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Evidence for Dark Matter in our Universe

Galactic rotation curves: galaxies Cosmic Microwave Background:
contain far more mass than their visible (84.27 £ 0.13) % of matter not subject to
baryons radiation pressure
Lelli, AJ 152, 157 (2016) Planck, AA 641, A6 (2020)

Li, AJ SS 247, 31 (2020)
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Direct Detection of Dark Matter with Earth-based Detectors

Uranus Neptune

Significant local dark matter density exists, 0.3-0.4 GeV/c?

Read, J. Phys. G: Nucl. Part. Phys. 41, 063101 (2014)

Quantum Device Lab Felix Wagner | 5/6/2026 | 11



Dark Matter-Nucleus Scattering
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Dark Matter-Electron Scattering

Electronic scattering spectrum @ o=f=10738 cm?
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Dark Matter-Nucleus Scattering (Migdal-only)

Migdal-effect spectrum @ of¢f=10"38 cm?
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Dark Matter-Phonon Scattering
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Dark Matter Absorption

Quantum Device Lab
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Sensors for Dark Matter Searches with Low Energy Thresholds
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Sensors for Dark Matter Searches with Low Energy Thresholds
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Sensors for Dark Matter Searches with Low Energy Thresholds
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Sensors for Dark Matter Searches with Low Energy Thresholds
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Sensors for Dark Matter Searches with Low Energy Thresholds
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Sensors for Dark Matter Searches with Low Energy Thresholds
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Sensors for Dark Matter Searches with Low Energy Thresholds

100 K

10K
et
2
©
(]
£

1K
@
c
o
©
(]
o
@)

100 mK

10 mK

Quantum Device Lab

Detector Signal Quantum - [

Superconducting Phase Transition (Thermal)
Kinetic Inductance (Athermal)

Quasiparticles (Athermal)

. Electron-Hole Pairs (Athermal)

* Single-Quantum Resolution

** Also Traps Athermal Quasiparticles

1 ps 1 pus 1ms 1s

Timing Resolution

J

Qubit

>

[6] Dixit et al., PRL 126, 141302 (2021)

[7] Baudis et al. (QROCODILE), PRL 135, 081002 (2025)
[8] Day et al., PRX 14, 041005 (2024)

[9] Korzh et al., Nat. Photon. 14, 250 (2020)

[10] Hattori et al., SST 35, 095002 (2022)

[12] Besse et al., PRX 8, 021003 (2018)

[13] Braggio et al., PRX 15, 021031 (2025)

[14] Echternach et al., Nat. Astron. 2, 90 (2018)

[15] Liu et al., PRL 132, 017001 (2024)

[16] Diamond et al., PRX Quantum 3, 040304 (2022)
[17] Pesce et al., arXiv:2601.08532 (2026)

[18] Omahen et al., arXiv:2507.02653 (2025)

[19] Harrington et al., Nat. Commun. 16, 6428 (2025)

[20] Celi et al., arXiv:2604.13176 (2026)

Felix Wagner |  5/6/2026

Superconducting

23




Sensors for Dark Matter Searches with Low Energy Thresholds
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Demonstrated Sensitivities for Low-Threshold Devices
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Current State: Superconducting Qubits as Sensors

Bogoliubov quasiparticles lead to qubit relaxation and dephasing

= Catelani, PRB 84, 064517 (2011)
=  McEwen, PRL 133, 240601 (2024)

® Single THz photon absorption in qubit antenna or metallic absorber

= Echternach, NA 2, 90 (2018) = Diamond, PRX Q 3, 040304 (2022)

= Liu, PRL 132, 017001 (2024) = Kerschbaum, arXiv:2602.05806 (2026)
"  Substrate-coupled sensors and event reconstruction

=  Magoon, arXiv:2601.16261 (2026) = Sundelin, arXiv:2602.01945 (2026)

=  Sandoval, arXiv:2509.18637 (2025) = Harrington, Nat. Commun. 16, 6428 (2025)
® Single microwave photon and phonon absorption in qubit mode

= Dixit, Phys. Rev. Lett. 126, 141302 (2021) = Besse, Phys. Rev. X 8, 021003 (2018)

= Braggio, Phys. Rev. X 15, 021031 (2025) = Omahen, arXiv:2507.02653 (2025)
" Sensitivity projections for future dark matter experiments

= Hochberg, arXiv:2601.02474 (2026) = Fink, PRA 22, 054009 (2024)

= Li, arXiv:2512.20309 (2025) = Linehan, PRD 112, 115005 (2025)
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QuDev Lab’s Superconducting Qubits as Quantum Sensors

Single Microwave Photon Detectors
(Four Wave Mixing)

= Based on Balembois PRA 21, 014043 (2024):
7 GHz photon counter
85 Hz dark count rate
50% efficiency
(literature values)




QuDev Lab’s Superconducting Qubits as Quantum Sensors

Single Microwave Photon Detectors
(Four Wave Mixing)

= Based on Balembois PRA 21, 014043 (2024):
7 GHz photon counter
85 Hz dark count rate
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(literature values)

Single Far-Infrared

Photon Detectors

(Quasiparticles)
Study IR in QC setups

Kerschbaum,
arXiv:2602.05806 (2026)
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QuDev Lab’s Superconducting Qubits as Quantum Sensors
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QuDev Lab’s Superconducting Qubits as Quantum Sensors
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Low-Energy Calibration Methods
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Glas fibres with micromirrors (~eV)
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Low-Energy Phonon Backgrounds - “Low Energy Excess”
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Low-Energy Phonon Backgrounds - “Low Energy Excess”
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Low-Energy Phonon Backgrounds - “Low Energy Excess”
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Experimental Limits on Light Dark Matter-Couplings
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Experimental Limits on Light Dark Matter-Couplings
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Experimental Limits on Light Dark Matter-Couplings
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