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High-z quasars Unlque probe of the early Universe

Fundamental guestions we aim to answer:

Why do supermass:ve black Iggles
(SMBHs) exist? - e

*x When were they born? Y "

* What were-their seeds?
* How did they grow in the early and late epochs of the cosmic hlstory'?
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High-z quasars Unlque probe of the early Universe

Fundamental guestions we aim to answer:

Why do supermass:ve black Iggles
(SMBHs) exist? e

* When were they born?

* What were their seeds? - | ‘
* How did they grow in the early and late epochs of the cosmic history?

How did the host galax:es form and
(co-)evolve?

* When and how did the first stellar—mass assembly happen?
* Did SMBHs impact the host galaxy evolution? If so, how?
* Do they mark the highest density peaks of the’ Di\/I'_distribution?
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High-z quasars Unlque probe of the early Universe

Fundamental guestions we aim to answer:

Why do supermass:ve black Iggles
(SMBHs) exist? e

* When were they born?
* What were-their seeds?
* How did they grow in the early and late epochs of the cosmic hlstory'?

How did the host galax:es form and
(co-)evolve?

* When and how did the first stellar—mass assembly happen?
* Did SMBHs impact the host galaxy evolution? If so, how?
* Do they- mark the highest density peaks of the’Di\/I'vdistribution?

When and how was the Umverse re-
_jonized?

* When did re-ionization start and complete?
- % How did it proceed, as a function of space and time?
* What provided the ionizing photons? - "
e ' - | arid many more! - :
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6.5
Redshift
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Eddington luminosity at the mass of... -
T MBH = 109 Msun ® |

-
—

— Mgh = 198 Msun

& MBH =107 Msun
+~ SMBH in the Milky Way

6.5
Redshift

+ “Heavy seeds” (10° - 10 Msun?)

+ “Light seeds” (< 102 Msun?)
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Eddington luminosity at the mass of...
T MBH = 109 Msun ® | \

.
. W

— Mgh = 198 Msun

- .‘— Msgh = 107 Msun
+~ SMBH in the Milky Way

+« “Heavy seeds” (105 - 106 Msun?)

+ “Light seeds” (< 102 Ms"uﬁ?)
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— Quasars can sustain . “Matsuoka et al. (2018¢)
complete reionization HSC z,s (opparent mag)
: 22 20 18

O SDSS (Jiang+16)
X CFHQS (Willott+10)
® SDSS+CFHQS+SHELLQs (this work)

- — - Willott+10
—— This work

—+Quasars are a minor
contributor to cosmic
reionization
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“Subaru High-z Exploration of Low-Luminosity Quasars _(SHELLQs,_"’
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“Subaru High-z Exploration of Low-Luminosity Quasars (SHELLQs)”

Ubserved 50 J —‘—.A < . bW
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X Spectroscopy: 3 Normal + 2 Intensive Programs with FOCAS

S15A-061 “Spectroscopy of HSC-SSP High-z Quasar Candidates” ( )
. $15B-070 “Spectroscopy of HSC-SSP High-z Quasar Candidates” (4 FOC Yo
S16A-076 “Spectroscopy of HSC-SSP High-z Quasar Candidates” ( ' ghts)

S16B-0711 “Subaru High-z Exploration of Low- Lum/nosn‘y Quasars”
;in S16B - S18A
Immediate Objectlves
v To discover 50 low-L (M1450 < -22 mag) quasars at 5.7 <z < 6.5
v To establish quasar luminosity functionatz =6

S18B-011l “Subaru Complete Census of the Most Distant Quasars.at z > 6.5”
in S18B - S21A (mid-term review after the first 20 nights)
Immedlate Obijectives:
v To discover 50 low-L (M1450 < -23 mag) quasars at 6.5 <z < 7.5
v To establish quasar luminosity-function atz =7

- -
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\Quasarsurvey outcome /iy ,..

