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1. XY-model, continuous spin s rotation in plane

2. Bose-Einstein condensate (BEC)
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fluctuations around potential minima:

6= J5(v+ 4, +id) e s s B

1 1 1
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canonical quantisation of fields:

the quanta ¢, of mass Vv massless ¢, quanta
Higgs mode Nambu-Goldstone mode
gapped mode soft / gapless mode
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local gauge symmetry invariant

% 1 1%
L= Dy D¢ — S FuF* — V(9)

covariant derivative gauge field potential energy
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Nambu-Goldstone mode
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1 massless gauge field
massive vector field
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Microscopic picture of the system

BEC dispersively coupled with 2 optical cavities and illuminated by a 1D transverse pump lattice
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Hamiltonian in a frame rotating at pump frequency Wy
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Microscopic picture of the system

BEC dispersively coupled with 2 optical cavities and illuminated by a 1D transverse pump lattice

field wavevectors

kp = ky
k; = ksin(60°)x + ( — 1)'kcos(60°)

single-photon recoil frequency
Wree= hIE1(2m)

Raman processes (two-photon) coherently coupl
to eight momentum states

e zero-momentum states of BEC

hky, k) =10, 0) <> |hky, hky) =
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atomic field operator:
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Microscopic picture of the system

BEC dispersively coupled with 2 optical cavities and illuminated by a 1D transverse pump lattice
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effective Hamiltonian
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Absorption images

self-OrganiSEd phases of the atomic momentum

distribution
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Emergence of a doubly self-organised phase
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Breaking continuous translational symmetry
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Higgs and Goldstone modes for a U(1) symmetry
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Excitation spectrum across the phase transition
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Excitation spectrum across the phase transition
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Excitation spectrum across the phase transition
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Dynamics of Higgs and Goldstone excitations
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Dynamics of Higgs and Goldstone excitations
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