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Atacama Large Millimeter/submillimeter Array

e World largest mm/submm interferometer at alt. 5000 m
e EA (incl. Japan), NA, EU, and Chile collaboration
50 x 12m antennas + ACA (12 x 7m + 4 x 12m antennas)

* Max. baseline: up to ~16 km (— ~0.02”)
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c Rest frequency [GHz] Rest frequency [GHZ]

3423 3428 3433 343.8 3443 3448 3453 3458 355 355.5 356 356.5 357 357.5

NGC 1097
(D =14.5 Mp¢)

(98]
o

o

Flux density [mJy]
Flux density [mly]
(3o
o

o

342 342.5 343 343.5 344 344.5 353 353.5 354 354.5 355 355.5 356
Observing frequency [GHz] Observing frequency [GHz]

§ (a) HCN (J=4-3)

~200 pc
—>

e ALMA Cycle 0 data (Pl = K.Kohno)

e ~100 pc resolution dense
molecular gas observations
toward NGC 1097 (nearby LLAGN)

e Just ~1 hr on-source integration

(— ~week-level integration for
NMA??)
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2023 AGN feedirf

By using ALMA, I've been
studying (mainly cold/cool)
ISM around AGNs

From the central scale up to
the host galaxy scale

1005C 4
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1. SMBH Feeding, Feedback, and Obscuration (torus) down to sub-parsec scales
2. Astrochemistry as a tool for astrophysics

3. Near-future works and beyond
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Next frontier
(JWST, giant telescopes)
L
Accretion

Do nuclear disks and .8
spirals go all the way S - 8
to torus/accretion GRS
disk?

Storchi-Bergmann & Schnorr-Muller 2019

disk

Necessary to form
supermassive black holes

Major mergers, minor
mergers, non-
axisymmetric structures
are the key at R > 100 pc

Our knowledge at R <
100 pc is growing (HST,
ALMA), but little is
known atr <10 pc
(frontier!)

What is the role of the
(hypothetical) nuclear
structure in SMBH
feeding?? — need high
resolution at submm
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Striking Role ofsCis€umhuclear Disk (CND) - “.-

OFloqokev =My E 2 S ‘

Example

g Toqo ‘
H _”’ .- "‘ " ,f:\\L
> ol P emEt T T N ¢ =)
® Pdl . SHRE \ﬁ ' = _ N@GC 6951
1= ' — -E
= aguinl il NI, = = Z4 ] HCN(1-0)
% _3‘0 | I Il galaxy-scale | e T " F Krips et al. » 468, L63
£ LY T s NGC 1566 o oy "t
= r T re—— HCO(1-0), 7" L4 NGC 3227 HCN(1-0)
%O —Apet A A T T """" | 1 il = J ol .
~ — L bl T b ) ,
—5¢ .................... ______ m— _____________________ i 4 < i |:
| o | | 330 rarl 50
N N <—pi @ ‘2. — 85 pc
1 lzumietal. 2016¢ . : 4 —
—6¢ 7 3 9 10 11 lzumi et al. 2015, Apd 811, 39 Combes et#zo_1 4, A&.;,'_?sss, 97 Sani et al. 2012, MNRAS, 424, 1963

log(MHg/M@)ﬁ traced by HCN(1-0) here

e \We discovered a positive correlation between CND-scale dense molecular mass and AGN power, for the
first time. CND = direct reservoir of fuel for AGN.

e Observationally indicate a key direction (= high resolution obs toward the CND-scale). Further higher
resolution observations are needed to probe the innermost ~10 pc.
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‘AGN=driven outflowgkey ingredient for galaxy evolution - .
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I Elliptical galaxies IS 0.01 kéa( = = 10* Eeax ® =
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e One possible mechanism to regulate the growth of massive galaxies: co-evolution

e Multiphase (i.e., ion, atom, molecule) nature. Quantitative assessment of the coupling between AGN
power and wind properties are investigated in various objects at various redshifts.

e Little understanding at r < 10 pc (resolution + extinction) = High resolution at sub/mm
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Unite multiphase, gas feeding, feedback, and obsguration. -

12"

L .

