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No-information without disturbance

If an instrument leaves unchanged all states of the system the
associated observable is trivial (do not provide information).

P. Busch, P. Lahti, and R. F. Werner, Rev. Mod. Phys. 86, 1261 (2014)

P. Busch, “no information without disturbance”: Quantum limitations of measurement,” in
Quantum Reality, Relativistic Causality, and Closing the Epistemic Circle: Essays in Honour of
Abner Shimony (Springer Netherlands, Dordrecht, 2009) pp. 229-256
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“Quantum” “Classical”

How “quantum” is no-information without disturbance?

J. Barrett, Physical Review A 75, 032304 (2007)
G. M. D’Ariano, G. Chiribella, and P. Perinotti, Cambridge University Press (2017)
T. Heinosaari, L. Leppajarvi, and M. Plavala, arXiv:1808.07376 (2018)
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However, in general, disturbance cannot be checked locally
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1. Framework: operational probabilistic theories

Definition of non-disturbing test

Definition of no-information test

2. No-information without disturbance

Necessary and sufficient (and only sufficient) conditions

3. Information without disturbance

Structure theorem for probabilistic theories

Theory with full-information without disturbance —> all systems are classical

4. Overview: no-information without disturbance vs local tomography and purification
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CDP, Phys. Rev. A 84, 012311 (2011)

Systems: A
‘quantum instrument”
collection of
finite set of ‘quantum operations”
" outcomes
A [|B A B
Test: {Ai}iEX I collection of events: —— .Az —

Preparation test: collection of states ( p

Observation test: collection of effects _A a ’
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Consider a test of a theory
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Usual definition (“guantum” definition)
{Ai}iEX is non-disturbing if
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set of states of system A

this is inconsistent for theories without LOCAL TOMOGRAPHY
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An example: Fermions

" ven secior PARITY SUPERSELECTION

Fock space: F = JF. @ F, No even-odd
superimposition

a|10) + 5]01)

1
local mode

Any state is of the form:

a <pge (1 —Op)po>

PARITY SUPERSELECTION => non-local tomography
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Definition (non-disturbing test):
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Definition: a theory satisfies no-information without disturbance (NIWD) if

{A;}iex non-disturbing = {A;};cx no-information

Necessary and sufficient condition for NIWD

Theorem: NIWD <= the identity transformation is atomic for every system of the theory
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Other necessary and sufficient condition for NIWD

Proposition: NIWD <= VY system there exists an atomic transformation which is either
left- or right-reversible

Corollary: Non-local boxes (PR-boxes) satisfy no-information without disturbance

Sketch of the proof

Elementary system: S @

Arbitrary system S®N

S : Has atomic reversible transformations Z/{
G. M. D’Ariano and A. Tosini, Quantum Information Processing 9, 95 (2010)

S®N: Reversible transformations U1 QU Q-+ -Up

S. W. Al-Safi and A. J. Short, J. Phys. A: Mathematical and Theoretical 47, 325303 (2014)

Parallel composition is atomic due to local tomography
G. M. D’Ariano, F. Manessi, and P. Perinotti, Phys. Scr. 2014, 014013 (2014)
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Only sufficient conditions for NIWD

Proposition: Any convex theory with purification satisfies NIWD

Proposition: If for every system there exists a pureﬁaithful state]then the theory satisfies NIWD

-
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Corollary: Fermionic quantum theory satisfies NIWD

Corollary: Real quantum theory satisfies NIWD
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X C Dilations of St(A) Y C Dilations of EfF(A)

)

No-information without disturbance upon input of X and upon output of Y

non-disturbing no-information
{Ai}iEX upon input of X — {Ai}quX upon input of X
and upon output of Y and upon output of Y

necessary and sufficient (and only sufficient) conditions analogous
to that for no-information without disturbance



Information without disturbance

If the identity map is not atomic?



Information without disturbance

If the identity map is not atomic?

Theorem: for every system the atomic decomposition of the identity is unique, and

Ta=>» A = AA; =04

R “orthogonal projectors”



Information without disturbance

If the identity map is not atomic?

Theorem: for every system the atomic decomposition of the identity is unique, and

Ta=>» A = AA; =04

R “orthogonal projectors”

-} The information that can be extracted without disturbance is “classical” information

Each block
1 =1 satisfies NIWD




Information without disturbance

If the identity map is not atomic?

Theorem: for every system the atomic decomposition of the identity is unique, and

Ta=>» A = AA; =04

R “orthogonal projectors”

-} The information that can be extracted without disturbance is “classical” information

Systems A,B

Ta=>» A St(A)=|

Ig=» B; St(B)=
J




Information without disturbance

If the identity map is not atomic?

Theorem: for every system the atomic decomposition of the identity is unique, and

Ia = ZA@ = A;A; = 0;A;

R “orthogonal projectors”

-} The information that can be extracted without disturbance is “classical” information

Systems A,B

A = Z.AZ St(A) —

Ig=» B; St(B)=
J

St(AB)

satisfies NIWD
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Theorem: If an theory is full-information without disturbance then every system of the theory is classical

Sketch of the proof

|. consider an arbitrary system A

. the identity is not atomic => St(A)7/ |
2l

I[l. Prove that all blocks are

Classical system: the base of the cone of states and effects is a SIMPLEX
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Non-local boxes theory (PR-boxes)
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e We proved that it satisfies NIWD

* Violates purification

Deterministic classical theory

* |t satisfies purification

e \iolates NIWD
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Proposition: NIWD and local tomography are independent properties

No-info w. disturbance

Local tomography

Classical theory

e Satisfies local tomography

e Violates NIWD:

Full-information without
disturbance

Fermionic and real quantum theory

Satisfy convexity and purification = satisfy NIWD

Both bilocal-tomographic = violate local tomography
L. Hardy and W. K. Wootters, Foundations of Physics 42, 454 (2012)

G. M. D’Ariano, F. Manessi, P. Perinotti, and A. Tosini, IJMP A 29, 1430025 (2014)
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