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Stueckelberg's Model of Pair Creation/Annihilation
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Figure 1: World Lines
A: Usual type, with a unique solution to  (7) = 29 for each 2"

= 2 for ¥ < 0 and no solution for 2° > 0
C: Creation type, with two solutions to t (7) = 2° for 2% > 0 and no solution for 2° < 0

E. C. G. Stueckelberg, Helv. Phys. Acta 14 (1941) 322

B: Annihilation type. with two solutions to £ (7
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Gauge Symmetries of Stueckelberg’s Model
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Enlarged Gauge Symmetry

Locally

Gauge  Y@m) = (@) a(e7) — a,(e7)+0,Az7)
Symmetric as(z,7) = as(z,7) + 0, Az, 7)
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Classical Off-Shell Electrodynamics
dx
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Wave Equation 0,0°f" =(0,0" +0 0%)f" =—e(d"j —0"j")
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Connection With Maxwell Theory

Five Dimensional Conserved Current d,j" =0,7" + 0.5 =0

FEpU@nf 5= 0 ey - $O" + e}

Divergenceless 0,5 =—0.p=0
Maxwell
Current p———0 = 9, J"(z)=0 f dr " (x,7) =0
Concatenation 5 0,/ = e o, F" =eJ"
f : n >0 = - —> \
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Classical Coulomb Scattering Problem

N Classical Current  j(z,7) = X"(7) &§"(z" — X" (7))
Ar = £=00
“Static” Event (X°(7),X(7)) = (7,0)
Induced Field
e 1
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Modified
Action

Equivalent
Action

Modified
Field
Equations

Spreading
Function

Concatenation
Invariance

Mass Requlation Term
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Regulated Classical Scattering Problem

Low Energy 0
~ = t—TxR|~=R —  ~
Test Event =T t=7 | dr :
0
Yukaw_a ao(mﬂ_):i{_ € R/ 1 di—l—l ~ 1 {_ € R/
Potential 7 2\ 47R 2\ dr 2\ 47R
2 2
Lorentz 1 G >2< ~ 9N eV al(z,7) = V|- ¢
Force dr ’ ATl

Observed photonmass: m_ <6x10 " eV
Regard m_ as photon mass cut - off % = \ ~ 70 seconds

—1
kX + k? —ie

S
1+ \k°

Off-Shell QED is super-renormalizable (finite at two loops)

Propagator 2 2

Photon [1[ w KK
W
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Distribution of Delay in Event Current

Classical . 1 . o |
Action L=a"p, — K= Equ% +edta, =5 Mi'z, +e1"a, + €a;

Not reparameterization invariant, but invariant under 7 — 7 —$§

i (@)= [ ds el —s) 5 (x,9)
Current as 7 f o0

Ensemble = foo ds o(s) 7 (z, 7 — s)
Average e _
:f ds P, (s) X(r—3s)8'(z" — X" (T —3))

Current at 7 produced by events delayed by randomly distributed time s

Laplace

1
lees P (s)=—e
Distribution 2\

Delay time distribution for Poisson processes
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