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Spontaneous Emission
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Superradiance with two-level emitters



Superradiance with BEC

Inouye et al., Science 285, 571 (1999)
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Superradiance with BEC in a cavity

Baumann et al., Nature 464, 1301 (2010)
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Superradiance with BEC in a cavity

Baumann et al., Nature 464, 1301 (2010)



Superradiance with a degenerate Fermi gas

Keeling et al., PRL 112 143002, (2014)

Piazza et al., PRL 112 143003, (2014)

Chen et al., PRL 112 143004, (2014)



Synthetic spin-orbit coupling: Raman scheme

Lin et. al., Nature 471, 83 (2011) 
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Synthetic spin-orbit coupling: Raman scheme
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Implementation in Fermi gases

Shanxi Univerisity, Taiyuan, China
Wang et al., PRL 109, 095301 (2012)

MIT, Boston, USA
Cheuk et al., PRL 109, 095302 (2012)



Implementation of 2D SOC

Shanxi Univerisity, Taiyuan, China
Huang et al., arXiv:1506.02861 (2015)
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Implementation of 2D SOC

Shanxi Univerisity, Taiyuan, China
Huang et al., arXiv:1506.02861 (2015)



HSO = axs xkx +a ys yky +a zs zkz

a x = a y = a z  as ×k3D isotropic SOC

a x = a y

a z = 0
a s xkx +s yky( )Rashba SOC

a s xkx -s yky( )
a x = -a y

a z = 0
Dresselhaus SOC

a y = a z = 0 as xkx
1D SOC

Equal R-D SOC



Cavity-induced SOC

Dong, Zhou, Wu, Ramachandhran, Pu

PRA 89, 011602(R) (2014);

Dong, Zhu, Pu, Atom 3, 183 (2015)



Cavity-induced SOC

Dong, Zhu, Pu, Atom 3, 183 (2015)



Cavity-induced SOC

Deng, Cheng, Jing, Yi,

PRL 112, 143007 (2014)



Outline

• Introduction

• Superradiance of degenerate quantum gases

• Spin-orbit coupling

• Cavity-induced SOC

• Superradiance of a 1D degenerate Fermi gas

• Superradiance transition

• Topological properties

• Phase diagram

• Experimental signatures

• Summary



System
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• A quasi-1D two-component Fermi gas in a cavity
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Effective Hamiltonian

• Dynamics of a single particle

• Unitary transformation
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Effective Hamiltonian

• 1D model

• Transversal degrees of freedom



Effective Hamiltonian

• Equation of motion

• Steady state solution



Effective Hamiltonian

Effective Zeeman

Splitting

Transverse Pumping

Cavity Field

OL generated by

Longitudinal

Pumping

• Solve with
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Phase diagram
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Topological properties



Topological properties



Topological properties
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Topological properties

See also, Zhou, Cui., arXiv:1507.01341
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Phase diagram
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Observables
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Tetracritical point
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Tetracritical point
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Higher bands effects

1-band approximation 2-band approximation 3-band approximation



Summary

• Superradiance of a quasi-1D non-interacting Fermi gas in

a cavity

• Synthetic SOC realized by Raman scheme with driving 

and cavity laser fields

• Topological SR state

PRL 115, 045303 (2015)

Prog. Phys. 37(4), 125 (2017)

Front. Phys. 13, 136701 (2018)


