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* z = 0.158 (19634F)
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EWI I—Y—F, AZHZT<N5DH7?
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* “Lyman-a forest”

Songaila & Cowie (2010)
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* “Gunn-Peterson trough”
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EWI I—Y—F, AZHZT<N5DH?
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Past/ongoing high-z quasar surveys

~N

>100 quasars known at z > 5.7:
only several (one)atz > 6.5 (z > 7)
or M14s50 > —24 mag

Mortlock+11
g J

* Kashikawa+15

A wide variety of follow-up observations with
*x ALMA for FIR-based SFR, gas and dust masses, gas kinematics, dynamical galaxy mass, ...

* Subaru and other large optical/near-IR telescopes (— ELITs) for SMBH mass, metallicity distribution, IGM properties, ...
*x HST (—JWST) for the morphology, UV-based SFR, etc. in the host galaxies, surrounding ionized gas, ...
* Chandra and XMM-Newton (—ATHENA) for intrinsic mass accretion rate, Eddington ratio, absorbers, ...

MRS L &R AFFE 2019 (Yokohama, Japan; Mar 11-13, 2019)
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Subaru Hyper Suprime-Cam SSP survey

-

N
Hyper Suprime-Cam (HSC)
* 116 2K x 4K Hamamatsu FD CCDs
(104 CCDs for science exposures)
* Circular FoV of 1°.5 diameter
* Miyazaki et al. (2018)

The HSC SSP (Subaru Strategic Program) survey

Wide: ras < 26.1 mag over 1400 deg?
Deep: ras < 27.1 mag over 27 deg?
UDeep: ras < 27.7 mag over 3.5 deg?

—— HSC-D/UD

). 159 c.2e2 D2C3 )% 1.%%

Table 7: Quasar Samples
Wide (1400 deg?)
redshitt 3.7-4.6 1.6-5.7 5.9-6.1 €.6-7.2
mag, range | v < 230 | i L 20 2 <210 y < L34
numkber €000 3500 280

* 300 Subaru nights over 5 years, started in early 2014.

* Filters: (g, , i, z, y) in Wide, + NBs in Deep & UDeep

6.6-7.2

MRS L &R AFFE 2019 (Yokohama, Japan; Mar 11-13, 2019)
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“Needle in a haystack”
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Survey strategy

1. Look for red point sources in the HSC catalog  .o.ooooooane o
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Bayesian probabillistic selection

Prioritization of the candidates with the probabilistic approach:
Pa = the Bayesian probability of being a high-z quasar rather than a Galactic brown dwarf
= Waq/(Wao+Wp) where Waq,p is the weighted evidence of being a quasar/dwarf.

observed magnitudes (model) magnitude and redshift
l the fact of detection l
v

Wa (m, det) = [ [ pa(mint, z) Pr(det | mint, z) Pr(m | mint, z) dmint dz
/ T

(2) Mean quasar colors from ~340 SDSS quasars
at z~3 with the Songaila (2004) IGM opacity
(3) multi-D Gaussian error function with o = merr

(1) Quasar LF and its
evolution (Willott+10)

O If Mint > Miimit
1 1T Mint < Miimit

Wb (m, det) = I I ,OD(mint, tsp) Pr(det | Mint, 'tsp) Pr(m | Mint, tsp) dmint dtsp

T T

(4) Galactic brown-dwarf (5) SpeX and CGS4
distribution model (Caballero+08) spectral library

MRS L &R AFFE 2019 (Yokohama, Japan; Mar 11-13, 2019)
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Bayesian probabilistic selection

Quasar probability: Pq = Wa/(Wq+Whb)
Wa (m, det) = [ [ pa (Mint, ) Pr (det | mint, 2) Pr (m | mint, z) dmint dz
Wb (m, det) = [ [ pp (Mint, tsp) Pr (det | Mint, tsp) Pr (m | Mint, tsp) dmint disp

/

observed magnitudes
in HSC + NIR bands

log(P3 )==-3 IENEEEEEES

quasors
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— Spectroscopic follow-up of all the photometric candidates with Pq > 0.1
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" Brief summary of the SHELLQs progress

* HSC- SSP survey the latest, S18A data release contains ~1 billion objects over
~900 deg? (>1 exposures in i, z, and y) in the Wide fields.

* Gandidate selection: ~300 candidates with (zas < 24.5 or yas < 24. O) & PQ > 0.1.

* Spectroscopic follow-up is underway, with Subaru, Gemlnl, and GTC. In particular,
we were allocated 60 Subaru nights in total, including two “intensive program”s.

g '.'4:.3!.:1‘

* We have identified 163 candidates so far, WhICh mclude 83 hlgh A quasars 25 hlgh Z
gaIaX|es 6 [O Ill] emitters at z~0.8, and 53 brown dwarfs.

