
Electron-positron annihilation



Physics of the Z-Boson
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Physics of the Z-Boson
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The LEP Collider

√s = 90 GeV to  
	    200 GeV

Circumference: 
     approx. 27 km

4 Experiments



OPAL 
Detector

The LEP Experiments - OPAL



The LEP Experiments - OPAL

OPAL Jet Chamber installation











The LEP Experiments - ALEPH



The LEP Experiments - L3

L3 
Detector



The LEP Experiments - DELPHI
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Measurement of Z Lineshape
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Figure 1.12: Average over measurements of the hadronic cross-sections (top) and of the muon
forward-backward asymmetry (bottom) by the four experiments, as a function of centre-of-mass
energy. The full line represents the results of model-independent fits to the measurements, as
outlined in Section 1.5. Correcting for QED photonic effects yields the dashed curves, which
define the Z parameters described in the text.
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Measurement of Z Lineshape
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Figure 21: The measured cross-sections for hadronic and leptonic final states as a function of centre-of-
mass energy. The errors shown are statistical only. The solid line is the result of the 9-parameter model-
independent fit to the combined leptonic and hadronic data (without assuming lepton universality)
described in Section 11.2. The lower plots show the residuals to the fit. For the electrons, the dashed
curves show the contributions of the pure s-channel, and t-channel plus s− t interference, respectively.
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Figure 21: The measured cross-sections for hadronic and leptonic final states as a function of centre-of-
mass energy. The errors shown are statistical only. The solid line is the result of the 9-parameter model-
independent fit to the combined leptonic and hadronic data (without assuming lepton universality)
described in Section 11.2. The lower plots show the residuals to the fit. For the electrons, the dashed
curves show the contributions of the pure s-channel, and t-channel plus s− t interference, respectively.
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Figure 21: The measured cross-sections for hadronic and leptonic final states as a function of centre-of-
mass energy. The errors shown are statistical only. The solid line is the result of the 9-parameter model-
independent fit to the combined leptonic and hadronic data (without assuming lepton universality)
described in Section 11.2. The lower plots show the residuals to the fit. For the electrons, the dashed
curves show the contributions of the pure s-channel, and t-channel plus s− t interference, respectively.
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Figure 21: The measured cross-sections for hadronic and leptonic final states as a function of centre-of-
mass energy. The errors shown are statistical only. The solid line is the result of the 9-parameter model-
independent fit to the combined leptonic and hadronic data (without assuming lepton universality)
described in Section 11.2. The lower plots show the residuals to the fit. For the electrons, the dashed
curves show the contributions of the pure s-channel, and t-channel plus s− t interference, respectively.

110

OPAL



Measurement of Z Lineshape

0

5

10

15

20

25

30

35

88 89 90 91 92 93 94 95

!s(GeV)

C
r
o

ss
-s

e
c
ti

o
n

 (
n

b
)

1990
1991
1992
1993
1994
1995

hadrons

-0.01

0

0.01

89.4 89.5

d
a

ta
/f

it
 -

 1

91.2 91.3 92.9 93 93.1

0

0.2

0.4

0.6

0.8

1

1.2

88 89 90 91 92 93 94 95

!s(GeV)
C

r
o

ss
-s

e
c
ti

o
n

 (
n

b
)

e
+
e

-

s+t
s
non-s

OPAL

-0.05

0

0.05

89.4 89.5

d
a

ta
/f

it
 -

 1

91.2 91.3 92.9 93 93.1

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

88 89 90 91 92 93 94 95

!s(GeV)

C
r
o

ss
-s

e
c
ti

o
n

 (
n

b
)

µ
+
µ

-

-0.05

0

0.05

89.4 89.5

d
a

ta
/f

it
 -

 1

91.2 91.3 92.9 93 93.1

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

88 89 90 91 92 93 94 95

!s(GeV)

C
r
o

ss
-s

e
c
ti

o
n

 (
n

b
)

"
+
"

-

-0.05

0

0.05

89.4 89.5

d
a

ta
/f

it
 -

 1

91.2 91.3 92.9 93 93.1

Figure 21: The measured cross-sections for hadronic and leptonic final states as a function of centre-of-
mass energy. The errors shown are statistical only. The solid line is the result of the 9-parameter model-
independent fit to the combined leptonic and hadronic data (without assuming lepton universality)
described in Section 11.2. The lower plots show the residuals to the fit. For the electrons, the dashed
curves show the contributions of the pure s-channel, and t-channel plus s− t interference, respectively.
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Figure 21: The measured cross-sections for hadronic and leptonic final states as a function of centre-of-
mass energy. The errors shown are statistical only. The solid line is the result of the 9-parameter model-
independent fit to the combined leptonic and hadronic data (without assuming lepton universality)
described in Section 11.2. The lower plots show the residuals to the fit. For the electrons, the dashed
curves show the contributions of the pure s-channel, and t-channel plus s− t interference, respectively.
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5

Standard Model: Experimental Tests of Electroweak Interaction

J. Pawlowski / U. Uwer
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Event Topologies for W Pair Production
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W Pair Production Cross Section

© Cambridge University Press 2013
M. Thomson, Modern Particle Physics



W mass measurements



W Mass



Constraining the Standard Model

Last update  
before LHC start:

2009
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Current results



Top decays



Top mass


