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tensity ratio of electrons to nuclei is ~1072 from
1 to 300 BeV and they both have the same spec-
tral index of ~2.6. But in this energy range the
electron spectrum has already steepened by one-
half power because of radiative losses. There-
fore the injection ratio Qe(E)/Qp (E) increases
progressively for higher energy and already ap-
proaches unity at the present observational limit
if one accepts the existence of the infrared field.
This conclusion holds independent of other de-
tails as long as the electrons and nuclei of cos-
mic rays are produced in the same source and
diffuse in the same manner. One would then have
to look for mechanisms which accelerate elec-
trons more efficiently than nuclei.®

In conclusion, one cannot claim that the cur-
rent data on cosmic-ray electrons and high-ener-
gy radiation have “proved” the existence of a
cosmic (or at least galactic) infrared flux, but
they are certainly compatible with the presence
of such a radiation field. The origin of the radia-
tion, which we have made no attempt to discuss
in this Letter, is still an open question at pres-
ent. The author wishes to thank Professor G. W.
Clark for helpful discussions.
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It is shown that a class of theories, of which Sugawara’s theory of currents and cer-
tain Yang-Mills type theories are examples, possess a particular symmetry which is
not, even approximately, present in the observed strong interactions. The symmetry
would imply that all mesons and all massive fermions have partners with opposite pari-

ty and opposite charge conjugation.

There is a class of possible strong-interaction
theories, of which Sugawara’s theory of cur-
rents's? is perhaps the most interesting, in which
the energy-momentum tensor 64V can be written
as

gHv wv uv

@ toy (1
where 6 ,4¥ and 6 _,*¥ are two (independently)
conserved tensors which commute with each oth-
er at equal times and are interchanged by parity,
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i.e., P9, ,*P~1=6_, M. The existence of these
two independent, conserved tensors leads in the
usual way to a symmetry group @, ,® ®_,, where
@, and ®_, are two commuting Poincaré groups.
This is to be contrasted to the usual case where
there is only one conserved tensor and (apart
from internal symmetries) the theory is invari-
ant only under the usual Poincaré group @.

It will be shown below that the possible exist-
ence of a ®,® ®—, symmetry is in conflict with
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the observed properties of hadrons and therefore
that theories which possess this extra symmetry
must be rejected on experimental grounds. Such
a symmetry would imply that all mesons and all
massive fermions have partners degenerate in
mass but with opposite parity and charge-conju-
gation properties.

In Sugawara’s theory this extra symmetry
comes about because his 64V can be written in
the form of Eq. (1) with
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where
Jf“:%[V”“an“] 3)

and V@# and A%H are the usual octets of vector
and axial-vector currents. The vanishing of the
commutator [6 4V, 8 _ 7] at equal times is a
consequence of Sugawara’s currents satisfying
[, 8H,J ,bV]=0 for equal times.

Another, otherwise attractive,® theory in which
our phenomenon occurs is a Yang-Mills theory of
eight vector and eight axial-vector mesons inter-
acting with quarks. In order that this theory have
the SU(3)® SU(3) symmetry which appears to be
(approximately) present in the strong interac-
tions, we must give all the mesons a common
bare mass and provide no bare mass for the
quarks. Then, writing the vector fields as ¥ 3V
+ .-, 2Y, the axial fields as ¢ %Y~y 3, and
introducing quark fields ¢ 4 ,=3(1 £y,)q, the La-
grangian for this theory can be written as £ =£
+& (_,, where £ |, depends only on the fields
¥ 4yand g (), and £ ) depends only on ¢ _, and
q (—)- Whenever a Lagrangian splits into two in-
dependent pieces, as is the case here, one im-
mediately obtains the two independent tensors of
Eq. (1).* One more example of a theory with @,
®@® _, invariance is the SU(3)® SU(3)-invariant
theory of zero-bare-mass quarks with an inter-
action® G[(gyHq)2 +@ysr )2 ].

One can easily break the @ ,® ® _, symmetry
of the above Lagrangian models. For example,
one could give the quarks a bare mass or split
the masses of the Yang-Mills mesons. However,
either of these ways of breaking @ ,® @_, also
breaks SU(3)® SU(3). The same is true of Suga-
wara’s theory: In the broken symmetry version
of his model,?° SU(3)® SU(3) and ® , ,R @ _, are

+)

not conserved by the same mechanism. The
point here is that in the class of theories and
types of symmetry breaking under consideration,
the SU(3)® SU(3) symmetric limit is also @,

® @, symmetric so that both symmetries should
be broken by roughly equal amounts. Now SU(3)
® SU(3) appears to be a rather good symmetry of
hadrons, being broken to about the same extent
that SU(3) is.” However, as will be shown below,
there is no trace of ®_,®® _, in the strong inter-
actions. We will conclude, then, that symmetry
breaking does not resolve the difficulties inher-
ent in these overly symmetrical theories.

