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Mapping the Dark Matter Lo
with Gravitational Lensing \J




Weak Lensing
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— Ongoing and Upcoming Space Optical Surveys
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CSST Wide Survey

175000°imaging : 255-1000nm, =6 filters, avg
=25.5m (50, point source, AB mag)

175000 °slitless spect: 2565-1000nm, 3 bands,
R=200, =22-23m
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How can Al help?



~Constructing the dark matter map

Convergence k
(Dimensionless DM Durface Density)
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Traditional KS method

Noise—dominated on small scales

Mask—-induced artifacts and spurious structures

, N0 multi—probe

ics priors

no phys

Rigid objective
inference



Cosmology
Simulation

Observation
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Mask

Conv+BN+RELU

Downsample x1/2
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Conv+BN+RELU
dilation=2
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dilation=4
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dilation=8
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& Downsample xi2

? Upsample x2
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@ Concatenation
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Dark Matter Mass Map with MiU2Net
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Miu2Net, Han... RL et al. 2026



Cluster—-Cluster Pair mass mapping

2500 h~! Mpe

625 h=! Mpc 156.25 h=1 Mpc

Enhance the training set with HyperMillennium
simulation of (2.5 Gpc)3 box

True: xy True: yz

ML: xy ML: yz

Prediction

. e
.

Chen XY et al. in prep
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Strong Lensing 750
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How to identify and m
tens of billions of astronomical objects in the big data era ? ? ?

Slides from Nan Li



ldentifying Strong Lenses from Gigantic Datasets

1. Catalog Based
Pattern Match

2. Deep Learning
Empowered

3. Human & Al
in the Loop

lens:0.57

lens:1.00

lens:1.00

lens:1.00

Al Model

Astronomical
Image e Large Model
Datasets

—+  Defines Tasks |
Deep Learning Models for
\ Downstream Tasks
Inputs Priors —

Annqtétion

|

unlabeled pool
U

labeled
training set

dl

oracle (e.g., human annotator)

Slides from Nan Li



Cluster Lens in DESI Legacy,

CSST Mock Lenses, Liu P., RuiLi, Cao XY, RL in prep Suvey, Zhang, NL* et al. 2025

Obj 6

Cluster ID-4463800049 Cluster ID-301800111

Cluster ID-918600026 Cluster ID-1410300137

*

Cluster Lens in DESI Leg:
Suvey, He, NL* et al. 2(

id=11 -




Simulated Image Source Reconstruction
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TRADITIONAL CPU SEQUIENTIAL

MODEL
PARAMETERS

GENERATE
SINGLE
MDDEL IMAGE
GENERATE
SINGLE

IMAGE

COMPARETO
OBSERVED
IMAGE

3/30/2026

JAX + GPU PARALEL

JAX BATCHING
(vmap)

‘ Jnx%%%nmﬁ @
=2000x \/BULK COMPARE

MODEL

ACCLERATION il . OBSERVED IMAGE

GPU PARALLEL .
PARALLEL' =

PARALLEL
LIKERLUOD
EVALUUATION

TINYLENS-GPU XY Cao , RL et al. 2025

NAUTILUS NESTED SAMPLER

LIVE POINTS
(BATCH)

E} Al EXPLORATION
(BATCH)
/r
il @

LOW-DIMENSIONAL HIGH-ACCURANCY
POSTOEIR EVIDENCE

PARALLEL EVALUATIONS +
IMPORTANCE SAMPLING

17



Reveal the low mass dark matter perturber

SLACS 0946+1006 with Hubble Imaging
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Carousel cluster

Arcsec

Cluster Giant Arc Modelling
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How to fit a strong lens model? | ‘

2
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e

Accelerated
Learning

- Code Suggestions
» Debugging Help

Before: 1-2 Years of Technical Training

R— — S —

LensMod: Strong Lens Modelling Project Plan

Requireements Let's discuss the requirements for your strong lens
modelling project..

Discuss Project )) Let's Discuss Project Requirements

Develop

: | ’ :
Project Plan ’ Great! Here's a plan for your project

Gitinciuded steps your project. incmiunns developmaogomtttod testied.

“ 1 will generate the APl interfaces
Efweitigden the APl interfaces nesded for your project.

Define API
Interfaces b

* Assist with Coding
B [ve wrtten the first part of the code for fitting the strong lens couert

* Help Design & Test | s i
Eluure, et's et up set testing procedures co anfnar aenelenes! | ahlil .

* Quick Project Setup
* Ready to se thebookg__

st

Now: 1-2 Months of Learning
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Al CAN DO

eHigh—Tfidelity dark matter
reconstruction

e “Needle in a haystack”
into scalable discovery

eDemocratizes high-
performance computing

e Al Agents redefine how
science is done

Al CANNOT DO

e Al does not own reality

e Reality is not a dataset — it
is a messy, constrained
system

e Al alone cannot guarantee

precision at the level
cosmology demands

oAl can not define what is
scientifically interesting
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