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AGN tori and aims in this work

Bill Keel©
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« Active Galactic Nuclei (AGNSs) Type 1 AGN

- Central areas of galaxies
hosting supermassive black holes (SMBH)
+ The unified model of AGNS (Antonucci+85)
- Intrinsically, type 1 AGNs = type 2 AGNs
= Obscuration by molecular tori

Type 2 AGN

» Inner structure of tori is important. Rest wavelength (A)
- ‘Clumpy’ tori models (e.g. Beckert&Duschl 04) t
Type 1
Aims of this work Narrow line &4
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CO ro-vibrational absorption

lines

Issues In torus observations

SMBH

« Size of a molecular torus is ~ pc.
Clumps

= A torus is difficult to be spatially
resolved even with ALMA,
except very nearby AGNSs.

Thermal radiation
’ from the inner dust

- CO ro-vibrational absorption lines

|
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v=1«0 AJ=%x1, ~4.7 um) §
- Radiation source is inner dust of % 'l
molecular torus. (Prieto+10) @
- AGN emission is dominant at ~ 4.7 pm. Té:
— Less affected by the host galaxy 5
s

- Absorption lines with various J levels are
observed simultaneously.
— CO gas temperatures, column densities
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Detectability of time variations

- By measuring accelerations of CO lines, we can estimate
clumps’ orbit radii, assuming Keplerian motions.
* If Rorb = 1 pc (typical value from models),

and Rin = 0.5 pc are assumed, Dust sublimation layer
predicted velocity variations are: R, w R
dVLOS GMBH / orb

=— SIN I COS ¢
dt orb

I ’ it
= 30 km s™! S AV, g $ 65 km s7! Clumps’ orbi

¥

Using Subaru IRCS (R~5000-10000),
these variations can be detected.
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Targets and observations

« IRAS 08572+3915 NW (z=0.0583)
- Ultra Luminous InfraRed Galaxy (ULIRG), AGN
- Lygn ~ 10% erg s71 - My ~ 10°M, (gyq = 0.1)

- Subaru, IRCS @ M-band

Date (UT) Wavelength resolution Wavelength  Adaptive

(hm) Optics

Jan. 15 5.00-5.13

2004 5,000 (~60 km s-1) )\ [o
Feb. 4 4.90-5.04

4.90-5.04

2010 Feb.28 5,000 (~60 km s-1)

5.00-5.13

Jan. 19 5.00-5.13
2019 10,000 (~30 km s-1)
Jan. 20 4.90-5.04

CO gas temperatures,
column densities




Spectra of IRAS 08572+3915
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Velocity components in CO lines

» Shirahata+13 found
3 velocity components in the CO lines
using spectra obtained in 2004.
%
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Results

1. Analyses on time variations
in CO line velocity



Evaluation of velocity variations

e.g.) Evaluation process
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Upper limits on velocity variations

 Velocity variations were estimated for the first time

in the periods: 2004-2019, and 2010-2019.

- AVco: Error-weighted means of the CO velocity variations
- AVeai: Error-weighted means of velocity offsets
due to the errors of wavelength calibrations
mp Velocity variations are tightly constrained as:
| AVeo — A <10 km s~!
| AV — A <7 km s~!

Wavelength
(Hm)

4.90-5.04

Vcal |2004—2019

Vcal |2010—2019
AVca (km s-1) AVco (km s-1)

Period

2004-2019
5.00-5.13 +1 + 1 +4 + 4

4.90-5.04 -10+ 2 -/ 3

2010-2019

5.00-5.13 +5 + 2 +4 + 2

(3-sigma limits)



Lower limit on clumps-BH distance

» Assuming that gravitational force is dominant in the
molecular torus, and clumps are in circular Keplerian orbits,

we evaluate their orbital radii as:

dV os _ GMgy .
= sinicos ¢ < ay,
dt Rgrb
=> R 4 = SIN I COS Py«
Ayp

0.5
Mgy
>R . =>2.57pC sin §)%

» Clumps are likely to exist
farther from BH than models
typically predict (~ 1pc).

Dust sublimation

Clumps’ orbit

NN

Linhe-of-sight
v I
Av/
Ayp : An upper limit of acceleration
I :Inclination angle (90°=edge-on)




Results

2. Estimates on CO temperatures
and column densities
with spectra obtained in 2019
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Multi-component study of absorption lines
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Detections of another torus component

 In low J lines, torus components excess Boltzmann Plot

a single gaussian around the peaks. 1028 g
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Possible origin of the components

» Cooler component: 7, ~ 90 K, Nog ~ 1 x 10'® cm™

- Warmer component: T, ~ 240 K, Ny ~ 5 x 10'® cm™

« The column density of warmer CO > cooler CO

= 2 components are NOT in the pressure equilibrium.

- Their central velocities are Beam area

equivalent. <, < w

= These are from similar regions. | Dust sublimation

¥

layer

-
-
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- These are likely to be from
clumps with different

temperatures. SMBH-._ Dense disk

Molecular torus



Time variations in velocity of CO ro-vibrational lines in AGN IRAS
08572+3915 have been measured between 3 epochs.

Velocity variations are tightly constrained, or < ~10 km s-1,
which leads the lower limit on clumps’ orbital radii to be ~2.5 pc,
greater than typical value in the models (~ 1 pc).

It has been found that the velocity component attributed to
a molecular torus actually consists of 2 components
with different velocity widths.

In the molecular torus,

a cooler component (7., ~ 90 K, Nog ~ 1 x 10'® cm™)

and a warmer component (T, ~ 240 K, Ny ~ 5 x 10'® cm™)
are NOT in the pressure equilibrium,

and likely to be from individual clumps.



