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Introduction
SMBH growth (Seeds→SMBH)

Diorgovski et al.

Initial 
structure 
formation

Constraints on the AGN luminosity function 
and its evolution throughout the reionization 
era with IGM ionization model.

The growth history of SMBH can be constrained 
from AGN observation at high redshift.

✓IGM ionization property

✓Ionizing source : emission from AGN

Goal

Can we investigate the evolution of AGN from 21cm 
line emission from IGM via SKA observation?



Radial profile of brightness temperature
Brightness temperature : δTb

• Broader distribution with brighter central luminosity up to 1 [arcmin]
• Signal gets brighter with larger  in high redshiftnH, Tgas

δTb =
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✓Conversion from brightness 
temperature to 2D profile δT2D

b

✓Assumption
• 100 hrs observation with SKA

• Only  region three times 
brighter than , 

δT2D
b

δTN

• Effective collecting are : Aeff = 104 [m2]

Detect!
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Minimum AGN luminosity SKA

δTN (λobs) =
λ2

obs

Δθ2Aeff

Tsys

Δνtobs

• Noise in terms of 
brightness temperature
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Fisher analysis
1. Number of galaxies in -th bin : (i, j) Ni,j

2. Element of Fisher matrix : Fμν

3. Variance-covariance matrix : C

Ionization photon emissivity 
with fiducial models

Constrains of  for three fiducial 
galaxy evolution models

C

(μ, ν) = (A, γ1, γ2, β1, β2, L*)

Japan SKA Consortium Science Strategy Workshop 2021 13th July 2021 5/7



# of bin = (20,20)

• Since luminosity in Model III is 
too dim, the number of detected 
galaxies is order  at .𝒪(1) z ∼ 10

• Model I and II are distinguishable 
with  error with  bins.1σ (20 × 20)

It is impossible to achieve 
reasonable constrains.
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Emissivity of ionization photon
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Emissivity of ionization photon

• Since luminosity in Model III is 
too dim, the number of detected 
galaxies is order  at .𝒪(1) z ∼ 10

• Model I and II are distinguishable 
with  error with  bins.1σ (20 × 20)

# of bin = (20,20)
with Llim = 1/10Llim,0

Further analysis with 10 times higher 
sensitivity

It is still impossible.
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It is impossible to achieve 
reasonable constrains.
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Summary
• 21-cm signal from AGN in EoR

Results

• Evaluation of signal detectability with SKA observation

• Constraints of AGN LF parameters and their error with Fisher analysis

✴With # of bin = (20, 20), we can constraint LF in  even when 
galaxies are dimmer in order of two than ionization photon emissivity 
model in Madau & Haardt (2015).

10 ≤ z ≤ 15

✴AGN in high redshift ( ) can ionize vast IGM region z ≥ 10 ∼ 10 [Mpc]

✴Some of our models (I and II) predicts the capability of LF parameter 
constraint with SKA
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