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Colloidal magnetic nanoparticles exhibit coupled dynamics of magnetization, hydrodynam-
ics, and thermal noise that are difficult to resolve with experiments or continuum models
alone. We address this by extending the ESPResSo molecular dynamics framework [1] with
magnetization dynamics governed by the Landau-Lifshitz—Gilbert (LLG) equation. We model
uniformly magnetized single-domain particles with uniaxial anisotropy as macrospins using
Langevin dynamics. This approach resolves Brownian and Néel relaxation in tandem and al-
lows us to separate magnetic and friction loss channels. Losses are obtained from hysteresis
loops under AC magnetic fields and are averaged over a system of 256 particles. The partition
between magnetic and friction losses follows from the work done over one cycle by the field
on the magnetization and the viscous rotational dissipation, respectively [2].

Validation against analytical results shows excellent agreement for equilibrium properties,
thermal spectra, and dynamic susceptibility. The code also allows observation of particle
clustering, polydispersity in size and anisotropy, as well as cubic and shape anisotropy, which
will be briefly discussed.
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Figure 1: Three diagrams depict the energy-loss landscape for magnetic losses, fric-
tion losses, and total dissipated energy for non-interacting magnetite-like nanoparti-
cles with K,, = 30kJm™2 and M, = 400kA m~!, as functions of field amplitude
(up to and slightly above the anisotropy field) and frequency (4.6 kHz to 1 MHz).
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