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AGB stars

• Low and intermediate mass

• 𝑀𝑖𝑛𝑖 ∈ 0.8 M⊙, 8 M⊙

• Significant mass loss
• ሶ𝑀 = 10−8 − 10−4 M⊙/yr

• 𝑣∞ = 5 − 25 km/s

• Dust-driven wind

Evolution of 1 M⊙ star
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AGB’s dust-driven wind



AGB outflows

• Non-spherically 
symmetric

• Companion perturbed

• understanding through 
simulations

Decin et al. (2020)
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Ray-tracer

At each point K:
• 𝜅𝑖  𝜌𝑖

• 𝑑𝑖

• 𝜏𝑖

𝜏 = ⋆𝑅

𝑟
d𝜏 ≈ σ𝑖 Δ𝜏𝑖 

   = σ𝑖
𝜅𝑖 𝜌𝑖+𝜅𝑖+1 𝜌𝑖+1

2
Δ𝑠𝑖 



3D → Healpix
Order 0 Order 1

Order 3 Order 2
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Interpolation along a ray

At each point K:
• 𝜏𝑖

Linear interpolations
between points

𝜏 at closest point
along the ray



Interpolation in between rays

Trace more rays



Interpolation in between rays

Trace more rays

Interpolate 𝜏 between
closest rays



Morphological 
structures



Lucy

Attenuation

• Full 3D radiation 
transfer code 
Magritte

• Lucy 
approximation 
most accurate

Validation 
Study



Conclusions

• Dust formation and radiative 
transfer is crucial

• Different approximations can 
make significant changes

• Lucy approximation most 
accurate, but a combination 
might give even better results

Esseldeurs et al. (2023)
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