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Introduction




Why we care high-z (z>6) quasar ?
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+ IGM opacity during cosmic reionization
4+ SMBH evolution/formation scenario
+ Co-evolution with host galaxy — |zumi-san’s ta

4+ Chemical enrichment of broad line region
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care high-z (z>6) quasar !

[C 1] redshift
Follow—up photometry of ULAS J1120+0641:

F, = (0.1£0.4) x 10-7Wm2um™'; j,5 2 25
F,,=(0.6+£02)x 107""Wm2um; z,, = 24
Fry=(8.1+0.4) x 107" Wm2pum-; Y, = 20.3
F,,=(6.0+0.4) x 10"7W m2pum'; J,, = 20.2
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+ SMBH evolution/formation scenario

4+ Co-evolution with host galaxy — |zumi-san’s talk
4+ Chemical enrichment of broad line region

Unique probe of the early Universe !!
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+ Redshift evolution of IGM neutral fraction during EoR

+ Spatially patchy reionization process suggested
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Why we care high-z (z>6) quasar !

[C 1] redshift
Follow—up photometry of ULAS J1120+0641:

F = (0.1+0.4) x 10-77 W m2 um’l > 25
F,,=(0.6+02)x 107" W m um’z =24
Fiy=8.1£04)x 1077 WmZpum; Y, = 20.3
F,J-(60104)x10 TWm2um;
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+ |IGM opacity during cosmic reionization

4+ Co-evolution with host galaxy — |zumi-san’s talk

4+ Chemical enrichment of broad line region

Unique probe of the early Universe !!
2017/06/07 $RAIE(LIFRE@AKBRARZF 5/18




MgH VS Lbol of Luminous z>6 Quasars

7
7

color plots: z>6 QSOs with Msy measurements rg
(CFHQS: green, SDSS: blue and red, UKIDSS ~purple)

contour: low-z SDSS QSOs

Currently known z>6 quasars are powered by
the most massive and active BHs
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® S-Cam search of z~6 |
(MO In prep., Kashik




S-Cam Observation and Follow-up

4+UKIDSS-DXS field (6.56 deg?), zr30=24.15
- 17 candidates (zr=23.6-24.1) from i-zg and zg-zr color selection

Subaru/FOCAS spectroscopy HSC-SSP photometry (Deep and Wide)
(Il candidates)

Brown Dwarfs °

7z=6.156,M450=-23.10

7=6.041, Mj450=-22.58 |

“HSC—YHSC

f,(10-1® erg/s/A/cm?)
[ov)

| _Mt

Possibly LAE (427 km s™') YHSC™ *HSC
Two (or one) quasars found. No additional quasars from Kashikawa+|5.
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z~6 Quasar Luminosity Function

—
This Study (1QSO0O)
This Study (2QS0) - o
CFHQS - - -3
This Study (1QSO) + CFHQS |3 N'°n [S MPC ]
This Study (2QS0) + CFHQS | ]
SDSS-Main
SDSS-Overlap
SDSS-Stripe82
Parsa+17
Giallongo+15

oX 1 2 1 [ X JeJeJeli

—22

—26  -28
M, 45, [mag]
1-12% contribution to ionizing photons (95.4% confidence)

-> Quasars are minor contributors of reionization
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o HSC-Wide search of
(Matsuoka, MO, Kashi




SHELLQs

Subaru High-z Exploration of Low-Luminosity Quasars
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+ Optical multi-band survey with :
Subaru/HSC (5years, 300nights) N ol
r 27 F cosuos R
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Wide: 1400 deg?, riim50~26 T
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Candidate Selection

4+ Efficient selection is necessary
(300@z~6, 50@z~7)

—Based on quasar probability
using an Bayesian framework

—Evidence of being quasar/brown
dwarfs is calculated from the
observed HSC colors with
surface density po/p(m, z) as a
prior
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4+Optical spectroscopy
Subaru/FOCAS GTC/OSIRIS
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itial Discovery

J1205-0000 '(2=6.857)

| J0859+0022 (2= 639)

J1152+0055 (2=6.37)

