
2.4 Lepton couplings to the Z boson

Z boson couples differently  to LH and RH  leptons:
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Coupling to LH leptons stronger

Z produced in e+e- collisions is polarized. 

Experimental configuration:

Lg

Rg

In the following ignore the difference between chirality and helicity:                 

good approximation  as leptons are produced with energies >> mass.
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Instead of measuring the spin averaged transition amplitudes try to 

decompose the different “chirality” components to the cross section: 

Chirality
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Observables: F = LL + RR B = RL + LR

L = LL + LR R = RL + RR

- = LL + RL + = RR + LR
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RL
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fP

Forward-backward asym. (final)

Left right asym. (initial)

Polarization (final)
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2.5 Forward-backward asymmetry and fermion couplings to Z
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Forward-backward asymmetry AFB

• Away from the resonance large interference term dominates 

• At the Z pole: Interference = 0

very small because gV
l  small in SM

cos4)cos1(2
cossin4

)(cos 2

22 A

e

AV

e

V

WW

e

Z gggg
QQ

F

cos8)cos1)()((
cossin16

1
)(cos 22222

44 AV

e

A

e

VAV

e

A

e

V

WW

Z ggggggggF

Angular distribution:

2222 )()()()(
3

AV

AV
e
A

e
V

e
A

e
V

FB
gg

gg

gg

gg
A

2222

2

)(

)(
~

ZZZ

Zf

A

e

AFB
MMs

Mss
ggA large

27



Asymmetrie at the Z pole

Cross section at the Z pole
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Asymmetries together with  cross 

sections allow the determination of 

the lepton couplings gA and gV.

Deviation from lowest order SM 

prediction is an effect of rad. correct.

Lowest order SM prediction:
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Good agreement between the 3 

lepton species confirms “lepton 

universality” 
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2.6 Polarization of final state leptons: tau pol.
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P

Lepton polarization measures directly sin2
w.

The only lepton for which polarization can be 

measured at LEP is the tau! 29



Experimental Method to measure

tau polarization:
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Fit of the two theoretical distribution to data 

yields the polarization:   ~ 0.15

Pos. helicity

Neg. helicity
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Measured Tau Polarization
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2.7 Left-Right Asymmetry at SLC
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Powerful determination of sin2
w. Requires  longuitudinal  polarization of 

colliding beams: only possible in case of Linear Collider: SLC

Polarization of 

electron beam:               

P~70 – 80%

Measure cross section L ( R) for LH (RH) initial state electrons:
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SLAC Linear Collider

Typical beam polarization of 70%.
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Precise determination of beam polarization using a Compton Polarimeter
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Leptonic final states:

0021.01513.0LRA

00026.023098.0sin2
w

All data:

With 0.5 106

Z-decays

SLD

Asymmetry 

clearly seen for 

LH and RH 

cross section.

SLD
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0.5M Z events

SLD versus 4 4.5 106 Z-decays at LEP
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3. Precision tests of the W sector  (LEP2 and Tevatron)

ffffWWee

Threshold behavior of the 

cross section (kinematics, 

phase space) for ee WW 

production:

Phase space factor = f(MW, s):

Allows determination of MW

~10K WW events / 

experiment
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W decays

Lepton Neutrino

Jet

Jet

dq,

uq,

W

Easiest signature for a mass measurement:

W1 l W2 JetJet: use JetJet invariant mass 38



W branching ratios

Lepton universality tested to 2%

)%28.077.67()( qqWBr
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Invariant W mass recontruction
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More difficult: 

pairing ambiguities 

March 2009
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Effect of triple gauge coupling

Data confirms the 

existence of the /ZWW 

triple gauge boson vertex

+ ZWW Vertex
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4. Higher order corrections and the Higgs mass 

Lowest order 

SM predictions

Including radiative 

corrections
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The measurement of the 

radiative corrections:

weff

AVeff gg

22

2

sin)1(sin

)1(
4

1
sin

Allows the indirect determi-

nation of the unknown 

parameters mt and MH.

Direct 

measurement 

of mt

Top mass prediction from radiative corrections

Good agreement between the indirect prediction of mt and the value obtained 

in direct measurements confirm the radiative corrections of the SM

Prediction of mt by LEP before the 

discovery of the top at TEVATRON.
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Observation of the top quark at TEVATRON (1995)

q

Top decay (decays before hadronization)
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Channel used for mass reconstruction:
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Higgs mass prediction from radiative corrections
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Higgs seems to be light!

Fits to electro-weak data:

mH = 87 +35
-26 GeV

mH < 157 GeV (95% CL)

Assumption for fit:                      

• SM including Higgs

• No confirmation of Higgs 

mechanism 


