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Motivation

Usually, theoretical
results are
compared with
observational data
in a statistical way.

----- Power spectra
and Gaussiait
vl

If we can accurately
reconstruct the initial
condition of local Universe,
we can compare the data and
theory ‘directly’.

----- Power spectra,
Gaussianity and Phase
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ELUCID based on SDSS observation

ng et al. 2009,2012,2013,2014; Zhang et al. 2009,2013; ELUCID I--
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Get the best flux limited sample of galaxies
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DESI probably will be complete at the end of 2025
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Figure 1. Survey progress. Solid curves give the survey progress as a function of time in different

programs. The dashed curve shows the weather-adjusted fraction of the five-year survey

elapsed.

Main/DARK : 72504%0929 completed tiles up to 20240914 (=73%, weighted=74%)
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>0.00 13513 0.90 0

2025 12594 0.84

=0.75

-60° 9441 0.65
Stats for the 20240914 night: =1.00 B4

Moon illumination: 0.90 750
6 DARK tiles completed

RA. [deg]

Figure 5. Fraction completed for the dark-time program, with red indicating areas that have
achieved full coverage. Note that this plot is only through Sept. 14.

Main/BRIGHT : 546%2090 completed tiles up to 20240914 (=77%, weighted=78%)
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Figure 6. Fraction completed for the bright-time program, with red indicating areas that have
achieved full coverage. Note that this plot is only through Sept. 14.

DESI Operations Monthly report
( Michael Levi)



Compare to SDSS main, DESI BGS i1s much larger

SDSS: 2000-2020 DESI: 2021-



Get the halo distributions from the galaxy observation

=" A halo-based group finder (Yang et al. 2005a; 2007)

(EacEgrou]

M/L ratio

otentia halo halo member
start =——p pl rou mass size S N, ——Ppoutput
9 P rl180,v Lgr
( iterate J

We refer a "group’ as a system of galaxies regardless of its richness, including isolated galaxy to rich
clusters of galaxies.



Galaxy groups in spectroscopic redshift surveys

Galaxies (N=23594)
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https://gax.sjtu.edu.cn/
data/Group.html

1. 2dFGRS: Yang et al.
o 2005

I S, 2. SDSS DR4: Yang et al.
i on st 2007

ST oiec0z0 DO 3. SDSS DR7: Yang et al.
2012

Galaxies are grouped according to their common
halos

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



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

Pu(r. a2 = 222y, (9)

c
where c is the speed of light, Az = z— z.uster, £ 1S the av-
erage density of Universe, and X(R) is the projected sur-
face density of a (spherical) NFW (Navarro et al.|[1997)
halo:

S(R)=27,0p f(R/rs), (10)

with rs the scale radius,

r F{l(l—#) if oz <1
fl@)=41 itr=1 . (11
| (1- 22D e
and
5 180 c3s0 (12)

3 In(1+ cis0) — c180/(1 + c180)

with c;g9 = ri80/7s. The function p(Az)dAz describes
the redshift distribution of galaxies within the halo, and
is assumed to have a Gaussian form,

(Az) = 1 c —(cAz)?
P = V271 (1 + Zgroup) o 20%(1 + zgroup)? |

is assumed to have a Gaussian form,

(Az) = 1 c ox { —(cAz)? ]
b N \/E J(l + Zgroup) P 252(1 + Zgroup)z .

(13)
He\;k o = max(0180, Ophoto) there Ophoto 18 the photo-
metT ' i ft=of kms—!. Thus defined,

MGRS photo

MGRS spec




The group/cluster properties
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Take groups with f ¢>0.5 as true halo detection
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https://gax.sjtu.edu.cn/data/DESI.html]

R.A. 231.1151 Dec. 29.8872

2=0.1160 _ log,oM,/Mo=15.1426 _

rigo=2.76h~ Mpc

R.A. 11.6293 Dec. 20.4734
2=0.1144 10g1oM,/Mo=14.9846
r1go=2-44h""Mpc

Yang et al. 2021, Ap)

https://gax.sjtu.edu.cn/data/DES|L.htm|

R:A. 250.0988 Dec. 46.6911

7502808 0w /Moc iR 4230 DESI Image Legacy Surveys DR9

T1g0=3.42h~ 'Mpc

Shown in the following plot is the projected galaxy distribution in terms of sky coverage in the the
Legacy Surveys DR9. The sky coverage are drawn from two contiguous areas: the south galactic
cap (~8601 square degrees with 59.95 million galaxies) and the north galactic cap (~9622 square
degrees with 67.20 million galaxies). The color code is the galaxy number counts per 0.25 square
degrees.

[ Legacy Surveys DR9

Readme

2000

5 Galaxy catalogue
R.A. 41.5532. Dec. —20.5156
2=0.3341 log,oM, /Me=15.3881
r80=3.33h""Mpc B

Group catalogue

Member ID

Region | Galaxies | Sky coverage | Groups Ng>=1 | Ng>=3 |Ng>=5| Ng>=10
NGC | 67197600 9622 51440885 2626797 [ 835349 | 193254
SGC ]59958088 8601 45416930 2406873 | 793217 | 187310

With DESI 1% spectroscopic redshifts -- available for those DESI collaborators upon
request.

... Will be public once the DESI redshifts are made public.

In this version, we have incorporated the 1% DESI spectroscopic redshifts into our galaxy sample
and updated the related group catalogs.

