368 0.650±0.211±0.180

0.5376−0.5632 0.046±0.002±0.014 0.4368−0.4576 0.136±0.157±0.167

0.5632−0.5888 0.031±0.002±0.011 0.4576−0.4784 0.405±0.196±0.305

0.5888−0.6144 0.011±0.001±0.006 0.4784−0.4992 0.192±0.094±0.189

0.6144−0.6400 0.014±0.002±0.007 0.4992−0.5200 0.115±0.091±0.084

First Moment 0.1474±0.0002±0.0016 0.1384±0.0034±0.0047

Second Moment 0.0319±0.0001±0.0008 0.0310±0.0016±0.0023

Table 11. Differential distribution for event shape τa at
√

s = 91.2 GeV and 〈√s〉 = 197.0 GeV for

a = 0.75. Some of these data points are compared with theoretical predictions in figures 6 and 8.

The first uncertainty is statistical and the second is systematic.
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a-value Jetset Herwig Ariadne

χ2/d.o.f. C.L. χ2/d.o.f. C.L. χ2/d.o.f. C.L.

−1.00 34.2/25 0.104 54.9/25 0.0005 32.0/25 0.158

−0.75 25.3/25 0.446 45.8/25 0.007 27.2/25 0.346

−0.50 17.4/25 0.867 39.2/25 0.035 21.1/25 0.687

−0.25 16.6/25 0.896 35.7/25 0.076 21.9/25 0.642

0.0 11.7/25 0.989 38.2/25 0.044 23.2/25 0.566

0.25 10.2/25 0.996 37.3/25 0.054 20.5/25 0.720

0.50 13.7/25 0.967 37.3/25 0.054 22.9/25 0.583

0.75 19.1/25 0.792 34.0/25 0.108 30.9/25 0.192

Table 12. Goodness of agreement between data and different parton shower models in terms of χ2

per degree of freedom and confidence level at
√

s = 91.2 GeV.

a-value Jetset Herwig Ariadne

χ2/d.o.f. C.L. χ2/d.o.f. C.L. χ2/d.o.f. C.L.

−1.00 61.8/25 0.0001 60.2/25 0.0001 49.7/25 0.002

−0.75 39.3/25 0.034 30.3/25 0.213 27.0/25 0.356

−0.50 34.4/25 0.100 28.4/25 0.290 24.8/25 0.474

−0.25 34.3/25 0.102 30.7/25 0.191 26.5/25 0.381

0.0 35.0/25 0.088 31.7/25 0.167 27.2/25 0.346

0.25 29.9/25 0.228 31.8/25 0.164 26.6/25 0.376

0.50 23.5/25 0.548 33.6/25 0.117 23.9/25 0.525

0.75 32.1/25 0.155 30.3/25 0.213 24.7/25 0.479

Table 13. Goodness of agreement between data and different parton shower models in terms of χ2

per degree of freedom and confidence level at 〈√s〉 = 197.0 GeV.
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ε (1/σ) · (dσ/dε)

(ν = 10) (ν = 25) (ν = 35) (ν = 50)√
s = 91.2 GeV

0.025 6.294±0.009±0.190 6.177±0.009±0.187 6.101±0.009±0.186 5.990±0.009±0.183

0.075 5.555±0.009±0.079 5.406±0.009±0.078 5.311±0.008±0.077 5.172±0.008±0.076

0.125 2.634±0.006±0.074 2.532±0.006±0.073 2.466±0.006±0.072 2.373±0.006±0.071

0.175 1.555±0.005±0.027 1.472±0.005±0.026 1.420±0.004±0.026 1.346±0.004±0.025

0.225 0.929±0.004±0.010 0.867±0.004±0.011 0.827±0.003±0.011 0.773±0.003±0.011

0.275 0.558±0.003±0.012 0.516±0.003±0.012 0.490±0.003±0.012 0.454±0.002±0.011

0.325 0.364±0.002±0.010 0.335±0.002±0.010 0.318±0.002±0.009 0.294±0.002±0.009

0.375 0.278±0.002±0.007 0.258±0.002±0.006 0.245±0.002±0.006 0.227±0.002±0.005

0.425 0.240±0.002±0.005 0.225±0.002±0.004 0.215±0.002±0.004 0.201±0.002±0.004

0.475 0.222±0.002±0.006 0.211±0.002±0.006 0.203±0.002±0.006 0.192±0.002±0.006

0.525 0.231±0.002±0.006 0.221±0.002±0.006 0.215±0.002±0.006 0.206±0.002±0.006

0.575 0.248±0.002±0.006 0.240±0.002±0.006 0.235±0.002±0.006 0.227±0.002±0.007

0.625 0.228±0.002±0.009 0.222±0.002±0.009 0.218±0.002±0.009 0.212±0.002±0.008

0.675 0.117±0.001±0.014 0.113±0.001±0.013 0.111±0.001±0.013 0.107±0.001±0.012

0.725 0.040±0.001±0.009 0.038±0.001±0.009 0.037±0.000±0.008 0.036±0.001±0.008

0.775 0.019±0.000±0.006 0.018±0.000±0.005 0.017±0.000±0.005 0.017±0.000±0.005

0.825 0.011±0.000±0.003 0.010±0.000±0.003 0.010±0.000±0.003 0.010±0.000±0.003

0.875 0.008±0.000±0.002 0.008±0.000±0.002 0.008±0.000±0.002 0.008±0.000±0.002

0.925 0.004±0.000±0.002 0.003±0.000±0.002 0.003±0.000±0.002 0.003±0.000±0.001

〈√s〉 = 197.0 GeV

0.020 9.460±0.148±0.379 9.335±0.146±0.375 9.254±0.145±0.373 9.135±0.143±0.369

0.060 4.824±0.103±0.169 4.716±0.101±0.168 4.647±0.100±0.167 4.547±0.097±0.166

0.100 2.611±0.080±0.128 2.534±0.077±0.121 2.484±0.076±0.117 2.413±0.074±0.112

0.140 1.855±0.072±0.055 1.780±0.069±0.053 1.733±0.067±0.051 1.665±0.065±0.048

0.180 1.296±0.066±0.033 1.220±0.062±0.030 1.173±0.060±0.029 1.106±0.056±0.027

0.220 0.881±0.056±0.030 0.816±0.052±0.028 0.776±0.049±0.027 0.721±0.046±0.026

0.260 0.528±0.047±0.048 0.485±0.043±0.045 0.458±0.041±0.043 0.421±0.037±0.040

0.300 0.403±0.043±0.042 0.369±0.040±0.038 0.348±0.037±0.036 0.319±0.034±0.032

0.340 0.300±0.040±0.022 0.274±0.036±0.020 0.259±0.034±0.019 0.238±0.031±0.017

0.380 0.250±0.039±0.049 0.230±0.035±0.045 0.217±0.033±0.043 0.200±0.031±0.040

0.420 0.232±0.035±0.025 0.218±0.033±0.023 0.209±0.032±0.023 0.197±0.030±0.022

0.460 0.256±0.039±0.022 0.242±0.037±0.021 0.234±0.036±0.020 0.222±0.034±0.019

0.500 0.198±0.034±0.042 0.190±0.032±0.038 0.185±0.031±0.036 0.177±0.030±0.033

0.540 0.341±0.046±0.030 0.331±0.045±0.030 0.325±0.044±0.031 0.316±0.043±0.031

0.580 0.265±0.046±0.061 0.259±0.045±0.058 0.255±0.044±0.056 0.249±0.043±0.053

0.620 0.395±0.062±0.085 0.387±0.061±0.082 0.382±0.060±0.080 0.374±0.059±0.078

0.660 0.229±0.044±0.036 0.223±0.043±0.034 0.220±0.043±0.033 0.214±0.042±0.031

0.700 0.098±0.023±0.033 0.095±0.022±0.031 0.092±0.022±0.030 0.089±0.021±0.028

0.740 0.046±0.013±0.048 0.044±0.013±0.044 0.043±0.012±0.042 0.041±0.012±0.040

0.780 0.024±0.008±0.034 0.022±0.008±0.032 0.021±0.007±0.031 0.020±0.007±0.029

Table 14. Differential distribution for the energy flow correlation for a = −1.0 and δ = 30◦.
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1
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3

ε (1/σ) · (dσ/dε)

