© . - oo
B TECHNISCHE UNIVERSITAT

SFB/TR 185 = KAISERSLAUTERN

Nonequilibrium Quantum Phase Transitions

in a Hybrid Atom-Optomechanical System

1 « i 1
N. Mann', M. Reza Bakhtiari', A. Pelster®, and M. Thorwart
11, Institut fiir Theoretische Physik, Universitat Hamburg, JungiusstraBBe 9, 20355 Hamburg, Germany

UH
m
2 Universitat Hamburg

DER FORSCHUNG | DER LEHRE | DER BILDUNG

2 Physics Department and Research Center OPTIMAS, Technische Universitédt Kaiserslautern, Erwin-Schrédinger StraBe 46, 67663 Kaiserslautern, Germany

Motional Atom-Membrane Coupling

laser field induces effective long-range coupling between atoms and membrane > polarization beam splitter (PBS) utilized to allow for polarization rotation

displaced membrane leads to linear displacement force on atoms » displaced membrane induces phase shift of light which translates to polarization rotation
back-action by displaced center-of-mass (CoM) position of atoms which redistribute in PBS and may induce two-photon transition |—) < [+)
photons and alter radiation pressure on membrane > back-action induced by a transition of atoms under the emission of a ¢, photon which
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» Gaussian ansatz for condensate with 4 variables: ¢ (¢t), 6(t), n(t) with w.(z.1) = cy(z, 1)
membrane in an optical cavity

nano-membrane in

- | atom gas
an optical cavity

Cumulant Expansion with Gaussian Ansatz [1]

» zeroth order cumulant = time evolution of weight:  ¢_(#), ¢, (?)
> first order cumulant = time evolution of CoM position:  {(®), x(¢?)
» second order cumulant => time evolution of width: (), n(t)

» reduced equations of motion for variational parameters:

Nonequilibrium Quantum Phase Transition [1] ¢ =~ i0uE-Tya

» reduced equations of motion for variational parameters: (4wp)~ o = -0 E
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» critical atom-membrane -1 0
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> collective excitation frequencies and decay rates
» membrane displacement variance (critical exponent -1)

lattice model
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> experimentally accessible quantities: w,, n(k), o,

_ _ _ analytic solution of thermal observables
» atom-membrane entanglement in steady state (with vacuum fluctuations)
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