l uminous galax l ’ = .
Iwith L > %(;10\; / | | N ¢ @ :
| y ~1 kpc = » Narrow Line
- Region Unified sch
| y g nified scheme
| ’/""{/ ot maolecular gas massive star = I
| locula gas . massive Hil star Type-2 (e.g., Antonucci 1993, ARA&A, 31, 473)
| j ‘ Broad Line
| | . ‘ Reglon 1 ] | | B B ) T 1 T | | T T 17171
I possmlga?:;:p?mon | - —
| < — Type-1 “_
L — — — - — — — i — l Ha ” —
Accretion [ | | !
Disk - g f\ f |
- ..v..\._,\‘ ‘/\_ AN ‘ Y
3 A i ey | WY (W l__‘.
3 | .- l | Ll 1.1 Ll 1.1 Ll l 1 | .-
: P I | P11 P11 I | ] | P11 1 -

|

|
|
)
AR Torus
|
|

torus RN A AL N Obscur'ng
| e . )
| DL M@t AGN core, — | _‘
e O - - | -
| ' -‘k"! =27 7. molecular POIarllzed p— \,,.,,J S i N P l"°| ey N
N | s Rl TN torus ) - Ny i P o
N R ._.':...,_:‘._- _"'_'_~—._."- " ‘- ; _ - ' . . ' ' n
~afew 10 pc % Urry & Padovani 1995, PASP, 1 e e st s e e e e ‘,,1‘“” S
| RO 3 4000 5000 6000

Robson 1996
“Active Galactic Nuclei”
p. 334

¢ Jorus = nice idea to understand the type-1 and type-2

¢ Torus = iImmediate reservoir of fuel for - . .
variation of AGN appearance in a unified manner.

SMBH growth: need to understand



Progress of

e NIR/MIR interferometry: direct imaging of

4

Torus gbservations

compact tori

e Observed “visibility” + SED <= Emission

distribution model

e éf}'_:":'_:}
+  NGC1068
A | B =. 14.4 MﬁB'C)

Silngle-telescope
‘limage (8.7pm)

e 2-components fit

— Hot (T > 800 K) & Warm (T
= 320 K)

Size (hot) < Size (warm)

Pc-scale structure!

Jaffe et al. 2004, Nature

Dust distribution
(model)

]

\-

-
-~

g 7 pc
S I~ CO(6-5) ‘ ’
T NGC 1068

L0 .
V)

62000

—00°00'48°0

(Jy/beam.km/s)
—0.2 0 0.2 0.4 0.8 1

| |
NGC 1068

HCN 3-2
mom0 -

47".8

Py < 3

47".9

48".0

; 1120°0'48". 1
432pm cont. 02"42M40%.722 40%.712  40%.704
1 | 1 1 1 1 L 1 1 1 | 1 (km/s)
2"42™40%72 4071 40%70 1070 1090 1110 1130 1150
%2000  Garcia-Burillo et al. 2016 B B
. 47".8‘||||||||||‘
e Finally, ALMA started to detect cold e TR HERSE
parts of tori (line + continuum)!
47".9 =™ i
e More extended (~10 pc) than the B k. T
hot/warm components "
48".0 [ 7
— [-dependence
: : ~ Spc
e Rotation motion was also detected @
-0°00'48".1 AL 1| 1=

Imanishi et al. 2018



Progress of

L4
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- -

Garcia-Burillo et al. 2019

Torus gbservatio
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‘Big Ohallenge:-pelagddust component At e

_ (e)

-
| 1PC| Isbell et al. 2022 1PC|

1 pc

e "N
disk N

masers & -
‘.ﬂ 2

-100 L

100

Tristram et al. M3, A82

¢ Polar elongation@MIR continuum!?

— |nconsistent with the postulated equatorial distribution in the torus
e Dusty cone can reproduce the observed

e Statistical confirmation (e.g., Lopez-Gonzaga et al. 2016) MIR distribution — How to make this

® See more recent images by VLTI/MATISSE vertical structure??