(ν = 10) (ν = 25) (ν = 35) (ν = 50)√
s = 91.2 GeV

0.025 6.160±0.009±0.180 5.872±0.009±0.174 5.690±0.008±0.170 5.432±0.008±0.164

0.075 5.407±0.009±0.078 5.055±0.008±0.076 4.838±0.008±0.074 4.536±0.007±0.073

0.125 2.534±0.006±0.073 2.301±0.005±0.070 2.161±0.005±0.068 1.970±0.005±0.065

0.175 1.478±0.005±0.026 1.298±0.004±0.024 1.193±0.004±0.023 1.053±0.003±0.022

0.225 0.874±0.004±0.010 0.744±0.003±0.010 0.670±0.003±0.010 0.575±0.002±0.010

0.275 0.522±0.003±0.012 0.438±0.002±0.011 0.391±0.002±0.010 0.330±0.002±0.009

0.325 0.341±0.002±0.010 0.286±0.002±0.008 0.254±0.002±0.008 0.215±0.001±0.007

0.375 0.262±0.002±0.006 0.222±0.002±0.005 0.199±0.002±0.004 0.170±0.001±0.004

0.425 0.230±0.002±0.005 0.198±0.002±0.004 0.180±0.002±0.004 0.157±0.001±0.003

0.475 0.215±0.002±0.006 0.191±0.002±0.006 0.177±0.002±0.006 0.158±0.001±0.006

0.525 0.221±0.002±0.006 0.201±0.002±0.006 0.189±0.002±0.006 0.172±0.001±0.005

0.575 0.241±0.002±0.006 0.223±0.002±0.006 0.213±0.002±0.006 0.198±0.002±0.006

0.625 0.222±0.002±0.009 0.208±0.002±0.008 0.200±0.002±0.008 0.188±0.002±0.007

0.675 0.114±0.001±0.013 0.106±0.001±0.012 0.101±0.001±0.011 0.095±0.001±0.010

0.725 0.038±0.001±0.008 0.035±0.001±0.008 0.033±0.001±0.007 0.030±0.001±0.007

0.775 0.019±0.000±0.005 0.017±0.000±0.005 0.016±0.000±0.004 0.015±0.000±0.004

0.825 0.011±0.000±0.003 0.010±0.000±0.003 0.009±0.000±0.003 0.008±0.000±0.002

0.875 0.008±0.000±0.002 0.007±0.000±0.002 0.007±0.000±0.001 0.006±0.000±0.001

〈√s〉 = 197.0 GeV

0.020 9.336±0.146±0.394 9.027±0.141±0.384 8.831±0.138±0.378 8.552±0.134±0.369

0.060 4.705±0.101±0.166 4.453±0.096±0.163 4.297±0.092±0.161 4.081±0.088±0.158

0.100 2.531±0.077±0.115 2.351±0.072±0.103 2.242±0.069±0.096 2.092±0.064±0.086

0.140 1.791±0.070±0.059 1.621±0.063±0.053 1.519±0.059±0.049 1.380±0.054±0.044

0.180 1.226±0.063±0.036 1.068±0.054±0.030 0.976±0.050±0.026 0.855±0.044±0.022

0.220 0.807±0.052±0.025 0.683±0.044±0.023 0.613±0.039±0.021 0.524±0.034±0.019

0.260 0.496±0.044±0.044 0.411±0.037±0.038 0.364±0.032±0.035 0.305±0.027±0.031

0.300 0.409±0.044±0.028 0.336±0.036±0.024 0.297±0.031±0.021 0.247±0.026±0.018

0.340 0.292±0.038±0.023 0.242±0.031±0.019 0.214±0.027±0.017 0.180±0.023±0.014

0.380 0.222±0.035±0.052 0.187±0.029±0.043 0.168±0.026±0.038 0.143±0.022±0.032

0.420 0.242±0.037±0.028 0.211±0.032±0.023 0.193±0.029±0.021 0.170±0.025±0.018

0.460 0.224±0.035±0.024 0.201±0.031±0.020 0.187±0.029±0.018 0.168±0.026±0.015

0.500 0.230±0.037±0.037 0.210±0.034±0.031 0.198±0.032±0.027 0.182±0.029±0.023

0.540 0.340±0.046±0.038 0.320±0.043±0.038 0.307±0.042±0.038 0.290±0.039±0.037

0.580 0.247±0.044±0.066 0.234±0.042±0.060 0.226±0.041±0.057 0.215±0.039±0.053

0.620 0.355±0.058±0.069 0.338±0.056±0.063 0.328±0.056±0.060 0.314±0.053±0.056

0.660 0.213±0.041±0.040 0.201±0.039±0.035 0.194±0.038±0.032 0.185±0.036±0.028

0.700 0.081±0.021±0.048 0.074±0.019±0.043 0.070±0.018±0.040 0.065±0.017±0.037

0.740 0.044±0.012±0.041 0.040±0.011±0.035 0.037±0.011±0.032 0.034±0.010±0.028

0.780 0.023±0.008±0.038 0.020±0.007±0.033 0.019±0.007±0.031 0.016±0.006±0.027

Table 15. Differential distribution for energy flow correlation for a = −0.5 and δ = 30◦.
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ε (1/σ) · (dσ/dε)

(ν = 10) (ν = 25) (ν = 35) (ν = 50)√
s = 91.2 GeV

0.025 5.810±0.009±0.171 5.101±0.008±0.154 4.690±0.007±0.144 4.149±0.006±0.132

0.075 5.015±0.008±0.077 4.209±0.007±0.074 3.763±0.006±0.072 3.201±0.005±0.070

0.125 2.287±0.005±0.069 1.793±0.004±0.062 1.533±0.004±0.058 1.223±0.003±0.052

0.175 1.299±0.004±0.023 0.948±0.003±0.019 0.773±0.003±0.018 0.575±0.002±0.017

0.225 0.754±0.003±0.009 0.519±0.002±0.009 0.408±0.002±0.009 0.287±0.001±0.009

0.275 0.448±0.002±0.011 0.301±0.002±0.008 0.233±0.001±0.007 0.161±0.001±0.006

0.325 0.294±0.002±0.008 0.198±0.001±0.006 0.154±0.001±0.005 0.107±0.001±0.004

0.375 0.229±0.002±0.005 0.159±0.001±0.003 0.126±0.001±0.002 0.090±0.001±0.002

0.425 0.203±0.002±0.004 0.148±0.001±0.003 0.120±0.001±0.003 0.090±0.001±0.002

0.475 0.192±0.002±0.005 0.147±0.001±0.005 0.125±0.001±0.004 0.098±0.001±0.004

0.525 0.204±0.002±0.007 0.165±0.001±0.006 0.144±0.001±0.006 0.119±0.001±0.005

0.575 0.225±0.002±0.006 0.190±0.002±0.005 0.171±0.002±0.005 0.147±0.001±0.005

0.625 0.206±0.002±0.008 0.177±0.002±0.006 0.161±0.002±0.005 0.141±0.001±0.004

0.675 0.107±0.001±0.012 0.090±0.001±0.010 0.081±0.001±0.009 0.070±0.001±0.008

0.725 0.036±0.001±0.008 0.029±0.000±0.006 0.025±0.000±0.006 0.021±0.000±0.005

0.775 0.017±0.000±0.005 0.014±0.000±0.004 0.012±0.000±0.004 0.010±0.000±0.003

0.825 0.010±0.000±0.003 0.008±0.000±0.002 0.007±0.000±0.002 0.006±0.000±0.002

0.875 0.007±0.000±0.002 0.006±0.000±0.001 0.005±0.000±0.001 0.005±0.000±0.001

〈√s〉 = 197.0 GeV

0.020 8.940±0.140±0.364 8.152±0.129±0.338 7.687±0.122±0.323 7.066±0.113±0.303

0.060 4.425±0.095±0.153 3.840±0.083±0.145 3.513±0.077±0.140 3.093±0.069±0.131

0.100 2.337±0.072±0.094 1.935±0.060±0.072 1.716±0.054±0.062 1.445±0.046±0.051

0.140 1.614±0.063±0.048 1.256±0.049±0.037 1.070±0.042±0.032 0.847±0.034±0.026

0.180 1.072±0.054±0.030 0.771±0.039±0.020 0.625±0.032±0.017 0.462±0.024±0.014

0.220 0.696±0.045±0.019 0.479±0.031±0.016 0.378±0.024±0.014 0.270±0.018±0.012

0.260 0.410±0.037±0.031 0.274±0.025±0.023 0.212±0.019±0.020 0.147±0.014±0.015

0.300 0.333±0.035±0.027 0.220±0.023±0.018 0.170±0.018±0.014 0.117±0.012±0.011

0.340 0.255±0.033±0.024 0.171±0.022±0.015 0.133±0.017±0.012 0.094±0.012±0.008

0.380 0.181±0.028±0.050 0.128±0.020±0.036 0.103±0.016±0.029 0.075±0.012±0.022

0.420 0.203±0.031±0.016 0.152±0.023±0.012 0.126±0.019±0.011 0.098±0.015±0.009

0.460 0.237±0.034±0.017 0.186±0.027±0.010 0.159±0.023±0.009 0.128±0.019±0.007

0.500 0.214±0.032±0.038 0.178±0.027±0.026 0.159±0.024±0.021 0.137±0.021±0.016

0.540 0.303±0.043±0.045 0.262±0.037±0.041 0.239±0.034±0.039 0.210±0.030±0.035

0.580 0.256±0.044±0.057 0.229±0.041±0.047 0.214±0.039±0.042 0.193±0.036±0.036

0.620 0.332±0.056±0.074 0.296±0.051±0.063 0.275±0.049±0.058 0.249±0.046±0.053

0.660 0.219±0.042±0.022 0.194±0.038±0.017 0.180±0.036±0.014 0.163±0.034±0.012

0.700 0.086±0.021±0.029 0.071±0.018±0.023 0.064±0.016±0.020 0.054±0.014±0.016

0.740 0.045±0.012±0.041 0.037±0.010±0.031 0.033±0.009±0.025 0.028±0.008±0.019

0.780 0.021±0.007±0.031 0.016±0.006±0.024 0.014±0.005±0.020 0.011±0.004±0.016

Table 16. Differential distribution for energy flow correlation for a = 0.0 and δ = 30◦.
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ε (1/σ) · (dσ/dε)

