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Narrow resonances corresponding to quantum transitions in atoms, molecules, quantum dots, rare-
earth ions and color centers constitute the basis of quantum optics with nhumerous applications in
sensing, imaging, computation, communication, etc. The highest quality atomic resonances have been
achieved in atomic clocks. Their realization requires low atomic density, vacuum environment, laser
cooling below 100 nK temperature, and magnetic traps or optical lattices.

Isomer nuclear quantum transitions in solids offer an appealing platform for compact solid-state room
temperature most precise nuclear clocks, long-lived nuclear quantum memories, and supersensitive
detectors for geodesy and gravimetry, search for dark matter, time variation of the fundamental
constants, etc. With the only known exception of the 22°Th isomer at 8.4 eV, the transition energies of
the long-lived nuclear isomers lie in the hard X-ray range. High energy of photons provides several
additional advantages such as low detection noise, tight focusing, longer penetration length and broad
bandwidth. At the same time, absence of resonant spectrally narrow hard X-ray sources makes using
nuclear transition challenging.

In this talk | will review some progress in this field. It includes the resonant excitation of the 12.4
keV long-lived (0.47 s) nuclear transition in 45Sc (a promising solid-state nuclear clock candidate) [1],
probing its spectral width [2] and suggestion for further boosting its excitation [3], as well as experimental
demonstration of the nuclear quantum memory [4] and suggestion for realization of on demand nuclear
quantum memory [5].
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