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WIMPs, where are you?

Larger detector size
Clearer background

Better resolution
Lower threshold

New ideas:

Toward Sub-GeV mass
DM-nucleon --> DM-electron
Spin-indep. --> Spin-dep. 

P.A. Zyla et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2020, 083C01 (2020).

Next Steps for DM Direct Detection
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Why Spin-Dependent DM-e Interaction?

ÅSI term: a scalar DM with a scalar-scalar coupling, or a fermionic DM with a scalar-scalar or 

vector-vector coupling to electrons

ÅSD term: a fermionic DM with an pseudovector-pseudovector or tensor-tensor coupling. 

ÅDM-e v.s. DM-n:

Åelectron weakly bound in atoms; nucleon tightly bound in nuclei

Åelectron recoils (ER) are easier to detect

Åcoherent enhancement happens only for SI DM-n case
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Atomic Response Functions
Exp. data: Gesolid

Theory: Ge atom (gas)

Ab initio many-body atomic methods:

ÅMulti-ConfigurationDirac-Fock
Å(MC) RelativisticRandom-PhaseApprox.
ÅFrozenCore Approx.

Benchmarked with photoabsorption data and some 
approximation schemes:  

EquivalentPhoton Approx., FreeElectronApprox.
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