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Jon crystal in a high finesse cavity
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* |on chain forms an elastic crystal

« Optical lattice of the cavity mode forms a substrate potential

Mismatch between the ordering of the ions due to the Coulomb force
and the periodicity of the cavity-light field

Self-organisation in the presence of frustration
=== | cads to localization and nano-friction



lons In a lattice
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The trapping potential ensures that the ions have a non-uniform
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Can simulate stick-slip motion and friction — Frenkel-Kontorova model!



T he Frenkel Kontorova model |

T. Kontorova & J. Frenkel,
Zh. Eksp. Teor. Fiz. 8 (1938)
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T he cavity field

Hlattice =V Z COSZ(ka)
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T he cavity field

Hlattice =V Z COSZ(ka)
J

K
— Hastice = U@Z COSZ(ka)
J

Aeff({xj}) = A, — KCBN({X]'})

Effective cavity potential ,
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Substrate depth dependent on:

[Pump strength 1] | Nonlinearity
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T he cavity field

|C| << 1 the cavity potential is
Vear o< In*C ) cos®(kx;)
J

ICl =1 then the potential gives rise to an
effective long-range force between the ions
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Sign of C
changes the
effect of the
long range
interaction!

Cavity field acts as a deformable potential due to scattering of photons

There is a multi-body long range interaction mediated by the cavity!



Phase Diagrams,
IC| < 1

Vanishing phonon gap

Sliding to pinned transition!
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Phase Diagrams,
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i Aerr({x;}) = Ac — KCBy({x;})



Spectrum at cavity output
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Light fluctuations strongly coupled to chain vibrations
- chain vibrations imprinted in output light field

Calculated with input-output theory
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- In Conclusion _

Detection: Spectrum at cavity output

Bistable states: coexistence of sliding and pinned phases

Cooling: The substrate acts as a tunable thermal reservoir

Entanglement: Photons and ions are entangled at the transition
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