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Abstrat

Data from e

+

e

�

annihilation into hadrons olleted by the JADE experiment at

entre-of-mass energies between 14 GeV and 44 GeV were used to study moments of

event shape distributions. The data were ompared with Monte Carlo models and

with preditions from QCD NLO order alulations. The strong oupling onstant

measured from the moments is

�

S

(M

Z

0
) = 0:1286 � 0:0007(stat:) � 0:0011(exp:) � 0:0022(had:) � 0:0068(theo:),

�

S

(M

Z

0
) = 0:1286 � 0:0072 (total error)

onsistent with the world average. However, systemati de�ienies in the QCD

NLO order preditions are visible for some of the higher moments.

This note desribes preliminary JADE results
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1 Introdution

The annihilation of an eletron and a positron into hadrons allows preise tests of Quan-

tum Chromodynamis (QCD). Commonly jet prodution rates or distributions of event

shape observables have been studied. Preditions by perturbative QCD ombined with

hadronization orretions derived from models have been found to desribe the data at

low and high energies well, see e.g. [2{4℄.

In this analysis we used data olleted by the JADE experiment in the years 1979 to

1986 at the PETRA e

+

e

�

ollider at DESY at six entre-of-mass energies

p

s overing the

range of 14{44 GeV. We measured the �rst �ve moments of event shape observables for

the �rst time in this

p

s region in e

+

e

�

annihilation and ompared the data to preditions

by Monte Carlo Models and by perturbative QCD. From the omparison of the data with

the theory we extrated the strong oupling onstant �

S

.

The outline of the note is as follows. In setion 2, we de�ne the observables used in

the analysis and desribe the perturbative QCD preditions. In setion 3 the analysis

proedure is explained in detail. Setion 4 ontains the disussion of the systemati

heks whih were performed and the resulting systemati errors. We ollet our results

in setion 5 and summarize them in setion 6.

2 Observables

The properties of hadroni events may be haraterized by a set of event shape observables.

These may be used to haraterize the distribution of partiles and thus the topology of

an event as \penil-like", planar, spherial et. They an be omputed either using the

measured harged partile traks and alorimeter lusters, or using the true hadrons or

partons in simulated events. The following event shapes were onsidered here:

Thrust T : de�ned by the expression [5, 6℄

T = max

~n

 

P

i

j~p

i

� ~nj

P

i

jp

i

j

!

:

The thrust axis ~n

T

is the diretion ~n whih maximizes the expression in parentheses.

A plane through the origin and perpendiular to ~n

T

divides the event into two

hemispheres H

1

and H

2

.

C-parameter: The linearized momentum tensor �

��

is de�ned by

�

��

=

P

i

(p

�

i

p

�

i

)=j~p

i

j

P

i

j~p

i

j

; �; � = 1; 2; 3 :

The three eigenvalues �

j

of this tensor de�ne C [7℄ through

C = 3(�

1

�

2

+ �

2

�

3

+ �

3

�

1

) :

Heavy Jet Mass M

H

: The hemisphere invariant masses are alulated using the par-

tiles in the two hemispheres H

1

and H

2

. We de�ne M

H

[8, 9℄ as the heavier mass,

divided by

p

s.
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Jet Broadening observables B

T

and B

W

: These are de�ned by omputing the quan-

tity

B

k

=

 

P

i2H

k

j~p

i

� ~n

T

j

2

P

i

j~p

i

j

!

for eah of the two event hemispheres, H

k

, de�ned above. The two observables [10℄

are de�ned by

B

T

= B

1

+B

2

; and B

W

= max(B

1

; B

2

)

where B

T

is the total and B

W

is the wide jet broadening.

Transition value between 2 and 3 jets y

23

: Jet algorithms are applied to luster the

large number of partiles of an hadroni event into a small number of jets, reeting

the parton struture of the event. For this analysis we used the Durham sheme [11℄.