Shown in the following plot is the projected galaxy distribution in terms of sky coverage in the the
Legacy Surveys DR9. The updated redshifts on the sky are marked with green color.
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DESI : Group-Galaxy weak lensing ESD measurements
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Cluster properties as function of halo mass
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DESI: Measuring the CLFs from DESI groups/clusters
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Halo-stellar mass ratios
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I ourwork Yang+2009 (GG)

= Yang+2012 (CLF)
Zheng+2007 (HOD)
== = Behroozi+2010 (AM)
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== = Kravtsov+2018 (AM+CL)
= Guo+2010 (pAM)
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Wang et al 2024, ApJ
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3 Get the velocity and density field from halo distribution

(256, 256, 256, 1)

(256. 256, 256, 1) [KI (128, 128, 128, 16) (125 128, 128, 16) i
Input i ® Output
Deeping learning method: UNet model 3 e
(64, 64, 64, 32) i i (64, 64, 64, 32)
Encoder-decoder withskip  ...... ... ..
] * @ Conv3D(strides=2)
Con nectlon S : (4, 4, 4, 512) ﬁ f i (4, 4, 4, 512) - Concatenate
[EJ © é m kernel_initializer=RandomNormal
? A Batch Normalization
A j:l @ LeakyRelLU
4 @. 2.2, 512) <—H ; :ZLBD(SME]
i c T 2. 2. 2. 512) @  Conv3DTranspose(strides=2)
@ Dropout
@ Tanh

Halo field

Dark matter field




Generating training and testing data

1) Evolute the particles:
code: COmoving Lagrangian Acceleration (COLA) fast
simulation
* Generate 30 simulations: 15 training, 5 validation, and 10 testing
samples
« Planck2018 cosmology, Q_ = 0.3111, Q,= 0.6889, h = 0.6766, o, = 0.812.

« 5123 particles, 500Mpc/h
2) &dd AR e lroddes arpEEIfe: halos. Keep real space for dark matter.
« CIC scheme, 2563 voxels,Top-hat smoothing with R, = 5 h-*Mpc

* Halo mass weighting
« Rescaled the overdensity values to lie in the interval [-1, 1]

s(x) =2x/(x +a) — 1, a=5



Tralning process
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1) Comparisons of the projected density

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5

UNet
predictions §

0 500 h~! Mpc



Application to Jiutian

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

’_,

Apply model

Redshift-space
halo field

Real space
dark matter field

Divided into 8 boxes Concatenated back
>

>

Jiuian halo: .
(1000 Mpc/h, 61443 particles) Halo field in small boxes Reconstructed field Reconstructed field

in small boxes in original volume



Result: Jiutian simulation

z [h~! Mpc]

« Reconstructing dark matter density field based on UNet
COLA

Jiutian truth

Jiutian reconstruction
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Application to ELUCID simulation

Check the impact of cosmology

 COLA and Jiutian simulations :

Planck2018 cosmology
Q =0.3111,Q, =0.6889, h=0.6766 , Q, =0.049, 0,=0.817.

« ELUCID simulation (500Mpc/h, 30723 particles):
WMAPS5 cosmology

Q_=0.258, Q, =0.742, Q, = 0.044, h=0.72, 6, = 0.80




500

400

100

100

Result: ELUCID simulation

ELUCID truth o0 ELUCID reconstruction
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Testing: velocity field reconstruction

UNet-reconstructed § (k) Halo density field 8, (k) with a bias b,
' ik 6 (k
V(k)ZHaf(Q)]%é(k) VS. V(k)=Haf(Q)Ilc—2 Zlf)

j—y
Virue

0

200 (Wang et al 2012,
Shi et al 2016)
Velocity g
field S
x [h~! Mpc] x"o[:.,q M:z] ::;1'1 Mﬁp"z] 800 1000
Velocity difference
field _
a
=
UNet dark matter N Halo-based with linear

bias

x [h~! Mpc] x [h~! Mpc]



Accuracy of the density and velocity field reconstruction
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DarkAI: Reconstructing the large-scale density field of dark matter using Al




4 Test with mock DESI BGS

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.

801 [ DESIY119.0
60 =] T =32 mock DESI
— 40_ E 2.5 a
g 201 5
= B 2.0
v N
© —
vl G 15
(&) E .
(D] L ] o=
Q -201 \ 5
=Z 1.0
—40
0.5
—60
: . . . : : . 0.0 L4 ; . : ' .
0 50 100 150 200 250 300 350 0.0 0.2 0.4 0.6 0.8 1.0
R.A.[degree] redshift

Sky coverage: 9625 deg? with 6200000 galaxies. Gu et al 2024, MNRAS



Test with mock DESI BGS

Construct the density fields:

« Embed the survey volume in a periodic, cubic box of 1564Mpc/h on a side
* CICscheme, 5123 voxels

* Apply the luminocity weighting for each galaxy

* Apply the mask weigting on each grid.

1564.0

1251.2

938.4

y [h~1 Mpc]

625.6

312.8

0.0
0.0 312.8 625.6 938.4 1251.2 1564.0

x [h~1 Mpc] Preliminary



Test with mock DESI BGS

y [h~ Mpc]

Comparison of the projected density-field distributions in a slice of 1564x1564

Redshitt-space galaxy

Redshift-space galaxy
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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
e Statistics: projected density, density-density relation

* Fields: denstiy, velocity and tidal fields

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

4) Initital condition reconstruction code will be updated to fulfill the new computational needs.

5) The ELUCID-IIl will be available within about two years...
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