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Direct Searches of LDM

Generically, m, in meV-GeV.

2 2
. When cold Vo LOZ g m,v, And. b o m, v,

scattering) or m, absorption

. Detector thresholds: TNR ~ keV, Txp < keV, so sub-
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Exclusion Limits:

Null Results Viewed Positively
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The landscape of low-threshold dark matter direct detection in the next decade
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Exclusion Limits:

How Reliable They Are?
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The landscape of low-threshold dark matter direct detection in the next decade




Counting Rate dR/dT:
Where Theory Enters

+ AstroP./Cosmo.: DM velocity spectrum
dR do

—T . nx dSUXf ’17X ’de—T

- HEP: DM-matter interaction (model-driven / EFT




Response Functions:
Where MB Physics Hides

Contains the full dynamical information of how a complex
MB system reacts to external perturbation
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Several Approaches Been Applied
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- Multi-configuration

(s.p. orbitals) Fock (RHF) Fock (RHF) Dirac-Fock (MCDF)
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(continuum, - Solved by potential - Hydrogen-like w.fs. by e
e : approximation
transition extracted from RHF RHF s.p. energies
: (FCA)
matrix)
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correction?
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correlation?

[1] Essig et al., PRD 96, 043017 (2017)
[2] Catena et al., PRR 2, 033195 (2020) [similarly, Agnes et al. (DarkSide), PRL 121, 081307 (2018)]

[3] Pandey, ..., CPL et al., PRD 102, 123025 (2020) [similarly Roberts et al., PRD 100, 063017 (2019)]
[4] CPL et al., PRD 106, 063003 (2022)




Predictions Differ!

Xe (Short Range)

Rel. FCA

Ref. [31] (FDM =1)
NR-FCA

H-Like

mX = 500 MeV

G.=9 x 10* cm?
1000 kg day
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Impact on the Exclusion Plot
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Our New Work (in progess)

Ground state
(s.p. orbitals)

Roothaan Hartree-
Fock (RHF)

- Roothaan Hartree-
Fock (RHF)

- Multi-configuration
Dirac-Fock (MCDF)

Excitation
(continuum,
transition
matrix)

Relativistic
correction?

Residual
correlation?

Solved by potential

extracted from RHF

- Hydrogen-like w.fs. by
~ RHF s.p. energies

- MC relativistic RPA
(MCRRPA) in full




MCDF + MCRRPA

An ab initio method improved upon Hartree-Fock theory

- MC [multi-configuration]: open-shell atoms have more
than one ground-state configuration. E.g., for Ge:

= 0) = ¢ [[Zn]4p3,) + ¢2 [[Zn}dps,)




FCAvs. RPA: y+ A - y+ At +e”

‘ [PRD 106, 063002, *22]
""""""""""""" " [PRD 102, 123025, 20]
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MB calculations need




Benchmark 1: S.P. Energies

Table 1
The single-particle energies of Ge atoms calculated by MCDF (s.p.) versus the edge energies extracted from photoabsorption data (edge) [29] of Ge solids. All energies are in
units of eV.

K(IS%) LI(ZS%) LII(ZP%) LIII(ZP%) M1(3$%) Mu(3p%) Mm(3P%) MIV(3d%) Mv(3d%) N1(4S%) Nn(4p%) N111(4P%)

S.p. 11185.5 1454.4 12879 1255.6 201.5 144.8 140.1 43.8 431 154 8.0 7.8
edge 11103.1 1414.6 1248.1 1217.0 180.1 124.9 120.8 29.9 293

Table 1

The single-particle energies of a Xe atom calculated by DHF (s.p.) in this work versus the edge energies extracted from photoabsorption data (edge) in Ref. [18] (the one for
the K-shell is not available). All energies are in units of eV.

K(1S%) LI(ZS%) Lu(ZP%) L;”(Zp%) M1(3S%) M11(3P%) M111(3P%) MIV(3d%) Mv(3d%)

34759.3 5509.8 5161.5 4835.6 1170.5 1024.8 961.2 708.1 694.9
- 5452.8 5103.7 4782.2 1148.7 1002.1 940.6 689.0 676.4

N1(4$%) N11(4P%) Nm(4p%) va(4d%) Nv(4d%) 01(5515) 011(519%) 0111(519%)

2294 175.6 162.8 73.8 71.7 275 13.4 12.0
213.2 146.7 145.5 69.5 67.5 233 13.4 121

-+ Agreement is quite good for Xe and inner shells of Ge
- RHF agrees similarly, except no spin-orbit splitting

- Caution: this does not imply wave functions are good.



Benchmark 2: Photoabsorption

y+A—> At +e”

. Atoms respond by the transverse current j ().




Xe_Photoabsorption

Theories:

[PLB 774, 656, *17]
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Xe Photoabsortlon

ee correlation: is important!

Experiments:
O Henke et al. (1993)

Suzuki &: Saito (2003)
Zheng et.:al. (2006)
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Ge Photoabsorption

MCRRPA (Ge):
[PLB 731, 159, ’14]
FCA (Ge) -

B.L Henke et al‘;.
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Ge Photoabsorption

MCRRPA (Ge):
[PLB 731, 159, ’14]
FCA (Ge) '

B.L Henke et al‘;.

inner shell electrons are localized?

- Ratio=BRFA -
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Progress & Outlook

- 1st version of the MCRRPA response functions for Xe
and Ge (1" > 80eV) with LO DM-electron interactions
will be released after extensive testing (hopefully in a
few months), along with the FCA ones and codes to

compute dR/dT.
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Progress & Outlook

1st version of the MCRRPA response functions for Xe
and Ge (1" > 80eV) with LO DM-electron interactions
will be released after extensive testing (hopefully in a
few months), along with the FCA ones and codes to

compute dR/dT.

FCA, Ge_C RRPA, Ge_C

+ DM=0.05GeV + DM=0.05GeV

DM=0.25GeV DM=0.25GeV

Momentum transfer Log(q (eV))

3.0 . 2 . 3.0
Log(T(eV)) Log(T(eV))



Progress & Outlook

- Other atomic species (noble gas etc.), DM-electron
interaction terms (NLO, NNLO), parameter space of
(T, g), other DM candidates (axions, ALPs etc.) [l and
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