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Inutsuka et al.2015

They predicted the presence of bubbly structure In the
Milky Way Galaxy.
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Recent simulation result Dobbs+2018

Bubbly structures were provided with SNR feedback

Galaxy dynamics simulation
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Our goal : prediction of the bubble size distribution

log column density [g/cm’]

Bubble structure resulting in simulation

Is affected by modeling and resolution
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Analytical bubble distribution model

should be helpful



Outline of this work

o Simulate the expansion of a SNR as a function of time

o Change the ambient density to determine dependency of
SNR radius on density

o Create histogram of bubble size distribution in a galaxy disk

o Compare resulting histogram with observation



Cooling function
Sutherland&Dopita 1993

Ly-a CII T < 10°K
C O SI Fe 10°K<T<10’K

Simulation setting

Equation (Spherically symmetric Lagrangian code)
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Simulation setting

Spherical symmetry

ISM

e Uniform ambient medium

 Thermal equilibrium

Initial condition
SNR = thermal bomb

@Energy @ Mass @ Size

51

10°"erg 8M, lpc

ISM parameters
Number .

Density [/cc) Temperature[K] Cell size[pc]
0.5 6900 0.25
1.0 5000 0.25
2.0 1600 0.25
5.0 390 0.25
10.0 180 0.25




Simulation result
n=1.0/cc
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and depending on ambient density
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The expansion speed and time where dense shell formed are different



SNR expansion under various ambient density
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We are going to make model describing bubble size distribution with these relation
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How to create bubble size distribution on galaxy

We assumed statistically steady bubble number on galaxy

SNR shock wave Bubble size distribution
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Dependency of bubble size distribution on density profile

| _ 1 (In n — 1.0)?
Density profile : f(n) N exp( )
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The larger bubble side of the histogram is much affected by population
of lower density ambient medium 11




Number of bubbles
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Comparison with observation

Observation bubble histogram
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s>s Number of bubbles

PDF of ambient density
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Summary

o Performed SNR expansion simulation

o Theoretically created bubble size distribution from
numerical simulation

o Compared observed histogram and theoretical

prediction
(For SFR = a few Msun/yr)
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Multl-explosion calculation

Without cooling
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Histogram included multi-explosion

Histogram from observation =z
Z [ — Mean == SH I 2
g o2 — Mesien [T ¢ 02 N2
E = = |
i [ \ —3
8- L o =25 -2.0 ;3: 10
REET 1 = F =S
N 3
S b LML, | Energy T 10 100Wi07e
S 100 100 102 . 10° - "
) Bubble size [pc] o 1071 a8
Watkins et al.2023 = |
@ Typically 30pc around <= ‘=
o 1072 Iy
@ Largest size is Tkpc S B
O : 2
@ Large bubble follow 5 -3

Power law size” 10102



Introduction

Cooling collapse of magnetized ISM
Inoue&lnutsuka 2008
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Introduction: Bubble Filament Paradigm Inutsuka+2015
Pineda+2023

Cooling collapse of magnetized ISM : :
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Single shock can not make Inutsuka et al.2015
ISM enough dense

P They predicted the presence bubbly structure on galaxy
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Simulation result: v,n,p profile
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Shell formation and structure

t=8.33e+04[yr]
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Shell formation and structure

t=1.07e+05[yr]
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Shell formation and structure
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