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Measurement of the Strong Coupling αS in 
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(sorry, analysis of data below 91 GeV not ready yet)
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Introduction
• αS-measurements using the 4-Jet rate published only for 
data √s = 91 GeV
•extend analysis to whole available e+e- energy-range 91 
(14) GeV ≤ √s < 209 GeV
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•reconstructed particles are 
combined to jets according to the 
Durham-scheme:

•event is classified as 4-jet event at a certain ycut :
y34 > ycut > y45

•calculate 4-jet-rate as a function of ycut
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Theoretical Prediction

R4=σ4-Jet/σtot=αs
2B(ycut)+αs

3C(ycut)+O(αs
4)

(k-Factor: higher order contribution to vertex probabilities)

(hep-ph/9806317)

theoretical NLO QCD 
calculation predicted 
by Nagy and Trocsanyi 
(DEBRECEN 2.0)

NLO combined with 
NLLA calculation by 
Catani et.al
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The OPAL Detector
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Event Selection

•identification of hadronic events
•event multiplicity track & cluster quality
•visible energy
•longitudinal momentum balance

•removal of events with high Initial State 
Radiation (ISR)

•√s’ measured for each event
•removal of four-fermion background events:

hadronic decaying W-pair events 
•use standard OPAL WW selection procedure

•likelihood cut for WW qqqq
•likelihood cut for WW qqlν

√s
 >

 1
30

 G
eV
√s > 160 GeV
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OPAL Data Sample

1804.11717206.6
1089.61130204.9
526.5519201.6

1030.81090199.5
1161.31137195.5
472.0514191.6
3130.13086188.6
1042.51077182.7
225.2218172.1
282.4281161.3
329.7312136.1
368.4318130.1 

396560.039745291.3

predicted by 
Monte Carlo

Number of 
selected events

mean √s in 
GeV •energy points are 

grouped to four
different energy 
intervals
•calculate luminosity 
times cross-section 
weighted average
•fewer energy points 
with higher 
statistical precision
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Correction for Background                 
and Detector Effects

correction for signal-events 
misidentified as W-pair background

•bin-by-bin detector correction: Rhad=Cdetector * Rdet

subtract estimated residual WW-background (~2% - 6%)

•correction for ISR



Montpellier QCD '04                                          Jochen Schieck MPI München 8

Hadron Level Distributions

(statistical and experimental error)

(Monte Carlo–Data)/σ
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Hadron Level Distributions

(statistical and experimental error)

good agreement between data and Monte-Carlo models
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Hadronisation Correction
•theoretical prediction without hadronisation (‘partonlevel’)
•bin-by-bin correction for hadronisation effects 

hadronisation correction 
decreases with increasing energy
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Fitting Procedure

•minimize χ2 expression with respect to αS

calculate covariance 
matrix using many 

Monte Carlo subsamples

•every event can have entries at several bins
•bins are correlated Vij not diagonal

covariance matrix at 91 GeV
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Systematic Variations
•experimental uncertainties

selection of tracks and clusters, correction for 
detector effects, cut on cosθT
selection of non-ISR events (√s > 91 GeV), 
correction for four-fermion BG (√s > 160 GeV)

•hadronization uncertainties
•use Herwig and Ariadne instead of Pythia

•missing higher order terms
•vary renormalsation scale xµ=µ/√s                   
from 0.5 to 2.0
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Fit to the Distribution

with increasing energy:
•experimental error increases
•hadr. and scale error decreases

•good description within fit-range
•discrepancies at low ycut values

•area with large hadronisation 
correction
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‘Running’ of αS

total. 
error

stat. 
error

the energy 
dependence of αS

is consistent with 
the expectation 

from QCD
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Combination to Single αS Value

•evolve the fitted values to common scale MZ (two Loop)

(assuming validity of QCD) 
•calculate combined value with correlated errors

•follow approach suggested by the LEP QCD WG
(calculate weights from covariance matrix)   

0( ) 0.1208 0.0006(stat.) 0.0021(exp.)

0.0019(had.) 0.0024(scale)
S Z
Mα = ± ±

± ±
LEP 1 data dominates result with ~50%

(133 GeV < 1%, 177 GeV ~ 16%, 198 GeV ~ 34%)
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Summary & Further Plans
•first measurement of αS using the 4-Jet event rate and 
NLO+ NLLA theory prediction above 91 GeV
•evolution of αS with √s is consistent with QCD
• combination of αS result in: 

)tot.(0038.01208.0)( 0 ±=ZS Mα

•consistent with the world average
•similar analysis at ALEPH: αS= 0.1170±0.0013 (MZ only)

future plans:
•extend analysis to energy range below MZ
•measure αS with other four-jet type event shapes                     
(D-Parameter, Thrust-Minor)
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Result for the Energy Points

χ2-value 
from 

statistical 
error only
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Experimental Uncertainties


