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Gravity-modified quantum electrodynamics formulated by Salam and collaborators is ap-
plied to the electron self-energy problem in all orders of perturbation theory. It is shown
that the dressed physical mass of the electron is likely to be given by the formula m =Me~~~,
where M —= (Ic/16na) ~ is the universal quantum-gravitational mass constant, o. = (137.04) ~

is the fine-structure constant, and x=(0.362) is a number to be computed from the details of
the theory.

INTRODUCTION

Remarkably accurate cross sections for funda-
mental processes involving photons, electrons,
and positrons are predicted by standard renormal-
ized quantum electrodynamics (QED) in Minkow-
skian space-time. In fact, the cross sections pre-
dicted by QED have yet to show even the slightest
discrepancy with experiment. ' There are, how-
ever, certain unsatisfactory theoretical features
associated with QED:

(1) It has not been possible to put the theory on a
rigorous mathematical basis and to justify the for-
mal manipulation and subtraction of infinite quan-
tities that appear in the renormalization procedure.

(2) The physical mass of the electron, m=9.09
x10 g, comes into the theory as an empirically
prescribed quantity which cannot be predicted
theoretically.

(3) Electromagnetic mass differences between
the members of isospin multiplets (e.g. , the v -n
mass difference of about 9m) are predicted to be
infinite by QED with the cutoff-to-infinity renor-
malization operation. '

These unsatisfactory theoretical features of QED
in Minkowskian space-time may have their origin
in the physical incompleteness of the theory.
Namely, the role of quantum-gravitational effects,

as manifest by the emission and absorption of vir-
tual gravitons, is not taken into account in the stan-
dard QED computations of electromagnetic self-
energies. In this connection it was conjectured
many years ago by Neisskopf' that finite values for
electromagnetic self-energies (and hence finite
values for the QED renormalization constants)
would appear in a modified version of the theory
with quantum-gravitational effects included. In
such a "gravity-modified QED, " the universal
quantum-gravitational mass constant

I=-(ac/16wa)'i'=3. 06x10 '
g

might serve as a built-in physical "cutoff parame-
ter" in the theoretical expressions for electro-
magnetic self-energies. To ascertain whether
quantum-gravitational effects actually engender
finite theoretical expressions for electromagnetic
self-energies, one must be able to perform rather
sophisticated calculations with the quantum theory
of general relativity in combination with QED. The
quantum theory of general relativity has been ad-
vanced by the work of Dirac, 4 but the application
of Dirac's complete formulation to QED self-ener-
gy calculations is still encumbered by formidable
technical difficulties. Recently, an alternative and
more pragmatic computational approach to the
problem of quantum-gravitational effects in QED

275

Copyright 1971 by the American Physical Society.



GE RALD ROSE N

has been proposed by Salam and his collaborators. '
Initial calculations reported by the latter authors
show that to first order in the fine-structure con-
stant o. = (137.04) ' the electron and photon self-
energies are indeed finite in gravity-modified QED.
For the electromagnetic self-energy of the elec-
tron, Salam and collaborators obtain the result

Sn 3e M-=—ln —+ O(o.'),m 2' m
(2)

ELECTRON MASS IN GRAVITY-MODIFIED QED

The Lagrangian density for the Maxwell, Dirac,
and Einstein fields in interaction is expressed as'

~grav +~mat ter + ~gaugey

where the purely "gravitational part" is due to
Einstein,

2 „,=—M ~gR,

(3)

(4)

the "matter part" contains the Dirac and Maxwell
fields,

and the "gauge part" breaks the electromagnetic
and gravitational gauge symmetries,

(5)

where M denotes the quantum-gravitational mass
given by Eq. (1). Observe that M manifests itself
as an effective invariant wave-number cutoff pa-
rameter in formula (2). If M plays this role to all
orders of n in the electron mass-renormalization
series and in the formulas for electromagnetic
mass differences between members of isospin
multiplets, ' then the unsatisfactory theoretical
features of standard renormalized QED in Minkow-

skian space-time are set right by the inclusion of
quantum-gravitational effects.

