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Circumstellar disks – Spatial distribution and emission 

Taken from Dullemond & Monnier (2010)

RADMC-3D

IR interferometry
(PIONIER, MATISSE)

ALMA interferometer

150 AU

 (Andrews et al., 2018)
VLT/SPHERE

 (Avenhaus et al., 2018)
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Radiative quantities – the geometrical properties RADMC-3D
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Radiative quantities – Illustration  RADMC-3D
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Star luminosity = power emitted by the whole surface of the star 

Same power BUT diluted over a sphere of 4πdd2 
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Radiative quantities – Illustration  RADMC-3D
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Equilibrium temperature of the dust grain
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Radiative Transfer – the problem RADMC-3D
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I
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Oversimplified radiative transfer equation

Formal radiative transfer equation
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Extinction term 
(remove « energy » from that ray)
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Radiative Transfer – solving the equation  RADMC-3D

s

Dusty/gaseous medium

Direction of propagation  
of a ray of light

Division by 

' Source function ' (has the dimension of an intensity)
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: Local optical depth in the cloud → integration variable
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Radiative Transfer – solving the equation  RADMC-3D

1) General solution without second member 

: Local optical depth in the cloud → integration variable

2) Particular solution with second member 

Let us consider a solution of the form 

Inject it into RT equation

Find particular solution

3) General solution with second member 
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Radiative Transfer – Explicit solution (in a simple case)  RADMC-3D
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Radiative Transfer – Explicit solution (in a simple case)  RADMC-3D

Let us consider (Source function constant throughout the cloud)

Let us consider we are in Local Thermodynamical Equilibrium (LTE) (T is everywhere the same)

Explicit solution for a medium in thermal equilibrium (e.g., an isothermal dust cloud)
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Temperature-gradient model
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Radiative transfer modeling with RADMC-3D 
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Radiative transfer modeling with RADMC-3D 
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RADMC-3D – model setup

Which spatial distribution of dust/gas do i want for my model ?

Coordinate system = cartesian (x,y,z) or spherical (r,θ,φ)

Spatial grid = 1D (spherical), 2D (spherical), or 3D (spherical or cartesian)

RADMC-3D
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Which spatial distribution of dust/gas do i want for my model ?

Coordinate system = cartesian (x,y,z) or spherical (r,θ,φ)

Spatial grid = 1D (spherical), 2D (spherical), or 3D (spherical or cartesian)

RADMC-3D RADMC-3D – model setup

Credit : RADMC-3D manual 
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Dust density 
distribution

ρ(r ,θ)

Input

RADMC-3D – Monte Carlo run

ρ(r,θ)θ)

Dust opacity 
(absorption and 

scattering

κ(λ)

External code 
(Analytical Mie code, DHS, ...)

IDL/Python interface

Then,θ) what is the dust EQUILIBRIUM temperature everywhere in the object ?

RADMC-3D
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Dust density 
distribution

ρ(r ,θ)

Input

RADMC-3D – Monte Carlo run

ρ(r,θ)θ)

Dust opacity 
(absorption and 

scattering

κ(λ)

External code 
(Analytical Mie code, DHS, ...)

IDL/Python interface

Then,θ) what is the dust EQUILIBRIUM temperature everywhere in the object ?

RADMC-3D

* Monte Carlo methods : broad class of computational algorithms that rely on repeated random sampling to obtain 
numerical results. The underlying concept is to use randomnness to solve problems that might be deterministic in principle.

*
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RADMC-3D RADMC-3D – Monte Carlo run

32
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Temperature 
distribution

RADMC-3D – Making images and SED

T(r,θ)θ)

Thermal 
Monte Carlo run

Finally,θ) how will my object look like ? What is the I(λ,θ)x,θ)y) ? 

Scattering 
source function

Additional 
Monte Carlo run

RADMC-3D
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Temperature 
distribution

RADMC-3D – Making images and SED

T(r,θ)θ)

Thermal 
Monte Carlo run

Finally,θ) how will my object look like ? What is the I(λ,θ)x,θ)y) ? 

Scattering 
source function

Additional 
Monte Carlo run

Input

Ray-tracing (at each wavelength)

RADMC-3D

Credit : RADMC-3D manual 
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Temperature 
distribution

RADMC-3D – Making images and SED

T(r,θ)θ)

Thermal 
Monte Carlo run

Finally,θ) how will my object look like ? What is the I(λ,θ)x,θ)y) ? 

Scattering 
source function

Additional 
Monte Carlo run

Input

Ray-tracing (at each wavelength)

Output

 I(λ,θ)x,θ)y) 

RADMC-3D

Integration along a ray

Credit : RADMC-3D manual 
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RADMC-3D – Making images and SED

More detailed explanations of the ray-tracing approach

RADMC-3D

Credit : RADMC-3D manual 
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RADMC-3D – A typical disk modelRADMC-3D

Viscous accretion

Gas hydrostatic 
equilibrium

Gas

Gas density distribution                  ?
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RADMC-3D – A typical disk modelRADMC-3D

Gas hydrostatic 
equilibrium

Gas

Dust

Vertical disk structure
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RADMC-3D – A typical disk modelRADMC-3D

Gas Pressure scale height

Dust

Vertical disk structure
Sound speed

Keplerian angular frequency
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RADMC-3D – A typical disk modelRADMC-3D

Pressure scale height

Dust

Vertical disk structure
Sound speed

Keplerian angular frequency

Flared profile
α

! Radial dependency
Flaring index
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RADMC-3D – A typical disk modelRADMC-3D

Dust

Radial disk structure

Viscous accretion
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RADMC-3D – A typical disk modelRADMC-3D

Dust

Radial disk structure

Viscous accretion

With p < 0
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RADMC-3D – A typical disk modelRADMC-3D

What about the dust 
density distribution ?

Gas density distribution
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RADMC-3D – A typical disk modelRADMC-3D

Let us assume dust follows a similar type of vertical and radial structure

~ Dust scale height 
(≠ gas pressure scale height)

Dust surface density (≠ gas surface density)
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RADMC-3D – last but not least 

Parallelization
✔ Monte Carlo runs → OpenMP parallelized version

Availability of the code
✔ Publicly available and free of charge
✔ Package downloadable at: https://www.ita.uni-heidelberg.de/~dullemond/software/radmc-3d/ 

Not included yet
✔ Radiative transfer computation for quantum heated grains (PAHs, VSGs) 
✔ No self-consistent computation of the disk vertical structure (hydrostatic equilibrium)
✔ No dust/gas dynamics considered ('static' models) 

User support
✔ Detailed manual included in the package
✔ Mailing list for updates and bug reports

RADMC-3D
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