
Pair discharges  
& radio waves  
from pulsars

Joonas Nättilä

Centre of Excellence
neutronstars.fi



Extreme astrophysical plasmas
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First-principles modeling of plasmas
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Lorentz + Maxwell’s Vlasov equation MHD equations



Numerical modeling of plasmas

 github.com/hel-astro-lab 

http://github.com/hel-astro-lab


- 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.) 


https://github.com/natj/runkoTechnological features:

Open-Source Simulation Toolkit



Magnetosphere

magnetosphere wind turbulent nebula

RLC = c/Ω ∼ 1000 R⋆

vϕ = c

Bdipole ∝ r−3 Bϕ ∝ r−1

B ∝ r−2



Faraday disk

V ∼ ΩΦ/c
P ∼ V2/R = IV

B ∼ 1012 G
Ω ∼ 200 rad s−1

V ∼ 1016 Volt
I ∼ 1014 Ampere

P ∼ 1038 erg s−1
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Crab pulsar: 

Electric circuits: 

Current  I ∼ ΩBR2
disk /c
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Polar cap discharges



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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Research areas of plasma astrophysics research group
Pulsars 
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Fast radio bursts Turbulent accretion flows 
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Magnetars & QED 

Equation of state Atmosphere dynamics 