De�ning eah partile initially to be a jet, a resolution variable y

ij

is alulated for

eah pair of jets i and j:

y

ij

=

2min(E

2

i

; E

2

j

)

E

2

vis

(1� os �

ij

); (1)

where E

i

and E

j

are the energies, os �

ij

is the angle between the two jets and

E

vis

is the sum of the energies of all visible partiles in the event (or the partons

in a theoretial alulation). If the smallest value of y

ij

is less than a prede�ned

value y

ut

, the pair is replaed by a jet with four momentum p

�

ij

= p

�

i

+ p

�

j

, and

the lustering starts again with p

�

ij

instead of the momenta p

�

i

and p

�

j

. Clustering

ends when the smallest value of y

ij

is larger than y

ut

. The remaining jets are then

ounted. The value of y

ut

at whih for an event the transition between a 2-jet and

a 3-jet assignment ours is alled y

23

.

In the following disussion, whenever we wish to refer to a generi event shape observ-

able we use the symbol y. In almost all ases, larger values of y indiate regions dominated

by the radiation of hard gluons and small values of y indiate the region inuened by

multiple soft gluon radiation. Note that thrust T forms an exeption to this rule, as the

value of T reahes unity for events onsisting of two ollimated bak-to-bak jets. We

therefore use y = 1 � T instead. For all of these event shapes, a perfetly ollimated

(\penil-like") two-jet �nal state will have y = 0.

The nth, n = 1; 2; : : :, moment of the distribution of an event shape observable y is

de�ned by

hy

n

i =

Z

y

max

0

y

n

1

�

d�

dy

dy ;

where y

max

is the kinematially allowed upper limit of the observable. The alulations

always involve a full integration over phase spae, whih implies that omparison with

data always probes all of the available phase spae. This is in ontrast to QCD preditions

for distributions; these are ommonly only ompared with data, e.g. in order to measure

�

S

, in restrited regions, where the theory is able to desribe the data well, see e.g. [2℄.

Comparisons of QCD preditions for moments of event shape distributions with data are

thus omplementary to tests of the theory using the di�erential distributions.
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The formula for the O(�

2

S

) QCD predition of hy

n

i is with ��

S

= �

S

=(2�)

hy

n

i = A

n

��

S

+ B

n

��

2

S

(2)

involving the O(�

S

) oeÆients A

n

and O(�

2

S

) oeÆients B

n

. The values of the oeÆ-

ients A

n

and B

n

an be obtained by numerial integration of the QCD matrix elements

using the program EVENT2 [12℄.

The QCD predition depends on the renormalization sale �, see e.g. [13℄. The renor-

malization sale fator is de�ned as x

�

= �=

p

s implying that ��

S

= ��

S

(�) in equ. (2). A

trunated �xed order QCD alulation suh as equ. (2) will depend on x

�

. The renormal-

ization sale dependene is implemented by the replaement B

n

! B

n

+�

0

lnx

�

A

n

where

�

0

= 11 �

2

3

n

f

is the leading order �-funtion oeÆient of the renormalization group

equation and n

f

= 5 is the number of ative quark avours.

The data are normalized to the total hadroni ross setion �

tot

= �

0

(1+�

S

=�) in LO

while the QCD alulations are normalized to the born ross setion �

0

. Thus a orretion

has to be applied by making the replaement B

n

! B

n

� 2A

n

.

3 Analysis Proedure

3.1 The JADE Detetor

A detailed desription of the JADE detetor an be found in [1℄. This analysis relies mainly

on the reonstrution of harged partile trajetories and on the measurement of energy

deposited in the eletromagneti alorimeter. Traking of harged partiles was performed

with the entral detetor, whih was positioned in a solenoidal magnet providing an axial

magneti �eld of 0.48 T. The entral detetor ontained a large volume jet hamber. Later

a vertex hamber lose to the interation point and surrounding z-hambers to measure

the z-oordinate

2

were added. Most of the traking information was obtained from the

jet hamber, whih provided up to 48 measured spae points per trak, and good traking

eÆieny in the region j os �j < 0:97. Eletromagneti energy was measured by the lead

glass alorimeter surrounding the magnet oil, separated into a barrel (j os �j < 0:839) and

two end-ap (0:86 < j os �j < 0:97) setions. The eletromagneti alorimeter onsisted

of 2520 lead glass bloks with a depth of 12.5 radiation lengths in the barrel (sine 1983

inreased to 15.7 in the middle 20% of the barrel) and 192 lead glass bloks with 9.6

radiation lengths in the end-aps.

