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Outline

• Velocity-dependent dark matter scatterings.   

• Specific benchmark predicting large cross sections 

• Astrophysical implications? 

• Conclusions 
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Cold Dark Matter
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Self-interacting dark matter hypothesis

σ/m ∼ 1 cm2/g
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Self-interacting dark matter hypothesis

σ/m ∼ 1 cm2/g
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 Light mediator
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 Light mediator

Born approximation  of the 
Yukawa potential
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Resonant self-interacting dark matter
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Resonant self-interacting dark matter
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Resonant self-interacting dark matter

10

The way the non-relativistic cross section varies with the 
velocity is largely independent of the internal structure 

Simple parametrization
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Finite-size dark matter

The way the non-relativistic cross section varies with the 
velocity is largely independent of the internal structure 

Simple parametrization
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• From this point of view, models based on light mediators 
are as well motivated as those arising from strongly 
coupled sectors. 

• Studies based of light mediators can be adapted to other 
models . 
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Lessons
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Strong interactions in the Standard Model

(Strong CP problem)

topological term

However in the SM 

Low-energy Lagrangian

QCD sector of the Standard Model
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Resonance:

with
Low-energy Lagrangian

topological term is present in the minimal model 

✓ new interactions among dark mesons

(most papers          )        

Generally

Minimal SIMP model: same as SM 

Suppose the dark matter sector is the same
García-Cely, Landini, Zapata, 2024 
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Specific benchmark with 
 a Breit-Wigner resonance 
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Specific benchmark with 
 a Breit-Wigner resonance 

García-Cely, Landini, Marsili, Zapata, 2025 
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Gravothermal collapse

Daneng Yang, Hai-Bo Yu,  2022 
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The Jackpot – SDSS J0946+1006

Why important? 

• Nicknamed 'Jackpot' because if has multiple 
lensed sources. 

• It is the first strong lens with a detected dark 
subhalo (~3×10⁹ M⊙) 

• Subhalo density exceeds CDM expectations. 

• It could signal a core-collapsed halo of  SIDM.

Image Credit: NASA, ESA, 
N. Benítez (IAA, Spain), T. 

Treu (UCLA), et al
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ABSTRACT

Previous studies, based on precise modeling of a gravitationally lensing image, have identified what
may be a extremely compact, dark perturber in the well-known lensing system SDSSJ0946+1006 (the
“Jackpot”). Its remarkable compactness challenges the standard cold dark matter (CDM) paradigm.
In this paper, we explore whether such a compact perturber could be explained as a core-collapsed
halo described by the self-interacting dark matter (SIDM) model. Using the isothermal Jeans method,
we compute the density profiles of core-collapsed halos across a range of masses. Our comparison with
observations indicates that only a core-collapsed halo with a total mass of approximately 1011 M→ could
produce an inner density profile and mass enclosed within 1 kpc that is consistent with observational
data. However, such a massive dark matter halo should host a galaxy detectable by prior Hubble
imaging, which is not observed. Thus, the core-collapsed SIDM halo model struggles to fully account
for the exotic nature of the “little dark dot” in the “Jackpot” lens.

Keywords: Dark matter (353); Strong gravitational lensing (1643); Galaxy dark matter halos (1880)

1. INTRODUCTION

The standard theory of cosmic structure formation is
built upon the cold dark matter (CDM) model. In this
framework, structures grow hierarchically: smaller dark
matter halos form first and later merge and accrete ma-
terial to evolve into larger systems. Galaxies form within
these halos and co-evolve with their hosts. A direct pre-
diction of this paradigm is the existence of a large num-
ber of low-mass dark matter halos in the universe today.
Detecting these predicted CDM halos is challenging.

These halos can host dwarf galaxies, which serve as trac-
ers, but in the distant universe, even if dwarf galaxies

Corresponding author: Ran Li

liran@bnu.edu.cn

are observed, measuring the masses of their host halos
is often di!cult. Moreover, baryonic feedback processes
are expected to suppress star formation in halos smaller
than 109 M→ (e.g. T. Sawala et al. 2015, 2016; J. S. Bul-
lock & M. Boylan-Kolchin 2017), leaving many low-mass
halos either completely dark or hosting faint galaxies
that are hard to detect.
Beyond the Milky Way, strong gravitational lensing

provides the only method currently available to directly
detect these dark halos and measure their masses and
internal structures. Such halos, if present, can perturb
lensing systems by introducing anomalies in flux ratios
or causing subtle distortions in the lensing images (S.
Mao & P. Schneider 1998; S. Vegetti & L. V. E. Koop-
mans 2009). These dark halos may reside within the
main lens galaxy or along the line of sight to the back-
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• Resonant SIDM is a viable model giving velocity-dependent 
scattering cross sections. 

• It remains to be seen whether it can explain the Jackpot while 
explaining the relic density. 

Conclusions


