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In the two lectures, I will introduce the concept of spin squeezing and its interest
for quantum metrology. As a physical example I will consider the one-axis twisting spin
squeezing process that occurs in a two-component interacting Bose-Einstein condensate.
For this example I will present two-mode analytical calculations and a more advanced
analysis of the limitations due to decoherence and finite temperature. Always within the
frame of the one-axis twisting Hamiltonian, I will also introduce entangled states beyond
spin squeezing, such as Schrödinger cats and their sensitivity to decoherence.

1. Entangled states for quantum metrology

(a) Spin squeezing

(b) Frequency measurement by Ramsey sequence

(c) Frequency measurement using a maximally entangled state

(d) Phase estimation, Fisher information, Hellinger distance

(e) Quantum Fisher information

2. Entangled states by interactions in bimodal BEC

(a) Non-linear Hamiltonian

(b) Squeezing by non-linear dynamics

(c) Squeezing limit in presence of decoherence

(d) Microscopic description: dephasing due to particle losses

(e) Schrödinger cats by non-linear dynamics

(f) Fidelity of the cat state generation in the presence of losses

(g) Fidelity of the cat state generation at finite temperature
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Experimental results

From 2016 Review of Modern Physics, Non-classical states of atomic ensembles: fun-
damentals and applications in quantum metrology, L. Pezze, A. Smerzi, M. Oberthaler,
R. Schmied, P. Treutlein
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