(ν = 10) (ν = 25) (ν = 35) (ν = 50)√
s = 91.2 GeV

0.025 4.848±0.007±0.146 3.313±0.005±0.112 2.606±0.004±0.098 1.852±0.003±0.084

0.075 3.997±0.006±0.073 2.461±0.004±0.066 1.819±0.003±0.062 1.188±0.002±0.054

0.125 1.709±0.004±0.058 0.895±0.002±0.042 0.596±0.002±0.034 0.334±0.001±0.024

0.175 0.921±0.003±0.019 0.415±0.001±0.014 0.251±0.001±0.011 0.122±0.000±0.008

0.225 0.519±0.002±0.008 0.212±0.001±0.007 0.120±0.001±0.005 0.054±0.000±0.004

0.275 0.307±0.002±0.008 0.122±0.001±0.004 0.068±0.000±0.003 0.030±0.000±0.002

0.325 0.206±0.001±0.006 0.084±0.001±0.003 0.048±0.000±0.002 0.022±0.000±0.001

0.375 0.166±0.001±0.003 0.074±0.001±0.001 0.045±0.000±0.000 0.022±0.000±0.000

0.425 0.151±0.001±0.003 0.074±0.001±0.001 0.048±0.000±0.001 0.026±0.000±0.001

0.475 0.150±0.001±0.006 0.084±0.001±0.004 0.058±0.001±0.003 0.035±0.000±0.003

0.525 0.166±0.001±0.005 0.102±0.001±0.004 0.076±0.001±0.003 0.051±0.000±0.002

0.575 0.190±0.002±0.005 0.128±0.001±0.004 0.101±0.001±0.004 0.073±0.001±0.003

0.625 0.176±0.002±0.007 0.124±0.001±0.004 0.100±0.001±0.003 0.074±0.001±0.002

0.675 0.090±0.001±0.010 0.061±0.001±0.007 0.049±0.001±0.005 0.035±0.001±0.004

0.725 0.030±0.001±0.006 0.019±0.000±0.004 0.014±0.000±0.003 0.009±0.000±0.002

0.775 0.015±0.000±0.004 0.009±0.000±0.003 0.007±0.000±0.002 0.005±0.000±0.001

0.825 0.008±0.000±0.002 0.005±0.000±0.002 0.004±0.000±0.001 0.003±0.000±0.001

〈√s〉 = 197.0 GeV

0.020 7.857±0.124±0.343 6.004±0.098±0.284 5.089±0.085±0.255 4.036±0.070±0.220

0.060 3.642±0.080±0.152 2.464±0.056±0.121 1.940±0.046±0.104 1.389±0.035±0.084

0.100 1.824±0.057±0.080 1.089±0.035±0.047 0.790±0.027±0.035 0.502±0.018±0.024

0.140 1.191±0.047±0.033 0.614±0.025±0.017 0.405±0.017±0.013 0.223±0.010±0.009

0.180 0.754±0.038±0.020 0.338±0.017±0.012 0.205±0.011±0.010 0.102±0.006±0.007

0.220 0.482±0.031±0.015 0.203±0.013±0.010 0.119±0.008±0.007 0.058±0.005±0.005

0.260 0.279±0.025±0.027 0.111±0.010±0.013 0.064±0.006±0.008 0.030±0.003±0.004

0.300 0.227±0.024±0.014 0.093±0.010±0.006 0.054±0.006±0.004 0.026±0.003±0.002

0.340 0.169±0.022±0.016 0.074±0.010±0.006 0.046±0.007±0.004 0.025±0.004±0.003

0.380 0.137±0.021±0.035 0.065±0.010±0.016 0.041±0.007±0.012 0.022±0.004±0.007

0.420 0.162±0.024±0.016 0.088±0.013±0.009 0.061±0.009±0.006 0.038±0.006±0.004

0.460 0.190±0.029±0.017 0.112±0.017±0.009 0.081±0.013±0.007 0.051±0.008±0.004

0.500 0.186±0.027±0.023 0.127±0.019±0.011 0.102±0.016±0.009 0.076±0.012±0.008

0.540 0.260±0.036±0.041 0.190±0.026±0.032 0.157±0.022±0.028 0.121±0.018±0.022

0.580 0.241±0.041±0.046 0.184±0.033±0.031 0.157±0.029±0.026 0.125±0.025±0.021

0.620 0.307±0.051±0.047 0.237±0.043±0.038 0.203±0.039±0.034 0.165±0.034±0.030

0.660 0.194±0.037±0.021 0.146±0.030±0.014 0.124±0.026±0.011 0.101±0.023±0.009

0.700 0.089±0.021±0.019 0.063±0.014±0.013 0.051±0.012±0.010 0.040±0.010±0.007

0.740 0.037±0.011±0.032 0.025±0.008±0.017 0.019±0.006±0.012 0.014±0.005±0.007

0.780 0.016±0.006±0.032 0.009±0.004±0.018 0.007±0.003±0.013 0.004±0.002±0.008

Table 17. Differential distribution for energy flow correlation for a = 0.5 and δ = 30◦.
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ε (1/σ) · (dσ/dε)

(ν = 10) (ν = 25) (ν = 35) (ν = 50)√
s = 91.2 GeV

0.020 12.112±0.015±0.334 11.516±0.014±0.320 11.147±0.013±0.310 10.631±0.013±0.298

0.060 5.231±0.009±0.238 4.809±0.008±0.229 4.560±0.008±0.224 4.224±0.008±0.216

0.100 2.296±0.006±0.048 2.050±0.006±0.046 1.909±0.005±0.045 1.724±0.005±0.044

0.140 1.340±0.005±0.027 1.168±0.004±0.023 1.071±0.004±0.021 0.946±0.004±0.018

0.180 0.840±0.004±0.020 0.708±0.003±0.017 0.635±0.003±0.015 0.543±0.003±0.013

0.220 0.539±0.003±0.009 0.437±0.003±0.009 0.381±0.002±0.009 0.313±0.002±0.009

0.260 0.349±0.002±0.012 0.271±0.002±0.011 0.230±0.002±0.010 0.182±0.001±0.009

0.300 0.213±0.002±0.017 0.162±0.001±0.014 0.136±0.001±0.012 0.105±0.001±0.010

0.340 0.145±0.002±0.012 0.109±0.001±0.009 0.091±0.001±0.008 0.070±0.001±0.006

0.380 0.101±0.001±0.007 0.077±0.001±0.005 0.064±0.001±0.005 0.049±0.001±0.004

0.420 0.081±0.001±0.005 0.063±0.001±0.004 0.053±0.001±0.003 0.042±0.001±0.002

0.460 0.068±0.001±0.005 0.055±0.001±0.004 0.048±0.001±0.003 0.039±0.001±0.002

0.500 0.057±0.001±0.006 0.046±0.001±0.004 0.041±0.001±0.004 0.034±0.001±0.003

0.540 0.052±0.001±0.003 0.044±0.001±0.002 0.040±0.001±0.002 0.034±0.001±0.002

0.580 0.047±0.001±0.004 0.041±0.001±0.003 0.038±0.001±0.003 0.034±0.001±0.002

0.620 0.033±0.001±0.006 0.030±0.001±0.005 0.028±0.001±0.005 0.026±0.001±0.004

0.660 0.014±0.001±0.002 0.013±0.001±0.002 0.012±0.000±0.002 0.011±0.001±0.002

0.700 0.004±0.000±0.001 0.003±0.000±0.001 0.003±0.000±0.001 0.003±0.000±0.001

〈√s〉 = 197.0 GeV

0.0175 15.049±0.197±0.504 14.427±0.189±0.491 14.047±0.184±0.483 13.519±0.178±0.471

0.0525 4.067±0.103±0.172 3.759±0.095±0.159 3.581±0.090±0.151 3.346±0.084±0.141

0.0875 2.153±0.079±0.077 1.952±0.071±0.068 1.838±0.067±0.063 1.691±0.062±0.056

0.1225 1.392±0.069±0.070 1.246±0.061±0.060 1.163±0.057±0.055 1.056±0.052±0.048

0.1575 1.085±0.068±0.051 0.938±0.059±0.047 0.857±0.054±0.046 0.753±0.048±0.043

0.1925 0.746±0.064±0.041 0.616±0.053±0.035 0.546±0.047±0.032 0.459±0.040±0.029

0.2275 0.619±0.064±0.019 0.490±0.050±0.019 0.421±0.043±0.019 0.339±0.035±0.018

0.2625 0.348±0.046±0.028 0.267±0.035±0.021 0.226±0.030±0.018 0.178±0.024±0.015

0.2975 0.298±0.046±0.022 0.221±0.035±0.016 0.183±0.030±0.014 0.140±0.023±0.013

0.3325 0.243±0.043±0.061 0.184±0.033±0.047 0.154±0.027±0.040 0.119±0.021±0.032

0.3675 0.154±0.032±0.045 0.118±0.024±0.031 0.100±0.021±0.025 0.079±0.017±0.018

0.4025 0.115±0.028±0.046 0.088±0.022±0.035 0.074±0.019±0.029 0.058±0.016±0.023

0.4375 0.123±0.028±0.050 0.101±0.023±0.036 0.089±0.020±0.029 0.074±0.017±0.022

0.4725 0.118±0.031±0.010 0.095±0.027±0.006 0.082±0.024±0.006 0.067±0.020±0.006

0.5075 0.063±0.024±0.057 0.054±0.021±0.046 0.049±0.019±0.040 0.042±0.016±0.033

0.5425 0.100±0.026±0.039 0.085±0.023±0.034 0.077±0.021±0.032 0.067±0.019±0.028

0.5775 0.065±0.024±0.038 0.058±0.021±0.032 0.054±0.020±0.028 0.048±0.018±0.024

0.6125 0.089±0.029±0.050 0.081±0.027±0.042 0.077±0.026±0.038 0.071±0.024±0.033

0.6475 0.080±0.022±0.018 0.075±0.021±0.013 0.072±0.021±0.011 0.068±0.020±0.009

0.6825 0.030±0.010±0.017 0.028±0.009±0.013 0.027±0.009±0.011 0.025±0.008±0.009

Table 18. Differential distribution for energy flow correlation for a = −1.0 and δ = 45◦.
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)
1
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3

ε (1/σ) · (dσ/dε)

(ν = 10) (ν = 25) (ν = 35) (ν = 50)√
s = 91.2 GeV

0.020 11.659±0.014±0.314 10.520±0.013±0.282 9.855±0.012±0.264 8.973±0.011±0.242

0.060 4.939±0.009±0.230 4.203±0.007±0.214 3.802±0.007±0.204 3.302±0.006±0.190

0.100 2.129±0.006±0.046 1.719±0.005±0.043 1.506±0.004±0.041 1.252±0.004±0.038

0.140 1.225±0.005±0.024 0.945±0.004±0.017 0.804±0.003±0.014 0.641±0.003±0.011

0.180 0.753±0.004±0.018 0.547±0.003±0.013 0.447±0.002±0.011 0.336±0.002±0.008

0.220 0.475±0.003±0.009 0.322±0.002±0.008 0.251±0.002±0.008 0.177±0.001±0.007

0.260 0.301±0.002±0.011 0.192±0.001±0.009 0.144±0.001±0.008 0.096±0.001±0.007

0.300 0.183±0.002±0.015 0.113±0.001±0.010 0.083±0.001±0.008 0.054±0.001±0.006

0.340 0.125±0.001±0.010 0.076±0.001±0.006 0.056±0.001±0.005 0.036±0.000±0.003

0.380 0.088±0.001±0.006 0.055±0.001±0.004 0.040±0.001±0.003 0.026±0.000±0.002

0.420 0.071±0.001±0.004 0.046±0.001±0.002 0.035±0.001±0.002 0.024±0.000±0.001

0.460 0.060±0.001±0.004 0.042±0.001±0.002 0.033±0.001±0.002 0.023±0.000±0.001

0.500 0.052±0.001±0.005 0.037±0.001±0.003 0.030±0.001±0.002 0.022±0.000±0.002

0.540 0.048±0.001±0.003 0.036±0.001±0.002 0.030±0.001±0.001 0.023±0.000±0.001

0.580 0.044±0.001±0.004 0.036±0.001±0.003 0.031±0.001±0.002 0.025±0.001±0.002

0.620 0.031±0.001±0.005 0.027±0.001±0.004 0.024±0.001±0.004 0.021±0.001±0.003

0.660 0.013±0.001±0.002 0.011±0.000±0.002 0.010±0.000±0.002 0.009±0.000±0.001

0.700 0.004±0.000±0.001 0.003±0.000±0.001 0.003±0.000±0.001 0.002±0.000±0.000

〈√s〉 = 197.0 GeV

0.0175 14.606±0.191±0.500 13.463±0.177±0.474 12.804±0.170±0.460 11.933±0.160±0.441

