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The mass/energy landscape

There has been a concerted effort to extend our horizons beyond

WIMPs, notably in the direction of lighter masses.

Dark Sector Candidates, Anomalies, and Search Techniques
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Methods for probing lighter dark matter
(an incomplete list)

Existing direct detection: Improved (traditional) direct detection:
Cosmic ray dark matter (arXiv:1810.10543) - Diamond detectors (arXiv:1901.07569)
The Migdal effect (arXiv:1707.07258) - Single charge germanium (arXiv:1804.10697)
Bremsstrahlung (arXiv:1607.01789) - Single charge xenon (e.g. ALBECA)
Electron scattering (arXiv:1703.00910) - Helium detectors (arXiv:1302.0534)
Cosmology/Astrophysics/other New ldeas
DM-proton CMB (arXiv:1712.07133) - Plasmons (arXiv:2002.06937)
Reverse direct detection (arXiv:1810.07705) - Multi-exciton/rotons in LHe (arXiv:1611.06228)
Neutron star heating (arXiv:1704.01577) - Absorption (arXiv:1608.01994)
Boosted dark matter (arXiv:1405.7370) - Chemical bond breaking (arXiv:1608.02940)

Colliders (arXiv:1903.01400) - Spin-flip avalanche (arXiv:1701.06566)



Direct detection’s kinematic problem

Light dark matter does not pack much of a punch:
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Cosmic-ray dark matter

Flux (part.m~2.s71.sr1.(GeV/nuc)™1)
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Cosmic-ray dark matter

Spectrum of CRDM
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Inelastic cosmic-ray dark matter
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Why the Migdal channel?

1. Kinematic advantage:
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Nuclear: R = Q'M_vaﬁlax
mr
Electronic oy = U_TUQ
(Migdal/Decay): max 2 max

2. Electronic recoil energy isn’t quenched
(nuclear recoils result in more heating)
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Migdal rates and Limits
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The Migdal effect with inelastic DM

endothermic exothermic Xelt bounds
' ' LN e 1030
§=4keV §=0keV 10 i -
e =2 GeV 0=-2keV 0=0keV f — 6=-10keV
Y NR  weeeees NR ] 410732 §=0keV
opn=107% ', =
wf TN NSl B Ry
N=4
>~ il ——N=5 e N=35 bi 10_34r
= ] ]

= =) i

of) Q
< 107 ; £ 107
103} > - ]
< 2 10-38
— s ].0 r
10! g0 2 r

SN T B 100 e

2

10—1 [ 10_5 3 - 10—42
102 10! 10° ' lmllbl‘E “ “”1'6“‘ 100 1073 1072 1071 10° 10!

Eger (keVee) Eget (keVee) DM mass, m, (GeV)



(anincomplete)

Summary
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Attenuation of dark matter

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:

Depth below ,l
surface =Z

See more recent

,l treatments:
/ dTX Kouvaris
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Attenuation of CRDM

Now we must integrate the energy loss
equation numerically

dT, do
—& = — —T1.dT,
dx ; nT/ dT,

Assume that above 1 GeV inelastic
scattering dominates and attenuates
all CRDM
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