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BCS-BEC crossover in 2D
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BCS-BEC crossover in 2D
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2D Fermi gas with Rashba SOC

- Without polarization Chen, Gong, Zhang, PRA 85, 013601 (2012)

1.2Hal)

S

1.20
1.15
< 1.10
< 1.05
1.00

0.95— . : :
00 05 10 15 20

oK (Ep)

o




e
2D Fermi gas with Rashba SOC

- With polarization: Homogeneous case
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2D Fermi gas with Rashba SOC
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- In trap
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2D Fermi gas with Rashba SOC
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- Two-body physics in 2D and Q2D

- Scattering state
- Bound state



-
Two-body scattering state (2D)
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Two-body scattering state (2D)
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Two-body scattering state (2D)
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Two-body scattering state (Q2D)
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Two-body scattering state (Q2D)
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Two-body bound state (2D)

—Ind=C+1In (—"f_") + (27) Aew, q).

Zhang, Zhang, WZ, arXiv:1203:0623

Takei, et al,
PRA 85, 023626 (2012)




-
Two-body bound state (Q2D)

- Two-channel model
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Two-body bound state (Q2D)
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Two-body bound state (Q2D)
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Two-body bound state (Q2D)

- General g
4.01‘ | ' ! ! | A
T @
3.5 R
RS
= 3.0
5 0 A=2.5
...... A=1.0
2.5F A=0.5
....... A=0.25
2.0k e ~
$ 6 -4 -2 0 2 4




Outline

- Many-body physics in Q2D
- Effective 2D Hamiltonian
- Q2D Fermi gas with Rashba SOC
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Effective 2D Hamiltonian (w/o SOC)
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Effective 2D Hamiltonian (w/o SOC)
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Effective 2D Hamiltonian (w/SOC)

« Q2D model:

- fermions in ground state n=0
- fermions in excited states n=1,2,3...
- Feshbach molecules

- Effective 2D Hamiltonian (2-channel model)

- 2D Fermions ] ]
singular point of T(x)
- dressed molecules (structureless)

* Matching conditions first derivative of 1/T(x)
- open channel threshold at singular point
- background scattering
- two-body binding energy
- fermions in ground state AE = 0[
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Effective 2D Hamiltonian
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Effective 2D Hamiltonian
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Q2D Fermi gas with Rashba SOC
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Summary

- SOC changes the qualitative behavior of 2D scattering

state in the low-energy limit (logarithmic -> polynomial )
- SOC enhances the two-body binding energy in Q2D
- The axial excited states become more important

- An effective 2D model incorporating these DOF is

required

- In-trap phase diagrams in Q2D Fermi gas can be

qualitatively different from the 2D case
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