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Non-Classical Kirkwood-Dirac Coherence
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Dephased Bures Predictability

Bures Distance

Maximally 
unpredictable 
state
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Dephased Bures Predictability

Bures Distance

For Pure States

Maximally 
unpredictable 
state
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Convex Roof Constructed Coherence

Fidelity by Uhlmann

Coherence
Pure States
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Wave-Particle Duality Relation (Quantum Duality)
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Wave-Particle Duality Relation (Quantum Duality)

Coherence = Quantumness (Superposition)

Predictability = Particleness (Classical Determinism)

Greenberger & Yasin, “Simultaneous wave & particle knowledge,” Phys. Lett. A 128, 391–394 (1988).
Englert, “Fringe Visibility & Which-Way Information,” Phys. Rev. Lett. 77, 2154–2157 (1996).



Interpretation as Unpredictability

Alice Bob

The maximum 
average 
predictability

Average 
Predictability of 
Bob’s 
MeasurementCoherence = Irreducible Unpredictability



Triality Equation from Entropy Production
Upper Bound for Entropy Production

Triad Equality
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Interpretation as Unpredictability

Coherence = Irreducible Unpredictability



Predictability and Particle 
Definiteness as Resources



Coherence

Practical definition:
For a quantum state ρ, the coherence C(ρ, X) is any functional of the 
quantum state ρ which quantifies how coherent (how strong is the 
superposition of) the quantum state ρ is with respect to an incoherent basis 
X.

C = 0 C = 1



Predictability

Practical definition:
For a quantum state ρ written in the X basis, the predictability P(ρ, X) is any 
functional of the diagonal probabilities with respect to X which quantifies how 
certain the measurement is.

P = 0 P = 1



Non Classical Kirkwood Dirac Coherence

For Pure States



Bures Predictability

The two are related



Geometric 
Predictability (from 
Bures Distance)

Forming Quantum 
Coherence through 
Convex Roof 
Construction

Relation with Tsallis 
Entropy Production

Wave-Particle 
Duality 

(Inequality)

Wave-Particle 
Duality (Inequality) 

and Triality 
(Equality)

Geometric Particle 
Definiteness (from 
Trace Distance)

Connection with 
Particle Interference

Wave-Particle 
Duality (Equality)



Geometric Coherence

Coherences that are defined using Fidelity.



Convex Roof Construction of a Coherence from the 
Geometric Predictability

Non-Classical Kirkwood-Dirac Coherence

Bures 
PredictabilityExpression for Pure States



Convex Roof Construction and Wave-Particle Duality 
Relation

Duality

Convex Roof Construction



Quantum Guessing Game with Classical Information

Alice Bob

The maximum 
average 
predictability

Average 
Predictability of 
Bob’s 
Measurement

Coherence quantifies the classically-irreducible unpredictability



Entropy Production

Relative 
Entropy

Relative 
Entropy of 
Coherence

Bures 
Predictability



½-Tsallis Entropy Production 

Duality

Triality (By setting the thermal eq state as the identity )

Upper Thermodynamic Bound 
(Maximum Entropy Production)



Particle-Definiteness - Quantum Shell Game

Dichotomic Yes/No Measurement

Particle Definiteness

Trace 
Distance



Complementarity Relations

where



Physical Significance of Wave-Particle Relation

- Express Bohr’s complementarity principle of wave and particle quantitatively 
through geometric measures.

- Turn off the duality by adding a third term (entropy) and turning the 
complementary relation into an equality which corresponds to recent results 
(adding entanglement).

- Relate two or more quantum resources and express their trade-off equations.



½-Tsallis Entropy Production

½-Tsallis Entropy

Upper Thermodynamic Bound 
(Maximum Entropy Production)



Wave-Particle Triality Relation
Relation between ½-Tsallis Relative Entropy to 
Normalised Bures Predictability

Duality

Triality (By setting the thermal eq state as the identity )



Particle Interference - Coherence

Non-real Kirkwood Dirac Coherence


