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The Sun



Dark Matter Detector = Neutrino Detector
Xenon1T vs Super-Kamiokande
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Dark Matter Detector = Neutrino Detector
Xenon1T vs Super-Kamiokande

Detect 8B solar neutrino!

XENON collaboration, PRL 2024 

Sweden loves me!
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Dark Matter Detector = Neutrino Detector
Xenon1T vs Super-Kamiokande

Detect 8B solar neutrino!

XENON collaboration, PRL 2024 

Sweden loves me!

Super-K can 
observe 
neutrinos from 
DM annihilation 
inside the Sun!

<latexit sha1_base64="H1Ts8vOXRgI9EglsdZMLDzmipC8=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjJjO213RTcuK9oHtEPJpJk2NJMZkoxQhn6CGxeKuPWL3Pk3pg9BRQ9cOJxzL/feEyScKY3Qh5VbW9/Y3MpvF3Z29/YPiodHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek6u537mnUrFY3OlpQv0IjwQLGcHaSLd9kQ6KJWTXKi5y6xDZruu5FxVDquVqHXnQsdECJbBCc1B87w9jkkZUaMKxUj0HJdrPsNSMcDor9FNFE0wmeER7hgocUeVni1Nn8MwoQxjG0pTQcKF+n8hwpNQ0CkxnhPVY/fbm4l9eL9Vhzc+YSFJNBVkuClMOdQznf8Mhk5RoPjUEE8nMrZCMscREm3QKJoSvT+H/pO3ajmd7N+VS43IVRx6cgFNwDhxQBQ1wDZqgBQgYgQfwBJ4tbj1aL9brsjVnrWaOwQ9Yb5/Uj44x</latexit>ω <latexit sha1_base64="H1Ts8vOXRgI9EglsdZMLDzmipC8=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjJjO213RTcuK9oHtEPJpJk2NJMZkoxQhn6CGxeKuPWL3Pk3pg9BRQ9cOJxzL/feEyScKY3Qh5VbW9/Y3MpvF3Z29/YPiodHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek6u537mnUrFY3OlpQv0IjwQLGcHaSLd9kQ6KJWTXKi5y6xDZruu5FxVDquVqHXnQsdECJbBCc1B87w9jkkZUaMKxUj0HJdrPsNSMcDor9FNFE0wmeER7hgocUeVni1Nn8MwoQxjG0pTQcKF+n8hwpNQ0CkxnhPVY/fbm4l9eL9Vhzc+YSFJNBVkuClMOdQznf8Mhk5RoPjUEE8nMrZCMscREm3QKJoSvT+H/pO3ajmd7N+VS43IVRx6cgFNwDhxQBQ1wDZqgBQgYgQfwBJ4tbj1aL9brsjVnrWaOwQ9Yb5/Uj44x</latexit>ω



Reduce Atmospheric Neutrino Background
Using Super-K angular resolution



Reduce Atmospheric Neutrino Background
Using Super-K angular resolution



Neutrinos from leptophilic DM annihilation inside the Sun
Consider leptophilic annihilation channels

• Leptophilic DM scattering with 
electrons inside the Sun


• Loose KE, then being captured!


• Trapped DM annihilate to produce 
Neutrinos.


• Observe them with Super-K!



Neutrinos from leptophilic DM annihilation inside the Sun
Consider leptophilic annihilation channels

Tools to generate neutrino 
spectra inside the Sun:


• PPPC4DMv, Baratella et al. 
(1312.6408)


• Xarov (Charon), Liu et al. 
(2007.15010)


• DarkSUSY, Bringmann et al. 
(1802.03399)



Neutrinos from leptophilic DM annihilation inside the Sun
Consider leptophilic annihilation channels



Constraints on Leptophillic Dark Matter 
Using 10-year Super-K observation on atmospheric muon neutrino

Arxiv: 2501.14864 (submitted to PRL)

Tim Linden

(Stockholm U.)

Pierluca Carenza

(Stockholm U.)

Axel Widmark

(Columbia U.)



How about gamma-rays?
DM annihilate to long-lived meditors, producing gamma-rays

Tim Linden

(Stockholm U.)

arXiv:2402.01839

Tim Tait

(UCI)



Below 4 GeV: DM evaporation
A challenge in DM capture in the Sun!



Sub-GeV DM-electron cross section

Ciaran O’Hare


(The artist!)



Is Jupiter the solution?



Jupiter with Metallic Hydrogen core
Electrons are cold and cannot kick (evaporate) sub-GeV DM out!



Jupiter as Dark Matter Refrigerator
Probing theory-target parameter space of sub-GeV Leptophilic DM

Letter in preparation!


Tim Linden

(Stockholm U.)

Carlos Blanco

(Penn State U.)

(Preliminary)





Backup Slide



The Solar model



Jupiter model
Jovian J11-4a



Metallic Hydrogen
Inside Jupiter



Super-K and Hyper-K
Maybe Super-Duper-Kamiokande in the future?



Velocity and Momentum-dependent cross sections
Too fast too furious!



Comment on 2503.07713



Compare with previous capture rate results
We are confident that we have obtained the correct finite-temperature capture rate!



DM-nucleon bounds with gamma-ray
DM annihilate to long-lived vector mediators, that decay into 3 photons



DM-nucleon bounds with VHE neutrinos
From Galactic Center Neutron Stars, observe with IceCube!


