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Feynman Rules Electroweak Theory
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SM Precision Tests
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LEP1 + SLC Cross Section

Matrix elements:
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Total Cross Section
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Large Electron Positron Collider



Andre Schöning                                     9                     Standard Model of Particle Physics SS 2016

Measurement of the Z-lineshape
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Final State Comparisons

Same resonance shape!
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Effect of
interference
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Z Lineshape Parameters LEP (Average)
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LEP Energy Calibration
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TGV (Trains Grand Vitesse) Effect
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Number Light Neutrino Generations
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Z →  bb decay ratio
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Helicity Amplitudes and Asymmetries

J=1
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Forward-Backward Asymmetry
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Forward-Backward Asymmetry
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Forward-Backward Asymmetry
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Helicity Amplitudes and Asymmetries

J=1
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Spin ½  → Spin 0  +  Spin ½ 
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Result Tau Polarisation
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Helicity Amplitudes and Asymmetries

J=1
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Left Right Asymmetry at SLD
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SLAC Linear Accelerator



Andre Schöning                                     27                     Standard Model of Particle Physics SS 2016

SLAC Linear Accelerator
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Compton Polarimeter

e- γ → e- γ
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SLAC Electron Polarisation
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Results Polarisation Asymmetry

Leptonic Final States
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Results Weinberg Angle

4 x 4.5 x 106 events

Despite the smaller statistics – SLD beats LEP in precision!
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“Running” of Weinberg Angle

 → note: here sin2 Θ
W

 defined in the MS scheme
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Discrepancies in the SM

NuTev:             sin2 
W

 = 0.2277 ± 0.0015   (2003)

SM prediction:  sin2 
W

 = 0.22280 ± 0.00035   (2004)
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NC Quark Couplings: HERA + Tevatron

comparison LEP, Tevatron, HERA
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Indirect W-Mass Constraints from LEP1
W-mass also enters in virtual radiative corrections:

self-energy

vertex correction

+ box diagrams
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Higgs Mass Constraint from LEP

LEP
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LEP 2

after 1996 the LEP energy was steadily increased up to
more than E

cms 
= 200 GeV
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W+ W- Pair Production
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WW Candidates

kinematics of WW → qqqq (46%) and WW → qqlν (44%) 
used to reconstruct W-mass  

problems: color reconnection + missing neutrino!
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Electroweak Fit of the W-Boson Mass

direct
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The SM pull plot
Z-pole parameters

=> consistent with SM

measurement

χ2

Fit

σ

OmeasOfit
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Triple Gauge Couplings
WW Production Cross Section

LEP 2 has proven 
existence of triple
gauge couplings
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Top Mass Prediction
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Top Mass Prediction from Radiative Corrections
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Top Discovery at Tevatron in 1995
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Top Mass Reconstruction

m
t
 ~ 172 (1) GeV

multi-channel
analysis
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First Results from ATLAS (LHC)

in the mean time millions of tops recorded!
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First Results from ATLAS (LHC)
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First Results from ATLAS (LHC)
mainly gluon fusion
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Higgs Mass Constraint

Higgs mass should be light!
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