Weak-interaction neutral currents and the Josephson effect
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We discuss the possibility of observing parity-nonconserving electron-nucleon interactions with the aid

of the Josephson effect.

The observation of weak electron-nucleon interaction
would be of great interest to the physics of elementary
particles. In this article we wish to call attention to the
possibility, in principle, of observing parity-noncon-
serving eN interactions, at energies on the order of
atomic, with the aid of the Josephson effect. The possi-
ble manifestations of parity nonconservation in atomic
transitions are discussed inf!=%?,

The Hamiltonian describing a P-odd contact interac-
tion of two fermions can be represented in first order
in v/c in the form
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In this formula, G=10"%m;? is the weak-interaction
constant, r and p are the relative coordinate and mo-
mentum of the fermions, 51'2 are their spin matrices,
Bi, Bz and B, are dimensionless parameters, and the
indices plus and minus denote the anticommutator and
the commutator. If, e.g., the relativistic Lagrangian
of the interaction is represented in the form of a prod-
uct of currents having a V- A structure, then B, =-8,
=B,=1, and m coincides with the reduced fermion
mass.

We consider a superconductor with polarized nuclei.
To find the effect of the interaction (1) on the motion of
the Cooper pairs, we average this interaction over the
wave functions of paired electrons with specified sum-
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mary momentum, and also over the states of the nucle-
ons in the nucleus. The resultant increment to the effec-
tive Hamiltonian of the Cooper pairs is
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Here m, is the effectiY.e mass of the electron, # is the
density of the nuclei, £(r) is a vector indicating the
direction of the nuclear orientation and its modulus is
equal to the degree of polarization, while the constant 8
is expressed in terms of the parameters B;, and B,,,
which characterize [see (1)] the interaction of the elec-
tron with the proton and with the neutron, by the relation
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The averaging in (3) is over the state of the nucleons in
the nucleus.

The factor K describes the deviation of the current at
the nucleus from the average current through the crys-
tal, and is equal to
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where ¥ is the wave function of an electron with quasi-
momentum k, and r,,. is the coordinate of the nucleus.

It is easy to verify that, in the presence of an external
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electromagnetic field described by a vector potential
A, allowance for the interaction (2) reduces (in first
order in G) to the substitution
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in the electromagnetic-interaction Hamiltonian.

Maxwell’s equation for a constant magnetic field, with
allowance for (5), takes the form
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Here p is the density of the Cooper pairs and ¢ is the
phase of their wave function. Taking the curl of (6), we
obtain
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Thus, in the presence of polarized nuclei neither the
magnetic field nor the current is generally speaking
equal to zero in the interior of the superconductor.
However, in the usual method of polarization with the
aid of an external magnetic field Hy(r), we obviously
have £(r) < Hy(r), so that curl Z(r) =0 and neither the
magnetic field nor the current penetrates into the in~
terior of the superconductor. We confine ourselves
henceforth for simplicity to just this case.
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How does the interaction (2) influence the physical ef-
fect in superconductors? A change takes place in the
condition of quantization of the magnetic flux ¢ through
the superconducting loop. It is clear from (5) that this
condition now takes the form
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By way of another example we consider the flow of
current through two Josephson junctions connected and
parallel. As is well known, 4! the formula for the maxi-
mum current is (we confine ourselves for simplicity to
the case of identical junctions)
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where I is the maximum current through one junction,
and ¢ is the magnetic flux through the circuit. Allow-
ance for the P-odd interaction (2) leads, just as in the
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case of the quantization of the flux, to the following
modification of (9):
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Thus, the quantity I, changes when the sign of ¢ is
reversed, i.e., when the relative orientation of the
loop and of the external magnetic field is changed.

As seen from (8) and (10), the contribution of the weak
interactions is determined by the dimensionless
parameter ¥,
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where ! is the length of the closed circuit. It is as-
sumed that the nuclei are polarized along the closed
circuit. The constant K can be estimated by using the
Wigner-Seitz method™®? to determine Pe(r). In the pres-
ence of an s or p conduction band this factor is large,
K ~Z%, where the relativistic correction factor « also
increases with Z and reaches 10 for lead.‘® The in-
crease of the electron wave function near the nucleus is
confirmed by experiment on the Knight snift in normal
metals. We note that in the case of a pure d-conduction
band we have K=0. Thus, at f~1 and 1£| ~1 the pa-
rameter v for heavy metals can exceed 10°% cm™,

We note in conclusion that in principle it is possible
to observe in similar fashion P-odd interactions be-
tween electrons. To this end it would be necessary to
produce in the superconductor polarized electrons,
which can apparently be done by placing a thin super-
conductor with paramagnetic impurities in a magnetic
field. At the attainable concentrations of the polarized
electrons, however, the effect is quite small.
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