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1. Introduction

% Levitated nanoparticles in the quantum regime % Proposal
t =20
» Ground state cooling achieved [1.2.3] > Optimization of wide static potentials for the

t >0 . .
generation of macroscopic quantum states
> Towards preparation of macroscopic quantum

superposition states: o @ > QOptimization accounting for position-dependent

_ _ _ _ noise sources within experimental setups
Coupling to nonlinear systems is challenging

> Introduction of key figures of merit that allow for
fast computation and capture macroscopicity and
quantum signatures

Evolution in dark nonharmonic potentials 4.5 Ground-state Evolution in a

Need for delocalization to enhance quantum cooled nanoparticle dark potential

features, which introduces decoherence , _ ,
What is the optimal potential shape?

2. Optimization 3. Example: quartic potentials
% Optimization of a static potential % Static quartic potential
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Constraints: -+ Closed classical trajectory % Optimization of coherence length
- Feasible potential . . L 2
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< Optimization in the presence of position-dependent noise O (@) Small noise (Sw 5 1,i=12)

- Fluctuations in position and amplitude of the potential (b) Large displacement noise (5,» 2 10)
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O Vix,t) = V(x + x()cfl(t)) [1 + fz(f)] Large intensity noise (S,o = 10)
(E(NE(L) = 27S;5,;6(t — ') % Optimization of cubicity and purity
_ _ - Optimal potential: * Decoherence rate:
* Figures of merit based on Gaussian dynamics e
» Classical trajectory frame: phase-space shift onto a trajectory [1] . 1079 -
associated with the classical dynamics 6] S 10-12-
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» Gaussian dynamics - Two potentials: DW and inverted DW W :'E\../ \‘
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(1) 2 (%) — and angle ¢(f) Our figure of merit qualitatively captures the Wigner negativity features

> First qguantum correction
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> Figures of merit that allow for fast computation
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4. Conclusion and Outlook TS O
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< We propose a hew method for optimizing static potentials for the
generation of macroscopic quantum states of levitated nanoparticles in 5 References
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