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DISCUSSION 

B L U D M A N : I would jus t like to comment tha t pe rhaps the 

role of gauge invariance has recently been overstressed, a n d tha t 
we have seen recently tha t gauge invariance need no t imply 

masslessness of the electromagnetic field. M y interpretat ion of 
Schwinger 's recent paper in the Physical Review on mass and 

gauge invariance is tha t if pho tons are non-elementary particles 

to begin with a n d do n o t appear in the Lagrangian, then there 

is certainly no quest ion of gauge t ransformat ions on the p h o t o n 

field. Then gauge invariance on the electromagnetic potent ial 

plays n o role a t all, and implies no th ing concerning the mass 

of the pho ton . 

N E ' E M A N : Just to add tha t for the other vector mesons besides 

the electromagnetic field, we also get too s t rong condit ions 

th rough gauge invariance because all couplings would then be 

F couplings, in the case of a gauge, whereas we have jus t seen 
tha t it is a mixture of F a n d D in the case of SUZ, for instance. 

F E I N B E R G : Since we now agree tha t gauge invariance has 
nothing to do with zero mass , perhaps someone can answer 
why the p h o t o n does have zero mass? 

Y A M A G U C H I : I t is a " m i s e r a b l e " experimental fact. 

B L U D M A N : H O W can you know tha t it really does have 

zero m a s s ? 

F E I N B E R G : The experimental limit on the p h o t o n mass is 
10 -49 g Historically in physics whenever one has had a thing 
very close to zero, it has usually actually been zero. Therefore 
I would say tha t until you do an experiment to find the pho ton 
mass it is safe enough to ask the quest ion I did. 

p - M E S O N S A N D T H E Y A N G - M I L L S F I E L D 

J . C. Taylor 

University of Cambridge, Cambridge 

(presented by J, C. Taylor) 

Ever since the formulation by Yang, Mills 1 } and 
Shaw 2 ) of a field permitting local isotopic spin 
rotations, it has been widely held to be in doubt 1 * 3 * 4 ) 

whether such a field must have zero mass quanta or 
not. Schwinger 5 ) has even questioned whether there 
is any kinematical argument for the masslessness of 
the photon. 

This question has gained importance since the 
discovery of the p-meson, because many people have 
speculated whether this might not be connected with 
the Yang-Mills-Shaw field 3 ' 6 ) . 

It is the purpose of this note to point out a simple 
argument, which seems to have been overlooked, 
that the Yang-Mills-Shaw field (or the electromagnetic 
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field or any field generated by local gauge transforma­
tions on internal (* } variables) must carry zero mass 
quanta, at least if current ideas about the analytic 
properties of Green's functions are correct. 

We first observe that the Yang-Mills-Shaw field 
must have long range components, fi09 coupled to 
the total isotopic spin of any spatially bounded 
system. This follows by applying Gauss' theorem in 
3-dimensions to the equation of constraint (**} 

gularity implies the existence of a state \B> with 
vanishing energy for which <0| fiO\B}^0. For there 
to be such a state, massless particles must exist with 
all the properties of Yang-Mills quanta. 

It might be thought that we have used arguments 
from analyticity too cavalierly, and that the singularity 
found might correspond to an anomalous threshold 
or something like that. By specializing to the case 
where \ A > represents a one-particle state, say a proton, 
one is concerned with the singularities of a 3-point 
Green's function, two of whose legs represent protons. 
For this example there is no reason to suppose any 
anomalous type of singularity should exist. 

Departures from charge independence, due to elec­
tromagnetic and weak interactions, will presumably 
give the Yang-Mills particles some mass ( t ) . But it 
would be surprising if this should be as large as the 
observed mass of the p-mesons. Moreover there is 
no reason why the (electromagnetic) mass of the 
charged p-mesons should be similar to the mass of 
the neutral p-meson, which is generated entirely from 
weak interactions. 

