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Motivation

•previous measurements at low energy 
have large (theoretical) errors
•since LEP/SLC era new theoretical input 
(NLLA+O(αs

2) predictions)
Øreduced theoretical uncertainties

(smaller dependence on xµ)

e+e- data at low CME provide 
large leverage for QCD tests

•pertubative effects ~ 1/ln Q
•non pertubative effects ~ 1/Q

PT

NP
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The JADE Detector

NEW: original JADE simulation software reactivated
(before only CME = 35 and 44 GeV available)

MC: Pythia/Jetset (LEP & JADE tuned versions), Ariadne, Herwig, Cojets

MC event
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αs from e+e- Event Shapes at 14-44 GeV

Event Shapes
•Thrust (1-T)
•Heavy Jet Mass (MH)
•Jet Broadening (BT,BW)*

• C Parameter*

•Differential 2-jet rate y23
* 

(Durham scheme)

*) Event Shape variables only used after 
shutdown of PETRA

•infrared and 
collinear safe 
quantities
•resummable in 
all orders       
αsln (1/F)

F=1-T,C,MH,…



11.September 2002 Jochen R. Schieck 5

•bb events fakes events with gluon radiation (electro weak decay)
Øsubtraction at detector level

•Correction for detector effects
Øbin-by-bin unfolding Ki=MCi

had/MCi
det using udsc sample 

bb-Corrections

e+e-gbb

2-jet region bb events
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Detector
Correction

Thrust (1-T)

Comparison with 
different hadronisation 

models

detector corrections

normalized deviations from 
model predictions
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Determination of αs
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•no good description for F g0 (divergent)

•O(αs
2) calculations, (3 jet region):

•NLLA calculations (resums soft gluon contribution, 2 jets):
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Determination of αs

O(αs
2) + NLLA matching:

22

23
23

2
22

2
121121

)
2

)()(
2
1

)((
2

)(

)2/)((2/)()()())(ln(

π
α

π
α

παπααα

ss

ssss

FAFBFA

LGLGLGLGLgLLgFR

−++

+−+−+=

•Fit perturbative predictions with scale factor xµ=1 and αs 
as free parameter

•correct parton distribution to hadron distribution
Øbin-by-bin hadronisation correction for R(F) with Pythia
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Measurement 
Fits

BT

correction  from 
parton g hadron

αs and χ2 dependency of fit 
range

problems with BW
(also at LEP visible!)

large hadron correction for CME = 14 GeV (50-100%)
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αs Results

•renormalisation 
scale
•hadronisation 
uncertainties

Dominant errors:

xµ dependency significantly reduced w.r.t O(αs
2) calculations

PRELIMINARY

αs (34.6) = 0.12±0.01±0.01
Phys.Rep.148(1987)67

~30% smaller error with 
new theoretical calculations
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αs Evolution
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Fit to 14-44 GeV:
αs(MZ°)=0.120±0.001(±0.006)
χ2=3.1/4 
P(χ2,d.o.f.)=54%
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Power Corrections
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•no correction for hadronisation effects with MC generator necessary
•Dokshitzer-Marchesini-Webber (DMW) structure of power corrections:
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Fit to Distribution

•global fit of 
pQCD + Power Corrections (DMW model)

to overall event shape and mean values data from:

PETRA
PEP
TRISTAN
SLC
LEP

(CME = 14-189 GeV)

2 free fit parameters:
1. αs strong coupling
2. α0 universal parameter 

for all event shapes
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αs,α0 Fits to Distribution

very good fit 
to data! 

2 parameter fit 
with αs,α0 describes 
distribution at 13 
different energies
simultaneously

χ2=181/216 d.o.f
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αs,α0 Fits to Mean Values

perturbative predictions

perturbative predictions plus 
power corrections
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(αs,α0) Fit Results

+0.084               
-0.060

±0.032±0.0050.542α0(2 GeV)

+0.0044            
-0.0030

±0.0037±0.00050.1126αs(MZ°)

TheoExpStatFitDistribution

+0.065             
-0.043

±0.001±0.0130.485α0(2 GeV)

+0.0028            
-0.0015

±0.0001±0.00140.1187αs(MZ°)

TheoExpStatFitMean Values

ρfit(αs-α0)

