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, Abstract
A large class of quantum field theories, including spinor electrodynamics
and self interacting gauge theories, have only persistent interactions. The

coupling constants of the theories enter the fields only through the boundary

conditions. The proof is independent of any method of solution of the field

equations.




Quantum field theory and its accompanving
diagrammatic language has become an almost universal
medium for the expression of ideas of microscopic physics
(1). The quanta of these fields and the interactions
which they experience are characterized by coupling
constants, numerical parameters which describe the
strength or relative probability with which a system
undergoes a transition in which new degrees of freedom are
energized or absorbed. These coupling constants appear in
the field equations or interaction Hamiltonian or
Langrange densities. In this note the detailed dependence
of the fields on the coupling constants for several
important field theories is shown to originate in the
boundary conditions placed on the fields, independent of
any particular method of solution of the field equations.

Thus, the interactions persist into the future and



case, the boundary conditions are introduced at

asymptotically large times.

As a first example consider the electromagnetic
theory of a spin 1/2 object with minimal electromagnetic

interaction. The field equations are

(iy“au-m ) -eA“vuw =0 | (1)

u a ~
aua A\) = ey y\)lp (2)

where e is the electric charge of the fermion. As is well
known (1), e, the mass m and the fieldsAv and ¢y must be
renormalized in order to make the covariant scattering

theory finite and sensible. That doesn't affect the
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in anv substantial way. These

In addition to the field equations the theory also

has equal time (anti) commutators as is appropriate:

o > > > _ > > >
5 AR (7,8) - A (7,00A (8 = PG, 06(Y) (3)

UG 0V, 0 + b (T, 0u, K, = 668, )

where mﬂx;,d is chosen to be consistent with the gauge

conditions on Au

In order to study the dependence of these fields on e

introduce new fields

B =eA (5)

s (6)



sc that the field equations become

. U 1-r
(|auy -mx - e BMYMX = 0. (7)
Uy _  1=2s+r ~
3118 B\) = e XY\)X (8)
Tlearly, if p=g¢=1 , the charge disapoears from the field

equations. The .solutions andsu are independent of e
unless it appears in the bhoundary conditions.
Consequently, the fields y and AU contain negative
bowers of e or contain e in their boundary c¢onditions. In

either case the interactions are persistent.



With
inconzictent » the (zanti) commutation relatinons
Feexpressing eguations (3) and (4) in terms of B
H
and gives
- -> -> > -> 2.,
3t8u(x’t)8\>(y’t) - Bv(y’t)atBu(x’t) = Pw(x,t)e 8 (x-y) (9)

xa(??,t)xg(?,t) + xg(?},t)xa(it) = aascs(;?—?)ez (10)

In both eguation (92) and (10) the right side contains e
while the left side is independent of e. Thus, this
alternative is unsatisfactory. The conclusion is that the
charge e enters the fields through the boundary

conditions. The argument is entirely independent of any
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hol nztraction of the zolutions of tha Fiald
ayuations
Similar resultz obtzin for a self interzcting field
ing fiel
3uch as Vang-Mills (2), for which the fizld eguaticns are

M a © . Ua a b, c
o0 oW, -
My ausvw + gf bcaﬁwuwv -

b, uc a
BW\)W, - gf

a
9Fbc1¢

b, uc
bca\)wuw + nga b d v

(11)

where the latin indices rance cver the number of

‘e structure constantz of the group. The =gual time

tc the gauge and grecup indices (3). 7 .. the

coupling constant g disappears with the choice

WZ = g"‘wz (11)



so that we are presented with the same alternatives as

before Either y@ is inversely proporticnal to g or ¢
H
enters the fields in the boundary conditions. The former

choice is equally unsatisfactory as the case of fermion

electrodynamics since, constructing equal time commutators
we . . . .

for the ")y and their conjugate momentum fields gives g

behavicr on the right side of the equation and no g

dependence on the left side. Thus, we conclude

that the g dependence enters only through the boundary

conditions. This conclusion is - -~ _ independent of

any method of solution of the field equations.

The two examples given have dimensionless coupling
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constants e=(e2/'h/c)"rand g=(gz/fﬁc)% for fi=c=1 . Eowever

is =23sv to sea that zan interaction susch z2s the four
fermion interacticn of the Fermi theorv of wezk
interactions leads to similar results. Thus, for several

.

important classes of guantum field thecries (including

-1

spin zero mesons interacting with fermions, which except

vearance as fermion

g

for the Y matrices has the same a
electrodynamics) we see that the coupling constants must
enter the theories through the boundarv conditons. This
conclusion is independent of the method of solution

construction.
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of the breadth of guantum field

phenomena ranging from QCD to gquantum £luids, see

Condensed Matter Theories, volume 3, J.S. Arponen, R.F.

Bishop and M. Manninen (Plenum,New York 1988).
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and M, Schwyedz, Physical ana
Heidelberg 1220), in

guantization and canonical gquantization see the

H.Cheng in this volume.





