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Abstract. Inclusive charged particle and event shape distri-  This paper presents new experimental results from the
butions are measured using 321 hadronic events collectedigh energy run of LEP at 130 GeV and 136 GeV in the
with the DELPHI experiment at LEP at effective centre of autumn of 1995, with the aim of contributing to a better
mass energies of 130 to 136 GeV. These distributions ar@nderstanding of the energy dependence of event shape dis-
presented and compared to data at lower energies, in patributions. This may lead to a better description of the frag-
ticular to the precise Z data. Fragmentation models describenentation process, which in turn contributes to a more pre-
the observed changes of the distributions well. The energgise study of the energy dependence of the strong coupling
dependence of the means of the event shape variables caonstant and finally to a more precise determination of

also be described using second order QCD plus power terms. The paper is organized as follows. Section 2 discusses
A method independent of fragmentation model correctionsthe detector, the data samples, and the cuts and corrections
is used to determine, from the energy dependence of the applied to the data. The measured inclusive single parti-

mean thrust and heavy jet mass. It is measured to be: cle spectra and event shape distributions are presented in
(133 GeV) = 0116+ 0.007.0, % 56s,, Sect. 3.1 and are compared with corresponding data mea-

sured at the Z resonance and with some relevant Monte
Carlo fragmentation models. Sections 3.2 and 3.3 present
a phenomenological study of the energy dependence of the
mean values and integrals over restricted ranges of event
shape measures and a determinatioofthat is indepen-
dent of fragmentation models. Finally, Sect. 4 summarizes
the results.

from the high energy data.

1 Introduction

The running of the strong coupling constamf is a fun-

damental prediction of QCD, the theory of strong interac- _

tions. It is intimately connected to the properties of asymp-2 Détector, data and data analysis

totic freedom and confinement at large and small momentum

transfer, respectively. Asymptotic freedom allows elemen-The analysis is based on data taken with the DELPHI detec-
tary strong interaction processes at large momentum transfd@r at energies between 130 and 136 GeV with an integrated
to be calculated reliably using perturbation theory. Confine-luminosity of 59 pb™.

ment explains why only colour neutral objects are observed DELPHI is a hermetic detector with a solenoidal mag-
in nature. netic field of 1.2 T. For this analysis only the tracking system

Experimentally it is important to check the precise run- and the electromagnetic calorimetry of DELPHI have been
ning of the strong coupling constant, which is predicted byused.
the beta function defined by the renormalization group equa- The tracking detectors, which lie in front of the elec-
tion. The running ofo, is most easily accessible by study- tromagnetic calorimeters, are a silicon micro-vertex detector
ing the energy dependence of infrared-safe and collinear-saféD, a combined jet/proportional chamber inner detector ID,
event shape measures of the hadronic final statédn an-  a time projection chamber TPC as the major tracking device,
nihilation. Thea, dependence of the average shape measurand the streamer tube detector OD in the barrel region; and
is predicted in second order QCD [1, 2]. the drift chamber detectors FCA and FCB in the forward

The hadronization process (the transformation of par-region.
tons into observable hadrons) also has an impact on the en- The electromagnetic calorimeters are the high density
ergy dependence. However, it is expected to show an inversprojection chamber HPC in the barrel, and the lead-glass
power law behaviour in energy for many event shape vari-calorimeter FEMC in the forward region. Detailed informa-
ables, while the running of the strong coupling constant attion about the construction and performance of DELPHI can
parton level is logarithmic to first order. be found in [9, 10].

