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

Experiments:

Pluto, Tasso, 
Jade, Mark J, 
Cello

DESY Accelerator Complex
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Japan – Deutschland – England 
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Experimental Signatures:
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Cross section  - Experimental determination

• Nff - number of detected e+e-→ ff events

• b - background fraction

∀ ε  - acceptance / efficiency

• Lint - integrated luminosity of collider

• δ - radiative corrections
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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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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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2. −+−+ → µµee

Good agreement with QED.

Also here, quantitative limit for new physics is set
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Possible deviation from QED:

• additonal heavy photon 

Λ corresponds to the 
mass of new photon
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To also account for possible lower 
cross sections:
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Clear deviation from QED:

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



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.
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Tau lepton: a sequential heavy lepton 
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Tau pair production threshold:
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4. e� e��  hadrons

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

2 < s udscbt> ~350 GeV

udscb< ~350 GeV

udsc< ~10 GeV

uds< ~3 GeV

Quarks � s



From Quarks to Jets

~ 20 particles 
at 90 GeV 
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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
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Data lies systematically higher that 
the prediction from Quark Parton 
Model (QPM) → gluon bremsstrhl.
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Resonances at 
beginning of step



MARK-I Detector

= prototype of a compact 4π detector

B field



Width of resonance:

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

→ Extremely narrow !

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

Br ��� K�
K

� �=49 Br ��� � �  0 �=15. 5

J
PC � J /� � = J PC� � �=1

��New particle J/ψ (bound cc state):

• Narrow J/ψ peak cannot be explained in the 3 quark picture:      
would expect 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.



OZI rule in QCD

Colorless gluon 
exchange

1 gluon exchange:   not possible (color)

2 gluon exchange:   not possible (C=1)

   since ψ couples to γ , it has C = -1

3 gluon exchange:   possible 

                                (similar to positronium)

Suppression ~ α s
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