3.2 Data Samples

The data used in this analysis were olleted by JADE between 1979 and 1986 and orre-

spond to a total integrated luminosity of 195 pb

�1

. The breakdown of the data samples,

mean entre-of-mass energy, energy range, data taking period, olleted integrated lumi-

nosities and the size of the data samples after seletion of hadroni events are given in

2

In the JADE right-handed oordinate system the +x axis pointed towards the entre of the PETRA

ring, the y axis pointed upwards and the z axis pointed in the diretion of the eletron beam. The polar

angle � and the azimuthal angle � were de�ned with respet to z and x, respetively, while r was the

distane from the z-axis.
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table 1. The data samples were hosen following previous analyses, e.g. [1{4, 14℄. The

data are available from two versions of the reonstrution software from 9/87 and from

5/88. We used both sets and onsidered di�erenes between the results as an experimental

systemati unertainty.

average energy year luminosity seleted seleted

energy in GeV range in GeV (pb

�1

) events events

9/87 5/88

14.0 13.0{15.0 1981 1.46 1722 1783

22.0 21.0{23.0 1981 2.41 1383 1403

34.6 33.8{36.0 1981{1982 61.7 14213 14313

35.0 34.0{36.0 1986 92.3 20647 20876

38.3 37.3{39.3 1985 8.28 1584 1585

43.8 43.4{46.4 1984{1985 28.8 3896 4376

Table 1: The average enter-of-mass energy, energy range, year of data taking and inte-

grated luminosity for eah data sample, together with the numbers of seleted data events

using the data sample version of 9/87 or 5/88.

3.3 Monte Carlo Samples

Samples of Monte Carlo simulated events were used to orret the data for experimen-

tal aeptane and bakgrounds. The proess e

+

e

�

! hadrons was simulated using

PYTHIA 5.7 [15℄. Corresponding samples using HERWIG 5.9 [16, 17℄ were used for sys-

temati heks. The Monte Carlo samples generated at eah energy point were proessed

through a full simulation of the JADE detetor [18{20℄, summarized in [14℄, and reon-

struted in essentially the same way as the data.

In addition, for omparisons with the orreted data, and when orreting for the

e�ets of fragmentation, large samples of Monte Carlo events without detetor simula-

tion were employed, using the parton shower models PYTHIA 6.158, HERWIG 6.2 and

ARIADNE 4.11 [21℄. All models were adjusted to LEP 1 data by the OPAL ollaboration.

The ARIADNE Monte Carlo generator is based on a olor dipole mehanism for the

parton shower. The PYTHIA and HERWIG Monte Carlo programs use the leading

logarithmi approximation (LLA) approah to model the emission of gluons in the parton

shower. For the emission of the �rst hard gluon, the di�erenes between the LLA approah

and a leading order matrix element alulation are aounted for. However, the emission

of gluons later on in the parton shower is based only on a LLA asade and is expeted to

di�er from a omplete matrix element alulation. For this reason we do expet deviations

in the desription of the data by the Monte Carlo models. Reently new Monte Carlo

generators have been developed, whih implement a more omplete simulation of the hard

parton emission [22℄. However, the models are not yet tuned to data taken at LEP and

were therefore not onsidered in this analysis.
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3.4 Seletion of Events

The seletion of events for this analysis aims to identify hadroni event andidates and

to rejet events with a large amount of energy emitted by initial state radiation (ISR).

The seletion of hadroni events was based on uts on event multipliity (to remove

leptoni �nal states) and on visible energy and longitudinal momentum balane (to remove

radiative and two-photon events, e

+

e

�

! e

+

e

�

hadrons). The uts used are doumented

in [23{25℄ and summarized in a previous publiation [2℄.

Standard riteria were used to selet good traks and lusters of energy deposits in

the alorimeter for subsequent analysis. Charged partile traks were required to have at

least 20 hits in r-� and at least 12 in r-z in the jet hamber. The total momentum was

required to be at least 50 MeV. Furthermore, the point of losest approah of the trak

to the ollision axis was required to be less than 5 m from the nominal ollision point in

the x� y plane and less than 35 m in the z�diretion.