0.0525 3.842±0.097±0.158 3.335±0.084±0.137 3.063±0.078±0.126 2.726±0.070±0.112

0.0875 2.024±0.074±0.065 1.693±0.062±0.052 1.523±0.056±0.045 1.318±0.049±0.038

0.1225 1.304±0.063±0.063 1.056±0.051±0.048 0.929±0.046±0.040 0.779±0.039±0.031

0.1575 0.990±0.062±0.046 0.753±0.047±0.039 0.637±0.040±0.035 0.505±0.033±0.031

0.1925 0.678±0.058±0.031 0.473±0.040±0.026 0.379±0.033±0.023 0.277±0.025±0.019

0.2275 0.517±0.053±0.022 0.341±0.035±0.018 0.262±0.027±0.015 0.181±0.019±0.013

0.2625 0.308±0.041±0.021 0.194±0.026±0.016 0.146±0.020±0.014 0.098±0.014±0.011

0.2975 0.262±0.042±0.015 0.158±0.026±0.011 0.116±0.019±0.009 0.074±0.013±0.007

0.3325 0.212±0.038±0.052 0.133±0.024±0.031 0.099±0.018±0.023 0.066±0.012±0.016

0.3675 0.124±0.029±0.045 0.080±0.020±0.026 0.061±0.015±0.019 0.043±0.011±0.012

0.4025 0.097±0.024±0.036 0.062±0.016±0.022 0.047±0.012±0.017 0.032±0.009±0.012

0.4375 0.125±0.029±0.030 0.090±0.021±0.017 0.073±0.017±0.013 0.054±0.013±0.008

0.4725 0.104±0.025±0.019 0.074±0.019±0.011 0.061±0.016±0.008 0.046±0.013±0.006

0.5075 0.053±0.018±0.037 0.041±0.014±0.025 0.035±0.012±0.019 0.028±0.010±0.014

0.5425 0.103±0.026±0.027 0.081±0.021±0.021 0.070±0.018±0.019 0.057±0.015±0.015

0.5775 0.059±0.022±0.042 0.048±0.019±0.031 0.043±0.017±0.027 0.036±0.015±0.021

0.6125 0.090±0.029±0.052 0.078±0.026±0.040 0.072±0.025±0.034 0.064±0.023±0.028

0.6475 0.074±0.023±0.017 0.067±0.021±0.010 0.062±0.020±0.007 0.057±0.019±0.005

0.6825 0.029±0.009±0.018 0.024±0.008±0.012 0.023±0.008±0.009 0.020±0.007±0.006

Table 19. Differential distribution for energy flow correlation for a = −0.5 and δ = 45◦.
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ε (1/σ) · (dσ/dε)

(ν = 10) (ν = 25) (ν = 35) (ν = 50)√
s = 91.2 GeV

0.020 10.662±0.013±0.274 8.539±0.010±0.216 7.439±0.009±0.189 6.122±0.008±0.162

0.060 4.350±0.008±0.215 3.141±0.006±0.184 2.581±0.005±0.165 1.967±0.004±0.142

0.100 1.810±0.005±0.041 1.184±0.003±0.036 0.917±0.003±0.032 0.645±0.002±0.027

0.140 1.012±0.004±0.018 0.605±0.002±0.010 0.443±0.002±0.008 0.286±0.001±0.006

0.180 0.602±0.003±0.014 0.323±0.002±0.008 0.220±0.001±0.006 0.128±0.001±0.005

0.220 0.368±0.002±0.007 0.176±0.001±0.006 0.111±0.001±0.005 0.059±0.000±0.004

0.260 0.229±0.002±0.009 0.100±0.001±0.006 0.060±0.000±0.004 0.029±0.000±0.003

0.300 0.139±0.001±0.011 0.059±0.001±0.006 0.034±0.000±0.004 0.016±0.000±0.002

0.340 0.095±0.001±0.007 0.040±0.000±0.003 0.023±0.000±0.002 0.011±0.000±0.001

0.380 0.067±0.001±0.005 0.029±0.000±0.002 0.017±0.000±0.001 0.008±0.000±0.001

0.420 0.056±0.001±0.003 0.026±0.000±0.001 0.017±0.000±0.001 0.009±0.000±0.000

0.460 0.049±0.001±0.003 0.026±0.000±0.001 0.017±0.000±0.001 0.010±0.000±0.000

0.500 0.043±0.001±0.004 0.024±0.000±0.002 0.017±0.000±0.001 0.010±0.000±0.001

0.540 0.041±0.001±0.002 0.025±0.001±0.001 0.018±0.000±0.001 0.012±0.000±0.000

0.580 0.039±0.001±0.003 0.027±0.001±0.002 0.021±0.000±0.001 0.015±0.000±0.001

0.620 0.028±0.001±0.005 0.021±0.001±0.003 0.018±0.001±0.003 0.014±0.000±0.002

0.660 0.012±0.000±0.002 0.009±0.000±0.001 0.008±0.000±0.001 0.006±0.000±0.001

〈√s〉 = 197.0 GeV

0.0175 13.628±0.179±0.473 11.513±0.154±0.423 10.412±0.142±0.398 9.070±0.127±0.368

0.0525 3.458±0.087±0.135 2.625±0.068±0.107 2.236±0.059±0.094 1.800±0.049±0.079

0.0875 1.780±0.065±0.060 1.260±0.047±0.038 1.032±0.040±0.031 0.787±0.032±0.025

0.1225 1.101±0.054±0.039 0.727±0.036±0.022 0.567±0.029±0.016 0.402±0.021±0.010

0.1575 0.796±0.050±0.037 0.470±0.030±0.024 0.342±0.023±0.018 0.221±0.015±0.012

0.1925 0.515±0.044±0.039 0.267±0.023±0.020 0.179±0.016±0.014 0.104±0.010±0.009

0.2275 0.404±0.040±0.019 0.188±0.019±0.013 0.118±0.012±0.011 0.062±0.007±0.007

0.2625 0.231±0.031±0.019 0.102±0.014±0.011 0.063±0.009±0.008 0.033±0.005±0.005

0.2975 0.173±0.029±0.020 0.071±0.013±0.010 0.042±0.008±0.007 0.020±0.004±0.005

0.3325 0.164±0.030±0.046 0.072±0.013±0.021 0.043±0.008±0.013 0.022±0.005±0.007

0.3675 0.096±0.023±0.034 0.046±0.011±0.013 0.030±0.007±0.008 0.017±0.004±0.004

0.4025 0.080±0.019±0.027 0.039±0.010±0.013 0.026±0.007±0.008 0.015±0.004±0.005

0.4375 0.114±0.025±0.024 0.066±0.014±0.013 0.047±0.010±0.009 0.029±0.007±0.006

0.4725 0.092±0.022±0.012 0.053±0.013±0.005 0.038±0.010±0.004 0.024±0.007±0.004

0.5075 0.056±0.020±0.027 0.037±0.013±0.014 0.029±0.011±0.010 0.021±0.008±0.006

0.5425 0.085±0.023±0.023 0.056±0.016±0.015 0.044±0.013±0.012 0.032±0.010±0.008

0.5775 0.061±0.021±0.036 0.044±0.016±0.023 0.036±0.013±0.018 0.028±0.010±0.013

0.6125 0.085±0.024±0.023 0.066±0.020±0.013 0.057±0.018±0.010 0.046±0.015±0.008

0.6475 0.070±0.018±0.018 0.057±0.016±0.008 0.050±0.014±0.006 0.043±0.013±0.005

0.6825 0.032±0.009±0.013 0.026±0.007±0.006 0.023±0.007±0.004 0.019±0.006±0.003

Table 20. Differential distribution for energy flow correlation for a = 0.0 and δ = 45◦.

– 33 –



J
H
E
P
1
0
(
2
0
1
1
)
1
4
3

ε (1/σ) · (dσ/dε)

(ν = 10) (ν = 25) (ν = 35) (ν = 50)√
s = 91.2 GeV

0.020 8.425±0.010±0.213 4.982±0.006±0.133 3.625±0.005±0.110 2.333±0.003±0.090

0.060 3.178±0.006±0.185 1.559±0.003±0.123 1.025±0.002±0.095 0.579±0.001±0.066

0.100 1.231±0.004±0.036 0.497±0.002±0.023 0.290±0.001±0.017 0.138±0.001±0.011

0.140 0.651±0.003±0.010 0.220±0.001±0.005 0.114±0.001±0.004 0.046±0.000±0.002

0.180 0.367±0.002±0.008 0.102±0.001±0.003 0.047±0.000±0.002 0.016±0.000±0.001

0.220 0.216±0.001±0.006 0.051±0.000±0.003 0.021±0.000±0.002 0.006±0.000±0.001

0.260 0.131±0.001±0.006 0.028±0.000±0.003 0.011±0.000±0.001 0.003±0.000±0.001

0.300 0.080±0.001±0.007 0.016±0.000±0.002 0.006±0.000±0.001 0.002±0.000±0.000

0.340 0.056±0.001±0.004 0.012±0.000±0.001 0.005±0.000±0.000 0.001±0.000±0.000

0.380 0.041±0.001±0.002 0.010±0.000±0.001 0.004±0.000±0.000 0.001±0.000±0.000

0.420 0.036±0.001±0.002 0.010±0.000±0.000 0.004±0.000±0.000 0.001±0.000±0.000

0.460 0.033±0.001±0.002 0.010±0.000±0.000 0.005±0.000±0.000 0.002±0.000±0.000

0.500 0.030±0.001±0.003 0.011±0.000±0.001 0.006±0.000±0.000 0.003±0.000±0.000

0.540 0.029±0.001±0.002 0.012±0.000±0.000 0.007±0.000±0.000 0.003±0.000±0.000

0.580 0.030±0.001±0.003 0.015±0.000±0.001 0.010±0.000±0.000 0.005±0.000±0.001

0.620 0.023±0.001±0.003 0.013±0.000±0.002 0.009±0.000±0.001 0.006±0.000±0.001

0.660 0.010±0.000±0.002 0.006±0.000±0.001 0.004±0.000±0.001 0.003±0.000±0.000

0.700 0.003±0.000±0.001 0.002±0.000±0.000 0.001±0.000±0.000 0.001±0.000±0.000

〈√s〉 = 197.0 GeV

0.0175 11.382±0.153±0.384 7.729±0.110±0.323 6.175±0.092±0.292 4.557±0.072±0.254

0.0525 2.633±0.067±0.114 1.467±0.041±0.071 1.049±0.031±0.055 0.666±0.021±0.039

0.0875 1.271±0.047±0.040 0.615±0.025±0.022 0.404±0.018±0.016 0.227±0.011±0.011

0.1225 0.760±0.038±0.021 0.312±0.017±0.006 0.182±0.010±0.003 0.087±0.006±0.002

0.1575 0.512±0.032±0.022 0.173±0.012±0.008 0.091±0.007±0.004 0.037±0.003±0.002

0.1925 0.325±0.027±0.021 0.088±0.008±0.007 0.040±0.004±0.004 0.014±0.002±0.002

0.2275 0.229±0.024±0.011 0.054±0.006±0.004 0.024±0.003±0.003 0.008±0.001±0.001

0.2625 0.144±0.018±0.014 0.034±0.005±0.005 0.015±0.003±0.003 0.005±0.001±0.001

0.2975 0.121±0.019±0.011 0.025±0.004±0.004 0.010±0.002±0.002 0.003±0.001±0.001

0.3325 0.084±0.015±0.018 0.021±0.004±0.005 0.010±0.002±0.002 0.004±0.001±0.001

0.3675 0.051±0.011±0.021 0.016±0.004±0.003 0.008±0.002±0.001 0.004±0.001±0.000

0.4025 0.054±0.014±0.015 0.016±0.005±0.004 0.008±0.003±0.002 0.003±0.001±0.001

0.4375 0.087±0.019±0.019 0.033±0.007±0.007 0.018±0.004±0.004 0.009±0.002±0.002

0.4725 0.059±0.015±0.009 0.023±0.007±0.005 0.014±0.005±0.004 0.008±0.003±0.002

0.5075 0.052±0.016±0.016 0.026±0.008±0.007 0.018±0.006±0.005 0.011±0.004±0.003

0.5425 0.072±0.019±0.014 0.038±0.010±0.007 0.026±0.007±0.005 0.016±0.005±0.003

0.5775 0.058±0.018±0.015 0.034±0.011±0.007 0.025±0.009±0.005 0.016±0.006±0.004

0.6125 0.067±0.024±0.026 0.040±0.016±0.015 0.031±0.013±0.012 0.022±0.010±0.009

0.6475 0.058±0.016±0.009 0.040±0.012±0.005 0.032±0.010±0.005 0.024±0.008±0.005

0.6825 0.023±0.007±0.010 0.015±0.005±0.003 0.011±0.004±0.002 0.008±0.003±0.001

Table 21. Differential distribution for energy flow correlation for a = 0.5 and δ = 45◦.
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ε (1/σ) · (dσ/dε)

