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Radiation-driven “fountain”

Radiation pressure + X-ray heating — Outflow — Failed wind

Gas density + Velocity vector Mgn = 1.3x108 Msun, ER = 0.3
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Radiation-driven “fountain”

Radiation pressure + X-ray heating — Outflow — Failed wind

Gas density + Velocity vector Mgn = 1.3x108 Msun, ER = 0.3

— see Kelichi’s talk
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Dust rad. transfer

One snapshot from RHD — 3D Monte Carlo

12pum

e Successfully reproduced
32 pc | the MIR polar elongation!
SSE= | (Schartmann et al. 2014)

Schartmann et al. (2014) e And observed SED can be

reproduced relatively well



Multi-phase & multi-species gas distribution

Wada, ..., Tl, et al. (2018)
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e Target: The Circinus galaxy

® MpgH, Aedd, CND-scale Mgas:
matched to the values of Circinus

¢ Hydrodynamic simulation + XDR
chemistry + radiative transfer




Multi-phase Obscuring Structures

lzumi et al. (2018)
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Multi-phase circumnuclear obscuring structures

studied with ALMA
— T. Izumi et al. 2018, ApJ, 867, 48

¢ Atomic vs molecular gas dynamics?
— Can we see different dynamical/
geometrical structures?
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Compton-thick AGN (Arevalo+2014)
- N1 ~(6-10) x 10°*cm™
- Lo-10kev ~ (2-5) x 102 erg/s

1 o Clearest MIR polar elongation
— Test the fountain scheme

| o Low SFR
— Weak stellar feedback

¢ High resolution CO(3-2) + [CI](1-0)
| @ALMA Cycle 4

e O~5pc(CO)&~15 pc (Cl)
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Why we observed CO & CI?

Wada et al. 2016, ApJ, 828, L19
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Cold dust emission (ALMA: 860um cont.)
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Schematic view MIR polar elongation

Ban‘dj Component-2
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Band 7 CthponenH

e Double-Gaussian fit to the
visibility data = CND + core

e Consistent with the MIR
elongation?? Or just a jet?
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Molecular & Atomic gas distributions

g °CO(3-2) |
- E— CND (D ~70 pc) + Spirals
Muz2 ~ 3x10° Msun (CND)
- C.f., Mgy ~ 2x10° Msun

Nu2 ~ 5x10%3 cm™ (AGN)
- beam-averaged
- Nu (Xray) ~ 6x10%4 cm

Cold gas (CND-scale)
contributes
significantly to the
nuclear obscuration!
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Molecular & Atomic gas distributions

140
129 o First extragalactic
100 high spatial resolution
imaging (~15 pc)

80
e Similar 2D distribution
60 to the CO(3-2)

40 ® But we don’t know 3D
structures!
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Decomposition of Cold Gas Dynamics

0% 10.565 10,205 09845 14h13m09.48<
Right Ascension (ICRS) e 3D Barolo code

e Global motion is dominated by rotation (Di Teodoro & Fraternali 2019)

e \We decomposed the dynamics with
tilted-ring models - Viot, 0, inclination, PA.




Decomposition of Cold Gas Dynamics
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Decomposition of Cold Gas Dynamics

650 ‘ PA.=216"
(@ 500
: 600
°20'18.0" 100
' 1550 é’
S o
20.0 500 >

-100
450

-200
400 -10

22.0"f

350 (b) -

300 Streaming motion 600

_ 100
™ " 1056s  10.20s  09.84s 14h13m09.48s 250 <
Right Ascension (ICRS) S
: : : ~100 /
e Global motion is dominated by rotat! Stoamint motn 1300
—200}
¢ \We decomposed the dynamics with 1o o 0 5 1%

. . . . ] Offset (arcsec)
tilted-ring models - Vyot, 0, inclination;+ TR

Right Ascension (ICRS)

L '-‘:'-.a o WA\
09.84s 14h13m09.48s




Cl vs CO: Multi-phase Torus Structures
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e (Geometrically thin mol. & atomic disks at
r > 20 pc (c.f., low-SFR in Circinus)

e Geometrically thicker atomic disk than
the dense molecular disk (r < 10 pc)
— Multi-phase structures!
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What makes the geometrical thickness?

Nuclear-scale (15 pc) spectrum

FWHM ~ 240 km/s
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What makes the geometrical thickness?
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Comparison with our model
CO(3-2): Ts [Cl](1-0): Ts
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e Hydrodynamic simulation + XDR chemistry + rad. transfer
e CO(3-2) = mid-plane of the CND

e [CIl](1-0) = mid-plane + puffed-up component due to outflows



Comparison with our model
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e Different line profiles for the simulated CO(3-2) and [CI](1-0)

e T[riple-Gaussians can well fit the profile — outflows stand out!

e Good consistency between ALMA obs. and our simulation
— Support the fountain scheme — Physical origin of the “torus” !?



Summary: Multi-phase Obscuring Structures
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