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When atoms are excited to an excited state, internal energy is converted into
light through a spontaneous emission process and emitted into free space as fluorescence. On the other hand, when an
ensemble of atoms is excited simultaneously, each atom interacts through a vacuum field. As a result, the atoms
synchronize their phase of oscillating dipole, and emit optical pulses with high peak intensity, known as
“superfluorescence(SF)”. SF is a highly characteristic example of a quantum many-body phenomenon where both matter
and light exhibit coherence. We are conducting experimental studies on SF using femtosecond lasers as an excitation
pulse. In particular, we are focusing on SF where two polarization modes are emitted simultaneously, and our research
goal is to realize new quantum many-body phenomena by controlling these modes.
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2 AHLESY LABETES SF is a quantum mechanical synchronization phenomenon in which atoms
spontaneously synchronize their oscillating dipoles. This process is inhibited by
various decoherence processes associated with atomic translational motion. Therefore, by using cold atoms whose
translational temperature has been cooled, it becomes possible to conduct more precise experiments. For this reason, our
laboratory has developed a magnetic optical trap device to realize cold rubidium atoms. In the future, we aim to develop a
system that can individually address atoms using optical tweezers or optical lattices.
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