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In a Galilean invariant system, for which the Landau theory of Fermi-liquids
was originally designed, the (velocity-independent) interactions are the same
in the moving frame as in the stationary frame. Therefore interactions do not
renormalize the current operator. It then follows that, among other things,
instability due to interactions to a state with uniform current is not possi-
ble. If it were not forbidden, it would amount to a dipolar deformation of
the Fermi-surface, which would be the ` = 1 spin-symmetric Pomeranchuk
instability. Such a state occurring spontaneously is also forbidden more gen-
erally than Galilean invariance by gauge-invariance or the proposition that
a photon cannot acquire mass, sometimes called Elitzur’s theorem.

Such a state was proposed by Heisenberg as representing the supercon-
ducting state[1]. In response F. Bloch is said to have stated, but never pub-
lished, that such a state is impossible. The proof of this Bloch’s theorem,
for a Hamiltonian with any one-particle potential (for example a periodic
lattice) and multi-particle interactions which are purely density dependent,
was provided by D. Bohm in an elegant and simple variational calculation [2].
The argument is simply that for any variational wave-function carrying uni-
form current, one can construct another with energy decreasing linearly with
lower current carried. Consistent with the Bloch-Bohm theorem, supercur-
rents only flow in metastable states or in response to variations in magnetic
field as required by the Meissner-Ochsenfeld effect in superconductors.

The argument against uniform current-carrying states can also be made
from conservation laws and Landau theory for velocity independent Hamilto-
nians which are not Galilean invariant. There is no contribution using the in-
coherent parts of the single-particle Green’s function for conserved quantities
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such as density and spin-density. This together with the associated continu-
ity equations or Ward identities allows no renormalization for current-current
correlations either of spin or charge. This is shown quite simply by Kiselev
et al. in the first paper noted above.

None of the above implies that current carrying states at q = 0 is disal-
lowed in a lattice with a basis. Such states were proposed and are in fact
have been observed in cuprates [3] and in an iridate compound [4].

The issue of spin-currents is more fraught. In problems with spin-orbit
interaction, which is where most of the interest lies, spin is itself not con-
served and so there is no continuity equation. But let us first consider the
case that the total local spin and all its components are conserved and there
is a spin continuity equation, for example in a problem which is again with
only density dependent interactions. Then the second paper noted above
has generalized Bloch’s argument to show that no equilibrium state carrying
uniform spin-current is possible. This has also been derived using a Ward
identity in the first paper above. So Pomeranchuk instability is also impos-
sible in the ` = 1 antisymmetric spin-channel in the absence of a spin-orbit
interactions. Again more complicated spin-current patterns on lattices are
not disallowed. These are described by Kiselev et al.

The problem of spin-currents with spin-orbit interactions was raised in
the context that spin-currents are time-reversal conserving and therefore may
possibly be dissipation free [5]. But it was pointed out that not having a
conserved current makes such a discussion moot [6]. But it is possible to
include the effect of non-conservation of spin and yet define a spin-current
operator which does obey a continuity equation [7]. This issue would appear
to be important in proper interpretation of spin-Hall effect experiments.

The idea [8] of a state resembling the ` = 1 spin-antisymmetric Pomer-
anchuk state to Uranium compounds, is not disallowed by the arguments of
the papers highlighted above because of the substantial spin-orbit coupling.
For URu2Si2, where such a state was proposed, experiments have however
ruled out such a state; the hidden order is almost certainly the spatial or-
der of a high order multipole [9]. It might however be worthwhile to have
Landau type theory generalizing Pomerachuk instabilities to problems with
spin-orbit scattering included.
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