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The present report is devoted to the theoretical consideration of a quite unusual phenomenon which should be expected in the cold weakly-ionized Rydberg plasmas. Namely, while in the almost all known plasma systems (from the laboratory devices for the controlled thermonuclear fusion to the variety of astrophysical objects) the imposition of an external magnetic field substantially suppresses diffusion in the transversal direction, just the opposite effect – enhancement of the diffusion due to magnetic field – can take place in the cold Rydberg plasmas.

The physical mechanism of the above-mentioned phenomenon is as follows. If Lorentz force experienced by the Rydberg electron becomes comparable to the Coulomb force of its attraction by the ion, then this electron after each revolution will be shifted in a quasi-random direction with respect to the position which it would have in the unperturbed orbit (i.e. without the magnetic field). As a result of the perturbed electron rotation, the ion will experience kicks in various directions, finally leading to the diffusion-like random-walk motion.

A quantitative consideration of this effect gives the following expression for the effective dimensionless diffusion coefficient:


D ~ ((i /(e)2 ((e /(e) .
(1)

In this formula, all spatial scales are assumed to be expressed in the units of orbital radius of the unperturbed Rydberg electron; and times, in the units of its revolution period; (e and (i are the gyrofrequencies of the free electron and ion in the given magnetic field, and (e is the Keplerian frequency for the unperturbed Rydberg electron. (It should be emphasized that the above-written analytical expression, strictly speaking, is valid only at the sufficiently small ratio (e /(e .)

Finally, let us mention two important physical systems in which the magnetically-stimulated diffusion could be observed. First of all, these are the experiments with ultracold plasmas created by laser cooling and ionization of atoms in the magneto-optical traps [1], since a considerable number of the “secondary” Rydberg atoms are formed during the free expansion and cooling of such plasmas. Moreover, the currently projected experiments with light ions look especially perspective, because the diffusion coefficient in formula (1) changes as 1/mi2.

The second potentially interesting system refers to astrophysics. These are the cold interstellar HII clouds, observed by their emission in the radio recombination lines [2]. The principal quantum number of the respective Rydberg atoms can reach the values of 1000, which are much greater than in the laboratory conditions.
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