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科学目标: 宇宙黎明和再电离探测
Background

21cm intensity mapping 
dark matter density field

Velocity & Tidal field

Initial density field

Filament spin

Filament lensing 

Supernova distance correction

Constrained simulation

...
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Fitting the field 

Challenge 1: The function form is unknown 

Challenge 2: The fitted data size 
is huge, such as Np=1283, 2563 , 
5123



Deep learning method: UNet model

U-Net：
Encoder-decoder with skip connections

Convolutional neural network (CNN) : 

𝛿𝑜𝑢𝑡 = 𝑓(𝛿𝑖𝑛; 𝜃)



Reconstructing the dark matter density field

Redshift-space halo 
denstiy field Real-space dark matter field

1) The bias effect
2) Redshift distortions



Power Spectrum

Halo Mass Function

Training data：COLA, Fast simulation

Box size：500Mpc/h

Particle number：5123

Runing time：28 CPUs，0.5 hours

Memory：<3GB

Storage：10GB

Testing data：Jiutian, Nbody simulation

Box size：1000Mpc/h

Particle number：61443

Running time：104 CPUs，28 days

Memory：22TB+

Storage：900TB+

Training strategy



Redshift-space halo 
field 

Real space
dark matter field  

Training model using COLA samples (500 
Mpc/h, 5123 particles)   

Divided into 8 boxes

Jiutian halo: 
(1000 Mpc/h, 61443 particles)   

Apply model

Halo field in small boxes Reconstructed field  in 

small boxes

Concatenated back

Reconstructed field  in 

original volume

Training and testing  



• Reconstructing the dark matter density field based on UNet

Results: the reconstructed density field for 
Jiutian   

0.04% grids

99%

95%

65%



The real-space P(k) is also recovered accurately, with only small

reduction of the cross-correlation power spectrum at 1% and 10% levels 

at 𝑘 = 0.1 and 0.3 ℎ Mpc−1, respectively.

Results: the reconstructed density field for 
Jiutian   



• COLA simulations : 

Ωm = 0.3111, ΩΛ = 0.6889, ℎ = 0.6766 , Ωb = 0.049, σ8 = 0.817

• ELUCID Nbody simulation (500Mpc/h, 30723 particles):

Ωm = 0.258, ΩΛ = 0.742, Ωb = 0.044, h = 0.72, σ8 = 0.80

Testing the impact of cosmology 

Training in Planck2018 cosmology

Applying to WMAP5 cosmology



Results: the reconstructed density field for 
ELUCID 



•  No large distinction of the results between the WMAP5 and Planck18 cosmology

Results: the reconstructed density field for 
ELUCID  



• Reconstruct velocity field 

UNet-reconstructed δ(k) Halo density field δh(k) with a bias bhm

(Wang et al 2012, 
Shi et al 2016)

VS.

Velocity field

Velocity difference field

UNet dark matter Halo-based with linear bias

Testing the reconstruction of velocity field 



• Reconstruct velocity field 

UNet-reconstructed δ(k) Halo density field δh(k) with a bias bhm

(Wang et al 2012, 
Shi et al 2016)

VS.

Slope     Scatter 

Halo :    1.15      78.2 km/s

UNet :    1.01      57.0 km/s 

The three contours encompass 67%, 95%, and 99% 
of the grid cells

• Unbiased relation

• 21.1% scatter errror reduction

Testing the reconstruction of velocity field 



• Reconstruct tidal field: 

• cluster : yellow 

• filament: yellow-green

• sheet: green

• void: black

True dark matter field UNet field

• Classification of the large-scale structure:

Testing the reconstruction of tidal field 



UNet for removing 
foregrounds?

Redshift-space halo field Real-space dark matter field

Deeping learning: UNet model

UNet works

21cm + foreground 21cm 



UNet Output：

βfg=4 βfg=256 βfg=1200 βfg=1800 βfg=2048

Testing UNet for cleaning different-level foreground 

Target Truth

➢ We run the UNet by inputting THI + Tfg, where Tfg=αTfg
CRIME

Full-level foregrounds: Tfg
CRIME

CRIME-generated foreground:  



HI: ν0

Frequency ν0 Frequency ν1

HI : ν0 + ν1

Foregrounds: 
ν0 - ν1

Temperature difference between neighboring frequency bands



UNet Output：

βfg=4 βfg=256 βfg=1200 βfg=1800 βfg=2048

ν0-ν1

Testing UNet for cleaning different-level foreground 

Target Truth

➢ We run the UNet by inputting THI + Tfg, where Tfg=αTfg
CRIME

Full-level foregrounds: Tfg
CRIME



Cleaning model: frequency difference + UNet

UNet-fd: 

UNet with frequency-difference inputted



Test I: 21cm + foreground

95%



Test I: 21cm + foreground



RSD reconstruction

This work

PCA

Test I: 21cm + foreground



Test II : Adding beam effect

Gaussian beam:



Test II : Adding beam effect

95%

90%



Test II : Adding beam effect



Test II : Adding beam effect

RSD reconstruction

This work

PCA



(1) Reconstructing the dark matter density field (velocity field, tidal field) using AI

(arXiv:2305.11431)

(2) Reconstructing the 21-cm intensity field using AI and the frequency-difference technique

(arxiv:2310.06518)

Summary



https://dark-ai.top/index.html



Input:

Test III : Varying thermal noise



Test III : Varying thermal noise

UNet-fd 
recontructio

n

PCA 
recontructio

n

Target 
HI 



Test III : Varying thermal noise

Averaged Rcross(k) over 

0<k<0.1 hMpc-1


	幻灯片 1: Reconstructing the dark-matter density field and 21-cm intensity field using AI
	幻灯片 2: 科学目标: 宇宙黎明和再电离探测
	幻灯片 3
	幻灯片 4
	幻灯片 5
	幻灯片 6
	幻灯片 7
	幻灯片 8
	幻灯片 9
	幻灯片 10
	幻灯片 11
	幻灯片 12
	幻灯片 13
	幻灯片 14
	幻灯片 15
	幻灯片 16
	幻灯片 17
	幻灯片 18
	幻灯片 19
	幻灯片 20
	幻灯片 21
	幻灯片 22
	幻灯片 23
	幻灯片 24
	幻灯片 25
	幻灯片 26
	幻灯片 27
	幻灯片 28
	幻灯片 29
	幻灯片 30
	幻灯片 31
	幻灯片 32
	幻灯片 33
	幻灯片 34
	幻灯片 35

