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New U(1): Dark photon (DP)

The extra U(1) symmetry gives rise to DP— a well motivated dark matter candidate
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The DP-induced electric field
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A. Caputo, et al., Phys. Rev. D 104, 095029 (2021)



Efforts to search for DP

Many groups around the world are trying to search for dark photons, and have set constraints on the kinetic
mixing at various possible DP masses.
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Setup

First completely superconducting DP haloscope in China.
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Verification

The detection ability of our system was verified by injecting a pure-tone microwave of -43 dBm which is
equivalent to a dark photon signal with y = 6 x 1071°.
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Constraints

After 6-hour integration, we set the most stringent constraints in a 100 kHz range around 6.520140 GHz.
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Constraints

After 6-hour integration, we set the most stringent constraints in a 100 kHz range around 6.520140 GHz.
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Challenge — scalable searching

A scalable searching scheme would greatly boost the searching for DP, but impractical for existing haloscopes
due to their large volume.
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Superconducting qubit (SQ)

Transmon: a type of SQ with high sensitivity of electric field and remarkable scalability

IBM scalable transmon architecture Transmon

Year Qubits Model
2023 1121 Condor

D. Castelvecchi, Nature. 624, 238 (2023)
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Dispersive coupling (single-SQ)

Change of 4, of the qubit will be transduced into a frequency bias of the readout cavity.
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Dispersive coupling (multi-SQ)

Change of 6, of any qubit will be transduced into a frequency bias of the readout cavity.
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Heterodyne detection
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DP signal

H = hwy6, + hv(6,e719dt + g_eti@al) + hin(G, e (Mxt+P) 4 §_etimxt+e))
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Noise analysis

Noise sources

1
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1. Readout noise: B.(w) = hw, [ + % + Nr] Awy

2. Projection noise: Ao, (w) = /p1p; L(w, 0, T;)Awy =~ v0.25 X 0.75 L(w, 0, ) Awyx

w?Awy 9 1

3. Black body radiation: u(w, T)dw = Aw

w?Awy 1
2 c3 2

4. Vacuum fluctuation: u(w, T)dw = hw



Experimental setup

Output RT

Item Q, Q, Qs
wq/2m 3781 MHz 3831 MHz 3982 MHz
T, 2.0 us 1.1 pus 1.7 us
T; 2.3 us 3.7 us 5.5 us
Coupling G 55 MHz 68 MHz 49 MHz
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Verification
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Constraints

O-hour constraints
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Expected constraints

The red regions refer to the parameter space expected to be excluded with 1000 qubits. Each
qubit covers a band of 0.25 MHz and is 5 MHz away from its neighbors. The integration
time is assumed to be 20 day.
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Expected constraints

Magnetic-field-compatible qubit Expected constraints on axion-photon coupling (100 day)
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Summary

BPerformed China’s first DP searching based on all-superconducting haloscope
BMProposed the scalable dark matter searching scheme based on superconducting qubits
BEXxperimentally demonstrated the scheme using a three qubit sample and set the most

strigent constraints on dark photons in the mass range of 15.632~15.638 ueV, 15.838~15.844
ueV, 16.464~16.468 neV
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