This note arose out of conversations with CTroebel 
and I. Biriela who are responsible for any truth it may 
contain. It resembles somewhat a forthcoming, much 
deeper, paper by Goldstone, Salam and Weinberg. 
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DISCUSSION 

W E I N B E R G : I would like to offer a different criticism of this 
proof which also applies completely to the proof presented by 
Goldstone, Salam and myself. This proof really does prove 
that there is a singularity at k = 0. However it does no t prove 
that if k is one volt or one millionth of a volt, the ampli tude is 

large. In no sense do you show that there is a pole with some 
reasonable residue. N o w , most proofs in field theory always 
make one very natura l approximat ion, and that is that they 
regard the matr ix elements to be evaluated in a vacuum and 
somehow the walls in the r o o m we are in are ignored in these 

(*) Gravi tat ion is not so simple ! 
(**) Heavy type denotes isotopic vectors, x denotes a spatial vector. In general the nota t ion is t ha t of reference 1. 

(***) jfaQ argument might fail if no such states existed. 
(f> In view of a recently proved theorem, electrically charged spin 1 particles must have non-zero mass . See K, M, Case and S. G, 

Gasiorowicz, 7) Phys. Rev. 125, 1055 (1962). 

We now look for the effect of this observation on 
the quantized theory. Let \A} be any normalizable 
state vector (***} in which the total isotopic spin, T, 
has non-vanishing expectation value. Then, using 
4-dimensional momentum-space transforms, 

whence 

It follows that the matrix element (A\ fio(k, fc0)|,4>has 
a singularity at k ^ 0, k0 = 0. According to current 
ideas about analyticity, the presence of such a sin-
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calculations. This is reasonable because the walls of the room 
are a few metres away and a few metres correspond to very 
small momenta , so as long as you are no t concentrating on 
these very tiny momenta , this is an excellent approximation. 
However, this proof is not in that posi t ion; in this proof you 
are talking strictly about what happens at k = 0 and therefore 
you must take into consideration the effect of the state A, not 
only in so far as it consists of one p ro ton here in the room, 
but in so far as it consists of the room and the rest of the universe. 
(I have never thought of this in detail for Taylor ' s proof but 
I 've thought about it a little bit more for ours.) One of the 
reasons the vector particle coupled to baryon number does not 
have zero mass, might be that the universe has baryon number . 
Perhaps the reason the particle coupled to isotopic spin, the 
Yang-Mills field, does not have zero mass, is that the universe 
does have a definite isotopic spin orientation in the sense that 
there are about seven times as many pro tons as neutrons. 
There is one case, however, of a well-known conserved quan tum 
number which the universe does not have and that is charge. 
The universe is certainly electrically neutral to a very high 
degree so my remarks d o n ' t apply to the pho ton . Perhaps 
this may lead to an answer to Feinberg 's question, about why 
the pho ton has zero mass. 

T A Y L O R : May I just make one remark abou t the purpose 
of my proof. It was not to answer any very subtle points abou t 
theories that are gauge invariant, bu t it was to find whether 
the situation of the Yang-Mills field was on a footing with the 
situation of the electromagnetic field or whether it was on a 
different footing. 

B L U D M A N : Can I ask abou t the relation between your 
theory and the Goldstone, Salam and Weinberg one? In 
what you have said is there any question of a degenerate vacuum? 
Should I conclude that the proofs are rather different ? 

W E I N B E R G : The similarities between the proofs are mathe­
matical. The techniques used are extremely similar; the physical 
ideas that they deal with are quite different. 

NISHIJIMA: I have a question to Dr . Taylor. If this proof 
applies, does it apply only to the longitudinal wave or does 
it also apply to the transverse waves? 

T A Y L O R : Well naturally I hope it applies to the transverse 
waves but if you can show me that it does not, then of course 
it breaks down. 

R O L L N I K : I would like to ask Dr. Taylor how he could 
avoid in the frame of his argument that any theory of vector 
particles must contain mass zero particles; in fact if you look 
at these arguments , you can formally carry through this proof 
even if you start with a bare mass m 0 different from zero for 
the vector field. Y o u have only to redefine your current J0 

by adding a mass term rnG times the vector potential . So it 
seems to me that if this proof is correct, then in any theory 
of vector particles one must have some particles with zero mass . 

TAYLOR : I think the answer to this question is tha t the hypo­
thesis, tha t there exists a state \A} such that the expectation 
value of the charge (as you would define it) is non-zero, is n o 
longer t rue when there is a mass term. The term you add to 
/ , which contains the field we are talking about , exactly can­
cels out the normal par t of the current in any state that you can 
think of. 


