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AGB stars

Adapted from Herwig+ 2005

� Evolved low- and intermediate mass stars

Initial mass : ~ 0.8 - 8 MV

� Pulsation-enhanced dust-driven stellar wind

vL~ 5 - 30 km/s , M ~ 10-8 - 10-5 MV/yr

� For decades outflows assumed to be spherically 

symmetric --> 1D models

� Progenitors of post-AGB stars & planetary nebulae 

with asymmetric morphologies

(e.g. Van Winckel+ 2003, Jones & Boffin 2017)
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Complex-structured AGB outflows

� ALMA large program ATOMIUM (Decin+ 2020)

� Complex structures in AGB outflows:

� ��]��o�U�����U��]�}o��]�ÇU�Y

� Primary cause: wind-companion interaction

� population synthesis (Moe & Di Stefano 2017, Decin+ 2021,...)

� Observations (indirect!) (e.g. Previous talk by Taissa Danilovich)

� simulations (e.g. Malfait+ 2020, Maes+ 2020, ...)

Decin+ 2020
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Challenges & opportunities: 3D

I. Incorrect 1D prescriptions for AGB Mass loss rate, impacted by companion and 3D morphology

II. Bridge gap with Post-AGB stars & Planetary Nebulae:

� Understand orbital evolution, e.g. highly eccentric orbits (Oomen+ 2018)

� Complex-structured morphologies

Cartoon of structural elements of Post-AGB binary

Bollen+ 2022
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AGB outflows vs Planetary nebulae

Decin+ 2020

Planetary nebulae known to host binary central stars

Jones and Boffin 2017
a) Fleming 1, b) NGC 5189, c) Shapley 1, d) NGC 6326, e) The Necklace, f) Henize 2-428, g) Abell 65, h) NGC 

1514, i) ETHOS 1, and j) Henize 2-39. Panels reproduced with permission from: ESO [57] (a); NASA, ESA, and the 

Hubble Heritage Team (STScI/AURA) (b,e); ESO (c,f); ESA/Hubble and NASA (d); Don Goldman (g); NASA/JPL-

Caltech/UCLA, [102], AAS/IOP (h); [55], Oxford Univ. Press (i); [69], Oxford Univ. Press (j)
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for synthetic observations
De Ceuster+ (2020a,b; 2022), Ceulemans+ (in prep.), github.com/Magritte-code/Magritte

An open-source software library for 3D radiative transfer,
e.g. tailored to Phantom models!

Features

� NLTE line radiative transfer

� Optimize discretization for RT (De Ceuster+ 2020b)

How it works

� Only uses point cloud with nearest neighbor information (no grid)

� Traces rays and solves RT equation along each ray
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Example: R Aquilae (ALMA observation, Decin+ 2020)

Flux Density [Jy/beam]

Velocity channel maps

CO J(2-1) 

JOLIEN MALFAIT PHANTOM USERS WORKSHOP 13-17/02/2023, MONASH

RT, Simulations - Observations

31







De-projecting observations into models
De Ceuster+ (in prep.), Coenegrachts+ (in prep., previous talk by Taissa), Malfait+ (in prep.)

Forward modeling: from models to (synthetic) spectral line observations

� Difficult to create models that resemble observations, and thus difficult to compare them
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Frederik

De Ceuster
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