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Substructure can perturb lensing image
Wagner-Carena et al. 2023

第⼀幕：遥远宇宙中的⼩暗晕



Bose et al. 2016
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Ran Li et al. 2016,2017
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Ran Li et al. 2016,2017



Msub > 1010M⊙ Msub > 108M⊙,12σ
Vegetti et al. 2010 Vegetti et al. 2012

SLAC 0946+1006 B1938+666



VLBI imaging second perturber with m=1.13x10^6 Mo, by Vegetti et al. 2025 Nature, 2510.0738




Candidates From  
Hubble Imaging 

Nightingale…Ran Li… et al. 202454 lenses from SLACS and Bells sample



New candidate from JWST

Lange … Ran Li… et al. 2025

A probable candidate dark perturber, M200/M⊙ = 10.87+0.54
−0.71



试⾦⽯样本
Msub > 1010M⊙



第⼆幕：暗物质的“⼤”危机？

Despali et al. 2024Minor et al. 2021



Reveal the perturber morphology 
from free-form reconstruction

Source light gradient Potential gradient 

XY Cao, Ran Li et al. submitted, 2025 
https://arxiv.org/pdf/2504.19177 

https://arxiv.org/pdf/2504.19177


XY Cao, Ran Li et al. submitted, 2025 
https://arxiv.org/pdf/2504.19177 p

Reveal the perturber from potential correction
SLACS 0946+1006

arxiv: 2504.19177

Parametric Model 

Left:fix mass-concentration relation

Right: free concentration parameter

Free Form Reconstruction

https://arxiv.org/pdf/2504.19177


第三幕：SIDM预⾔的核⼼坍缩（Core-collapse) 
暗晕？

SHB Li, Ran Li  + 2025, submitted, arxiv: 
2504.11800

Steepr 
More massive inner 





SHB Li, Ran Li  + 2025, submitted, arxiv: 2504.11800 (details in Shubo Li’s talk)

To explain SDSS 0946, requires

a SIDM halo with total mass of 1011 Mo 

High initial halo concentration

reduces the  required mass of halo 



Why don’t we see the galaxy within the perturber?



第四幕：峰回路转，not so dark, not so dense?
The normalized residuals

QH He  et al. 2025 in prep (details in Andrew’s talk)

TNG50-1

0946 constraints



3⼩时JWST观测会最终告诉我们答案



Ongoing and Upcoming Space Optical Surveys

China Space Station Telescope (CSST, “巡天”)

Multi-band imaging covering 17500 


（avg. 25.5 mag) Ree80<0.15”

Launch ~2027

□∘

Euclid Telescope and Q1 Lenses



Dark Matter@CSST
• ~100000 galaxy-galaxy lensing, with 

5000 with S/N >100


• Many hundreds of galaxy lensing 
cluster


• Weak lensing map of all sky, up to 
redshift z~1.5


• Galaxy-galaxy lensing from dwarf 
galaxies to clusters


• Complete sample of high-res imaging 
of nearby universe



~5000 with S/N>100

XY Cao, Ran Li et al. 2024

arxiv: 2312.06239


Ground Base Limit

z_lens=0.2 Mag~24.62, KH Wang et al. 2025



Euclid prediction

O’Riordan et al. 2023

Expect ∼ 2500 new subhalo detections
Most >10^10 Mo

Wang Kaihao et al. in prep

zl=0.2

Mag~24.62

O’Riordan





Summary

• 星系强透镜建模技巧在过去10年发展完善，借助空间
分辨率数据可以探测到低⾄10^10太阳质量暗晕，还
可以测量其结构


• 致密的perturber的性质（m_2d-gamma_2d) 依赖于
其未塌缩的起始状态，这给了我们利⽤低质量暗晕的
致密度可以作为SIDM的⼀个有⼒限制


• SLAC0946是引⼒透镜建模的试⾦⽯，多个研究组利
⽤这⼀系统互相校验了分析⽅法。0946的dark 
perturber是否真的致密，有望在不久的将来通过
JWST follow-up解决


• 这个问题有望在CSST/Euclid+JWST/ELT时代得到极
⼤推进


