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First experimental multipartite
high-dimensional entanglement New ways to control &

measure photons

First multipartite high-dim entanglement in superconducting Quantum Computer

Mario Krenn
Computer-designed quantum experiments
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Discrete & continuous optimization problem:
Finding suitable topology and parameters

Voyager-like constraints
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Simulation assumptions

Finesse2 (assuming plane wave, assuming free masses, single carrier frequency)

𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 =
𝑟𝑒𝑠𝑝𝑜𝑛𝑠𝑒

𝑛𝑜𝑖𝑠𝑒

Response: modulating the spaces &  measuring the demodulated signal at the readout

Quantum Noise: computed by Finesse

Classical noise: projecting laser noises (taken from O3 performance paper
[PRD 102(6), 062003, 2020]) of all the sources on to the readout.
Thermal and seismic noise added to noise budget, from same paper.
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Results: 20Hz-5kHz

Coating thermal noise limits this improvement
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Results: 200Hz-1kHz

2cm

2
x2

m

PSOMA: Phase Sensitive
Optomechanical Amplifier [1]

[1] Bai, et al., PRA 102(2), 023507 (2020).
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Results
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Can they be conceptualized?
Are they new?
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We have about 100 different solutions 
each might contain new ideas we could 
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Conclusion

Top-Solution Setups:
Can they be conceptualized?
Are they new?
Are they useful?

The larger and more complex the search space,
the larger the chances for highly unorthodox solutions

• Beyond free masses
• Beyond single carrier frequency

• Generalized measurements
• Two-mode squeezing & entanglement
• Nonlinear optics

Speed-up exploration
• Finesse-based speedup? Other simulation frameworks?

• ML-based speedup: Effective neural-network surrogate model,
large language models for suggesting initial conditions

We have about 100 different solutions 
each might contain new ideas we could 

discover.
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aLIGO in UIFO
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Noise and responsivity (Broadband)
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Noise and responsivity (Narrow Band)


