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Constraints on UV Background Radiation at 3<z<7

Hiroi, Umemura, Nakamoto, 2006 in prep
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GRB 050904 (z=6.295)

Kawai et al. 2006, Nature, 440, 184

Totanli, et al. 2006, PASJ, 58, 485-498
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WMAP Tree Year Results
&
Reionization of the Universe

Q, =1.00
Q,,=0.72
Q.yhe =0.127
Q.he =0.0223
o, =0.74

n = 0.951

hy =0.73

polarization pattern
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Frg. 25— Plots of signal for TT {black), TE (red), EE {green) for the best fit model. The dashed line for TE indicates areas of anticorrelation. The cosmic
variance is shown as a light swath around each model. It is binned in £ in the same way as the data. Thus, its variations reflect transitions between £ bin sizes. All
error bars include the signal times noise term. The £ at which each point is plotted is found from the weighted mean of the data comprising the bin. This is most
conspicuous for EE where the data are divided into bins of 2 < £ < 5,6 < £ < 40, 50 = £ = 199, and 200 < £ < 799, The lowest { point shows the cleaned OV
data, the next shows the cleaned QYW data. and the last two show the pre-cleansd QOWW data. There is possibly residual foreground contamination inthe second
point because our model is not so effective in this range as discussed in the text. For BB (blue dots), we show a model with r =10.3. It is dotted to indicate that
at this time WMAP only limits the signal. We show the 1o limit of 0,17 pK for the weighted average of £ =2—10. The BB lensing signal is shown as a blug
dashed line. The foreground model { Equation 25) for synechrotron plus dust emission is shown as straight dashed lines with green for EE and blue for BB, Both
are evaloated at e = 65 GHz. Recall that this is an average level and does not emphasize the £5 where the emission is low.



Sources for Early Reionization

Poplll stars _ |
Cen 2003; Ciardi, Ferrara & White 2003; Faf — :
Somerville & Livio 2003; Fukugita & 50 ;

Kawasaki 2003; Wyithe & Loeb 2003;

Sokasian et al. 2004; Ricotti & Ostriker 2004 / | g

Te <O.15 . Redshift
Sokasian et al. 2004, MNRAS, 350, 47
cf WMAP 1st year 7,=0.17%0.04 p— S
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WMAP Three year 7,=0.09£0.03 0.25 =" 1501V _
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Pop |1l BH / Mini-quasar

Gnedin, Ostriker & Rees 1995 =0.15 |
Madau et al. 2004
Ricotti & Ostriker 2004

Ricotti & Ostriker 2004, MNRAS, 350, 539



Pop 111 BHs
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Observational Constraints for Pop 111 BHs

Integration of QSO LF
Q_,(QSO)~1.8x10° (Yu & Tremaine 2002, MNRAS, 335, 965)

0, (QSO) ~ (2.4 —4.8)x10™°  (Marconi et al. 2004, MNRAS, 351, 169)

SMBH-bulge mass relation at z=0
-6
Q. (bulge) ~ 2.1x10

= Q. (Pop 1)~ Q_ (bulge) - Q_ (QSO) < 3x10”

BHs in halos

Q. (Pop ) < Q ~ 0.001

MACHO

Missing baryons

Q_ (Pop i) d 0.01

Cluster baryonic pie
Ettori 2003



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

mE.£<<1 = n~0.1m

crit

@ Eddington: Standard Disk

, lower energy photons
M

m ~1 = n=01

crit

® Super-Eddington: Slim Disk (Photon trapping)

lower energy photons
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Cosmological Radiative Transfer
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WMAP Three year [Z&% Qg (Pop HDNAD IR

e Standard Accretion Disk & Slim Disk

3x107" < Q <8.6x10™"°| (10<z<20)

BH fesc

fon (Poplll) = Q_ (Poplll) /Q &Lt

€sC

10°fc d £ (Poplll) d 107° £

e RIAF

1.6x10°% < Q <86x1078

BH fesc

(too strong X-ray background ?)




fgry (Pop HDIZDULNT

assump 1: mass fraction of Pop 111 halos f (halo) ~ 101-10-2
assump 2: 1 Pop 11l star/halo f (Pop 1) #103M4/10°Mg=10"

assump 3: BH fraction in Pop 111 stars f(BH) ~10!

2

fay (Pop 1) = 10-4-10°

& fo, 210



Conclusions

1. IGM HITRYR vs

UVBsREZE L

(Hirol, Umemura, Nakamoto 2006)

@ High-z QSO

@ GRB 050904 (z=6.295)

= High-z UVB5&]

i (L AE&consistent

2. WMAP 3Year vs Pop |11 BH Density
(Hirose, Umemura 2006)
= Poplll BH [EHVEY TGN (?)
Accretion rate HAIEEIZ/NELN(?)
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