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TMT 時代にすばるの時間の a few 10s (50) % を5年間程度使うTMT 時代にすばるの時間の a few 10s (50) % を5年間程度使う
(~1,000 夜)ことで、何をするか。

単純な発想だと単純な発想だと、、、

• SDSS-like survey at z~1 with imaging (rest u,b,v,i,z) and MOS-
d ( t 3600 9000A) 1 000 000 l imode (rest 3600-9000A) ~1,000,000 galaxies

• MANGA-like survey at z~1 with IFU-mode (kpc resolution) 
~10,000 galaxies

(TMT に最適化したプロジェクトか？)

秋山 正幸 (東北大学)秋山 正幸 (東北大学)



超巨大ブラックホールSMBH 
の成長

• SDSS-like survey at z~1 with imaging (rest u,b,v,i,z) and MOS-
mode (rest 3600-9000A) ~1,000,000 galaxiesmode (rest 3600 9000A) 1,000,000 galaxies

• X 線で捉えられない活動銀河中心核探査
• Narrow-line Type-1 AGNs• Narrow-line Type-1 AGNs
• Compton-thick Obscured AGNs

MANGA like survey at z 1 with IFU mode (kpc resolution)• MANGA-like survey at z~1 with IFU-mode (kpc resolution) 
~10,000 galaxies

銀河にうずもれた活動銀河中心核探査• 銀河にうずもれた活動銀河中心核探査
• 活動銀河中心核から銀河へのフィードバック



Evolution of X-ray LF of AGNs

Ueda, MA, et al. 2003



Growth curve of Super Massive BHs

Marconi et al. 2004

Based on redshift evolution of X-ray luminosity function of AGNs, average 
growth curve of SMBHs has been evaluated (e.g. Marconi et al. 2004). g g

But such calculations are done assuming constant Eddington ratio for the entire 
AGN population. Under the assumption, luminosities of AGNs are directly 
correlated to the masses of their SMBHs. For quantitative understanding of 
growth curves of SMBHs, mass and accretion rate of each AGN which consists 
the X-ray LFs need to be examined.



SXDS AGNs at z=1-2

For black hole mass function, we limit the sample within the redshift range between 
1.18<z<1.68. There are
Broad-line AGN : with zspec 118 objects,  zphot only 10 objects
Narrow-line AGN : with zspec 66 objects, zphot only 92 objects



MgII FWHM measurements

With  optical spectroscopic data.
(188 objects in total) 97 objects out of 118 broad-line AGNs at z=1.18-1.68 j j



Halpha FWHM

(81 objects in total)  19 additional objects out of 21 broad-line AGNs at z=1.18-
1.68  w/o MgII FWHM measurementg



Black Hole Mass and Eddington Ratio
Plotted only broad-line AGNs in the redshift range 1.18 < z <1.68

D i li iDetection limit

B d li AGN i SXDS ( i ) d SDSS ( )Broad-line AGNs in SXDS (points) and SDSS (contour)
Lack of high Eddington ratio AGNs with 10^7 Msolar ?



Evolution of active BHMF from z=1.4 to z=0

SXDS 1.18 < z <1.68

Z=0 from ESO/Hamburg 
from
Schultz-Wisotzki 2010

z~1.4 active BH mass function has a higher number density above 10^8 
l b l b d b l h h h hMsoloar but a lower number density below that mass range than that in the 

local Universe. The evolution may be indicative of a down-sizing trend of 
accretion activity among the SMBH population.



Evolution of ERDF from z=1.4 to z=0

SXDS 1.18 < z <1.68

Z=0 from ESO/Hamburg 
from
Schultz-Wisotzki 2010Schultz-Wisotzki 2010

The evolution of ERDF from z=1.4 to z=0 indicates that the fraction of 
AGNs with accretion rate close to the Eddington-limit is higher at 
higher redshifts.



Contribution of obscured narrow-line AGNs

Among the X-ray-selected AGNs in the redshift range, more than half of the AGNs 
are obscured narrow-line AGNs. The contribution of these obscured narrow-line 
AGNs to the active binned BHMF is evaluated using the hard-band sample.
BH f b d li AGN i d iBH mass of obscured narrow-line AGNs are estimated assuming constant 
Eddington ratio for each luminosity range. 



Contribution of obscured narrow-line AGNs

Hard-band sample

Black hole mass function for 2-10keV selected sample.
Open circles: BHMF for broad-line AGNs only
Open triangles: BHMF including contribution of obscured narrow-line AGNs.
Th lid d d d d h d li i BHMF 0 1 2 f K b dThe solid, dotted, and dashed lines are non-active BHMF at z=0, 1, 2 from K-band 
LF of galaxies (Li et al. 2011).  



Narrow-line Seyfert 1s missed ?
• (Hard) X ray selectionmay miss a population of AGNs with low black• (Hard) X-ray selection may miss a population of AGNs with low black 
hole mass, like narrow-line Seyfert 1 galaxies with a steep X-ray 
spectrum.