The power law dependence is predicted by Monte Carlo  In order to select well-measured charged particle tracks
fragmentation models and is also understood in terms of @nd electromagnetic clusters, the cuts given in the upper
simple tube model [3]. Even at the Z energy, these contripart of Table 1 have been applied; they are similar to those
butions are sizeable [4] and lead to significant uncertainfor a related analysis at energies near the Z pole [11]. The
ties in the determination ofr;. In the last few years this cuts in the lower part of Table 1 have been used to select
topic has attracted much theoretical activity. Power correcee™ — Z/y — gq events and suppress background pro-
tions to event shapes have also been predicted due to irtesses such as two-photon interactions, beam-gas and beam-
frared renormalons, and have been calculated assuming amall interactions, and leptonic final states. Furthermore they
infrared-regular behaviour af, at low energy scales [5-8]. ensure a good experimental acceptance.
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Table 1. Selection of tracks, electromagnetic clusters, and events. plere
is the momentumé is the polar angle with respect to the beam (likewise

Number of Events

D E LP H I Simulation | O hrust TOr the thrust axis)r is the radial distance to the beam-axisis
® DATA the distance to the beam interaction point (I.P.) along the beam-uiss,
1021 B the azimuthal anglel’ is the electromagnetic cluster energ¥shargedis the

number of charged particlesﬂ?;],jtl‘2 are the energies carried by charged

particles in the two highest energy jets when clustering the event to three
je_ts,EQeC is Fhe reconstructed ISR photon energy, di‘gtM'/Eje_f is the
highest fraction of electromagnetic energy in any of the three jets clustered

0.2 GeV< p < 100 GeV

Ap/p < 1.3
Track measured track length 30 cm
selection 160 > 0 > 20°

distance to I.P in¢ plane< 4 cm

distance to I.P. ie <10 cm
E.M.Cluster 05 GeV< E < 100 GeV

Ncharged 2 7

15C° > Orprust > 30°

Event EJe™? > 10 Gev
selection EJetl+ BJet2 > 40 GeV
| ETee < 20 GeV
o By /Bt < 0.95

EyREC [GeV]

Fig. 1. Reconstructed energy spectrum of photons from initial state radiationfactor evaluated from a complete simulation of the DELPHI
(ISR). The peak af=7°c near 40 GeV due to radiative return to the Z is detector [10]. Events were generated using PYTHIA tuned
clearly seen. Events witli7¢ above 20 GeV are rejected in this analysis. to DELPHI data at Z energies [11]_ In order to examine the
Thedotted hlgtogranshows theZZ e distribution for fully simulated events corrections due to detector effects and due to ISR separately,
generated withZ, > 20 GeV - .

the correction factor was split into two terms:

CcC=C % C _ h(f)genmoISR « h(f)acc,noISR
In contrast to the situation at the Z peak, hard initial = ~ ~/det ISE = J

.. .. . h(f)acc,nolSR h(f)a,cc
state radiation (ISR) is important. In many cases the emitted . . . _—
photon reduces the centre of mass energy of the hadroniyn€re/(f) represents any normalized differential S{'Stf,'bu‘
system to the Z mass. These events are often called “radi4!on @s @ function of an observableThe subscripts jen

tive return” events. The last two cuts in Table 1 are the mos@d “acc” refer to the generated spectrum and that accepted
important in discarding them. after full simulation by the cuts described in Table 1, while

For the first of these two cuts, the event is clustered us:‘”OISR” implies ISR photon energies below 1 GeV. The

ing the DURHAM algorithm [13] until only 2 jets remain. correctiqn factors are shown in the upper insets in Figs. 2-
Assuming a single ISR photon emitted along the beam direcf‘ﬁ Ths final kgzlorrectg)n factors are_:t smooltlh as a fl’iln?t'o?] of
tion, the apparent energy is then calculated from the polar € observables and are near unity in afl cases. Note, how-
angles of these jets. Events are rejected if this endigy: ever, that in many cases the detector and ISR corrections
exceeds 20 GeV. Figure 1 compares the reconstructed ph(g_ompensate each other.

ton energy spectra in data and simulation (PYTHIA [14]). .TO calculate the means and integrals of the event shape
variables, the correction factors for the corresponding distri-

At E7°¢ ~ 40 GeV, the enhancement due to radiative return i thed usi | il q led

events is clearly visible. The agreement between data anfutions were smoothed using polynomials and applied as a

simulation is good. weight, event by event. .
Corrections for ISR have been calculated using both

