
ABSTRACT
We demonstrate that the one-axis twisting (OAT), a versatile method of creating non-classical states of bosonic qubits, is a powerful source of many-body Bell

correlations. We develop a fully analytical and universal treatment of the process, which allows us to identify the critical time at which the Bell correlations

emerge, and predict the depth of Bell correlations at all subsequent times. Our findings are illustrated with a highly non-trivial example of the OAT dynamics

generated using the Bose-Hubbard model.

Twisting as a resource for many-body entangled and Bell correlated states

Non-classical correlations, namely entanglement and Bell correlations are

fundamental properties of the quantum many-body systems and crucial resources for

emerging quantum technologies. The twisting protocols provide such resources, i.e.

one-axis twisting (OAT) generates many-body entangled states, which are of practical

interest for quantum enhancement measurement [1,2].

Twisting applies to systems composed of N particles in two quantum states described

by a spin of quantum number S = N/2, when the final measurement is performed by

spectroscopic experiments. The uncentarnity of such a measurement is .

 We provided correlator characterizing many-body entanglement

and many-body Bell correlations

 We indicated critical time at which Bell correlations appear

during OAT procedure

 We applied our findings to generation of many-body Bell

correlations in system of two-component bosons in 1D optical

lattice
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Witness of the Bell correlations

One-Axis Twisting (OAT) generates many-

body entangled and Bell correlated states. To

quantify extent of many-body Bell

correlations generated in OAT process, we

use N-body correlator witnessing the Bell

correlations if the inequality is violated [3]:

Bell correlations are created in OAT

procedure at critical time [4,5]:

Properties:

a) k-qubits form a k-partite entangled state,

and other N-k are separable when:

b) Bell correlations encompass at least k-

qubits when:
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Physical implementation of OAT dynamics

in two component Bose-Hubbard model [5]  

Ramsey spectroscopy experiment:

No correlations between 

spins

Correlations between 

spins

Spin squeezing with One-Axis Twisting

Fig 1. Time evolution of the Bell correlator for

OAT (black solid line) as a function of time for N

= 200 particles, compared with the short- (red

solid line) and long-time (blue points) analytical

approximation .

Fig 2. Left part: Time evolution of the spin

squeezing parameter for OAT (dashed green

line) and for two-component Bose-Hubbard

dynamics (solid orange line) for N = 8 particles.

Right part: Time evolution of the Bell correlator

for OAT procedure (red dashed line) and for

two-component Bose-Hubbard model (black

solid line). Dashed blue line corresponds to

analytical predictions for short time scale for

OAT model.


