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* Evidence for dark matter is currently only gravitational
* Particle nature is unknown, a wide range of DM masses are allowed
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Direct detection:VWIMP

Nuclear recoils
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Direct detection: VWIMP

Nuclear recoils

nucleus
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Direct detection: sub-GeV DM

Electron recoils
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Essig, Mardon, Volansky, PRD, 2012

Semiconductor targets
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Signals: eh pairs
Threshold: E;~| eV



Sub-GeV DM detection: tabletop experiments
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Iments

tabletop experi

Sub-GeV DM detection
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Direct detection of sub-GeV DM

DM-electron scattering
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Figure from SENSEI, PRL, 2020
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Direct detection of sub-GeV DM

DM-electron scattering

Can we pmbe
sub-MeV DM ?

E DM-—e scattering
= Fpm=(am,/q)*

Figure from SENSEI, PRL, 2020
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Probing sub-MeV DM

Noble Liquid Semiconductors

Threshold: ~keV Threshold: ~1eV
DM Mass: > GeV DM Mass: > MeV

Low threshold detector can probe low mass DM
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Probing sub-MeV DM

Our proposal

Noble Liquid Semiconductors Doped semiconductor
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Threshold: ~keV Threshold: ~ eV Threshold: 10-100 meV
DM Mass: > GeV DM Mass: > MeV DM Mass: >10-100 keV

Low threshold detector can probe low mass DM
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Doped semiconductors

Dopants: “Hydrogen atoms” in a background with a large dielectric constant




Doped semiconductors

Dopants: “Hydrogen atoms” in a background with a large dielectric constant
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DM reach with doped silicon

PD, Egana-Ugrinovic, Essig, Sholapurkar, arXiv:2212.04504

Signals: dopant ionization
Threshold: E~10-100 meV



DM reach with doped silicon

Signals: dopant ionization
Threshold: E~10-100 meV
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Doped semiconductor DM detector

PD, Egana-Ugrinovic, Essig, Fernandez, Sholapurkar,
Sofo Haro, Tiffenberg, Uemura, (in prep)

®* Pros of doped semiconductors

low threshold and good DM reach

well understood and widely used
current technology is sufficient for DM detection

o Challenge: backgrounds (dark current)!

JWST uses doped Si detector with
dark current: O(107%) e/pixel/s

Rieke et.al. , The Mid-Infrared Instrument for JWST

SENSEI dark current: O(10*) e/pixel/day

WST NIRC SENSEI
o Skipper CCD with doped Si may achieve ) o T

low dark current for DM searches
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Conclusions

e Sub-GeV DM direct detection is a rising field with great theoretical and experimental progress recently

* We propose using doped semiconductor devices, with |0-100 meV threshold, to probe >10-100 keV DM

e We show realistic DM detector designs with existing technologies
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Thank you



What is the optimal nq for DM searches?

Metal-insulator transition

Electrons are localized on dopants Electrons are delocalized
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Good for DM searches Metallic targets have no gap, hard to control noise

Insulating ng < n,. ng > n. Metallic

(TLC)_l/S ™~ U

For Phosphorus doped Si: 7. = 3.5 x 10"%cm ™  We choose 1%10'8m for DM reach projection



