PROCEEDINGS

OF SCIENCE

Determinations of as and tests of analytic
hadronisation models using e"e~ annihilation data

C. Pahl*

Max-Planck-Institut fur Physik, Féhringer Ring 6, D-808@binich, Germany
Excellence Cluster Universe, Technische Universitat Ménc¢Boltzmannstr. 2, D-85748
Garching, Germany

E-mail: Pahl @rppnu. npg. de|

S. Bethke
Max-Planck-Institut fur Physik, F6hringer Ring 6, D-808@binich, Germany

E-mail: Bet hke @mppnu. npg. de|

O. Biebel
LMU Minchen, Fakultat far Physik, Am Coulombwall 1, D-85Bching, Germany

E-mail: & nmar . Bi ebel @hysi k. uni - nuenchen. de|

S. Kluth
Max-Planck-Institut fur Physik, F6hringer Ring 6, D-808@binich, Germany

E-mail: BKI ut h@mppnu. npg. de

J. Schieck
Max-Planck-Institut fur Physik, F6hringer Ring 6, D-808@binich, Germany

E-mail: Schi eck @mppnu. npg. de|
and the JADE Collaboration

We report results on measurements of the strong couplifyom event shape data at PETRA
and LEP. Their distributions are analysed employing the hdwO+NLLA calculations and
hadronisation correction by Monte Carlo models using JAREad This results in a very pre-
cise measurement of the strong coupliag(myo) = 0.1172+ 0.0051. The running of the strong
coupling is confirmed significantly. Analyses of their mortsensing next to leading order cal-
culations and hadronisation correction by analytical povegrections show shortcomings of the
calculations, which can be expected to be alleviated by tie®Icalculations.
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1. Introduction

The JADE Experiment was operated 1978-1986 at the PETRAleplt DESY, at low ¢c.m.
energiesQ = 12-44 GeV where QCD effects are strong. The analysis andtdetsimulation
software has been reactivated and the data have been sawethfses and printouts to use them
for analyses employing new Monte Carlo models and very tezadoulations.

Event shapes measure properties of an hadronic event. Weyethe variables Thrust4 T,
C-paramete€C and Total Jet BoadeninBr, which are sensitive to the whole event; further Wide
Jet Broadenin@®y, Durham two-jet flip parametsf, and Heavy Jet Maddy, which are sensitive
to only one suitable chosen hemisphere of the event. Thewmith for an ideal two jet event, and
have an upper limit, e.g. 2 T = 1/2, for a spherical event. Th&h moment of an event shape
variabley is defined agy") = %fy”‘é—gdy, so higher order moments probe the multi-jet region.

2. Fitsof the moments

Fits of event shape moments aim at specific tests of QCD edions. The moment§/™),
m=1...5 have been measured by JAE [1] and OHAL [2]. In thests [B], perturbative predictions
are employed in Next to Leading Order (NLQY") = A,- as(Q?) + Bn-a3(Q?). The hadronisation
correction is performed by analytical “non perturbativeingr correction models.

The dispersive model predicts non perturbative correstsupressed wit) and parametrised
by a quantityag, which is universal for all event shapes. The predictiongtie moments of the
distributions fit the data well. Fits of the NLO predictiorey/eal several non-universalities of the
fit parameters. Fid] 1 (left) shows that tbig values from one-hemisphere mometis,), (M32)
and (M) are rather high. The steeper rise of inverse powei® obmpared to any power afs
compensates for the uncompletenes of the NLO descriptitireane-hemisphere variables which
is explained in[[4].

The as(myo) values from higher order two-hemisphere moments steepéywith moment
order as already observed in fits of JADE or OPAL data whengusadronisation corrections by
Monte Carlo models[J1[]2]. The predictions of these momeetgive large corrections a2,
see [] and Fig[]1 (right, dashed lines). The fit results iaicthat this trend continues, i.e. for
the higher moments of the two-hemisphere variables larg&ibations in higher orders afs are
missing [6]. This has recently been confirmed in Next to Next.¢ading Order (NNLO): The
ag contributions [[p] increase strongly with moment order foe moments of the two-hemisphere
variables, while they are moderate for the one-hemisphaniables. This is shown in Fif]. 1 (right,
solid lines) for 1- T andy5.

Moment analyses of the shape function model, which prediciee detailed power correc-
tions, give similar results. The single dressed gluon appration is an approximate calculation
available up tcag, and results in a precise measuremestim,) = 0.1172+0.0036.

3. Fitsof thedistributions

Fits of event shape distributions aim at precise measureofier. In these measuremenfs [7],
perturbative predictions are employed in NNL® [8]. Theskwations are also combined with
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Figure1: The left figure shows measurementxefm,o) anday in the dispersive model (no power correc-
tions were employed faf(y5;)"). The right figure[[b] shows the the ratios of the first five thiarsd Durham
flip parameter moments in NLO over leading order (dashed)maiNNLO over leading order (solid) at 91
GeV with as(m,0)=0.124.

resummed logarithms in the Next to Leading Logarithmic Apmation (NNLO+NLLA). The
effects of hadronisation are corrected for by Monte Carlaeta

For comparison studies, the analysis has been performeg N&iO, NLO+NLLA and NNLO
predictions only. Several effects show that the NNLO prigolic are more complete than the
respective NLO predictions: The data are described by NNULCO-A well over virtually all phase
space. The renormalisation scale uncertainty, wich isdtgebt contribution to the total error, is
reduced. This can be seen from Hig. 2 (left), which also shtasthe scatter from the different
variables is reduced. Using NNLO predictions, combined @xents shape variables and JADE
energy points, yieldsis(my) = 0.1210+ 0.0061. Using the NNLO+NLLA predictions results in
as(myo) = 0.1172+0.0051, its 4% precision puts it among the bestm,o) measurements. Fifj. 2
(right) shows that the running afs(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 shajablea using NNLO+NLLA
calculations at 14-44 GeV very precisetys(myo) = 0.1172+ 0.0051. The running obfis(Q) has
been confirmed strongly in this JADE energy range. Eventesinagments reveal shortcomings of
the NLO calculations, which are expected to be alleviatethbyNNLO calculations.

An OPAL NNLO analysis is in progress, and a NNLO analysis argwshape moments would
be interesting. Re-analyses of data taken at the JADE and.@®#eriment have a huge potential,
as new calculations and new models are available. As everignow looking at the LHC, still
precise QCD studies in‘@™ physics are also important to the understanding of LHC misysi
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Figure 2: The left figure shows thes(myo) results from six event shape variables from fits of NLO or
NNLO predictions without or with inclusion of resummed lotlams. The dashed lines show the values,
combined over the variables, and the shaded bands showdtaierrors. The right plot shows the running
as(Q) results from event shape combinations using NNLO+NLLA priéains. The solid line shows the
combined value, evolved over c.m. energy, and the dashesl $inow its total error. In both plots, the inner
error bars show the statistical errors and the outer ermsrdieow the total errors including the experimental,
hadronisation and scale uncertainties.
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