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Outline

• Main idea (based on Patras 19th talk, arXiv:2505.15619)

• Status for the next run

• Introduction of DarQ experiment

arXiv:2505.15619



DarQ-Lamb experiment

Using a superconducting qubit as a cavity frequency tuner
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Bias current tuning test (2024)



Dark photon DM search around 36.1 μeV in 2024
(a) (b)

arXiv:2505.15619



Dark photon DM search around 36.1 μeV in 2024
(a) (b)

arXiv:2505.15619

For the Next run...
①high sensitivity or ②broaden frequency tuning range

This poster



Status

Wider frequency tuning range ↔ Stronger the qubit-cavity coupling

Galvanically contacted qubit-cavity system

Ansys HFSS FEM simulation...

Contact SRF cavity and qubitʼs pad with wire bonding
ωc ~ 7 GHz
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Simulation... chip position sweep

~100 MHz

Outputs... Cavity frequency and Form factor

Center of the cavity (Maximum interaction) Center of the cavity (Maximum Energy loss)

Form factor...

(dark photon detection efficiency
depends on the E-field distribution)



Introduction: DarQ collaboration

+1 researcher
+2 graduate school student

URL: https://sites.google.com/view/darq-experiment

Officially starting this year (The first meeting was held this March)

“Dark matter search using Qubits”

https://sites.google.com/view/darq-experiment


Thank you for listening!



Back Up



Search for dark photon

Dark photon
• Mixed with photon by kinetic mixing 

parameter χ
• Converted to the ordinary photon 

• Frequency of photons corresponds to 
dark photonʼs mass
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This regime

In the µeV to meV range...
• Long de Broglie wavelength and high number 

density 
→Phase is coherent (like classical wave)
→Enable to apply coherent weak electric field 
detection technology!
• Overlapping mass range with well-motivated 

QCD axions 
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Cavity haloscope

• Accumulating powers and 
enhancing signals near the 
resonance frequency of a cavity 
• Cooling down the resonator to 

cryogenic temperatures (Dilution 
Refrigerator: ~10mK)
• Reducing background noise 

(blackbody radiation)

Goal: Broadband Frequency Search ↔ Wide frequency tuning of a cavity



Signal power, noise power and variables

13

: kinetic mixing parameter ∝ sensitivity of the detector 


