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The collapse of dense molecular clouds
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RAMSES branches

Photon Wavelengths:

Moment Model:

Solver Type:

Flux Limiting Scheme:

* Let’s quickly walk through the differences in RT treatment:
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The radiative transfer equation

101,
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where I,(x, n,t) is the radiation specific intensity, y,(x, n, 1) is
the absorption coefficient and n,(x, n, t) is the emission coeffi-
cient.

ISM — Gray photons TINE — Multigroup photons

Difference 1: Photon wavelength
o @ @ ©¢ 0 @
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Moment models
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Difference 2: Moment model

Pierre-Louis Wasmer RAMSES SNO - Radiative Transfer and Star Formation 24/11/2025



Algorithm

Timestepping with the Courant-Friedrichs-Lewy condition:

u/l\t
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Implicit solver + large number of iterations. Explicit solver + reduced speed of light.

Difference 3: Algorithm ¢ = 10"%.
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Flux limiting scheme

Difference 4: Flux Limiting Scheme

M1 -19.972 kiloyear

1020_
T | —) E 2 _E., F,=F
— X T ee— pu—
s 2 3Tc r s r
1018 - Trapped photons 3t
Rosdhaletal.(2015) E,=—<_FE  F,=0,
i RAMSES Tine 2+ 37,
g
1014_
1012 - cA
Fr - - VEI" R = |VEr|/(0-REr)
—> OR

10-18 10-17 10-1% 10°15 10°14 1013 10°12 171011 1q1p-10

density [g / cm ** 3] ..

Flux limiter L_ [ 26+ VorT2R) if 0<R<3/2.

Problem - Overdiffusivity Minerbo (1978) "l +R+ VI+2R)! if 3/2<R < oo.
Bouchut et al. (2004) RAMSES ISM
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RAMSES branches: Summary

RAMSES ISM (FLD) RAMSES TINE (M1)

Photon Wavelengths: Gray Multigroup

Moment Model: Flux Limited Diffusion M1

Solver Type: Implicit Explicit

Flux Limiting Scheme: Minerbo Limiter Trapped Photons

* Protostellar collapses have historically been studied in RAMSES ISM

* RAMSES TINE has an advantageous treatment of RT, but is not made with smaller
scales in mind

* My main contribution so far: Adapting RAMSES Tine to the scales of the ism, and
implementing matching opacity computations from Vaytet et al. (2013)
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Initial conditions

Conditions Initales

SubcyclCompar - 0.0 kiloyear
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Simulation properties at free fall time

M1 - 8.58 kiloyear M1 - 8.58 kiloyear
‘density’ Min: 2.409e-18 Max: 1.587e-09 [g/ cm ** 3] (577011,) ‘density’ Min: 2.409e-18 Max: 1.587e-09 [g/ cm ** 3] (577011,)

14 40
1079
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Table 1. Comparison of disk properties at free-fall time for the FLD and

10—11

i | MI simulations. =W
H - Property FLD M1 §
5 Outer Radius (AU) 45.79  45.26 =
2 Disk Mass (M) 0.575 0.564 2

10715 1 °

Avg. Temperature (K) 608.83 702.34
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Later times — disk evolution

Ire+TimeStep - 20.186 kiloyear kyr

FLD-KVay - 20.163 kiloyear kyr
Column Density € [3.40e-01, 2.04e+04] g/cm**2
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Disks look different: investigate optical properties
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Opacity Maps
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Radiative Energy Density

M1-E_rad - 19999 kiloyear FLD-KVay - 20.163 kiloyear
‘FulllR* Min: 2.022e-08 Max: 0.023 [erg / cm ** 3] (757422,) ‘radiative_energy_1' Min: 6.095e-07 Max: 0.042 [erg / cm ** 3] (470716,)
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Main point: presence of shadows
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Radiative Energy Density — Full box

M1-E_rad 12.597 kiloyear o FLD-KVay - 12.314 kiloyear
'FulllR* Min: 1.062e-08 Max: 0.050 [erg Jcm ** 3]1(612431,) ‘radiative_energy_1' Min: 5.844e-07 Max: 0.200 [erg / cm ** 3] (432216,)
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Conclusion

- At free fall time FLD and M1 give similar disk radii (~45 AU) and
masses (~0.57 M(); M1 disks are hotter by ~15%.

- After a few more kyrs — disks present differences in size, temperature,
susceptibility to fragmentation.

Next step - figure out if these results are physical.:

1) Testthe opacities: semi-analytic opacity-dependent polytrope
(based on Matthew and Federath 2020)

2) Experiment with implementing a flux limiter in M1

Future project: realistic dust/gas temperature coupling -> retroaction of
dust on opacity -> populations of disks -> solve planet formation ;)
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