For the second cut, each event is clustered (and force e
into three jets and rejected if any jet is dominated by elec(ﬁ;&YTHIA and DYMUS [15] and are similar. The total sys-

womagnetic eneray. If an ISR event sunves the first cuty 7% T L O TR G 0 B e
one of the three jets is quite likely to be the single photon ’ X

and thus to have a large fraction of electromagnetic energy?rror for all distributions and bins, and has therefore been

This selection procedure has an efficiency of about 84%neglected.
for events with no ISRE, < 1 GeV), and leads to a con-
tamination below 16% from events with ISR above 20 GeV.3 Ragults
A total of 321 events enter the further analysis. Two-photon
events are strongly suppressed by the cuts shown in Table 3.1 |nclusive and shape distributions
They are estimated to be less than 0.3% of the selected sarand model comparisons
ple, and have been neglected.

To correct for limited detector acceptance, limited res-Figure 2 shows corrected inclusive charged particle distribu-
olution, and especially for the remaining influence of ISR, tions as a function of, = In 1/, wherez, is the scaled mo-
the spectra have been corrected using a bin by bin correctiomentum 2/./s, the rapidityys with respect to the sphericity



axis, and the momentum components transverse to the thruﬁ
axis in and out of the event plang.* andp?“* respectively.

The exact definitions of these variables and of the eventhem at 133 Gev, except in the EEC case

shape variables used below are comprehensively collected
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ble 2. Event shape means, integrals, and 3-jet event rates at the Z and at
3 GeV. The ranges of the integrals are restricted in order to largely ex-
clude the contribution of 2-jet events. There are too few events to calculate

in Appendix A of [11]. Computer-readable files of the data Observable Eem =912 GeV  Eem = 133 GeV
distributions presented in this paper will be made available (1 — 1) 0.06784 0.0002 Q0616- 0.0034
on the HEPDATA database [12]. M2

In each case, the central plot compares the measured< Ei; 0.0533:£0.0001  00506-0.0030
distribution at an average energy of 133 GeV with the pre- < Ma 0.0331+ 0.0001 00337 0.0026
dictions of the JETSET 7.4 [14], ARIADNE 4.6$16], and Fuis
HERWIG 5.8 [17] parton shower models. For completeness, (Bsum) 0.11444 00003 01050+ 0.0036
the corresponding distribution measured at the Z [11] is (Bmaa) 0.07674 0.0002 00730+ 0.0037
shown compared to ARIADNE, which was found [11] to [ _T) T <08 00130+ 0.0005 —
describe these data best. The models describe both the M2 Bves
data and the high energy data well. | e gz, > 01 0.0209:£0.0005 -

A skewed Gaussian [18] was used to fit the maximum [ Eec |cos§| < 0.5  0.0939+0.0011 Q094+ 0.010
of the ¢, distribution (Fig. 2a). It is measured to Ig¢ = [ Boum Bawm > 02 00218+ 0.0002 .
3.83+ 0.05. This corresponds to a shift ofi®+ 0.05 with
respect to the Z datat{(My) = 3.67 + 0.01, [19]), to be  J Bmaz  Bmas >01 00355 0.0001 -
compared with the change predicted by the MLLA (Modified RJ*d° (yeur =0.08) 01821+ 0.0007 0182+ 0.024
Leading Log Approximation) [20, 21] of: RDurham  (y...=004) 01449+00006 0142+ 0.021
JAY RS L In Eem _ 0.19.

2 M values, at the higher energy. Thus the events appear more

Given the small statistics of the high energy data, no con2-jet-like on average. The Minor distribution in lowest order

clusions are possible about the presence of scaling violatiodepends quadratically o, which explains why the depop-

at high momenta, i.e. smaf,. ulation appears most clearly for this variable. For similar rea-
The rapidity distribution (Fig. 2b) shows the expected in- SONns, this is also observed for the hemisphere Broadenings

crease in multiplicity with centre-of-mass energy. The max-Bmazs Bmin, Bsum andBa;fy (Fig. 4). Again the behaviour
imum rapidity is given by: observed in the data is reproduced very well by the models.

