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Outlook
There has been a concerted effort to extend our WIMP horizons, notably in the 
direction of lighter masses. There are two ways we can constrain light dark matter 
with direct detection experiments:

1. Build lower threshold experiments (hard)
2. Get creative
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The kinematic problem
- Light dark matter cannot pack as much of a punch 

3



Methods for probing light dark matter
With direct detection:

- Boosted dark matter (arXiv:1405.7370)
- Cosmic ray dark matter (arXiv:1810.10543)
- The Migdal effect (arXiv:1707.07258)
- Bremsstrahlung (arXiv:1607.01789)
- Electron scattering (arXiv:1703.00910)

Other

- Colliders (arXiv:1903.01400)
- Reverse direct detection (arXiv:1810.07705)
- Neutron star heating (arXiv:1704.01577)
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The Migdal effect and bremsstrahlung

The Migdal effect
-M. Ibe, W. Nakano, Y. Shoji, and K. Suzuki, 
1707.07258

Bremsstrahlung
-C. Kouvaris and J. 
Pradler,
1607.01789

e-
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- Light particles carry away more energy per unit momentum

The Migdal effect and brem kinematic advantage
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Migdal and Brem. rates for WIMPs

Spin-independent

mx = 1 GeV mx = 2 GeV mx = 5 GeV

N.F.Bell, J.B.Dent, JLN, S.Sabharwal & T.Weiler 
arXiv:1905.00046

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


The Migdal effect and brem: bounds

Akerib et al. Phys. Rev. Lett. 122, arXiv:1811.11241 N.F.Bell, J.B.Dent, JLN, S.Sabharwal & T.Weiler 
arXiv:1905.00046

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


Cosmic-ray dark matter paradigm
- Idea due to Bringmann and Pospelov (PRL, arXiv:1810.10543)
- Direct detection requires/assumes a DM-proton interaction, with no further 

assumptions we expect cosmic ray-DM collisions

Interstellar space Lab (on Earth)
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Local Interstellar Spectrum (LIS)
- The local population of CRDM will be created through collisions with the LIS
- Can include protons, helium, electrons etc. 
- Here we follow Bringmann and integrate over a 1kpc sphere around Earth
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D. Bisschoff et al.
arXiv:1902.10438



Cosmic ray dark matter spectrum

- From top to bottom:

       masses = .001, .01, .1, 1, 10 GeV

- Dashed is proton only
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CRDM scattering rate
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Attenuation

- For the relevant cross sections we must consider the effects of attenuation by overburden (see, for 
example, Starkman et al. PRD 1990)

- Dark matter loses energy as it collides with matter

- This was approximately solved by Bringmann to give the energy at a depth z:

- Giving a flux of:

More recent 
treatments:
Kouvaris (uses MC)
And
Kavanaugh (...)
Hooper ()
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Attenuated flux and rate
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Attenuated CRDM rates
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Bounds on the cross section
          Spin independent                                            Spin dependent
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Improving the calculation
- Bringmann and Pospelov assume constant cross sections (up to the form 

factor), not including relativistic corrections
- Large cross sections may require light mediators, but for the momentum 

transfers considered one cannot use the standard effective operators

- Let us treat the problem consistently with two simplified models
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Simplified models

Scalar mediator

                                    

Axial-vector mediator
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A word on the nucleon cross section
- It is standard to report results on the WIMP-nucleon cross section (q2 = 0):

- This means either couplings or mediator mass change with WIMP mass
- We choose to fix the coupling and show a range of results g = 0.1-1
- For example: 
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Cosmic ray dark matter spectrum from simplified models

From top to bottom: masses = .001, .01, .1, 1, 10 GeV  (all proton only, g=0.1)
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Modified CRDM scattering rate: scalar mediator
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Modified CRDM scattering rate: axial mediator
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CRDM rate ratios
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Modified bounds on the cross section
          Spin-independent                                            Spin-dependent
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(preliminary)

No attenuation



Hot off the press - arXiv:1905.05776
- Alvey, Campos, Fairbairn and You consider the atmosphere as a ‘beam dump’ 

experiment, where CRDM is sourced by meson decay
- They look at the inelastic channel with a simplified model (scalar med.)
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Summary
- People continue to come up with creative ways to probe new regions of the 

DM parameter space
- Cosmic ray-dark matter interactions provide a few different ways to constrain 

light dark matter
- In these regions of parameter space it is important to use more complete 

models of dark matter
- A full treatment of these interactions can greatly enhance the predicted rate
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Neutrino floor
- Atmospheric neutrinos provide a background-free sensitivity floor
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Dependence on mediator mass/coupling
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Reverse direct detection
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C.Cappiello, K. Ng, J.Beacom 1810.07705