(ν = 10) (ν = 25) (ν = 35) (ν = 50)√
s = 91.2 GeV

0.0125 21.114±0.024±0.510 19.113±0.022±0.477 17.963±0.021±0.458 16.454±0.019±0.434

0.0375 7.236±0.013±0.293 6.110±0.011±0.270 5.520±0.010±0.255 4.802±0.009±0.233

0.0625 2.689±0.008±0.100 2.126±0.007±0.089 1.852±0.006±0.082 1.535±0.005±0.074

0.0875 1.520±0.006±0.027 1.163±0.005±0.023 0.995±0.004±0.021 0.807±0.004±0.019

0.1125 0.972±0.005±0.017 0.719±0.004±0.016 0.603±0.003±0.015 0.477±0.003±0.014

0.1375 0.659±0.004±0.012 0.471±0.003±0.010 0.387±0.003±0.009 0.298±0.002±0.008

0.1625 0.452±0.003±0.011 0.311±0.002±0.007 0.249±0.002±0.006 0.185±0.002±0.004

0.1875 0.317±0.003±0.017 0.207±0.002±0.011 0.161±0.002±0.009 0.115±0.001±0.007

0.2125 0.219±0.002±0.014 0.135±0.001±0.009 0.101±0.001±0.007 0.069±0.001±0.005

0.2375 0.142±0.002±0.015 0.083±0.001±0.009 0.060±0.001±0.007 0.039±0.001±0.005

0.2625 0.086±0.001±0.013 0.048±0.001±0.008 0.034±0.001±0.006 0.021±0.000±0.004

0.2875 0.053±0.001±0.011 0.029±0.001±0.006 0.020±0.000±0.004 0.012±0.000±0.003

0.3125 0.027±0.001±0.007 0.014±0.000±0.004 0.010±0.000±0.003 0.006±0.000±0.002

0.3375 0.017±0.001±0.004 0.009±0.000±0.002 0.006±0.000±0.001 0.004±0.000±0.001

0.3625 0.010±0.001±0.003 0.005±0.000±0.001 0.004±0.000±0.001 0.002±0.000±0.001

〈√s〉 = 197.0 GeV

0.010 27.964±0.355±0.953 25.731±0.328±0.893 24.460±0.314±0.857 22.789±0.295±0.810

0.030 6.021±0.164±0.352 5.036±0.136±0.316 4.548±0.124±0.294 3.973±0.110±0.265

0.050 2.749±0.118±0.089 2.243±0.095±0.081 2.003±0.085±0.076 1.726±0.074±0.068

0.070 1.864±0.099±0.053 1.469±0.077±0.052 1.290±0.068±0.049 1.090±0.058±0.043

0.090 1.189±0.081±0.055 0.923±0.062±0.042 0.807±0.055±0.040 0.681±0.047±0.038

0.110 0.929±0.079±0.083 0.694±0.057±0.051 0.592±0.048±0.042 0.483±0.040±0.033

0.130 0.797±0.077±0.037 0.595±0.057±0.017 0.504±0.049±0.014 0.405±0.040±0.011

0.150 0.727±0.077±0.049 0.508±0.055±0.044 0.415±0.046±0.040 0.318±0.036±0.034

0.170 0.474±0.071±0.060 0.327±0.048±0.041 0.265±0.039±0.033 0.201±0.030±0.025

0.190 0.448±0.069±0.061 0.304±0.047±0.029 0.240±0.037±0.020 0.173±0.028±0.013

0.210 0.395±0.069±0.031 0.256±0.045±0.017 0.197±0.036±0.013 0.137±0.026±0.009

0.230 0.346±0.066±0.039 0.204±0.042±0.022 0.149±0.033±0.017 0.097±0.023±0.013

0.250 0.208±0.045±0.035 0.127±0.029±0.021 0.095±0.022±0.017 0.064±0.015±0.012

0.270 0.146±0.031±0.042 0.084±0.019±0.022 0.059±0.014±0.016 0.037±0.009±0.010

0.290 0.069±0.020±0.036 0.041±0.012±0.021 0.030±0.009±0.015 0.019±0.006±0.010

0.310 0.047±0.014±0.032 0.030±0.009±0.018 0.023±0.008±0.014 0.017±0.006±0.009

0.330 0.025±0.009±0.018 0.014±0.005±0.009 0.010±0.004±0.006 0.006±0.002±0.003

0.350 0.012±0.006±0.031 0.006±0.003±0.018 0.004±0.002±0.013 0.002±0.001±0.008

0.370 0.009±0.006±0.033 0.006±0.004±0.018 0.004±0.003±0.013 0.003±0.002±0.008

0.390 0.010±0.006±0.018 0.007±0.004±0.010 0.005±0.003±0.007 0.004±0.002±0.005

Table 22. Differential distribution for energy flow correlation for a = −1.0 and δ = 60◦.
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(ν = 10) (ν = 25) (ν = 35) (ν = 50)√
s = 91.2 GeV

0.0125 20.006±0.023±0.474 16.901±0.020±0.412 15.254±0.018±0.382 13.229±0.016±0.346

0.0375 6.648±0.012±0.281 5.080±0.010±0.243 4.343±0.008±0.220 3.515±0.007±0.189

0.0625 2.407±0.007±0.091 1.675±0.005±0.075 1.361±0.004±0.067 1.031±0.004±0.058

0.0875 1.339±0.006±0.023 0.888±0.004±0.019 0.703±0.003±0.017 0.515±0.004±0.015

0.1125 0.844±0.004±0.016 0.532±0.003±0.013 0.410±0.002±0.012 0.289±0.002±0.010

0.1375 0.564±0.004±0.010 0.336±0.002±0.007 0.251±0.002±0.006 0.169±0.001±0.005

0.1625 0.381±0.003±0.010 0.214±0.002±0.005 0.153±0.001±0.004 0.098±0.001±0.003

0.1875 0.263±0.002±0.014 0.136±0.001±0.008 0.093±0.001±0.006 0.056±0.001±0.004

0.2125 0.178±0.002±0.012 0.085±0.001±0.006 0.055±0.001±0.004 0.031±0.000±0.002

0.2375 0.114±0.001±0.013 0.050±0.001±0.006 0.031±0.000±0.004 0.016±0.000±0.002

0.2625 0.069±0.001±0.010 0.028±0.001±0.005 0.017±0.000±0.003 0.008±0.000±0.002

0.2875 0.044±0.001±0.010 0.018±0.000±0.004 0.011±0.000±0.003 0.005±0.000±0.001

0.3125 0.021±0.001±0.005 0.008±0.000±0.002 0.005±0.000±0.001 0.002±0.000±0.001

0.3375 0.013±0.001±0.003 0.005±0.000±0.001 0.003±0.000±0.001 0.001±0.000±0.000

0.3625 0.007±0.000±0.002 0.003±0.000±0.001 0.002±0.000±0.000 0.001±0.000±0.000

〈√s〉 = 197.0 GeV

0.010 26.789±0.340±0.871 23.432±0.302±0.784 21.651±0.283±0.739 19.435±0.259±0.684

0.030 5.543±0.150±0.330 4.253±0.116±0.274 3.678±0.103±0.244 3.044±0.088±0.209

0.050 2.511±0.105±0.080 1.863±0.079±0.063 1.585±0.069±0.052 1.286±0.057±0.041

0.070 1.692±0.088±0.070 1.198±0.063±0.055 0.997±0.053±0.047 0.787±0.044±0.038

0.090 1.096±0.073±0.053 0.762±0.052±0.032 0.631±0.044±0.027 0.497±0.036±0.024

0.110 0.827±0.067±0.067 0.548±0.044±0.035 0.440±0.036±0.027 0.333±0.028±0.021

0.130 0.658±0.064±0.042 0.428±0.042±0.019 0.336±0.033±0.013 0.243±0.025±0.009

0.150 0.625±0.068±0.051 0.359±0.041±0.039 0.263±0.031±0.031 0.176±0.022±0.023

0.170 0.409±0.057±0.061 0.236±0.033±0.030 0.175±0.025±0.021 0.118±0.018±0.013

0.190 0.344±0.055±0.048 0.186±0.031±0.015 0.129±0.023±0.010 0.079±0.015±0.007

0.210 0.338±0.060±0.030 0.175±0.031±0.017 0.118±0.022±0.013 0.068±0.013±0.009

0.230 0.249±0.049±0.028 0.114±0.024±0.014 0.072±0.016±0.011 0.040±0.010±0.008

0.250 0.156±0.034±0.033 0.073±0.016±0.015 0.046±0.010±0.010 0.025±0.006±0.005

0.270 0.129±0.026±0.022 0.054±0.012±0.009 0.032±0.007±0.006 0.015±0.004±0.004

0.290 0.062±0.019±0.032 0.027±0.009±0.014 0.017±0.006±0.009 0.009±0.003±0.006

0.310 0.042±0.012±0.027 0.022±0.007±0.012 0.015±0.005±0.008 0.010±0.004±0.005

0.330 0.020±0.007±0.017 0.008±0.003±0.007 0.005±0.002±0.004 0.002±0.001±0.002

0.350 0.008±0.004±0.024 0.003±0.002±0.010 0.002±0.001±0.006 0.001±0.000±0.000

0.370 0.007±0.005±0.026 0.003±0.002±0.010 0.002±0.002±0.006 0.001±0.001±0.003

0.390 0.008±0.005±0.018 0.004±0.003±0.008 0.003±0.002±0.005 0.002±0.001±0.003

Table 23. Differential distribution for energy flow correlation for a = −0.5 and δ = 60◦.
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E
P
1
0
(
2
0
1
1
)
1
4
3

