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noncontextual
polytope

Such proofs do not rely on the
correctness of quantum theory
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They do rely on the correct characterization of the GPT states
and effects (or on the operational identities these satisfy)

as can be characterized by theory-agnostic tomography...

...IF the states and effects are tomographically complete:

For all possible states and effects on the system of interest,
s#s & p(els)#p(els)
for some e in the experiment

ere & p(els)#p(els)
for some s in the experiment

Page 3/45



Tomographic completeness is a testable assumption!

Of course, you can never be sure that a future experiment
won't be able to distinguish two processes that you currently
believe are equivalent.

But you can try to falsify an equivalence, and if you fail for long
enough you have good evidence for it holding.

The evidence one gathers for tomographic completeness is
exactly the same evidence that assures us that density
operators accurately describe preparations—strong evidence!
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What happens if you are mistaken
about tomographic completeness?
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Example 1

True Apparent
All quantum states
Only Z measurement .
-———
L

(Recall Tutorial 2)

“GPT Shadow”

Incorrect assessment of the GPT fragment.
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True

Example 2

All classical states
Only X and Y measurement

apparent (false) operational identity
Apparent

Incorrect assessment of nonclassicality.

47
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Example 3

All states in x-y plane
All effects in x-y plane

True

Correct assessment of GPT fragment!

Apparent
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If one’s states and effects are tomographic
for each other, the GPT shadow is trivial.

Relatively Tomographic:
For all states and effects actually done in the experiment,

efe o p(els) #p(€e’ls)
for some s in the experiment

)

s#s &  p(els) #p(els’)
for some e in the experiment

Sufficient condition for correct assessments
-of the GPT fragment in the experiment
-and consequently of (non)contextuality
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This is critical for testing nonclassicality of subsystems:

or of coarse-grained (effective) degrees of freedom:

0) = [0)®|0)®|0)
1) = 1)@ 1) o1}

logical (many) physical
qubit qubits
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Assessments of noncontextuality are robust to future
deeper theories being discovered

because relative tomographic completeness of quantum
processes is preserved in any postquantum theory

...that recovers quantum theory via coarse-graining or
“decoherence”
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Suggested references:

Theory-agnostic tomography

GPT shadows and subsystems:
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Resource Theories
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Operationalist

GPTs w/
symmetries

Generalized
probabilistic
theories

Device-
independent
paradigm

Realist

Ontological

models

Interventionist
causal models

Theory of
Bayesian
inference
Information
theory
Resource
theories
Pragmatist

AN
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What is entanglement?
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An operationalist definition of entangled states: those that cannot
be generated by mixtures of independent preparation procedures.

Many realists argue that entanglement is
a kind of holism or nonlocal “connection”.

Other realists argue that entanglement does not describe a new
way for a system to be, but rather a unique kind of correlated state
of knowledge (as in the Spekkens toy theory).

Pragmatically: we all agree that entanglement is a kind of correlation
that can be used as a resource for quantum communication tasks:
for secure key distribution, dense coding, teleportation, etc.
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How do we quantify entanglement?

Negativity, von Neumann entropy, entanglement of
formation/distillation, relative entropy of entanglement

Each of these “entanglement measures” is a function from multipartite
states to the real numbers, which is supposed to tell us "now much”
entanglement a state has.

But they all give different values, and sometimes don’t agree with each
other (e.g., on whether p, or p, has more entanglement)

How do we understand this?
On what systematic grounds is a given function a valid measure?
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This extremely simple methodology can be
applied to any kind of resourcefulness.

Entanglement chemistry,

Coherence natural resources,

Asymmetry finances,

Purity geometry (compass-and-straightedge)
Athermality etc

Nonlocality

Contextuality

etc

Suggested Reference:
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Process theory . Systems A, B, C,D, ...
Processesf, g, h,r,s, ... (the resources in question)

Closed under parallel and sequential composition

|5 Bl [D D
| A A |B
IR,
| 4 Al e Iz,
Subtheory T, Of

free processes

A resource theory is a
+ a subtheory T
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Conversion of channel resources:

D
We say f can be (freely) converted into g: |
[ free ’
| B D [B
- ! .
| A lc | A
\ free J
|C’

Then, fis at least as valuable as g.
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Conversion relations induce a of resources

Ry Ro
N N
Ry Rs  RY
L G

R

|

Re

R, is equally as valuable as R’;  (“in the same equivalence class”)
R, is strictly more valuable than R,

R, and R, are incomparable

R, and R, are both “maximally” valuable
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Conversion of state resources:

We say r can be (freely) converted into s:

Then, ris at least as valuable as s.
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Conversion relations induce a of resources

Ry Ro
NN A
Ry Rs R
N

R

|

Re

R, is equally as valuable as R’; (“in the same equivalence class”)
R, is strictly more valuable than R,

R, and R, are incomparable

R, and R, are both “maximally” valuable
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Measures of a resource

Def'n: Afunction M from resources to the real numbers is a
if it is nonincreasing under the free operations.

M, Iy 4 M, R 10
4 N
SRy J/ Ry 2 0 Ry, \UR; 2
A K/ \‘N ["4
R4 1 R4 -7

| |
v v
R5 0 R5 '8

M(R;)<M(R;) = R;»R;

Since free operations cannot increase resourcefulness.
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