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Summary. — It is suggested that theories may acquire apparent gauge invariance
from statistical effects,

The four fundamental interactions of Nature seem to be described by theories pos-
sessing local gauge symmetry. Various explanations for this prevalence of local sym-
metry may be offered. One explanation follows from the application of the principle
of relativity to both internal and external co-ordinate systems. A second explanation
is that the gauge invariance of contemporary physics is a reflection of the redundancy
of its description of Nature. A more fundamental theory presumably would require
fewer variables.

The purpose of the present paper is to suggest a statistical mechanism that may
give the appearance of gauge invariance to some theories that are not fully gauge
invariant. We have in mind theories whose gauge invariance is spoiled by interactions
with fields ¢ that have not yet been detected, due perhaps to their large masses or weak
couplings. Processes for which the spoiler fields ¢ vanish possess gauge copies of equal
action. They therefore enter the Feynman path integral with a statistical weight equal
to the (infinite) number of their gauge copies. Processes for which the spoiler fields do not
vanish enter with unit statistical weight. In this way the generating functional for
the observed fields, 4, ete., may have the same form as if the underlying gauge inva-
riance were not broken by the spoiler fields. This restoration of gauge invariance is
not dependent at all upon the masses or couplings of the spoiler fields (1). It is rather
that gauge invariance iftself seems to have a certain inherent resiliency.

We shall illustrate this statistical mechanism by means of an example in which
the photon field 4, is coupled to a scalar field ¢ and to a conserved external current j,.
The system is described by the Euclidean Lagrange density

& = }F., 4 3(09) + tm2e? + pgndy + 4y,

(*) Research supported in part by the U.S. Department of Energy under contract DE-AC04-
81ER40042,
() The proposed statistical suppression of the spoiler fields would tend to reduce their experimental
accessibility.
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where 7, stands for 8, or (0, V) or a constant vector. We shall see that the generating
funetional for the response of the photon field to the external current j,

Z(4) =JDA“ Dy exp [——jd‘w ..?] =
= [D4, Dy exp [~ [a5l4 72, + bo(— 22+ m)p + pgn- A + -1
recovers from the breakdown of gauge invariance induced by the spoiler field ¢ (2).

By shifting ¢ to ¢ —uK-15n-A, where K = — 92 + m?, we may write the integral
over ¢ as

fDq: exp [—— %J‘d‘lx plx) Ke(x) + %,uzfd‘ix diz’ 5 Al{z) Kz, w’)n-A(o:’)] .
The first term is a constant C
C =fD(p exp [——11,— dix tpK(}?] ,
so the functional Z becomes
Z(j) = C’fDA,; exp [—fd%(};F;, + 4. 4)+ %pzfd“m d4z’ 9. A(x) K-z, a;’)ay'A(x')] .
The integral over 4, is simpler in momentum space. We put
4y(@) = [(2n)-40u(8) exp [— k]

where the reality of A4, is ensured by the condition oj(k) = ay(—%). With a similar
definition for j#(k), the functional Z is

2(j) = O [Da exp [— [ash(za) (3ot Mooty + 500 |
where
Myy(k) = Opyk®— kyky— pP(k* + m2) .y .

Here j, i8 ky if 5y = 04, (0, k) if n = (0, V), or 9, if 5, is a constant vector. The integ-

ration over o, is performed by shifting «, to o,— M;}y',,, where the inverse of M, is

kufiy + fuky
k24 k&

Suy w(k? + m?) — k-2
= _ Koy Toy—
(77 k)2
One then finds for the functional Z

2(j) = ¢ exp [g f A%(2m)47, M,:b':],

where C’ is the constant

0= 0 f Day oxp [— 3 f Ak(2n) ot M”,a,] .

(®)) The recovery would be equally complete if the breakdown of gauge invariance due to ¢ were
augmented by the replacement of % F5, by 3(5,4,)*.
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All the terms in M}, except the first. contain at least one factor of k,. They do not

contribute to the produet j, M, j., therefore, since kuju = 0 because of current con-
servation, This the generating functional Z is

Z(j) = C" oxp [;» f dske(27)-4 j”/kz] ,
which is also the result (3) of the gauge-invariant theory in which
& = }F, + judy.

* %k ¥
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