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Motivation



Motivation: Stern Gerlach
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Objective Classical Reality

Definition (Objective Classical Reality1)
The state of a signal s exists objectively if multiple observers (oα) can probe the
signal independently and without disturbing it.

jointly called perceiver

1Horodecki, R., Korbicz, J. K., and Horodecki, P. Phys. Rev. A. Mar. 2015.



No-go Theorem



No-go Theorem

not all true:

1. unitary quantum mechanics holds universally ✓

2. for |ϕ⟩ ∈ Φ ⊆ Hp

Umeas
s→p |ψ⟩s|ϕ⟩p =

∑
Πm|ψ⟩s|Pmϕ⟩p (objective classical reality) ✓ (1)

3. measurement outcomes distinguishable: ✓

⟨Pmχ|Pnϕ⟩ = δmn⟨Pmχ|Pmϕ⟩ (2)

4. finite dimensional Hilbert spaces ✓

5. arbitrary initial state (Φ=Hp) ✗
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No-go Theorem: Simple Argument

outcome m subspace: Φm = {|Pmϕ⟩∀|ϕ⟩ ∈ Φ}
m ̸= n =⇒ Φm ⊥ Φn

Φ

Φm

Φn

m

n

=⇒ Φ ⊂ Hp
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Qudit Measurement Procedure



Correlated Perceiver

signal: Hs = Cd

perceiver: Hp = (Cd)⊗N

Cd ∼Φ ∋ |ϕ⟩p =
∑

l

ϕl|l⟩p1 |l⟩p2 . . . |l⟩pN (3)
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Transferring Correlation (Imprint)

Ia→b|m⟩a|n⟩b = |m⟩a|n+m⟩b
I−1
a→b|m⟩a|n⟩b = |m⟩a|n−m⟩b

(4)
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Qudit Measurement Procedure

|ψ⟩s|ϕ⟩p =
∑

ψmϕl |m⟩s|l⟩p1 |l⟩p2 . . . |l⟩pNyIs→p1

|m⟩s|l+m⟩p1 |l⟩p2 . . . |l⟩pNyI−1
p2→p1

|m⟩s|l+m− l⟩p1 |l⟩p2 . . . |l⟩pN

↪→
(∑

ψm|m⟩s|m⟩p1
)(∑

ϕl|l⟩p2 . . . |l⟩pN
)

(5)

repeating: (∑
ψm|m⟩s|m⟩p1 . . . |m⟩pK

)(∑
ϕl|l⟩pK+1 . . . |l⟩pN

)
(6)

correlation is a resource! 7



Numerical Results



Correlation Proxy

pairwise correlations : level of agreement of measurement outcomes

Cα :
∑

pairwise correlations with qudit α

Cp :
∑

α∈per
Cα

(7)

| ⟩s| ⟩p1 | ⟩p2 . . . | ⟩pN

compare initial Cp with final Cs!
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Simulation Procedure

Hs = C2

Hp = (C2)⊗N
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Simulation Results: Cs vs Cp
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Simulation Results: mutual information vs −Cp
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Simulation Results: mutual information plateau?
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Summary



Summarising

• special initial state for perceiver
• correlation is a resource
• simulations confirm hypothesis
• how did correlation emerge?
• experimental confirmation?
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Thanks! Any Questions?
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