Unite multiphase gas feeding, feedback, and obsguration -

K ‘

e

X-ray + Radiation pressure = Multi-phase Outflow — Failed wind
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¢ Radiation-driven fountain flows can naturally provide a geometrically thick obscuration.

e MIR polar elongation is also reproduced (due to dusty warm outflows)
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Our,preyious wogk: Multiphase Gas Distribution - -

e . .

e Target: Circinus galaxy
(D =4.2 Mpc; 1”7 = 20 pc)

® MBH, )\Edd, CND'Scale Mgas:
matched to the values of
Circinus

Lo g ﬂ: densi t}..-' ]

e Hydrodynamic simulation
+ XDR chemistry +
radiative transfer

Wada, Fukushige, Tl, et al. 2018

e NAOJ’s supercomputer
“ATERUI”

e Prepared for ALMA
observations by post-
processed radiative
transfer calculations.
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Spatially Resolved Bicture of the Circinus Galaxy.-

ATCA HI map (Jones et al. 1999)

-65°20'20.0"

.
-
.
Ll
.
B
-
e
.
fi o

® MBH = 17 X 106 Msun,

® [ o 10kev ~4 x 1042 erg/s
e ,

20.5"

21.0" a

21.5"

20.0"

Declination (ICRS)

.
e®
s*
.
.

22.0"

D0 pc

22.5"
.:’ 10.08s 14h13m09.84%, 10.80s 09.60s 14h13m08.40s -

Right Ascension (ICRS) Right Ascension (ICRS)

-0.10 -0.05 0.00 0.05 0.10 0.15 020 0.25

P ) HONG=3-2) e Zoom-in view from the large HI disk
i (~50’) all the way down to the central

HCN(3-2) disk (~0.1”).

2
2 * Now we travel over 30.000x scales!
- e Demonstrate the great capability of ,
ALMA_ Fina”y We did it!! ) F.:;GHT ﬁSIZIEt-IE:IEIf'lu

Right Ascension (ICRS)
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Dens® MoleculaiGas:.HCN(3-2)

