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Star formation : context
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Star formation : context (2)

@ hydro or MHD calculations with barotropic EOS

@ RHD with grey FLD : radiative transfer can strongly inhibit
fragmentation in collapsing clouds (Price & Bate 2009, Offner et al.
2009, Commergon et al. 2010).

e 1D multigroup RHD (Vaytet et al. 2013)
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The multigroup FLD model

Moment equation of the transfer equation

If LTE and isotropic scattering are assumed :

OE +V - ()\_—CVE;’> = o¥(47B" — cEY)

14 14
oy + o;

The multigroup method splits the frequency domain into domains (called
groups) where the radiative variables are considered constant.

O0tEg +V - (AU_—CVEg> = c(crpg@g(T) — aEgEg)
Fg
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Numerical implementation

@ Previous work (not exhaustive!)
SPH code (Stamatellos et al 2007, Price & Bate 2009)
Orion (Krumholz 2007, Hansel et al 2012)
ATON (Aubert & Teyssier 2008)
RAMSES-RT (Rosdhal & Teyssier 2014)

@ Our implementation
The RAMSES code (Teyssier A&A 2002, Fromang et al. 2006)

Followed the implementation of

» grey FLD in RAMSES in 3D (Commercon et al. 2011, 2014)
» multigroup method in 1D simulations (Vaytet et al. 2011, 2013)

Implicit scheme for radiation : BiCGSTAB algorithm (van der Vorst
1992)
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Validation tests (1) : radiating plane

@ hot slab at T, = 1500 eV

@ cold medium at constant temperature To = 50 eV
@ opacities g V;3

@ 60 groups
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Validation tests (2) : radiative shocks

@ Rankine-Hugoniot jump as initial conditions
@ constant Planck and Rosseland opacities
@ 6 groups
@ Mach number 2 and 5
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Star formation simulation setup

Isolated dense core cf. setup of Commercon et al. 2010
e 10 K, 1 Mg, Ry = 2500 AU
@ uniform-density sphere rotating
E,
about z-axis (=2~ = 0.03)
Egrav
@ surrounding medium 100 times
less dense
E
th —0.25
Egrav
o z-aligned B with u =5 100 107 10 10
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@ Jeans length sampled by a
minimum of 12 cells

@ finest resolution of 0.15 AU

opacities from Vaytet et al. 2013
at p=10"®¥ gecm 3 and T =10 K

(I=5 to 11) 20 groups with 18 evenly log spaced
@ m = 2 perturbation (with between 5 x 10 and 1.3 x 10 Hz
d, =0.1)
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Star formation results
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Star formation results
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Star formation results (2)
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Summary and perspectives

@ Summary
» development of multigroup FLD in RAMSES
» validation with academic tests
» simulation of 1 Mg, star formation (up to the first Larson core)

Gonzalez et al. 2015, A&A, 578, Al2

@ Perspectives
» massive star formation : 100 Mg

* sink particles with radiative feedback (luminosity - prestellar evolution)
* grey vs multigroup vs irradiation model (Kuiper et al. 2010)

» enable non-ideal MHD terms (Masson et al. 2012)
» global simulation of molecular cloud collapse with turbulence
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