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Abstract: Superfluidity and superconductivity have been an ever-inspiring topic that extends
impact across physics subdisciplines from condensed matter through cold atom physics to high
energy-density QCD matter. Orbital is a fascinating degree of freedom independent of charge and
spin. It is known to play a rudimentary role in understanding the nature of superfluid pairings,
such as s-, p-, and d-wave. In condensed matter, through its coupling to spin and charge, orbital
order intertwines superconductivity, magnetism, and other quantum phenomena. The advanced
spatiotemporal control of cold atoms provides new opportunities to explore orbital physics
beyond standard quantum regimes, complementary to studies in condensed matter. In this talk, I
will report on theoretical and experimental progress in orbital superfluidity, highlighting unique
phases of matter emerging from the interplay of novel spatial lattice geometry and emerging orbital
symmetries in artificial quantum simulators for fundamental physics.
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