-93 (_ 75 BL +.18 NL) quasars publ/shed and more bemg d/éCQvéred.
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Quasar Jsurvey - outcome
93 (= 75 BL + 18 NL) quasars published, and more being \disc‘overed.
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Quasar survey - outcome
93 (=75BL + 18 NL) quasars ,odlblished, and more being discovered.

I e ————————"————S—————N——N——————S——————S———S——S———————

Matsuoka et al. (2019b) Observed wavelength A, (A)

- — :
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‘Quasar survey - outcome ,
93 (= 75 BL + 18-NL) quasars published, and more being d/scovered

"

UV absolute mag (M,,s)

HSC objects
® BL quasars
@ NL quasars
® Galaxies

Redshﬁt
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‘Quasar survey - outcome
93 (= 75 BL + 18-NL) quasars published, and more being d/scovered

e BL quasars
@ NL quasars
e Galaxies
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® BL quasars
@ NL quasars

® Galaxies 1

6.5 ) 7.5 .
Redshift | HSC 1ag—2Zag
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‘Quasar survey - outcome: z=6 Quasar LF
Quasars are a miner contributor tQ reionjzation

HSC z,5 (apparent magq)
22 20

I 1 ] l I I
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O SDSS (Jiang+16)
X CFHQS (Willott+10)
® SDSS+CFHQS+SHELLQs (this work)
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Matsuoka et al. (2018c)
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‘Quasar survey - outcome: z=6 Quasar LF
Quasars are a miner contributor tQ reionjzation

HSC z,5 (apparent magq)
22 20
1
O SDSS (Jiang+16)
X CFHQS (Willott+10)
® SDSS+CFHQS+SHELLQs (this work)

;g

LA

/
ke

1 1 lllllll

- = = Willott+10
——— This work

1 llllllll

1 llllllll

llllllll I llllllll I llllllll 1 rl

1 1 lllllll

10 OB (M )
100-He+1D)(M1aso—Miys50) 4 1(00-4B+D(M1aso—Miys0)

D(M 450, 2) =

l 1 1 1 l L 1 1 l
—-22 - 24 —-26
M1 450 Matsuoka et al. (2018c)
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Quasar survey - outcome: z=6 Quasar LF

Quasars are a miner contributor to reionization

HSC z,5 (apparent magq)

24 22 20 18
] I I I ] l I ] 1 l I ] I I I 1]
100.00 -

O SDSS (Jiong+16)

B X X CFHQS (Willott+10)

® SDSS+CFHQS+SHELLQs (this work) -
RS - \A{
== 1| X Bright-end slope

ﬁ — —273 =+ 027
v Consistent with the

past (SDSS, CFHQS)
measurements.

10.00

X Faint-end slope
a=-1.23 = 0.39

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

= X Break magnitude
o 010 3 Misso* = -24.9 = 0.9

v The existence confirmed
for the first time.

1004+ DM * Characteristic density
: | ®* = 9.1+108 g, (Gpc-3 mag-1)

D(M 450, 2) =

W

—-22 - 24 —-26 -28
M1 450 Matsuoka et al. (2018c)
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‘Quasar survey - outcome
The first low-luminosity quasar at z > 7

Rest—frame wavelength (A)
1000 yap=23.6 mag 1500 2000

z = 7.07 quasar
(vas=23.6 mag)

1

-
.
F\ (107'® erg/s/cm?/A)

Observed wavelength (um)

Matsuoka et al. (2019a)
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‘Quasar survey - outcome
The first low-=luminosity quasar atz > 7

o 07 Rest—frame wavelength (A)
s quasar 1000 yas=23.6 mag 1500 2000
(vaB=23.6 mag)

"

-
’
F\ (107'® erg/s/cm?/A)

0.0
0.8
Observed waveiength (Aam)

Matsuoka et al. (2019a) g

Follow—up photometry of ULAS J1120+0641: Observed wavelength (um)
Fu = (0.120.4x1077 Wm2 um ™ ig 2 25 g ' ' ' 1.6 1.8
Frp = (0.6£0.2)x107"7 W m™2 um™; z,5 ~ 24

