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Volume-weighted density
PDF in a steady-state
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PDF & star formation
T2 E K = Dispersionk =
=% EclumpDE| &8> SFRX
Log(Volume)

: Dense gas involved in
: star formation
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Log(density) T
critical density

SFR = EC(GPC)I/ZfC<,[)>V e.g. n=10% cm-3
(0)y = poe” /2
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NormalfR:a] Efficiency=0.001~0.01
Starburst Efficiency=0.01~0.1

icutt law

Log(gas surface density) M., pCc?
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3-D Hydrodynamics of a massive gas
disk around a SMBH (KW & Norman 02; KW & Tomisaka 05)

2562%x128 grid points
Resolution: 0.25pc/grid

r/DM potential: fixed

* Self-gravity of g
«Cooling(10-108
UV heating(dust

Energy input frogn SN
at randomly selected grid points




Starburst driven "torus” around SMBH
densit KW & Norman '02

ISMis a flared disk with clumps and filaments.

Scale height is determined by energy balance between turbulent dissipation and SN
heating in a gravitational potential.
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KW & Norman (2002) ApJ 566, L21

Obscuring “torus” around a supermassive BH with
nuclear starburst

2562 x 128, uniform grid, 0.25pc/grid
Radiative cooling (5-108 K), SN feedback, selfgravity
I\/IBH = 108 I\/Isun’ I\/Igas = 107 I\/Isun’




3-D non-LTE line transfer calculation

12CO (J=2-1) channel maps of the “torus” around SMBH

Viewing angle = 45 deg KW & Tomisaka (2005)
ApJ 619, 93

-180 km/s

Intensity (K km s™')

Intensity {K km s7")




>
-~
()
C
Q
)
Im
O
Q
i
O
—
O
Q
)
-
—

= 45 deg

maps of an obscuring
viewing angle

molecular torus

“torus”

lumpy structure of the

ith ALMA.
(0.01” ~ 0.8 pc @Virgo)

ould be detected w

KW & Tomisaka (2005)




CO(1-0), 45degree HCN(1-0), 45degree

) NIT=10 CO(1-0)
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How can we observe the torus by infrared lines?

Warm,neutral  1og H,/n Cold, molecular
-25 —-26 -27 -28 -29
LI} 1 rvrT ' L . r T 17 rrv LELELE r T
* e.g. 2um H, v=1-0 S(1) from of o E

XDR

« Dominant parameter is H /n:
X-ray energy deposition rate/density

e H ~7x1022 L, ry" N,,"
— N,, =N/10,, cm™?
— r,=1r/100 pc

Log Fractional Abundance
(M) L 301

Maloney et al. (1996)

Obs. Strong H, v=1-0 S(1) In NGC 4418 (buried AGN)

Imanishi, et al. (2004) ApJ 128, 2037




Intensity of H, v=1-0 S(7) vs. H/n
based on a XDR model

* Most luminous around H /n ~10-2°-10% erg s' cm?

Log H,/n Log Hy/n
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H,/n for 2000 sample
points in the clumpy torus
model

H2 could be emitted from the whole
disk, but its distribution is non-uniform (5-10 pc). &
Can be detected in nearby Sy1/2 by VLTI?

107"? ) VOQ)
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10-25

Hx/n 1077 :

1072% K

<«— H, emission

103"

1077
Lx = 10%* erg s

radius (pc)



H2 may not be emitted
from the disk plane.

Non-starforming disk is invisible
for this line?
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Density,temperature in XDR of the “torus”
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n~ 107 cm3
HA4X «~ 104pc

Ny, ~ 1022 cm=?, Ny, ~ 1024 cm™
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