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1. IGM HI吸収 vs UVB強度変化
(Hiroi, Umemura, Nakamoto 2006)
① High-z QSO
② GRB 050904 (z=6.295)

2. WMAP 3Year vs Pop III BH Density
(Hirose, Umemura 2006)
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Ωm=0.3, ΩΛ=0.7, Ωbh2=0.02, H0=70km s-1 Mpc-1

ΛCDM

宇宙再電離3次元輻射輸送計算

UVB Intensity:
I0=I21 10-21(ν/νL)-1 erg s-1 cm-2 Hz-1 str-1

z=4

z=12

z=6

wavelength  [Å]

flu
x Lyα吸収線系 (zQSO=4, I21=1)
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Constraints on UV Background Radiation at 3<z<7
Hiroi, Umemura, Nakamoto, 2006 in prep



GRB 050904 (z=6.295)

Kawai et al. 2006, Nature, 440, 184
Totani, et al. 2006, PASJ, 58, 485-498

HI 0.00 0.17 (<0.6 at 95%CL)= ±X
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WMAP Tree Year Results
&

Reionization of the Universe
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Pop III BH / Mini-quasar
Gnedin, Ostriker & Rees 1995
Madau et al. 2004
Ricotti & Ostriker 2004

Sources for Early Reionization

Sokasian et al. 2004, MNRAS, 350, 47

Ricotti & Ostriker 2004, MNRAS, 350, 539

PopIII stars
Cen 2003; Ciardi, Ferrara & White 2003;
Somerville & Livio 2003; Fukugita & 
Kawasaki 2003; Wyithe & Loeb 2003; 
Sokasian et al. 2004; Ricotti & Ostriker 2004

τe <0.15 

cf WMAP 1st year τe=0.17±0.04

WMAP Three year τe=0.09±0.03



Pop III BHs

Heger & Woosley 2002, ApJ, 567, 532

BH BH



Observational Constraints for Pop III BHs

BHs in halos

Missing baryons

BH MACHOPop III 0 001Ω < Ω ≈( ) .

BH Pop III 0 01Ω ( ) .d

Ettori 2003
Cluster baryonic pie

7
BH BH BHPop III bulge QSO 3 10( ) ( ) ( ) −⇒ Ω ≈ Ω − Ω < ×

6
BH QSO 1 8 10−Ω ≈ ×( ) . (Yu & Tremaine 2002, MNRAS, 335, 965)

6
BH bulge 2 1 10−Ω ≈ ×( ) .

Integration of QSO LF

SMBH-bulge mass relation at z=0

6
BH QSO 2 4 4 8 10( ) ( . . ) −Ω ≈ − × (Marconi et al. 2004, MNRAS, 351, 169)



Accretion Flows

② Eddington: Standard  Disk
lower energy photons

① Sub-Eddington: RIAF (Radiatively Inefficient Accretion Flow)
higher energy photons (strong X-ray)

③ Super-Eddington: Slim Disk (Photon trapping)
lower energy photons
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Eddington luminosity density ：
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zmin<z<zmax の間にPopIII BHが誕生し，
Eddington time で死んでいく。
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Cosmological Radiative Transfer



HIχ

10  ,  20  ,  1  ,  1   ,   1.0 minmaxesc ===== zzfmη

ΩBH =10 -6

ΩBH =10 -8

ΩBH =10 -7

ΩBH =10 -9
ΩBH =10 -10
ΩBH=10 - 11

Ionization History
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ΩBH =10 -6
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ΩBH=10 - 11

10  ,  20  ,  1  ,  1   ,   1.0 minmaxesc ===== zzfmη

Thomson optical depth

WMAP three year
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WMAP Three year による ΩBH (Pop III)への制限

11 10
escBH3 10 8 6 10.f− −× < Ω < × (10< z < 20)

• Standard Accretion Disk & Slim Disk

8 8
escBH1 6 10 8 6 10. .f− −× < Ω < ×

• RIAF

(too strong X-ray background ?)

BH BHPopIII PopIII( ) ( )/ bf = Ω Ω

9 1 8 1
esc escBH10 PopIII 10( )f f f− − − −d d

として



fBH (Pop III)について

assump 1: mass fraction of Pop III halos   f (halo) ≈ 10-1-10-2

assump 2: 1 Pop III star/halo   f (Pop III) ≈103M /105M =10-2

assump 3: BH fraction in Pop III stars   f (BH) ≈10-1

fBH (Pop III) ≈ 10-4-10-5

fesc 10-
4



1. IGM HI吸収 vs UVB強度変化
(Hiroi, Umemura, Nakamoto 2006)
① High-z QSO
② GRB 050904 (z=6.295)
⇒ High-z UVB強度はLAEとconsistent

2. WMAP 3Year vs Pop III BH Density
(Hirose, Umemura 2006)

⇒ PopIII BH はかなり少ない（？）
Accretion rate が非常に小さい（？）

Conclusions



Thank you


