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1. Optomechanical arrays

2. Synthetic gauge fields

3. Dynamical gauge fields = unidirectional transport

4. Dynamical gauge fields in the quantum regime
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ﬁxample: Electromagnetism
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* Quantum electrodynamics
* Quantum chromodynamics
* Lattice gauge theories




J. C. Sankey et al., Nat. Phys. 6,
707 (2010).

Hybridized modes with frequencies v, v,
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Hint=J<cAlchlzlA9+h.C.) Q= v, —1

Dynamical modulation of the mechanical mode (5) = B cos (wf + ¢)

/B (&1a2e-i¢ +h.d )J

Mechanical gauge field for photons with U(1) symmetry
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M. Schmidt et al., Optica 2, 635 (2015).
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* Artificial magnetic field

Synthetic magnetic flux
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Mechanical self-oscillations Im(b)

Driving on the blue sideband \\t
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F. Marquardt et al., Phys. Rev. Lett. 96, 103901 (2006). <[;> — Bel?

Backaction of optical excitations on _,
{gthe gauge field due to radiation pressure:f

S. Walter et al., New J. Phys. 18, 113029 (2016).
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P. Zapletal et al., arXiv:1806.08191 (2018)
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Synthetic electric field detunes the tunneling process
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This effect can be enhanced 1D arrays

P. Zapletal et al., arXiv:1806.08191 (2018)
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 Effects of quantum fluctuations on unidirectional light transport J
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Model of mechanical self-oscillations:
Quantum van der Pol oscillator

p=—1 [ﬁ, P] +1D1b%1p + 1,261

p/ Pzpt

D[O]p = OpO' — % {670,p}

Proposed for the membrane-in-the-middle
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S. Walter et al., Phys. Rev. Lett. 112, 094102 (2014).
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Strength of quantum fluctuations controlled by the quantum parameter

C=Jlk
10~
B~
C
:élO‘5
&
D100
g 10 1095 100

quantum parameter ¢

" Quantum fluctuations broaden power spectra
= increase transmission in the blockaded direction
_ = isolation ratio decreased
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However, unidirectional light transport is not completely destroyed.



pump = Synthetic dynamical gauge fields

Synthetic electric field = unidirectional light transport
P. Zapletal et al., arXiv:1806.08191 (2018)
* Readily realizable with state-of-the-art optomechanics

* Unidirectional light transport reachable also in 2D square arrays

* In the quant. regime, isolation ratio decreased by quant. fluctuations

Outlook: 3

* Thermal fluctuations (Langevin equations)

* Incoherent driving and heat fluxes
» Synthetic eleciric fields and synchronization
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Relative phase ¢ between the mech. mode and the non-driven opt. mode

Phase coherence measure M = 27 max (P ((p)) —1
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