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Re-analysed JADE data were used to determine �

S

at

p

s = 14-44GeV on the

basis of resummed alulations for event shapes and hadronisation models tuned

to LEP data. The ombined result is �

S

(M

Z

0

) = 0:1194

+0:0082

�0:0068

whih is onsistent

with the world average. Event shapes have also been used to test power orretions

based on an analytial model and to verify the gauge struture of QCD. Studies

of the angular and momentum distributions of harged partiles in hadroni �nal

states of e

+

e

�

annihilation are presented.

1. EVENT SHAPES AND DETERMINATION OF �

S

The re-analysis of e

+

e

�

annihilation data olleted with the JADE detetor

at the PETRA ollider (1978-1986) has been shown to be a valuable e�ort

1;2;3;4;5

sine the harateristi energy evolution of Quantum Chromody-

namis (QCD) beomes more manifest towards dereasing entre-of-mass

energies

p

s.

From multihadroni data samples, the distributions of thrust (1� T ),

heavy jet mass (M

H

), total and wide jet broadening (B

T

and B

W

), C pa-

rameter and the di�erential 2-jet rate y

23

in the Durham sheme are alu-

lated

1

. The data are orreted for the limited aeptane and resolution

of the detetor and for initial state photon radiation.

The determination of �

S

is based on a ombination of an exat QCD

matrix element alulation O(�

2

S

)

6

intended to desribe the 3-jet region

of phase spae and a next-to-leading-logarithmi approximation (NLLA)

7

valid in the 2-jet region where multiple radiation of soft and ollinear glu-

ons from a system of two hard bak-to-bak partons dominate. We perform

�

2

-�ts of the theoretial preditions orreted for hadronisation e�ets. For

1
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the main results, we use the ln(R)-sheme

7

. Experimental errors are un-

der ontrol for all data samples. Expetedly, hadronisation unertainties

inrease rapidly towards 14GeV. The individual results agree with eah

other within 1-2 standard deviations of the �t and experimental errors.

The �

S

results obtained here and in similar analyses at higher energies

based on resummed event shapes agree well with the QCD expetation for

the running oupling

8

. A �

2

-�t taking statistial and experimental errors

into aount yields �

S

(M

Z

0

) = 0:1213� 0:0006 with �

2

=d:o:f: = 8:3=11.

2. TEST OF POWER CORRECTIONS

The DMW model

9

desribes non-perturbative e�ets to event shapes as

ontributions from gluon radiation at low energy sales, assuming that the

physial strong oupling �

S

(�) remains �nite in the energy region around

the Landau pole where simple perturbative evolution of �

S

breaks down.

This leads to the introdution of a parameter �

0

(�

I

) = 1=�

I

R

�

I

0

d��

S

(�)

that absorbs all non-perturbative details of �

S

(�) up to an arbitrary in-

frared mathing sale �

I

. The predition, in partiular the universality of

�

0

(�

I

), has been tested by global �ts to the hadron level data from this anal-

ysis and from other experiments e.g. at LEP/SLC up to

p

s = 189GeV

2

,

with �

S

(M

Z

0

) and �

0

(2GeV) as only free parameters.

As shown in Fig. 1, there is a reasonable agreement between the in-

dividual results within the total unertainties. The �

S

values from power

orretions to the distributions are systematially smaller than the results

based on MC orretions. Combining the results for the mean values and

the distributions taking orrelations between the systemati errors into a-

ount yields �

S

(M

Z

0

) = 0:1175

+0:0031

�0:0021

and �

0

(2GeV) = 0:503

+0:066

�0:045

. The

satter of the �

0

values is mostly overed by the theoretial unertainty of

the Milan fator

9

.

3. STUDY OF QCD COLOUR FACTORS

The DMW ansatz has been exploited to extrat the QCD olour fators C

A

,

C

F

, and n

f

3

. Various global �ts to the event shape spetra trying alterna-

tive sets of the free model parameters support the SU(3) symmetry group.

Combining the orresponding results for these variables with �

0

(2GeV)

and n

f

�xed, and �

S

(M

Z

0

), C

F

, and C

A

free, one �nds C

F

= 1:29� 0:18

and C

A

= 2:84� 0:24.
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Figure 1. �

S

(M

Z

0
) and �

0

(2GeV) and one standard deviation errors of DMW-

�ts to distributions a) and means b). The hathed band represents the ombined

�

S

(M

Z

0

) derived from the \onventional" analysis.

4. LONGITUDINAL CROSS SECTION

The distribution of the angles � between the harged hadrons and the e

�

beam diretion an be desribed as a funtion of �

T

and �

L

, the trans-

verse and the longitudinal ross setions. A signi�ant ontribution to

�

L

omes from gluon radiation in the q�q �nal state and an be predited

in perturbative QCD in O(�

2

S

)

10

to be (�

L

=�

tot

)

PT

= 2�̂

S

+ 33:78�̂

2

S

with �̂

S

= �

S

=(2�). The �t result of the analysis of JADE data taken

at

p

s = 35 and 44 GeV is �

L

=�

tot

= 0:067 � 0:013 orresponding to

�

S

(36:6GeV) = 0:150� 0:025 or �

S

(M

Z

0

) = 0:127� 0:018.

5. MOMENTUM SPECTRA

The study of momentum spetra of harged partiles in hadroni �nal states

of e

+

e

�

annihilation allows tests NLLA QCD preditions together with Lo-

al Parton Hadron Duality (LPHD)

11

. For harged partiles with momen-

tum frations x = 2p=

p

s, where p is their momentum, the distribution of

� = ln(1=x) is studied

12

. The NLLA QCD predition is found to desribe

the data at 22, 35 and 44 GeV well around the peak region where the pre-

ditions are expeted to be valid. The evolution of the peak position �

0

is

seen to be well desribed by the NLLA predition.
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6. CONCLUSIONS

Resummed QCD theory ombined with LEP tuned hadronisation models

�ts event shape data well down to

p

s = 14GeV and allow onsistent de-

terminations of �

S

. The ombined result evolved to the Z

0

mass sale is

�

S

(M

Z

0

) = 0:1194

+0:0082

�0:0068

whih is substantially more preise than former

PETRA measurements and also in good agreement with the world aver-

age value

8

. Power orretions / 1=

p

s generally reprodue the overall

event shape spetra, exept for the distributions of the less inlusive vari-

ables (M

H

and B

W

) at

p

s < M

Z

0

. The results for �

0

support the DMW

predition of universality within 25%. Using power orretions, the gauge

struture of QCD has been veri�ed. Potential biases from hadronisation

models are redued within this approah. The measurement of the longitu-

dinal ross setion was used, to determine �

S

(M

Z

0
) = 0:127�0:018. NLLA

QCD preditions desribe the momentum spetrum of harged partiles

well.
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