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Magnetic reconnection is a complex physical process
involving rapid changes in magnetic field topology
thought to be responsible for energetic outbursts in
astrophysical and laboratory plasmas.

This work implements Resistive and Hall MHD models,
primarily using simulations based on the GEM
challenge [1], to examine fundamental properties of
reconnecting plasmas and the impact of resistivity and
two-fluid effects on reconnection rates and global
plasma dynamics.

Formulation: Resistive MHD + Hall effect
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The GEM setup uses a perturbed Harris sheet to trigger a

tearing mode instability, leading to fast reconnection.

In low-resistivity plasmas,
maghnetic islands coalesce
and are ejected along the
current sheet, destabilizing
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previously steady-state
reconnection.

This effect is not observed
in plasmas with spatially
localised resistivity profiles
or Hall MHD.

Figure 3: current density and
magnetic field line evolution for
n = 0.001 /n Resistive MHD

300 me10t For Resistive MHD,
reconnected flux

| increases with

Divergence constraint: V- (B) =0

Ohm's law: E + vXB = nj+nl—ej XB

Numerical methods: HLLD hyperbolic solver, MUSCL-
Hancock with van Leer slope limiter, constrained
transport, Athena++ fluid code [2]

Wrote Hall MHD module for Athena++
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Figure 4: Reconnected flux over time for Res. MHD with
constant resistivity,; line darkness increases with n

Hall MHD reconnection advances 2-3x faster than
Resistive MHD early on, but the formation of magnetic
islands in Res. MHD accelerates reconnected flux later.
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Figure 5: Reconnected flux for Hall (red) vs Resistive (pink)
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Figure 2: Time evolution of current
density and magnetic field vectors
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