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Axion Searches Above 4 GHz
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Photon Counting
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Detect a Microwave Photon

Can such a detector be made? YES! As demonstrated and advanced by the
Quantronics group at Paris-Saclay University
Phys. Rev. X 10, 021038 (2020): n = 58%, DCR = 1.4 /ms

Phys. Rev. Applied 21, 014043 (2024): n = 43%, DCR = 85 /s‘ 50 MHz tunable

arXiv:2501.07354 (2025): n = 80%, DCR = 30 /s
Av :100 kHz — 1 MHz

+ wp = wy + wq
Waste

Incomin g m°de mode Ou(gol g Dissipative
photol bath
/IS I S8

‘1BaOW7g> — |OB>1Wae> H—W> |0370Wae>



Stanford Device and Testing: V2, non-tunable prototype
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Resonators Characterization
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Simulations are done in AWR Microwave Office
for resonators and coupling capacitance.
Good agreement with measurements!

Parameter Simulation Measurement Unit
Buffer mode

wt /21 6.739 6.917 GHz
Kext /2T 0.16 0.22 MHz
Kint /27 - 40 kHz
Waste mode

wg /27 7.400 7.742 GHz
Kext /27 1.14 1.96 MHz
Kint/ 2T - 50 kHz




Qubit Characterization

Parameter Simulation Measurement Unit Qubit is found at 4.379 GHz.
Qubit 8b/w reflect the coupling
wq/2m 45 4.379 GHz strength between resonators
T - A~ 2 Hs and the qubit.
T3 - ~ 15 1is
also depend on

af2n 240 248 MHz Xab/qw_ P

res-qubit coupling and can be
gb/2m 114 126 MHz

/2 - - S measured as the resonance

S i hift with qubit i
Yoo/ 2 Py G i shift with qubit in [g) v.s. |e).
Xaw/27 1103 8.0 MHz Measured energy relaxation

time T; about 20 us.



First Sight of Four-Wave Mixing: Preliminary Results

Readout Fidelity with 1t pulse
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Detection Efficiency Estimation

1= N4WM * TJRO * 7]D * T]qubit

nawm: 4WM efficiency. Maximum
84% with the measured xin; and Kext.
nro: p(1le) ~ 70% with optimized
readout.
np: Duty cycle Ty /( Ty + Tidie)-
Nqubit: Qubit decay. Decrease with
Ty.

For the V2 device, estimated 7 30 ~ 40%

with readout optimization.
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Up next: Tunable Resonators
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Conclusion

Demonstrated a non-tunable SMPD. Key resonator and qubit parameters are in
consistent with simulations. Observed 4-wave mixing at expected frequency.

In progress of measuring: detection efficiency, dark count rate, and detection
bandwidth.

Constructing systematic study of tunable resonators.
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Thank you!




