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IV. e+e− annihilation experiments
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Lit.: H.U Martyn, “Test of QED …” in “Quantum Electrodynamics”, T.Kinoshita (ed.)
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1. Experimental methods
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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

Determination of integrated luminosity
Small angle Bhabha scattering
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Typical detector:

Fermion pair production:
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2. 

−+−+ → eeee
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Differential cross section:
• Effect of t channel

• Perfect agreement with prediction

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:

)(γ−+−+ → eeee

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ +
++

+
=

Ω
2

2

222
2

2

222

)()()(2)(
2

sF
s

tusFtF
ts
utF

t
su

sd
d ασ

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> ~500 GeV ⇔ re< 0.197/500 fm

< 0.5 ×10-18 m



4

3. )(γµµ −+−+ →ee

Differential cross sectionTotal cross section
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Possible deviations from QED:

m-1810  resubstructu muon  GeV 250 <⇔>Λ±

Clear deviation from QED:

⇒ Effect of electro-weak interference 

4. Discovery of the Tau-Lepton
MARK I (SLAC), 1975, M.Perl et al.
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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
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5. 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

Quark jets and angular distribution

Jet axis approximate 
quark direction

TASSO / PETRA

)cos1(~ 2θ+
→ Quarks w/ Spin ½

Jet like events
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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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~ 5%

Resonances at 
beginning of step

6. Hadronic resonances: Discovery of c and b quarks

• hadronic states explained as bound states of 3 quarks (u, d, s)
• Prediction of a forth quarks (e.g. GIM) by theoreticians

1974: “November Revolution” – Discovery of the J/ψ, bound state of new quark 

−+−+−+ → µµ, hadrons, eeeeSLAC BNL    p(28GeV)+Be →e+e-X

Until 1974

Resonance w/ large mass 
narrow width Γ=87±5 keV
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S.C.C. Ting et al.

B. Richter et al.

Both articles appeared 
in the same issue of 
Phys. Rev. Let.

MARK-I Detector

= prototype of a compact 4π detector
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BNL Detector

Breit-Wigner Resonance
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Spin of resonance and 
incoming particles

Measurement of the total decay width:

• Width of resonance much smaller than the 
detector resolution

• Use integrated cross section to determine 
the width:

• Idea: total area is independent of detector 
resolution
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Width of resonances

J/ψ Γ=87±5 keV compared to know resonances:

ρ Γ=149 MeV

ω Γ= 8.4 MeV

φ Γ= 4.3 MeV

OZI (Okubo, Zweig, Iizuka) rule:

Decays with disconnected quark lines are suppressed 
relative to decays where the quark lines are connected.

OZI allowed but 
little phase space

OZI suppressed

%49)( =→ −+KKBr φ %5.15)( 0 =→ −+ πππφBr

Narrow J/ψ peak cannot be explained in the 3 quark picture: 
very large hadronic width if particle consists of u,d,s quarks

Width of J/ψ

OZI allowed but  
kinematically not possible: 
Charmed D mesons too 
heavy (>1865 MeV)

OZI suppressed

• J/ψ was interpreted as a quark-antiquark bound state of a new heavy quark 
c-quark.
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Quantum numbers

It can be shown that there are 
two interfering amplitudes 
contributing to the resonance 
production:

• Direct channel

• Intermediate virtual photon

−−== 1)()/( γψ PCPC JJJ

QZI rule in QCD

Colorless gluon 
exchange

1 gluon exchange:   not possible (color)

2 gluon exchange:   not possible (C=1)

3 gluon exchange:   possible (similar to 
positronium)

Suppression ~ αs
3

Spectroscopy

c⎯c can be treated similar to prositronium: 
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1977  Discovery of the ϒ(b⎯b) resonance

FNAL: Herb et al.   

p(400 GeV)+Cu → µ+ µ- + X

Detector resolution not sufficient 
to resolve the excited ϒ states. 

3m
1~YanDrell
µµ

−
Confirmed by e+e- machines:

DESY/DORIS  and  Cornell/CESR

(resolved excited bb states)

ϒ(9460) is a bound b⎯b state: JPC=1--
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ϒ Results from the e+e- machines

CESR

Remark: Only ϒ(4s) (10.58 GeV) resonance decays into 
pairs of B mesons → B factories