In order to mitigate the e�ets of double ounting of energy from traks and alorime-

ter lusters a standard algorithm was adopted whih assoiated harged partiles with

alorimeter lusters, and subtrated the estimated ontribution of the harged partiles

from the luster energy. Charged partile traks were assumed to be pions while the

photon hypothesis was assigned to eletromagneti energy lusters. Clusters in the ele-

tromagneti alorimeter were required to have an energy exeeding 0.15 GeV after the sub-

tration of the expeted energy deposit of any assoiated traks. From all aepted traks

and lusters i the visible energy E

vis

=

P

i

E

i

, momentum balane p

bal

= j

P

i

p

z;i

j=E

vis

and missing momentum p

miss

= j

P

i

~p

i

j were alulated. To harged partile traks the

pion mass was assigned while the mass of lusters was assumed to be zero.

Hadroni event andidates were required to pass the following seletion riteria:

� The total energy deposited in the eletromagneti alorimeter had to exeed 1.2 GeV

(0.2 GeV) for

p

s < 16 GeV, 2.0 GeV (0.4 GeV) for 16 <

p

s < 24 GeV and 3.0 GeV

(0.4 GeV) for

p

s > 24 GeV in the barrel (eah endap) of the detetor.

� The number of good harged partile traks was required to be greater than three

reduing �

+

�

�

and two-photon bakgrounds to a negligible level.

� For events with exatly four traks on�gurations with three traks in one hemi-

sphere and one trak in the opposite hemisphere were rejeted.

� At least three traks had to have more than 24 hits in r�� and a momentum larger

than 500 MeV; these traks are alled long traks.

� The visible energy had to ful�ll E

vis

=

p

s > 0:5.

� The momentum balane had to ful�ll p

bal

< 0:4.

� The missing momentum had to ful�ll p

miss

=

p

s < 0:3.

� The z-oordinate of the reonstruted event vertex had to lie within 15 m of the

interation point.
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� The polar angle of the thrust axis was required to satisfy j os(�

T

)j < 0:8 in order

that the events be well ontained in the detetor aeptane.

The numbers of seleted events for eah

p

s are shown in table 1 for the two versions of

the data.

3.5 Corretions to the Data

All seleted traks and the eletromagneti alorimeter lusters remaining after orreting

for double ounting of energy as desribed above were used in the evaluation of the event

shape moments. The values of the moments after all seletion uts had been applied are

said to be at the detetor level.

In this analysis events from the proess e

+

e

�

! b

�

b were onsidered as bakground,

sine espeially at low

p

s the large mass of the b quarks and of the subsequently produed

B hadrons will inuene values of the moments. The QCD preditions were alulated

for massless quarks and thus we hose to orret our data for the presene of b

�

b events.

For the determination of the moments we alulated the sums

P

i

y

n

i;data

(n = 1; : : : ; 5)

where i denotes all seleted events. The expeted ontribution of b

�

b bakground events

P

i

y

n

i;b

�

b

was subtrated from the observed

P

i

y

n

i;data

. The e�ets of detetor aeptane

and resolution and of residual ISR were then aounted for by a multipliative orretion

proedure.

Two sets of

P

i

y

n

i

were alulated from Monte Carlo simulated signal events; the �rst,

at the detetor level, treated the Monte Carlo events identially to the data, while the

seond, at the hadron level, was omputed using the true momenta of the stable partiles

in the event

3

, and was restrited to events where

p

s

0

, the entre-of-mass energy redued

due to ISR, statis�ed

p

s�

p

s

0

< 0:15 GeV. The Monte Carlo ratio of the hadron level to

the detetor level for eah moment value was used as a orretion fator for the data. The

orreted sums were then normalized by the expeted total number of events yielding the

�nal values of hy

n

i. The expeted total number of events was alulated from the number

of seleted events in the data in the same way as for the moments.

