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Study of the propagation of light and its interaction with matter

Three kind of interactions: 

• absorption 

• emission 

• scattering

What is radiative transfer?
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•  is the specific intensity 
•  is the emissivity 
•  is the absorption opacity  
•  is the scattering opacity

Iν
ην

κν
σν

⃗n

We solve the radiative transfer equation!

1
c

∂
∂t

Iν + ⃗n ⋅ ⃗∇ Iν = ην − (κν + σν)Iν
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We solve the radiative transfer equation!

1
c

∂
∂t

Iν + ⃗n ⋅ ⃗∇ Iν = ην − (κν + σν)Iν

Basically means “light get transported along  with absorption/
emission/scattering events along the way”

⃗n

So why is radiative transfer difficult?
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• Time scale separation between 
hydro and radiation

• Depends on (t, ⃗x, ⃗n, ν)

•  Non-local effects (for example scattering)!
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To simplify the problem, we get rid of the directionality of radiation 

Define the moments of the radiation distribution and solve for “fluid” equations
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2024 Fluid approximation

Introduction
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0th order:   is the radiative energy densityEr,ν =
1
c ∫Ω

IνdΩ

1st order:   is the radiation energy flux vectorFi
r,ν = ∫Ω

IνnidΩ

2nd order:   is the radiation energy pressure tensorPij
r,ν = ∫Ω

IνninjdΩ

To simplify the problem, we get rid of the directionality of radiation 

Define the moments of the radiation distribution and solve for “fluid” equations
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1
c

∂Er

∂t
+ ⃗∇ ⋅ ⃗F r = G0

1
c

∂ ⃗F r

∂t
+ ⃗∇ ⋅ P̄r = ⃗G

Conservation of radiation 
energy density:

Conservation of radiation 
energy flux:

where Gμ = ∫Ω
((κν + σν)Iν − ην)nμdΩ

IDEFIX USER DAYS  
2024 Fluid approximation

Equation of moment of order m requires information on moment m+1

Need a closure somewhere!

Introduction
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Simplest case is to say that ⃗F r ∝ ⃗∇ Er
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2024 Diffusion approximation

Introduction

1
c

∂Er

∂t
+ ⃗∇ ⋅ (

cλ
κρ

⃗∇ Er) = G0

This is called the diffusion approximation!
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1
c

∂Er

∂t
+ ⃗∇ ⋅ (

cλ
κρ

⃗∇ Er) = G0

This is called the diffusion approximation!
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2024 Diffusion approximation

Sadowski et al. 2013

Cannot handle shadows, bad in optically thin regions

Introduction

Simplest case is to say that ⃗F r ∝ ⃗∇ Er

Not suited for irradiated disks or radiation-driven outflows…
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1
c

∂Er

∂t
+ ⃗∇ ⋅ ⃗F r = G0

1
c

∂ ⃗F r

∂t
+ ⃗∇ ⋅ P̄r = ⃗G

Assume that  for the closureP̄ = f(Er, ⃗F r)

 is chosen to recover free-streaming and diffusion limit but might fail in betweenf(Er, ⃗F r)

IDEFIX USER DAYS  
2024 M1 approximation

M1 and tests
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Assume that  for the closureP̄ = f(Er, ⃗F r)

 is chosen to recover free-streaming and diffusion limit but might fail in betweenf(Er, ⃗F r)
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M1 and tests

We follow Melon Fuksman et al. (2019, 2021) and split the solver in explicit and 
implicit part

G01
c

∂Er

∂t
+ ⃗∇ ⋅ ⃗F r =

1
c

∂ ⃗F r

∂t
+ ⃗∇ ⋅ P̄r

⃗G=
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M1 and tests

HLLC with LimO3  
Resolution 300 x 300

1
c

∂Er

∂t
+ ⃗∇ ⋅ ⃗F r = 0

1
c

∂ ⃗F r

∂t
+ ⃗∇ ⋅ P̄r = 0

Solve Riemann problem for radiation

Explicit step: 

Solver can be HLL or HLLC
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1
c

∂Er

∂t
+ ⃗∇ ⋅ ⃗F r = 0

1
c

∂ ⃗F r

∂t
+ ⃗∇ ⋅ P̄r = 0

IDEFIX USER DAYS  
2024 Radiation transport

M1 and tests

Solver can be HLL or HLLC

HLLC with PLM  
Resolution 280 x 80

Shadow test

Free streaming test

HLLC with LimO3  
Resolution 300 x 300

Solve Riemann problem for radiation

Explicit step: 
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M1 cannot handle crossing of light rays  
(more generally multiple sources)

Weih et al. 2020

IDEFIX USER DAYS  
2024 Crossing beams

M1 and tests
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M1 and tests

1
c

∂Er

∂t
= G0

1
c

∂ ⃗F r

∂t
= ⃗G

Semi-implicit step:

G0 = ρκ(Er − aRT4)

⃗G = ρ(κ + σ) ⃗F r

In the limit v/c → 0

We use implicit, iterative method 
called the fixed-point method

Opacities can be constant, Kramers-
type or imported from table

Radiation 
pulse

t=0

σ = 10−6

σ = 103
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M1 and tests

We use a reduced speed of light, , to have reasonable time stepŝc

Ok for steady-state solutions but produce artifacts in non-steady solutions!
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HLLC with PLM, resolution 256

IDEFIX USER DAYS  
2024 Reduced speed of light

M1 and tests

Super-critical shock

 needs to be chosen with care for the problem at hand!̂c

In this problem, vdyn ≈ 500

To avoid artifacts, we need ̂c ≫ max(vdyn, vdiff)
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User guide
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Only need to update two files: 

• idefix.ini to define input parameters 

• setup.cpp to define initial conditions and user functions

User guide
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Number of frequency groups

User guide
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Solver for radiation (HLL or HLLC)

idefix.ini
User guide
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Value of ̂c/c

idefix.ini
User guide
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User guide

Set absorption and scattering opacities 
Can be constant, Kramers or userdef 

Dimension of imported table 
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Set units in cgs

User guide
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User guide

To initialize the radiation fluid variables

Hydro variables

Radiation variables
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User guide

To enroll userdef functions  
(boundary conditions, additional source term)

Radiation data block is a vector 
(for multi-fluid) 
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Some technical details
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IDEFIX uses class templates that encapsulate arrays, fonctions, etc…

IDEFIX USER DAYS  
2024 Radiation as a type of fluid

Fluid class template

Some technical 
details
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2024 Radiation as a type of fluid

Each fluid has a type of physics 
(“Hydro” fluid, dust fluid, radiation fluid)

Some technical 
details

Physics class 
template
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One class template for all fluid types 
 (very easy to add a new fluid)

Choice of physics is made at 
instantiation of class

IDEFIX USER DAYS  
2024 Radiation as a type of fluid

Some technical 
details

ConsToPrim function  
template
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User guide

M1 radiation module of IDEFIX passed tests:  

• In 1D, 2D, 3D  
• In cartesian, cylindrical and spherical coordinates 
• With HD (to test with MHD and/or dust yet) 
• With reduced speed of light 
• With analytical or imported table of opacities (1D or 2D) 
• With an external source of irradiation (in progress) 

Next step is to test and optimize performance on GPUs. 


