QSO's from the Sloan Digital Sky Survey

— Existence of SBHs at the
end of Dark Ages

— BH accretion History in the
Universe?

— Relation of BH growth and
galaxy evolution?
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— Quasar’srolein reionization?
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Resolved CO emission from z=6.42 quasar
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Detection of Gunn-Peterson Trough

Xiaohui Fan, Steward (KITP Galaxy-IGM Conference 10/26/04)




QSO's from the Sloan Digital Sky Survey

Exploring the Edge of the Universe

New z~7 galaxies
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The Highest Redshift Quasars Today

» z>4: >900 known
e 7>5:>50
» 2>6:8
» SDSSi-dropout
Survey:
— By Spring 2004: 6000
deg? at z,5<20
— Sixteen luminous
quasars at z>5.7
— Fiveinthelast season |
« 30-50at z-6 ol
expected in thewhole |
survey
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Outline

» Thefirst quasars
— Evolution of faint quasars

* Reionzation
— G-P trough updates
— Quasar’srolein reionization
* Quasar Environment and Black growth
— Metallicity and chemical Evolution
— Isthere an upper limit on the BH mass?

* Probing the growth of host galaxies
— Dugt, gas and star-formation

» Collaborators: Strauss,Schneider,Richards,Gunn,
Becker,White,Rix,Pentericci,Walter,Carilli, Cox,Omont
,Brandt,Vestergaard,Eisenstein,Cool,Jiang,plus many
SDSS collaborators
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Quasar Density at z~6

e Based on 6000 sg. deg of SDSSii-
dropout survey:

— Density declines by afactor of
~40 from between z~2.5 and z~6 7

— It traces the growth of the earliest
supermassive BHs in the Universe

» Cosmological implication
- IVlBHN:I'Og_10 Msun
- M halo 1013 Msun
— How to form such massive
galaxies and assemble such
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massive BHs in lessthan 1Gyr??
* Therarest and most biased

0 (2. My < —26.7) (Mpe™)

1070

Fan et al. 2001b

systems at early times /
e Theinitial assembly of the !
system must start at z>>10
- co-formation and co-evolution of
the earliest SBH and galaxies

Evolution of LF shape

o Atlow-z:

— 2dF: LF iswell fit by double power law with pure luminosity evolution
- downsizing of BH activities

»  What about high-redshift?
— Doesthe shape of quasar LF evolve?
— Do X-ray and optically-sel ected samples trace the same popul ation?
— Key: how does faint quasars at high-z evolve?
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High-z QLF from SDSS Deep Stripe
Survey

* High-z quasar LF [ -

different from low-z I \Qﬁgh-z)\ -

~ High-z LF much o | N o]

flatter o O

— Different triggering  _ .

mechanism at low I°F 3

and high-z? : ]

— Constrain quasar . . .

contribution to the ot ’

reionization > [

Z~4.5
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What Reionized the

Universe?
* Based on SDSS quasar o

L0 N
luminosity function: [
— UV photons from
luminous quasars and
AGNs are not the
major sources that
ionized the universe

N
Reionzed by Quasars o= 250 10%]

Not Reionzed by Quasars

5 4@ L Constraints
UDE

H—raoy

— Consistent with limit
from X-ray stacking of
Lyman break galaxies in
the UDF

— Star-formation? Soft X-
ray from mini-quasars? . ‘ : : : .

log & (phot™! =7 Mpc™)

Xiaohui Fan, Steward (KITP Galaxy-IGM Conference 10/26/04)



QSO's from the Sloan Digital Sky Survey

Stronn Funliutinn of
o T T T cal Depth
i lyg ]
o | _
;‘_: %Z e T
i L %@4 1 1
er 3 ISR ﬁ
i ] ] I
o L o /
7z [ -7
- 1
“ ol 6
"~ Faed.2004 |

Evolution of lonizing Background

« lonizing background ; _ ]
estimated by comparing with -5 :
cosmological simulations of I s
Lyman absorptionin a o

LCDM model ’ %@%

— lonizing background declines L %

o
L‘C)

by afactor of >25 from z~3 to i T, ]
26 A ]
[ z=6.42 ]
— Indication of arapid decline at i Zi HT ]
2>5.77 o P
| z=6.18 v

ol v v

o 3 4 5 s}

Zabs

Fan et a. 2002, 2004

Xiaohui Fan, Steward (KITP Galaxy-IGM Conference 10/26/04)



