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Stueckelberg's Model of Pair Creation/Annihilation
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Lignes d’univers: 4. type habituel (& chaque temps { = z% correspond un seul
2! représentant I'endroit de la particule); B. type annihilation (a chaque { == #4 <L 0
correspondent deux valeurs de x! représentant les endroits d’une paire de parti-
cules qui vont s’annihiler pour { ~ 0); C. type production de paire (& chaque
f = z' >0 correspondent deux valeurs de x! etc.). |
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Classical Off-Shell Electrodynamics
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Off-Shell Electromagnetic Fields

Action for Off-Shell guantum theory
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Connection With Maxwell Theory

Five dimensional conserved current 8,j"=08,7"+0.5 =0
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Classical Scattering Problem

Wave equation 0,0 f" =(0,0" +0 02)f" =—e(d"j —0"")
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Classical Coulomb Problem

Modified A .
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Discrete Symmetries of pre-Maxwell Fields

Form invariances:
space and time
Inversion

Space inversion
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Discrete Symmetries of Currents and Potentials
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Spacetime Symmetries in Quantum Mechanics

Stueckelberg-Schrodinger equation
1

(10 + eya. )(x, T) = —ﬁ(a“ —ie,a") (0, — ieya, )W(z,T)
Space inversion Time inversion
(0" —ieya"), = (0" —ie,a’) (0" —ieya’), = —(0" —ie,a’)
(0" —iea’), = —(0' —ieya’) (0" —iea’), = (0" —iea')
(20 +€eya: ), = (10 + e a;) (20 +eya. ), = (10 + e a;)
p(@p,7) = Y(2,7) by (27, 7) = (2, 7)

p(z,7) = (", —X,7) U (2,7) = P(—2", X, 7)
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Charge Symmetry in Quantum Mechanics

Stueckelberg-Schrodinger equation

. 1 . .
(10 + eya: )(x, T) = —W(a“ —ie,a") (0, — ieya, W(z,T)
Charge conjugation
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Complex conjugation
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Charge @ (,7)— a(z,7) = a" (z,—7)
conjugation oz, 7)— <, (z,7) = P (z,~7) . ¢ 5 5
operation ¢ a’(x,7)— ag(2,7) = —a’(z,—7)
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Charge Symmetry of Classical Lorentz Force
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Charge conjugation of Lorentz force
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Charge Symmetry of Field Equations

: . ef — ¢ h— Rt
Charge conjugation c c
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Summary

Under space and time inversions, potentials and currents behave
like the corresponding vector components.

The gquantum theory is manifestly form invariant under space and
time inversion.

Spacetime inversions do not affect the parameter 7 or the
Lorentz-invariant “5-component” of currents and gauge fields.

Charge conjugation in the quantum theory requires inv5ersion of the
parameter 7 and the corresponding field component a".

The charge conjugation operation has the same affect in the
guantum and classical theory.

The antiparticle may be recognized as a particle with £ < 0. The
reversal of qguantum numbers is observed in the laboratory when
the observer uses the laboratory clock the parameter which orders
the events. For antiparticles, this re-parameterization is equivalent
to a reversal of 7 which performs the charge conjugation in this
formalism.
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