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Operational probabillistic theory (OPT)
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(Goal of Science

. To connect “objective things happening” (events)
. To devise a theory of such “connections” (systems)

. To make predictions for future occurrence (predict joint
probabilities of events depending on their connections).
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Which events happen is objective

Systems are theoretical

OPT: methodologically fit, falsification-ready




oal of an OPT

To provide a mathematical description of
systems and events consistent with thelr
composition rules, allowing to evaluate
their joint probability distribution depending
on the graph of connections




An OPT Is an Information Theory
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An OPT Is an Information Theory
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systems

OPT framework

Joint probabillities + connectivity — Ay B,
-
g) Ao 4 B,
L]
Input output
A4 B,
)
% Ao {CQ%L} Bo
|_

Marginal probability

Zp(z’,j, k,...|circuit) = p(j|circuit)



OPT framework

joint probabillities + connectivity

Marginal probability

Zp(i,j, k,...|circuit) = p(j|circuit)

Irivial system

(pi FB— = L[| B

preparation

A aj) P — A % |

observation

p(i, 3, k, 1, m,n, p, g|circuit)
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OPT framework

joint probabillities + connectivity

Propbabilistic
eqguivalence classes

effect
transformation
Al B1
A2 ‘Q{ B2

p(i, 3, k, 1, m,n, p, g|circuit)

B

4

C

ﬁA
<7
E
L
H
B
o

D

G

En

S




OPT framework

joint probabilities +

Probabilistic

equivalence

category tr

classes

eory:

transforma
systems

OPT: strict monoidal braided category

1ONS =» Morphisms
= Oobjects

effect
transformation
Al B1
Ao 4 Bso

p(i, 3, k, 1, m,n, p, g|circuit)
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OPT framework

Seqguential composition (associative)

A {%}XEX 5 {%y}yEY L —. A {%x O %}(x,y)EXXY
|[dentity test
A jA A (g B — A (g B — A (g B




OPT frameWOrK OPT: strict monoidal braided category
: ' D
Parallel composition (associative) Quantum Theory: symmetric OPT

A {%}XEX B
= AL ® By} xyyexxy o2
S {%y}yEY D B A
S SXED— BA AX;-B
AB ~ BA =: Sy 5AB (braided) e
A c
AT =1A | . - fb - ya =
(strict monoidal) c 1> , — EX
A(BC) = A(BC) B ~ natureness A

(AB)C ~ A(BC) (monoidal) Sy =SB (symmetric)



OPT framework

Sequential and parallel compositions commute
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Quantum Theory as OPT

system A TON (1)
system composition AB TR = TN R FR
transformation 7 € Transf(A — B) T € CP(T(HA) = T(58)) (2)
Theorems
trivial system system | J4=C

deterministic transformation S &€ Transf| (A — B) T € CP_(T () = T(HB)) (2)
states | p € St(A) = Transf(I - A) | p € T, (JA) (3)
p €Stj(A) = Transf| (I = A) | p € TZ, () (3)

p € St(I) = Transf(I — 1) p (0,1

p € Sty (I) = Transf(I — 1) p =

effects | € € Eff(A) =Transf(A — 1) | €(-) =Tra|-E], 0 < E <1y (4)
e € Eff|(A) = Transf; (A — 1) | € =Trp (4)




Principles for Quantum Theory
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P1. Causality

P2. Local discriminabillity

P3. Purification

P4. Atomicity of composition
PS5. Pertect distinguishability
P6. Lossless Compressibility
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G. Chiribella, G. M. D’Ariano, P. Perinotti, Probabilistic Theories with Purification Phys. Rev. A 81 062348 (2010)

G. Chiribella, G. M. D’Ariano, P. Perinotti, Informational derivation of Quantum Theory Phys. Rev A 84 012311 (2011)
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Principles for Quantum Theory

o1 Cansa pli. |2 %) = (ajlp)

