Standard Model: Experimental Tests of Electroweak Interaction

V. Test of Electro-weak Interaction

1. Physics of the Z Boson
2. Higgs-Mechanism

1. Physics of the Z boson

(LEP and SLC)
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Cross section for e'e” > y/Z — ff
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Z propagator considering
a finite Z width

With a “little bit” of algebra similar as for M, ...
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At the Z-pole Vs=sM, — Z contribution is dominant
— interference vanishes
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Cross section at the Z-pole Vs=M,: Breit-Wigner Resonance
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With partial and total widths: ) -
P Cross sections and widths
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parameters are known
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Measurement of the Z lineshape

Z Resonance curve:
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Initial state Bremsstrahlung corrections
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Resonance looks the same, independent of final state: Propagator the same
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Z line shape parameters (LEP average)

M, = 91.1876+0.0021GeV 123 ppm (%
r, = 2.4952 +0.0023 GeV 10.09 %
M., =17458+0.0027 GeV
I, =0.08392 + 0.00012 GeV 3 leptons are treated
r,  =0.08399 +0.00018 GeV independently
r. = 0.08408 + 0.00022 GeV test of lepton
universality

r, = 24952+0.0023 GeV .

Assuming lepton
Fhog  =1.744410.0022  GeV universality: I', = ', =T,
r, =0.083985 £ 0.000086 GeV

*) error of the LEP energy determination: +1.7 MeV (19 ppm)

http://lepewwqg.web.cern.ch/  (Summer 2005)

Number of light neutrino generations

In the Standard Model: . _
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I,,, =0.4990+0.0015 GeV|

To determine the number of light
neutrino generations:
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No room for new physics: Z—new
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Leptonic forward-backward asymmetry
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Lepton couplings Lowest order SM prediction:

g, =T,—-2qsin’q, g,=T,

Forward-backward asymmetry: -0.032
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+ Away from the resonance Agg large
— interference term dominates
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e Atthe Z pole: Interference = 0
Acg ~ 979709y

— very small because g,/ small in SM

) 68% CL
Pole cross section: -0.503 -0.502 -0.501 -0.5
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Asymmetries together with cross sections ; ; ;
allow the determination of the fermion Confirms lepton universality
couplings g, and g,, (elliptical regions)

Higher order corrections seen
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Higher order corrections

Including radiative
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Left-Right Asymmetry at SLC

Measure cross section o, (og) for LH (RH) initial state electrons:

Polarization of
electron beam:
P~70 — 80%
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Powerful determination of sin20,,. Requires longuitudinal polarization of
colliding beams: only possible in case of Linear Collider: SLC

SLAC Linear Collider

re) Polarized Electron Source
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v Control Circularty bolarzed Light
Thermionic Gun
(unpolarized)

ror Box
(preserves vircular
polarzation)

e e Haizei

&

Laser Pulse

S
Load Lock
Polarizeq  Buncher (10T ps) / &
S-Band
Buncher (20 ps)
= Accelerator Section

J. Pawlowski / U. Uwer



Standard Model: Experimental Tests of Electroweak Interaction

Leptonic final states:
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All data:
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