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FIG. 3. Streamlines of a magnetic field equilibrium solution B
E given by Eq. 1 with α = 2 and various coefficients (top), and the

corresponding velocity field v = E×B
E/|BE |2 of the unstable mode arising from the simulations (bottom) in the z = 0 plane.

The equilibrium solutions, from left to right, correspond to (B1, B2, B3) = (1, 1, 0), (1, 1/2, 0), and ≈ (−0.814, 0.533, 0.232),
respectively. The color indicates the perpendicular vector component with red and blue representing, respectively, out of the
page and into the page. The thickness of the streamline is proportional to the vector magnitude. The black lines indicate the
location of the separatrices in the equilibrium solutions.

tion of magnetic helicity. Since the Beltrami fields have
B = αA, their helicity is 2UB/α, and the ratio of mag-
netic energy in the αi and αf equilibria is simply αf/αi.
Accordingly, we do not expect the dissipation mechanism
to have much influence on the energy in the final state, as
long as helicity is preserved. For the simulations shown
in Fig. 4, HM is constant to ∼ 0.1%.

Conclusions.—We studied periodic Beltrami magnetic
fields in the finite and infinite magnetization cases and
found that generic cases exhibited instability, followed by
turbulence, and eventually relaxed to the longest wave-
length configuration. The instability quickly gives rise
to regions where the electric field energy density is com-
parable to the magnetic field. In astrophysical sources
where such configurations may be relevant, like the Crab
pulsar wind, these would be likely sites of particle accel-
eration and photon emission, a possibility we will explore
in future work.

Further exploration of the nonlinear regime will require
physical modeling of the dissipation process, for example
with resistive MHD or kinetic simulations incorporating
radiative losses, which will reveal details of the plasma
heating and, potentially, the energization of nonthermal
particles. We also plan to study a broader class of mag-
netic equilibria, perhaps in spherical or cylindrical ge-
ometries.

FIG. 4. A comparison of the decay of an α2 = 11 equilib-
rium in FFE and RMHD simulations with different values of
magnetization parameter σ. Shown is the magnetic energy
(top) and kinetic energy — or electric field energy in the case
of FFE — (bottom). The top panel also shows, in horizon-
tal dashed lines, the magnetic energy of α2 = 3 and α2 = 1
states with the same helicity. The bottom inset shows the
linear growth rate γ measured for runs having different mag-
netization parameters, along with the Alfvén speed (dashed
line) for comparison.


