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Direct Searches of Sub-GeV DM

. Generically, m,, in meV-GeV

. Detectable energy: 1/2m,v, (v, ~ 1073 for
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The landscape of low-threshold dark matter direct detection in the next decade



Counting Rate dR/dT Prediction

- AstroP./Cosmo.: DM velocity spectrum

dR - do
- = Nx dgvxf Ux)Ux o

EP: DM-matter interaction (model-driven / EFT
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Response Functions
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- Contains the full dynamical information of how a
complex MB system reacts to external perturbation




Hamiltonian to Solve




Central Field Approximation
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- All electrons are independent




Hartree-Fock Approximation
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- Independent electrons with exchange effect




Our Approach:
MCDF+MCRRPA

An ab initio method improved upon Hartree-Fock theory

- DF/R [Dirac-Fock]: Solving MB Dirac, instead of
Schrodinger, equations. [note. Za~0.4 (Xe

+ RPA[random phase approximation]: correlation is




Benchmark: Photoabsorption

¥+ A —> y+ AT + e (yet unknown

y+ A — AT + e~ (been measured!




Typical o,,(E,) w. CFA & HF
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Manson & Cooper, PR 165, 126 (1968)
w. Herman-Skillman central potential
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Xe Photoabsorption
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Ge Photoabsorption
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(MC)RRPA (Ge)

RFCA (Go)

. Experiments:
Dox BL Henke Eet al.
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Computing Price

For electric dipole (E1) transition in photoionization of Xe:
- CFA / HF(local): 17 uncoupled diff. equations

- HF: 17 coupled integro-diff. equations

* RRPA: 84 coupled integro-diff. equations




EG: Resp. Func. for Sl Interact.

We provide data to make plots like below, and codes to
calculate do/dT and dR/dT

® DM=0.25GeV /e DM=005Gev

® DM=0.50GeV /4 ® DM=0.25GeV
/.

® DM=1.00 GeV 4 ® DM=0.50GeV

® DM=1.00 GeV

Xe
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Converting dR/dT to dN/dne

Xe (Short Range)

— RFCA

— — QEDark
NRFCA
NRLEA

" arXiv:2501.04020

m, =500 MeV
G.=9 x 10* cm?
1000 kg-years

[QEDark] Essig et al., PRD 96, 043017 (2017)
[NRLEA] Hamaide & McCabe, PRD 107, 063002 (2023)
[RFCA & NRFCA] Pandey, ..., CPL et al., PRD 102, 123025 (2020)
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Converting dR/dT to dN/dne

arXiv:2501.04020

Xe (Long Range)

mx =500 MeV
G.=4 x 10 em?

1000 kg year

[QEDark] Essig et al., PRD 96, 043017 (2017)
[NRLEA] Hamaide & McCabe, PRD 107, 063002 (2023)
[RFCA & NRFCA] Pandey, ..., CPL et al., PRD 102, 123025 (2020)
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Progress & Outlook

- 1st version of the (MC)RRPA response functions for Xe
T>12eV) and Ge (T>80eV) with LO DM-electron
Interactions have been released.

- Other atomic species (noble gas etc.), DM-electron
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