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States and Objective
• Optimize LHV models s.t. 



• Minimize loss function




• Noisy entangled states

• Subsystems of many-body states 

(monogamy of Bell correlations b))

PLHV = PQM

ℒ(LHV | | QM) ∼ KL-Divergenceρ

Hidden State Distribution

• Hidden state cloud 

represents the distribution

• Optimize via stochastic 

gradient descent
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Measurement Rule

↑ ↓

• Spin-1/2 systems

• Probability for “up” along 

measurement direction  

given a fixed hidden state 





• : Odd Spherical harmonics


• : Sigmoid function

̂n ∈ S2

⃗λ ∈ ℝd

q( ↑ | ̂n, ⃗λ) = σ ( ⃗S ̂n ⋅ ⃗λ)
⃗S ̂n

σ
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Werner States c)

Gradient Descent Step
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• Tune between Bell singlet and 
maximally mixed state


,	




• Local for , 

	 entangled for 

ρv = v |ψ⟩⟨ψ | + (1 − v)
1
2

|ψ⟩ =
1

2
( | ↑ ↓ ⟩ − | ↓ ↑ ⟩)

v ≤ vC
v > 1/3

Local
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Bell Locality a)

PLHV( ⃗a | ⃗x) = ∫ΛN

d ⃗λ p( ⃗λ)
N

∏
j=1

q(aj |xj, λj)

Probability for  parties to measure  given their 
local measurement inputs 

N ⃗a = (a1, …, aN)
⃗x = (x1, …, xN)

λ1

x1
λ2

λ3

x2
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Hidden States

Hidden-State Distribution Measurement Rule

XXZ Models
HXXZ = ∑

⟨j,k⟩
(Sx

j Sx
k + Sy

j Sy
k + Δ Sz

j Sz
k)

1d chain,  spin 
nearest neighbour 
subsystems of GS

N

Anti-ferromagneticFerromagnetic

Local

Anisotropy Parameter Δ

Gapless
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Non-local

Symmetries 
restrict two-

spin 
subsystems of 

GS e)

Separable
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⟨σx ⊗ σx⟩
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