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●    particles
● One spatial dimension
● Open/Periodic boundary conditions
● Short – range interactions (    neighbors)

A B C D E

e.g. XY-model in a
transverse magnetic field
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[A. Fine, Phys. Rev. Lett. 48, 291 (1982)]
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basically any
timescale you want

[S. Dalí The persistence
of memory (1931)]
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● Projecting      to the space of few-body, TI BI

● Computationally expensive
● Nonlocality is detected for 

By taking
we find a classical bound of
and a quantum value
which exceeds the classical bound, showing that the correlations are nonlocal
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● Building a quasi-TI class
● Uniparametric
● Large 

A B C D E
  BC   BC   BC   BC

● Always nonlocal when 
● Monogamy of correlations dominates when

For             , it is simply the CHSH inequality
[Clauser et al., Phys. Rev. Lett. 23, 880 (1969)]

Take the Braunstein-Caves (BC) chained inequality for     measurement settings

[Braunstein and Caves, Ann. Phys. 202, 22 (1990)]

[Wang et al., arXiv:1608.03485v3 (2016)]
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● Bell operator is an XY-like Hamiltonian

The optimal number of measurements is 
m=2, i.e., when BC is the CHSH inequality

E(t) → Elliptic integral of
the second kind

Ground state is nonlocal
in the blue parameter region

Asymptotic contributions per particle
to quantum value and classical bound
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● Spin glass displays Bell correlations in some 
parameter region

100 spins
TI Gaussian distribution
1000 realizations averagemonogamy of correlations

nonlocal

A B C D E
  BC   BC   BC   BC
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● Up to now, we have considered Hamiltonians 
solvable via the JW transformation

● But the method is not limited to that
● If you can, somehow, access the ground state 

energy, it is enough
● Spin system
● Short-range interactions
● One spatial dimension

● Up to one's imagination!
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● The XXZ-model and Gisin's elegant inequality

Bob
BAlic

e
A

Not symmetric (even 
a different number of 
measurements)

Bell operator is 
permutationally 
invariant

Correspondence
can be non-obvious
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● Using Gisin's measurements, we obtain an 
XXZ-like Hamiltonian

nonlocal

● Ground state energy
● MPS
● DMRG
● Tensor Networks

[ITensor – Intelligent Tensor Library,  http://itensor.org]
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● To show nonlocality in a many-body system
● Combinatorial optimization: classical bound

– Dynamic programming

● The inequality is non-trivial
– Jordan Wigner

– MPS/DMRG

● Make it experimentally accessible
– Few- (2-)body correlators, ground state energy

● Translationally invariant case
● Closed formulas/Speed improvement

● Toolset to study nonlocality in physically relevant system

● Spin systems, 1 spatial dimension, short-range interactions
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● Contrary to the permutationally invariant case, there is no de 
Finetti restriction (more robust inequalities)

● In this work, we have seen
● Hamiltonian = particular realization of a Bell inequality

● One can also

● Look for the optimal Bell inequality for a given Hamiltonian

– Only the classical bound needs to be found
● In the fully TI case, how does monogamy of correlations 

affect nonlocality?

● Generalization to more spatial dimensions?

● Chordal extension and semi-definite programming

● Study persistence of nonlocality
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