Quantum optics with ultra-narrow nuclear resonances
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Narrow optical resonances corresponding to the quantum transitions in atoms, molecules,
quantum dots, rare-earth doped crystals and color centers are in the basis of quantum op-
tics with a broad range of its applications in frequency standards, quantum sensors, quantum
communication and simulation, etc. Comparable or even much higher quality factors (such as
1012 in 57Fe or 1019 in 45Sc) are intrinsically inherent to the nuclear recoilless resonances
at the hard x-ray frequencies. Moreover, such high-quality nuclear resonances occur at room
temperature in solids. However, the direct realization of the quantum optical concepts such
as Autler-Towns splitting, EIT and optical quantum memories in the nuclear ensembles is
challenging due to the absence of the relatively bright spectrally narrow hard x-ray radiation
sources as well as high quality cavities. Nevertheless, several alternative techniques, devel-
oped in the second part of the 20th century (see [1-3] and the references there in), can be used
for efficient acoustic/magnetic control of the quantum interfaces between the x-ray photons
and nuclear ensembles. In this talk we discuss our recent demonstration of the phenomenon
of the acoustically induced transparency [4,5], as well as the recent proposals for realization
of quantum memory and spectral intensity enhancement [6] in the hard X-ray range. EG.
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