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Theory of one-dimensional electronic Casimir effect in terms of complex eigenvalue
problem of Hamiltonian and Liouvilian

Tanaka, Satoshi
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Electronic Casimir effect between impurities in a quantum wire has been
theoretically investigated in terms of complex eigenvalue problem of Hamiltonian. We have revealed that a
mechanism of a force between the impurities caused by an electron transfer through a one-dimensional
conduction band is essentially the same as a ordinary Casimir force between atoms mediated by a virtual
photon. In this electronic system, a finite effective band-mass of an electron leads the Casimir force to
decay exponentially in the distance of the impurities, in contrast to a power law decay in an ordinary
Casimir force. It is found out that the electronic Casimir force extends to a very long range due to the
Van Hove singularity characteristic to a one-dimensional system. We have further clarified that virtual
cloud, key element of the Casimir force, disappears when the atom is in the excited state as a result of
the nonlinear dispersion relation of the electronic band.
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