2 . .
fit region
Ve +100 kmyg) OO
i \
S i b o
S o B Y e A,
=
C3 T
1. ]
§—65°20'2 1.0" g |‘ : I
s -
— % - :
- . “‘ T
oM .o |
Q H
i | | | ' . '
~~~~~~~~ 100 200 300 400 500 600 700
e Velocity (km/s)

21.1"

~0.20 - 0.34 Msun/yr

vAY
'
Dol

09.96s 09.95s 14h13m09.94s
Right Ascension (ICRS)

e Deep cont. absorption — “inverse P-Cygni” profile = inflow!

Rear layer
(CMB)

Front layer

e Simple two-layer model indicates Vin = 7.4 + 1.0 km/s
® Mgotin ~ 0.20 - 0.34 Msun/yr (assumed density = Nerit)
® C.f. MaoteH = 0.006 Msun/yr (from 2-10 keV X-ray): ~3% of Mdot,in
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3D Medeling of GasiBynamics' (tilted ring'scheme) .

360 380 400 420 440 460 480 500 520 20

40 20 0 40
__f B W

HCN(3-2) Data i Model_ I Residual e PVD along kin. Maj. axis
4 Rig;:gzssscension (_I c;i:l)l e o Ri ghtoizscsension (I(;ZIS3)‘“O9'94S o Right Ozzscsension (lClll?lS?,)mog94S )
me 22GHz H20 maser - | | |
7| (VLBI) - e Tilted-ring model (3PBarolo; Di Teodoro & _‘
P 20 “ Fraternali 2015)
@) | 3 _
£ — Decompose Vit and Odisp - O
Cﬁ? of 1 06 03 0 -03 -06
2 Greenhill et al. 2003 - * HCN(3-2) clearly shows Kepler motion that is Offset (arcsec)
mf . E—— consistent with the H.O maser dynamics.

60 40 20 0 -20

East-West Offset (mas)
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Rotation Curve & .. * * °

160 T
=== Kepler
140 - —9— CO(3-2)
Z Mgh = (2.0 = 0.1) x 106 Msun ¢ sl
é o — Consistent with H20 maser - HONG-2) 2 W e® = 4
o ,
8 —— CO(3-2)
% 100 - =4 [CII*PT="P;
—— HCN(3-2)
i‘ 40 60 30 100
Q9 80+ Radius (parsec)
S
O [
60 - e Successfully constrained from ~100
pc scale down to the central sub-pc
40 o ; y : : 1 5 ' ' ® Keplerian motion is evident around

Radius (parsec) the SMBH
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' : B, s P By h o v e=a Ry s e i b e, e, ol
e L y i ‘_' ~ s i S 5 B B :
Gravitational Instability Drives Accretion! ' - ' - ",
18
16- ®  n(H2)=5.8¢6 cm™ e Gas mass: from HCN(3-2) critical
14 B B n(H2)=1.0e7 cm ™3 density
1 107 e Gas velocity: from Vot curve
% 0.8 e Disk geometry: from o/Viot
] B @
g 10 + 0.6- e Toomre-Q < 1atr>1pc:
s 8- WL gravitational instability can drive
@) 6- . ¢ the accretion
0.2
i L . : e But it is NOT sufficient at r < 1 pc!
. & YO0 12 14 16 18 20 e Maybe, a very dense (n > 108 cm-3)
__________________ ._____'________________________________ disk is not well captured by
0 B = a = HCN(3-2).

04 06 08 10 12 14 16 18 20
Radius (parsec)



Declination (ICRS)

-65°20'20.9"

21.0"

21.1"

0.0

H36a

0.1

0.2

.
.

0.4 .

0.3

09.94s
NICRS)

* Parsec-scale

1on

ized Gas: H36a -

1 pc

14h13m09.93s F-‘rs‘t

dele

—— H36a
—_1.51 HSGG === (CO(3-2),norm
=
oo
S 2
§ Broad comp. 3
— ' . =
- blue-side) a.
g E, road comp. | E&
2z \ (red-side) b
= & o
) (0.5 [ ~
s i :
- i ! 3
= i
oltlpn N

N

2000

chio

J.UUU

v elocity (km/s)

1.2 — v I v v v v I ' . . . | i :
ALIX 1
1.0 [CaVII]] == -=-- ]
0.8 -
No red tail |
0.6 (obscured?)
02 Vsys ' -
i =446 km/sNo- - o o _ ]
0.0F Nt
—0.2 i A A 1 A A A A 1 A A A A 1 A i

-500 0 500

V (km s-1)

e Conical distribution is found, consistent with [Olll] and Ha.
e H36a is very broad — innermost part of the ionized outflow!

¢ Almost symmetric profile, which is not the case for NIR coronal
lines =& Submm-RLs as an extinction-free probe of ionized gas!

e |onized outflow rate ~ 0.04 Msun/yr (w/ LTE
C.f., Mdot,in ~ (0.20-0.34 Msun/yr, Mdot,BH = (0.006 Msun/yr)
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Velocity (km s-1)

PVD along kin. min. axis
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/lzumi et al. 2018c
ionized gas’’

X N atomic gas
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o \ nuclear

LIPS
| .l ‘ " : P
SMBH .. ''\) meiecular gas + cold dust
WISy molecular gas
() o (i) (iii)
sub-pc ~a few - 10 pc ~tens of pc

