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Introduction: cosmic dust (dust)

* Dust consists of heavy elements such as carbon and silicate, floating in the
interstellar medium.

* |t is generated in the nucleosynthesis of heavy elements
at the end of the massive stars.

http://www.drcom.co.jp/blog/wp-
* Dust plays important role in ISM as follows: content/uploads/2013/12/2z3.png

1. Highly efficient catalyst of H, formation, necessary for star formation.

2. Absorption of the UV light and reemitting in the infrared (IR).
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Introduction: previous works
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* Yajima et al.(2015) MNRAS, 451, 418
Cosmological zoom-in simulation(z=199-6)
Radiation transfer is calculated with dust.
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Constant dust-to-metal mass ratio.

e Bekki (2015) MNRAS, 449, 1625
Dust particles are included in SPH simulation.

The formation, growth, and destruction
by AGB stars, supernovae (SNe) and ISM are included. i

(Mo /kpe?)
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I‘Og Edust

Some of interactions of dust (coagulation, shattering) has .

not been included yet.

Radius (kpc}

Bekki (2015) [1501.05459]



Hirashita (2015) 2-component model [MNRAS, 447, 2937

Hirashita categorizes dusts into two sizes:
large / small dusts
a>0.03um, a<0.03um).
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In this work, we use
the GADGET3-Osaka SPH code
(Springel ‘05 + modification).

atoms, SN shocks grain growth
1-th Sph moI:cuIes L>X,S5—> X 4
P * @ 9
L/ dust @ ® o0
7 O O * e ®
shattering
SNe Il B
®
®
LN -(My/Mg)y @ &
SN -(My/Mg) ®

Figure credit :Asano



Initial condition

20

 AGORA initial condition (Kim et al. 2014 )
* M,=8.6 X 10° Mg

* Nagas =10° 0
Type |Total Mass # of particles [§
Gas 8.6 X10° M 10°
Halo 1.3 X 1012 M, 105
Disk 4.3 %X 1010 M, 10° | e ia e i e
Bulge 5.4X10° Mg 195 %108 L RISt

Stars 0 o Distribution of Gas particles



t=1.000Gyr

Sub-grid model for accretion

e Resolution of our simulation (~ 80pc ) is
too low to treat the physical processes
in molecular clouds (e.g. accretion).

log,,

080 (T'[K])

e \We assume that the 10% of mass of
SPH particles is molecular clouds with T=50K
and n=103 cm3.

* In addition, the accretion occurs only in

this molecular cloud. Hirashita (2015)
. YA -1 a Hirashita&Kuo(2011)
To =2.1 X 10 70 0.1m [1105.4930]

X 1cloud _1/2( Ncloud )M1(i) yr]
S0K 103¢m—3 0.3 ’



Sub-grid model for co

* Coagulation / shattering [co
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Sub-grid model for collisional processes

e Shattering (significant only in diffuse gas)
Nson < 1 CChiT= Ty |
Nson > 1 cct: T =90 [ No reaction |

e Coagulation (significant only in dense medium)
Tsop > 100K :1=0.5 X 1.5(n=10°cc?, T=50K)
Toon <100K:T= TcoII(S)(nSPH' Tspn)




Small/Large dust distribution (z-projection map)
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Total dust-to-gas ratio vs metallicity

t=0.100Gyr t=0.200Gyr
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Small to large grain ratio vs metallicity

t=0.100 Gyr t=0.200 Gyr
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e t < 0.1 Gyr, small grain is only created
via shattering and the abundance is small.

e £t ~ 0.2 Gyr, accretion comes in, and small
grain abundance dramatically increase
due to accretion.

* t £ 1.0 Gyr, coagulation and shattering is
in balance, and the small abundance is
suppressed due to coagulation (S->L).



Time evolution of
Specific Star formation Rate (sSFR)

* In our simulation, sSFR ~ 1 Gyr!
| when age is 1 Gyr.
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|* We categorize the galaxies
according to sSFR:
1 Class |, Il and Il
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|* We assign the simulation results
whose age are 0.3, 1.0, 3.0 (10) Gyr
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Comparison with observational result 1.
Dust abundance log,, (D, ;)

_2-5 T I _0.5 T
=== sim. 0.3 Gyr === sim. 3.0 Gyr
@ @ Holmbergll | === sim. 10.0 Gyr
® @ NGC2841 1
—30 - A A NGC3031
¥ ¥ NGC3198
B B> NGC3351 |
Y ¥ NGC4736
—35 5 . + @ ® NGC628
B 8 B B NGC5055
+ 9 ¥ NGC5194 I
Q Q @ @ NGC7331
—4.0!} ® i ® & NGC7793
—4.5}
—3.5 1 Il 1 1
~5.0 . ! 1 0.0 0.5 1.0 1.5
0.0 0.5 1.0 1.5
r/Ras

i .
r/Ras Data points Mattsson et al. (2012b) [1201.3374]

The observed radial profiles of dust abundance approximately agree with our simulations.



Comparison with observational result 2.
Depletion : log,(D,/Z)
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The observed radial profiles of depletion also approximately agree with our simulations.



Conclusions

* We investigate the time evolution and spatial distribution of
large and small dust grain in an isolated galaxy
based on Hirashita (2015) 2-component dust model using GADGET3-Osaka.

* We have implemented sub-grid models for coagulation, shattering
and accretion.

* Our simulation can reproduce observational results such as
radial profile of total dust abundance and depletion (D,,./Z).

* Dynamical evolution of dust properties

e Some issues remain (e.g. metal/dust diffusion).
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Estimation of R, from a simulation=" .~

7.0}

* The R,¢ is related to Rd Elmegreen(1998) §
R, =~ 4R,.

"""
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* This relation can be checked by the data S
shown in de Vaucouleurs & Pence (1978). T e T
10 Jf..,-'!fg-.lbaf.ed c-nl Vaucoulle-urf.?a
* R, is easily obtained by fitting A
the radial profile of stars.

M1073 MN5921 MN4303 MET44 Mean Galaxy
Galaxy name



