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Direct detection experiments

» LUX-ZEPLIN, PandaX-4T, XENONNT, SuperCDMS, ...

GXe
» WIMP paradigm: GeV+ range of masses — E
» no success so far = sub-GeV DM? €
DM -~ LXe
- > S~ ~
/m\*~ .b™m
» nuclear vs. electronic recoil of non-relativistic DM 28888858/ )
4M in HSS
AEsm < ——— Epy < maximized for = msm/mpm =1
(1+p)
= mgpm should be as close to mpy as possible
. DM DM
= electrons preferable for light DM
SM SM

» what material to use?
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Effective non-relativistic theory for spin-1/2 DM
Catena et al., 2105.02233
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Effective non-relativistic theory for spin-1/2 DM
Catena et al., 2105.02233
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Catena & Spaldin, 2402.06817
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Int. rate for bounded electrons & generalized susceptibilities
Catena et al., 1912.08204

» electronic states # momentum eigenstates
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Crystal response functions
Catena et al., 2105.02233
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Parametrization of the crystal response functions

» Mermin parametrization of the dielectric function

Mermin, DOI:10.1103/PhysRevB.1.2362
Vos & Grande, DOI:10.1016/j.cpc.2025.109657 « nice review and num. implementation
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Procedure

1. Fit the Mermin-inspired parametrization of the material's W;'s
numerical data from codes darkELF (Knapen et al.) and DarkART (Emken)

2. Check the quality of the fit by calculating the interaction rate
3. Find values of wp;, 7; maximizing the interaction rate
4. Compare the maximizing values to the fits

o effective models of DM-¢™ interactions: * materials: Si, Ge

9 _ u v
Elnt_ w X 75X8 F;u/

» anapole:
» electric dipole: Lint = %ifm““wx F
» magnetic dipole: Ly = %)Zcr“”x F,.
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Results: fitted parameters

(preliminary) results
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Results: fit quality
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Results: fit quality
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Results: fit quality

magnetic dipole model
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Results: optimal parameters
example: Si, mpy =2 MeV, anapole DM model, W1)
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Results: optimal parameters
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Results: optimal parameters

anapole model, Wa
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Results: optimal parameters

anapole model, W3
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Results: optimal parameters

electric dipole model, W,
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Results: optimal parameters

magnetic dipole model, W3
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Results: optimal parameters

magnetic dipole model, W3
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Results: optimal parameters

magnetic dipole model, Wy
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Summary

» effective approach to non-relativistic DM-e~ interactions

» small set of operators in the leading order

linear response theory

[interaction rate| = / [DM model] x [material response of the detector]

material response — crystal response functions W ;(w, q)
o W,'s approximated using Mermin parametrization

» preliminary results:

» 1-osc. approximation of W ;'s works quite well
» important role of parameter
» fitted w, often close to optimal for 1 MeV < mpm < 10 MeV

WORK IN PROGRESS...
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