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Magnetospheres of compact objects such as neutron stars and black holes, connected to some

of the most violent events in the Universe, are complex systems where quantum electrody-

namic (QED) processes, kinetic-scale pair plasma physics and general relativity (GR) play all

an important role. To study such intricate and exotic systems, advanced simulation techniques

are required. In this work, we present a GR module recently developed for the particle-in-cell

code OSIRIS [1], including a field solver, particle pusher and a charge conservation algorithm

for arbitrary curvilinear coordinate systems. All algorithms in OSIRIS-GR support Minkowski,

Schwarzschild or the slow-rotation limit of the Kerr metric.The prescribed stellar boundary

conditions grant a steady convergence to the GR dipolar magnetic field solution of a neutron

star in vacuum [2]. We present two-dimensional simulations performed with this GR-PIC mod-

ule of neutron star magnetospheres, where the QED processes are mimicked by one of three

processes: injecting plasma at the surface of the neutron star, in volume, or by producing new

pairs whenever particles reach a threshold energy. We discuss the differences in the plasma

current distribution in the vicinity of the star obtained with these three methods for different

ratios between the Schwarzschild and the stellar radii. Finally, we compare analytical results

[3] with simulations with a high plasma supply, where the magnetosphere converges to a force-

free regime, to study how the neutron surface area containing foot points of open magnetic field

lines is modified by the presence of GR effects.
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