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Axions are dark matter candidates that can be 
produced in stellar plasmas through the Primakoff 
and Compton processes. Accurate predictions of 
axion spectra are essential for axion searches. We 
extend the OSIRIS Particle-in-Cell (PIC) code to 
model axion dynamics in plasmas, laying the 
foundation for self-consistent axion modelling in 
PIC frameworks.

(a) Primakoff Process

(b) Compton Process Solar axion flux predicted by standard solar 
models (CAST Collaboration, 2007).

• First PIC-MC implementation of solar axion production.
• Primakoff and Compton production channels integrated 
into OSIRIS. 
• Axion spectra reproduced in excellent agreement with 
analytical predictions.
• Solar-core axion energy-loss rates computed self-
consistently.
• Framework readily extensible to relativistic and unstable 
plasmas, opening the way to future axion studies in 
laboratory and astrophysical environments.
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𝜶𝒂𝒆𝒆 = 𝟏 × 𝟏𝟎−𝟏𝟐
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𝒈𝒂𝜸𝜸 = 𝟏 × 𝟏𝟎−𝟏𝟎 GeV -1 

𝜿 = 9 keV (screening scale)
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