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Dark Photon

» Light mass < 0(eV) — behave as a coherent wave

» Interact with ordinary photons | converted into a coherent
electric field

Superconducting Qubit
T Nonlinear LC circuit

Capacitor 1. m ° Large dipole moment
S .+ Excited by a coherent electric field
S— ISZJ -+ Tunable across wide frequency ranges
Josephson 1 1 ~ 0 (1) GHz
junction 250 um| Using superconducting qubits
«— as tunable sensors
“76; for dark-photon-induced electric fields

microscope image



Dark Photon Search using Superconducting Qubit — Basic Idea
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Qubit resonance frequency
 When a dark photon passes through the metal wall, it is converted mc?

into an electric field at the frequency corresponding to its mass.

F~

* The electric field frequency matches the qubit resonance frequency.
— The qubit is excited.

* Sweep the qubit resonance frequency to find the peak of the excitation rate.
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.211001

Dark Photon Search using Superconducting Qubit — Expected Excitation Rate

When the qubit resonance frequency = the dark photon mass,
the expected excitation rate p,, is 0.1 — 10%

t) =0.12 X K2 2@(6)2 fo1 t ’ C d ’ Ppm
Pge(t) = 0. 0S¥ \10-11) \1enz/\100 s/ \0.1pF)\100 um/) \0.45 Gev/cm?

Effective electric field
Electric field converted from the dark photon

©: Angle between the effective electric field and the capacitance pad — c0s%0 = §

e: Kinetic mixing assume random polarization
fo1: Qubit resonance frequency i.e. target mass

t : Effective search time = /T, T,

C : Qubit capacitance

d : Distance between qubit capacitance pads

ppm: Local energy density of dark matter ~ 0.45 GeV/cm?



Dark Photon Search using Superconducting Qubit — Demonstration

3 demonstration short runs (Qubit-A, Qubit-B and Qubit-C)
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Dark Photon Search using Superconducting Qubit — Future Search Region

Mass [GHZ]
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Enabling wide-range search

In a practical time

with sensitivity
beyond the CMB limits

T, =100 us
T,, =10 ps
k=1

C = 0.1 pF
d =100 pum
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