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Dark Matter-electron scattering status

Rouven Essig, Mainz (2019)
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Dark Matter-electron scattering status

Rouven Essig, Mainz (2019)

Is there a way to probe 
lower cross-sections ?
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Can we use the Sun as our DM detector ?



IceCube

Our Proposal

https://skyandtelescope.org/wp-content/uploads/IceCube-detection_300px.jpg



IceCube

Our Proposal

This enables us to probe new regions of parameter 
space for DM-electron scattering !

https://skyandtelescope.org/wp-content/uploads/IceCube-detection_300px.jpg



Dark Matter capture in the Sun

Total number of Solar 
electrons Incident DM flux Capture probabilityCapture rate 

of DM inside 
the Sun

Number density of Solar electrons

DM density at Solar neighbourhood

Mass of DM particle

DM velocity distribution at Solar position
DM-electron cross-section

See Kopp et al. (0907.3159), Garani et al. (1702.02768)



Captured Dark Matter annihilation

Captured DM 
particles

These can 
escape from 

the Sun

Fig: https://fermi.gsfc.nasa.gov/science/eteu/dm/
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Neutrino detection by IceCube and DeepCore

Photo: R. Schwarz
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Neutrino detection by IceCube and DeepCore
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Our result

Previous limits in the 
parameter space
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Conclusion

• Due to DM-electron scattering, local DM particles can get captured inside the 
Sun. 

• These captured DM particles can annihilate and produce neutrinos that can 
be detected by terrestrial experiments like IceCube, DeepCore. Using the 
latest data-sets from these experiments we obtain world-leading bounds 
on DM-electron scattering cross-section.

• In future, IceCube and other neutrino experiments like KM3NeT, Hyper-
Kamiokande will be able to discover DM-electron scattering.
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https://www.colorado.edu/project/dark-ages-polarimeter-
pathfinder/factsheet

Source: Quanta Magazine



 Other final states
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Neutrino flux at terrestrial detectors
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For our range of parameters the DM capture and annihilation rates are in 
equilibrium,

!!
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Captured Dark Matter annihilation

Neutrino trapping in 
dense solar medium

Tau regeneration

Neutrino oscillation

(arXiv: 2112.13804)

Neutrinos 
produced inside 

the Sun

χaron
nuSQuIDS

(arXiv: 2007.15010)



arXiv: 
1612.05949

Leading limits for SD 
DM-proton interaction

arXiv: 
2111.09970



Neutrino signatures at IceCube and DeepCore

Track

Cascade

https://www.sciencealert.com/images/2019-10 https://nbi.ku.dk/english/researc
h



Propagation of Neutrinos inside the Sun
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Electroweak Bremsstrahlung


