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SUMMARY

The Nambu theory of elementary particles is exam-~
ined. We encounter grave difficulties if we insist
upon Lorentz invariance. But the model provides an
ether, which can violate Lorentz invariance. By tak-
ing this idea completely seriously, we can show how
the photon and the graviton arise as collective oscil-
lations, and can estimate their coupling constants.
These fields travel with velocity ¢ in spite of being
collective oscillations, so that classical experiments
seem to have no bearing on the existence of an ether.
A new experiment to look for the ether is described in
the final section.

1. Introduction

It is very difficult to investigate gravitation directly. The
theory still rests on the three classical tests, although new experi-
ments »2 are under way. Some physicistsa" have tried a different
approach, and have looked for effects of Mach's principle. These ex-
periments so far have given null results, and we seem as far as ever
from making progress. This essay outlines another indirect method. The
basic idea did not come from the study of gravitation, but from a
theory of elementary particles. Only after I had developed it quite
extensively did it become clear that gravitation must play a funda-
mental role. The theory is based on well-known work of Nambu® , which
we will review briefly. We will describe the difficulties inherent in
this theory, and the one radical suggestion we make to eliminate them.
This move apparently brings us into conflict with classical optical
experiments, but it turns out that the theory is constructed in just
such a way as to keep us out of trouble. The extension from electro-
magnetism to gravitation was made last summer? , and shows fairly clearly
its function in the theory. A new set of experiments to check the under-
lying idea presents itself, and is described in the concluding section.

2. The Nambu Model

The BCS theory8 of superconductivity raised a serious ques-
tion of principle, because it seemed at first sight not to be gauge-
invariant. One of the deepest studies of this problem was made by
Nambu @ , who showed that the collective oscillations which were needed
to save the situation were in fact a direct consequence of the gauge
invariance of the original Lagrangian, and the violation of the symmetry
by the new vacuum state. The electrons in a superconductor are in a
highly-correlated state, and the lowest excitations above the ground
state do not behave either as electrons or holes, but as a coherent
mixture of both. These excitations are called quasiparticles.

Nambu noticed that the equations of motion he obtained for
the quasi-particles were strikingly similar to the Dirac equation, with
the energy gap in the superconductor taking the place of the rest mass.
He was led to suggest5 that the elementary particles might be quasi-
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particles against a background of correlated pair states. In order to
preserve Lorentz invariance, he was obliged to let this background con-
tain states of arbitrarily high momentum, but it was clear that one could
reformulate the theory without ever mentioning the underlying pairs, just
as the Dirac electron sea can be transformed away.

Nambu was trying to interpret the pion as the analog of the
collective oscillations in a superconductor. But he discovered, to his
chagrin, that these oscillations had zero rest mass in his theory. This
has since been shown to be no accident’® ., and the situation is summar-
ized in the Goldstone theorem: "In a theory which is Lorentz invariant,
and contains a continuous symmetry which is broken by the vacuum state,
we will discover collective oscillations of zero mass."

This theorem has thwarted all attempts to make real sense of
the Nambu theory. However, a superconductor is not restricted by the
theorem, because it is not Lorentz invariant. I therefore wondered
whether the Nambu theory could be saved in the same way, and was led to
investigate the evidence for Lorentz invariance. This essay is the re-
sult of my inquiry.

3. The ether, the photon and the graviton.

The Nambu model provides us with an obvious way of breaking
Lorentz invariance. We have simply to restrict the background pair states
to energies less than a certain cutoff A. Since the background is un-
observable when A is infinite, we may hope that observable effects will
be small when A is finite but large, and that all experiments so far
carried out may be consistent with Lorentz invariance. So we introduce
into our theory small terms designed to violate Lorentz invariance in
the simplest way. These terms have the general fornlquJ s Where g is a
coupling constant, JP a current, and AY a fixed four-vector. It is
important to remember that A is not a field generated by surrounding
matter; it represents the averaged effect of the background of pairs.
This background is not Lorentz invariant, but defines a preferred set
of reference frames, in which the momenta of the pairs are isotropic.
In such frames, we take A¥ to have the form (1,0,0,0), i.e., its space
compor.ents are zero. What we have done is to reinstate the ether, and
with it an ether drift velocity, given by the spatial part of A¥ as
measured by an observer on the earth.

