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Motivation

If we can accurately 
reconstruct the initial 

condition of local Universe,  
we can compare the data and 

theory ‘directly’.
-----Power spectra, 

Gaussianity and Phase

ELUCID ： Exploring the Local 
Universe with reConstructed 

Initial Density-field.

Usually, theoretical 
results are 

compared with 
observational data 
in a statistical way. 

 
-----Power spectra 
and Gaussianity



ELUCID based on SDSS observation

 （ Wang et al. 2009,2012,2013,2014 ； Zhang et al. 2009,2013 ； ELUCID I-- 
VIII ）
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ELUCID_HR.mp4


Get the best flux limited sample of galaxies 

DESI: 2021-2026
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Hahn et al. 2023



DESI probably will be complete at the end of 2025

DESI Operations Monthly report （ Michael Levi ）



SDSS: 2000-2020 DESI: 2021-

Compare to SDSS main, DESI BGS is much larger



Get the halo distributions from the galaxy observation
■ A halo-based group finder (Yang et al. 2005a; 2007)
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• We refer a `group’ as a system of galaxies regardless of its richness, including isolated galaxy to rich 
clusters of galaxies.
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 Galaxies are grouped according to their common 
halos

 Halo mass is assigned for each group
 The most massive galaxy is defined as the central 

galaxy

Galaxy groups in spectroscopic redshift surveys

https://gax.sjtu.edu.cn/
data/Group.html
1. 2dFGRS: Yang et al. 

2005
2. SDSS DR4: Yang et al. 

2007
3. SDSS DR7: Yang et al. 

2012



DESI imaging legacy surveys DR9

https://www.legacysurvey.org/viewer
https://www.legacysurvey.org/

https://www.legacysurvey.org/viewer
https://www.legacysurvey.org/


Extended version of the halo-based group finder



The group/cluster properties

Take groups with f_c>0.5 as true halo detection



https://gax.sjtu.edu.cn/data/DESI.html

Yang et al. 2021, ApJ



DESI： Group-Galaxy weak lensing ESD measurements



Cluster properties as function of halo mass

Wang et al. 2022, ApJ



DESI: Measuring the CLFs from DESI groups/clusters

Wang et al 2024, ApJ



Halo-stellar mass ratios

Wang et al 2024, ApJ

https://mp.weixin.qq.com/s/294hsyESfWzMkBx471CKDA



Get the velocity and density field from halo distribution

Halo field Dark matter field

Encoder-decoder with skip 
connections:
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Deeping learning method: UNet model



Generating training and testing data

1) Evolute the particles:
• cola_halo code:  COmoving Lagrangian Acceleration (COLA) fast 

simulation
• Generate 30 simulations: 15 training, 5 validation, and 10 testing 

samples
• Planck2018 cosmology, Ωm = 0.3111, ΩΛ = 0.6889, ℎ = 0.6766, σ8 = 0.812.
• 5123 particles, 500Mpc/h
• Add RSD along the z-axis for halos. Keep real space for dark matter.2) Construct the density fields:  
• CIC scheme, 2563 voxels,Top-hat smoothing with 𝑅s = 5 ℎ−1Mpc
• Halo mass weighting
• Rescaled the overdensity values to lie in the interval [−1, 1] 

 𝑠( ) = 2 /(  + ) − 1𝑥 𝑥 𝑥 𝑎 ,  a=5



Training process 



True

UNet predictions

1) Comparisons of the projected density  



 Redshift-space halo field Real spacedark matter field  

Training 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

Application to Jiutian 



• Reconstructing dark matter density field based on UNet
Result: Jiutian simulation

0.04% grids

COLA 

99%95%
65%



• COLA and Jiutian simulations : 
    Planck2018 cosmology
    Ωm = 0.3111, ΩΛ = 0.6889,  = 0.6766 , Ωℎ b = 0.049, σ8 = 0.817.

• ELUCID simulation (500Mpc/h, 30723 particles):
    WMAP5 cosmology
     Ωm = 0.258, ΩΛ = 0.742, Ωb = 0.044, h = 0.72, σ8 = 0.80

Check the impact of cosmology

Application to ELUCID simulation



Result: ELUCID simulation 



  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: velocity field reconstruction 



 Accuracy of the density and velocity field reconstruction

DarkAI: Reconstructing the large-scale density field of dark matter using AI(Wang Zitong, Shi Feng, et al 2024, SCPMA



Construct the mock DESI survey:
• Use the SHAM method, following DESY Y1 luminocity function.
• Conduct a total of 10 mock samples  by randomly rotating and shifting the boxes in the stack.
• DESI BGS selection: 0.1<z<0.4,  z-band apparent magnitude < 19.0, 5-year survey mask NGC region.

Sky coverage: 9625 deg2  with 6200000 galaxies. 

 Test with mock DESI BGS

Gu et al 2024, MNRAS
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Construct the density fields:  
• Embed the survey volume in a periodic, cubic box of 1564Mpc/h on a side 
• CIC scheme, 5123 voxels
• Apply the luminocity weighting for each galaxy
• Apply the mask weigting  on each grid.

 Test with mock DESI BGS

Preliminary



 Test with mock DESI BGS

Reconstructed dark matter True dark matter Redshift-space galaxy 
Comparison of the projected density-field distributions in a slice of 1564×1564 

×9.16 Mpc/h 

1% grids

Preliminary



Summary & Conlusions

1) Toward ELUCID-III, we have already gone through the first four steps

2) We introducced the Unet method to reconstruct the density and velocity field 
• Three simulations: COLA, Jiutian and ELUCID 
• Statistics: projected density, density-density relation
• Fields: denstiy, velocity and tidal fields

4) Initital condition reconstruction code will be updated to fulfill the new computational needs.
5) The ELUCID-III will be available within about two years...

3) More tests based on the mock DESI galaxy/group samples will be carried out 


	Slide 1
	Motivation
	ELUCID based on SDSS observation
	Slide 4
	Slide 5
	Slide 6
	Get the halo distributions from the galaxy observation
	Slide 8
	DESI imaging legacy surveys DR9
	Extended version of the halo-based group finder
	The group/cluster properties
	https://gax.sjtu.edu.cn/data/DESI.html
	DESI：Group-Galaxy weak lensing ESD measurements
	Cluster properties as function of halo mass
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30

