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Alternative Signals for sub-GeV Probes





Bremsstrahlung in the process
Can be used to detect scattering processes that produce nuclear 
recoils below detector thresholds.

For the case of dark matter much 
lighter than the target nucleus

The endpoints of the maximum 
nuclear recoil energy and emitted 
photon are key to the extended 
reach



Typically one finds that sub-GeV dark matter creates 

For example, a 1 GeV particle incident on xenon will produce



C. Kouvaris and J. Pradler, PRL 2017, 1607.01789

The double differential cross-section factorizes into kinematic 
terms multiplied by the 2-2 elastic differential cross-section

or



R. Bernabei et al., Int. J. Mod. Phys. A22, 3155 (2007), arXiv:0706.1421
B. M. Roberts, V. V. Flambaum, and G. F. Gribakin, Phys. Rev. Lett. 116, 023201 (2016),arXiv:1509.09044



The endpoints of the maximum 
nuclear recoil energy and emitted 
electronic energy are key to the 
extended reach



The double differential cross-section 
factorizes into the ionization rate multiplied 
by the 2-2 elastic differential cross-section

The ionization rate is given in terms of the ionization probability

The differential rate is then



We have examined the Migdal effect and 
photon brem in the context of the EFT 
approach, placing new limits on Xe1T

We’ve also reassessed the neutrino background in the 
presence of these effects

 arXiv:1905.00046 

Nicole Bell    Jayden Newstead   Subir Sabharwal   Tom Weiler

http://arxiv.org/abs/arXiv:1905.00046






CRDM



939 g Germanium detector at CJPL 
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To include the Migdal effect for coherent neutrino-nucleus scattering, 
we include the ionization rate

The kinematic endpoints are

Including the incident fluxes from solar and atmospheric neutrinos, we 
have calculated the new rates as a function of detected energy



There is a small window where the Migdal effect induced signal is 
comparable in rate to the nuclear recoil signal.



Cosmic ray induced dark matter scattering

JBD, B.Dutta, J.L.Newstead, I.Shoemaker, to appear soon
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CRDM Preliminary Results



CRDM Preliminary Results
Fluxes and 
rates



Energy dependence must be accounted 
for on the direct detection side as well

CRDM Preliminary Results
Fluxes and 
rates
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CRDM Preliminary Results

SI
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SI
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Excluded
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CRDM Preliminary Results

SD
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Neutrinos

CRDM Preliminary Results



Summary

A tremendous variety of searches are being 
carried out for sub-GeV mass dark matter.

Utilizing complementary approaches from 
experiment and theory in astrophysics, 
cosmology, and particle physics, we expect a 
continued coverage of unexplored regions of 
parameter space.



CR Spectra



Attenuation due to the Earth’s overburden

Cross-sections above a 
critical value will 

decelerate the dark 
matter flux to 

unobservable energies.

This provides an upper 
bound on the 

cross-section sensitivity 
for underground 

experiments.



M.Dolan, F. Kahlhoefer, and C.McCabe, PRL (2018) 1711.09906



Migdal and Brem limits and experimental results





The Migdal effect has been used to place new bounds on 
sub-GeV dark matter 

M.Dolan, F. Kahlhoefer, and C.McCabe, PRL (2018) 1711.09906
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939 g Germanium detector at CJPL 
1107.5 kg·day exposure and 250 eVee 
threshold for annual modulation search
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From Observations near the Earth to the Local 
Interstellar Spectra 
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