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Quantum measurements of motion with 

light

LightMotion

Caves, Phys. Rev. D 23, 1693 (1981)



Back-action and standard quantum limit
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Rossi, M., Mason, D., Chen, J. et al. Measurement-based quantum control of 
mechanical motion. Nature 563, 53–58 (2018)



Back-action and shot-noise in GW detector

M. Tse et al., Phys. Rev. Lett. 123, 231107 (2019)

Virgo Collaboration, Phys. Rev. Lett. 125, 131101 (2020)



BA evasion in a negative mass reference

frame

From Baker, C., Bowen, W. „Sensing past the quantum limit”, Nature 547, 164–165 (2017) (News and Views article on 

C. Møller et al., Nature 547, 191–195 (2017))



Evading back action

Back action cancellation for

Negative mass

Quantum correlations

Stroboscopic measurements

D. Mason et al. ,Nature Physics 15, 745–749(2019)

G. Vasilakis et al. Nature Physics 11, 389–392 (2015)

C. B. Møller et al., Nature 547, 191–195 (2017)

W. Wasilewski et al., Phys. Rev. Lett., 104, 133601 (2010)



Negative mass susceptibiity



Nanomechanics

𝑄 =
2𝜋𝑊
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Tsaturyan, Barg, Polzik, Schliesser, Nature Nanotechnology 12, 776 (2017)



Cavity Optomechanics



Ponderomotive squeezing

Easily 4-5 dB of squeezing, 

limited by detection and 

outcoupling loss



Sideband cooling

Rev. Mod. Phys. 86, 1391 (2014)



Classical picture of cooling

Rev. Mod. Phys. 86, 1391 (2014)



Our experiment

I. Galinskiy, Y. Tsaturyan, MP, E. S. Polzik, Optica 7, 718 (2020)



Sideband thermometry with cooling beam

I. Galinskiy, Y. Tsaturyan, MP, E. S. Polzik, Optica 7, 718 (2020)



Even colder – removing laser noise

MP, I. Galinskiy, T. Zwettler, E. S. Polzik, Optics Express 29,  6935 (2021)



Even deeper in the ground state?



Spin oscillator

NEGATIVE MASSPOSITIVE 

MASS

Paramagnetic Faraday rotation coupling

Large atomic spin along x

Probing spin fluctuations

along z

R. A. Thomas, MP, et al., Nature Physics 17, 228–233 (2021)



Setup and interaction

R. A. Thomas, MP, et al., Nature Physics 17, 228–233 (2021)



Hybrid setup

Mapping Stokes 

vectors to light

quadratures

R. A. Thomas, MP, et al., Nature Physics 17, 228–233 (2021)



Quantum back-action evasion

R. A. Thomas, MP, et al., Nature Physics 17, 228–233 (2021)



Trajectory in the negative-mass reference

frame

Free mass

Harmonic Oscillator

Polzik&Hammerer, Ann. Phys. 527, A15 (2015)



Conditional entanglement scheme

R. A. Thomas, MP, et al., Nature Physics 17, 228–233 (2021)



Wiener filtering

H. Muller-Ebhart et al., Phys. Rev. A 80, 043802 (2009)

Linking Stochastic Master Equation and Wiener Filter

R. A. Thomas, MP, et al., Nature Physics 17, 228–233 (2021)



Full quantum noise spectra

R. A. Thomas, MP, et al., Nature Physics 17, 228–233 (2021)



Final result

R. A. Thomas, MP, et al., Nature Physics 17, 228–233 (2021)



Covariance

R. A. Thomas, MP, et al., Nature Physics 17, 228–233 (2021)



Filtering technicalities

R. A. Thomas, MP, et al., Nature Physics 17, 228–233 (2021)



Callibrations and uncertainties

R. A. Thomas, MP, et al., Nature Physics 17, 228–233 (2021)
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memory
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two-mode squeezed state
creation via off-resonant

Raman scattering

readout stage after storage time
results in anihilation of spin-wave

Raman interface



Deterministic single and multi-photons

MP, M. Dąbrowski, M. Mazelanik, A. Leszczyński, M. Lipka, W. Wasilewski, Nat. Commun 8, 2140 (2017)



Photon number correlations

non-classical correlations

𝑔(2) =
𝑛𝑆𝑛𝐴𝑆
𝑛𝑆 𝑛𝐴𝑆

= 72 ± 5 ≫ 2

Nat. Commun 8, 2140 (2017)



I-sCMOS camera

MP, M. Dąbrowski, M. Mazelanik, A. Leszczyński, M. Lipka, W. Wasilewski, Nat. Commun. 8, 2140 (2017)

real-time image 
processing

Stokes anti-Stokes



New system

Custom FPGA data 

processing

New custom high-

voltage gating 

module

Now 100.000 frames 

per second, ~10 

microseconds from 

detection to 

information

Optics Letters 46, 3009 (2021) 



Many Bell states for multiplexed quantum repeaters

Communications Physics 4, 46 (2021)
& New J. Phys. 23, 053012 (2021)



Quantum repeater



Quantum repeater with multiplexing

Communications Physics 4, 46 (2021)
& New J. Phys. 23, 053012 (2021)



Performance of the quantum repeater

Communications Physics 4, 46 (2021)
& New J. Phys. 23, 053012 (2021)



Towards experimental repeater

Communications Physics 4, 46 (2021)
& New J. Phys. 23, 053012 (2021)



New Rydberg experiment
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