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Kapitel 2

Die elektromagnetische Wechselwirkung
QED - Quantenelektrodynamik




Feynmanregeln der QED

TABLE 6.2
Feynman Rules for —iOR

Multiplicative
Factor

e External Lines / / ( / /)
Spin 0 boson (or antiboson) 1
Spin 3 fermion (in, out) / / u, i
antifermion (in, out) / / u,v
Spin 1 photon (in, out) / / €, €

o Internal Lines—Propagators (need + ie prescription)

Spin 0 boson L —— 5 .
pi—-m
Spin { fermion — o i(p+m)
pz — m?
Massive spin 1 boson ———————— — ~i(g, = pp/M ?)
p2 _ MZ

Massless spin 1 photon eNANNNANANN —ig,,

(Feynman gauge) p?

® Vertex Factors r \\(/ P

Photon—spin 0 (charge —e) 2 _ie(p +p)*
Photon—spin } (charge —e) iey*

2

Loops: [d*k/(2m)* over loop momentum; include —1 if fermion loop and take the trace of
associated y-matrices

Identical Fermions: —1 between diagrams which differ only in e e™ or initial e~ &
final e* g




Differentieller WQ fur ee- 2 ee-
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Fig. 48 The differential cross section, do/dfQ, for
electron—¢lectron scattering.
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Ubersicht iiber Matrixelemente

TABLE 6.1 ‘
Leading Order Contributions to Representative QED Processes
Feynman Diagrams |OM|%/2e*
Forward Backward Forward Interference Backward
peak peak
Moller scattering
5T+ u- 2s- §°+ -
e e 2e e /2 t tu t »:

(u & t symmetric)

(Crossing s «» u)
Forward *Time-like” Forward Interference Time-like

Bhabha scattering Y \/\A{
st wt | 2wt wt+ ol
e e"—ee’ /\ 4 N .2 t T ]

-

3=

e u e p t*

Crossing | s © ¢ s
( & ) u® + t°
e e oppt s




Positron Elektron Tandem Ring-Anlage
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Fig. I.la. PETRA (Positron-Electron Tandem Ring Accelerator).







JADE-Detektor
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OPAL-Detektor
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Totaler WQ fur e+e- 2 ptu-
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Totaler WQ fur e+e- 2 t+t-
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Test der QED und Leptonuniversalitat
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Differentieller WQ fur e+e- - p+u- und t+t-
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Differentieller WQ fur e+e- 2 utu- als Fkt. von s
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Differentieller WQ fur e+e- 2 t+t- als Fkt. von s
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Totaler und differentieller WQ fur e+e- >e+e-
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Differentieller WQ fur e+e- 2e+e-: VGL zu QED
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Totaler WQ fiur e+e- 2 p+u-: Test der QED
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PETRA Test der QED in e+e- - yy
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LEP: Test der QED in e+e- -2 yy
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LEP: Test der QED in e+e- -2 yy
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LEP: Test der QED in e+e- -2 yy
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Grenzen auf die Masse eines schweren Elektrons
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Messung der laufenden Kopplung der QED
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