Current density in turbulent magnetically confined plasmas
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Abstract.

A turbulent extension of the Ohm’s law, derived from the action-angle transport formalism,

is presented. The equation describes the evolution of the current density in the presence

of magnetic turbulence in axisymmetric magnetized plasmas. The hyper-resistive
helicity-conserving contribution, usually derived in the framework of MHD, is recovered,

and the hyper-resistive coefficient is defined. Additionally, the generalized Ohm’s law
contains an anomalous resistivity term and a term proportional to the first derivative of

the current density. The numerical solution for given thermodynamic profiles puts in
evidence the role of each turbulent term in shaping the steady-state current density profile.
Considering a turbulent generalization of Ohm’s law of the kind presented here is essential in
investigating the feasibility of advanced scenarios with high confinement properties and large
fractions of bootstrap current.
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