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FORMATION OF z~ 6 QUASARS FROM HIERARCHICAL
GALAXY FORMATION

ug googn
oo gooo
gg good

O0000000FORMATION OF z~ 6 QUASARS FROM HIERARCHICAL GALAXY FORMA-
TIONOLiet al. 200r 00000000000

INTRODUCTION

Introduction

® Distant, highly luminous quasar

Important for studying the first generation of galaxies,
the star formation history and metal enrichment in the
early universe

® “SDSS J1148+5251” (fan+ 2003)
at z=6.42 (<1Gyr)
Ly, ~10"14L . powered by SMBH of mass ~10"9M,,,.
SFR ~3*10%3M,,, yr!
near-solar metallicity in the quasar host

METHODOLOGY

Methodology

@ Multiscale cosmological simulation
- Standard ACDM cosmology
- “WMAPL” or WMAP3

® Simulation of galaxy mergers along the free

- SPH (GADGET2)

- Radiative cooling and heating (Katz+ 1996; Dave+
1999)
Self-regulated by BH feedback
BH seed mass ~10"5M,,,, at 2714
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3 COSMOLOGICAL SIMULATION

cosmological simulation

1. Coarse dark matter simulation
Lyg=1 h'Gpe
400"3 particles
my,~1.3710°12 hoiM,,,
from z=30 {0 z=0

. zoom-in (Gao+ 2005)
~3.6*10°15 h''M,,,. (z=0) selected
as a candidate
Ly 50 h-Mpe
350"3 particles (340"3 particles
inside the high-resolution region)
My, ~2.8*10*8 h M,
from z=69 to z=0

Galaxy model and Numerical parameter

® Dark matter halo
- Hernquist profile (Hernguist 1990)

: to the appropriate NFW halo scale length Rs (Springel+ 2005b)

® Gas

- The E0S (for star-forming gas) controlled by qEOS

- Radiative cooling and heating (Katz+ 1996, Dave+ 1999)
® Star

- SFR following the Scmidi-Kennicutt Law

- Starburst-driven wind is ineffective.

® Numerical parameter
- 10"6 particles (DM+gass+star)
- m=L1*10°7 h'My,,., m,.=2.2%10%6 h'IM_,,,

5 BLACK HOLE MODEL

BH model

® Sceeds come from the first @ Accretion

stars - Bandi-Hoyle model
first star has initial mass of (Bandisdioyle 194%)
200M,,,, at Z2=30.
Most BHs grow at nearly the
Eddingten rate.
Grows ~10"5M,,,. when Meaa =
enters the major merger

Mg =

ir G Mpym,

€rOTC

: upper limit by Eddinaton rate

® feedback from B#

- A small fraction(~5%) of the radiated energy couples to the
surrounding gas isotropically in the form of thermal energy.
(self-regulated; Springel+ 2005b, Di Maiteo+ 2005)

® Not consider BH ejection caused by gravitational recoil
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4 GALAXY MODEL AND NUMERICAL PARAMETER
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6 FORMATION OF A LUMINOUS z~6 QUASAR

formation of a luminous z~6 quasar
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7 STAR FORMATION HISTORY

Star formation history

the Universe (Gyr)
§ 047 063 087 1.57

0 SFR(Star Formation Rate) 0 00 0O
000 ~ 100-10*Meyr-'00 0000
103Meyr~'0000000000D0O00

Redshift z

SfR range of
~100 to 10°4 M, yr!

8 CONCLUSION

Conclusion

® This multiscale simulations have successfully

produced a luminous quasar at z~6.5 with a BH# oooooooooooooooo ~

mass of “2X10°9 h'M,, -
The quasar host galaxy builds up rapidly through
gas-rich major mergers, with SFfRs up to 10*¢

M,,.,¥7!, reaching a stellar mass of ~10°12M,,,. at

z76.5.

At the peak of the quasar phase, the SfR, BH mass,
and quasar luminosities of the simulated system are

consistent with observation of J1148+5251.
Detecting these early galaxies and unveiling the
epoch of reianization will be an important goal of
current and future missions in observational
cosmology.
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