• 0 5-2 0keV still corresponds to rest-frame 1 25-5 0keV at z=1 5• 0.5-2.0keV still corresponds to  rest-frame 1.25-5.0keV at z=1.5.
• Supplement with variability-selection ? With UV-selection ? 

UV X-ray SEDs of AGNs
From Jin et al. 2012



FWHM vs. continuum luminosityy
Broad-line AGNs in 1.18 < z <1.68All broad-line AGNs

Broad-line AGNs in SXDS (black) and SDSS (gray scale)
Red open squares indicate broad-line AGNs whose FWHM is 
estimated with Halpha emission line.estimated with Halpha emission line.

Lack of AGNs with FWHM < 2000km/s ?
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A Search for Heavily-obscured AGNs at z=1-2 
with rest-frame optical emission lines

Masato Fujii, Masayuki Akiyama (Tohoku University)
FMOS GTO members

Fujii MA et al in preparationFujii, MA, et al. in preparation



非常に大きく隠されたAGNの探査

大質量銀河に見られるAGN大質量銀河に見られるAGN。

k lKriek et al. 2007, ApJ, 669, 776



Heavily-obscured AGNs at z=1-2
A h f h il b d AGN h d d i h X• A search for heavily-obscured AGNs that are not detected in the X-

ray observations with [OIII] line selection.

Blue squares: 
SXDS X-ray broad-line AGN @z=1-2

Blue crosses:
PG-QSOs

Red circles: 
SXDS X-ray narrow-line AGN @z=1-2SXDS X ray narrow line AGN @z=1 2

Red open symbols:
Narrow-line AGNs from literatures

SDSS Compton-thick AGN candidates at z~0
From Vignali et al. 2010



Search for heavily-obscured AGNsy

• Selection of AGN candidates with 
emission line properties:p p

1) BPT-diagram:  
AGN regiong
composite region

But, for large fraction of objects, only 
[NII]/Ha or [OIII] lines are detected. 
So, we look for AGN candidates 
also with

2) Large [NII]/Halpha ratio

3) [OIII] luminosity3) [OIII] luminosity

• large symbols: z~1.4 emission line galaxies from FMOS obs.
• small dots: SDSS emission line galaxies



Distribution of [OIII]  luminosity
[OIII] luminosity selection for objects whose [OIII] line is 
detected.

•[OIII] only sample mostly at z~2

• BPT AGN 

• BPT composite 

• BPT star-forming



Heavily-obscured AGNs
• We found several candidates of heavily obscured AGNs• We found several candidates of heavily-obscured AGNs. 
• If we correct for the X-ray obscuration, they may be more 
luminous than the most luminous X-ray AGNs at z=1-2.

Triangles are X-ray upper limits
Circles are X-ray selected

Candidates of heavily obscured AGNs



SEDs of heavily-obscured AGNs
• Emission line selected AGNs z 1 4 sometimes show strong hot dust• Emission-line selected AGNs z~1.4 sometimes show strong hot dust 
emission component. Sometimes no hot dust component, though they 
are [OIII] luminous.

Strong hot dust emission



SEDs of heavily-obscured AGNs
• Emission-line selected AGNs z~1.4 sometimes show strong hot dust 
component in MIR. Sometimes no hot dust component, though they 
are [OIII] luminous.

No hot dust componentp



[OIII] vs. hot dust component

• Preliminary…

Strong [OIII]
With weak hot dust

Strong hot dust emissionStrong hot dust emission 
with strong [OIII] emission

Strong hot dust emission 
with weak [OIII] emission



SEDs of heavily-obscured AGNs
• [OIII] less-luminous AGN candidates (“composite”) shows strong hot 
dust component.
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非常に大きく隠されたAGNの探査

遠方銀河のサンプルを面分光することで中心にある隠されたAGN
を系統的に探査することも必要を系統的に探査することも必要。

1.0

1.2

8

Lyα Hα
nucleus nucleus

no
rm

al
is

ed
 fl

ux

0 0

0.2

0.4

0.6

0.8

flu
x

2

4

6

yα

CIV HeII

Hα

[NII]
[SII]

(θ=1”) (θ=0.4”)

CIII]

rest wavelength
6200 6400 6600 6800

-0.2

0.0

rest wavelength
1200 1400 1600 1800 2000

0

x

0.8

1.0

0.8

1.0Hα Hαnucleus
(θ=0.4”)

disk (θ=0.3” &
0.7”N of nucleus)

a b

no
rm

al
is

ed
 fl

ux

0.0

0.2

0.4

0.6

no
rm

al
ise

d 
flu

x

-0.2

0.0

0.2

0.4

0.6

[NII]

[NII]

[NII]

( )

c d

AGN i d i h i l l d i h AO IFU

velocity offset (km/s)
-3000 -2000 -1000 0 1000 2000 3000

velocity offset (km/s)
-1000 -500 0 500 1000

0.2c d

AGN associated with massive galaxy revealed with AO+IFU 
observation (Genzel et al. 2006, Nature, 442, 786) 



銀河に埋もれたAGNの探査

中⼼核のスペクトルのみを取り出すと AGN 的なライン⽐を⽰す。

Wright et al. 2010
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