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Quantum does it better!

@ Quantum objects give an advantage over classical ones.
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Quantum does it better!

@ Quantum objects give an advantage over classical ones.

@ Unifying theme in quantum information: quantum is a
resource.

We want to quantify the resourcefulness. J
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What is a resource?
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What is a resource?

Something becomes a resource when there's some limitation.

Oil as a resource

QOil is a resource because e.g. cars need fuel.
It becomes more valuable if there isn't much of it.
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Quantum resource theories [Chitambar & Gour]

@ Everything starts with a restriction on the allowed
operations (e.g. channels). ..
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Quantum resource theories [Chitambar & Gour]

@ Everything starts with a restriction on the allowed
operations (e.g. channels). ..
@ Only a subset of operations can be performed (free
operations), dictated by the physical setting:
o the identity channel is free;
e the composition of free operations is free;
o the tensor product of free operations is free.
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Quantum resource theories [Chitambar & Gour]

@ Everything starts with a restriction on the allowed
operations (e.g. channels). ..
@ Only a subset of operations can be performed (free
operations), dictated by the physical setting:
o the identity channel is free;
e the composition of free operations is free;
o the tensor product of free operations is free.

Common mathematical framework given by category theory
[Coecke et al.]. J
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Various flavours

Static resource theories [Chitambar & Gour]

The resources into play are states.
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They're useful when we're interested in tasks with states.

Dynamical resource theories

[Liu & Yuan, Liu & Winter, Gour & CMS '21]

The resources into play are processes.
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Various flavours

Static resource theories [Chitambar & Gour]

The resources into play are states.

They're useful when we're interested in tasks with states.

Dynamical resource theories
[Liu & Yuan, Liu & Winter, Gour & CMS '21]

The resources into play are processes.

They're useful in communication scenarios.

Main question

Can A be converted into B with free operations?
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Success of resource theories

@ Static resource theories
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Success of resource theories

@ Static resource theories

entanglement theory [Horodecki et al.];
quantum thermodynamics [Lostaglio];

quantum coherence [Streltsov et al.];
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Success of resource theories

@ Static resource theories

entanglement theory [Horodecki et al.];
quantum thermodynamics [Lostaglio];

quantum coherence [Streltsov et al.];

symmetry and reference frames [Bartlett et al.].

@ Dynamical resource theories

e entanglement theory [Gour & CMS '20];
e quantum thermodynamics [Faist et al.];
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Success of resource theories

@ Static resource theories

entanglement theory [Horodecki et al.];
quantum thermodynamics [Lostaglio];

quantum coherence [Streltsov et al.];

symmetry and reference frames [Bartlett et al.].

@ Dynamical resource theories

e entanglement theory [Gour & CMS '20];
e quantum thermodynamics [Faist et al.];
e quantum coherence [Saxena et al.].
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Two resource theories [Chiribella & CMS]

© Pure-state entanglement
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Two resource theories [Chiribella & CMS]

© Pure-state entanglement

e convert a pure bipartite state [¢)) 45 into [)) 45
e use only local operations and classical communication

(LOCC)
© Non-uniformity

e convert a state p4 into a state o4
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Two resource theories [Chiribella & CMS]

© Pure-state entanglement

e convert a pure bipartite state [¢)) 45 into [)) 45

e use only local operations and classical communication
(LOCCQ)

© Non-uniformity

o convert a state pa into a state o4
e use only random unitary channels (RU)
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Two resource theories [Chiribella & CMS]

© Pure-state entanglement
e convert a pure bipartite state [¢)) 45 into [)) 45
e use only local operations and classical communication
(LOCCQ)
© Non-uniformity
e convert a state p4 into a state op
e use only random unitary channels (RU)
e relevant to thermodynamics of isolated systems
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Two resource theories [Chiribella & CMS]

© Pure-state entanglement

e convert a pure bipartite state [¢)) 45 into [)) 45
e use only local operations and classical communication

(LOCCQ)
© Non-uniformity
e convert a state p4 into a state op
e use only random unitary channels (RU)
e relevant to thermodynamics of isolated systems

Nielsen's theorem [Nielsen]

) a5 25 |§) ag if and only if trg 1) (] &S trg|6) (4],
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Future directions

© Develop more dynamical resource theories.
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Future directions

© Develop more dynamical resource theories.
@ Find ways to link different resource theories (functors).

© Export the machinery of resource theories beyond
quantum information (category theory) [CMS et al.].
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