* A series of publications:
- Paper | (Matsuoka+16): initial discovery of 9 quasars _ : .
- Paper Il (Matsuoka+18a): more discovery of 24 quasars
- Paper Il (Izumi+18): ALMA follow-up
- Paper IV (Matsuoka+18b): more discovéry of 31 quasars
- Paper V (Matsuoka+18c): quésar luminosity function at z = 6
- Paper VI (Onoue+, in prep.): black-hole mass measurements
- Paper VI (Matsuoka+19): discovery ofaz=7.07 quasar

- -
MR ELL &= A F ) 2019 (Yokohama, Japan; Mar 11-13, 2019)
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Highlight (1/5): 5 '

SHELLQs quosars

Sample statistics 3

llllll]llllllllllllllll?ll'lll L B
@

(M4

£

absolute maagnitude [}

® quasors
e ga axies

o [.’;.21 amillers

~N
'~
N
——

e dwarfs

l__l -'/1

QuOSars
qoloxies
(O] emilters

dwarfs

—— Quasars
- golax'es

+ Q=M stars

* L dwarfs
« T dworfs

llll | 1 llll lilllllllllllllllllllll\llllll 11 11

| 4 Z_ -
C 1 “ 3 . 0.2 0.4 0.6

]

HSC ig—2 Quasar probab’lity (P,

MERSAIE{L &= A F ) 2019 (Yokohama, Japan; Mar 11-13, 2019)



AR R (BEAF)

SHELLQs in a Nutshell
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Highlight (2/5) : the first low-L quasaratz > 7
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Highlight (2/5) : the first low-L quasar atz > 7
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Highlight (3/5): Luminosity function at z = 6

HSC z,; (opparent mag)
22 20
] ] 1 1 I
0O SDSS (Jiang+16)
%X CFHQS (Willott+10)

fand |

® SDSS+CFHPAS

* Bright-end slope
B=-2.73 +0.27

* Faint-end slope ‘ v Consistent with the

a=-1.23 +0.39 past (SDSS, CFHQS)
measurements.

v Determined for the
first time.
v’ Rather flat.

L Ll

—
X Break magnitude

Misso* = -24.9 + 0.9

LI | lllll
|

- llllll

1

v The existence confirmed
for the first time.

x Characteristic density
®* = 9.1+10.8_g 5 (Gpc-3 mag-)

- 24 -26
Mysso (mMag)
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Highlight (3/5): Luminosity function at z = 6

Comparison with other measurements . LE evolution over4 <z < 6

HSC 2,5 (opporent mog)
24 22 20
L} T L T LJ ] s Ll T L} L Ll

Ono+18 (LBGs)
Porso+18

Ono+18 (LBGs)
Onoue+17

- = Willoit+10

= This work

[
-26

Migs0 (Mog)

— Similar overall shape
— Strong decline in the number densities

— Galaxies outnumber at M1450 > —23 mag
— contradicts with the previous claim of
“numerous faint AGNs.dominating cosmic
reionization”

TSRyAlE(L & A TR, 2019 (Yokohama, Japan; Mar 11-13,2019)
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Highlight (4/5): Contribution to reionization

)
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— Integrating the luminosity function over ‘:___QLEZ:‘:jdt . 1007
-18 < M1450 < -30 mag gives the ionizing '
photon density:

Nion = 1048.920.2 (5-1 Mpc-3) — Quasars alone cannot reionize the
— <10 % of the density necessary to Universe. They contribute <10 % of the
keep the IGM fully ionized photons necessary to keep the IGM fully
lonized.
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Highlight (5/5) dlfferent classes of objects

JO905+0300 (2=6.27)

YE & )

J1423-0018 (z=6.13)

9500 (Angstrom)

+— composite spectrum
of 12 similar objects

Fy (10""3 erg/'s,"crnz,"A)

We classify these objects
| - as “possible quasars”,

| ww Ww w M }\W "*\Wﬂ given their bright Lya

5 *WW’WM"F and NV mini-BAL (?) in
1200 40 the composite spectrum.

Rest wavelength A, (A)
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Highlight (5/5) dlfferent classes of objects
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nghllght (5/5) dlfferent classes of objects
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Multi-wavelength follow-up (1/2): near-IR

* Luminosity function = BH mass function x Eddington ratio function

10.0 105 11.0 1L5 12.0
log M, [‘-/.] Bongiorno+16

— BH mass measurements with Mg Il A2800 line in near-IR (Onoue+, in prep)
.. 9 objects observed so far with Subaru/MOIRCS, VLT/X-Shooter, Gemini/GNIRS
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Multi-wavelength follow-up (2/2): ALMA

/ quasars observed in Cycles 4 & 5 (Band 6) Color = [ClI] integrated intensity

Contour = FIR continuum
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To the farthest reaches of the Universe (future prospects)
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To the farthest reaches of the Universe (future prospects)
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* Lyman-a ERBIC & 2IGMEEIDRSR
(1) DI DEHFEKRELNH BT T IGMIFFFE ICTERICES
Ta 2 1.6 % 100mp1(1 + Gap) (LZan )2
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(c) SPDO/TDP/DRAO/Swinburne Astronomy Productions
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