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4.4 Bhabha scattering
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QED
Additional „heavy photon“:
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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 at small distances:
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Λ−−→

i.e. Λ measures point-like nature of 
eγ interaction (size of electron).
Λ> ~500 GeV ⇔ re< 0.197/500 fm

Electr. < 0.5 ×10-18 msubstructure
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Form factor modifies differential cross section:
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4.5 Discovery of the Tau-Lepton MARK I (SLAC), 1975, M.Perl et al.

Nobel Prize 1995 for M.Perl

Explanation: 

→−+ee −+ ττ
−e

+µ
τννe

τµνν

Relative amount 
of EM energy

A lot of Discussions in 1975:

Are these events really decays of a  
new 3rd generation heavy lepton ? 

µ

e
Missing E
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2) Anomalous “single muon events” predicted:

PLUTO (DESY, 1976) confirms the 
anomalous “single muon events”.               
Muon spectrum consistent with 3-body            
tau decay.

1) Large acollinearity confirms tau hypothesis

ξ

Emissing++→+ ±−+ mhee µ

%20))(( ≈→ ννµτ eBR

%60)( ≈+→ ντ hBR

Expectation:
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Tau lepton: A “sequential” heavy lepton

−+−+ → µµeeCross section as for

BES

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

e+e- annihilation to a pair of quarks 
with subsequent hadronization.
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Sum over kinematically
possible quark flavors:    

4mq
2 < s

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

Quarkss

Quarks have fractional charges 
and carry “color” as additional 
quantum number.
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From Quarks to Jets

~ 20 particles at 90 GeVDescribed successfully by different 
phenomenological fragmentation 
models realized as Monte Carlo 
programs: PHYTIA, HERWIG

28

Quark jets and angular distribution

Jet axis to 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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QED

~ 7%

Resonances at 
beginning of step