P2. Local discriminability *

P3. Purification p(i| 2", ) =p(i| 2, %) = p(i| Z')

P4 Atomicity of Composition Iff conditions: a) the deterministic effect is unique;
' b) states are “normalizable”

PS. Pertect distinguishabillity
P6. Lossless Compressibility

The probabillity of preparations is
iIndependent of the choice of olbservations

p(i, 5, k, 1, m,n, p, q|circuit)
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Principles for Quantum Theory

1. Causas P 2. %) = (ajlp)

P2. Local discriminability *

P3. Purification p(i| 2", %) =p(i| 2, Z") = p(i| Z')

P4 Atomicity of Composition Iff conditions: a) the deterministic effect is unique;
' b) states are “normalizable”

PS5. Pertect distinguishability

P6. Lossless Compressibility E /; —, = @& maginalstate

The probabillity of preparations is
iIndependent of the choice of olbservations

No signaling without interaction
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Principles for Quantum Theory

P1. Causality

P2.|Local discriminability

P3. Purification

P4. Atomicity of composition
PS. Pertect distinguishabillity
P6. Lossless Compressibility

It Is possible to discriminate any pair of states of
composite systems using only local measurements.
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Principles for Quantum Theory (s[5« (o[ 5= = (o[ (<[
P1. Causality

P2.|Local discriminability '

P3 . Purification | ocal characterization of transformations
A A’
P4, Atomicity of composition E IO oA

PS. Pertect distinguishabillity
P6. Lossless Compressibility A

It Is possible to discriminate any pair of states of B
composite systems using only local measurements.
* | Reductionism
Z :
\_

Origin of the complex tensor product
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Principles for Quantum Theory

P1. Causality

P2. Local discriminabillity

P3. Purification

P4 . |Atomicity of composition
PS5. Pertect distinguishability
P6. Lossless Compressibility

The composition of two atomic
transformations is atomic

Complete information can lbe accessed
on a step-by-step basis



Principles for Quantum Theory

P1. Causality

P2. Local discriminabillity

P3. Purification

P4. Atomicity of composition

P5.|Pertect distinguishabillity

P6. Lossless Compressibility

Every state that is not completely mixed (i.e. on the
boundary of the convex) can be perfectly distinguished
from some other state

Falsifiabllity of the theory



Principles for Quantum Theory

P1. Causality

P2. Local discriminabillity

P3. Purification

P4. Atomicity of composition
PS. Pertect distinguishabillity

P6.|Lossless Compressibility

-or states that are not completely mixed
there exists an ideal compression scheme

Any face of the convex set of states Is the
convex set of states of some other system




Principles for Quantum Theory

P1. Causality

P2. Local discriminabillity

P3,

P4. Atomicity of composition
PS5. Pertect distinguishability
P6. Lossless Compressibility

Every state has a purification.
For fixed purifying system, every two purifications of the

same state are connected by a reversible transformation
on the purifying system




Principles for Quantum Theory Consequences

1. Existence of entangled states:

P‘l Cau Sa‘lty the purification of a mixed state is an entangled state;
the marginal of a pure entangled state is a mixed state;

P2 LOcal dlscrlmlnab”lty 2. Every two normalized pure states of the same system are

PS PU rifica’[iOﬂ connected by a reversible transformation

T1LB B B
P4. Atomicity of composition < 2
P5. Perfect dlStlﬂQUlShab”lty 3. Steering: Let ¥ purification of p. Then for every ensemble
P6 I_ 0S S‘ 0SS COmpreSSini ty decomposition p=) px0x there exists a measurement {by}, such that

A
Every state has a purification. l Y = py (2 |2 Vxe X
For fixed purifying system, every two purifications of the

{50

same state are connected by a reversible transformation 4., Process tomography (faithful state):

on the purifying system A [ A A [ A
(L2 (L e v

5. No information without disturbance




Principles for Quantum Theory Consequences

©. Teleportation

P1. Causality C .
2. Local discriminapility B @w HUA- VxeX

P3.