At this point it is well to observe that SU(3)
® SU(3) does not, in general, imply a @.,,® ®_,
symmetry. For example, an SU(3) version of the
o model which contains scalar and pseudoscalar
mesons interacting with quarks (to which Yang-
Mills mesons can be added, if one wishes) can be
made SU(3)® SU(3) symmetric without obtaining
@, ,® ®_, at the same time. Also, a theory of
zero-bare-mass quarks with G(gyHg¢)2 for an in-
teraction is SU(3)® SU(3) but not @ ,,® ®_, invar-
iant. However, it does not seem possible to have
SU(3)® SU(3) without @, ,® ®_, within a theory
of currents like Sugawara’s. Adding scalar and
pseudoscalar fields to this model in the manner
of Ref. 2 breaks @ ,® ®_, only to the extent that
SU(3)® SU(3) is broken.®

Having discussed some examples of @,
® ®_,—-symmetric theories, we will now show,
as promised above, that this symmetry is not
consistent with the observed strong interactions.

The experimental predictions of a symmetry
depend critically on whether or not the vacuum
is invariant. Examples of the usual case where
the vacuum is invariant are the ordinary Poin-
caré group or SU(3) in the limit that it is exact.
An example of a noninvariant vacuum is provid-
ed by the hadrons in the limit that SU(3)® SU(3)
is exact.” In this case one does not obtain SU(3)
® SU(3) multiplets but rather an octet of mass-
less 0~ Goldstone bosons corresponding to the 7,
K, and . Offhand, one might think that @,
® @, could be realized by a degenerate vacuum
as is SU(3)® SU(3). It will be shown below how-
ever that, in a local Lorentz-invariant theory,
this is impossible. Thus we need only consider
the case where the vacuum is @+ ®® ., invari-
ant.

It is not hard to see that in a @ 4, ® ®_ ~invari-
ant theory whose vacuum is @ 4,® @, invariant,
all mesons and massive fermions must come in
degenerate pairs, the members of which have op-
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posite parity and charge-conjugation properties.
This circumstance, which is clearly present in
the above Lagrangian models, is arrived at as
follows. Consider acting with H, = [d%][6 , ()
-6 _,®(X)] on a state containing, say, a proton
at rest. Since H, is a conserved rotational sca-
lar with negative parity and charge conjugation
there must be a new state | p’) =H,| p) with the
same mass and spin as a proton but of negative
parity and charge conjugation relative to the pro-
ton. {H, cannot annhiliate | p): The commutation
relation j[K,, H,] =P, where P is the momentum
operator and K, = [X[6 [ P& -0_ 2], cannot be
satisfied if H,|p)=0.} Furthermore, since Hy is
an SU(3) singlet, |p’) must have the same SU(3)
quantum numbers as [p). Now if the vacuum is
®)® @, invariant, |p’) must be a single-parti-
cle state with the result that ¢, ® ®_, would re-
quire an opposite parity and charge-conjugation
partner for the proton. Clearly the same argu-
ment works for any massive state. Massless
states require some special consideration. Here
we simply state the result that massless mesons
must be doubled, but massless fermions need not
be doubled.

Evidently, the lack of opposite parity partners
for, say, the nucleon or pion rules out the exist-
ence of a slightly [to about the same extent as
SU(3)] broken @y )® @) Symmetry in the strong
interactions. Actually, the situation is even
worse than this. One can convince himself that
if in a @ ,® ®, symmetric theory one forms
linear combinations of particles and their part-
ners like |p+)=|p)+|p’), then the “plus” states
never interact with the “minus” states.® Thus
one would be living in the midst of two worlds
which do not interact with each other. There is
certainly no evidence for such a situation.

Yet another objection to @, ® @, is that, as
will be shown below [see Eq. (6)], if a theory be-
comes ®,,®® _, invariant in the limit that it re-
spects SU(3) ® SU(3), then SU(3) invariance of
the vacuum implies SU(3) ® SU(3) invariance for
the vacuum.'® In reality it appears, as was point-
ed out above, that the vacuum is SU(3) but not
SU(3) ® SU(3) invariant in the symmetry limit.

