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- ABSTRACT

Using the general covariant Dirac equation, the gravitational cor-
‘rection to the anomalous magnetic moment of electron is calculated. It
is shown that this quantum effect in general relativity, due to the earth

gravity, could be measured by means of modern experiment devices.
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At the present time, most of the effects useful for experimental
test of general relativity only involve two constants, namely, the gravi-
tational constant G and the velocity of light c. They are called the
classical effects in general relativity. The gravitational deflection
of light, the perihelion motion of a planet, the time-delay of a radar
signal and the gravitational damping of the binary pulsar PSR 1913 + 16
are well known examples of this kind of effects.‘ o

In this paper, we shall investigate the quantum effects in general rela-
tivity. They involve not only the constants G and c, but also the planck's

constant k. An important problem relating to this kind of effects is to

E

verify the general covariant Dirac equation, which is considered as an

important foundation of the unified field theory involving the gravitational

field.

Until now, the study of the quantum effects in general relativity
only situated in the early stages. Using the neutron interferometer, the
quantum mechanical phase-shift of neutron wave function induced by the
gravitational field on the earth and by the earth's rotationl have been
observed recently.

The purpose of this paper is to study the behavior of the general
covariant equation of charged fermion with one-half spin when the gravi-
tation field and the magnetic field exist simultaneously, especially in
the non-relativistic case. We find that the gravitational field of the
earth induces a correction to the anomalous magnetic moment of electron.
The calculation shows that this correction has the same order of magni-

tude as the photon-photon scattering correction of the anomalous magnetic



moment of electron due to the sixth order contribution from QED. We ex-

pect this new quantum effect in general relativity to be verifiable ex-

perimentally.

II.

We start by considering the general covariant Dirac equation in the

case of existing electro-magnetic field
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Here Au is the electromagnetic potential, Du is the covariant derivative

with respect to the local Lorentz group
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local Lorentz group. In terms of the vierbeins A and Au
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Using (2), (3) and (4), the general covariant Dirac equation (1) can

be rewritten in the following form

~ mc
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w(abc)is anti-symmetric for all indexes a, b and c defined by
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In the case that the metric tenser is diagonal, it can be proved that

fg(a) = 0, the general covariant Dirac equation (6) can be reduced to the

form
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In the weak-field approximation, making use of the Post-Newton metric

given by
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M is the mass of the spherical source. One can show that, when rO/r <<1,

the Dirac equation (9) has the form
2r
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omitting the terms higher than the first order in ro/r . Here ¢ denotes

the electric potential and v(r) the gravitational potential
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In the non-relativistic approximation, the Pauli equation corresponding

to (10) can be expressed as
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where ¥ is the Pauli's wave function.
From Eq. (13) we see that when ro/r + 0, this equation is just the
. . . . . . GmM
usual Pauli equation with gravitational potential v(r) = - - Moreover,
we conclude that the inertial mass m of the electron in Dirac's equation

(1) is exactly equal to the gravitational mass of the electron given by

(11), i.e., the equivalence principle holds for Dirac particle. The
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factor - and the vector a, with V x 3 = 0, in Eq. (13) are due
to the curved space-time,
If we choose the Coulomb gauge V - 7T==o, in the weak~field and the
non-relativistic approximation, omitting the term higher than the first

order in r,./r and the term
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the Pauli equation (13) can be further expressed as
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where L =T x—f;and_n—‘= Tk .
We notice that the first term at the right-hand side of Eq. (15) is
just the hamiltonian of the usual Pauli equation. The second term in-

volves the gravitational potential and the spin-orbital angular momentum

coupling due to the curved space~time. The third term is the gravitational

correction to the magnetic moment of electron. The fourth term is the

— —
interaction between L and H, and the last term the non-linear effect of

magnetic field as the space-time is curved.

III.
Henceforth we will concentrate on the third term at the right-hand

' “side of the Pauli equation (15), i.e.,
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It gives a correction to the magnetic moment of electron:
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where My = Eﬁg- is the Bohr magnetron. This correction is a quantum ef-

fect in general relativity due to the curved space-time.
From (17) we find that when a magnetic field exists on the surface
of the earth, the gravitational field of the earth should give a contrib-

ution to the magnetic moment with the numerical value
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where R is the radius of the earth. TFor the convenience of comparison
with the result in QED, we have given the equivalent value of ag in terms
of the third power of the fine structure constant o ..

It is well-known that the determination of the lepton anomalous mag-
netic moment is one of the most significant challenges to both theoretical
and experimental physicists. The anomalous magnetic moment of electron
.‘bas been calculated up to the sixth-order contribution in QED, the recent

, 2
result is -
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0

3
= L1/a a)\2 + o]
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in which the contribution of photon-photon scattering is given by3

3
a = (0.400 * 0.006) (ﬂ) (20)
Y m

The contribution of weak- and strong-interaction effects, and the contribu-

tion of u's and T'S,z amount to less than 0.005 x 10_9.

Comparing (18) with (20), we find that the correction due to the
gravitational field of the earth ag is of the same order of magnitude as

a .
YY

The best experimental value for the anomalous factor a is

9

%o = [ﬁ—:—g] = (1159652.200 * 40) x 10 (21)
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exp
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That is to say, by modern experimental devices the accuracy for measure-
ment of the anomalous factor of magnetic moment of electron has reached
the order of 1 X 10_9, which is of the same order as ag given by (18).
Therefore, there is real possibility of testing this new quantum effect
in general relativity experimentally,

We emphasize that the direct verification of the existence of the
existence of the gravitational effect ag would be most decisive by using
the devices which are capable of changing the diréctiéneof the magnetic

—_—
field H, and measuring the corresponding variation of anomalous factor

a = 5—%—2 . This method reduces the dependence on the accurate calcula-
tion of aQED and the effects of other interactions, and the experimental

. value of the fine structure constant a. From (18) it can be shown that
if we change the direction of magnetic field from H Il n to H Il —n, there

should exist a corresponding variation of anomalous factor

2y
Sa = - —RQ = - 1.39 x 107 (22)
and fromH Il o to'ifj.?;, the corresponding variation should be
r -—
Sa = - R—O =-0.70 x 1077 (23)

We expect that this new quantum effect in general relativity will be

verified experimentally in the near future.
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