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A quantum-limited levitated sensor
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Quantum-limited position measurements
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Quantum-limited position measurements
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Quantum-limited position measurements

Position estimation accuracy
𝑧)(*
𝜂
∼ 2𝑧)(*𝑆##$%$ ⋅ 𝑆&'( =

1
𝜂
ℏ
2

45 fm/ Hz

𝜂 ≈ 25%

2.3 zN/ Hz



8

Measurement—based ground state cooling

Minimum average energy 0.65 ± 0.08 phonons 
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Recoil sensing

Skrabulis et al., PRL 136, 233604 (2026)
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Recoil sensing

short electric impulse

Skrabulis et al., PRL 136, 233604 (2026)
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Recoil sensing

short electric impulse

Skrabulis et al., PRL 136, 233604 (2026)
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Recoil sensing
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Recoil sensing

coherent signal amplification 
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Recoil sensing

coherent signal amplification 
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Recoil sensing

coherent signal amplification 

squeezing
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Recoil sensing

coherent signal amplification 

squeezing reverse
squeezingimpulsive force
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Quantum squeezing of motion
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Rossi et al., PRL 135, 083601 (2025)
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Recoil sensing below the zero-point motion

Skrabulis et al., PRL 136, 233604 (2026)

coherent amplification
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Recoil sensing below the zero-point motion

Skrabulis et al., PRL 136, 233604 (2026)
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Recoil sensing below the zero-point motion

Skrabulis et al., PRL 136, 233604 (2026)

coherent amplification
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Recoil sensing below the zero-point motion

no squeezing

Skrabulis et al., PRL 136, 233604 (2026)

coherent amplification
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Recoil sensing below the zero-point motion

6.9 ± 0.8 keV/c

minimum  recoil

Δ𝑝!"# = 𝜎$/𝑟
from total measured noiseSQL-monitored oscillator

Skrabulis et al., PRL 136, 233604 (2026)
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Outlook – sub-SQL readout

SQL
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Outlook – sub-SQL readout

Inject squeezing for sub-SQL readout

SQL
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Outlook – sub-SQL readout

Inject squeezing for sub-SQL readout
Noise reduction from overlap with 
information radiation mode

SQL

Gonzalez-Ballestero et al. PRX Quantum 4 (2023)
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Outlook – amplification of nonlinear forces
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Outlook – amplification of nonlinear forces
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Rosiek et al., PRX Quantum 5, 030312 (2024)
Neumeier et al., PNAS 121 (2024)
Roda-Llordes et al., PRL 132, 023601 (2024)
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Summary

Quantum-limited force sensing enables quantum control

Squeezing amplifies recoils beyond zero-point motion 

Strong synergy between sensing and foundations of physics

Skrabulis et al., PRL 136, 233604 (2026)

Rossi et al. Nat Phys Rev https://doi.org/10.1038/s42254-026-00997-8

Tebbenjohanns et al., Nature 595 (2021)

Rossi et al., PRL 135, 083601 (2025)