ε (1/σ) · (dσ/dε)

(ν = 10) (ν = 25) (ν = 35) (ν = 50)√
s = 91.2 GeV

0.0125 17.835±0.020±0.405 13.051±0.015±0.305 10.832±0.013±0.267 8.386±0.011±0.230

0.0375 5.647±0.012±0.259 3.585±0.007±0.199 2.767±0.006±0.168 1.959±0.004±0.132

0.0625 1.959±0.006±0.081 1.087±0.004±0.059 0.780±0.003±0.049 0.502±0.002±0.038

0.0875 1.065±0.006±0.019 0.547±0.003±0.014 0.376±0.002±0.012 0.229±0.001±0.010

0.1125 0.655±0.005±0.013 0.311±0.002±0.010 0.204±0.001±0.008 0.117±0.001±0.006

0.1375 0.426±0.004±0.008 0.184±0.001±0.005 0.114±0.001±0.004 0.060±0.001±0.003

0.1625 0.280±0.002±0.007 0.109±0.001±0.003 0.064±0.001±0.002 0.031±0.000±0.001

0.1875 0.188±0.003±0.010 0.065±0.001±0.004 0.036±0.000±0.003 0.016±0.000±0.001

0.2125 0.124±0.001±0.008 0.038±0.000±0.003 0.019±0.000±0.002 0.008±0.000±0.001

0.2375 0.078±0.001±0.009 0.021±0.000±0.003 0.010±0.000±0.002 0.004±0.000±0.001

0.2625 0.046±0.002±0.007 0.012±0.000±0.002 0.005±0.000±0.001 0.002±0.000±0.001

0.2875 0.029±0.002±0.006 0.007±0.000±0.002 0.003±0.000±0.001

0.3125 0.014±0.000±0.003 0.004±0.000±0.001 0.002±0.000±0.000

0.3375 0.009±0.000±0.002 0.002±0.000±0.001 0.001±0.000±0.000

〈√s〉 = 197.0 GeV

0.010 24.599±0.315±0.853 19.497±0.259±0.723 17.081±0.234±0.664 14.320±0.205±0.592

0.030 4.782±0.129±0.288 3.163±0.090±0.211 2.537±0.075±0.178 1.910±0.060±0.143

0.050 2.135±0.089±0.067 1.352±0.060±0.041 1.060±0.049±0.033 0.774±0.038±0.027

0.070 1.406±0.073±0.056 0.834±0.046±0.033 0.633±0.036±0.024 0.444±0.028±0.015

0.090 0.868±0.058±0.034 0.498±0.035±0.020 0.370±0.027±0.017 0.249±0.019±0.014

0.110 0.635±0.051±0.052 0.335±0.028±0.021 0.238±0.021±0.015 0.152±0.014±0.010

0.130 0.518±0.050±0.027 0.256±0.026±0.010 0.173±0.018±0.007 0.103±0.012±0.006

0.150 0.479±0.051±0.046 0.200±0.024±0.025 0.125±0.016±0.017 0.068±0.010±0.010

0.170 0.322±0.044±0.039 0.137±0.019±0.014 0.086±0.013±0.009 0.046±0.008±0.006

0.190 0.255±0.039±0.027 0.094±0.015±0.006 0.052±0.009±0.003 0.023±0.005±0.002

0.210 0.220±0.040±0.038 0.076±0.014±0.012 0.040±0.008±0.007 0.017±0.004±0.004

0.230 0.160±0.034±0.032 0.048±0.011±0.012 0.024±0.006±0.007 0.010±0.003±0.003

0.250 0.111±0.025±0.026 0.035±0.008±0.008 0.019±0.005±0.005 0.008±0.002±0.002

0.270 0.092±0.019±0.014 0.024±0.005±0.003 0.010±0.002±0.002 0.003±0.001±0.001

0.290 0.038±0.012±0.024 0.010±0.003±0.008 0.005±0.002±0.005 0.002±0.001±0.003

0.310 0.034±0.009±0.019 0.013±0.004±0.007 0.008±0.003±0.004 0.004±0.002±0.002

0.330 0.014±0.005±0.011 0.003±0.001±0.003 0.001±0.001±0.001

0.350 0.005±0.003±0.019 0.001±0.001±0.005 0.001±0.000±0.000

0.370 0.006±0.004±0.017 0.002±0.002±0.005 0.001±0.001±0.002

0.390 0.006±0.004±0.012 0.002±0.001±0.004 0.001±0.001±0.002

Table 24. Differential distribution for energy flow correlation for a = 0.0 and δ = 60◦.
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J
H
E
P
1
0
(
2
0
1
1
)
1
4
3

ε (1/σ) · (dσ/dε)

(ν = 10) (ν = 25) (ν = 35) (ν = 50)√
s = 91.2 GeV

0.0125 13.601±0.016±0.304 7.169±0.009±0.194 4.919±0.007±0.161 2.939±0.004±0.129

0.0375 3.966±0.008±0.213 1.698±0.004±0.124 1.052±0.002±0.089 0.558±0.001±0.057

0.0625 1.276±0.004±0.064 0.439±0.002±0.034 0.241±0.001±0.024 0.108±0.001±0.014

0.0875 0.664±0.003±0.015 0.199±0.001±0.008 0.101±0.001±0.006 0.040±0.000±0.003

0.1125 0.391±0.002±0.010 0.102±0.001±0.005 0.047±0.000±0.003 0.017±0.000±0.002

0.1375 0.245±0.002±0.005 0.054±0.000±0.002 0.023±0.000±0.001 0.007±0.000±0.001

0.1625 0.155±0.001±0.004 0.029±0.000±0.001 0.011±0.000±0.001 0.003±0.000±0.000

0.1875 0.100±0.001±0.006 0.016±0.000±0.001 0.005±0.000±0.001 0.001±0.000±0.000

0.2125 0.064±0.001±0.004 0.009±0.000±0.001 0.003±0.000±0.000

0.2375 0.039±0.001±0.004 0.005±0.000±0.001 0.001±0.000±0.000

0.2625 0.023±0.000±0.004 0.002±0.000±0.000 0.001±0.000±0.000

0.2875 0.015±0.000±0.003 0.002±0.000±0.000

0.3125 0.008±0.000±0.002 0.001±0.000±0.000

0.3375 0.005±0.000±0.001

0.3625 0.003±0.000±0.001

〈√s〉 = 197.0 GeV

0.010 19.714±0.258±0.562 12.340±0.176±0.437 9.498±0.143±0.385 6.723±0.110±0.326

0.030 3.494±0.097±0.211 1.697±0.053±0.122 1.151±0.039±0.092 0.692±0.026±0.064

0.050 1.514±0.064±0.044 0.679±0.033±0.022 0.440±0.023±0.018 0.248±0.014±0.014

0.070 0.941±0.049±0.030 0.376±0.023±0.013 0.229±0.015±0.009 0.120±0.009±0.006

0.090 0.573±0.038±0.023 0.212±0.016±0.009 0.122±0.010±0.006 0.058±0.005±0.003

0.110 0.405±0.032±0.025 0.130±0.012±0.011 0.069±0.007±0.007 0.029±0.003±0.004

0.130 0.319±0.031±0.018 0.089±0.010±0.005 0.043±0.005±0.003 0.016±0.002±0.001

0.150 0.273±0.030±0.028 0.060±0.008±0.007 0.026±0.004±0.003 0.008±0.001±0.001

0.170 0.181±0.025±0.019 0.041±0.006±0.003 0.017±0.003±0.002 0.006±0.001±0.001

0.190 0.152±0.024±0.008 0.027±0.005±0.001 0.011±0.003±0.001 0.004±0.001±0.001

0.210 0.126±0.022±0.024 0.019±0.004±0.004 0.006±0.001±0.002

0.230 0.084±0.017±0.008 0.012±0.003±0.002 0.004±0.001±0.001

0.250 0.060±0.013±0.014 0.009±0.002±0.002 0.003±0.001±0.001

0.270 0.057±0.013±0.008 0.006±0.001±0.001 0.001±0.000±0.000

0.290 0.028±0.009±0.007 0.003±0.001±0.002 0.001±0.000±0.000

0.310 0.023±0.006±0.010 0.005±0.002±0.002 0.002±0.001±0.001

0.330 0.008±0.003±0.005

0.350 0.003±0.001±0.010

0.370 0.004±0.002±0.010

0.390 0.003±0.002±0.006

Table 25. Differential distribution for energy flow correlation for a = 0.5 and δ = 60◦.
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H
E
P
1
0
(
2
0
1
1
)
1
4
3

ε (1/σ) · (dσ/dε)

(ν = 10) (ν = 25) (ν = 35) (ν = 50)√
s = 91.2 GeV

0.0075 39.381±0.041±0.608 32.943±0.035±0.551 29.633±0.032±0.522 25.631±0.028±0.485

0.0225 9.036±0.019±0.273 6.689±0.015±0.220 5.652±0.013±0.190 4.529±0.011±0.153

0.0375 2.841±0.010±0.136 1.830±0.007±0.106 1.435±0.006±0.093 1.044±0.004±0.079

0.0525 1.410±0.007±0.038 0.841±0.005±0.027 0.633±0.004±0.023 0.438±0.003±0.018

0.0675 0.796±0.005±0.029 0.455±0.003±0.017 0.334±0.003±0.013 0.225±0.002±0.010

0.0825 0.501±0.004±0.023 0.278±0.003±0.012 0.201±0.002±0.009 0.132±0.001±0.007

0.0975 0.313±0.003±0.018 0.166±0.002±0.009 0.118±0.001±0.007 0.075±0.001±0.005

0.1125 0.200±0.003±0.015 0.107±0.002±0.006 0.075±0.001±0.004 0.048±0.001±0.003

0.1275 0.123±0.002±0.012 0.065±0.001±0.006 0.046±0.001±0.004 0.029±0.001±0.002

0.1425 0.072±0.002±0.008 0.037±0.001±0.004 0.025±0.001±0.003 0.015±0.000±0.002

0.1575 0.039±0.001±0.004 0.021±0.001±0.001 0.015±0.000±0.001 0.009±0.000±0.001

0.1725 0.020±0.001±0.002 0.010±0.001±0.001 0.007±0.000±0.001 0.004±0.000±0.001

0.1875 0.019±0.001±0.002 0.005±0.000±0.001 0.003±0.000±0.001 0.002±0.000±0.001

〈√s〉 = 197.0 GeV

0.005 59.130±0.720±1.570 51.561±0.637±1.439 47.662±0.597±1.381 42.847±0.548±1.310