~-80%
(single fit)

‘conventional’ 
analysis
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Color Structure from Event Shapes

•Perturbative Prediction
A=A(CF)
B=B(CA,CF,nf)
NLLA=NLLA(CA,CF,nf)

•Power Corrections
P=P (CA,CF,nf)
M=M(CA,nf) 
DF=DF (CA,CF,nf)

CA=2.84 ±0.24 (QCD:3)
CF=1.29 ±0.18 (QCD:4/3) ρfit(CA-CF)=0.19
(competitive with 4 jet angular analysis)
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σL and σT with JADE
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σL~0 at quark production 
vertex 

σL<>0
g contribution from 
gluon radiation 

(no quark-antiquark separation
g no asymmetric term)
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Measurement of σL and σT

σL/ σtot= 0.067±0.013 
2

444.8 
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αs(MZ°)=0.126±0.025
α0(µi)=0.3±0.3
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Measurement of ln(1/x) 
Distribution
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Y=ln(s1/2/2Λeff)
N(Y): normalization related 

to charged multiplicity
<ζ>=function of Y + O(1) 
δ=(ζ-<ζ>)/σ
σ:width
s: skewness      
k: kurtosis
ζ0: peak position 

ζ0-<ζ>=(11+2Nf)/(32*9CA)

Fit to distribution (skewed gaussian):
x=2p/s1/2

Y dependent!
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Measurement of ln(1/x) 
Distribution

Fit NLLA (Fong,Webber):
Λeff,N and <ζ>,ζ0or O(1)

<ζ> ,ζ0 and N depend on s½

Λeff and O(1) constant



11.September 2002 Jochen R. Schieck 22

Conclusion (I)

αs(MZ°)=0.1194+0.0083
-0.0070) (PETRA)

αs(MZ°)=0.121±0.006 (LEP+SLC)

αs(MZ°)=0.120±0.007(LEP2)

•O(αs
2) + NLLA calculation first 

time  applied to PETRA data

•consistent with other 
measurement and methods
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Conclusion (II)

•universality of α0

confirmed within 20%
•SU(3) structure of QCD 
confirmed

αs(MZ°)=0.1175+0.0031
-0.0021

α0(2GeV)=0.503+0.066
-0.045

•measurement of αs with 
σL / σtot
•energy dependency of 
ln(1/x) spectra
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JADE at Petra (1979-1986)

158738.38.2810-11/198138.3

394043.828.806/1984-10/198543.4-46.6

2092535.092.302-06/198635.0

1437234.661.702/1981-08/198233.8-36.0

139022.02.4106-07/198122.0

173414.01.4607-08/198114.0

MH events<CME>
(GeV)

Luminosity 
(pb-1)

Data taking 
period

CME range 
(GeV)

LEP @ 91 GeV:
34 pb-1

1.5 M events
(OPAL)
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αs Results

+0.0096  
-0.0080

+0.0068
-0.0044

±0.0056±0.0032±0.00190.130643.8

+0.0108  
-0.0087

+0.0084
-0.0056

±0.0054±0.0026±0.00310.139738.3

+0.0125  
-0.0101

+0.0096
-0.0064

±0.0076±0.0020 ±0.00110.145735.0(’86)

+0.0114   
-0.0121

+0.0086
-0.0057

±0.0071±0.0017±0.00120.140934.6(’82)

+0.0144      
-0.0121

+0.0101      
-0.0065

±0.0101±0.00430.151322.0

+0.0206  
-0.0171

+0.0143  
-0.0091

+0.0141   
-0.0136

±0.00510.170414.0

TotalHigher 
order

Hadr.Exp.Fit errorαs(CME)CME 
(GeV)

αs (34.6) = 0.12±0.01±0.01
Phys.Rep.148(1987)67

~30% smaller error with new 
theoretical calculations
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αs,α0 Fits to Distribution

problems with 
BW also visible 
at 3 jet region



11.September 2002 Jochen R. Schieck 27

PC – Higher Order 
Contributions

Log. Enhancement ~ lnQ/Q 
yields better description of data

1/Q2 corrections for y23
Fit: pQCD+A10/Q+A20/Q2
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Comparison: MC Correction - PC


