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Substructure can perturb lensing image



Milky Way dwarf

Warm or Cold?
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HST Imaging Keck AO Imaging
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VLBI imaging second perturber with m=1.13x1076 Mo, by Vegetti et al. 2025 Nature, 2510.0738




Multipoles:
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New candidate from JWST
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HST ACS F814W image

S. Vegetti et al. 2010

free-form modelling

X. Cao etal. 2025

Detection confirmed by:
Simona Vegetti et al. 2010

Quinn Minor et al. 2021
James Nightingale et al. 2024

Daniel Ballard et al. 2024

Quinn Minor 2024

Giulia Despali et al. 2024
Wolfgang Eniz et al. 2024
Xiaoyue Cao et al. 2025




tNFW, elliptical main lens

tNFW, w/ multipoles

CDM halo ¢c(M), +/- 20

(Dutton 2014)
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Reveal the perturber morphology
from free-form reconstruction
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https://arxiv.org/pdf/2504.19177

Reveal the perturber from potential correction

SLACS 0946+1006 Parametric Model

Left:fix mass-concentration relation
Right: free concentration parameter
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Free Form Reconstruction

NFW-MCR Convergence Correction
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Daneng Yang & Hai-Bo Yu, 2022
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To explain SDSS 0946, requires
a SIDM halo with total mass of 1071 Mo
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High initial halo concentration
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Why don’t we see the galaxy within the perturber?

analogues in TNG50 - stellar-halo mass relation
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S5 UE[L]gYs, not so dark, not so dense?

The normalized residuals
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0.50rScenario 2:
Exotic Dark Subhalo

Scenario 1:
L.Luminous Subhalo
(A subhalo hosting

dwarf s mlllu gtl IXY)
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Figure 3: Combined ‘JWST-colour’ images for the luminous (left) and exotic dark (right)
subhalo scenarios. Middle panel shows the wavelength-dependent flux ratio measured
within the two white 0.5 x 0.5 boxes. These boxes trace roughly to the same region of the
source while the bottom-left one contains the subhalo.
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Ongoing and Upcoming Space Optical Surveys

China Space Station Telescope (CSST, “X(X")

o

Multi-band imaging covering 17500[ _
(avg. 25.5 mag) Reeso<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
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XY Cao, Ran Li et al. 2024

arxiv: 2312.06239
WEF
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z_lens=0.2 Mag~24.62, KH Wang et al. 2025
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image - ideal image without satellite light
0

z|=0.2
Mag~24.62

Euclid prediction

Wang Kaihao et al. in prep

Mym
O’Riordan -— CDM — 108M® — 1010M®

10~ 1072 10° 10?
Expected detections (1/ faub)

Expect ~ 2500 new subhalo detections
Most >10710 Mo
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