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Context: Dust handling in current collapse simulations 3

Dust grain sizes : MRN Distribution (Mathis, Rumpl & Nordsieck 1977)
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the gas phase can limit this approach.



Evolutionary model: The dust grain

e

Goal: Given a time evolution in temperature . . . . (8)
and density, how the chemical interactions . . .

with the gas phase will make evolve a dust grain? . . 07 . ()

- Pure grains composed of N identical monomers
(atoms or molecules)

- Spherical grains

a ~ N3 A~ N2/3
- Grain evolution equation
da
E — Vm (Jabs - ‘]des+‘]chem)
J. = 1 av Pm 1 Pm,sat(Tg)
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4 rel kBT des 4 A Vrel kBT
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Detailed Balance Principle approach:
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For a given reaction: Jphem = (Jgr — Jyqp)
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Kinetic approach:
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With nyey oq computed with law of mass action.
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More accurate, but need data...



= Three types of grains:
e graphite (carbon), monomer = C, My/M, =2.35%x 107

chemical sputtering by H,0, H,, and H .

I _ ] _ !
Jy = ——v ng¥y Jmo =~ ZvrelnHZOYHZO I, = — ZVrelnHzY H,

Lenzuni et al. (1995) Lenzuni et al. (1995) Krakowski (1970)
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= Three types of grains:
e graphite (carbon), monomer = C, My/M, =2.35%x 107

chemical sputtering by H,0, H,, and H .
e silicates, monomer = Mg,SiO,, My/M,=2.19x 107
Mg,SiOy ) + 3H, & 2Mg + SiO + 3H,
Mg,SiO, ) S 2Mg + SiO + %02
e aluminium oxides, monomer = Al,0;, My/M, =1.05x 107

Al203 (S) + 3H2 (:) 2Al + 3H20
A1203 (S) + 2H2 (:) Al20 + 2H20
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= Three types of grains:
e graphite (carbon), monomer = C, My/M, =2.35%x 107

chemical sputtering by H,0, H,, and H .
e silicates, monomer = Mg,SiO,, My/M,=2.19x 107
Mg,SiOy ) + 3H, & 2Mg + SiO + 3H,
Mg,SiO, ) S 2Mg + SiO + %02
e aluminium oxides, monomer = Al,0;, My/M, =1.05x 107
ALO; o +3H, S 241 + 3H,0

A1203 (S) + 2H2 (—_) Ale + 2H20

= MRN distribution at the beginning: a,,;, = 0.005 ym, a,,, = 0.25 um.

max

= Solar composition for the elemental abundances in the gas-dust mixture.
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Application to collapse: Simulation Trajectories
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Graphite Silicates
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Graphite Silicates
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Graphite Silicates
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Graphite Silicates
-9
1600 x10—" 1 108 108
[ap] o
: :
1400 0.8 ~~ 102 — 107
1~ I~ = =
- = = =
g 1200 0.6=  Z 10 Z 10!
= - g g
5 z = =
= 1000 04 Z = 10 = 10
& A = =
E
800 MP‘F A g -1 qé -1
0.2 £ 10 210
- \V‘\ z. z
o —=10.0 1072 1072
0 50 100 150 1077 10°6 1075 1077 1076 1075
Time [yr] Grain Radius [cm] Aluminium Oxides Grain Radius [cm]
o —— Graphite
10 —— Silicate =
""" Tr=mmmmm---—el — Alumine é 10!
° — \ - Total :
=, \ —
Z107° ; =
2 é} 1071
(@) \ 3
8 \ ~
+ _ ‘\ <
Qg 10~ % \
1073
z.
107°

600 800 1000 1200 1400 1600 1077 1076 107°
Temperature [K] Grain Radius [cm]



-9
x10 1.0

1600
1400 0.8
= %z
g:) 1200 0.6 5
= 0
= a
800 R 0
fj \V‘\
600 -
0.0
0 50 100 150
Time [yr]
—— Graphite
1072 —
—— Silicate
""" Tr=mmmmm---—el — Alumine
° ! \ - Total
5 1073 ]
2
O \
B
%10 -
A \
1075
600 800 1000 1200 1400 1600

Temperature [K]

Number Density [1/cm?]

Aluminum Oxides

101 J
100 J
10—1 J
10—2 J
1073 J

1074 4

”1076 - '1'0L5
Grain Radius [cm)]




Application to collapse: Non-Ideal MHD resistivites 10
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Lenzuni’s trajectory
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Outcomes:
- The initial MRN distribution is not conserved through the evaporation process.
- Dust quantity cannot be determine only by the temperature and density, it depends on the history
of the dust grains. Also the case for the resistivities and opacities.
Possible following:

- Add dust evaporation in MHD code (RAMSES or Idefix).