Figure 5 shows the 2-jet, 3-jet, 4-jet and 5-jet ratRs,
R3, R4 and Rs, using both the JADE [27] and DURHAM
[13] algorithms, as a function af...;. The high energy data
agree well with the generator predictions tuned to Z data. In
particular, there is no significant excess of multijet events in
the data.

2

1 E,
Ymaz = In < o ) )
2 thadron

leading to a shift of the upper “edge” of the rapidity plateau
of ~ 0.4. It can be seen that this expectation is fulfilled in
the data.

Large changes are observed in the transverse momentum
distributions (Figs. 2c,d). The cross-sections in the tails 0f3 5, gnergy dependence of event shapes and investigation
the pi"* andp?“ distributions increase by factors of about 3 of leading power corrections
and 2 respectively. This is due to the larger available phase
space for hard gluon emission at the higher energy.

It was checked that integrating over the rapidity and the
p; distributions yields an average total charged multiplicity
value consistent with recent measurements from the LEP— the logarithmic dependence of the strong coupling con-
collaborations [22-25]. stant,as,

The lower insets in Fig. 2 show the observed and pre- — the hadronization process, leading to a dependence pro-
dicted ratios of the 133 GeV data to the Z data. This ratio  portional to ¥ E.,,,
is perfectly predicted by all models. This is true even in the — renormalons, which are connected to the divergence of
case of thep¢“t distribution, which is imperfectly described perturbation theory at high orders and lead to power sup-
by the models at the Z. This failure of th&“! description pressed terms proportional tg A? ., p > 1 [6].

presumably comes from the missing higher order terms iq I
: L S . n order to study these contributions, the means of the event
the Leading Log Approximation [11, 26], which is basic to fs,hape distributions, their integrals over restricted ranges (de-
all parton shower models. If so, it is not expected to appear, . by [ f) chosen to exclude the 2-et region, and the
in the evolution with energy. . : '
Figure 3 presents the distributions as a function of3'Jet rates measured at Z energies and at 133 Gev, are
9 P compared where possible with the data of other experiments,

1-Thrust (1— 7)), Major (M), Minor (m), and Oblateness . ; .
(O). Most obvious is the trend to populate small values of.ma1|_nlby| atzlower energies [28]. The measured values are given
| in Table 2.

1—T, M andm, and correspondingly to depopulate higher Figure 6 compares the energy dependence of several of

1 ARIADNE simulates only the parton shower process and employs thethe€se observables with the predictions of the ARIADNE,
JETSET routines to model the hadronization and decays HERWIG, and JETSET parton shower models. The models,

Several sources are expected to lead to an energy dependence
of event shape distributions [3, 4]:
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Fig. 5. Measured 2-jet, 3-jet, 4-jet and 5-jet rates at 133 GeV as a function
of ycqt for the Durham and JADE jet algorithms compared with the predic-
tions of ARIADNE 4.8 ull curve), JETSET 7.4 dashed, and HERWIG
5.8 (dotted
which have been tuned to DELPHI data taken at Z energies L b) DELPHI
L L

[11], agree very well with the experimental data over the — P ‘

whole energy range. Thus the models seem to account cor- 10 10 Een/GeV

rectly for the dlﬁ.erent Sou.rces of energy dependence qu.Ot.eFig. 6a,b.Energy dependence of event shape variables using the cuts (where

above. Some _dlscrepa_mmes betvv_een the models ar_e visib @Ievant) defined in Table 2 compared with predictions of the ARIADNE,

at lower energies. At higher energies, the agreement is goOGeRwWIG, and JETSET fragmentation models. The curves correspond to
The model predictions at the “parton level”, i.e. before the hadronicfull anddot-dashed curveslose to data) and partonidgshed

hadronisation, are shown as well. The difference betweef§urvesshowing weaker energy dependence) final states
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the “hadron level” and “parton level” predictions indicates
the size of the so called “hadronisation correction” applied
in mosta; analyses of event shape distributions. The model
dependence of this difference can be taken as a measure
of the uncertainty of this correction. The influence of the
hadronisation is strongest for the integral of the energy-
energy correlatiorf EEC, and for(1 — T') and(Bgy,). The
correction is smaller for the wide hemisphere broadening
(Bmas) and the heavy hemisphere mase/?/E?;, ). This

