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This paper points out some implications of the possibility that electric-charge nonconservation may
occur in nature via an interaction that changes an electron to a positron (i.e., AQ =2).

PACS numbers 11.30.Er, 13.10.+q, 14.60.Cd

The advent of unified gauge theories has led physicists
in recent years to question the absoluteness of many con-
servation laws such as baryon number, lepton number,
etc. In fact, most grand unified theories lead in a natural
manner to interactions mediated by superheavy particles,
which change baryon as well as lepton number. The fact
that the particles mediating these interactions are su-
perheavy explains why these selection rules appear in
low-energy physics. There is, however, another sacred
quantum number, the electric charge, which remains
conserved in all grand unified theories considered to date
and is related to the assumption that electric charge is an
exact gauge symmetry, with the associated gauge boson,
the photon, being massless. It is, nevertheless, interest-
ing to speculate on the possibility that conservation of
electric charge may break down in some future theory
that unifies all interactions, and to discuss its implica-
tions. In fact, this possibility has been discussed in the
literature from time to time by theorists 2 as well as ex-
perimentalists,® where the electric-charge-nonconserving
process ¢ ~ — vy has been the main focus of attention.
The latest bound on the lifetime for this process is given
by (e ~— vy) = 10?° years.* If this nonconservation is
assumed to be described by an effective Lagrangean
LAQ:I,

LV =geey,vAa,+H.c, (1)
the decay width of the electron is given by

(e = — vy) =(8e)’m,/167, )
leading to an upper bound on Se as follows:

Se = 2.6x107%.

An immediate consequence of the breakdown of
electric-charge conservation is that the photon must ac-
quire a mass. Since empirical limits exist on the allowed
value of the photon mass,> one may like to relate these
two phenomena in such a theory. If we taken a phenom-
enological Lagrangean of the form given in Eq. (1), it
will induce a photon mass at the one-loop level. Howev-
er, the one-loop graph turns out to be quadratically
divergent and we get

m}? == (8e?/4n?) A2, 3)
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where A is the ultraviolet cutoff. The quadratic diver-
gence is easily understood since ¢ ~ — vy happens to be
a dimension-four coupling and we do not respect gauge
invariance anymore. The induced photon mass is there-
fore very sensitive to the value of A chosen. In fact, for
the present upper limit on m, of 1072> MeV, and
Se < 10~ 2% we can tolerate a cutoff A=100 GeV or so.
Instead one might conjecture the Planck mass as a natu-
ral value for the cutoff A, in which case, one would ex-
pect m, in disagreement with observations unless Je is at
most of order 10 ~*3, a limit which is experimentally un-
reachable. I will call this type of breaking of electric
charge by dimension-four terms to be ““hard” breaking.

In this Letter, I discuss an alternative mode of charge
nonconservation, where an electron can oscillate into a
positron in vacuum.® This can be represented by an
effective Lagrangean of the form

LD =sm,e Tc "le "+H.c (4)

First, I argue that the existing experimental limits ob-
tained from atomic K-shell experiments that limit de can
also be used to limit 8m,. Secondly, I argue that the
connection between m, and ém, involves only a logarith-
mic divergence; therefore, experimental bounds on one of
the parameters perhaps can be translated into reliable
bounds on the other. At this point it is worth pointing
out that a natural way to produce such a Lagrangean
would be through spontaneous symmetry breaking; how-
ever, a unified gauge theory with spontaneous breaking
of electric charge is ruled out by results on g —2 of the
muon and electron.” The main culprit is a charged phys-
ical Higgs boson with mass of order of the photon mass,
which contributes a big amount to the g —2 through a
two-loop graph. Also, it is not clear how such a tiny vac-
uum expectation value would naturally arise in a gauge
theory. Supersymmetric models where superpartners
have different electric charges are a possibility.®
Kaluza-Klein models also might be worth exploring since
(m,) max = m2/Mp) numerically.

To deal with the first question, I discuss e “e * oscilla-
tion in an atom in a manner similar to the case of
neutron-antineutron oscillation in a nucleus.® I approxi-
mate the evolution of the e ¥ amplitude from the existing
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electrons in the atom by the following equation:

e —i
et h
where V denotes any possible absorption effect due to
e “et annihilation to two photons. Detailed atomic-
physics calculations are necessary to determine V and in
what follows, I will assume ¥ ~E,. Using standard tech-
niques,® one can find the lifetime of atomic instability
due to e e ~ oscillation to be

T '=Vv(sm)Y(AEZ+V?). (6)

e
£’+

E.+m, om
om me—E,+iV

d

o , (5)

Since we do not know V, I will assume V = E, which
leads to t~'=(8m)?/5E,. In a heavy atom, E, =1 keV;
assuming 7> 102 years, we obtain ém, <102 MeV,
This translates to an electron-positron oscillation time in
vacuum of about two months.