It remains to show that the vacuum must be in-
variant. The proof is quite simple: It was noted
above that [0, *V (X, 1), 6,9, t)] vanishes. Mul-
tiplying this equal-time commutator from the
left by U(7) and the right by U~!(1), where U(7)
= exp[ i1 [d®x0,_,°, #)], yields

- AO ,»
B & 1,0, G, t+7)]=0, 4)

574

so that 6,4V and 6 _9 commute at different
times. Obviously (0|[6,,,*Y(x),8_9(0)]|0)=0

and by using Fourier transforms with pos1t1ve or
negative frequencies one obtains that (0|6 ,,*¥(x)
x0,_9(0)]0y=(0]6, _}9(0)8 ,,*¥(x)[0)=0. This
immediately leads to the result that

016" (6™ (0)10) =010, ()85 00y, (5)

where 9 ,;#V=9, #V-6 _HV. From Eq. () it is
easy to see that if the usual Poincaré generators
PH and MHY obtained from §HV annihilate the
vacuum, so do the corresponding generators P
and M, "V obtained from 6;*Y. Consequently, the
vacuum is ®,,®® _ invariant,

There is a loophole in the above proof that
should be patched up. One might argue that while
the density §_° is all right, the integral [6 _d°x
used to obtain Eq (4) is not a well-defined oper-
ator. However, in a local theory, acting with
Uf(7)= exp[—z'Tff(ii)e(_,m(i, t)d’x], where f(X) is
a’suitable test function which is identically equal
to unity in some finite region around the point ¥,
will also lead to Eq. (4).

Reasoning similar to that used in arriving at
Eq. (5) also leads to'!

OV v )0y = 01a* 4" 0)10)  (6)

in our ¢, ® ® _ —invariant theories. From this
it follows that if a vector charge annihilates the
vacuum, then so does the corresponding axial
charge.

Having stated our results, we now turn to a
brief discussion of possible ways out of the im-
passe.

First, we should emphasize that verification
of the @, ® @ _, structure of the specific theories
discussed above involves manipulations with
products of operator densities at the same point.
Essentially identical manipulations are used to
obtain the usual Poincaré group from a con-
served tensor g4V, but it could be that one or
more of these theories are singular in such a
way that the usual manipulations with g4V are
valid but manipulations with ,*V=¢ HV-¢ _HY
are not, In our discussion we have assumed that
the commutator structure is that given by straight-
forward calculation.'? Also, we have assumed
that both 6* and 6,*" connect physical states to
physical states. (It might happen that 9 ,;*V also
connects physical states to unphysical states
where, for example, the metric need not be posi-
tive.)

Secondly, there is the possibility that the vacu-
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um is not Lorentz invariant and therefore need
not be ®,,®®_, invariant. (Of course, there
should be no observable consequences,) It is
obviously rather difficult to see how such a theo-
ry would operate. The only real work in this
direction seems to be Bjorken’s formal argu-
ments that such a spontaneous breakdown of
Lorentz invariance can lead to a massless spin-
1 Goldstone boson (the photon in his case). Bjor-
ken’s calculation is based entirely on badly di-
vergent diagrams in perturbation theory or,
equivalently, on singular products of operators
at a point so that it is not clear that this possi-
bility really exists or, if it does, whether it
could apply in the present context.!®> As a partial
check we have tried the assumptions that the vac-
uum depends on a fixed four-vector n* and that
the theory contains spin-1 and/or spin-0 Gold-
stone bosons.' Under these circumstances we
were not able, using Mandelstam’s diagramatic
methods, !® to satisfy the equal-time commutator

o, @, 0, )]
=[0% @)+ 0% @)]o ,5° -%)

sandwiched between proton states (unless the
partner |p’) also exists).

To conclude, we seem to have shown that a
class of highly symmetrical theories of strong
interactions are actually too symmetrical to
agree with experiment. In the case of Sugawara’s
theory this is, we feel, unfortunate since this
particular theory is rather beautiful and is prob-
ably the only internally consistent theory which
can be constructed from usual vector and axial-
vector currents alone.

Note added in proof.— After completing this
work we were informed that H. J. Lipkin also
pointed out similar troubles in theories invariant
under two commuting Poincaré groups.'®
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