is expected, since the low mass side of an event enters in
J EEC,(1—T) and(B;.m), but does not appear in the cal-
culation of (MZ/E?, ) and (B,,..). For the difference of

hemisphere masseé)M?/E2, ), as expected, the hadroni-
sation effects largely cancel: the parton level expectation is
above the hadron level one for this observable. The jet rates
R{ed and RPvr"am show a more complex behaviour: the
hadronisation correction first falls rapidly with increasing
energy; then at medium energies it changes sign; and finally
it becomes very small{5% for all models) at the highest
energies displayed.

Figure 7 shows integrals of the {17"), M2/E?,., Bsum
and B, distributions over the restricted ranges of the vari-
ables chosen to largely exclude 2-jet events (see Table 2).
At the hadron level, the models describe the data well. The
differences between the hadron level predictions and the cor-
responding parton level predictions vanish much faster (ap-
proximately like %/ F2 ) than for the corresponding mean
values. This is different from the behaviour of tHf&EC
data in Fig. 6 (for which 2 jet events are also largely ex-
cluded): the slower fall-off of the hadronisation correction
is preserved in the case of this variable. This behaviour of
JEEC has been predicted in [6].

The comparisons of the models with the energy depen-
dence of the shape observables suggest that the variables
M2/E?,., B, and the jet rates can be calculated most
reliably, because the hadronisation corrections are particu-
larly small for these variables at high energy.

In order to assess the sizes of the individual contribu-
tions, the energy dependence of each event shape mean for
which lower energy data are available was fitted by :

fdodf _

= 0 = ) o) &

Otot
and similarly for each restricted-range integral, where

— fpert is the @ (a?) expression for the event shape distri-

bution:
(2-"5)

2 2
) -(A-zwbo-log; +B> @)

cn

o as(Ecm)
™

as(p)
27 A

N (a;(u)
™

where A and B are parameters available from theory [1],
bo = (33—2N,)/12r, andy is the renormalisation scale,

<fpert> =

Fig. 7a,b.Energy dependence of event shape variables using the cuts (where_ fpow is a S|mp||f|ed power dependence with free param-

relevant) defined in Table 2 compared with predictions of the ARIADNE,

HERWIG, and JETSET fragmentation models. The curves correspond to

the hadronicfull anddot-dashed curveslose to data) and partonidgshed
curvesshowing weaker energy dependence) final states

etersCy, and C, to account for the fragmentation plus
renormalon dependence:

C1 C>

<fp0w> - Ecm ¥ Egm.

®3)
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Table 3. Fits to the mean values and integrals of event shape variables at all available energies

Observable C1(GeV) C(GeV?) as(Mz) X2 /ndf
RJade (yeur =0.08) —359+055 613+ 7.6 0123+0.002  8.0/13
RPurham (4., =004) -253+315 310+284 013740019 183
1-T) 0.67+ 0.20 10+ 2.0 0.1264+0.004 43.8/26
0.77 + 0.07 00 (fixed) 0125+ 0.002 44.1/27
Mi 0.76+ 026 —29+ 3.3 0.1164 0.006 6.3/9
B, 0.54-+ 0.08 00 (fixed) Q12140.002  7.1/10
M2 0.03+0.15 20+ 1.8 0.1004 0.006 5.6/6
<E2d > 0.0 (fixed) 24+ 05 0.101+ 0.002 5.717
vis 0.19+ 0.04 00 (fixed) 0094+ 0.002 6.9/7
f(l -1 T < 0.8 0.36 £ 0.03 09+1.18 0120 (fixed) 19.2/9
M2 M2 )
B2 g2 0.1 0.05+ 0.03 96+ 0.9 0.120 (fixed) 7.1/5
f EEC |cosh| < 0.5 1.26 + 0.05 46+ 0.8 0.120 (fixed) 66/12

