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EoR- Why 1s the EoR important?

® The EoR 1s one of the landmark events 1n
the early generations of structure
formation.

* 1dentifying when first sources produce high
energy photons to 1onize neutral IGM

» providing properties of first galaxies and

\4

e Early stage of structure formation.

stars




EoR- Observation

® Thanks to advance of low-frequency
instrumentation, several observations are
being constructed.

*  Murchison Widefield Array (MWA)
 The Low Frequency Array (LOFAR)

* Precision Array to Probe Epoch of Reionization
(PAPER)

* The Square Kilometre Array (SKA)

® They will observe the 21cm signal from HI
in IGM.
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The hierarchical galaxy formation model

e Relation between UV magnitude and host halo mass

10
loglo(Mhalo/MG)

Luminosity 1s not simply proportional to dark matter halo mass.




Powerful method to probe EoR

® The observed cross-power spectrum
between 21cm emission and galaxies and its
evolution to be sensitive to the astrophysical

properties such as...
* the size of HII regions.

* clumpiness of the IGM.

* the nature of the 10n1zing sources.




Cross-power spectrum &
cross-correlation function

21cm brightness temperature

ATo1 = To(2)[1 — QJ(1 + dpM.cenl),
where Tp(z) = 23.8 mK (L2) 2

Cross-power spectrum

A

<521<k1)5ga1(k2)> = (27)?5p (k1 + k2) Po1_gar (k1)

kg P21,gal(k)

Aoven K] = By T3

Cross-correlation function
1,2(r) = (01(x)d2(x + 1))

Cross-correlation coefficient
P21,gal(k) A(k)

r(k) = =
» V Po1 (k) Pgar (k) /B(k)C(k)
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Cross-power spectrum &

cross-correlation function
e Redshift evolution of cross-power spectra

OO~




Cross-power spectrum &

cross-correlation function
e Redshift evolution of cross-power spectra
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Cross-power spectrum &

cross-correlation function
e Luminosity dependance of cross-power spectra
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Detectability

We predict detectability of cross-power spectrum using cross-
correlation coefficient error based on

e MWA specifications

* 1000 hours total observing time
« 800 sqgdeg survey area

® Subaru-like galaxy survey &
Futuristic galaxy survey

* galaxy number density: 1.6 x 10"-4 h*3Mpc”-3
1.6 x 10"-2 h"3Mpc”-3

e redshift error: 0.01




Detectability

e Predictions of cross-correlation coefficient error

Op _
+ o)+ 2 (k) — %
V&I'[P21,gal (ka ,LL)]
1

5 [Porgar(k, 1) + o5k, poc(k, p)]

var[P21 (k, )] Murchison Widefield Array (MWA) specifications
tem temperature
3. 1 @AD(*\?] >YS
Poi(k, p) + T2 Bl n(ky) (A_> bandpass o
total observing time
antenna array
survey volume

var[Pea1(k, 1)) Subaru deep survey properties
) ;362 galaxy number density

Pgal(k, :u) + n_a,l .

[ - redshift error
COV[P21agal (ka :u)7 P21 (k7 :u)]
[Po1,gat (B, i) + Po1(k, )]

COV[PQLgal (ka M)? Pgal (k7 :LL)]
[P21,ga1 (K, i) + Pga1 (K, p1)]

cov[Pa1 (k, u), Pgar (k, p)]
[Po1 (K, 1) + Pear(k, )] Lidz et al., 2009, AP)




Detectability

e Predictions of cross-correlation coefficient error
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Detectability

Futuristic Survey Agurvey=800 deg®
Subaru-—like Survey E
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Effect of feedback process

® Our model (Lagos et al, 2012)

* AGN feedback
* SNe feedback
« Photoionization feedback

e Modified Bow06 model (Bower et al, 2006)

« AGN feedback
* SNe feedback
 Photoionization feedback

e Modified Bow06 model (Bower et al, 2006)

* AGN feedback
* SNe feedback
 Photoionization feedback




Effect of feedback process

® Our model (Lagos et al, 2012)

* AGN feedback
* SNe feedback
« Photoionization feedback

e Modified Bow06 model (Bower et al, 2006)
 AGN feedback

e CNTA fandlaanl,

MMl NS AVVOUI ULV

 Photoionization feedback

e Modified Bow06 model (Bower et al, 2006)

* AGN feedback
* SNe feedback
 Photoionization feedback




Effect of feedback process

® Our model (Lagos et al, 2012)

* AGN feedback
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« Photoionization feedback
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Effect of feedback process

e The effect of feedback process on cross-power spectra
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Effect of feedback process

e The effect of feedback process on 21cm power spectra
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Different feedback processes affect the shape and error of 21cm power
Spectra.




Effect of feedback process

e The effect of feedback process on the detectability
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Different feedback processes affect the shape and error of cross-
correlation coetficient.




Summary

® We calculated cross-power spectrum, cross-
correlation function, and cross-correlation
coefficient using Hierarchical galaxy
formation model.

® We calculated observational uncertainties of
cross-correlation based on MWA
specifications and Subaru-like galaxy survey
properties.

e We found that feedback processes make
difference on cross-power spectra and
estimated error. Thus, detailed modelling 1s
required to predict accurate cross-correlation.
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