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Global structures and dynamics of ISM in galactic disks
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there are bars and spirals in the Galaxy (& most
galaxies)

therefore, ISM=circular mortion (+random
motion) is a wrong assumption
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Results

Edge-on View of the ‘bulge’
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How does the Galaxy look like”
Kinematic Distance based on an assumption of circular

rotation has large errors -> ‘radial features’
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A barred spiral with ISM/star formation reproduce
by ASURA Baba et al. (2010)
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Fig. 4. Damped oval orbits represented by equa-
tions (13), (10), and (11) in the case of €} = 0.10,
A = 0.05, and € = 0.05. The major axis of the bar
potential is horizontally fixed in this figure.
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Sormani+2015

Monthly Notices
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Gas flow in barred potentials — II. Bar-driven spiral arms
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Mattia C. Sormani,'* James Binney' and John Magorrian':
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damping parame ttom: another model produced

Kim, Ostriker (2017)

NUCLEAR SPIRAL SHOCKS AND INDUCED GAS INFLOWS IN WEAK OVAL POTENTIALS
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"molecular gas” in the central kpc region
of a bar galaxy

100pc Resolution
e.g. NMA
Two-arm clumpy
spiral

Pseudo central
ring?

Where are
resonances?

"molecular gas” in the central kpc region
of a bar galaxy

= 10pc
resolution
e.g. ALMA

- Spirals are
assembly of
small clumps/
filaments
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B Small Clouds collisional GMCs
growth
3
i break-up of star formation
GMCs & active process

E Tomisaka (1986)

v KAy,
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4.3%10%yr

Fig. 2. Simulation of cloud collisions in an axisymmetric potential. Clouds are
represented according to their size
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Combes & Gerin (1985) cf. /K& A Dtalk 21

Density structure
of the central
pseudo ring

KW, Koda (2001)



N-body/SPH

Baba, Morokuma-Matsui, Saitoh (2017)

R-band gas density

23

Density
structure in an
arm region

KW, Koda (2001)

dense and diffuse gas
are NOT independent
= KW&Norman (2007)
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(Seyfert NGC 4303 =)

« UV & NIR images (HST)

« ZU\E: one-arm spiral
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Seyfert NGC 4303: nuclear region
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CCC are expected near spirals ( # galactic shock!)

Gas falls into a spiral potential from both sides = Collision
between cold gas filaments/clumps = triggering star
formation - dispersed
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Khoperskov & Khrapov (2017)

MHD, selfgravity, cooling, no SF, no SN
fixed spiral potential(m=2, 4)

Ax=1b pc

initial B: toroidal or turbulent
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time evolution of |B| in disk plane
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— “galactic shock” (& TZ 7z L)
— MHD simulationTHEREINBRE

(BRED) IESADPEIND?

Essential difference between rigid, global density waves
vs. live’ spirals in a dynamical equilibrium

3 L BB L BN .
F _ 1.625Gyr Rotational velocity
89T gas
T; 3T
= spiral
o 1
g "co-rotation” is
o 2T
T everywhere!
o L— o
0 5 10 15 radius i
R [kec] Gas is ‘subsonic’ (random
for the spiral potential velocity ~ relative velocity

cf. Hasegawa san’s talk to the stellar potential).



Y [kpc]

Gas motion: Live vs. Rigid spiral

LIVE (T = 1.000 Gyr) RIGID (T = 0.252 Gyr)
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Random or converging flows Regular flows typically seen in
galactic shock
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3D pure N-body simulations (Fuijii et al.)
= each spiral is non—steady, short-lived

but splrals always eX|st in the disk over 10 Gyrs
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All spiral modes are time-dependent, and radially change



LIVE (T = 1.210 Gyr)

RIGID (T = 0.461 Gyr)
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— HI 9% (Kim et al. 1998) HI
- SM#EE~15pC

— CO% % (Fukui et al. 1999, 2008;
Kawamura+2009)

- 9#REE~40pC
« Simulation: 3 f#8E8pcTE
diskpE1s,

— Wada, Spaans, Kim (2000) ApJ 540, 797

Declination (J2000)
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Right Ascension (J2000)

KW, Spaans, Kim (2000)
Large Magellanic Cloud zaL—23a>)

hole/shells, COFE—tRk 01 <--IBFEIR TIE7AR L)



KW, Spaans, Kim (200(
PV-diagram for LMC model

All Shells/Arcs are NOT necessarily
due to explosions

summary

1. Even weak non-axisymmetric potential (bar, spiral) may
change the large-scale structures of the ISM
- bar is rigid, spirals should be non-steady (4=modern
picture)
2. self-gravity, galactic rotation (&TIl) are important
- local approximation is not realistic (4= theoretically
simple, though)
3. Magnetic field are not essential on galactic
structures (4= recent MHD simulations)
4. SNe feedback is not necessary for large-scale
inhomogeniety (&= e.g. LMC)
5. ISM # "descrete cloudlets” (4= even diffuse gas is
important)