QSO's from the Sloan Digital Sky Survey

Line of Sight Difference...
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Gunn-Peterson Troughs in
the .| z=6.28
Highest-redshift Quasars

* Five quasars known at z>6.1

I Ly 8 GP Trough

Ly a GP Trough
P
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e Strong, complete Lya and Lyf L 2-6.42
absorption in all five objects
immediately blueward of Lya

emission...
e But LOS variation is
significant
— The “last transmitting”

redshift ranges from 5.85 to
6.15

— Patchy reionzation?
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— Non-uniform radiation field?
— Gradual transition to neutral?
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Constraining the Reionization Epoch

* Neutral hydrogen fraction -
— Volume-averaged HI fraction > P64
0.1% at z~6 [ z=628 2
* From G-P alone: St @E&
— Thereisstill along way to go i ' %m% 1
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The Lack of Evolution in
Quasar Intrinsic Spectral Properties

o | — — — low—z composite

z~6 composite

~ It
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*  Rapid chemical enrichment in quasar vicinity

e High-z quasars and their environments mature early on

Xiaohui Fan, Steward (KITP Galaxy-IGM Conference 10/26/04)
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f, (10717 ery

Chemical Enrichment at z>>67?

Strong metal emission = consistent with supersolar metallicity

NV emission - multiple generation of star formation from enriched pops
Fell emission - could have Pop I11 contribution

Question: what exactly can we learn from abundance analysis of these most
extreme environment in the early universe?
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Supernova Dustin z~6
quasar?
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* Ageof theuniverse < 1Gr
— Notimefor AGB dust...

» Dust extinction produced by SN
dust fits the data

e Implicationson AGN obscuration
model at high-z, submm radiations,
star-formation rate estimates and
extinction corrections for high-z
galaxies

Xiaohui Fan, Steward (KITP Galaxy-IGM Conference 10/26/04)
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Early Growth of
Supermassive Black Holes
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Lack of spectral evolution in high-redshift quasars >
quasar BH estimate valid at high-z

* Billion solar mass BH indicates very early
growth of BHsin the Universe

BH mass distribution
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19 i-droput candidates

>6 times higher than in
GOODS etc.
No host galaxy detected

vs. M_Bulgerelation

in 38 sg. arcmin at z<25.6

- >>22, below theM BH

assuming young stellar age...

Environment of a z=6.3
guasar
Deep VLT i-z-Jimaging

izJ composite (z_lim =26)

Pentericci et al.

- submm radiationin
radio-quiet quasars
come from thermal
dust with mass ~ 108 M,

-> star formation rate of
500 — 2000 M /year
“>Quasars are likely sites
of intensive star formation

10.0

FIR

*  If dust heating came from starburst  j,minosiy

© 10

Sub-mm and Radio Observation
of High-z Quasars

» Probing dust and star formation in the most massive high-z systems

* Using IRAM and SCUBA: ~40% of radio-quiet quasars at z>4
detected at 1mm (observed frame) at 1mJy level

FIR flux (estimated) vs. redshift
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Bertoldi et al. 2003 redshift
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SDSS J1148
MAMBO 1.2 mm (contour)
5/Non SLOAN z' image,
Dust at z=6.42!

7xI0° M___in <700 Myr

Bertoldi et al. 2003 €O 3-2 (VLA), 6-5, 7-6 (PdBI)
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High-resolution CO VLA CO 3—2 map
Observation of z=6.42 Quasar =
» Spatial Distribution 508 % i ;
— Radius~ 2 kpc IR
— Two peaks separated by 1.7 kpc "5_' 504 -
« Velocity Distribution j w02
— CO line width of 280 km/s S wopd -
— Dynamical mass within central 2 kpc: ~ 10° a3
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Summary

* Quasar Luminosity Function
— Strong evolution from z~3 to 6
— Relatively flat LF at high-redshift
* Relonization
— Neutra fraction rises dramaticaly at z>5.7
— But with considerable scatter
— UV photons from quasars not important to reionization
» Lack of quasar spectral evolution
— Quasar environment matured very early, with rapid chemical enrichment
— Black hole mass estimates at high-z reliable
— 10°M_sun BH existed at z>6
— Butisthereareal upper limit?
* Radio and sub-mm probes of host galaxies
— High-redshift quasars are sites of spectacular star-formation: 1000 M_sun/yr
— First resolved z~6 host galaxy: BH growth before galaxy assembly?

Xiaohui Fan, Steward (KITP Galaxy-IGM Conference 10/26/04)



