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Outline

Introduction
Spin-orbit coupling effect: 

   BCS-BEC crossover, or actually

   BCS/BEC-RBEC crossover
Zeeman field effect:

   Quantum phase transition
Conclusion
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Introduction 

Spin-orbit coupling in solid-state systems,

   e.g., Rashba SOC & Dresselhaus SOC
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Spin-orbit coupling for neutral atoms? Yes!
First experimental realization of spin-orbit 

coupled Fermi gases



5

E. J. Mueller, Physics 5, 96 (2012)  
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Model Hamiltonian

Spin-orbit coupling

Zeeman fields
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Motivations

Spin-orbit coupling effects on the BCS-
BEC crossover

Zeeman field effects in the presence of 
strong spin-orbit coupling

We consider the case
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Functional Path Integral

Hubbard-Stratonovich trans. & Integrating out fermions

Mean field + Fluctuations 
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Spin-orbit coupling effect

Two-body problem: binding energy & 
molecule effective mass
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He & Huang, PRL108, 145302(2012)
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Ground state (T=0)

BCS-BEC crossover by tuning the SOC strength!
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Ground state (T=0): more
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BKT transition temperature

   effective action for phase fluctuation

Superfluid density
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For large SOC, we have analytically

Also true for 3D: He & Huang, PRB86, 014511(2012)



15

Zeeman field effects

He & Huang, arXiv: 1207. 5685
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Quantum phase transition? Yes!

(1) Phase transition higher than second order
(2) Non-analyticities from gapless quasiparticles

Quasiparticle dispersions

where

Gapless only at 

where 
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Non-analyticities 

contain integrals like

l-th derivatives with respect to \mu and h contain integrals that go as
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Collective mode property also shows non-
analyticity

 The system can be mapped to a weakly coupled 
 px+ipy superfluid at large h
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Conclusions

Unusual two-body bound states in the 
presence of SOC (rashbon)

BCS-BEC crossover induced by tuning the 
strength of SOC

Quantum phase transition at nonzero 
Zeeman field 

Thanks for your attention!
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Spin-orbit coupling

• Spin-orbit coupling from Dirac Equation

• Hydrogen atom
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• Solid state system: Rashba effect

Rashba spin-orbit coupling

Breaks inversion symmetry
& lifts spin degeneracy

Plays important role in realizing 
topological insulators & topological 
superconductors/superfluids
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