The detetor orretion fators C

detetor

as determined using PYTHIA and HERWIG

are shown in �gures 1 and 2. We observe some disagreement between the detetor orre-

tions alulated using PYTHIA or HERWIG at low

p

s while at larger

p

s the orretion

fators agree well for most observables. The di�erene in detetor orretions was evalu-

ated as an experimental systemati unertainty.

4 Systemati Unertainties

Several soures of possible systemati unertainties were studied. All systemati uner-

tainties were taken as symmetri. Contributions to the experimental unertainties were

estimated by repeating the analysis with varied uts or proedures. For eah systemati

variation the value of �

S

was determined and then ompared to the result of the standard

analysis (default value). For eah variation the di�erene with respet to the default value

3

All harged and neutral partiles with a lifetime larger than 3� 10

�10

s were onsidered stable.
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was taken as a systemati unertainty. In the ases of two-sided systemati variations the

larger deviation from the default value was taken as the systemati unertainty.

� In the standard analysis the data version from 9/87 was used. As a variation a

di�erent data set from 5/88 was used.

� In the default method the traks and lusters were assoiated and the estimated

energy from the traks was subtrated. As a variation all reonstruted traks and

all eletromagneti lusters were used.

� The thrust axis was required to satisfy j os(�

T

)j < 0:7. With this more stringent

ut events were restrited to the barrel region of the detetor, whih provides better

measurements of traks and lusters ompared to the endaps.

� Instead of using PYTHIA for the orretion of detetor e�ets as desribed in se-

tion 3.5, events generated with HERWIG were used.

� The requirement on missing momentum was dropped or tightened to p

miss

=

p

s <

0:25.

� The requirement on the momentum balane was dropped or tightened to p

bal

< 0:3.

� The requirement on the number of long traks was tightened to N

long

� 4.

� The requirement on the visible energy was varied to E

vis

=

p

s > 0:45 and E

vis

=

p

s >

0:55.

� The amount of subtrated b

�

b bakground was varied by �5% in order to over

unertainties in the estimation of the bakground fration in the data.

All ontributions listed above were added in quadrature and the result quoted as the

experimental systemati unertainty. The dominating e�ets were the use of the di�erent

data version followed by employing HERWIG to determine the detetor orretions. In

the �ts of the QCD preditions to the data two further systemati unertainties were

evaluated:

� The unertainties assoiated with the hadronization orretion (see setion 5.2)

were assessed by using HERWIG and ARIADNE instead of PYTHIA. The larger

hange in �

S

resulting from these alternatives was taken to de�ne the hadronization

systemati unertainty.

� The theoretial unertainty, assoiated with missing higher order terms in the theo-

retial predition, was assessed by varying the renormalization sale fator x

�

. The

preditions of an all-orders QCD alulation would be independent of x

�

, but a

�nite order alulation suh as that used here retains some dependene on x

�

. The

renormalization sale x

�

was set to 0.5 and 2. The larger deviation from the default

value was taken as theoretial systemati unertainty.
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5 Results

5.1 Values of Event Shape Moments

The �rst �ve event shape moments for the six observables after subtration of b

�

b bak-

ground and orretion for detetor e�ets are shown in �gures 3 and 4. Superimposed

we show the moments predited by the PYTHIA, HERWIG and ARIADNE Monte Carlo

models tuned by OPAL to LEP 1 data. In order to make a more lear omparison be-

tween data and models the lower plots show the di�erenes between data and eah model

divided by the ombined statistial and experimental error for

p

s = 14 and 35 GeV. The

three models are seen to desribe the data fairly well; PYTHIA and ARIADNE are found

to agree better with the data than HERWIG.

5.2 Determination of �

S

Our measurement of the strong oupling onstant �

S

is based on the �ts of QCD pre-

ditions to the orreted moment values, i.e. the data shown in �gures 3 and 4. The

theoretial preditions using the O(�

2

S

) alulation as desribed in setion 2 provide val-

ues at the parton level. In order to onfront the theory with the hadron level data, it is

neessary to orret for hadronization e�ets. The moments were alulated at hadron

and parton level using PYTHIA and, as a ross hek, with the HERWIG and ARIADNE

models. The data points were then multiplied by the ratio C

had

of the parton and hadron

level moment values in order to orret for hadronization.

