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Theory (Exact laws in Incompressible Hall MHD)

aS
= +V,- Y+ H) — 24 =2vV/2S,+ 2nV2S, — 4€  Hellinger et al. AplL (2018)

Assumptions made: 4A=V,-H Ferrand et al. ApJ (2019)
Statistical homogeneity

Increments =) Su = u(x + 1) — u(x)

> Secondorder: Sp=<6b-6b>=<|6b|*?> S,=<déu-bu>=<|6ul?> S=S,+S5,

Structure
functions:
» Thirdorder Y =< §u(|6u|? + |6b|%) — 26b(u - 5b) > H =< 26b(6j - 6b) — 6j(|6b|?) >
I— No viscosity (v), resistivity(n) | A =<4§j-6[(b-V)b]>
Cascad 2% v v+l H/2
ascaderate € = ———+4 -V, - -V, .
409t 4 4"
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Fully kinetic Simulations: Turbulence Vs Reconnection
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Out of plane current density for turbulence (left) when the mean square current is maximum, and for reconnection(right) when the

reconnection is quasi-steady.
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Out of plane current density for turbulence (left) when the mean square current is maximum, and for reconnection(right) when the
reconnection is quasi-steady.
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Energy Containing Scale
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Left: Cascade rate estimation for the turbulence simulation when current is maximum. Each term is normalized with the
energy decay rate obtained from the magnetic and lon flow energy. The bottom plot represents the total second order

structure function. Right: Energy cascade process.
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Cascade rate estimation for the turbulence simulation (left) when current is maximum, and reconnection
simulation(right) when reconnection is quasi-steady. Each term is normalized with the energy decay rate obtained from
the magnetic and lon flow energy. The bottom plot represents the total second order structure function.
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Conclusion:

* Dynamics of third order law are similar for both turbulence and
reconnection.

* Energy cascade rate is constant in the inertial range, where the
divergence of the MHD energy flux in lag space dominates.

* Reconnection, like turbulence, is an energy cascade process.

* Is there a universal law governing reconnection and turbulence?
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