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High-z QSOs

The study of high-z (z>6) QSO probes:

1 The 1-st generation Black Holes and Galaxies
1 Role of BH/AGN activity in galaxy formation
1 Star formation and BH feeding in the host galaxy
1 Metals in the IGM

i History of cosmic reionization
1 When did the reionization take place ?
1 What ionized the universe ?
1 How was the reionization process ?
1 Evolution of the UV ionizing background
I Complement to LAE/ WMAP/ GRB /21cm...



SDSS z~6 QSOs
1z>4: >1000 known
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QSO number density
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QSO LF evolution

1 Steepening of LF
1 Oocl31 at z=6

1 Comparing to ®oclL-%4
at z~4

AGES; Cool et al.
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Faint QSO survey
1 QSO steep LF —» [RRFHMNIFZFTHIBEEHZEIN 2HT LMD,
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IGM tomography
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GP troughs in Faint QSOs

1 z~6 QSOs
1 Large variance of GP trough among different QSO-LOSs
1 Evidence for a clumpy reionization ?
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Metallicity of High-z QSOs

1 7=6.3T%Hlow-z QSOLREIFEE D metalh’, Not yet the 15t QSO.
1 NV/CIV ~0.7 = Supersolar metallicity at z=6.28 (t~0.8Gyr) ?

1 gg_h-éz(z~7) = SMBHEUZIRA O ZERREIC+ 57 HlfRZ
Ao

SDSS 1030 {2=5.28) Keck ESI/NIRSPEC
z=6.3

SIN+ON]  CIV

Hell

wavelength (&)

Fan, Narayanan, Lupton+



Evolution of IGM Metallicity

1 IGM CIV metal density Time since the Big Bang (Gyr)
1 No evolution at z=2-5(6) e S '
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QSO clustering

I1SDSS 4426 QS0Os @ 2.9<z<5.4
1high-z QSOs are strongly clustered
= Mpy ~2-3 %X 10°M,, ? @z<3.5
Mpy ~4-6 X 10*°M,, ? @z>3.5
1 high-z = reside in highly biased halos
1 halo mass+ number density = QSO lifetime [ZHlBE
1 4-50Myr @z<3.5, 30-600Myr @z>3.5

Porciani & Norberg (2006)
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What’'s next?

1 IRFEDhigh-z QSO surveyD R F#
1 —FBASL\QSO(=F&HELVQSO,ER:A) LMNRE TETULVELY,
1 LFMDfaint endDEE. HE=UVIETIESTEEIZIEH Mo TULVELY,
1 ZEREIRIIZIEE [Tsparse, KIRIEREEEDBERGEIZDLNTEEELIZLY,

R R ERE (JWST-TMT) DO (B AZE R nzf:, 8m¥ =i
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1 Faint QSO survey (z~6)
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1 Higher-z QSO survey (z~7)
1 “The first QSO”, #1HASMBHET /L ~D IR,
1 early metal enrichment



Search for high-z QSOs
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Y(zr)-band @ z~6
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Y-band imaging @z~6
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Y(zr)-band @ z~7
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Y-band imaging @z~7
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Expected number of high-z QSOs
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iz~7: z'-dropout
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HSCT{T52~6 & z~7 QSO survey

1 Targets:
1 2~6 QSOs 200018 (M 450(14,)<22.8), BOME(My450(147<24.2)
1 z~7 QSOs 81|E|(m1450(1+z)<21 0), 6- 161IE|(m1450(1+Z)<23 )
1 Sciences (W/TMT-JWST)
1 QLF (SMBH, photon budget) — z=6, z=7, faint QSOs
1 IGM opacity mapping proved by GP — z=6, space density
1 metallicity 1t (5<z<7) — z=7(6)
1 QSO clustering — z=6, halo mass, lifetime
1 QSOREIFEDERAIAR R — 2z=6(7)
1 HSCOZF)OF)T47?

1 Y-band
: _IBI:%T/L\S,rSiTh“Iﬁﬁ(:red-sensitive CCD/YTAT 37 b RIBR7E
—\ :O

1 Complementary to SDSS-deep/CFHQS/AGES/FIRST-Bootes
1 Conflict w/ LSST/VISTA/PAN-STARRS



Competitive QSO surveys

LBT/LBC 08+ several 10sqdeg? |Y<23.5

Pan-Starrs 08+ 31T Y<22.5
Pan-Starrs 08+
Pan-Starrs 08+
LSST

UKIDSS DXS [05-12? |10 x 4 sqdeg J<23.5

VISTA VHS 08+ 20000sqgdeg J<21,Y<21

|VISTA VIDEO | 08+ | 15sqdeg | J<24.5, Y<24.6 |




SWANSEL TRIZERIT ANEH?

1 Deepld40sqdeglEFEFLI=LMNFAR)
1 Y-imagingM7ZL D IEgELY,
1 Wideld1000sqdegl=9 5 EVIKINGES A7V LI,
1 surveyfEig (& ? $FIZwide.
1 UKIDSS LAS LD Dfollow-uplEigE->TL 5,
1 VISTAVIKING BRHUWVAXPoNTLES?
1 Follow-up#Jtld&ES>9 5h ? $5(22~6.
1 Subaru-FOCAS
1 Subaru-FMOS(0.9um-)
1 Subaru-SUMIRE?
1 TAO?
1 (TMT)

1 KREREYWELTH T Bbrown dwarfZE3EHATELZLAN?
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1 High-z QSO DLF@z=3-6(7) — number density
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Summary

1 KRR EEEE (JWST/ALMA/TMT) Dfollow-upZIZ5A T, 5%
A8mEHF/NOFRERFEELTERT HE, HSC survey

1 z~6I=HB L\ Thaint QSOH U FILEEBRE,
1 RO RAIDERDBHEZERET S,
1 Y<22.8,72<22.8, 1'<25.8
1(fEI X EZTHLLY)
1 2000sqdeg T20001
1 z~7IZH L Thigher-z QSOY U T ILEEBARE,
1 BRIZERNEz=8F TLFA KR HBNTLVS,
1 J<22.1, Y<23.1, 7 ‘<23.1(VIKING) or J<23.5 (DXS)
1 8-201&?
1 Y-bandimf&IEH7E,
1 z~6IZH LV TlEopticalf=(+ TEAL f=deep surveyZ ml gl
1 z~7(ZHEUTIIL/T dwarfED R B ZZh R B4,




