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1. Numerical and semi-numerical simulations of the Epoch 
of Reionization and Cosmic Dawn (Mao, Zhou)

2. New 21-cm data analysis method with machine learning
techniques (Shimabukuro, Cheng, Zhao, Diao, Sui)

3. New 21-cm statistical observables and its synergy with 
other probes (Hoffmann, Zhou, Tan, Li, Liu)

4. Large-scale distribution of HI gas at low redshifts (Wang, 
Li)

5. Forecast of 21-cm line as a new probe of non-standard 
cosmology (Li, Zhao)

In 2018-2019, 3 papers published/accepted, 1 under review, and 4 to be 
submitted soon 

Recent Research Interests
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History of the Universe

presentpast

https://universe-review.ca/

EoRDark 
Ages

Recombination

Big 
Bang

Dark Ages・・・ No luminous object exists. (z>~30?)

Epoch of Reionization (EoR)・・・UV photons by luminous 
objects ionize neutral IGM. (z~6-15?)

Cosmic Dawn・・・First stars and galaxies form. (z~30?)



21cm signal
21cm line radiation :  

Neutral hydrogen emits the 
radiation due to the hyperfine 
structure.

Brightness temperature

Including both cosmological and astrophysical information
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21cm power spectrum (PS) :

Scale dependence 

Pober et al (2014)

EoR

X-ray 
heating

WF 
effect

z

Redshift dependence

21cm power spectrum
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We first aim to detect 21cm signal statistically.



Bubble size distribution (BSD)
''How large bubbles are distributed ?''
Giri 2019

What can we learn from BSD?
Giri et al 2017

•EoR source (galaxy or AGN?)

•ionizing efficiency, recombination, radiative feedback.

(ex.)



BSD from 21cm observation  

Kakiichi et al 2017

IFT

21cm Image BSD

Incomplete IFT due to limited number of antenna in interferometer.

visibility

We do not observe 21cm image directly by radio interferometer! 

We first observe visibility and perform Inverse Fourier 
Transformation (IFT) to obtain 21cm image. Then, compute BSD.



BSD from 21cm PS 

Kakiichi et al 2017

21cm power spectrum BSDvisibility

We can directly compute 21cm power spectrum from visibility 
without Inverse Fourier Transformation.

Can we recover BSD from 21cm PS ?

Avoid information loss by incomplete IFT.



Artificial Neural Network (ANN)

An ANN is a mathematical 
model of human brain network.

ex.) Rumelhart et. al (1986)  
       LeCun et. al (1989)

Recently, it has been applied to 
field of astronomy. 



Artificial Neural Network (ANN)

•Training network with training 
dataset, ANN can approximate any 
function which associates input and 
output values.

y = f(x)

• Applying trained network to unknown 
data for prediction.

yANN = f(xtest)

• ANN consists of input layer, hidden 
layer and output layer.  Each layer has 
neurons.

Non-linear Regression Problem



21cm power 
spectrum

Input Output

HII size distribution

We use artificial neural network (ANN)  which consists of 21cm 
power spectrum as input data and bubble size distribution as output data.

Our strategy 

We try to recover ionised bubble size distribution from 21cm PS



Recovered BSD
Black: Distribution obtained  
by 21cm 3D image directly.
Red: Distribution obtained 
by ANN.

xHI = 0.39
R2 = 0.957



Different stage of reionization



Effect of thermal noise

21cm PS with thermal 
noises (SKA level)  

Errors are estimated 
by 10 realizations 

thermal noises

xHI = 0.39



21cm power 
spectrum

Input Output

Minkowski functionals

Escape fraction of 
ionising photons

ANN

21cm global signal

Other applications of the ANN to 21cm signal  

Can we recover other quantities from 21cm power 
spectrum with  ANN?

?

✗

(HS, Y.Mao, A.Fialkov)

(K.Diao, HS, Z.Chen)



Take home message of my talk 

•EoR and cosmic dawn are final frontiers of the history 
of the Universe.

•21cm signal is a promising tool to study EoR and 
cosmic dawn.

•The ANN is new tool to analyse the 21cm signal (and 
other fields of astronomy).


