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Extreme astrophysical plasmas
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First-principles modeling of plasmas gift 2

Mesoscales
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Numerical modeling of plasmas

github.com/hel-astro-lab

runko ( Public

Modern C++/python CPU/GPU plasma toolbox A A
@ Python ﬁ? 59 K.T.KGPLfELO vxv 22 @ 10 I'l 1 Updated 4 hours ago

corgi (Public

C++17 template library for massively parallel computational grids

@c++ vr5 & Apache-2.0 ¥ 3 @ o Yo Updated 2 weeks ago

tyvi (Public

HPC C++ parallelization library. "
@c++ Yr0 Mor30 F¥o (a4 10 Updated 2 weeks ago

mpidcpp (Public

User-friendly MPI headers for modern C++14 with template metaprogramming

@C++ ﬁ? 7 513 Apache-2.0 Q;’ 2 @ 0 I'l 0 Updated 3 weeks ago

SFQED (Public

Python package for calculating QED cross sections in a strong background magnetic field.

@ Jupyter Notebook ﬁ 1 Kll MIT 7'59 0 @ 0 I'l 0 Updated on Mar 26
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http://github.com/hel-astro-lab

runko

Open-Source Simulation Toolkit

Technological features:

- CPU/GPU portable 3D particle-in-cell code

- Modern C++26/Python3 high-performance code

- Multi-level parallelization w/ SIMD + MPI

- Open source (incl. problem setups, analysis scripts, etc.)




Magnetosphere
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Faraday disk

Electric circuits:
Voltage V ~ Qd/c
Power P~ V2/R=1V
)
Current [ ~ QBRdiSk/c

Crab pulsar:
B~ 102G
Q ~200rads™!

V ~ 10'° Volt
I ~ 10'* Ampere
P~ 10°%ergs™!



Magnetospheric circuit
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Polar cap discharges

radio emission

Nattila & Salmi (in prep)
Salmi & Nattila (in prep)
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Pulsar discharge cycles
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Simple ODE set for the
plasma/radiation dynamics
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Pulsar discharge cycles
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Simple ODE set for the
plasma/radiation dynamics
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Research areas of plasma astrophysics research group

Pulsars “ / Fast radio bursts ¢ Magnetars & QED
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