The results of these fits are presented in Table 3 and conpears more rapidly with increasing energy, anddhevalue
pared with the data in Fig. 8. extracted at high energy may be more reliable. Figure 8c
Satisfactory fits are obtained in most cases. Only forshows the fits tof (M{/EZ,,), [(1—T) and [ EEC, where
(1-1T), [(1-T), and especially fof EEC are thex?/ndf the ranges of the variables dominated by 2 jet events are
values too large. However, Fig. 8 shows that this is largelyexcluded in all cases. As the data quality for these vari-

due to discrepancies between the data of the different expegbles is relatively poory was fixed to 0.120 for these fits.

iments. It is indeed possible to describe the energy dependence of
It is remarkable that this simple model leads to perturba-] M/ E5;.) by a 1/ E2 power term only, butf (1—T) and

tive and hadronisation contributions comparable with those/ EEC both require significant/E terms. It was correctly

obtained from the fragmentation models (compare Fig. 8oredicted [6] that the leading power term ¢{A/7/E3,,)

with Figs. 6 and 7). The values af, obtained are rea- should be proportional to/F?, whereas for[ EEC it should

sonable for many fits. However they should not be inter-be proportional to 1, because 2-jet events can be shown to

preted quantitatively, given the simplied power dependenc@lways contribute to EEC while only events where a hard

assumed in the fits. gluon radiation took place entgi(M7Z/E?,.). However, the
The fit for RJ? requires terms proportional tg £ and  same argument was used to predict that, ag'tar?2/E2,,),

to 1/E? as well as a significant”(a;) term (compare Ta- the leading power term fof (1 — T') should be proportional

ble 3 and Fig. 8a). The term proportional tpF is negative  to 1/E?, and it is not. This may be because, oL — 7),

and is partly compensated over a wide range in energy byhe properties of the whole event enter, whereas while for

a strong contribution proportional tg/ £2. Thus the overall  [(AM?2/E2,.) only the hemisphere containing the hard radi-

power correction forRJ%? is small over a wide range in ation contributes.

energy. It is also worth noting that Fig. 6b) suggests thaB,,, .
The same behaviour is perhaps observedR§r™"*™,  may also show a power behaviour similar to thaf 877/ E2,.)

although the power terms are very poorly determined in thisand thus be equally well suited for determining.

case because no very low energy data are available, and

they could both be absent. This is unfortunate, since the

Monte Carlo predictions suggest a similar energy behaviouB.3 Fragmentation model independent determination of

for RPvrham and RJ2¢ (see Fig. 6), contrary to a theoreti-

cal prediction [29] which expects g E term for k4“4 and

only a I/ E? power term in case oRJ“ e,

The event shape meafis— T') and (M?/E2,.) require
only a 1/E power behaviour, as predicted in [7, 29]: fixing

C, to zero changes? only marginally (see Table 3). For

In order to infera; quantitatively from the 133 GeV data in-
dependently of fragmentation models, the observables
(1-T) and(MZ/E?, ) were chosen as their power terms
are well determined by the data and agree with expecta-
tions [7, 29], and they are reasonably well measured at 133

O GeV. The prescription given in [7] was followed, where
2 /2 i
(M3/E?,,), the overall power correction is smaller, and () = Foere) * (Fow) With

successful fits can be obtained using either the r 1/ 2
term alone. In all cases, however, the fitted valuexgfis
rather small. FoM2/E?2; ), contrary to other observables,
the f,.r+ term determined from the fit (see Fig. 8b) and the 2 g
parton level curves (see Fig. 6b) are on opposite sides of the — (bo -log ’uz + o+ 2b0> . ag(u)] , 4)
data. pg 2w

It is of interest to search for observables which haveag being a non-perturbative parameter accounting for the
no leading ¥E term, so that the power correction disap- contributions to the event shape below an infrared matching

_
(Fpou) =y -

CTm

[&o(m) )
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Table 4. Results of the fits to the energy dependence of the event shapﬁ
means according to the prescription given in [7]. The errors shown are
experimental