J2232+0012 (2=6.18)

J2216-0016 (2=6.10; FOCAS]
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50 Fe
Observed wavelength A, (A) Observed wavelength A, (A) Observed wovelength A, (A)

Matsuoka+16, |/
33 quasars found at 5.9<z<6.8 in ~400 deg?
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J1429-0104 (z=6.8)
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Conénposite of 12 poissible quasars
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| FWHMy,q ~300 km s°

1250 1300
Rest wavelength A, (A)

Type-Il quasars? Galaxy & type-1 composite?
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Z Vs M 450 distribution
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We are exploring beyond the tip of iceberg!
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Follow-up Obseryv




Preliminary




® SHELLQs view on |

2017/0




_ éf; ; e Synergy with JWST HSC
R JWST/NIRSpec, R=1000
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Our NIR follow-up is limited to bright sample

JWST enables Mgy measurements of
the whole HSC sample down to ~107 Mg, at z~6
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Summary

4+ High redshift quasar is an important tracer of cosmic
reionization

4+ From our S-Cam project, we found quasars have only
moderate (|-12%) contribution on the UV photon
during the reionization

+ SHELLQs project has been quite successful in the |st
year, discovering >30 QSOs in ~400deg?

+ From the first NIR follow-up, the target quasar is
found to be a ~108 Msn BH with Eddington

accretion

+ JWST will probe further down the BHMF at z>6
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® Additional Slides




Published z>6 gsos (Oct. 2016)
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Now, we should go deeper & higher-z (z>7)

2017/06/07 SRIAE(LIF R Z@ARBRAZF 16/26




Our New Quasars & Galaxy

M, [mag] (z =6.0 quasar)

-25.0 -245 -24 0 -235 -23.0 =225 -22.0 =215 Candidates 80
. : : . . (228 < 24.5, yas < 24.0)
B QSO ! A
Q (&) Known z = 6 quasars [
1 QSO/Galaxy ‘é’
~ Spectroscopy done 55
)
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E Galaxies atz ~ 6 8
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- [O lll] emitters atz ~ 0.8 2
=
C.E Brown dwarfs 8
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Ly emitter with type-|
AGN contribution?
or type-ll quasar?
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Published z>6 gsos (Oct.2016)
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Published z>6 gsos (Oct.2016)
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Published z>6 gsos (Oct. 2016)
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Now, we should go deeper & higher-z (z>7)
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Fainter QSO Search with HSC-Deep (Elais-N 1)

+ ~I| mag deeper than HSC-Wide (Yiim,50=25.3)

+ HSC NBs & photometry are available!

'QSO0, %0, =5.93, @, =0.32, EW,,,=14.0, E;_,,=0.00
2 050 =1.93€ +00, T_ garis000) =3.02€ +01
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2=24.0,y=24.0, |=24.2 ABmag
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gy =28.7, 15y =28.0, i, =27.8, NB816=28.1, z; =24.8, NB921 =25.5, y;; =25.2, J, =24.7, Ky =23.7
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Faintest z~6 quasar ever?
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HSC-Deep probes down the quasar LF to Myy™-21
First follow-up in next Mar. & Apr.




Data Flow

HSC

(z/y detected, point source) Multi-color Selection

Initial Color Selection

(no g,r detection,

|. Bayesian (CORE)
2. SED-fitting (BONUS)

VIKING & UKIDSS

Discovery!

Junk Removal &

: . Spectroscopic Follow-up |—> R
Visual Inspection P P P

No photo:metric follow-up!



Published 100 z>6 gsos (Oct. 2016)
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Published 100 z>6 gsos (Oct. 2016)
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Now, we should go deeper & higher-z (z>7)
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Yoshiki Matsuoka (NAQOJ)

(1) CORE selection by the Bayesian method

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

intrinsic magnitude and redshift
the fact of detection l

|
Wa (m, det) = [ [ pa(mint, z) Pr(det | mint, 2) Pr(m | mint, z) dmint dz

/ \

(2) Mean quasar colors from ~340 SDSS quasars
at z~3 with the Songaila (2004) IGM opacity

O if Mint > Miimit (3) multi-D Gaussian function with 0 = Merr
1 if Mint < Miimit

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

Wb ( " det) = I I DD(mint, tsp) Pr(det | Mint, T.sp) Pr( I Mint, tsp) dmint dtsp

! !

