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Dust is transported by
gas g ection induced
by stellar activity.




Gas drag timescalet;
(Mmyv)(rasvny)ty ~ mgyVv.
Grain motion is coupled with the gas motion on ascale 7
large enough:

/~ vty = (4/3)as/(myny) ~ (10/n,)(a/0.1 um) pc

Large grains tend to be coupled with larger motions.




2. Interstellar Turbulence

ISM s turbulent (often supersonic) |
(e.g., McKee & Ostriker 2007).
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Implication for shattering (disrupti on)

Larson (1981)

Cs~ 10 km/sin warm (~ 8000 K) medium
— above the shattering threshold (~ afew km/s).

|mplication for coagulation (sticking):

Vi >> grain thermal speed. — If grain motion is
coupled with turbulence, grain-grain collision occurs

frequently (e.g., Ossenkopf 1993).




Grain motion is coupled with the g
large enough:
| ~ vty = (4/3)as/(myny) ~ (10/n,)(a/0.1 um) pc

Large grains tend to be coupled with larger motions.

Kolmogorov turbulencev,,, Y3

L arge grainstend to acquire larger velocities.




In Reality, Complicated....

Magnetic fields (B4/8r ~ nkT)
— MHD turbulence

Velocity ~ Sound speed
— Compressional

Grain charge (el ectron attachment, photo-electric eff.)
— Coupling with magnetic fields, Coulomb interaction

with plasma



Grain Velocities

MHD turbulence model Yan, Lazarian, & Draine (2004)
hydro-drag, gyro-resonance
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Sh yulation

Relatlve veIOC|t|es can
be excited by
: Interstellar turbulence. '
Shattering ~jgulation

grain j (projectile)
grain k (target) if % > Dusa
‘ if my > MJ2 it m < M2 |
my - M

Miea —M Mirag = Mj mfg—rnk Miag = M CoagU|aIIOn rate — gral n'
Shattering thresholc: grain collision rate

2.7 km/s (silicate), 1.2 km/s (graphite)  Threshold: ~ 103 cm/s
(Jones et al. 1996)

grain j



Grain Size Distribution and Extinction
Extinction (absorption+scattering)

T, = I:ﬂale(a)Ndust (a)da  a:grainradius (<~ 0.1 um)
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Specific Questions

A) Evolution of grain size distribution by
shattering and coagulation under the grain
motion induced by turbulence.

B) Do shattering and coagulation have a
significant imprint in the extinction curve?




3. Formulation

Discretesizebinsay, ..., ay N 2
Thei-th bin containsgrainsof  ©; [g €M ~].

Hirashita & Yan (2009)
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shat k=1 i=1 k=1
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I Sl distribution of shattered fragments
] otherwise, (powel‘ -| a\N)

Coagulation
= N NN
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0 otherwise. mk + mJ

The grain velocities are adopted from Yan et a. (2004) (MHD
turbulence).




Grain Velocities

MHD turbulence model Yan, Lazarian, & Draine (2004)
hydro-drag, gyro-resonance
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Results
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Effects on the Extinction Curves
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(1) The UV dope{ Shattering and Coagulation in
gﬁi‘mp SN |SM can regulate the grain size
(2) The central pot distribution (and the extinction

carbon bump i1 curve).

(3) Small variatiornir
extinction curve.
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Dust already existed at
2 ~ 6 (Bertoldi et a. 2003).
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Dust in Cosmological Context

r— —Z=104Z,
[—-—--Z=0

SMC
Z =107 Z<d)
M = 25Mg

Extinctioncurveatz ~ 6
Maiolino et al. (2004)

Beginning of Metal (dust) Production
Grasp of “primeval galaxies’ in the Universe
Understanding of the initial metal/dust enrichment



Shattermg of SN Dust in WIM
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Small grain production by shattering contributes to the steepness
of the UV extinction curve (in solar metallicity).



Scenario

(1) The grain size distribution in the formation by
supernovae (or AGB stars) is not processed by
turbulenceif the metallicity Is<< 1/10 Z,,.

(2) After the metallicity enrichment, grain processing in
|SM should be considered.

(3) In considering the origin of the grain size distribution
at the present cosmic age, interstellar processing by
turbulence should be important.



AKARI Observation of
M81

Ai-Le Sun (NTU, Taiwan)
Hiroyuki Hirashita (ASIAA, Taiwan)
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Theoretical Analysis

Sun & Hirashita (2010)
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Thank you.



3. Effects of Coagulation on SF

Hirashita& Omukal (2009)

(1) How about the denser regime?
(2) Importance of dust grainsin star formation:
A) H, formation (H, is an efficient coolant for Z < 0.01
Zs) ThegrainsurfaceS isimportant.
B) Dust cooling  Thegrain opacity «p IS important.

l

We calculate the variation of S and «k In star-forming
(collapsing) clouds.

Grain motion Is assumed to be thermal.



Gas Evolution in Collapsing Clouds
Omukai et a. (2005)
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(Induce fragmentation)
Omukai et al. (2005)

H, formation on grain surface:
Important coolant for log (Z/Z5) < -2

Schneider et al. (2004)
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Physical Considerations

Grain surface isdominated by small grains. — Once the
smallest grains are affected by coagulation, S beginsto
decrease (however, H, formation occurs faster).

© g >ty = Ny >107(Z/Z5)4(T/30K)tcms
Opecity (xp ma’Q, ad)isonly afunction of mass as
longasa << A. «pdoesnot changeeven if
coagulation proceeds.

Coagulation has no effect on the thermal
evolution in protostellar collapse.



1. Dust Grains In alaxies

gas, plasma

stellar radiation, etc.:

radiative cooling)
I

(heating by supernovae,

4

]

turbulence
magnetic fields




