Study of slab magnetic reconnection by means of a
self-adapting grid code based on the wavelet transform
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In a strong magnetized plasma, the local evolution of sihgleity reconnection modes in the
poloidal plane may be efficiently described in cartesiarrdimates in a slab geometty, y), the
neglected: coordinate corresponding to negligible curvature effatteg the toroidal coordinate.
The simplest model to describe the evolution of a magnefitasina in this configuration and in
the Alfvénic frequency range is provided by the two-fielddabequations (see e.qg. [2]),
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The stream functiong and+ are related to the electromagnetic fieldsBy,, = Vi x e, and

E = —Vyp — (1/c)0y/0te,, and to the plasma response by means ofEhe B-drift, which

to the leading order represents the average plasma velocttye poloidal plane. Among the
characteristic parametefs (ion-sound Larmor radius)]. (electron skin depth) ang (plasma
resistivity), only the two latter may break the ideal pre@aéion (linking theorem) of the magnetic
topology, by thus triggering a reconnection process. Hewndlie smallness of such parameters in
the low collisional regimes econcountered in fusion orgstysical plasmas, implies that existing
models for magnetic reconnection predict reconnectiogsratill too slow with respect to what
experimentally observed. Mechanisms to account for tlsisrdpancy are therefore sought, and in
some regimes indications have been recently given of theroerece of a nonlinear acceleration of
the reconnection rate (see [3]). Computational limitagibave so far mostly constrained numerical
investigations of magnetic reconnection to non-realistidti-scale separations, whereas important
effects may come into play, e.g. due to the separation ofadh@nd electron dynamics (which is
for example responsible of the transition to the whistlgjimee —see e.g. [4]), or, as suggested
by analogous studies in the whistler frequency regime [6¢ @ the transport of the equilibrium
free energy from the macroscopic scales of the equilibriteas lengthZ to the small scales
developing inside of the reconnection layer, which in reaifgurations are separated by some
orders of magnitude.

The use of a self-adapting grid code based on the “wavelesfivams” to study slab reconnec-
tion processes is pertinent due to the localization of thallssgale nonlinear dynamics inside the
reconnection layer, whose size scales with some poweéy of n, depending on the regime. The
integration is performed by means of a Runge-Kutta fourtteoscheme in time and a third order
up-wind scheme relying on compact finite differences in sp8y using a self-adapting algorithm



based on Adaptive Mesh Refinement technics [6] with a wabeletd detection of areas of interest
[7], the code allows an automatic fine refinement while follayvthe nonlinear dynamics which
develops inside of the reconnection layer. There we lodellthe space step decreas@té L for
500, 000 points in total, yielding &.2% compression rate.

We discuss the features of the numerical model and providee gareliminary examples of
study of the nonlinear dynamics of magnetic reconnectiosiicall values (i.e< 1) of d./L and

n.
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