Dust evolution in 3D simulations of protostellar collapse

- maxime. lombart@céa.fr

¢ 'I\/IaX|me Lc)mbar’c1 Ugo LebreunIyFAnaeIIe I\/Iaury

1

How can microscopic dust grains grow to

Taurus molecular cloud

form planet in less than 1 Myr ?

Cea
Requirements for dust coagulation and L
™ fragmentation in 3D hydrodynamics codes: s

fragmentation

«— —>

coagulation .

® 3 orders of magnitude EEEE—.
in size (Tum - Tmm)  EEEEEE.
& 9ordersin mass [

® Size discretization — Bl
~ 20 size bins (low
numerical cost)

dust size distribution

g
. Numerical challenge *
FUERTI ., IO e 0 0 \ @ e ' "
=
. Coagulatior FARGO3D
o @O0 —-Q
K, o) g(my, )g(my, )dmydm,
m, ..
"THE [JISCONTINUOUS
o 0 X0 mra
GALERMN METHOD JJ1m1+1712>1n mlfmgz b(mfrag miy, m2)K(m1 mZ)g(ml t)g(mZ t)dmdeldmfrag
0o . constant kernel: K=1 “
S 10 & .
2 107 og(m,t) oF|gl(m,1) § 10°
2 102 1 £ 107
: : * ' | g 10—3 at am _i 10_2
N é 10-4 () === initial condition z’ 1073
% 0 m e xact solution, tfinal % 4
. IS - g 10-5 O Dustpy N =19 & tinal v 10 = nitial condition ;
X O Coalaordrel, N=19, a tfnal g 10-5] = exact solution, tfinai . .
. ‘0 - 10—6 10—6 10_4 10_2 100 C OAIA O Coala, order 3, N =20, tina ® . -
<. > 6 | 1/
¥ A mass m 10 10°° 10~4 1072 10° 102 S =
mass m o '.
K‘- ks Q Numerical requirements Q Numerical requirements P
AR . *
- () | Dust coagulation in () | Dust fragmentation
" 3D hydrodynamics ' '
" | simulations , ;
A . .
RAMSES ¥
Dust growth in COAIA | d dust model Yt .
protostellar collapse Growth and fragmentation of mproved dust mode b\ | S
. \ multi-component dust aggregates '
¥ 3D MHD model of B335-like protostar (Maury+2018) with grain growth -
. Gas + dust dynamics (40 sizes)
 ' : | g qaRenstv@rco Multi-component dust
vy ¥ 3
: | Need 2D coagulation | vl
and fragmentation %
|equations X5
| o
mg: mass silicate, m;: mass ice l
5 size [um] o Dust aggregates defined by mass and porosity
1 - — porous S\'zg (V) *
— compact size (V') COAIA i
+ %
data from lab 2. ¥
: experiments
' Ormel et al., 2007 | 3 ‘*‘ % 2 '; . .‘..'
2 /. ' }‘ 0._ i . .
;.; ' . B C o Tl K . p Y » . . "
e % . : : : Lombart, M. et al., MNRAS, 533, 2024
k. (COA JA treats efficiently polydisperse dust coagulation/fragmentation. Lebreuilly, U. et al. (incl. Lombart., M), MNRAS,
- _ : : : 518, 2023
oY . RAMSES MHD models now include dust evolution with COAJA. This new | Lombart, M. et al, MNRAS, 517, 2022
',r*” : : : : c Laibe, G., Lombart, M., MNRAS, 510, 2022
k & code is well deS|gned to include more realistic dust model. Lombart. M.. Laibe. G MNRAS. 501, 2021
1Unlver3|te Parls—SacIay, UnlverS|te Paris Clte CEA CNRS AIM 91191 Glf sur—¥vette Fran’ge S R R . ‘ o R o » s AL
2Inst|tute of ‘Space Smences (ICE), CSIC, Ca}tnpus UAB, Carrer de Can I\/Iagrans s/n, E- 08193 Barcelona Spam - . N | 2 Ak S S ; g -..' T e ¢  ZONE
3ICREA, Pg. L|UIS Companys 23, Barcelona, Spaln F g ¥ ~ R0 TP G e ' ; 40 s . IR OSSRl NADL 0 LOAITTSOL


mailto:maxime.lombart@cea.fr