Fry = (8.1£0.4)x107"7 w m:j pum™'; Y, = 20.3

Foy = (6.0£0.4)x10™"" W m™ um™'; J,g = 20.2

lem™2 A1)

Flux density, F, (W m=2 um™")
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Wavelength, A (um)

z = 7.085 (Mortlock'et al. 2011) : - 'z =7.54 (Banados et,al. 2018)

Subaru«20th Anniversary Conference (Waikoloa, Hawaii; Nov 17-22, 2019)



Yoshiki Matsuoka (Ehime University)

QA

.llllllllll\llllllllll\

‘Quasar survey - outcome - [N

O 5.7<2z2<7

The first low=luminosity quasar atz > 7 &> 7

A J1243+0100

Rest—frame wavelength (A)

1000 yap=23.6 mag 1500 2000
I I

z = 7.07 quasar
" (vaB=23.6 mag)

NV
2.0
Ly @

\

rr1rr1rr[1r 1717111 T TT
I [ I I
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) I T — l | I T — I 1

F\ (107'® erg/s/cm?/A)

9.0 9.5
log(MBH/Msun)

AL Jo. 3.3 X.1O8 MSun
e e o0 2 s 0.34

Observed waveiength (Aam)

Matsuoka et al. (2019a)

T T T T T T T Observed wavelength (pm)

Follow—up photometry of ULAS J1120+0641:
Fai = (O.1i0.4)x10_:; Wm™Zum g 2 25
F, = (0.6+0.2)x107"" W m~ D Zpg ~ 24
Fry = (8.1£0.4)x107"7 W m~ i Y,g = 20.3 ]
Fpy = (6.0£0.4)x10™"" W m"~ Tl g = 202 ]

14 1.6 1.8
[ RS |

Flux density, F, (W m=2 um™")

s ML ettt b opin b aar it AN SN Lt K it A sbihtnens Attt It IS bt o Bcn o i o s

1 1.2 1.4 1.6 1.8 2 . . ‘
Wavelength, A (um) 0 -J AN LM - WM, ahdta A tdaiin LYV WYY TP W Tre UL A,

z = 7.085 (Mortlock'et al. 2011) , » 'z =7.54 (Banados et,al. 2018)
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Multi-wavelength follow-up

BH mass measurements with NIR spectroscopy

J1205-0000 J0859+0022

-

|
oL
4

|

2]
~N

|

=

O

o

| -

()
0
i

|
o
i

~

w

Observed Wavelength [um] Observed Wavelength [um] Observed Wavelength [um] (KOO CRCIR=IMPAORES)

— Masafusa Onoue’s talk on Thursday (SMBH session, Naupaka.7)

Host galaxies probed with ALMA

. 2 [ ] . e O
75/ a) W J0859+0022 |, ¥ 1152400550 . o] J2216-001aefll, . = J1202-0057 |, ..
- 10.200 49 0“% . o . 0.48
0.175 m”i - o. 0L.0 - |0.42
10.150 i . e 0.36
0.125 "‘”’"} : ) 0.30

Dec (J2000)

0.100 50 5"1 . o l 0.24

|
0.075 , » 0.18

0.050 ; | ) . . 0.12
‘ 4 :

0.025 0.06

—
‘ 3kpc
0.000 44.55s 44,50s 44.45s 22h16ma44.40s : . : 46.30s 12h02m46.25

S £ 159m S s B 0 00
RA (J2000) RA (12000) RA (J2000)

_ | lzumi et al. (2018, 2019)
JVLA follow-up — Kianhong Lee’s talk on Thursday

Combination with WISE to leok .for red quasars — Nanako Kato’s talk on Thuréday
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Conclusions

We are making good progress! Approaching 100 new quasars at z = 6,
which probe unprecedentedly low Iumlnosrcy and thus enable significant
| dlscoverles on the early Universe. -

Our next milestone is to establish the quasar LF at z = 7. This is also
the primary goal of the ongoing S18B-011Il intensive program.
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