e Offset peaks in the minor axis PVD: prominent in [ClI]
— indication of atomic-dominant outflow!

oA

e Geometry is unresolved, but is well-constrained by H36a cone.

— Atoms reside outside of the ionization cone

e Qutflow velocity < 40 km/s @r~1-2 pc (slow)
— Backflow to the disk (circulation)
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—— CO(3-2)
—4— [CI](1-0)
—— HCN(3-2)

[CI](1-0) = thick disk

‘\ YDy KAR ] [

4 6 8 10 12 14 16
Radius (parsec)
e Geometrical structure, or disk scale height/

radius, depends on the phase/density of the
gas — multiphase obscuring structure!

e Turbulence induced by the backflow would
support the thickness of the CI disk.

HCN(3-2) = thin disk b

/v fountain flows

by '1\
l\\\
;L\‘ \
v .
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\ A A
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~a few - 10 pc

Declination (ICRS)

-65°20'20.0"

20.5"

21.0"

21.5"

22.0"

225"
14hl 3m09.84s

Right Asgension (ICHS)

e Expected H-column density and/or Av above the
nearly edge-on disk (LTE)
— Nn = (4-9) x 1023 cm-=2 or Av = 210—440 mag.

e This thick disk provides a substantial obscuration
= obscuring torus.
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In AGN:
Izumi et al. 2023 | |
\ ¢ \\We have for the first time ever detected
- Y the pc-scale dense molecular inflow.
sublimation limit \ outflow | ; oo o
warm P e Only a tiny portion (< 3%) of this inflow
[ ' P .’ consumed as the actual SMBH growth.
s
,' -’ ® \\e have for the first time ever detected
/ = ]
. | ,' 4 pc-scale ionized outflows w/o severe
' /) 7 1c1)(1-0) dust extinction: root-part of outflows
"k / /’ > 4 . .
0'942 7 & 4 -~ 2 * A bulk portion of the inflow must be
Sty N\ - v Sy - backiic carried by atomic (+ molecular)
e i 4 - A c0(3-2) outflows: eventually become backflows.
X " 120 maser - 0O e Atomic gas forms a geometrically thicker
“ @ ' volume than dense molecular disk —
Z ks ' f obscuration (torus)
0, % multiphase nature of o
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~ Significant Advangément over the past ~25 ygs ... -

Curran et al. 1998
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lzumi et al. 2023 !
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Arp220 / NASA, ESA, and C.Wilson
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* Different heatlng iiggha |
on ISM

rst) will produce dn‘ferent sighature
R T
1 %) ‘ .
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yCosmic-

ray, Mechanical 'héfa In
— chemical 'feedback

Arp220 / NASA, ESA, and C.Wilson
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| Rolé of ObscumdafﬁN in thé cosmologlcal SMBH growth" '
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(e) “Blowout™

(c) Interaction/"Merger” (d) Coalescence/(U)LIRG (f) Quasar

= IS

now within one halo, galaxies interact & - galaxies coalesce: violent relaxation in cor
lose angular momenturn - gas inflows to center
SFR starts to increase starburst & buried (X-ray) AGN
stellar winds dominate feedback - starburst dominates luminosity/feedback
rarely excite QSOs (only special orbits) but, total stellar mass formed is sma

IRAS Ous

- BH grows rapidiy: briefly - dust
domunates luminosity/feedback - host morphology difficult to observe

- remaining dustgas expelled vdal features fade rapidiy

- get reddened (but not Type i) QSO - Charactenstcally biue/young spheroid

removed: now a “traditional” QSO

recent/ongoing SF in host
high Eddington ratios
merger signatures sull visible

(b) “Small Group” (g) Decay/K+A

<
<

QSO luminosity fades rapidly
- uidal features visible only with
very deep cbservavons
- remnant reddens rapidly (E+AK+A)
- “hot halo™ from feedback
- Sets up quasi-static cooling

1000 £

100 »

« halo accretes similar-mass
companion(s)

- Can occur over a wide mass range

