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Big questions
We already know:

Most massive galaxies 
harbor a supermassive
black hole (SMBH) at 
their center. It causes 
quasar (or AGN) activities 
through gas accretion. 
The SMBH mass reaches 
up to MBH ~ 109-10 Msun.
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ØWhen the first “massive” BHs appeared in the Universe?
ØWhen and how SMBHs grew in the cosmological timescale?
ØHow the statistical properties of quasars depend on redshift?
ØHow the SMBH growth is related to the galaxy evolution?

We still do not know:



“Co-evolution” of SMBHs and galaxies
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Øidentifying red AGNs with HSC & MIR all-sky data
~ WISE all-sky survey data à Wide & Deep MIR image
~ HSC-SSP data à Wide & Deep optical image

WISE
SDSS

HSC

z=1.5 quasar spectrum 
with various E(B-V)

Red WISE-detected 
quasars cannot be 
detected in SDSS

HSC is deep enough 
to detect them!

Dusty AGNs in “dust obscured galaxies (DOGs)”
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DOGs in the initial 10 deg2 of the HSC-SSP

Toba, TN, et al., 15
based on initial
~10 deg2 data

HSC i VIKING K       WISE [22]

iAB - [22]AB > 7
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powered by AGN powered by starburst

20 arcsec
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Subaru Web Release
on Aug 26, 2015

Yoshiki Toba
(Ehime à ASIAA)



DOGs in the 100 deg2 of the HSC-SSP

7Toba, TN, et al., 17

Auto-correlation function of DOGs
derived based on ~1000 HSC-DOGs
à Large bias, large MDMH (~1013.5 Msun)
à Timescale of DOGs: ~40 Myr



Mortlock+11

Venemans+13, +15, and some other papers

z=7.08

z=6.89

z=6.75

z=6.60

Only <10 quasars at z > 6.5, 
from UKIDSS, VIKING, and 
Pann-STARRS surveys.

NEW Surprises:
Ø MBH ~ (1-2)x109 Msun typically
Ø Strong metallic emission lines

but based on small statistics...
and maybe we are missing 
“growing-up” low-MBH quasars 
due to the limited sensitivity...

and we have NO quasars at z>7.1

Quasars: More objects needed at z > 6
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HSC quasars at z > 6: candidate selection
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Candidates of quasars 
at z~6 are selected with 
HSC i, z, y photometry 
(y-band is powerful).
We calculate the 
Bayesian quasar 
probability for every 
point sources, that are 
used for selecting our 
spectroscopic targets.Matsuoka et al. incl. TN (2016)

Bayesian quasar probability

Yoshiki Matsuoka
(NAOJ à Ehime)



HSC quasars at z > 6: success rate
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Matsuoka et al. incl. TN (2016)
based on ~80 deg2 data

The success rate of our 
candidate selection is 
nearly 100% at z < 23.5 !!

The success rate is still 
~50% down to z~24, and 
lower at fainter than z=24.

The main contamination 
source is actually galaxies 
at similar redshift, not 
brown dwarf stars. Our 
estimate of the Bayesian 
probability works very well.



(From Matsuoka-san’s presentation)
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(From Matsuoka-san’s presentation)
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Radio galaxies: in the final phase of SMBH growth
M
arek Sikora

et al. (2007)
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RGs are characterized by high BH mass and low accretion rate
à RGs are in the final phase of the growth of SMBHs

13



Radio galaxies: in the final phase of galaxy growth
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RGs are generally hosted by massive quiescent galaxies
à RGs are in the final phase of the growth of massive galaxies

Only few RGs have been identified so far...
à new survey needed !!

Host Galaxy Mass of RGs N(z) of known RGs
Seymour+07 Khabibullina+09



Radio galaxies: SDSS-RGs vs. HSC-RGs
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Radio galaxies: SDSS-RGs vs. HSC-RGs
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HSC is good to search for RGs at z>1
At redshift > 3: waiting for wider HSC images & spectra
(a number of proposals for follow-up spectroscopy submitted)

Takuji Yamashita
(ISAS à Ehime)

Kodai Nobuhara
(Ehime)



Summary
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Ø Toward understanding the total picture of the SMBH evolution
~ focusing on dusty AGNs, quasars, and radio galaxies
~ utilizing the HSC-SSP data combined with multi-wav. data

Ø HSC search for dusty AGNs in dust-obscured galaxies (DOGs)
~ HSC+WISE à DOGs sample à ACF à bias factor
~ MDMH ~ 1013.5 Msun, τDOG ~ 40 Myr

Ø HSC search for quasars at z > 6
~ new 30 quasars at z > 6 and some very luminous galaxies
~ multi-wavelength follow-up observations now on-going

Ø HSC search for radio galaxies 
~ HSC is powerful to find RGs with a larger radio loudness 
& higher redshift 
(spectroscopic observations now being proposed)


