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Figure 2. Time development of the spectrum of kinetic (left) and magnetic (right) energy, given in erg/cm3 /m 1 for resolution 5123 .
During the startup phase the hydrodynamic cascade is not yet fully developed, this phase lasts for 1teddy . The kinematic phase refers
to the time when the hydrodynamic cascade is fully developed, but the magnetic energy is still energetically sub-dominant. During the
kinematic phase, the the kinetic energy power spectrum is consistent with a Kolmogorov cascade, having a slope k 5/3 over intermediate
wavelengths. Meanwhile, the magnetic energy spectrum is consistent with the Kazentsev description, having a positive slope k3/2 over
the same intermediate wavelengths. During this phase the magnetic energy exponentiates rapidly, with an e-folding time controlled by
shearing at the smallest available scales. After saturation, the magnetic energy spectrum conforms to the kinetic energy spectrum, such that
EM (k) ⇡ 4EK (k) over the intermediate wavelengths. The kinetic energy spectrum after the dynamo completion has a slightly shallower
slope than during the kinematic phase, but is still consistent with a 5/3 spectral index.

(Kazantsev 1968). This model predicts that the power
spectrum of magnetic energy peaks at the resistive scale
`⌘ and obeys a power law k 3/2 at longer wavelengths. The
kinematic phase ends when the magnetic field acquires
sufficient tension to modify the hydrodynamic motions,
after which time a dynamical balance between kinetic
and magnetic energy is established.
Numerical simulations of MHD turbulence are typically limited to magnetic Prandtl numbers Pm ⌘ ⌫/⌘ ⇡
1. However, neutron star material is characterized by
Pm
1, with the viscous cuto↵ due to neutrino di↵usion occurring at around 10 cm, while the resistive scale is
significantly smaller (Thompson & Duncan 1993). However, the disparity between true and simulated magnetic
Prandlt number does not influence our conclusions. This
is because dynamos are generically easier to establish in
the high Pm regime than the small (Haugen et al. 2004;
Ponty & Plunian 2011).
We use an initially uniform, pulsar-level (1011 G) seed
magnetic field. This field is sub-dominant to the kinetic
energy by 10 orders of magnitude, so that the initial
field amplification is expected to be well-described by
Kazentsev’s model. Indeed, we find that during this
phase the power spectrum of magnetic energy follows
k 3/2 (Fig. 2), peaking at around 10 grid zones, which

Figure 3. Time history of the magnetic energy for a representative run at 1283 , together with the empirical model (Equation
3) with best-fit parameters. The horizontal dashed line indicates
the magnetic energy, Esat at the dynamo completion. From left
to right, the vertical dashed lines mark the end of the startup,
kinematic, and saturation phases.

