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Dark matter capture in celestial objects
Large-exposure DM “detectors” outer space!

• DM scattering with nucleons/electron 
inside the Object.


• DM loose Kinetic Energy.


• Its velocity is below the escaped 
velocity —> Being Captured!


• Trapped DM can annihilate to 
produce observational signature!
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Dark matter capture in celestial objects
Large-exposure DM “detectors” outer space!

Talks at TeVPA


• Woosik Kang (IceCube), Monday


• Chiara Poirè (ANTARES), Monday


• Takuya Okawa-san talk, before mine!


Review: J. Bramante and N. Raj, 
2307.14435

arXiv:2501.14864
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Dark matter evaporation! 
The challenge in dark matter capture scenario

Garani and Palomares-Ruiz, 2104.12757

• Trapped DM can be up-scattered 
again by nucleon/electron.


• DM gains kinetic energy.


• Light DM can escape the object!


• There are lower limits for dark 
matter mass to be captured!
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The challenge in dark matter capture scenario
Summary the DM mass limits in DM capture scenarios

Here come the Sun! Jupiter White Dwarfs Neutron Stars

4 GeV 1 GeV MeV keV
Nucleon + electron


Scattering Nucleon Scattering

Assuming targets follow the Boltzmann distribution!
Thong Nguyen, Stockholm University



How about DM-electron scattering in 
Jupiter? 

(The curious case of Leptophilic DM)
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Jupiter has a lot of Metallic Hydrogen
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Jupiter has a lot of Metallic Hydrogen
Wikipedia also said so!
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Jupiter has a lot of Metallic Hydrogen
Wikipedia also said so!

• Jupiter’s high pressure stripped electrons out from 
their Hydrogen Molecules.


• Electrons move freely in the metallic layer!


• Electrons fill out all possible energy states that are 
bounded by the Fermi Sphere of Metallic 
Hydrogen!


• Electrons follow the Fermi-Dirac Distribution!
Thong Nguyen, Stockholm University



Jupiter Evaporation mass of Leptophilic DM
The lowest DM mass that can stay inside Jupiter

TTQN, Blanco, Leane, Linden

(Work in prep.)

We calculate:


• The DM Capture Rate


• The DM Evaporation Rate


• DM Annihilation Rate


• DM Equilibrium time scale


We find the minimum DM mass 
that can survive in Jupiter: 
around 5 - 8 MeV
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How could we 
detect these MeV 

DM inside 
Jupiter? 

And why do we 
care about them?
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DM-electron cross section
The Theory Target (Heavy Mediator)

See David’s plenary 
talk on Tuesday!

arXiv:2203.08297
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DM-electron cross section
Very competitive target in the DM community!

(arXiv:2507.15956) See Pablo Figueroa’s talk!

See Qing Lin’s talk!

See Sravan Munagavalasa’s talk!
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DM-electron cross section
Ionization of Jupiter atmosphere measurement from New Horizons

TTQN, Blanco, Leane, Linden


(Work in prep.)
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Take home message

• Jupiter is cool!


• There could be a large density of leptophilic MeV 
dark matter particles trapped inside Jupiter!


• We need new strategies to detect these DM!
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