/. Reversible dilation of “channels”

P4. Atomicity of composition o (T » E
Po. Pertect distinguisnanillity A A
P6 I_OSS‘@SS CQmpreSS|b”|ty 8. Reversible dilation of “instrumints” )

Every state has a purification.
For fixed purifying system, every two purifications of the A o, = C B g9 | B b, ) Yx e X
Ui

same state are connected by a reversible transformation
on the purifying system

E E e)

9. State-transformation cone isomorphism

10. Reversible transform. for a system make a compact Lie group



Other OPTs

Caus. | Perf. disc.|Loc. discr.|n-loc. discr.|At. par. comp.|At. seq. comp.|Compr.|d Purification | 3! Purification | NIWD
QT v v v v v v v v v v
CT v v v v v v v X X X
QBIT | / v v v v v X v v v
FQT v v X v v v X v v v
RQT | / v X v v v v v v v
NSQT | 7 ? X X ? ? 7 7 ? ?
PR v ? v v v ? X X X v
DPR | V/ 7 v v v ? X X X v
HPR | / 7 v v v v v v v v
FOCT| X ? v e v 7 7 X X 7
FOQT| X ? 7 v 7 7 7 7 7 7
NLCT| v X v X ? v X X X
NLQT| 7 ? 7 v ? 7 7 ? ? ?
QT: Quantum theory PR: PR-boxes theory
CT: Classical theors DPR: Dual PR-boxes theory
HPR: Hybrid PR-boxes theory
@BLL: Qubit theory FOCT: First order classical theory
FQT: Fermionic quantum theory FOQT: First order quantum theory
RQT: Real quantum theory NLCT: Non-local classical theory
NSQT: Number superselected quantum theory NLQT: Non-local quantum theory




“HOW TO GET THE “MECHANICS?”

QUANTUM FIELD THEORY: an ultra-short account



[ PRINCIPLES } [ THEORY J (RESTRICTIONS] [ INTERPRETATION }

.TH_ FRA MEWO- ﬂuivalence A B needs A> B
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' framework

P Atomicty of Perfect dea Info-theoretical principles for Quantum Field Theory

discriminability i ificatioy composition discriminability compressibility
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tRINCIPLE’ ' THEORY l ' RESTRICTIONS l .TERPRETA TI’
A > B

Operational
Information
framework
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“NO PURIFICATION ONTOLOGY”

NO PARADOXES!



Quantum Theory: no purification
ontology

1.

2.

P3. |Purification

|solated systems don't need to be
N a pure state!

|solated systems don’t need to
undergo unitary transtormations!

Unfalsitiable ontologies!

Purification of states
.

Unitary purification of channels
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Quantum Theory: no purification
ontology

P3.|Purification

1. Isolated systems don’t need to be
N a pure state

2. Isolated systems don't need to
undergo unitary transformations

The necessity for Faddeev-Popov ghosts follows from the requirement that quantum field
theories yield unambiguous, non-singular solutions. This is not possible in the path integral
formulation when a gauge symmetry is present since there is no procedure for selecting
among physically equivalent solutions related by gauge transformation. The path integrals
overcount field configurations corresponding to the same physical state; the measure of
the path integrals contains a factor which does not allow obtaining various results directly
from the action.

It is possible, however, to modify the action, such that methods such as Feynman
diagrams will be applicable by adding ghost fields which break the gauge symmetry. The
ghost fields do not correspond to any real particles in external states: they appear as
virtual particles in Feynman diagrams - or as the absence of gauge configurations.
However, they are a necessary computational tool to preserve unitarity.

Unitarity in quantum field theory?




Quantum Theory: no purification No paradoxes, and more ...
ontology

P3.
1. Isolated systems don't need to De [
N a pure state

2. Isolated systems don't need to
undergo unitary transtormations




This Is more or less
what | wanted to say

THANK YOU!
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