The theory has to meet an immediate crisis, because we are
brought up to believe that the Michelson-Morley experiment disposed of
the ether once and for all. We could, it is true, postulate that light
is an autonomous field unaffected by the ether, but this is obviously
unpleasant. Much better would be the emergence of the photon as a mode
of vibration of the ether, in keeping with the classical idea. Yet this
collective oscillation must travel with velocity c :

The essential step was taken by Bjorkeﬁs, who established that
such oscillations do exist in a Nambu theory containing a vector A ,
that they are a direct result of the presence of this vector, as the
Goldstone theorem indicates, and that they travel with velocity ¢ because
of the conservation of charge (gauge invariance). It was not too diffi-
cult to extend this method, though imperfectly, to gravitation7 » with
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the result that we can estimate the cutoff energy A to be related to
the gravitational coupling constant G by

G~ -
29
implying that A = 10 ev.

The function of these collective oscillations is to disguise,
as far as possible, the fact that a symmetry has been broken. This is
neatly illustrated here. It has often been suggested that no energies
greater than about (02° ev are physically meaningful, because of
distortions of the measuring device by gravitational fields. 1In our
theory, which has a built-in cutoff at this level, a gravitational field
is automatically generated to make it impossible for us to measure higher
energies.

L, Testing the theory.

In a recent paper " , the effect of a term g/\“J“ was critically
examined. We found that the decay rate'? of K3 -»2T , and some magnetic-
resonance experiments’3 , set the present 1limit, but that it can be ex-
tended by several orders of magnitude if a special experiment is de-
signed for the purpose. It turns out that this will be sensitive enough

to cover the expected range, as estimated in references 7 and 1ll.

In our experiment, we take,j“ to be the axial-vector currgpt,
which for a stationary electron has the form (0,0 ). Any velocity v, of
the earth through the ether gives rise to a coupling of the formgv-0O
» > ,which will have effects similar to those of the magnetic coupling
H. o0 . If the ambient magnetic field can be;peduced sufficiently, a
magnetometer can be constructed to respond tov. We will not discuss
here the technical problem of eliminating magnetic effects; there are
two tricks one can play which promise to make this a less serilous
nuisance than several other sources of interference. But it is inter-
esting to get a picture of the probable behavior of V.

Apart from a general recession, the galaxies are nearly sta-
tionary with respect to each other. It is natural to guess that they
are also at rest in the ether. _The earth is near the rim of our galaxy,
and has a velocity of about 107 c due to galactic rotation. Super-
imposed on this is a velocity ten times smaller due to our motion around
the sun. To an observer on the earth, the vector V will appear to rotate
once a day, and the magnetometer will give a corresponding response. The
period will actually be a sidereal day, and the phase should be consistent
with a velocity directed glong our galactic arm. However, it requires
some ingenuity to obtain V ; the coupling term contains a constant g which
is unknown, so that at first it seems that we can only find the line of
VvV, not its nagnitude or sense. But we can hope to observe the modula-
tion of the main effect by our motion around the sun, and this suffices
in principle to determine V completely.

Our magnetometer is a torsion pendulum carrying a bar magnet.
Its deflection is measured by an optical-lever system modelled after that
of Dicke4. The torque to be dgzected is estimated to be equivalent to
that of a magnetic field of )0 ° gauss. It is not hard to obtain adequate
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sensitivity, but background noise will be our principal problem. We
have been building this instrument for about eighteen months, with the
support of the National Science Foundation and of the National
Aeronautics and Space Administration. We hope to obtain preliminary
data within the coming year.




References:

1. G. M. Clemence, Essay submitted to the Gravity Re-
search Foundation, 1962.

2. I. I. Shapiro, Phys. Rev. Letters 13, 789 (1964).

3. G. Cocconi and E. Salpeter, Essay submitted to the
Gravity Research Foundation, 1958. Nuovo Cimento 10,

646 (1958).

4. P. G. Roll, R. Krotkov and R. H. Dicke, Ann. Phys.
26, L42 (1964).

5. %. ga?bu and G. Jona-Lasinio, Phys. Rev. 122, 345
1961).

6. J. D. Bjorken, Ann. Phys. 24, 174 (1963).
7. P. R. Phillips, Phys. Rev. (to be published).

8. J. Bardeen, L. N. Cooper and J. R. Schrieffer, Phys.
Rev. 106, 162 (1957); 108, 1175 (1957).

9. Y. Nambu, Phys. Rev. 117, 648 (1960).

10. J. Goldstone, Nuovo Cimento 19, 155 (1961).
J. Goldstone, A. Salam and S. Weinberg, Phys. Rev.
127, 965 (1962).

11. P. R. Phillips, Phys. Rev. 139B, 491 (1965).

12. J. H. Christenson, J. W. Cronin, V. L. Fitch, and
R. Turlay, Phys. Rev. Letters, 13, 138 (1964).

13. J. L. Bottum, R. E. Gebhardt and J. B. Townshend,
J. Geophys. Res. 66, 4319 (1961).




