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Arti�cial Gauge Fields for Neutral Atoms

1 Motivation

� Neutral cold atoms as toy model for various physical problems

� Arti�cial gauge �elds: a�ect neutral atoms like a real magnetic �eld a�ects charged particles!

� Possible application: simulating Quantum-Hall regime with cold atoms

� Goal: engineering Hamiltonians for cold neutral atoms which look like Hamiltonians for
charged particles moving in a real magnetic �eld

2 Rotating BEC

� Charged particle: H =
(~p−q ~A(~r,t))
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� Rotating neutral atom: H = ~p2
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3 Vortex generation using lasers and real magnetic �elds

� BEC of 87Rb, F = 1

� Use lasers and magnetic �eld to change eigenstates

� Use dispersion relation for kx as e�ective Hamiltonian: E (kx) ≈ ~2 (kx−kmin)2
2m∗

� Make kmin space-dependent → non-zero arti�cial magnetic �eld

Figure 1: Setup geometry[6]
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4 Hofstadter butter�y for cold neutral atoms

� Electrons in a periodic potential → Bloch waves: ψ
n~k

(~r) = u
n~k

(~r) ei
~k~r

� 2D-square-lattice (x-y-plane) with lattice spacing a

� Bloch energy function: W
(
~k
)

= 2E0 ( cos (kx a) + cos (ky a))

� Harper's equation: g(m + 1) + g(m− 1) + 2 cos(2πmα− ν) g(m) = ε g(m)
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Figure 2: Hofstadter butter�y[4]

Proposal for experimental realisation

� Cold atoms in 2D optical lattice → Description with Bose-Hubbard-model

� Create parameter α = qλ
4π , tunable with laser (q: wavenuber of coupling lasers, λ: wavelangth

of trapping laser)

� Engineering of the Hamiltonian: H(α) = JΣm,n

(
e2πiαm c†n,m cn+1,m + c†n,m cn,m+1 + h.c.

)
� Equivalent to H for electrons moving on lattice with magnetic �eld B = 2πα

A e
with A = ax ay

(area of one lattice cell)
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