Summary

Inclusive charged particle distributions and event shape dis-

Eem < Mz tributions have been measured from 321 events obtained
Observable ag as(Mz) Ay, g[MeV]  x?/ndf with the DELPHI detector at centre of mass energies of 130
(1-T) 053440012 01184+ 0.002 224+19  43/24 and 136 GeV.
(M2/E2,,) 043540015 Q114+0002 182+18  4.1/7 Compared with the Z data, thg and rapidity distribu-

tions show the expected increases in the peak position and
Table 5. Results from the evaluation af, from 133 GeV data using equa- Maximum rapidity respectively, a large increase in particle
tion 4. The errors shown are experimental production is observed at high transverse momentum, and
the events appear more 2-jet-like on average.
The ARIADNE, HERWIG, and JETSET fragmentation
models quantitatively describe the changes observed in the
(1-T) 0534 0124+0008 316 01174 0.007 inclusive charged particle spectra and in the event shape
<M§/E§is> 0.435 0122+0.009 276%% 0.115+0.008 distributions.
The energy dependence of the event shape means is very
well described by the models, as well as by a simple power
scaleyy, K = (67/18—12/6)Cs —5N;/9 anday = 4C'y /. Iaw plus @@ (a?) dependence. The had_ro'nisation corrections
Using this approach the value of, was inferred in two  €Stimated by the two methods are similar. Among the ob-
steps. servables con5|der(()ad, the had_ronlsatmn correction at hlgh en-
Firstly, equations 1, 2 and 4 were used todfit and g ergy is smallest{5%) for the jet rates, for the heavy hemi

h iableM/? ) E? d for the wide hemi-
to the variableg1 — T') and (M?/E2,,) obtained from data sphere mass variablgl/;/ ), and for the wide hemi

. . sphere broadeningB,,.q.)- o
for energies up td., = My [11, 28] usingu; = 2 GeV and From the energy dependences of the meanT{irust
u = E.,. The results of these fits are listed in Table 4. The gy dep ust)

value ofag should be around 0.5 [29], in agreement with the and heavy hemisphere mass, is measured to be:
observation. To estimate the influence of higher order termsv,(Mz) = 0.1164 0.002.., "4 %5, 00

missing in the second order prediction, the renormalisatio
scaleu in equation 4 was varied betweerb@..,,, and 2F,,,, .
This changeda, by *4%5, The scaleu; was varied by (133 GeV) = 0116+ 0.007,,,,7%%%
+1 GeV, ie by-+£50%, which changed,(}7) by +0.002. P=0.00%heo

Thus, the combined value of, andA,, from the data up  from the high energy data reported here, independently of

DELPHI (Ec,,) = 133 GeV
Observable ag (fixed) —as(Mz) A, [ MeV] «as(133 Gev)

"rom the data up to Z energies [28] and

to and including Z energies [11, 28] is: Monte Carlo fragmentation model corrections.
The smaller theoretical uncertainty of, (133 GeV) re-
as(Mz) = 0116+ 0.002., "5 505,,.. sults from from the higher energy, and the improved con-

vergence of the perturbation series due to the inclusion of
equation 4 compared to an ansatz using ofy.;. How-
ever, the large statistical error of, compared to [23—-25]

chnrtes#g ':Sc?eﬂsﬁtgx;ygrh i??ﬁéﬂstggﬂggho?h%?f;g%Om eresults from the almost linear relation betwegh and .
P : ' No conclusion is possible on a running of the strong cou-

%irrlﬁ fragmentation model was needed for this measureb“ng constant between the Z energies and 133 GeV because

) of the small statistics of the high energy data.
Secondly, values ofr, were obtained from the data at
(E.n) = 133 GeV alone, using the values a@f extracted

Ayyg = (2034 19,775, ) MeV.

from the lower energy data. The results are listed in Table 5Acknowledgement9Ne are greatly indebted to our technical collaborators
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TO, eSt'Tate the scale errq[’an_d pr Were varied as above' DELPHI detector, and to the members of the CERN-SL Division for the
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renormalisation scale error 1§%5, and the error from the

choice ofy; is +0.001. Combining the experimental errors
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