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ratio of distributions is shown in Fig. 6b. Scaling violations
induce a rise of the cross section at small xE and at a de-
crease at large xE with increasing

√
s. The data clearly

exhibit this property, and it is qualitatively reproduced by
the parametrisations; the predictions of the Monte Carlo
models are in better agreement with the data.

4 Jet rates

Jet rates are defined by means of the Durham clustering
algorithm [8] in the following way. For each pair of particles
i and j in an event the metric yij is computed

yij =
2 min(E2

i , E2
j )(1 − cos θij)

E2
vis

,

where Evis is the total visible energy in the event. The pair
of particles with the smallest value of yij is replaced by a
pseudo-particle (cluster). The four-momentum of the clus-
ter is taken to be the sum of the four momenta of particles
i and j, pµ = pµ

i + pµ
j (‘E’ recombination scheme). The

clustering procedure is repeated until all yij values exceed
a given threshold ycut. The number of clusters remaining
at this point is defined to be the number of jets. Alterna-
tively, the procedure is repeated until exactly three clusters
remain. The smallest value of yij in this configuration is
defined as y3. The distribution of y3 is sensitive to the
probability of hard gluon radiation leading to a three-jet
topology. It can therefore be used to determine αs (Sect. 6).

The n-jet rates were measured for n = 1, 2, 3, 4, 5 and
n ≥ 6. Detector correction factors were applied in the same
manner as for the inclusive distributions, but in this case
for each value of the jet resolution parameter ycut. Figure 7
shows the measured jet fractions as a function of ycut at
206 GeV. Good agreement with the Monte Carlo genera-
tor predictions is observed. However, in the region of the
peak of the three-jet fraction the generators, in particular
PYTHIA, lie above the data.

5 Event shapes

The various distributions describing the event shapes are
of interest because (i) most of the variables are predicted
to second order in QCD; and (ii) some resummed calcu-
lations to all orders in αs exist. By fitting the theoretical
predictions to these distributions the value of the strong
coupling constant may be determined. By comparing with
the direct predictions for the various Monte Carlo models,
the validity of each model is tested.

The primary objective is to observe the running of αs

with centre-of-mass energy. For this reason, the analyses at
each energy point have been carried out coherently and cor-
related systematic uncertainties are estimated. The event-
shape variables studied here are defined as follows.
– Thrust T : The thrust [26] axis nT maximises the quan-

tity

T = max
nT

( ∑
i |pi · nT |∑

i |pi|

)
,

where the sum extends over all particles in the event.
– Thrust Major Tmajor: The thrust major vector, nMa,

is defined in the same way as the thrust vector, but
with the additional condition that nMa must lie in the
plane perpendicular to nT ,

Tmajor = max
nMa⊥nT

( ∑
i |pi · nMa|∑

i |pi|

)
.

– Thrust Minor Tminor: The minor axis is perpendicular
to both the thrust axis and the major axis, nMi =
nT × nMa. The value of thrust minor is given by

Tminor =
∑

i |pi · nMi|∑
i |pi|

.

– OblatenessO: The oblateness is defined as the difference
between thrust major and thrust minor,

O = Tmajor − Tminor .

– Sphericity S: The sphericity is calculated from the
ordered eigenvalues λi=1,2,3 of the quadratic momen-
tum tensor

Mαβ =
∑

i pα
i pβ

i∑
i |pi|2

, α, β = 1, 2, 3 ;

λ1 ≥ λ2 ≥ λ3 , λ1 + λ2 + λ3 = 1 ;

S =
3
2

(λ2 + λ3) .
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Fig. 7. Measured n-jet fractions for n = 1, 2, 3, 4, 5 and n ≥ 6
and the predictions of Monte Carlo models, at a centre-of-mass
energy of 206 GeV