0.015 10.562±0.311±0.557 7.780±0.231±0.478 6.616±0.201±0.433 5.376±0.169±0.380

0.025 3.999±0.197±0.231 2.670±0.132±0.153 2.158±0.109±0.124 1.646±0.086±0.096

0.035 2.208±0.149±0.100 1.428±0.095±0.064 1.140±0.077±0.053 0.860±0.061±0.042

0.045 1.521±0.127±0.126 0.969±0.079±0.073 0.771±0.064±0.059 0.580±0.050±0.046

0.055 1.191±0.111±0.057 0.701±0.068±0.029 0.541±0.056±0.022 0.399±0.044±0.019

0.065 0.843±0.094±0.062 0.527±0.060±0.034 0.415±0.049±0.028 0.312±0.039±0.023

0.075 0.810±0.095±0.053 0.482±0.057±0.035 0.362±0.044±0.030 0.250±0.032±0.025

0.085 0.494±0.068±0.058 0.289±0.041±0.043 0.217±0.032±0.037 0.152±0.025±0.029

0.095 0.490±0.073±0.064 0.294±0.045±0.031 0.220±0.035±0.023 0.151±0.026±0.017

0.105 0.469±0.075±0.051 0.270±0.044±0.022 0.202±0.034±0.015 0.141±0.025±0.011

0.115 0.322±0.057±0.048 0.208±0.037±0.016 0.163±0.030±0.010 0.117±0.023±0.007

0.125 0.214±0.049±0.041 0.144±0.034±0.019 0.115±0.028±0.012 0.087±0.021±0.007

0.135 0.127±0.034±0.050 0.090±0.024±0.020 0.074±0.020±0.012 0.056±0.016±0.006

0.145 0.119±0.033±0.033 0.073±0.022±0.016 0.056±0.018±0.011 0.040±0.013±0.007

0.155 0.076±0.022±0.032 0.049±0.015±0.016 0.037±0.012±0.011 0.025±0.009±0.008

0.165 0.063±0.020±0.023 0.037±0.013±0.010 0.027±0.010±0.007 0.018±0.008±0.005

0.175 0.052±0.018±0.023 0.034±0.013±0.010 0.026±0.010±0.007 0.018±0.007±0.004

0.185 0.019±0.011±0.008 0.011±0.006±0.005 0.008±0.005±0.004 0.005±0.003±0.003

0.195 0.005±0.005±0.010 0.002±0.002±0.006 0.001±0.001±0.004

Table 26. Differential distribution for energy flow correlation for a = −1.0 and δ = 75◦.
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1
4
3

ε (1/σ) · (dσ/dε)

(ν = 10) (ν = 25) (ν = 35) (ν = 50)√
s = 91.2 GeV

0.0075 36.676±0.038±0.562 28.238±0.031±0.475 24.250±0.027±0.438 19.735±0.023±0.395

0.0225 8.095±0.017±0.255 5.367±0.012±0.185 4.285±0.010±0.150 3.199±0.008±0.111

0.0375 2.450±0.009±0.125 1.370±0.005±0.090 0.999±0.004±0.076 0.664±0.003±0.060

0.0525 1.195±0.006±0.033 0.608±0.003±0.021 0.423±0.003±0.017 0.265±0.002±0.013

0.0675 0.665±0.005±0.025 0.320±0.002±0.013 0.216±0.002±0.009 0.131±0.001±0.007

0.0825 0.416±0.004±0.018 0.191±0.002±0.009 0.126±0.001±0.007 0.073±0.001±0.005

0.0975 0.256±0.003±0.015 0.112±0.001±0.007 0.072±0.001±0.004 0.041±0.001±0.003

0.1125 0.164±0.002±0.012 0.071±0.001±0.004 0.045±0.001±0.003 0.025±0.000±0.002

0.1275 0.100±0.002±0.010 0.043±0.001±0.004 0.027±0.001±0.002 0.015±0.000±0.001

0.1425 0.057±0.001±0.007 0.023±0.001±0.003 0.014±0.000±0.002 0.007±0.000±0.001

0.1575 0.032±0.001±0.003 0.013±0.000±0.001 0.008±0.000±0.001

0.1725 0.016±0.001±0.002 0.007±0.000±0.001 0.004±0.000±0.001

0.1875 0.007±0.000±0.002 0.003±0.000±0.001

〈√s〉 = 197.0 GeV

0.005 56.032±0.684±1.599 46.186±0.581±1.420 41.439±0.534±1.342 35.845±0.477±1.245

0.015 9.546±0.278±0.543 6.396±0.194±0.423 5.199±0.164±0.368 3.996±0.133±0.307

0.025 3.459±0.169±0.239 2.082±0.105±0.123 1.603±0.084±0.094 1.151±0.064±0.069

0.035 1.929±0.128±0.096 1.124±0.076±0.051 0.855±0.060±0.041 0.608±0.046±0.032

0.045 1.290±0.105±0.123 0.742±0.062±0.064 0.564±0.048±0.050 0.400±0.036±0.037

0.055 1.001±0.092±0.046 0.524±0.054±0.022 0.385±0.043±0.019 0.266±0.033±0.020

0.065 0.711±0.079±0.060 0.395±0.046±0.029 0.295±0.037±0.022 0.208±0.029±0.015

0.075 0.670±0.078±0.054 0.331±0.040±0.018 0.227±0.029±0.011 0.141±0.020±0.006

0.085 0.451±0.059±0.049 0.214±0.030±0.038 0.148±0.023±0.032 0.096±0.017±0.023

0.095 0.442±0.067±0.065 0.225±0.036±0.027 0.155±0.026±0.019 0.095±0.018±0.012

0.105 0.389±0.058±0.039 0.190±0.031±0.012 0.132±0.023±0.009 0.086±0.017±0.007

0.115 0.272±0.055±0.039 0.147±0.029±0.018 0.105±0.021±0.012 0.067±0.014±0.008

0.125 0.174±0.040±0.046 0.099±0.024±0.017 0.073±0.018±0.009 0.049±0.012±0.004

0.135 0.129±0.034±0.023 0.078±0.021±0.007 0.058±0.016±0.005 0.039±0.011±0.004

0.145 0.092±0.024±0.024 0.047±0.014±0.008 0.034±0.011±0.005 0.022±0.009±0.003

0.155 0.070±0.021±0.025 0.036±0.011±0.009 0.023±0.008±0.006 0.013±0.005±0.003

0.165 0.051±0.016±0.019 0.024±0.009±0.007 0.015±0.006±0.005 0.009±0.004±0.003

0.175 0.038±0.014±0.016 0.019±0.007±0.005 0.012±0.005±0.002 0.006±0.003±0.002

0.185 0.016±0.009±0.009 0.007±0.004±0.005 0.004±0.003±0.004 0.002±0.001±0.002

0.195 0.004±0.004±0.008 0.001±0.001±0.003

Table 27. Differential distribution for energy flow correlation for a = −0.5 and δ = 75◦.
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ε (1/σ) · (dσ/dε)

(ν = 10) (ν = 25) (ν = 35) (ν = 50)√
s = 91.2 GeV

0.0075 31.982±0.034±0.466 21.042±0.024±0.359 16.535±0.019±0.329 11.954±0.015±0.303

0.0225 6.691±0.015±0.229 3.670±0.009±0.144 2.652±0.007±0.109 1.741±0.005±0.074

0.0375 1.920±0.007±0.111 0.850±0.004±0.071 0.549±0.002±0.055 0.313±0.002±0.040

0.0525 0.910±0.005±0.028 0.358±0.002±0.016 0.218±0.001±0.011 0.115±0.001±0.008

0.0675 0.497±0.003±0.018 0.180±0.002±0.008 0.105±0.001±0.006 0.053±0.001±0.004

0.0825 0.307±0.003±0.014 0.104±0.001±0.006 0.059±0.001±0.004 0.028±0.000±0.003

0.0975 0.186±0.002±0.010 0.059±0.001±0.003 0.032±0.001±0.002 0.015±0.000±0.001

0.1125 0.118±0.002±0.008 0.036±0.001±0.002 0.019±0.000±0.001 0.008±0.000±0.001

0.1275 0.071±0.001±0.007 0.021±0.000±0.002 0.011±0.000±0.001 0.005±0.000±0.001

0.1425 0.040±0.001±0.005 0.011±0.000±0.001 0.005±0.000±0.001

0.1575 0.022±0.001±0.001

0.1725 0.011±0.001±0.001

0.1875 0.005±0.000±0.001

〈√s〉 = 197.0 GeV

0.005 50.431±0.622±1.383 37.425±0.491±1.160 31.785±0.435±1.064 25.672±0.372±0.944

0.015 7.981±0.233±0.469 4.623±0.148±0.329 3.495±0.119±0.270 2.450±0.090±0.208

0.025 2.822±0.137±0.164 1.445±0.077±0.073 1.023±0.058±0.051 0.660±0.040±0.035

0.035 1.548±0.102±0.071 0.756±0.054±0.038 0.528±0.041±0.029 0.337±0.029±0.020

0.045 1.038±0.082±0.084 0.505±0.043±0.046 0.355±0.033±0.035 0.229±0.024±0.024

0.055 0.767±0.073±0.048 0.333±0.037±0.014 0.227±0.029±0.011 0.144±0.021±0.009

0.065 0.596±0.066±0.052 0.269±0.033±0.025 0.184±0.025±0.016 0.117±0.019±0.010

0.075 0.490±0.056±0.028 0.190±0.024±0.013 0.116±0.017±0.011 0.063±0.011±0.009

0.085 0.311±0.043±0.050 0.113±0.018±0.027 0.069±0.012±0.019 0.038±0.008±0.012

0.095 0.320±0.048±0.039 0.117±0.020±0.016 0.068±0.013±0.011 0.034±0.008±0.007

0.105 0.260±0.039±0.016 0.095±0.017±0.003 0.058±0.012±0.003 0.032±0.007±0.002

0.115 0.216±0.042±0.037 0.087±0.017±0.010 0.053±0.011±0.005 0.028±0.006±0.002

0.125 0.128±0.028±0.046 0.054±0.012±0.015 0.033±0.008±0.008 0.018±0.005±0.004

0.135 0.087±0.025±0.022 0.036±0.010±0.005 0.021±0.006±0.002 0.010±0.003±0.001

0.145 0.070±0.018±0.016 0.025±0.008±0.005 0.015±0.005±0.003 0.008±0.003±0.002

0.155 0.053±0.016±0.017 0.019±0.007±0.004 0.011±0.004±0.002 0.005±0.002±0.001

0.165 0.041±0.014±0.010 0.013±0.005±0.003 0.007±0.003±0.001 0.003±0.001±0.001

0.175 0.029±0.011±0.009 0.010±0.004±0.002 0.005±0.002±0.001 0.002±0.001±0.001

0.185 0.012±0.007±0.009 0.004±0.002±0.004 0.002±0.001±0.003 0.001±0.000±0.000

0.195 0.002±0.002±0.004 0.000±0.000±0.000 0.000±0.000±0.000 0.000±0.000±0.000

Table 28. Differential distribution for energy flow correlation for a = 0.0 and δ = 75◦.
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ε (1/σ) · (dσ/dε)

