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Test of eflnivalence principle for particles with spin
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We consider a simple modification of the Dirac equation, such that spin-1/2 particles violate the
equivalence principle, but the latter is restored by averaging over spins. An experiment is suggested to test
the existence of such an effect.

It is well known" that, although the usual
Eotvos experiment tests only the weak equivalence
principle, ' it could become a test for the strong
equivalence principle if performed with polarized
bodies (such as test bodies with aligned spins).
The purpose of this paper is twofold: First we
devise a theoretical model whereby spinning par-
ticles violate the equivalence principle, but the
latter is restored by averaging over spins. This
model involves a dimensionless coupling constant.
Then we suggest an experiment which could set
an upper limit on its value.

Let g denote the local acceleration of gravity
(g= 980cm/sec'). The simplest modification of
the Dirac Lagrangian involving g is to add a term
proportional to tl)y "g„g. However, in a static gra-
vitational field, g, =0 and g is a gradient, there-
fore, such a term can be transformed away (it is
similar to adding a. gradient to A&).'

The simplest nontrivial modification of the Dirac
Lagrangian is a term proportional to igy, y"g„f
The Dirac equation then becomes

is+=(cu p+Pmc'+ikhc 'y Z g)g.
Bg 5

In the last term, which conserves CP but not C
and P separately, the factor Ac ' has been intro-
duced so that the "coupling constant" k is dimen-
sionless. In the nonrelativistic limit, the addi-
tional term in the Hamiltonian is simply
xkkc '0 g, with opposite signs for particles and

antiparticle s.
Such a term would mean that a spin-~ particle

carries a gravitational dipole moment kkc 'o. In

classical language, its center of mass and center
of gravity are separated by a distance kk/mc. It
is therefore unlikely that k is a large number. '

Let us examine the consequences of our hypoth-
esis. First, we note that a degenerate energy
level would be resolved into two close ones sepa-
rated by 2k' 'g. As 2' 'g = 4.30~10 "eV, such
a splitting would be considerably smaller than the
present limit on a possible violation of the equiv-

alence principle by weak interactions. ' Moreover,
the spin of a particle would precess around the
vertical axis with a frequency 2kc 'g. Note that
c 'g=1.03 rad/yr. For k=1, this precession is
much too slow to be observable in neutron inter-
ference experiments. ' Yet it is more than a mil-
lion times faster than the one predicted by general
relativity due to the dragging of inertial frames
by the rotation of the earth. ' However, it affects
only spin, not angular momentum in general. In-
deed, averaging over spins cancels the o'g term
and the equivalence principle is restored on a
macroscopic scale.

Consider now a polarized macroscopic body such
as a permanent magnet. It would have an addi-
tional energy +2kc '0 g where f= (8/2)Q o is the
total spin. This induces a torque'+2kc 'Sxg,
which could be observed in the following way:

Let the permanent magnet, thoroughly shielded
from external magnetic fields, hang freely in such
a way that in its equilibrium position 5 is approxi-
mately horizontal. Then, if the magnetization is
destroyed by heating it above the Curie point, the
equilibrium position will be shifted by an angle 0
such that MgH8 = 2kc 'Sg, where M is the mass
of the magnet and H the height of the point of sus-
pension above its center of gravity. Thus,

8 = 2kc 'S/MH = kkc '/mH,

where m is the mass of an atom (more generally,
the mass associated with spin K/2). ' For iron,
we get 8=k(3.8x10 "cm/H).

Unless k is very large, the main difficulties in
such an experiment, apart from observing such
a small angle, would be the following:

(a) External magnetic fields must be completely
shielded away. Even a single quantum of magnetic
flux mk/e, spread over an arear' so that B =nb/
eA, would introduce in the Hamiltonian a term
similar to the one we are considering, but with
a coefficient eSB/2m, = &A'/2m, A. instead of
kSc 'g. We would thus need
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A» vc/2kilgm, = (7500 em)'/k

to be able to neglect such a term.
(b) The demagnetization process may upset the

mechanical equilibrium of the test body because
of the Einstein-de Haas effect " and because of

magnetostriction. "
It seems that the proposed experiment, although

very difficult, could be feasible in the near future.
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