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What is QCDark? X

- Code to calculate DM scattering rates in
semiconductor detectors

- Electron recoil in crystals can probe lower Al l (7, w)
masses than nuclear recoil

- Current experiments:
- SENSEI
- DAMIC-M
- SuperCDMS
- EDELWEISS €
- etc.

Crystal detector



Dark Matter-Electron Scattering Rate
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History DarkELF: 2021 [2101.08275]
- Dielectric function formalism

QEDark: 2015 [1509.01598] - Importance of screening!

. - GPAW dielectric functi LFE
- DFT with plane wave basis ielectric functions (LFEs)

QCDarkl: 2023 [2306.14944] EXCEED-DM: 2022 [2210.14917]
- High-momentum response
- DFT with localized Gaussian basis - Localized & PW basis
- Uses approximation for screening - ab initio screening

QCDark2: 2026 [2603.12326]

- Full RPA dielectric function to use for screening
- Better resolution and binning, g — 0 limit | Happy to talk more
- Faster and optimized about these later!

- Dielectric functions available for Si, Ge, GaAs, SiC, diamond |
v - Able to include crystal local field effects (LFEs)
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Local Field Effects (LFES)
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Local Field Effects (LFES)
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What is the effect of LFEs on the dielectric function? 9
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Plasmon Peak
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Exp. from Edwards, Palik 1985 Handbook of Optical Constants of Solids 1



Intermediate Momentum
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Exp. from Weissker et al., Phys. Rev. B 81 (2010) 085104
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Halo DM flux for m, =1 GeV
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Need to consider very high momenta!

3 20

m, = 1 GeV
20 - VUmax — 00026
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Composite LFE/noLFE Dielectric Function

S(q,w)

- LFEs are too computationally 55

intensive to include for very high
momentum > noLFE

- We only include them up to some ol

me|

v

cutoff <
o
(max [QMe] Size of egg}
8 2400 x 2400
- LFE
25 70,000 x 70,000
How does this cutoff affect the rates? 0 10 20 30 40 50 i
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Solar-Retlected DM (Boosted DM)

SRDM flux for m, = 50 keV,

3 gy=10"% cm?2, my =0
m, = 50 keV -
6 -
— 4 g
Tcm
1. 54
<2
&
1 xl
0 s T =1 T T 1 0 : : : :
0 10 20 30 40 50 0.00 0.02 004 006 008 0.10
w [eV] vfe

SRDM flux from Emken, Essig, Xu [2404.10066]



Solar-Retlected DM (Boosted DM)

8 8
m, = 50 keV m, = 0.5 MeV

Vinax = 0.06 Vo= 10.02
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w [eV] w [eV]
SRDM flux from Emken, Essig, Xu [2404.10066]
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Code Comparison
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See [2603.12326] for more discussion!
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Code Comparison (Heavy Mediator)
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Conclusions

- QCDark?2 can accurately model both the high and low momentum response of a
semiconductor

- For halo DM, LFEs reduce the sensitivity and suppress the expected number of events

- For SRDM, LFEs modify the shape of the electron recoil spectrum

- Other Updates to QCDark?2 [2603.12326]

- Full RPA dielectric function to use for screening
- Better resolution and binning, @ — 0 limit Please let me know if any other

- Faster and optimized calculations/materials could be
- Dielectric functions available for Si, Ge, GaAs, SiC, diamond  |,qeful for your work!

- Able to include crystal local field effects (LFEs) httos:/ithub ) hott/OCDark?
pS://21tnub.com/meganno



https://github.com/meganhott/QCDark2

Thank you!
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Code Comparison: Ge
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Code Comparison: Ge
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