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Advanced Particle Physics: IV. ee Annihilation

U. Uwer

IV. e+e− annihilation experiments

1. Experimental methods

2.

3. Discovery of the Tau-Lepton

4.

5. Hadronic resonances

Lit.: H.U Martyn, “Test of QED …” in “Quantum Electrodynamics”, T.Kinoshita (ed.)
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e+e- accelerator (selection)

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

• b background fraction

• ε acceptance / efficiency

• Lint integrated luminosity of collider
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Determination of integrated luminosity
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Small angle Bhabha scattering
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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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Typical detector:
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Fermion pair production:
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Possible deviation from QED:

• Finite size of electrons

• Modified photon propagator 

Λ± corresponds to the new photon’s mass

(usual choice of form factor parametrization) 
F(q2) describes an additional massive photon  
which modifies the propagator: 

Parametrized by a form factor:
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Form factor modifies differential cross section:

Tasso: Λ+ >370 GeV

Λ- > 190 GeV

Fit to combined PETRA e+e- data:
Λ+ >435 GeV @ 95% CL
Λ- > 590 GeV

In the “space picture” form factor 
corresponds to modified Coulomb 
potential:
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Λ−+→

= extended charge

Λ> ~500 GeV ⇔ re< 0.197/500 fm

< 0.5 ×10-18 mSubstructure

3. Discovery of the Tau-Lepton
MARK I (SLAC), 1975, M.Perl et al.

Nobel Prize 1995 for M.Perl

Explanation: 
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Cross checks: e and µ momentum spectrum

← Two body decay

← τ hypothesis:

← PLUTO (DESY), 1976

confirms τ hypothesis.

ll υυτ τ→

Tau lepton: a sequential heavy lepton

−+−+ → µµeeas for

BES

Tau pair production threshold:
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BES, 1994
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4. hadrons →−+ee

e+e- annihilation to a pair of quarks 
with subsequent hadronization.
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Sum over all possible 
quarks: 4mq

2 < s udscbt> ~350 GeV
udscb< ~350 GeV
udsc< ~10 GeV
uds< ~3 GeV

Quarkss

From Quarks to Jets

~ 20 particles 
at 90 GeV
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Quark jets and angular distribution

Jet axis to approximate 
quark direction

TASSO / PETRA

)cos1(~ 2θ+
→ Quarks w/ Spin ½

Jet like events

∑⋅=
→

→
=

i
ihad Q

ee
hadronseeR 23

)(
)(

µµσ
σ

Definition:

3⋅15/9=5.00udscbt> ~350 GeV
3⋅11/9=3.67udscb< ~350 GeV
3⋅10/9=3.33udsc< ~10 GeV

3⋅6/9=2.00uds< ~3 GeV

Quarks ∑⋅=
i

ihad QR 23s

Data lies systematically higher that 
the prediction from Quark Parton
Model (QPM) → gluon bremsstrhl.
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~ 7%

Resonances at 
beginning of step


