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We report results on measurements of the strong coupling αS from event shape data at PETRA
and LEP. Their distributions are analysed employing the new NLLO+NLLA calculations and
hadronisation correction by Monte Carlo models using JADE data. This results in a very precise measurement of the strong coupling, αS (mZ0 ) = 0.1172 ± 0.0051. The running of the strong
coupling is confirmed significantly. Analyses of their moments using next to leading order calculations and hadronisation correction by analytical power corrections show shortcomings of the
calculations, which can be expected to be alleviated by the NNLO calculations.
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1. Introduction

2. Fits of the moments
Fits of event shape moments aim at specific tests of QCD calculations. The moments hym i,
m=1...5 have been measured by JADE [1] and OPAL [2]. In these tests [3], perturbative predictions
are employed in Next to Leading Order (NLO), hyn i = An · αS (Q2 )+Bn · αS2 (Q2 ). The hadronisation
correction is performed by analytical “non perturbative” power correction models.
The dispersive model predicts non perturbative corrections supressed with Q and parametrised
by a quantity α0 , which is universal for all event shapes. The predictions for the moments of the
distributions fit the data well. Fits of the NLO predictions reveal several non-universalities of the
fit parameters. Fig. 1 (left) shows that the α0 values from one-hemisphere moments hB1W i, hMH2 i
and hMH4 i are rather high. The steeper rise of inverse powers of Q compared to any power of αS
compensates for the uncompletenes of the NLO description of the one-hemisphere variables which
is explained in [4].
The αS (mZ0 ) values from higher order two-hemisphere moments steeply rise with moment
order as already observed in fits of JADE or OPAL data when using hadronisation corrections by
Monte Carlo models [1, 2]. The predictions of these moments receive large corrections in αS2 ,
see [2] and Fig. 1 (right, dashed lines). The fit results indicate that this trend continues, i.e. for
the higher moments of the two-hemisphere variables large contributions in higher orders of αS are
missing [6]. This has recently been confirmed in Next to Next to Leading Order (NNLO): The
αS3 contributions [5] increase strongly with moment order for the moments of the two-hemisphere
variables, while they are moderate for the one-hemisphere variables. This is shown in Fig. 1 (right,
solid lines) for 1 − T and yD
23 .
Moment analyses of the shape function model, which predicts more detailed power corrections, give similar results. The single dressed gluon approximation is an approximate calculation
available up to αS6 , and results in a precise measurement, αS (mZ0 ) = 0.1172 ± 0.0036.

3. Fits of the distributions
Fits of event shape distributions aim at precise measurement of αS . In these measurements [7],
perturbative predictions are employed in NNLO [8]. These calculations are also combined with
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The JADE Experiment was operated 1978–1986 at the PETRA collider at DESY, at low c.m.
energies Q = 12–44 GeV where QCD effects are strong. The analysis and detector simulation
software has been reactivated and the data have been saved from tapes and printouts to use them
for analyses employing new Monte Carlo models and very recent calculations.
Event shapes measure properties of an hadronic event. We employ the variables Thrust 1 − T ,
C-parameter C and Total Jet Boadening BT , which are sensitive to the whole event; further Wide
Jet Broadening BW , Durham two-jet flip parameter yD
23 and Heavy Jet Mass MH , which are sensitive
to only one suitable chosen hemisphere of the event. They all vanish for an ideal two jet event, and
have an upper limit, e.g. 1 − T = 1/2, for a spherical event. The nth moment of an event shape
R
variable y is defined as hyn i ≡ σ1 yn ddyσ dy, so higher order moments probe the multi-jet region.
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Figure 1: The left figure shows measurements of αS (mZ0 ) and α0 in the dispersive model (no power correcn
tions were employed for h(yD
23 ) i. The right figure [5] shows the the ratios of the first five thrust and Durham
flip parameter moments in NLO over leading order (dashed) and in NNLO over leading order (solid) at 91
GeV with αS (mZ0 )=0.124 .

resummed logarithms in the Next to Leading Logarithmic Approximation (NNLO+NLLA). The
effects of hadronisation are corrected for by Monte Carlo models.
For comparison studies, the analysis has been performed using NLO, NLO+NLLA and NNLO
predictions only. Several effects show that the NNLO predictions are more complete than the
respective NLO predictions: The data are described by NNLO+NLLA well over virtually all phase
space. The renormalisation scale uncertainty, wich is the largest contribution to the total error, is
reduced. This can be seen from Fig. 2 (left), which also shows that the scatter from the different
variables is reduced. Using NNLO predictions, combined over events shape variables and JADE
energy points, yields αS (mZ0 ) = 0.1210 ± 0.0061. Using the NNLO+NLLA predictions results in
αS (mZ0 ) = 0.1172 ± 0.0051, its 4% precision puts it among the best αS (mZ0 ) measurements. Fig. 2
(right) shows that the running of αS (Q) as predicted from the renormalisation group is confirmed
strongly in the JADE range 14–44 GeV.

4. Conclusion and outlook
The strong coupling has been measured from six event shape variables using NNLO+NLLA
calculations at 14-44 GeV very precisely, αS (mZ0 ) = 0.1172 ± 0.0051. The running of αS (Q) has
been confirmed strongly in this JADE energy range. Event shape moments reveal shortcomings of
the NLO calculations, which are expected to be alleviated by the NNLO calculations.
An OPAL NNLO analysis is in progress, and a NNLO analysis of event shape moments would
be interesting. Re-analyses of data taken at the JADE and OPAL experiment have a huge potential,
as new calculations and new models are available. As everyone is now looking at the LHC, still
precise QCD studies in e+ e− physics are also important to the understanding of LHC physics.
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Figure 2: The left figure shows the αS (mZ0 ) results from six event shape variables from fits of NLO or
NNLO predictions without or with inclusion of resummed logarithms. The dashed lines show the values,
combined over the variables, and the shaded bands show their total errors. The right plot shows the running
αS (Q) results from event shape combinations using NNLO+NLLA predictions. The solid line shows the
combined value, evolved over c.m. energy, and the dashed lines show its total error. In both plots, the inner
error bars show the statistical errors and the outer error bars show the total errors including the experimental,
hadronisation and scale uncertainties.
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