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What “were" our dreams for the 2010's?

2003-04F ([CimE=NTC
201 0OFE N DAHFRARIE

BEMRDBFOF—7
Fifam, FEpmk PINE (EXKH)
7 L—¥— {HERISRM 0% M (ERZRXA)
SR, SR REEBE (EZKXA)
%, AT TEEAER] (FALKR)
EEVHE, B, @8FE, BHEE RIIERN REKF)
RER. K%k INARTE—ER (ENZKXA)

3.1 RERIMOEEFERE - FiB8

WA T SCEDOR AR EFTHFAERICB T, fFERicboTEEENICED L 9 R FEEFEIC N LT
MAEZEDLRED, FHZDHDICED LS BRETZEECEIGEBREE R0 2EET S EBRER
HEgs, 220, YFZHMNCH L RHERS 2R L 72, UM, 2 OREHRDL L BEHR R 23T 5.

ARETHEO HEEZ, AR R SCFO IR REIAE EFEICBLE LT, 58 10 520 6 20 Ficb iz > THR
TEREFSCF LOREEFEL RS L, BHEEOHECEICN L TRER2TAI L THE, ZORPE

— = e o




What the AGN WG (incl. TN) said are...
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Spatial structure of the AGN ingredients
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Capetti+97

In reality...
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NLR: Patchy structure in conical region,
suggesting the presence of dusty torus
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DUSTY torus? (C) Kawaguchi-san

Important, because...

~ determining the AGN type

~ dominating the IR SED of AGNs
~ could be massive gas reservers
~ possible sites for star formation
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DUSTY torus? (C) Kawaguchi-san

Important, because...

~ determining the AGN type

~ dominating the IR SED of AGNs
~ could be massive gas reservers
~ possible sites for star formation

€T
~ ~1-100pc ?

However, currently...

~ various models proposed so far
~ but not yet discriminated

~ since the torus has not spatially unresolved observationally
~ thus its true spatial structure is unknown

~ relation with the star-formation activity also unknown
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to observer
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DUSTY torus: MIR |magln9 Reunanen+10

NGC 1097 — 11.8 um NGC 1566 — 11.8 um
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VLT/VISIR observations

~ 0.3 arcsec FWHM Mostly unresolved

~ 13 nearby AGNs :
17.8um & 18.7um - Size < a few tens pc




Dusty torus: NIR interferometry

| E— of 11 VLTI/AMBER observations
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Projected baseline (m) of the torus is observed
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Dusty torus: NIR interferometry

only this part is observed VLTI/AMBER observations
~ K-band imaging
o observer  ~ ot hy Fing models
~ best fit: R=0.65+0.09 mas
=0.056+0.008 pc
~ too small even for TMT !l

NOTE:

~ the inferred radius is
consistent to the dust
sublimation radius inferred
Rd Ro by dust reverberation obs
~ only the innermost part
of the torus is observed

How about at longer wavelengths?




Dus’ry torus: MIR m’rerferome’rry
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VLTI/MIDI obs
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900

~ 12 micron
~ a few tens mas

if ~ comparable to

the TMT resolution
~ can be resolved

1 with TMT?

NOTE:

~ diffuse component
could be “resolved
out” by these
interferometric
observations

~ direct imaging obs
needed

Burtscher+1307.2068



Dusty torus: MIR interferometry
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Dusty torus: model trials
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Wada et al. (2009)

An example of numerical simulations for dusty tori
~ (in this case) A few tens pc, distributed around 1.3x107 M, SMBH
~ Circumnuclear starformation (SNe) makes the vertical structure
~ |s this really “dusty”? How does this look like observationally?
~ |s the circumnuclear starformation required for tori and AGNs?
~ Should be examined observationally



Nuclear starformation: model trials
Kawakatu+08

M, (1) . Circumnuclear disk Host galaxy
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Circum-nuclear (~100 pc) star formation also expected
~ |s the circumnuclear starformation required for tori and AGNs?
~ How do they look like observationally?
~ Should be examined observationally



Nuclear starformation: observations
Imanishi et al. (2011,12)
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Active star formation is actually seen in active AGNs
~ |s this star-formation occurring at the torus region?
~ How about at somewhat larger spatial scales (circum-nuclear)?
~ Spatial info of the torus and star-forming regions necessary
~ At MIR! (less suffering from extinction and glaring nucleus)



What TMT will do

Q-band (20um) imaging
~ 0.12” resolution with MIR-AO
~ corresponds to ~20pc @z=0.01
~ for resolving the dusty torus

AF_ [W/cm?] (Scaled & Normalized

A

N-band (10um) IFS spectroscopy
~ 0.06” resolution with MIR-AO
~ corresponds to ~10pc @z=0.01
~ for tracing the star formation w/PAH
~ is the SF associated with the torus?
~ examining the spatial coincidence

10

Bernard-Salas+09
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galaxies (R~600)
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Wavelength [um]

~ [Nell] 12.8um also useful to trace the star formation
~ also for kinematical structure, not only for spatial structure

A candidate of TMT 2nd-generation instruments: “MICHI”



In 10 years ago, the AGN WG (incl. TNy also said...
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“Wide & Deep” multi-color surveys needed.



Why new quasar survey?

