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equation, the magnetic field appears as a noise whose statistical properties are ...... that for a quadratic action the value of the functional integral in (A 7) is. 
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The equations of motion of a test particle in a stochastic magnetic field and interacting through collisions with a plasma are Langevin-type equations. Under reasonable assumptions on the statistical properties of the random processes (field and collisional velocity fluctuations), we perform an analytical calculation of the mean-square displacement (MSD) of the particle. The basic nonlinearity in the problem (Lagrangian argument of the random field) yields complicated averages, which we carry out using a functional formalism. The result is expressed as a series, and we find the conditions for its convergence, i.e. the limits of validity of our approach (essentially, we must restrict attention to non-chaotic regimes). Further, employing realistic bounds (spectral cut-off and limited time of observation), we derive an explicit formula for the MSD. We show that from this unique expression, we can obtain several previously known results.



1. Introduction The theory of particle and heat transport in stochastic magnetic field is of major importance for plasma physics. The results of this active field of research are relevant for general transport theory (Balescu 1988) and for the study of plasma confinement devices (Liewer 1985). Besides experimental studies and numerical simulations, various analytical approaches have been developed in this field, based on Langevin equations (Kadomtsev & Pogutse 1978), dynamical systems theory (Rechester & Rosenbluth 1978), kinetic equations (Balescu et al. 1994), statistical methods (Krommes et al. 1983), etc. Many of the results are reviewed by Krommes et al. (1983). It should be noted that the evolution of the ideas in this field was dominated by heuristic and semiquantitative analysis based on insight into the physical phenomena. The systematic analytical approaches are constrained by the difficulty of building a consistent model for the statistical properties of the stochastic field and by technical complications related to the highly nonlinear character of the problem. There has been a change in the nature of the theoretical arguments, with the advent of dynamical systems theory methods. f Permanent address: Institute of Atomic Physics, IFTAR P.O. Box MG 7 Magurele, Bucharest, Romania.
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In more recent treatments (Rax & White 1991; Laval 1993) numerical and analytical investigations of the Rechester-Rosenbluth (RR) regime have been performed, using as models for the magnetic field iterated maps (standard map, sawtooth map). These systems are appropriate, since they automatically provide the basic properties required by the RR argument: exponential separation of trajectories and conservation of the area of sections through bundles of trajectories. By contrast, in the approach based on the Langevin equation, the magnetic field appears as a noise whose statistical properties are specified by giving the first few correlations. The main objective of the present work is to provide a basis for a quantitative treatment of the problem of the test particle in a collisional plasma immersed in a stochastic magnetic field. This work does not aim at giving a definitive answer to this problem. It is more likely that the following calculations show the inherent difficulty and complication of the problem, which apparently precludes any exact treatment. However, we develop some calculational tools that allow us to make progress even in the traditional analytical approach, based on Langevin equations. We start by defining, in a simple geometry given by a strong constant magnetic field BOz, three independent stochastic processes: a transverse magnetic field bx y and the parallel and perpendicular collisional fluctuations of the particle velocity r)pi\L = (rjx, y\y). The Lagrangian nonlinearity of the problem is taken into account. The statistical properties of these stochastic processes are specified, giving the spectrum of the magnetic field components 6a (a = x,y), and the two-point correlations of the collisional fluctuations: )L in (2.8) is expressed in a series of cumulants: + (d2)) -$ «c 2 > + 
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