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Superconducting qubit: transmon
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Kinetic mixing parameter

𝑋𝜇 =  ෨𝑋𝜇  −  ϵ𝐴𝜇

based on Chen+, PRL 131(21) 211001 (2023)

Repetitive counting experiment

・Good DM candidate

convert into E-field UNDER B-field

・Lighter mass <  𝒪 μeV

・Electromagnetic interaction

behave like a coherent wave 
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Main idea

・Excited by coherent E-field

・Nonlinear LC circuitCapacitor

Josephson
Junction

Convert into coherent E-field
freq. corresponding to DM mass

・Josephson Junction works 

as nonlinear inductance
@ temp. < 𝑇𝑐 Al ~ 1.2 K

Freq. of DM-converted E-field
= Resonant freq. of transmon

⇒Excitation to |1>

・SQUID𝐶 𝑑

Find resonant freq. with 
anomalous excitation rate
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𝑓01: resonant freq. of transmon, 𝜏: lifetime of transmon
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Easy frequency tuning

Change resonant freq. through
external magnetic flux 𝜙𝐞𝐱𝐭 

𝑓01 ~ 8𝐸𝑆𝑄𝑈𝐼𝐷𝐸𝐶  −  𝐸𝑐

𝐸𝑐

・AC Stark shift

Dark gray: excluded by CMB

Light gray: excluded by existing experiments

Off-resonant tone 𝑓01+ Δ𝑞𝑠 

Transmon

Change resonant freq. through
Off-resonant tone

Δ𝑓01 =
𝛿𝑞Ω𝑠

2

2Δ𝑞𝑠(𝛿𝑞 + Δ𝑞𝑠)

・There was no peak ( > 5σ)  

→ suggest no dark photons in these freq. ranges

mass [GHz]

Qubit A
from 4.684018 to 4.684160 GHz

& from 9.3275 to 9.3398 GHz 

・Future exploration area by this method

Design optimization for the search

-large capacitance pads (C ~ 0.1 pF)

-long distance btw pads (d ~ 100 μm)

RF system Fabrication
Make transmons by ourselves

NbTi coil Transmon(a) Cavity(a)

Transmon(b) Cavity(b)

𝛿𝑞: qubit anharmonicity
Ω𝑠: amplitude of off-resonant tone 

while standard transmons are uses so far

Chen+, arXiv:2407.19755

Results from 2 qubits: standard (Qubit A) & SQUID-based (Qubit B)

Qubit B

tuned by AC stark shift tuned by SQUID

Qubit improvement
𝑇1~ 2.8 μs,  𝑇2𝑟 ~ 1μs 
 → 𝑇1~ 50 μs,  𝑇2𝑟 ~ 10 μs

Setup improvement
𝜅 = 3.7 × 10−3

 →𝜅 = 1

Preliminary

-High-frequency qubit

Package

Package

・This method can be applied to axion search
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