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Quantum measurements of motion with
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Back-action and standard quantum limit
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Back-action and shot-noise in GW detector

Detectorn noise, calibrated to
test mass displacement [m/+/Hz]

n
o

ol

| | | | | | |

30 40 5060 80 10 200 300 400500600 800 1k
Frequency [Hz]
M. Tse et al., Phys. Rev. Lett. 123, 231107 (2019)
Virgo Collaboration, Phys. Rev. Lett. 125, 131101 (2020)



BA evasion in a negatfive mass reference

frame
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Evading back action

Negative mass
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Stroboscopic measurements

Mode functions

Optical
pumping
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Negative mass susceptibiity
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Nanomechanics

Mech. freq.: 1.370 MHz
Fitted ringdown (1/e) time: 200515 ms. Q: 863.32M
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Cavity Optomechanics
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Ponderomotive squeezing
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Sideband cooling

Mechanical Mode
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Classical picture of cooling
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QOur experiment
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Sideband thermometry with cooling beam

| A |
-— _ RA,

Qo | Nest=

> Tasg A —RA4
: : B RUA + Qm)? + k2/4)
s ! (A= Om)? + x2/4) — R((A + Qm)? + k2/4)
[

t ]

abl afbf

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



Even colder — removing laser noise

Feedback H(f)
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Even deeper in the ground state?




Spin oscillator

Paramagnetic Faraday rotation coupling
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Setup and interaction
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Hybrid sefup

Mapping Stokes
vectors to light
quadratures
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Quantum back-action evasion

MNoise ! :
161 dat Hybrid
—— Mechanics (main r ata ;
—— Spins 14 —_— Syy Mech_amcs Only
measurement noise — ::b”d I
400 1 mechanics thermal aone
127 atoms thermal
BA
300 - 10 + %1 BA-noise corr
=
n
o 8
N
S 200 -
6 -
100 4 4 A
0 . T T T
T T T T T T T 1.37 1.38 1.39 1.40
1.30 135 1.360 1.365 1.370 1.375 1.380 quency (MHz)

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



Trajectory in the negative-mass reference

frame

Free mass
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Conditional entanglement scheme
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Wiener filtering
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Full guantum noise spectra
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Final result

a
Z
L2A
o)
D
o
b c 1
2 5 Separable states
1 ] Far-detuned
><J
T 4 N 3 2 T T
a0 g ronaot 1.360 1.365 1.370 1.375
1 E Frequency £/2x (MHz)
_a 1
i b : — |
-2 1 V, (t— o) o 1.0 - ; :
: 1Entangled states > Ground state 1 | 1 §
T T t T — 0.5 ‘ 3 P " |
2 4 0 1 2 10" 10° § ® él : $
XS Conditioning time, t (us B 5 ¢ ¢
EPR e (k) 0.8 Model bound

T T T
-5 0 5
Atomic detuning (logl — my,)/2x (kHz)

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



Covariance
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Filfering technicalities
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Callibrations and uncertainties
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Raman interface
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Deterministic single and multi-photons
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Photon number correlations
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I-sCMOS camera
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processing
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Many Bell states for multiplexed quantum repeaters
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Quantum repeater
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Quantum repeater with multiplexing
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i Communications Physics 4, 46 (2021)
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Performance of the quantum repeater
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Towards experimental repeater
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