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Super-conducting

Tabletop experiments, particularly guantum sensors, lie at the precision frontier in cavity+qubit

searches for extremely weak signals from wave-like dark matter
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- Dark matter: unknown matter that accounts for approximately 26% energy density of the Universe.

. Variety of well-motivated theories (Axion, Dark photon etc) predict very light dark matter (m << eV).

- Weak, wave-like dark matter signals require unconventional detection methods, such as NV (nitrogen-
vacancy) center in diamond magnetometry for effective magnetic fields induced by axion dark matter, and
superconducting qubit of dark photon dark matter.
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Qutrit system in NV center in diamond

Wave-like dark matter field NV center spin Hamiltonian
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D: zero field splitting, S, electron spin, B, bias field, y,
- Many quantum systems possess multiple energy levels, electron gyromagnetic ratio
conventional quantum sensing often uses only two as qubit.
« The NV center is a spin-1, 3-level system—a qutrit. We show

NV qutrits can be used for sensitive DM detection.
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Dispersively coupled cavity-qubit Hamiltonian

Hi) = Hy+ V(1) = 2 6.d"a+ [AdTe® ) 4 h.c. ]

Jx: dispersive couping strength , d cavity mode operator, A dark photon field, 6, qubit operator
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DC magnetometry : Ramsey sequence
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AC magnetometry : Hahn-echo sequence

The qutrit sensing protocol suppresses common-mode shifts thus extending the dephasing
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- Multilevel sensing extends tabletop sensitivity to weakly coupled ultralight dark
matter, improving performance without increasing the number of sensors.

Contact: ximphy@post.kek.jp, KEK/QUP




