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Steady understanding of the background of the analysis

I read several papers this week. 
My understanding is not yet perfect, but I will show what I 
have learned.
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Measurable Asymmetries 

-> Asymmetries 
Angular distributions of the final-state fermions 
Dependence of Z production on the helicities of the 
colliding electrons and positrons 
Polarisation of the produced particles

Z: V+A Coupling

AFB            ALR            ALRFB
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Measurable Asymmetries 

“F” means that the produced fermions in the hemisphere 
defined by the direction of the e- beam 
“L” means the value for left-handed electron bunches 
Pe: electron polarisation (+ for right-handed)
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The interaction of the Z boson with 
fermions 

Radiative corrections (boson and fermion loops, vertex 
corrections) -> renormalize in “on-shell” scheme 
-> Couplings at the Z-pole is absorbed into complex form 
factors 

Rf: overall scale 
Kf: on-shell electroweak mixing angle 

ρ0=1 is assumed.



6

Asymmetry parameters 
Considering the Z exchange diagrams and real couplings 
only, summed over final-state helicities, assuming an 
unpolarised positron beam but allowing polarisation of the 
electron beam, 
Differential cross-section is:

gv=gL+gR 

gA=gL-gR
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Asymmetry parameters 
Considering the Z exchange diagrams and real couplings 
only, summed over final-state helicities, assuming an 
unpolarised positron beam but allowing polarisation of the 
electron beam, 
Differential cross-section is:

Depend only on the ratio of the couplingsgv=gL+gR 

gA=gL-gR
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Asymmetry parameters 
Considering the Z exchange diagrams and real couplings 
only, summed over final-state helicities, assuming an 
unpolarised positron beam but allowing polarisation of the 
electron beam, 
Differential cross-section is:

Depend only on the ratio of the couplingsgv=gL+gR 

gA=gL-gR

AFBALR ALRFB
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Asymmetry parameters 

AFBALR ALRFB

Depend only on the ratio 
of the couplings
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eeZ Coupling

Contributions to gL, the left-handed electron coupling to 
the Z, including the effects of contact interactions and AZ 
kinetic mixing 
The contributions to gR have a similar structure.
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Contact Interaction

eeZ Coupling
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AZ Mixing

eeZ Coupling



eeZ Coupling
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6 coefficients cHL, c’HL, cHE, cWW, cWB, cBB are relevant to 
the analysis.
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Z production 
LEP: 17 million Z decays (ALEPH + DELPHI + L3+ OPAL, 
LEP-I, 1989-1995) 
SLC: 600 thousand Z decays (SLD, 1992-1998, polarization 
of e-) 

ILC250: 90 million radiative return events

Current best measurement 
 ALR = 0.1514±0.0019 (statistic error)
±0.0011(systematic error)  
I would like to access how much we can improve these 
systematic errors.
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Next step

Continue to read papers for the steady 
understanding of the physics background. 

Concentrate on new sample checking next 
week.



Back up
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e+e- -> ff process
The differential cross-sections for fermion pair production 
around the Z resonance 
After radiative correction, neglecting initial and final state photon 
radiation, final state gluon radiation and fermion masses, unpolarised 
beams