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

EBRIE T~ V3 v 72015 ~TIELBPFSOEBICE T T~ (Mitaka; May 18-19, 2015)



Yoshiki Matsuoka (NAOJ)

(2) BONUS selection by the SED-fitting method

In the overlapping fields with VISTA/VIKING, we perform a classical SED fitting with
theg,r. i,z y (HSC) + Y, J, H, K (VIKING) magnitudes.

Quasar templates: power-law continuum + emission lines, with a large range of power-law slope,
line strengths, and dust extinction based on the statistics measured at z > 3.
Stellar templates: Kurucz (1993) stars and Alllard (2012) brown dwarfs.

le—17
10} QSO, 2,4, =6.09, a, =0.06, EW,,, =102.0, E; ,=0.05
T2 050 =1.47€ +00, T garp2smn) =1.56€ +03
— 0.8} _
< HSC & VIKING photometry
n
~ 0.6} T Best-fit QSO model l
E Best-fit stellar model
(@)] = -
E 0.4 ;)
0.2 l
O
0.0} __o_._o-l'h-’ | | | J
0.5 1.0 1.5 2.0 2.5
Wavelength[ um]
0, IP 00 T T T T
T _]_,,Qb():16+00 ...........................
-2 L P, g00=061Te=01 IR A
S 3 Py =0.00e+00. .1 A SRR (&
oL E : : : : :
9 4 g_.E..3.,,.".‘(.{:6.08(.0._01) ....... SRRTRITLIIEE R IAORT REITLIITLRIEL SISTEIIERIERTS & 2
_5 [ 1 1 | | 1
0 1 2 3 4 5
Z

MERECH T 2BUFHBROAB (Atami; Apr 1, 2015)



Transmission, T

] T=0.]
[ ZNZ é-';'b';ﬁ:(:()._}h?:i

Project 93 [Kashikawa, Onoue+]
Reionization probed by high-z quasars

drops to T=0.1 [Fan+0éb, Canlli+ 0]
+ R, have been measured for two low
SHELLQs prOJect [Pr‘OjeCt 47]
jI I52+0055
“ ._l (> G ‘C.\_';."'.: z.l 6)
A Lya*“ﬂaht{rtrmai‘\\

-
WV e T . 1

8. observed spectrum -
A - Broad

......

610 615 620 625 630 635 640 645
Ly absorption redshift, ZabsLya

: the size from central quasars to where transmission first

iminosity OSOs at z—6 from the

® FIR line redshift
® Mgll redshift

& UV ine redshift
Yr HSClLya redshift)

1| BN Z.corrected = Bz x 1077

12

g
=
= 8 J1152+0055
S ¢ + *
5 ‘ + . ‘ +
& + ﬁél L +
. (S
| jmieoos g .-
QSO radiation only characterizes NZ size ?
1 ettt e B e it e SN |

redshift

VLT/X-Shooter (25hrs) + Gemini/GNIRS (5. lhrs)
programs have been allocated observing times!

-> more precise NZ size measurements for 4 z>6
QSOs with deeper optical spectra & Mgll redshift



Surprisingly




Our score sheet

Spectroscopic identification as of 2016 Sep 2

Candidates

(zaB < 24.5, yaB < 24.0) e
Known z = 6 quasars 5
Spectroscopy done 55
Quasars atz>6 31
Galaxies atz ~ 6 8

[O Ill] emitters atz ~ 0.8 2
Brown dwarfs 8
Moving/transient 6

known quasars
quasars

quasars (or galaxies)
galaxies
stars/dwarfs
moving/transient

22 23
z or y (mag)

GOPIRA symposium (NAOJ, Mitaka; Sep 26-28, 2016)

Yoshiki Matsuoka (NAOJ)
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