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Quantum harmonic oscillators

• Electromagnetic radiation

• Vibrations of particles
• Neutral atoms
• Nanoparticles
• Trapped ions

• Excitations are boson



Linear interactions

• Coherent states

• Nonlinear states give rise to increasingly complex quantum 
behaviour



Squeezing

• Minimise uncertainty in one quadrature as opposed to another

• Enhanced sensitivity
• Gravitational wave detection [1]
• Detection of small electric fields [2]

[1] The LIGO Scientific Collaboration, Nat. Photonics 7, 613 (2013)
[2] S. C. Burd et al., Science 364, 1163 (2019)



Generalised Squeezing

• For n>2, states no longer Gaussian [1]
• Harder to simulate classically
• An essential ingredient for continuous variable quantum 

computation [2]
• Hard to generate

• Might need custom hardware for specific interactions
• State of the art is trisqueezing in superconducting systems [3, 4]

[1] S. L. Braunstein and R. I. McLachlan, Phys. Rev. A 35, 1659 (1987)
[2] S. Lloyd and S. L. Braunstein, Phys. Rev. Lett. 82, 1784 (1999)
[3] C. W. S. Chang et al., Phys. Rev. X 10, 011011 (2020)
[4] Axel M. Eriksson et al., Nat. Commun. 15, 2512 (2024)



Hard to generate



Hybrid oscillator-spin systems



Spin-dependent force

• Available in a variety of platforms
• Neutral atoms
• Superconducting qubits
• Colour centres
• Trapped ions

• Typically used to generate spin-spin interactions





Multiple spin-dependent forces



Generation of nonlinear interactions



Experiment

Photo credit: David Nadlinger



Experiment



Spin-dependent squeezing

O. Băzăvan et al., arXiv:2403.05471 (2024)



Spin-dependent squeezing - amplitude

O. Băzăvan et al., arXiv:2403.05471 (2024)



Spin-dependent squeezing – spin dependence

O. Băzăvan et al., arXiv:2403.05471 (2024)



Spin-dependent squeezing – non-commutativity

O. Băzăvan et al., arXiv:2403.05471 (2024)



Characteristic function

C. Flühmann and J. P. Home, Phys. Rev. Lett. 125, 043602 (2020)



Characteristic function



Wigner function

experiment

theory

O. Băzăvan et al., arXiv:2403.05471 (2024)



Trisqueezing

experiment

theory

O. Băzăvan et al., arXiv:2403.05471 (2024)



Quadsqueezing

experiment

theory

O. Băzăvan et al., arXiv:2403.05471 (2024)



Quadsqueezing



Interaction strength



Generation of arbitrary 
superpositions of nonclassical 

oscillator states

Sebastian Saner

S. Saner et al., arXiv:2409.03482 (2024)



Protocol



Even and odd superpositions

Squeezing Trisqueezing Quadsqueezing

S. Saner et al., arXiv:2409.03482 (2024)



Conclusion

• Demonstrated new protocol for spin-mediated bosonic 
interactions

• First demonstration of fourth-order interactions

• Incorporated mid-circuit measurements to generate arbitrary 
superposition

• Future work
• Extend to other nonlinear interactions
• More modes
• More complete characterisation of these states
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Superpositions of different states

S. Saner et al., arXiv:2409.03482 (2024)



Superpositions of displaced states

S. Saner et al., arXiv:2409.03482 (2024)



Ramps



Fock state analysis



Wigner negativity



Rabi frequency scaling


