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RADMC-3D
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Dynamical and chemical models
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“Simulations in astrophysics

many 3D dynamical models of astrophysical environments
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Physical properties

Questions

— how to compute the line and continuum RT 7
— how to compute intensity maps ?

— full comparison of the 3D structure with observations ?

Problems of radiative transfer in dynamical models
* method | | |
& algorithms —> must be incredibly fast and parallellizable

— high accuracy not feasible

e applications

_ Solution offered by RADMC-3D
® conclusions

— RT done in postprocessing

— accurate treatment of complex RT physics (line, dust, scattering, ...)
— provide images and spectra and their combination

— applicable on many simulations and grid systems

— GUI for image production and volume rendering
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RADMC-3D : status

Fortran code Programmers

o developed over 20 years Cornelis Dullemond
Outline o public access Attila Juhasz

o python interfaces Adriana Pohl
Michiel Min
Farzin Sereshti
Rahul Shetty

Main
Description
lculations in astronomy and astrophysics. It calculates, for a
Featu given geometrical distribution of gas and/or dust, what its images and/or spectra look like when viewed from a certain angle,
allowi odelers to com| eir models witt d data.
i , dust, ds, dusty tori around AGN and models

® scope

e applications

elopes, 3
other kinds of
]
. . imple examples that can be used as templates for one's own models.
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https://www.ita.uni-heidelberg.de/~dullemond/software/
radmc-3d/index.php
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RADMC-3D : method

Input data Computation & output

o provide a density distribution
(gas or dust)

e applications

® conclusions
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RADMC-3D : method

Input data

o provide a density distribution
(gas or dust)

o add stars & map over a grid

e applications

® conclusions
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RADMC-3D : method

Input data

o provide a density distribution
(gas or dust)

o add stars & map over a grid

e applications
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RADMC-3D : method

Input data

o provide a density distribution
(gas or dust)

o add stars & map over a grid

o provide physical data
(atomic / molecular / dust)

e applications

e conclusions BE= mE
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RADMC-3D : method

Input data

o provide a density distribution
(gas or dust)

o add stars & map over a grid

o provide physical data
(atomic / molecular / dust)

e applications

e conclusions BESSLEAL T
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Computation & output

o compute dust temperature
& radiative transfer

o compute line rad transfer



RADMC-3D : method

Input data Computation & output

o provide a density distribution o compute dust temperature

(gas or dust) & radiative transfer
o add stars & map over a grid o compute line rad transter
o provide physical data o images and spectra from
(atomic / molecular / dust) ray tracing towards observer
e applications R .

e conclusions /\/m N
s AN AN
)

£

[ % N

| | " synthetic
>

g\ ) observations

| . i o [

/

IRT - radiative transfer




e applications

® conclusions

Monte-Carlo algorithm

divide medium into cells
- geometry, invariance, resolution, ...

l

~create a photon packet (luminosity, frequency) |
weighted sources, emission direction

compute the position ~ propagate packet up to z
of the next scattering event ~ absorption, scatt source func

r % 1

compute scattering angle — «— | true scattering event or
(isotropic or not) absorption + reemission

compute image & spectra
~ (volume rendering, collection imaging, tangent rays, ...) ol
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phical User Interfaces
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e method
& algorithms
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e method
& algorithms

al User Interfaces

for disk models
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Protoplnetary disks

Dust in protoplanetary disk (Dullemond & Dominik 2004)

e applications
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Protoplanetary disks

Line emission in protoplanetary disks
(Dullemond et al. 2020)
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Qutline

® scope

e method
& algorithms

® conclusions

Protoplanetary disks

Magnetic pressure in protoplanetary disk (Flock)
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Dust in 3-D hydrodynamics model of an AGN
torus (Schartmann et al. 2014)
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Dust in 3-D hydrodynamics model of an AGN
torus (Schartmann et al. 2014)

i= 000, p= 000

e applications Q
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Star forming regions

Dust emissivity from star forming region

e applications

A = 1000 um
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“Star forming regions

Dust emissivity from star forming region

e applications

A =100 um
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Dust emissivity from star forming region

e applications

A =50 pum
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- forming regions

Dust emissivity from star forming region

e applications

A =40 um

IRT - radiative transfer



r forming regions

Dust emissivity from star forming region

e applications

A = 30 um
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forming regions

Dust emissivity from star forming region

e applications

A =20 pum
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'orming regions

Dust emissivity from star forming region

e applications

A =10 pum
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Outline

® scope

e method
& algorithms

e applications

Conclusions

Limitations

o RADMC 3D is not a model

o currently parallelized with OpenMP

o exact radiative transfer in line not available yet

Advantages

o large domain of application
various coordinates, grids
versatile & well documented

easy to use

o complex RT physics
dust abs /emi / scattering
polarized emi and scattering

atomic and molecular lines

IRT - radiative transfer

o produce maps & spectra
high accuracy & resolution

o many imaging options
perspective, zoom-in
observer at infinity or local
recursive pixel refinement
multi-wavelength images

movie mode