- Mo still similar to before 0.

1
dynamical fricion merges
e o a

the subhalos efficiently

SFR [Ms yr'']
°

(a) Isolated Disk (h) “Dead” Elliptical

!

FSGr formation terminated
- large BH/spheroid - efficient feedback
halo grows to “large group” scales
mergers become incfficient
- growth by “dry
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Time (Relative to Merger) [Gyr]

formed

« halo & disk grow, most stars
+ secular growth builds bars & pseudobulges
“Seyfert” fueling (AGN with Mg>-23)

« cannot redden to the red sequence mergers
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quasar/AGN component
host galaxy component
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Blue quasar
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e Obscured, rapid growth phase in
the co-evolution of SMBHs and
galaxies.

e Now we see this class of object
even at z > 7 (Fujimoto+22)



Ni et al. 2020

Rol2 df ObscuredAGN

. \’

‘ 2 ; .‘. " . i . " :. | | 2 : | .‘. . : .‘ ‘.
in_ thé cosmological SMBH growth?

.‘
o .

31

Muyv

be ~1/deg?2 obscured quasars)

26_""I""I""""""I""I""I""_
- Nu(z)x(1+2)° é=4.0 Gilli et al. 2022
= - = : T . { On average Ny > 1028 cm2 at
" 25 p . . 4z > 3? Host galaxy-scale
a | e | Ny=1/o 1.2+~ 1 obscuration must happen.
8 w24 b . . | -
"f . E - ° — = b o6 [T T T ]
o s s = : o ° p L s o - 1 0
200 ckpc/h & 200 ckpc/h 200 ckpe/h 10010(0/0ave) 7} 23 B . o, - - — . ] 25 F .
ZI i ° VV ./. i
10-5 L —— BT, intrinsic %ﬂ oo £ o4
—— BT, intrinsic&outshine — J/ //
— BT,extincted Y
Sinu”at.— BT outshine&extincted o1 - ® ASPECS ((Aravena+2())) m z~6 QSOs EVenemans+20;
Ion . COSMOS (Suzuki+21 B z~6 QSOs (IzZumi+18,+19
p— i _— »_ - @ ALPINE (Fujimoto+20)
T 10—'7 E & 20 oo b b v b b b b b
5 » 4 0 1 2 3 4 5 6 7
E ' redshift redshift
5 x 1.5 dex (!) . . . .
& b * Recent hydro simulations indeed predict such obscured growth
s 10| bsey, phase = 'Obscured AGN/quasar.
Wang+19°" fie,_ . R
------ Jiang+16 ° sy, P e BLUETIDES simulation predicts 1.5 dex more abundant obscured
i Cls) ~~
. RN AGNSs than non-obscured normal AGNs. (Subaru/HSC survey
10711 L | ’ l l | | ) ]
52 _—23 -24 -25 _—26 -—-27 _o8 finds n ~0.1/deg? unobscured quasars at z > 6. Hence there could
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‘Gas'Ssphtial distributions in NGC 7469 “°
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. LCI](1-0) vs CO(2-1) distributions- ' . -

i 120

e A sort of spatial “anti-correlation”
between [CI](1-0) and 13CO(2-1)

15

e Not the case in Galactic molecular
10 clouds (e.g., Orion-A).

- [CI](1-0) - 13CO(1-0) @

0.5 “
: I VS [

ICRS Declination

-0.4 |
65 j o Gl probes a closer vicinity of AGN
i < than CO.
0.2 , ¢ [CI](1-0) luminosity > 12CO(1-0) + (2-1)
[ + (3-2) + 13CO(2-1) luminosity.
0.1 — Very important ISM coolant around

this AGN.
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lzumi et al. 2020b
Nyo=10% cm™3
4o _'7umietal. 20205 (T unit) .
Eggjggﬁgz Eﬁtm? ., el = A e Extremely high [CI](1-0)/
NGC7469-SB (ALMA) | ’5 . 7 0 5 13CO(2-1) ratio at the
25 1 () NGC7469 (SD) o o NGC 7469’s AGN is
AGN (Single Dish = SD) - AGN ' 0 _
— Starburst (SD) B ) found, when spatially
~ 20 | O Quescent 0 S 20 300§ {} | resolved.
N U y I|
- = 200 4 ‘: * No single dish data
= 15 — 15 - b shows this high ratio.
o~ G 100 & — Thanks to the high
— : resolution of ALMA.
— 10 - 10 1 "‘
O “‘ e AGN'’s joint influence
A ) (XDRY);
> - Y 5 i) Super-high
Starbur ¢ ) _p : 9 .
| ~m excitation (high-T)
0 B | . . . . . . &‘T‘*“'Ncoﬂvcoﬂ i) CO dissociation
0
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3. Near-future works and beyond

(part of this section is confidential!!)
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‘Systematic Surveyfof Molecular Gas " -"» ...

© 43.70s  43.60s  43.50s 9h34m43.40s
ICRS Right Ascension

