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The quantum electrodynamics (QED) of elec-
trons, muons, and photons has so far been
found to be in agreement with experiment. ' '
This agreement has usually been expressed
in terms of a fictitious "radius" down to which
the theory has been found to hold. ' In this lan-
guage, an experimental deviation from the the-
ory would reveal a "cutoff, " or perhaps even
a "cut-on. "

A much more natural theoretical way of de-
scribing a breakdown of QED (and a more like-
ly way for such a breakdown to occur) is in
terms of coupling of electrons and muons to
other particles. ' This is consistent with the
ideas of ordinary quantum field theory (or S-
matrix theory), and is the only theoretically
consistent way that we have to describe a real
breakdown. In this language, continued exper-
imental confirmation of the predictions of QED
would be expressed in terms of upper limits
to the coupling strengths and lower limits to
the masses of hypothetical particles coupled
to electrons, muons, and photons.

This point of view suggests a class of exper-
iments which would search directly for such
particles by looking for correlations in the
mass spectrum of groups of final electrons
and photons just as is done in strong-interac-
tion physics. These experiments would be
direct checks of @ED. They would in many
cases have the additional advantage of isolat-
ing the electrodynamic system from the nuclear
target without the necessity of waiting for stor-
age rings.

We discuss briefly three possible ways in
which a breakdown might occur in the physics
of electrons. Evidently, all remarks apply
equally well to muons, although the experi-
mental problems in that case are much harder.

(1) The electron might be coupled to a heavy
electron, e', with a magnetic coupling of the
form

,o y f +H. c.e' pv e pv

This is the most favorable case from the ex-
perimental point of view. Assuming a mass
of the e' in the several hundred MeV range,

P+e-P+e'
- e +y (T - 10-"s ec). (2)

The e' would be observed as a sharp missing-
mass peak in the recoil proton energy and an-
gle distribution. This would be direct experi-
mental evidence of an excited state of the elec-
tron. It could also be observed directly in a
mass plot of the final e+y.

The e' could also be produced by photons in
the reaction

y+P -P+e+e'

If the photons are tagged for energy, the e '

could again be observed as a missing mass.
With untagged photons, one could still observe
a threshold in the missing mass as a function
of maximum photon energy, or else detect
directly a peak in the e-y mass spectrum.
Depending on the precise experiment under
consideration it might be advantageous to use
a heavy target instead of hydrogen.

A further consequence of the existence of
the e' (and of the minimal interactions coupling
it to the electron) would be an anomalous
Compton scattering of electrons and photons
(at center-of-mass energies comparable to
me ), as well as an anomalous electron-posi-
tron pair-production cross section at corre-
sponding values of the electron-positron mass,
possibly of the kind referred to in reference 3.

(2) The electron might be coupled to a boson,

existing experiments are consistent with a cou-
pling strength a - e/me. , provided a reasonable
cutoff is assumed and provided the decays
K —e' +v and K -e' +v+m are moderatelyp +

forbidden. Otherwise, we must have me ~ & 500
MeV. The interaction (1) is neither minimal
nor renormalizable. It would presumably be
the low-energy manifestation of a mini, mal,
renormalizable interaction (necessarily involv-
ing other particles) which would provide an
automatic cutoff.

The simplest reaction to produce the e' would
be
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6, with an interaction of the form'

(4)

Again assuming a mass my of several hundred
MeV, existing experiments are consistent with
g'&e', i.e. , electromagnetic strength of cou-
pling.

This particle ~ould be directly produced in
the process

P+e -P+e+Q
—e++e (-10 "sec)

and would have to be observed directly as an
e++e resonance, since strongly produced
particles would make a missing-mass analy-
sis difficult to interpret.

The reaction

(5)

,I'.y b. +H. c.,e' iei
in which case there might be a conservation
law. If so, the lighter of e' or 6 would be sta-
ble (except to weak decays). The production
reaction would be

e+P -P+e'+b
Le+l, +l, (10 "sec),

where l is the lighter of b and e'. The I par-
ticle would now have to be found either by its
charge or, if neutral, by its weak decay, if
any, and the (e, l) mass spectrum measured

is probably very unfavorable compared to (5)
because of the competition with strongly inter-
acting particles.

The b particle would not affect e+y scatter-
ing appreciably, nor e +e production, unless
it mere also coupled to the nucleon. In that
case, it could well also give rise to a hfs anom-
aly.

(3) The electron might be coupled to an ex-
cited electron and a boson with an interaction

to ensure that me were observing a deviation
from QED. This case would obviously be the

most difficult from which to extract informa-
tion relevant to @ED. If there is no conserva-
tion law, the decay mechanisms and correla-
tions discussed under (1) and (2) above would

also hold here.
The energy now available at the Cambridge

Electron Accelerator would permit a mass
search up to about 2 BeV with a hydrogen tar-
get and considerably higher with heavy targets.
The mass range that will be available at the
Stanford Linear Accelerator Center mith a
hydrogen target will go up to about 5 BeV.
Thus, a realistic @ED breakdown mechanism
arising from particles whose masses lie in
the resonance region of the strong interactions
can, if it exists, be found in the near future.
There is at present no reason to believe that
the electron and muon are unique, and not
coupled to a large family, as are all the other
known particles. It will be interesting to learn
which is the case.
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