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4. Fermion pair production in e+e- annhihilation
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Observed as hadrons

In case of electron pair production there are two interfering amplitudes: 

+
Nothing really new:

1/q4 term  (Rutherford+spin)
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4.1 QED prediction
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See next lecture by J.Pawlowski.

Lorentz invariant transition amplitude Mfi
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Reminder:
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For non-polarized ingoing particles and for non-observation of final 
state spin one observes unpolarized cross sections  ⇒ need to 
average over possible initial spin states and sum over all final 
spin states.
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This result is true only for one specific spin configuration.

See next lecture by J.Pawlowski.

Spin states
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See next lecture by J.Pawlowski.
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Remember: matrix 
element squared can be 
expressed in s, u, t! 

Lorentz invariant!
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Kinematics for high-relativistic particles
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4.2 Experimental methods
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~200 pb-190 GeVCERNLEP

2 – 8 GeV
→29 GeV

12 - 47 GeV
50 – 60 GeV

SLAC
SLAC
DESY
KEK

SPEAR
PEP

PETRA
TRISTAN

220 - 300 pb-1

~20 pb-1

~20 pb-1

Lint / Exper.LabAccelerator s

e+e- accelerators (personal selection)

Cross section (experimental definition)
• Nff number of detected e+e-→ ff events

• b background fraction

• ε acceptance / efficiency

• Lint integrated luminosity of collider

today

Z physics

10

PETRA, 1978 - 1986
Circumference 2.3 km
Emax = 23.4 GeV / beam

Experiments:

Pluto, Tasso, 
Jade, Mark J, 
Cello
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Particle detectors
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Japan – Deutschland – England
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Experimental Signatures:
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Determination of integrated luminosity
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small angle Bhabha scattering                  
(low momentum transfer, QED works !!):
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Effect of flange 
in beam pipe

Small angle Bhabha scattering is 
t channel dominated: theoretical 
cross section σtheo well known.
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At LEP:                  
typ. errors < 0.5% 
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4.3 −+−+ → µµee

Good agreement with QED!

Quantitative limit for new physics ? Effect of bremsstrahlung:

)(γµµ −+−+ →ee

There will always be
additional photons

Acollinearity



III. Introduction to QED

J. Pawlowski / U. Uwer
9

17

2222
111
Λ−

−→
qqq

Possible deviation from QED:

• additonal heavy photon 

Λ corresponds to the 
mass of new photon
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Modifies 
propagator

Confirms “Coulomb law” down to 10-18 m 
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Clear deviation from QED:

⇒Effect of electro-weak γ/Z interference
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„heavy photon w/ different couplings“

The effect of the “heavy” Z boson 
is already seen at low energies!


