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Development of MHD turbulence simulation code: Effects of turbulence in magnetic
reconnection
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In general, since the magnetic Reynolds number in space, e.g., the Earth’s magnetosphere and the solar corona, is much gre:
than unity, turbulence can be observed in many situations. Turbulence plays a key role in various phenomena like solar winc
magnetic reconnection, the diffusive acceleration in shocks, and so on. For example in magnetic reconnection, one of the ma
interests is in the point that how turbulence affects the nature of the release of the magnetic field energy.

The relationship between turbulence and magnetic reconnection has been studied from 1980s by both theoretical and numeric
procedures [e.g., Matthaeus & Lamkin, 1986]. In many cases, ad-hoc turbulence is assumed. For example, it is theoreticall
suggested that the rate of reconnection is independent of the electric resistivity by assuming the strong Alfvenic turbulence arour
the current sheet [Lazarian and Vishniac, 1999]. On the other hand recently, the importance of self-generation of turbulence i
magnetic reconnection has been addressed from the viewpoint of the theory of turbulence [Yokoi and Hoshino, 2011]. This
theory predicts that the cross helicity (which is defined as a macroscopic value for turbulence) generated by the breaking c
symmetry in magnetic reconnection would enhance the rate of reconnection dramatically.

We invent a new simulation code, where the effects of self-generated turbulence are included, in order to clarify how turbulence
affects the macroscopic physics in the self-consistently developing system. Here, we present the MHD turbulence simulatiol
code and discuss the early simulation results for magnetic reconnection. In our simulation code, equations of time evolution fo
the cross helicity and turbulent kinetic energy (which can be derived strictly) are solved in addition to the ordinal MHD equations.
Then, these quantities for turbulence interact with mean quantities, like the magnetic field and the velocity, through the turbulenc:
electromotive term in the Ohm’s law. Simulation results show the generation of the cross helicity along the reconnection exhaus
as is predicted by the theory of turbulence. It also turned out that the spatial inhomogeneity of the cross helicity determines
the spatial distribution of the effective turbulent diffusion in the current sheet. In this presentation, based on these simulatior
results and the theoretical forecast, we discuss how the self-generated turbulence affects the macroscopic physics in magne
reconnection.
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