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Fitting the field

Output field

Challenge 1: The function form is unknown

N,

Oout = f (Oin; 0)

input field

-~

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

p
Likelihood: [ = 1_[ P(8,,:|8:m; )
=1

Oy = arg mglx/; = arg mglxz logP (6,4¢|0in; 0)
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‘&z1)_Deep learning method: UNet model
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U-Net:
Encoder-decoder with skip connections

Convolutional neural network (CNN) :
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Reconstructing the dark matter density field

Redshift-space halo

denstiy field Real-space dark matter field

1) The bias effect

(@) = bid(@) + S 1ald(@)® — 2] + Sbals(@)? — (57)]

+ higher order terms.




Training strategy

Training data: COLA, Fast simulation Testing data: Jiutian, Nbody simulation
Box size: 500Mpc/h Box size: 1000Mpc/h
Particle number: 5123 Particle number: 61443
Runing time: 28 CPUs, 0.5 hours Running time: 104CPUs, 28 days
Memory: <3GB Memory: 22TB+
Storage: 10GB Storage: 900TB+
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Training and testing

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

"

Real space
dark matter field

Redshift-space halo
field

Apply model

Divided into 8 boxes Concatenated back
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Jiutian halo: . ]
(1000 Mpc/h, 61443 particles) Halo field in small boxes Reconstructed field in Reconstructed field in

small boxes original volume



Results: the reconstructed density field for

. Reéjolnlé{rtulc%r% the dark matter density field based on UNet

Jiutian truth Jiutian reconstruction
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P(k) [h=3 Mpc?]

P(k) ratios

Results: the reconstructed density field for

Jiutian
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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 =0.1and 0.3 h Mpc?, respectively.



Testing the impact of cosmology

Training in Planck2018 cosmology

e COLA simulations :

Q_=0.3111,Q, = 0.6889, h = 0.6766 , Q, = 0.049, o, = 0.817

Applying to WMAPS5 cosmology

* ELUCID Nbody simulation (500Mpc/h, 30723 particles):
Q.=0.258,Q0,=0.742,Q, =0.044, h=0.72, o, = 0.80



Results: the reconstructed density field for

ELUCID

ELUCID truth ELUCID reconstruction
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Results: the reconstructed density field for
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ELUCID

No large distinction of the results between the WMAPS5 and Planck18 cosmology
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Testing the reconstruction of velocity field

e Reconstruct velocity field

Halo density field 6, (k) with a bias b,
- VS. _ ik on (k)
v(k) = H a f(Q) % 5 (k) vk = Haf€) 7= — (Wang et al 2012,
k Shi et al 2016)
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Testing the reconstruction of velocity field

e Reconstruct velocity field

UNet-reconstructed 8(k) Halo density field 6, (k) with a bias b,
: VS. B ik 6 (k)
v(k) = H a f () % 5 (k) vk =Haf() 7= (Wang et al 2012,
k Shi et al 2016)
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Testing the reconstruction of tidal field

Reconstruct tidal field:
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e Classification of the large-scale structure:
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Deeping learning: UNet model

Redshift-space halo field Real-space dark matter field

UNet works

21cm + foreground 21cm
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Testing UNet for cleaning different-level foreground

» We run the UNet by inputting T, + Tier where ngzangCRID\ CRIME-generated foreground:
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Temperature difference between neighboring frequency bands
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Testing UNet for cleaning different-level foreground

» We run the UNet by inputting Ty, + T, where Tg,=aT RME
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Cleaning model: frequency difference + UNet

Frequency difference Target HI
4
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Test I: 21cm + foreground

Target HI - UNet-fd reconstruction PCA reconstruction
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Test I: 21cm + foreground
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Test

I: 21cm +

fore

ground

RSD reconstruction

This work
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Test Il : Adding beam effect

PCA-3 reconstruction

Target HI UNet-fd reconstruction
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Test Il : Adding beam effect
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Test Il : Adding beam effect
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Summary

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

(arXiv:2305.11431)

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

(arxiv:2310.06518)



Science

The DarkAl project aims to apply state-of-the-art machine learning algorithms to address frontier problems in
cosmology. Its scientific goals include exploring the nature of dark energy and dark matter, probing neutrino
properties, investigating cosmic expansion and structure growth histories, measuring the Hubble parameter,
refining descriptions of the cosmic web, and so on. Our current research focuses on:

S =

« Estimating cosmological parameters at the field level.

Inferring galaxy velocities.

Reconstructing the underlying dark matter field.

Simulating spectroscopic and photometric surveys.

Integrating machine learning techniques with traditional large-scale structure statistics.

21cm foreground removal.



Test Ill : Varying thermal noise
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Test Ill : Varying thermal noise
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