Let us now turn our attention to relating ém, to the
photon mass induced by it. Again, doing a simple one-
loop calculation, we find that in this case, the photon
mass diverges only logarithmically and we get

m}2=(8m,)*(a/27)In(A/m,). (7

It is easy to convince oneself that the logarithmic diver-
gence is maintained in higher orders. The apparently
dangerous graphs are multiloop graphs involving virtual
longitudinal photons since their propagators adds an ex-
tra momentum integration (d*k) and a factor from the
propagator of the form (1/m})k,k,/k? and two extra
fermion propagators for each virtual photon, adding a
net apparent degree of divergence of two; but one has to
realize that each k, factor gets converted to a 9,J;™
which is equal to 26m.e " Tc ~'e , thus removing two
more momenta from the numerator and reducing the ap-
parent quadratic divergence to a logarithmic one as in
the one-loop case. I will call this “soft” breaking of
electric-charge conservation. We see that, because of the
logarithmic divergence, a reasonable bound (uncertain
only within a factor of 10) can be derived on m, from
the above bound on ém, and we get

m, <10~ #*1 MeV. (®)

This bound, though model dependent, is stronger than
the bound 10 ~** MeV.*

Let us now turn to cosmological implications of
electron-positron oscillation. In discussing this, it is
worth remembering that, if we take Eq. (8) seriously,
then e Te ~ oscillation would lead to a finite range to the
electromagnetic force of #,22x10'7*! cm which is
roughly a light year, which is much smaller than the dis-
tance between typical galaxies. Thus, galactic stability
would not be affected by e te ~ oscillation corresponding
to the upper limit of 10 "2® MeV. Note that if elec-
tromagnetic forces were of infinite range, galactic stabili-
ty would imply a bound on electric-charge-nonconserv-

ing decays, '% as follows:
(eTv/TAQ#O) 2 = GNewtonmpz’ )

or 7ap=0= 10?® years. This bound can be converted into
a bound on nQ/nB <1078 if we assume that Ng= N,
within a factor of 2, that the electrons disappear at the
rate of one per 1028 years, and the age of the universe is
10'° years. Again, I emphasize that this bound does not
apply to our case since the original bound tagxo= 1028
years does not hold for finite-range electromagnetic
forces. For infinite-range electromagnetism the bound
on ng/ng follows from the simple consideration'! that
between two cosmological objects the electromagnetic
force be weaker than the force of gravity, i.e., aN§/R
< GNewmnm,,zNg/R. Since in our case the left-hand side
has an additional factor e_R’/Ry reflecting the finite
range of Coulomb force, the bound on nQ/nB does not
hold.

Several other model-dependent but more stringent
bounds on ng/ng have been considered recently by Orito
and Yoshimura.'? Some of their bounds do not apply to
our case since, in the presence of very weak interactions
such as e Te ~ oscillation, the universe acquires all its
charge only after the era of recombination. Again, be-
cause of the finite range of Coulomb forces, the bounds
derived from the observed isotropy of high-energy
(10''-10"'8 ¢V) cosmic rays also do not apply.

I conclude this Letter with the following comments of
theoretical nature. First, I present some additional
mechanisms of both soft and hard breakings of electric
charge. As another example of a soft AQ=0 Lagrange-
an, consider the following Lagrangean:

LD =110 v+6md¢ ¢~ +H.c (10)

This also leads to a logarithmically divergent photon
mass at three-loop level, with

m}=I[f{4na/(1672%)316mIn(A/m})]>. (1)

If this interaction is combined with a Majorana mass for
the neutrino, it can lead to electron-positron oscillation
with

sme=(f3/16x)m, (6mi/m3);

since the present limit on m, from the DESY e*e ™
storage ring PETRA is 22 GeV, with m, <10 eV, we
infer for the AQ#0 coupling parameter dm, = (10~%/
f3) GeV. Choosing f3 as a typical Yukawa coupling pa-
rameter (f3=10"3-107%), we find ém,<103-107°
GeV. On the other hand, if we chose f3=10 "8, we can
have émy,=1 GeV. If such a Higgs particle of mass
40-45 GeV existed, with ém,=1, we may expect to see
AQ#0 signalsof typee "e " — ¢ ¢ —e e vvatthe
CERN collider LEP, if ¢~ has no other significant de-
cay mode than e ~ v.

As another example of hard electric-charge violation,
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we consider the four-fermion Lagrangean which leads to
e — 3v. If we write for instance, a vector interaction
of the form

LB =/MZQ)ey,vvy,v, (12)

present experiments would imply M, = 10° GeV.
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