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Magnetic reconnection is a key process to understand the solar flares, the magnetotail dynamics,
and other phenomena in various astrophysical situations. After Sweet and Parker proposed a
pioneering reconnection model, much attention has been paid to the problem of how to explain
fast reconnection, particularly in the case of a high Reynolds number. In order to answer this
question, for example, slow-mode shocks attached to the small diffusion region, Hall effects, and
turbulence effects have been discussed.
In this study, we especially focus on the role of turbulence. For example, it is theoretically suggested
that in strong Alfvénic turbulence, the reconnection rate does not depend on electric resistivity,
but rather on the properties of turbulence [1]. Another study investigated the effect of turbulence
in large scale two-dimensional simulations and suggested that there are critical turbulent power
and Reynolds number above which turbulence greatly affects reconnection [2]. Recently, another
viewpoint on the relationship between turbulence and reconnection has been presented according
to the theory of MHD turbulence [3]. In that study, it is suggested that the generation of cross-
helicity W ≡ 〈v′ · b′〉 (where v′ and b′ are respectively the characteristic velocity and magnetic
field of turbulent motion) dramatically enhance the rate of reconnection.
To investigate the role of turbulence in magnetic reconnection from the viewpoint of the theory of
MHD turbulence, we newly developed a Reynolds-averaged MHD simulation model. In the model,
equations of time evolution for turbulent variables (such as cross-helicity and turbulent kinetic
energy) are solved in addition to the ordinal MHD equations. Turbulent effects are included in
Ohm’s law as a turbulent electromotive term, and turbulent and mean field quantities develop with
interacting each other through it. It is found that that the initial Harris current sheet develops in
three ways, depending on the strength of turbulence: laminar reconnection, turbulent reconnection,
and turbulent diffusion. The turbulent reconnection explosively converts the magnetic field energy
into both kinetic and thermal energy of plasmas, and it is achieved by the localization of turbulent
diffusion. Also, it is suggested that the cross-helicity could contribute to the localization of the
turbulent diffusion. In this presentation, we introduce the Reynolds-averaged MHD model, and
discuss the role of turbulence in the fast turbulent reconnection.
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