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Windows of Transmission in the Opaque Universe

i > th f the GP th h .
High-z QSO Spectra show: the onset of the GP through @ z > 5.7

» transmitted flux close by the QSO

(Fan et al. 06
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- No Transmitted Flux @ z> 5.7, i.e. Gunn Peterson Trough => {

B Transmitted Flux approaching the quasar redshift => {



Windows of Transmission in the Opaque Universe

High-z QSO Spectra show: » the onset of the GP though @ z > 5.7

» transmitted flux close by the QSO

(Fan et al. 06)
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Two Physical Regimes with Similar Emerging Spectra

H,; Region (HR) Regime

& e =

Transmission
0 0.10.2

Observed spectra have Different Implications for each of the two Regimes

Proximity Effect (PE) Regime
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Two Physical Regimes with Similar Emerging Spectra

H,; Region (HR) Regime
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The window of transmitted flux is
a signature of the quasar PE

Its extent is set by the onset of
the GP through within the Hy; region

R, <Ry
"Apparent Shrinking"
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The window of transmitted flux
is the spectral counterpart of
the quasar H;; region

Its extent is set by Hy; region radius

R, = Ryy (Xyp Ny, o)

E J1250+3130 z=6.13
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The HR Regimes Constraints on Reionization

H,; Region (HR) Regime

0125043130 z=5.13 "Fan etal, 06
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The IGM ionization state
can be constrained:

R, =Ry Kup N t)

Assuming that the HR Regime applies,
current observations imply a still

neutral Universe at z ~ 6
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Wyithe & Loeb 04

Wyithe, Loeb & Carilli 04
Fan etal. 06; Yu & Lu 04




The PE Regime Constraints on Reionization

Proximity Effect (PE) Regime

R, can be much smaller
than the Hy; region size

R, & Ry independent
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Current observations are consistent with a AM et al.07

highly ionized IGM at z~6

In PE Regimes R, don't constraint x;; [ Bolton & Haehnelt 07 ]




The Apparent Shrinking Effect

ie. Why R, does not grow as R,,,,

AM et al. 07, MNRAS, 376L, 34

SN S — — "Apparent Shrinking"occurs

Z o FJY1250+3130 z=6.13 Fan etal, 05

£ sk | when the GP trough penetrates

s WM e e within the quasar H;; region
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zar < 0.1 ——= Ryy > 10 Mpc com (R oc 27 °)

At large distances I', becomes
too small to produce enough
extra ionization and to keep

the IGM transparent
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Flux

The Apparent Shrinking Effect

SPH + 3D Radiative Transfer (Gadget2 + &
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(Ciardi et al.o1; AM et al. 03, 08)
(CRASHa see Pierleoni, AM, Ciardi o7; Poster)
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Ny = 2 X 1057s1
t, =107 yr
Zq = 6.1
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> R, saturates at a fixed distance from the QSO, independent from x; ‘ R 23




The “Apparent Shrinking” Criterion (ASC)

« R, :extent of the transmission window

* R,, : maximum distance from the QSO where transmitted flux can be detected




The “Apparent Shrinking” Criterion

R,, : maximum distance from the QSO where transmitted flux can be detected
(distance from the quasar at which t > 2.3, i.e. F < 0.1)

» T and I’y are constrained from Lya forest observations and reionization models

NA,&H

» T'g = iRz with NVZNW(M145O7SV) and Ry 2>

> R,, is determined assuming a zero contribution from galaxy clustering (I'; = 0)



The “Apparent Shrinking” Criterion

> R,<R,, : HRRegime & R, = Ry; and xy can be constrained.

» R,=R,,: PE Regime —> thel; =0 assumption is confirmed observationally

> R,>R,, : PE Regime & I+ 0andI} canbe estimated by imposing F(R,,) = 0.1

3700 T T T T ] 20,6
HR Regime ] PE Regime _
. R < —-1.7 Ny,57_ 2
- to,,=1
-2.5 -2.8 _
Xy =0.1
3.7 -3.9
~5.0 ~5.0
—6.2 —6.1
—7.5 -7.2
Lo 1 ™ ]
o8f R | e .
5 0.6F P Y .
= 0.4f | ars M| Ry ~ Rog
0.2F | P / ]
__Jddpna = __e _ 2 ____
0.0 L l, -
5.95 6.00 6.05

redshift redshift



Testing the ASC with Numerical Simulations

> R,<R,, : HRRegime > R, = Ry; and xy can be constrained.
» R,=R,,: PE Regime —> the ;=0 assumption is confirmed observationally

> R,>R,, : PE Regime & I+ 0and I canbe estimated by imposing F(R,,) = 0.1.

. PL"},:}E.? THI to Ras Ha Regime
(107 yr] [ M pe] [Mpc|
0.56 0.1 1 2.51(2.96]  2.74 4+ 0.96 PE
0.56 1042 1 2.30(2.43] 2.74 £ 1.60 PE
2 0.1 1 4.83(5.35]  5.50 &+ 1.47 PE
2 10—4-2 1 4.51(4.93]  5.66 4 1.86 PE
2 1 1 3.4(4.7)| 3.70 +£0.64 HR
2 1 2 4.2(5.7)| 4.5540.89 HR

Xy at photoionization equilibrium «———
(NO inner opacity; NO flux drop-off at the ionization front)

» The R,, semi-analytical estimate formulated is highly accurate.

- Xqp from RT simulations

> The effects of the residual H; inside the H;; region can be safely neglected.




The ASC applied to observed Spectra
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The ASC applied to observed Spectra

Quasar name

| JO836
Kim et al. 08
o Zhengetal. 06
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Hubble/ACS
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Conclusions




