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Abstract

We briefly report on two different measurements of
the strong coupling constant «, from a compari-
son of the DELPHI data on the Z° peak at LEP
to second order predictions of perturbative QCD.
The study of multijet event rates yields a,(M32) =
0.1144-0.003[stat] £0.004[syst] £0.012[theo] and the
study of energy-energy correlations yields o (M%) =
0.106 = 0.003(stat] + 0.003[syst]*5 00t heo).

1 Introduction

This paper gives a short account of the results [1,2]
obtained by the DELPHI collaboration concerning
a,, the QCD coupling constant, and/or A = A%,
the QCD scale parameter related by

[1_

with by = 33 — 2N;,b; = 918 — 114N, and [ =
In(p?/ A%)) ; the number of flavours Ny is taken to
be 5 at LEP energy.

Two different observables have been used to ex-
tract the results from the data :
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¢ the jet production rates : the n-jet prodution
rate is defined as R,(y) = on(y)/o; where o,
is the cross-section for producing an n-jet event
and o, is the total hadronic cross-section. The
jet production rates depend on the jet cluster-
isation algorithm and on the cutoff parameter
y. It is in fact the y-dependance of R,, which is
used to extract the QCD parameters.

the angular distribution in the energy-energy
correlation (EEC) is the histogram of the angles
X between any two particles within an event,
weighted by the product of the fraction of en-
ergy of these particles, 1.e. E,-E]-/E:,t. Such
a distribution has two peaks around y = 0 or
7 corresponding to the two main jets, the one
near x = 7 being distorted by the presence of
secondary jets. It is an infrared safe quantity
which do not use any recombination scheme.
The asymmetry of this distribution is our sec-
ond observable.
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The experimental data have been in each case com-
pared to QCD predictions. The jet production rate
analysis has been done using the second order matrix
elements of Kramer and Lampe [3] (KL’). The angu-
lar distribution of EEC has been compared to Ellis,
Ross and Terrano [4] second order matrix elements.
In both cases, the partons have been fragmentated
using the string model as implemented in the JET-
SET package [5].

The dependence on fragmentation models, recom-
bination scheme, energy scale, etc. have been stud-
ied in detail.

2 Data

The DELPHI detector has been described at this
conference ; details can be found elsewhere [6]. Only
charged tracks have been considered in this study,
their momentum and energy being measured by the
tracking devices (Inner and Outer Detectors and
TPC) and assuming the pion mass.

A good track has been defined to have : an impact
parameter at the nominal primary vertex r < 5cm
and |z| <10cm ; a momentum>0.1 GeV/c ; a polar
angle between 25 and 155° ; a track length>50cm.

A good hadronic event has been defined to have
at least 5 tracks with momentum>0.2GeV/c ; a
charged energy in each hemisphere>3 GeV/c ; a
missing momentum<30 GeV.

Data from the 1989 run only have been used for
this study. They amount to 4990 events. In addition
to these events, 1727 events were recorded in the
same run with the magnet operated at 0.7 T instead
of the nominal 1.2 T. These data have been used for
systematic error study. Contamination from beam
gas and v interactions has been estimated to less
than 0.1% and from 7 pairs to 0.2%.

3 Jet production rates

Jets have been reconstructed from charged tracks
by using the JADE clustering algorithm [7]. Their
prodution rates have been corrected for detector im-
perfections, kinematical cuts, QED corrections and
for small fragmentation effects with various Monte
Carlo simulations. They are shown on Fig.1.

These data have been fitted to the KL’ expressions
in the range 0.05 < y, < 0.25 in which the 4-jet rate
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Figure 1: Experimental jet rates as a function of the
cutoff y.. The curves show the result of the fit for
0.05 < y, < 0.2

is negligible (in fact the differential rates D, have
been used to simplify the statistical treatment). Set-
ting the normalisation scale to Q? yields A = 180%33
MeV or a,(M%Z) = .114 £ 0.003. Systematic error
have been evaluated by varying the correction fac-
tors ; it amounts to 733 MeV on A and #0.004 on «,.
Other recombination schemes and QCD calculations
have been used. They lead to quote a theoretical
error on a; of 0.012.

Finally, fits were performed on a y, range extend-
ing down to 0.02 where the 4-jet rate is no longer
neglegible. Satisfactory fits were obtained only for a
scale fMZ with f around 0.001. This might be an

effect of the unknown third order QCD terms.
4 Energy-energy correlation

After having corrected the data as before, they have
been compared to Monte Carlo data generated from
second order QCD expressions as implemented in
JETSET 7.2 [5]. In this program version, the scale
factor is set to f =0.002, a value which has been
shown to reproduce well several pieces of data. The
comparison was done in particular on the asymmetry

in EEC (Fig. 2), namely
AEEC(x) = EEC(180° — x) — EEC(x)

The resulting value of A is 104125 MeV ; it corre-
sponds to a nice agreement with the data. The above
statistical errors have been obtained by splitting the
data into 9 independent samples. Several systematic
effects have been studied, including changes in the
fragmentation parameters or models. They imply a
systematic error of *2o MeV on A. Finally, varying
the scale factor up to f = 1 makes A vary by 30
MeV ; this variation has been taken as a theoretical
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Figure 2: Corrected EEC and AEEC compared to
the result of the fit to second order matrix element
expressions.

error. From the above value of A, we derive

as(M2) = 0.106 4 0.003[stat] + 0.003[syst] 308 theo)]

5 Conclusion

The DELPHI collaboration has performed two inde-
pendent determinations of a,(M%). From jet rates
and EEC, we obtain respectively :

ay(M7)
a,(M3)

I

Il

0.106 + 0.003[stat] £ 0.003[syst

The results agree with the determinations of a,(M%)
from other LEP collaborations presented at this con-
ference.
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