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Background and Motivation

Qubit is two-level system developed for computation
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Background and Motivation

Qubit is two-level system developed for computation

In the same time, It could be a good quantum sensor

,h | 1) - precise readout

. Gap - state controllability

—_—
|0) - tunable energy gaps



Dark matter search using qubit

Hidden photon DM, mass m,,
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Outline
* (1) Hidden photon DM search with transmon qubits

[Chen, Fukuda, Inada, Moroi, Nitta, TS, Phys. Rev. Lett. 131 (2023) 21, 2110017]

e (2) Quantum computation to enhance detection

[Chen, Fukuda, Inada, Moroi, Nitta, TS, arXiv: 2371.10413]
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Dark matter detection using
transmon qubit excitation

[Chen, Fukuda, Inada, Moroi, Nitta, TS, Phys. Rev. Lett. 131 (2023) 21, 211001]




Hidden photon DM

In Kinetic-mixing basis,
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Direct interaction between DM and matters
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Hidden photon DM as effective E-field

https://arxiv.org/abs/1711.10489

» Mass my < 1 eV = [# particles within De-Broglie volume] > 1

 Hidden photon field )7 = XﬁX sin(myt + o)

| R
* DM density ppy = Em)%Xz (local ppy ~ 0.45 GeV/cm?)

. Effective E-field EX) := — edtf = EWMiiy cos(myt + a) ; EX = e\/2ppm

Coherent packet of
hidden photons




Transmon qubit as DM sensor
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Transmon qubit as hidden photon DM sensor
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Qubit direct excitation due to external field
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Process of measurement

For each frequency bin

Repetitions IV,

Evolve for t=T
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Sensitivity plot
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Enhancement using quantum
computation

[Chen, Fukuda, Inada, Moroi, Nitta, TS, arXiv: 23711.10413]



Quantum enhancement by quantum circuits

(2) arXiv: 2311.10413
Individual measurement Using quantum circuit
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Accumulated phase with the effect of DM

For my = w, the resonant evolution is
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Quantum computation basics

+ Hadamard: {#]- = H|g) = |+ ), Hle)=|=); |+)=(Ig) £ |e)/\/2
. X gate: = X =|g)(e|+]e)g]

» Zgate: [z}~ = Z= gl gl—le)el=|+X—|+]-){+]

 Controlled NOT:
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GHZ state

GHZ state in Hadamard basis (highly entangled state)
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Example circuit to prepare the GHZ state in Hadamard basis
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DM signal = Observing odd excitations

Prep. | ') = | + )"+ | — )"
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DM signal = observing odd qubits excited; Prob. p 44 = sinz(nqé) ~ (nqé)2

. ~ 22
For general o pogq = (n40)°COS” @
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Quantum enhancement by quantum circuits

_(2) arXiv: 2311.10413 » Signal with N, repetition of experiment
Using quantum circuit
1
. _ 1 2eD g
Repeat NV, Nignal = Enqg Neep 1
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Evolve for t=T

.+ Significance 6 = N;y,,/1/Bkg for
claiming detection

19



Sensitivity plot (Hidden photon)
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Summary

 Coherent wave-like dark matter can excite qubits, resulting in detectable
signal

* [ransmon has good sensitivity, reaching unexplored parameter regions of
hidden photon dark matter

 Enhancement with the quantum circuit is possible

e Extension to axion detection
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Sensitivity plot (Axions)
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