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1 Large Sandwich-POVMs are Unobservable
Consider the propositional formula

F =
M∧

m=1

3∨
j=1

±vimj︸ ︷︷ ︸
Cm

.

Associate a qubit with every variable v1, v2, ..., vN .
The following valid measurements would allow us
to decide if F is satisfiable (NP-complete):

M(Cm) ={Π(Cm), Π(¬Cm)},

Px(F ) =
M∏

m=1

Π((−1)xmCm),

Qy =
N⊗
i=1

1+ (−1)yiX

2
,

and N (F ) ={Px(F )QyPx(F )}.
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The circuit implementation of
M(v1 ∨ v2 ∨ v3) illustrates
the local nature of the
measurement.

2 Algorithm

|+⟩ |ζ(C1)⟩ |ζ(C1 ∧ C2)⟩ . . . |ζ(F )⟩
Π(C1) Π(C2) Π(C3) Π(CM )

Π(¬C1)
N (true)
Π(¬C2)

N (C1)
Π(¬C3) N (C1 ∧ C2)

Idea: Measure until state satisfies all clauses. Undo
unwanted outcomes.

Success probability of each step > 1
2

is ensured by dilution
D(F ): Replace formula by equivalent larger formula, see
paper1.

1. Initialize N +M qubits in |+⟩⊗(N+M).
2. Set e = true.
3. For every clause C ′

i in D(F ):
(a) Measure M(C ′

i).
(b) If the outcome is Π(C ′

i), then set e = e ∧ C ′
i and

continue with next clause.
(c) Else undo with N (e).
(d) Try R times to get Π(C ′

i).
(e) Return “UNSAT”.

4. Return “SAT”.

With NP̸⊆BQP as axiom2, N (F ) is unobservable.

3 Consequences

3.1 Unobservable Paulis

• Naimark dilation of N (F ):
• The isometry
V =

∑
x,y |x, y⟩ ⟨y|H⊗NPx(f)

fulfills
V † |x, y⟩⟨x, y|V = Px(f)QyPx(f).

• Extend V to a unitary U .
• POVM is U followed by
Z-measurement.

• As Hermitian operator Z̃ = U†ZU .
• Similarly, other rotated

Pauli-operators are unobservable.

3.2 Unphysical Time Evolution

• Let T be the set of physical time
evolutions.

• As Z̃ is unobservable and Z is
observable, U ̸∈ T .

• The states ρ =
∑

z=0 pz |z⟩⟨z| and
ρ̃ = UρU† with pi ̸= pj are not
connected by any U ∈ T .

3.3 Unobservable Coherence

• Let |ψ1⟩, |ψ2⟩ s.t. |ψ2⟩ ̸∈ T (|ψ1⟩).
• Any observable A has vanishing
|⟨ψ1|A |ψ2⟩| ≈ 0.

• With |+⟩ = (|ψ1⟩+ |ψ2⟩)/
√
2,

ρcoh = |+⟩⟨+| and
ρincoh = 1

2 (|ψ1⟩ ⟨ψ2|+ |ψ2⟩ ⟨ψ2|)
are indistinguishable, as
tr(Aρcoh)− tr(Aρincoh)
=2Re(⟨ψ1|A |ψ2⟩) ≈ 0.

Classicality may partly arise because quantum phenomena
are too complex to observe.
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