(ν = 10) (ν = 25) (ν = 35) (ν = 50)√
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0.0075 23.742±0.026±0.365 11.132±0.014±0.268 7.212±0.009±0.230 4.014±0.006±0.183

0.0225 4.574±0.010±0.185 1.710±0.005±0.088 1.003±0.003±0.058 0.501±0.002±0.034

0.0375 1.212±0.005±0.081 0.339±0.002±0.037 0.171±0.001±0.024 0.070±0.000±0.013

0.0525 0.547±0.003±0.019 0.129±0.001±0.007 0.059±0.000±0.004 0.022±0.000±0.002

0.0675 0.290±0.002±0.011 0.061±0.001±0.004 0.026±0.000±0.002 0.009±0.000±0.001

0.0825 0.174±0.002±0.009 0.032±0.000±0.003 0.013±0.000±0.002 0.004±0.000±0.001

0.0975 0.102±0.001±0.006 0.017±0.000±0.001 0.006±0.000±0.001

0.1125 0.065±0.001±0.004 0.010±0.000±0.001

0.1275 0.038±0.001±0.004 0.005±0.000±0.001

0.1425 0.021±0.001±0.003

0.1575 0.012±0.000±0.001

0.1725 0.006±0.000±0.001

0.1875 0.002±0.000±0.001

〈√s〉 = 197.0 GeV

0.005 40.150±0.509±1.077 23.383±0.331±0.836 17.407±0.263±0.732 11.839±0.197±0.611

0.015 5.745±0.174±0.364 2.483±0.089±0.201 1.603±0.063±0.146 0.911±0.041±0.095

0.025 1.979±0.098±0.082 0.727±0.043±0.033 0.434±0.028±0.023 0.223±0.017±0.014

0.035 1.031±0.069±0.049 0.355±0.028±0.020 0.204±0.018±0.012 0.100±0.010±0.006

0.045 0.704±0.056±0.055 0.241±0.023±0.019 0.139±0.015±0.011 0.068±0.009±0.005

0.055 0.470±0.048±0.023 0.146±0.020±0.014 0.083±0.013±0.011 0.041±0.008±0.007

0.065 0.356±0.041±0.027 0.116±0.017±0.010 0.066±0.011±0.006 0.032±0.007±0.003

0.075 0.308±0.036±0.020 0.070±0.010±0.006 0.032±0.006±0.004 0.012±0.003±0.003

0.085 0.211±0.029±0.019 0.046±0.009±0.008 0.022±0.005±0.004 0.009±0.002±0.002

0.095 0.193±0.029±0.032 0.041±0.008±0.009 0.018±0.004±0.005 0.006±0.002±0.002

0.105 0.194±0.030±0.020 0.039±0.007±0.002 0.017±0.004±0.001 0.006±0.002±0.000

0.115 0.122±0.022±0.013 0.028±0.006±0.002 0.012±0.003±0.001 0.004±0.001±0.001

0.125 0.084±0.018±0.024 0.020±0.005±0.004 0.009±0.002±0.002 0.003±0.001±0.001

0.135 0.054±0.014±0.008 0.011±0.003±0.001 0.004±0.001±0.001 0.001±0.000±0.000

0.145 0.051±0.015±0.010 0.013±0.006±0.003 0.007±0.004±0.002 0.004±0.003±0.001

0.155 0.028±0.009±0.008 0.005±0.002±0.001

0.165 0.021±0.007±0.008 0.003±0.002±0.001

0.175 0.019±0.006±0.006 0.002±0.001±0.001

0.185 0.006±0.003±0.004

0.195 0.001±0.001±0.003

Table 29. Differential distribution for energy flow correlation for a = 0.5 and δ = 75◦.
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Figure 1. A soft gluon with momentum k (= ε · Q) is radiated into region Ω by an energetic

gluon with momentum l radiated in Ω̄, giving a next-to-leading order contribution to the energy

flow distributions.
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Figure 2. Measured inclusive event shape distributions at
√

s = 91.2 GeV for data sample enriched

in light flavour (udsc) for a = −1.0 (a), −0.5 (b), 0.0 (c), 0.5 (d). These distributions are compared

with expectation from Jetset parton shower Monte Carlo program. The shaded areas refer to

different backgrounds
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Figure 3. Measured inclusive event shape distributions at 〈√s〉 = 197.0 GeV for data sample

enriched in light flavour (udsc) for a = −1.0 (a), −0.5 (b), 0.0 (c), 0.5 (d). These distributions are

compared with expectation from Jetset parton shower Monte Carlo program. The shaded areas

refer to different backgrounds
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Figure 4. Measured inclusive distributions of ε at
√

s = 188.6 GeV for the overall data sample

for δ = 30◦ (a), 45◦ (b), 60◦ (c), 75◦ (d). These distributions are compared with expectation from

Jetset parton shower Monte Carlo program. The shaded areas refer to different backgrounds
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Figure 5. Corrected inclusive event shape distributions at
√

s = 91.2 GeV for udsc-flavour data

samples for a = −1.0 (a), −0.75 (d), −0.5 (g), −0.25 (j). These distributions are compared with

predictions from the scaling hypothesis. The fractional differences are shown for a = −1.0 (b),

−0.75 (e), −0.5 (h), −0.25 (k). Comparisons with predictions from several QCD motivated Monte

Carlo programs are shown as fractional differences for a = −1.0 (c), −0.75 (f), −0.5 (i), −0.25 (l).

The data points shown here are also tabulated in tables 4, 5, 6, 7.
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Figure 6. Corrected inclusive event shape distributions at
√

s = 91.2 GeV for udsc-flavour data

samples for a = 0.0 (a), 0.25 (c), 0.5 (f), 0.75 (i). The distributions for a = 0.25 and 0.5 are compared

with predictions from the scaling hypothesis, while those for a = 0.0 and 0.75 are compared with

predictions from several QCD motivated Monte Carlo programs. The fractional differences for the

scaling hypothesis are shown for a = 0.25 (d), 0.5 (g) while the fractional differences with respect

to the Monte Carlo programs are shown for a = 0.0 (b), 0.25 (e), 0.5 (h), 0.75 (j). The data points

shown here are also tabulated in tables 8, 9, 10, 11.
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Figure 7. Corrected inclusive event shape distributions at 〈√s〉 = 197.0 GeV for udsc-flavour data

samples for a = −1.0 (a), −0.75 (d), −0.5 (g), −0.25 (j). These distributions are compared with

predictions from the scaling hypothesis. The fractional differences are shown for a = −1.0 (b),

−0.75 (e), −0.5 (h), −0.25 (k). Comparisons with predictions from several QCD motivated Monte

Carlo programs are shown as fractional differences for a = −1.0 (c), −0.75 (f), −0.5 (i), −0.25 (l).

The data points shown here are also tabulated in tables 4, 5, 6, 7.
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Figure 8. Corrected inclusive event shape distributions at 〈√s〉 = 197.0 GeV for udsc-flavour data

samples for a = 0.0 (a), 0.25 (c), 0.5 (f), 0.75 (i). The distributions for a = 0.25 and 0.5 are compared

with predictions from the scaling hypothesis, while those for a = 0.0 and 0.75 are compared with

predictions from several QCD motivated Monte Carlo programs. The fractional differences for the

scaling hypothesis are shown for a = 0.25 (d), 0.5 (g) while the fractional differences with respect

to the Monte Carlo programs are shown for a = 0.0 (b), 0.25 (e), 0.5 (h), 0.75 (j). The data points

shown here are also tabulated in tables 8, 9, 10, 11.
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Figure 9. First moments of the inclusive event shape distributions for different values of a at (a)√
s = 91.2 GeV and (b) 〈√s〉 = 197.0 GeV for udsc-flavour data samples compared to theoretical

predictions. The comparison is not possible for a = 0 as these data are used to estimate the

non-perturbative part of the shape distribution.
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Figure 10. Corrected distributions of energy flow correlation at
√

s = 91.2 GeV; ν = 50, a = −1.0

(a), −0.5 (c), 0.0 (e), 0.5 (g) compared to various QCD Monte Carlo programs. The fractional

differences are shown for a = −1.0 (b), −0.5 (d), 0.0 (f), 0.5 (h).
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Figure 11. Variation of the energy flow correlation at
√

s = 91.2 GeV for δ = 30◦ (a), 45◦ (c),

60◦ (e) and 75◦ (g) for ν = 10 compared to various QCD Monte Carlo programs. The fractional

differences are shown for δ = 30◦ (b), 45◦ (d), 60◦ (f) and 75◦ (h).
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Figure 12. Variation in ν of the energy flow correlation at
√

s = 91.2 GeV for δ = 60◦ a = −1.0

(a), −0.5 (c), 0.0 (e) and 0.5 (g) compared to various QCD Monte Carlo programs. The fractional

differences are shown for a = −1.0 (b), −0.5 (d), 0.0 (f), 0.5 (h).
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Figure 13. Corrected distributions of energy flow correlation at 〈√s〉 = 197.0 GeV; ν = 50, a

= −1.0 (a), −0.5 (c), 0.0 (e) and 0.5 (g) compared to various QCD Monte Carlo programs. The

fractional differences are shown for a = −1.0 (b), −0.5 (d), 0.0 (f), 0.5 (h).
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Figure 14. Variation of the energy flow correlation at 〈√s〉 = 197.0 GeV for δ = 30◦ (a), 45◦ (c),

60◦ (e) and 75◦ (g) for ν = 10 compared to various QCD Monte Carlo programs. The fractional

differences are shown for δ = 30◦ (b), 45◦ (d), 60◦ (f) and 75◦ (h).
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Figure 15. Variation in ν of the energy flow correlation at 〈√s〉 = 197.0 GeV for δ = 60◦ a =

−1.0 (a), = −0.5 (c), = 0.0 (e), = 0.5 (g) compared to various QCD Monte Carlo programs. The

fractional differences are shown for a = −1.0 (b), −0.5 (d), 0.0 (f), 0.5 (h).
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Figure 16. Energy flow correlation measured at
√

s = 188.6 GeV together with contributions from

signal and background processes for ν = 50, a = −1.0 and four different values of δ: (a) 30◦, (b)

45◦, (b) 60◦, (b) 75◦.
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