Discovery of a new QSO
z=5.96 with the Subaru telescope
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Why high-z QSOs are important?

2. QSO/AGN evolution

3. Formation of super massive black holes



Reilonization of the Universe

When and how our Umvlerse started" {

I Jellé Ritzervdld & Rien van de Weijgaert & VincentIcke))”



http://www.strw.leidenuniv.nl/%7Eritzervj
http://www.astro.rug.nl/%7Eweygaert/
http://www.strw.leidenuniv.nl/%7Eicke
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Reionization through QSO 4

The Normal Hydrogen lonized Bubbles in a Opaque Neutral Gas
Absorbers Forest <till Largely Meutral in the Eardier Universe
(Reionization Complete) Universe (Before the Relonization)

Line of Sight
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Galaxies are too faint.
GRBs disappear too quickly.



Why high-z QSOs are important?

1. Directory prove re-1onization of the Universe

[AGH] evolution
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3. Formation of super massive black holes
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Comoving number

density peaks between LF slope increases at
z=2 and 3 z=3 and above.

p(z,M,<—27.6) (Mpc~3)
o

Redshift Redshift




A crucial question: the shape and slop

of the LF at the f:

5645 quasars with g
< 21.85 selected
from SDSS imaging,
observed with 2dF
at AAT. UV excess
sources, almost all
with z < 2.5. Best-fit
slope B is -1.45 at
faint end.

Fitting these data
simultaneously is a
challenge for
modern models of

quasar evolution.
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Why high-z QSOs are important?

1. Directory prove re-1onization of the Universe

2. QSO/AGN evolution



Constraining the formation of super
massive black holes.

*z~6 QSOs are at the young Universe of 1Gyr old.

*M, ,s,=-27mag:Can a black hole of billion Msun be
formed in 1 Gyr? Strong constraints to the black
hole formation theory (Haiman 2006,MmSAI,77,629)



Are high-z QSOs gravitationally lensed
(and magnified)?

If yes, luminosity/mass are
overestimated.



Richards et al 24




Current status of high-z QSO surveys
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Remaining flux in z=6.42 QSO
coming from a foreground galaxy?

FHMTHRMEEN
Joguin Aerespace xploratin Agency
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No foreground galaxy.
The flux really comes from the QSO through IGM.



Remaining flux in z=6.42 QSO
coming from a fore ground galaxy?

SDSS J1148+5251
HST ACS/WFC

* FR716N-7220 FR914M-9050

- 10 arcsec

Fia —Th HST Al \'FC ima L l||—1 | The large image shows the detection image (a combination of the two filters), while the insets depict
the q mage in th filte Th q pp solved, and the images coincide to high accuracy.

No foreground galaxy.
The flux really comes from the QSO through IGM.




Optical depth

Expected
density
change
from the
expansion

of the
Universe.

Quick change at z~5.7 !

YWe need more OS50z at 7 3'/



We need more z>6 QSOs.

—How do we search 7?7



By product:

fainter z~5.8
QSO, important
to investiage LF
slope.
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20.2<z<21.0 still secure
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Method:

1800 mallion objects to a few dozen candidates

1. zband only detections in the SDSS

2. Cosmic-ray rejection (irnportant)

3. J-band imaging to reject brown dwarfs (brown
dwarfs are also interesting objects.)

4. Spectroscopy with the Subaru



The Apache Point Observatory
Sunspot, New Mexico
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SDSS 1maging camera

Interior view of the camera,
showing the filters on the
corrector plate.
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Method:

1000 million objects to a few dozen candldatesv

1. z-band only detections 1n the SDSS
2. Cosmic-ray rejection (irnportant)
3. J-band imaging to reject brown

dwarfs (brown dwarfs are also
interesting objects.)

4. Spectroscopy with the Subaru



QSOs and brown dwarfs have the s§f¥4
1-z color—We need J-band 1imaging
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J-band imaging is important.

Figure 4. (right) The ¢ — 2 —.J color-color diagram. Using 32 nights of 2-4m telescopes for J-band imaging, we have found
many high-z QSO candidates with 2 —J < 1.7 & i—2 > 2.2 (dots in the lower right region). The simulated track is plotted
with the blue line. These candidates are highly likely to be QSOs, waiting to be discovered by the Subaru/FOCAS.



Hard! J-band imaging




J-band 1maging




Hard! J-band imaging
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QSO candidates

r=06.0 Q50 candidates

i

ight) The i — 2 — .J color-color diagram. Using 3: have found

s with z—J < 1.7 & 2.2 ( L regi ed track is plotted
with the blue line. These candidates are highly likelv to be QSOs, waiting t liscov 'AS.
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Method:

1000 million objects to a few dozen candidates

1.
2.
3.

z-band only detections 1n the SDSS
Cosmic-ray rejection (irnportant)
J-band 1imaging to reject brown dwarfs

(brown dwarfs are also interesting
objects.)

Spectroscopy with the Subaru






FOCAS spectrum

Lya +Nv, Ly +
O vi—z=5.96

MAB,1450 =—269
(H,=50kms !
Mpc 1, 4,=0.5).
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Escaping flux
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Escaping Flux

Remaining flux at 8000—8300 A . The Universe
was already 1onized 1n this line-of-sight at z=
5.58-5.82



*We are searching for cosmologically important z~6QSOs
*We found a new QSO at z =5.96 (Goto 2006
MNRAS.371,769), showing our targeting strategy works.
There was escaping flux at 8000-8300 A. The Universe was
already 1onized at z=15.58-5.82 1n this direction

*More QSO candidates are waiting to be discovered.



http://www.blackwell-synergy.com/doi/abs/10.1111/j.1365-2966.2006.10702.x
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