The models use uts on quantities like e.g. the invariant mass between partons in

order to regulate divergenies in the preditions for the parton shower evolution. As a

onsequene in some events no parton shower is simulated and the orginal quark-antiquark

pair enters the hadronization stage of the model diretly. This leads to a bias in the

alulation of moments at the parton level, sine y = 0 in this ase for all observables

onsidered here. In order to avoid this bias we exluded in the simulation at the parton

level events without at least one radiated gluon. At the hadron and detetor level all

events were used.

The hadronization orretion fators C

had

as obtained from the three models are shown

in �gures 5 and 6. We �nd that the hadronization orretions reah values of down to

about 0.5 at low

p

s. For larger

p

s the hadronization orretions derease as expeted.

We also observe that the models don't agree well for moments based on B

W

, y

23

and M

H

at low

p

s. The di�erenes between the models were studied as a systemati unertainty

in the �ts.

A �

2

-value for eah moment hy

n

i was alulated using the following formula:

�

2

=

X

i

(hy

n

i

i

� hy

n

i

theo;i

)

2

=�

2

i

(3)

where i denotes the energy points. The �

2

value was minimized with respet to �

S

(M

Z

0

)

for eah moment n separately. The running of �

S

was implemented in the �t in two-

loop preision using the formula shown in [26℄. The sale parameter x

�

, as disussed in

setion 2, was set to 1.
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The �t results are shown in �gure 7. The �t to the �rst moment hM

H

i did not onverge

and therefore no result is shown. We observe values of �

2

=d:o:f: of O(1); the �tted QCD

preditions inluding the running of �

S

are thus onsistent with our data. However, we

�nd that for h(1� T )

n

i, hC

n

i and hB

n

T

i the �tted values of �

S

(M

Z

0

) inrease steeply with

the order n of the moment used. This e�et is not as pronouned for hB

n

W

i, h(y

23

)

n

i

and hM

n

H

i, n = 2 � � �5. In order to investigate the origin of this behaviour we show in

�gure 8 the ratio K = B

n

=A

n

of NLO and LO oeÆients for the six observables used

in our �ts. There is a lear orrelation between the steeply inreasing values of �

S

(M

Z

0

)

with moment n and inreasing values of K with n for h(1� T )

n

i, hC

n

i and hB

n

T

i. The

other observables hB

n

W

i, h(y

23

)

n

i and hM

n

H

i, n = 2 � � �5, have fairly onstant values of K

and orrespondingly stable results for �

S

(M

Z

0

). We also note that hM

H

i has a large and

negative value of K whih is the ause that the �t did not onverge.

It is also of interest to ombine the measurements of �

S

(M

Z

0

) from the various �ts in

order to determine a single value. This problem has been subjet of extensive study by

the LEP QCD working group [27℄, and we adopt their proedure here.

In brief the method is as follows. The measurements of �

S

(M

Z

0

) were ombined in a

weighted mean, to minimize the �

2

between the ombined value and the measurements. If

the measured values of �

S

(M

Z

0

) are denoted �

S;i

, with ovariane matrix V

0

, the ombined

value, �

S

(M

Z

0

), is given by

�

S

(M

Z

0

) =

X

w

i

�

S;i

where w

i

=

P

j

(V

0 �1

)

ij

P

j;k

(V

0 �1

)

jk

; (4)

where i and j denote the individual results. The diÆulty resides in making a reliable

estimate of V

0

in the presene of dominant and highly orrelated systemati errors. Small

unertainties in the estimation of these orrelations an ause undesirable features suh as

negative weights. For this reason only statistial orrelations and experimental systemati

errors assumed to be partially orrelated between measurements were taken to ontribute

to the o�-diagonal elements of the ovariane matrix: V

0

ij

= min(�

2

exp;i

; �

2

exp;j

). All error

ontributions (statistial, experimental, hadronization and sale unertainty) were taken

to ontribute to the diagonal elements. The hadronization and sale unertainties were

omputed by ombining the �

S

(M

Z

0

) values obtained with the alternative hadronization

models, and from setting x

�

= 0:5 or x

�

= 2:0, using the weights derived from the

ovariane matrix V

0

.

