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“Real” gauge fields
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Artificial gauge fields 1. Rotating gases
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Artificial gauge fields 2: Atom-laser coupling
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Synthetic magnetic fields for ultracold neutral atoms
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Outline

e Introduction
- (Abelian) Landau problem
- On non-Abelian gauge fields

e Adiabatic insertion of non-Abelian flux



Charged 2D particle in perpendicular magnetic field
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On non-Abelian gauge fields

—

Components can be written as matrices: A = A, X+ A,y +A,2
Magnetic field: B=VxA—iAxA
Gauge transformation: A, — UA, Ut + an,LUT

Covariant quantities: B — UBU!
H

Two gauge inequivalent vector potentials can produce same
magnetic field, e.g.:
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Adiabatic insertion of
non-Abelian flux



Laughlin's flux insertion argument
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Spin-1/2 particles

H = 5. (5 - A)
A=5Erj1 = B=B2I

Eigenstates: |n, m, ), where e € {1, |}

How to insert non-Abelian flux?

A — A+ 6A(t)



Adiabatic insertion of non-Abelian flux

Initial state:
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Conservation of angular momentum: J, = L, + 3o,
[0r(A) = Qmig [um(A)m 1) = vin(A)|m +1 1)]
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Mixing angle
[¥¢(A)) = @mio [um(A)[m 1) — vm(A)|m + 1 })]

um(A) = cos(fm(N))
Vm(A) = sin(0m()))
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Quantum Hall Skyrmion

Initial state:
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More results

e Spectrum on a sphere

e Non-Abelian flux insertion in spin-unpolarized
v = 2 quantum Hall state

Outlook

e Connection to Tl

- A= g(fyﬁ + x¥)o,: quantum spin Hall effect
- Li and Wu (arXiv:1103.5422): 3D Tl's w/ Landau levels

- Domain wall between two phases with different
non-Abelian magnetic fields



Conclusion

o Artificial non-Abelian gauge fields can in principal be created
in cold atomic gases

e Way to simulate charged spin-1/2 particles in a perpendicular
magnetic field

e Adiabatic insertion of non-Abelian flux in a spin-polarized
background = quantum Hall Skyrmion