The purpose of the present paper is to show how
gravity-modified QED is likely to yield a definite
and physically acceptable theoretical value for the
mass of the electron. In this discussion the so-
called bare mass of the electron is put equal to
zero; the physical mass of the electron is supposed
to be due entirely to electromagnetic and gravita-
tional dynamical effects, as conjectured many
years ago by Weisskopf. '

2~,:—2 —Zo=mgg+eo(detL) 'I,"'gy, gA„

+(terms independent of m and e,
of order M ', M ', etc.). (8)

Neglecting the terms of order M ', M ', etc. in
(8) and employing the expression derived pre-
viously for the multigraviton superpropagator, '
the dressed electron and photon propagators can
be calculated to all orders in n =—e'/4v, where e
denotes the renormalized physical charge. Clear-
ly, the electron mass-renormalization series gen-
erated by the interaction Lagrangian density (8)
must sum to the dressed physical mass rn. It is
not unreasonable to assume that the quantum-
gravitational mass M will manifest itself as an
effective invariant wave-number cutoff to all
orders of n in the electron mass-renormalization
series as M manifests itself to first order in e
in Eq. (2). By evoking the latter assumption, the
electron mass-renormalization series can be ap-
proximated term by term. In addition to the famil-
iar QED Feynman self-energy diagrams, there
are Feynman diagrams generated by the first term
in (8), with an induced renormalization-compensa-
tion effect occurring in diagrams of successive
order in e. Nonetheless, it is still a simple mat-
ter to estimate all associated wave-number inte-
grals a.s functions of the effective invariant cutoff
parameter M and numerical prefactor constants
(which are to be determined by future detailed cal-
culations). This analytical procedure gives the
form of the mass-renormalization series as

(9)

vierbein and physical units chosen such that 8 and
c equa, l unity. The dressed physical mass m en-
ters the'theory as a parameter in the prescribed
free Lagrangian density

,'(s„—h ~s„h p —,'s„—h s„h~~)

+ —2i(gy„( &
—g &y„g) m-gg —2B„A„B„A„, (7)

where repeated indices are understood to be con-
tracted with respect to the Minkowskian metric
tensor, q""=-diag(+ 1, -1, -1, -1), and the free
graviton field is defined as h""=—M(g""-q"'). In
order to counter the dressed physical mass term
introduced in (7), the interaction Lagrangian den-
sity takes the form

It should be noted that M appears here in place of
a ', and the bare-mass term is absent in (5) since
mo= 0; otherwise the notation follows Salam and
collaborators, with i."' denoting their symmetrical

in which the c;~'s are positive numerical constants
of the order unity, e.g. , c»=3/8v and c»=3/2v.
Because the empirical value ln(M/m) = 49.58 is
large compared to unity, the j=i terms dominate
the double sum in (9), and hence it follows that
the quantity
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x =—o.in(M/m) (10)

A noteworthy feature of (12) is the essential singu-
larity in the formula at o. = 0, precluding an ex-
pansion of the formula about o. =0. Also note that
m tends formally to zero in the limit n-0, a fea-

must be an approximate root of the transcendental
equation'

pc„x'=1.
i= 1

The formula obtained from (10) for the mass of the
electron,

m= me-"~", (12)

is physically accurate if (11) yields a root at x
=0.362, a numerical value consistent with the posi-
tive character of the c,, 's and with c»=3/2v. The-
oretical confirmation of formula (12) requires a
sufficient number of the c;,'s to be computed, say
for i (k with c»(0.362)"«1, and it must be shown

that x= 0.362 satisfies the numerically truncated
form of Eq. (11),

c„-x'=1.

ture of formula (12) that may have a bearing on the
massless character of the electron's chargeless
(neutrino) counterpart.

SUMMARY AND CONCLUDING REMARKS

With analysis based on the Lagrangian density
(3), the physical picture of an electron considered
in this paper is a massless bare charge surrounded
by a cloud of virtual photons, virtual electron-
positron pairs, and virtual gravitons. ' The finite
physical mass of the electron emerges from the
theory in formula (12), where M is the universal
quantum-gravitational mass constant (1), n is the
fine-structure constant, and @=0.362 is a number
to be computed from the details of the theory. The
main assumption made in obtaining formula (12)
is that the quantum-gravitational mass I manifests
itself as an effective invariant wave-number cutoff
to all orders of n in the electron mass-renormali-
sation series, as it does to first order in Eq (2). .
This assumption, as well as the physically moti-
vated mathematical approximations made here
and elsewhere, ' require further study and justifi-
cation within the context of the complete theory.
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