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Degenerate gas of ultracold atoms serves not only as an excellent platform for
quantum simulation but also as an ideal quantum optical medium. In particular,
collective optical excitation of high—-density gases emerges into the renowned
Dicke super— and sub-radiant states. The former can collectively enhance the
coupling between atomic ensemble and free—space light. The latter is not only
encoded with rich dipolar many—body physics but also provides a novel quantum
memory for photon storage and interactions. We plan to combine the newly developed
arbitrary waveform sub—nanosecond light pulse control technique and to realize
high-efficiency optical excitation and ultrafast phase modulation of degenerate
gases in optical lattices, so as to control and manipulate collective electric
dipole excitation for strong optical transitions. Our goal is to develop ultrafast
optical methods envisgated by Scully for efficient control of and convertion
between super— and sub-radiant optical modes in densly populated optical lattices
The success of this project would extend the prospect of ultracold atoms as a
broadband quantum nonlinear optical medium. The ultrafast phase modulation
technique will also be used for atom interferometry with degenerate gases
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