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Abstract:

Coherent control of light-matter interaction] is pivotal to modern-day optics and photonics. It paves the way for numerous remarkable applications such as quantum memory2, sensing3, lasing4, ultrafast information processing5, fundamental studies of
quantum physics6 etc. In this talk, I will describe a versatile platform for sensing the rotational states of an annular Bose-Einstein condensate (BEC), a system which shows dissipationless flow. Characterization of the quantum circulation of a ring BEC is
one of the challenging tasks in atomic physics7. Recently, a solution to this outstanding problem has been proposed8 by using cavity optomechanics9, a unique platform to explore the interaction of micro-or-nanomechanical systems with the light fields
confined inside an optical resonator. The model8 under consideration is a ring BEC contained inside a cavity interacting with orbital angular momentum carrying light beams. It is the first platform that can measure the rotation of a ring BEC with minima
destruction, in situ and in real-time, unlike the existing fully destructive techniques. For experimentally accessible parameters, the proposed method improves the rotation sensitivity of ring BECs by three orders of magnitude. Also, the system shows ¢
unique way to manipulate rotating matter waves by generating optomechanical entanglement between persistent currents. Thus, this work provides a novel platform not only for sensing and coherent manipulation of atomic currents but also for studying
high-temperature superconductivity and superfluidity. It also opens up the possibility of using atomic superflow for the storage and retrieval of information.
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