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AbstractAbstract：：
Electric and magnetic dipolar interactions have become an important research effort 
in ultra-cold atom physics. Both of them give rise to a natural and robust p-wave 
Cooper pairing in fermionic systems to first order in the interaction strength. In the 
two-component electric dipolar systems, we found the competition between the $p_z$-
wave spin triplet and the $s+d$-wave spin singlet pairings. If they coexist, a relative 
phase of $\pi/2$ develops, thus spontaneously breaking time-reversal symmetry. 
Unlike the classic electric-dipoles, atomic magnetic dipoles are quantum-mechanical 
matrix operators proportional to the hyperfine-spin of atoms, thus provide even richer 
opportunities to investigate exotic many-body physics. Unpolarized magnetic dipolar 
systems are isotropic under simultaneous spin-orbit rotation. This spin-orbit coupled 
nature gives rise to the orbital p-wave (L = 1) spin triplet (S = 1) pairing with total 
angular momentum of the Cooper pair J = 1. This pairing is markedly different from 
both the 3He-B phase in which J = 0 and the 3He-A phase in which J is not conserved. 
To our knowledge, it has not been studied in condensed matter systems before. The 
Fermi liquid properties also exhibit spin-orbit coupled nature. We found a topological 
zero sound-like mode identified as spin-orbit coupled Fermi surface oscillations in 
which spin distribution on the Fermi surface exhibits a topologically hedgehog 
configuration.
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