e CO(2-1) survey toward 32 nearby luminous Swift/BAT AGNSs (Leo > 104 erg/s) Yu Ikeda, Tl+ in prep

e Resolution ~ 100 pc (0.2”-0.3”): largest high resolution CO survey toward AGNs

e Scope = Feeding from the CND, Feedback (outflow) from the AGN...in a statistical manner!
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JWSh observationggof warm:torus

y [pc]

H> S(1) + MIR continuum (rad. transfer)

£ . -

Y

Jy/str * km/s
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;;102
10 A. |
10° 0.1
107} S(é)
0.01 - /\ (2 pc, 6 pc)
g 5 10 15 20 25 3(
-10 -5 0 5 10 15 A [um]
X [pc] — T. Izumi et al. JWST Cycle 2 GO (ID4225)

e MIRI MRS observation of various molecular/atomic/ionized lines

® To detect warm part of the torus (H2 mass, warm mol. outflow, extinction)
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Spatially resolved study of XDR

lzumi et al. 2023

lzumi et al. in prep.

-65°20"20.0"

|
[C1}(1-0) |

Pbsition-A ; ; ; ; ;
: o JHONQL-0) i CO-0)y

N SN N oo \O
o)

sl  |wcotgoy S S oNvao | |
f 5 i z i - xX1/2)

I B T T S I . c 1800-0>H

; AT LA HC,N(12 — 11)?
sy HONOL-10 :

20.5"

(U]

HNC(1-0) ;
3 | 13CO(1-0)
9 s §LeTiEn o U O SN R—

21.0"

Flux Density [mJy beam ']

85 90 95 100 105 110
Observed Frequency [GHZ]

Declination (ICRS)

21.5"

e Now we can spatially isolate and resolve X-
ray dominated region (XDR), where gas

- - o physics & chemistry are governed by X-ray

scension (ICRS) radiation.
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Declination (ICRS)
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e \What is the characteristic feature there??
; — Interplay of astronomy and chemistry
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Right Ascension (ICRS)
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‘Sub/mm recombingtion‘lines

2.5 . . , . . .
Izumi et al. in prep. i i i I UL

Rrep — 5B (@)L, Scoville & Murchikova 2013
200 HRa o ool ¥ |
O + He32a ’ ‘&,g
e e e i ~ | S '
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e Clear detections of Hha and Hn[3 lines. And possible detection (or upper limit) on He+ line.

¢ |n principle, He+/H ratio depends on the hardness of the FUV radiation.
— Extinction-free constraint on the shape of the FUV SED!
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+£10¢ct (£0.36 dex) . Synergy with hard X-gay obs..
(Peor = 4.8e—15, pp = 0.74) O L e ‘ W . g . e
e Strong positive correlation between hard X-ray luminosity
and mm continuum luminosity
— same physical origin??
e Candidate physical origin = AGN corona (synchrotron)
e SED analysis also supports this idea (although there are
numerous free parameters)
/ Kawamuro et al. 2022 ’
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Key.@lement fory(nearby) AGN study: high resalution! . -

lzumi et al. 2023 01 00 0l 02 03 04 5
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¢ \We need pc-scale resolution (< 20 mas) to ;

20 30 40 50 60 70 80

detect inflows via absorption. 10 |
Distance (Mpc)

(note: more compact AGN itself is the
background continuum source)

e Expand the pc-scale
exploration to many more

AGNSs.

e Resolution matters, always.

¢ \\We need pc-scale resolution & high
sensitivity to probe the innermost part of
the AGN-driven outflow

e Future ALMA upgrade and/or ngVLA?




Summary (ALMA nearby AGN studies; my works=oniy

* ALMA plays a key role in studying various aspectsiofinearoyJAGNS
* Feeding and feedback are now consideredinaiinifiecdimanner
— Circumnuclear multiphase @gg‘ﬂgw thatrormiaitrerentiaynamical SULICLUTES

e |[SM properties inex Tmentsistartitojoe rs\ua:ﬂasj dl sub/mm
- An idea W‘E ii!.lsi‘j XDRichemistrysforgexamplesy”

A
[

e But we are also aware of possmle I|m|tat|ons of the current facmty
- Strong demand for the next- generatlon radlo mterferometer = "

ChTe s S . G e . ngVLAGNRAO



