A Radio Absorption Study of AGN Tori
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Multiple ingredients in AGN tori
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Radio absorption observations offer...
» Distribution of thermal plasma (w/ background synchrotron emitter)
» Velocity of molecules along the line of sight

For the torus structure and dynamics
* Temperature and density (b) XDR

. . . © Plasma
» Chemical composition in molecular torus Cireum- /y
\

- CO, HCN, HCO+, CS, SO, and CN
- isotopologues : H'SCN, HC5N PR ccing
- vib-excited HCN, HCO+ / i g

» \ertical structure of a geometrically thick torus Fastern

approaching |
jet S
= MO'GCUlar + XDR + plasma i HCN clouds EThe line of sight
A
- Clumpy molecular clouds
Sawada-Satoh+2008 \g
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Flux Density [Jy]

Plasma free-free absorption

Changes of the peak frequency for various FFA opacities
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Plasma free-free absorption survey
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* 19 GPS sources
(young radio galaxies)
» five-frequency
VSOP + VLBA obs.
* 6/19 show torus-like FFA

2050+364




Plasma free-free absorption survey
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Spatial coincidence of FFA and H20 masers

Masers (XDR) locate where zrra, 22 guz ~ 0.2
Amplification of background jet radiation

Vi gR (kms™)
W -§ h+g$9 NGC1052 Kameno+2
Sa adQ6 Oat0 1 08 1700 1750 1800 A T B a e 10 003 g
IIIIIIIIIIIIII - -
B @ 2000 A - © |
r——7Tr T+ "1 "' T rr1 T - o
(a) '
[ XY &
' e
I °J . S ®
o Lo
0 O 0’ a
} 2 ¢
L k)
o %, &
]
(@]
Q. |
‘ T T I T T T T I T T T T I T T T T I T T T T I T T
1 L i 20 10 0 -10 —-20
® e
Relative R. A. [mas]
................
Circumnuclear torus

XDR

Relative Declination [mas]
o

6 4 2 0 -2 -4 -6
Relative Right Ascension [mas]

Plasma gas region

Torus 2018 in Puerto Varas, Seiji Kameno : A Radio Absorption Study of AGN Tori

_engine O)

O Eastern approaching jet (d)
. ight
:15:. !
Oles™ N\
O Western receding jet

9 /37



ALMA molecular absorption survey
N
nearby radio galaxies



ALMA molecular absorption survey In
nearby radio galaxies

Source Emission Absorption

NGC 1052

NGC 4261

NGC 6328

IC 1459

3C 75




Relative Declination [mas]

NGC 1052
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Molecular gas distribution and velocity (CO)
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CND (CircumNuclear disk) rotation

NGC1052_B7C0Ospw0.mom0—raster
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Long-baseline view
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High-resolution velocity field
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CO line profile toward the nucleus

CO (J=2-1) : inverse P-Cyg profile

Spectra toward blue emission + red absorption

the nucleus | =~ . .
implication of inward gas motion
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Absorption features

Spectra toward
the nucleus
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Optical depths

Optical Depth (+ offset)
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Presence of vibrationally excited lines

HCN J=4-3 and HCO* J=4-3
* line ratio (v=0 to v2=1) : R=0.6
+ if optically thin, Tex = 520 K

. ﬁ% * IR (14 ym) pumping from hot dust?
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Locating HCN absorption with KVN

Sawada-Satoh+2016: HCN absorption with KVN
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Absorption features and H20 maser

NGC 1052 H20 maser

g » Asymmetric profile
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Host galaxy E2-3

Distance 30.56 Mpc, 1"=181 pc

N G C 4- 2 6 1 Velocity Vsys(LSR, Radio) = 2214 km s
Radio continuum 0.21 Jy@345 GHz
Free-free absorption (Haga+16)
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NGC 4261 CO emlssmn in CND

» Keplerian rotating disk
¢ Menc 8X108 M@ - 1 6 MBH

 Coincidence with the dust disk
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Optical Depth

-0.005 -0.010 -0.015

0.000

4261 : absorption lines

NGC 4261 Band 7
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NGC 6328

Hubble Legacy Archive
http://hla.stsci.edu

Host galaxy SAB
Distance 61.25 Mpc, 1°=306 pc
Velocity Vsys(LSR, Radio) = 4324 km s

Radio continuum 0.2 Jy@345 GHz
GHz-Peaked Spectrum source (Tingay+97)
H2 molecular absorption (Maccagni+16)
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 Galactic arm structure

CO (J=3-2) emission

* Coincidence with the dust lane

Hubble Legacy Archive
http://hla.stsci.edu

CO (J=3-2) integrated intensity (mom0) CO (J=3-2) velocity field (mom1)
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Optical Depth

NGC 6328 : molecular lines
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IC 1459
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IC 1459 : CO and HCO* absorption (?)

Optical Depth
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3 C 7 5 Double radio galaxy (projected separation= 7.2 kpc)

Both have extended double-sided jets
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3C 75 : high-velocity CO absorption?
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ALMA molecular absorption survey In
nearby radio galaxies

3/5 confident + 2/5 marginal detections

Source Emission Absorption

NGC 1052

NGC 4261

NGC 6328

IC 1459

3C 75




Radio absorption observations offer...
» Distribution of thermal plasma (w/ background synchrotron emitter)
» Velocity of molecules along the line of sight

For the torus structure and dynamics
* Temperature and density (b) XDR

. . . © Plasma
» Chemical composition in molecular torus Cireum- /y
\

- CO, HCN, HCO+, CS, SO, and CN
- isotopologues : H'SCN, HC5N PR ccing
- vib-excited HCN, HCO+ / i g

» \ertical structure of a geometrically thick torus Fastern

approaching |
jet S
= MO'GCUlar + XDR + plasma i HCN clouds EThe line of sight
A
- Clumpy molecular clouds
Sawada-Satoh+2008 \g
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