Number of quasars (x103)

. Paris+14

—— SDSS-DR10

SDSS-DR9

—— SDSS-DR7

Redshift

1 SDSS and BOSS have already

discovered numerous quasars

| 1 166,583 quasars in DR10



Ross+13

SDSS quasar luminosity function (QLF)
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The number density evolution of luminous quasars
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"Luminosity dependent” evolution of the QLF
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Number density evolution of SDSS Il

quasars. Different colors denote

different luminosity ranges. See also,

e.g., Croom et al. (2009); Ikeda, Nagao,

et al. (2011, 2012).

More luminous SDSS
quasars show the peak of
their number density
evolution at higher redshifts.

Luminosity-dependent
density evolution of quasars,
that may be consistent to
the picture of the so-called
“downsizing” evolution.

Caveat: the number density
is not clear at higher z &
lower luminosity. Downsizing
really holds also at higher z7



SDSS is NOT enough at z~6

T - A few dozens of quasars at
stbinthins z~5.7-6.5 have been found so far
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[ Courtesy of Kashikawa-san ] IGM tomography
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Juarez et al. (incl. TN) 2009

SDSS is NOT enough at z~6

4RI z=bAE Stacked spectra of hlgh-Z quasars
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Even at z~6 (t,,~1 Gyr), the
SMBH mass (~ 109 M) and

the metallicity are so high...

When the SMBH mass and

it LY the metals had increased??
Fan+03 !




Curren‘r NIR surveys are NOT enough: at z~7
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Only 4 quasars at 6.6<z<7/.1,
from UKIDSS & VIKING surveys

NEW Surprises:
> MBH -~ (-I '2)X-| 09 Msun

» Strong metallic emission lines

but based on small statistics...
and maybe we are missing

“growing-up” low-Mg, quasars
due to the limited sensitivity...

and we have NO quasars at z>7.1
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We need quasars atz> 7/
for examining these issues!
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HSC has comell -~ HSC SSP survey will start soon!
~ 1400 deg? wide layer
~ 28 deg? deep layer
~ 3.5 deg? .ultradeep layer




Our HSC legacy survey, at a glance
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WFIRST

WISH




In the 2020's: Euclid, WFIRST, WISH,LSST
mission | start(?) | survey | band |  depth(AB) | area

Euclid 2022-? Wide Vis, Y, J, H Vis=24.5, YIH=24 15,000 deg?
Deep Vis, Y, J, H Vis=26.5, YJH=26 40 deg?
WEFIRST 2025-? High Lat. (Hs) Vis, Y, J, H YJH=26 3,400 deg?
SN Wide J,H JH=28.1 6.5 deg?
SN Deep J,H JH=29.6 1.8 deg?
WISH 2019-? UltraWide JHK-ish AB=24-25 1,000 deg?
UltraDeep 1-3um AB=28 100 deg?
Extreme YJH-ish?? AB=29-30 0.25 deg?
LSST 2022-? Main (Wide) wu,g,r,i,z,y gri=27-28, uzy=25-26 20,000 deg?

mmmm

2014- Wide g, rizy 26.5,26.1,25.9,25.1,24.4 1,400 deg?
Deep grizy + NBs 27.5,27.1,26.8,26.3,25.3 28 deg?
UltraDeep grizy + NBs 28.1,27.7,27.4,26.3,26.3 3.5 deg?



QSO/AGN in the 2020's surveys

Euclid:
~ quasars at z~8-9: ~30 obj. for J<22 or 55 obj. for J<22.5 in Wide
~ variability-selected low-L AGNs (1<z<4) in Deep (at NIR: new!)

WFIRST:
~ quasars at z~8-9: ~100 fainter obj. for J<24 in HLS
~ variability-selected low-L AGNs (1<z<9) in SN-Wide

WISH
~ quasars at z~8-9: ~30 obj. (similar mag as Euclid) in UW+UD

~ quasars at z~9-11: a few obj. thanks to longer wave. filters

l-EESEE;-]- 1 0.5 1.5 2.5 3.5 4.5 5.5 6.5 Total

~ variability selection! 666 597 254 36 0 0 0 1550
17 4140 4630 1850 400 54 0 0 11100
(but up to z~6.5) 18 19600 28600 10700 1980 321 19 0 61200
19 68200 131000 53600 8760 1230 115 0 263000
20 162000 372000 194000 35000 4290 441 1 767000
21 275000 693000 453000 113000 14000 1380 34 1550000
22 336000 1040000 756000 269000 41200 3990 157 2450000
23 193000 1440000 1060000 476000 103000 10900 527 3280000
24 0 1370000 1360000 687000 205000 27400 1520 3660000
25 0 314000 1540000 888000 331000 60800 4100 3140000
26 0 0 279000 760000 358000 86800 7460 1490000
Total 1060000 5390000 5720000 3240000 1060000 192000 13800 16700000
taken from

LSST Science BOOK bl 102 Predicted Number of AGN in 20,000 deg? over 15.7 < i < 26.3 and 0.3 < z < 6.7 with M; < —20. The
ranges in each bin are Ai = 1 and Azem = 1, except in the first and last bins where they are 0.8 and 0.7, respectively.



Summary (+ additional comments)

AGNR/IMBEIEDARBRIC@ (T T
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~ CNETOERE (T TIHEXE and/or SARBE T Y TILERE
~ Subaru/HSC: SE&5FDERIT z~6-7 OXBRY VT )L #HEE

~ 2020F1K: Euclid / WFIRST / WISH / LSST T z~7-9 (or 11)
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