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Summary. - I t  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 relat ivi ty 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 theolies 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, A~ etc., 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). I t  is rather 
that  gauge invaHance itself seems to have a certain inherent resiliency. 

We shall i l lustrate this statistical mechanism by means of an example in which 
the photon field A~ is coupled to a scalar field r and to a conserved external current ]~. 
The system is described by the Euclidean Lagrange density 

(*) Research supported in part by the U.S. Department of Energy under contract DE-AC04- 
81ER40042. 
(1) The proposed statistical suppression of the spoiler fields would tend to reduce their experimental 
accessibility. 
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where  ~ s tands  for  8v or  (0, V) or  a cons tant  vector .  W e  shall  see tha t  the  genera t ing  
funct ional  for  the  response of the  pho ton  field to t he  ex te rna l  current  j~ 

recovers  f rom the  breakdown of gauge invar iance  induced  by  the  spoiler  field ~o (~). 
B y  shi f t ing  ~ to q~--l,K-lrl.A, where  K = - - a ~ +  m ~, we m a y  wr i te  the  in tegra l  

over  ~ as 

The  first t e r m  is a cons tant  C 

so the  func t iona l  Z becomes  

T h e  in tegra l  over  A~ is s impler  in m o m e n t u m  space. W e  p u t  

A~(x) = f d # ~ ( 2 ~ ) - ~ ( k )  exp [--ikx] , 

$ where  the  rea l i ty  of A~ is ensured  by  the  condi t ion  ~ ( k )  ~- ~ ( - - k ) .  W i t h  a s imi la r  
defini t ion for  ~(/~), the  func t iona l  Z is 

where  

Here  ~ is k# if  7 .  = ~ ,  (0, k) i f  V = (0, V), or  V# if V~ is a cons tant  vector .  The  integ-  
ra t ion  over  a~ is pe r fo rmed  by shif t ing a~ to q ~ - -  M'~]~, where  the  inverse  of 2~I~ is 

[ + m ~ ) - - k - ' O ' ]  " " k " o ' + ~ " k ~  

One then  finds for the  func t iona l  Z 

where  C' is t he  constant  

(*) The recovery would be equally complete if the breakdown of gauge lnvariance due to ~o were 
augmented by the replacement of t F ~  by  89 ( a / ~ )  2. 
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-I except the first~ eontsin at least one factor of k~. They do not All the terms in M~, 
contribute to the product = M -I"~ J~ ~2~, therefore, since k~]~ = 0 beeallse of current con- 
servation. This the generating functional Z is 

Z(j) = C' exp [ 89 f d~k(2z~)-'j*~ju/k'] , 

which is also the result  (8) of the  gauge-inv~riant theory in which 

~e = ~ + j~A, .  

We are gratefial to the U.S. Depar tment  of Energy for i ts support  of this  work 
through contract  DE-AC04-81ER40042. 

(8) R.  J. GLAUBER: Phy8. Bey., 84, 395 (1951). 


