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Summary

References : 

・We used the model with the escape fraction (fesc) depending on halo mass, 
and compared CPS with the model and the constant fesc model. 　 
・The behavior of CPS at the small scale was different between each model. 
　We found that xρ-LAE CPS does not cancel with ρ-LAE CPS  
 because neutral fluctuation around LAE reduces the xρ-LAE CPS. 
・The observation of CPS at small scales can verify the mass dependence of fesc.

x(neutral fraction)-LAE ρ(gas density)-LAE xρ-LAE

Kubota et al. 2018, MNRAS 479,2754-2766

Lidz, A., Zahn, O., Furlanetto, S.R, et al. 2008, apj, 690, 252

(Detectability of 21cm-LAE cross-correlation is verified in Kubota et al. 2018.)
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Comparison of 21cm-LAE CPS
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Component analysis of 21cm-LAE CPS
The observable quantity of the redshift 21cm-line is brightness temperature,

δTb ∝ xHI 1+δm( )
(brightness temperature) ∝ (neutral fraction)×(gas density fluctuation )
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Cross Power Spectrum (CPS)

fiducial constant

The CPS is enhanced at small scales in case of the fiducial model.

　fiducial 　constant

The solid line is positive.  
The dashed line is negative.

The solid line is fiducial.  
The dashed line is constant.

k=1.95

In the fiducial model, 
the 21cm-LAE CPS is dominated by ρ-LAE term at small scales, 
because ρ-LAE CPS and xρ-LAE CPS are not cancelled.

　fiducial 　constant

The spherically averaged neutral fraction as a function of radius from LAE.

In the fiducial model, the neutral fraction around LAE is higher than the 
case in the constant model.  
➡ Fluctuation of neutral fraction exists in the center the ionized bubbles.

In previous studies, some simulations are 
adopted a constant of fesc (20%).

The fraction of the number of ionizing photons escaping into  
the intergalactic medium(IGM). 
Although fesc is an important parameter that determines the evolution of 
reionization, it is NOT observationally restricted in the high-z (z > 3).

The fesc theoretically depends on halo 
mass. 
In our simulation, the fesc decreases as 
the halo mass increases (left panel). 
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Escape fraction (fesc)

In this study, we compare the 21cm-LAE CPS using the following models. 
・the model with the fesc depends on halo mass. 
・the model with constant fesc of 20%.

Reionization Simulation
K-computer @RIKEN AICS, XC30 @NAOJ CfCA  : provided by K.Hasegawa
The large scale reionization simulation combining below. 
(i)Cosmological Radiative Hydrodynamics (RHD) simulation 
　Small-scale structures under the influence of the feedback is resolved. 
(ii)Large-scale Radiative Transfer (RT) simulation 
(iii)Massive N-body simulation with 40963 particles inside a 160Mpc cubic box.  
(Ishiyama et al 2009, 2012) 

The global reionization process satisfies observational constraints.

21cm-LAE cross-correlation

暗黒時代
Jelic 2008

As an effective method to investigate the detail of the EoR, 
we observe 21cm line emission of neutral hydrogen.

(observer)

However, 
the 21cm line signal(~mK) is covered with  
the foreground(~K) such as galactic and  
extragalactic synchrotron radiation. 
➡It is difficult to detect the 21cm line signal.

In order to overcome the foreground, it is effective to deal with  
the cross-correlation between 21cm line signal and galaxy distribution.

21cm line intensity 

(mK)

Lyman-αEmitter(LAE)

LAE : high-z galaxy 
       emitted at λ=1216Å

We can expect  
the strong correlation between 21cm line signal and LAE distribution, and 
the no-correlation between the foreground emission and LAE distribution.

[Galaxy(LAE) model] 

Lα , int ≈10
42 Mh

1010M⊙

⎛

⎝
⎜

⎞

⎠
⎟

1.1

[erg/s]

[erg/s]Lα ,obs = fesc,αTα ,IGMLα ,int >1042

The intrinsic Lyα luminosity of each galaxy

The observable Lyα luminosity (Lα,obs)

Mh : halo mass 
Tα, IGM : Lyα transmission rate in IGM 
fesc,α : fraction of Lyα photons escaping 
          from a galaxy

Observable luminosity of Subaru hyper suprime-cam (HSC)
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