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What is Dark Matter’s Velocity?

arXiv:2104.07634arXiv:1810.11468



3

Boosted Dark Matter

arXiv:2104.07634
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Supernova Shocks as Dark Matter Sources

Credits: NASA, ESA, J. Hester and A. Loll (Arizona State University)

The Good

v > 0.01 c

Ejecta mass ~few M
⊙

The Bad

Distances > 100 pc

Transient, not constant
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Supernova Shocks* as Dark Matter Sources

Credits: NASA, ESA, J. Hester and A. Loll (Arizona State University)

The Good

v > 0.01 c

Ejecta mass ~few M
⊙

The Bad

Distances > 100 pc

Transient, not constant

*NOT Fermi Acceleration
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The Monogem Ring

ROSAT image of the Monogem Ring 
(taken from Knies, Sasaki and 
Plucinsky 2018)

Age = 68,000 years
Distance = 300 pc
Corresponding velocity: 4,300 km/s

Esn = 8*1050 erg, assume 5 M
⊙
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Spin-Independent Scattering: Upscattered Flux

m = 1 GeV
σ = 10-30 cm2
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Spin-Independent Scattering: Flux at Earth

m = 1 GeV
σ = 10-30 cm2
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Spin-Independent Scattering: Flux at Earth

arXiv:2008.00022arXiv:2007.14289
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Velocity-Dependent Scattering: Effective Operators

Describe general DM-nucleon 
interactions using a combination of 
Hermitian, Galilean-invariant quantities

O1 and O4 are spin-independent and 
spin-dependent, respectively

Limits on other effective operators come 
from LUX, XENON100, PandaX-II, 
DEAP-3600,DarkSide-50, CRESST-II, 
CDMS-II, SuperCDMS, plus cosmology 
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Numerical Implementation of NREO Formalism
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Limits on Effective Operators
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SuperCDMS Surface Athermal Phonon Detector

arXiv:2007.14289
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SuperCDMS Surface Athermal Phonon Detector
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Limits on Effective Operators

Solid: Surface Phonon 
Detector

Dashed: SuperCDMS 
SNOLAB Projection

Dotted: DARWIN 
Projection
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Limits on Effective Operators
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Neal Avis Kozar: Global fit of Non-relativistic Effective Operator Dark Matter using Solar 
Neutrinos, Thursday at 14:40 (Dark Matter XI)

Thank you to Bradley Kavanagh for modifications to WIMpy_NREFT code!

Thank you!
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Nonrelativistic Reduction of Lagrangian Terms
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Nonrelativistic Reduction of Lagrangian Terms


