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Non-Entangled states

Useful for metrology
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1) Delta-kick Squeezing
R. Corgier, N. Gaaloul, A. Smerzi and L.Pezze, PRL 127, 183401 (2021).

2) Quantum-enhanced differential measurements
R. Corgier, M. Malitesta, A. Smerzi and L.Pezze, Quantum 7, 965 (2023).
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BEC Interferometry with non-entangled state

» Typical sequence
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BEC enables spin-squeezing dynamics

> Bose-Einstein Condensate H(t) = Hy(t) + hy(t) S Non-linear Interaction term
& Density of the BEC

",

1) Coherent state 2) Deformation of the quadrature 3) Squeezed state optimized for S,
Sz

» One Axis Twisting Dynamic
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BEC Interferometry with spin-squeezed state

» Delta-kick squeezing [1]

Position State preparation
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[1] R. Corgier, et al., Delta-kick Squeezing, PRL 127, 183401 (2021).
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BEC Interferometry with spin-squeezed state

» Delta-kick squeezing [1] Interferometer
Position State preparation ’;” t;S
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One-Axis Twisting (OAT)

o Non-Interacting ensemble during atom-light coupling

Ar At » Advantages:
NI o Avoid Shape deformation
» Implementation to a real experiment
@ SYRTE - Group of F. Pereira Dos Santos
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> t [1] R. Corgier, et al., Delta-kick Squeezing, PRL 127, 183401 (2021).
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Challenge of Quantum-Enhanced Inertial Sensors
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Part 2: Quantum-enhanced differential measurements
up ]
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Part 2: Quantum-enhanced differential measurements
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Question: Can we do the same with only 1 spin-squeezed state ?
R. Corgier, M. Malitesta, A. Smerzi and L.Pezze, Quantum 7, 965 (2023).
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Spin-squeezing & Mode Swapping

» Generating a 4-mode entangled state

single Beam splitter Spin Squeezing Mode Swapping 4-mode
' i entangled state
source (Classical) (particle entanglement) (mode entanglement) Poue)
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Spin-squeezing & Mode Swapping

» Generating a 4-mode entangled state

single
source
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4-mode vs 2X2-mode entangled state
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» Generating a 4-mode entangled state Impact of common phase noise on average *
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4-mode vs 2X2-mode entangled state
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> Generating a 4-mode entangled state Impact of common phase noise on average ?
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4-mode entangled state robustness

» Generating a 4-mode entangled state
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Mode Swapping \

(mode entanglement)
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Squeezing orientation vs Mode Swapping coupling phase
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Conclusion

» 2 groups aiming to implement the Delta-kick Squeezing
7% QUANTERA @ SYRTE : group of F. Pereira Dos Santos (Raman)
..... g A g @ 1Q : group of D. Schlippert (Bragg)
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