We onsidered only those results for whih the NLO term in equ. (2) is less than half

the LO term (i.e. jK�

S

=2�j < 0:5 or jKj < 25), namely h1� T i, hCi, hB

T

i, hB

n

W

i and

h(y

23

)

n

i, n = 1; : : : ; 5 and hM

n

H

i, n = 2; : : : ; 5; i.e. results from 17 observables in total.

The purpose of this requirement was to selet observables with an apparently onverging

perturbative predition. The K values are shown in �gure 8. The statistial orrelations

between the 17 results were determined using Monte Carlo simulation at the hadron level.

The result of the ombination is

�

S

(M

Z

0

) = 0:1286� 0:0007(stat:)� 0:0011(exp:)� 0:0022(had:)� 0:0068(theo:) ;

above but still onsistent with the world average value of �

S

(M

Z

0

) = 0:1182�0:0027 [28℄.

It has been observed previously in omparisons of distributions of event shape observables
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with NLO QCD preditions with x

�

= 1 that �tted values of �

S

(M

Z

0

) tend to be large,

see e.g. [29℄.

Combining only the �t results from h1� T i, hCi, hB

T

i, hB

W

i, hy

23

i and hM

2

H

i yields

a value of

�

S

(M

Z

0

) = 0:1239� 0:0001(stat:)� 0:0008(exp:)� 0:0009(had:)� 0:0059(theo:) :

The slightly smaller error of �

S

reets the fat that the lower order moments are less

sensitive to the multijet region of the event shape distributions. This leads to a smaller

systemati unertainty.

6 Summary

In this note we present preliminary measurements of the strong oupling onstant from

moments of event shape distributions at entre-of-mass energies between 14 and 44 GeV

using data of the JADE experiment. The preditions of the PYTHIA, HERWIG and

ARIADNE Monte Carlo models tuned by OPAL to LEP 1 data are found to be in rea-

sonable agreement with the measured moments.

From a �t of O(�

2

S

) preditions to seleted event shape moments orreted for exper-

imental and hadronization e�ets we have determined the strong oupling onstant to

be �

S

(M

Z

0

) = 0:1286 � 0:0072 (total error). The higher moments, in partiular of the

Thrust, C-Parameter and B

T

event shape, lead to systematially enlarged value of �

S

.
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Figure 1: The �gures show the detetor orretions at

p

s = 14 GeV as alulated using

PYTHIA and HERWIG.
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Figure 2: Same as �gure 1 for

p

s = 35 GeV
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Figure 3: The �gures show the �rst �ve moments of 1 � T , M

H

and C at hadron level

ompared with preditions based on PYTHIA, HERWIG and ARIADNE Monte Carlo

events. The errors shown inlude all statistial and experimental unertainties. The

lower panels show the di�erenes between data and Monte Carlo at

p

s = 14 and 35 GeV,

divided by the quadrati sum of the statistial and experimental error.
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and y
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Figure 5: The �gures show the hadronization orretions at

p

s = 14 GeV as alulated

using PYTHIA, HERWIG and ARIADNE.

17



0

1

2

3

1 2 3 4 5

n

C
h

a
d

Pythia
Herwig
Ariadne <(1-T)

n>

0

1

2

3

1 2 3 4 5

n

C
h

a
d

Pythia
Herwig
Ariadne <B

W
 
n
>

0

1

2

3

1 2 3 4 5

n

C
h

a
d

Pythia
Herwig
Ariadne <C

n>

0

1

2

3

1 2 3 4 5

n

C
h

a
d

Pythia
Herwig
Ariadne <y

23
 
n
>

0

1

2

3

1 2 3 4 5

n

C
h

a
d

Pythia
Herwig
Ariadne <B

T
 
n
>

0

1

2

3

1 2 3 4 5

n

C
h

a
d

Pythia
Herwig
Ariadne <M

H
 
n
>

Figure 6: Same as �g. 5 for

p

s = 35 GeV.
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