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Why do we have these two
categories?

Curious _
guy

Symmetrisation postulate!

When a system is made up of several identical particles, only certain states in its state
space can describe its physical states. Physical states are, depending on the nature of the
identical particles, either symmetric or antisymmetric with respect to permutation of these
particles. Those particles for which the physical states are symmetric are bosons and
those for which they're antisymmetric, fermions




Can we retrieve this from a
symmetry argument?
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Exchangeability on?

Classical framework QM equivalent

Probability distribution Density operator
Set of probability distributions  Set of density operators

Set of desirable gambles Set of desirable measurements
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Up to
boundary
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Abstract

We argue that there is a simple, unique, reason for all quantum paradoxes, and that
such a reason is not uniquely related to quantum theory. It is rather a mathemati-
cal question that arises at the intersection of logic, probability, and computation.
We give our ‘weirdness theorem’ that characterises the conditions under which
the weirdness will show up. It shows that whenever logic has bounds due to the
algorithmic nature of its tasks, then weirdness arises in the special form of negative
probabilities or non-classical evaluation functionals. Weirdness is not logical incon-
sistency, however. It is only the expression of the clash between an unbounded and
a bounded view of computation in logic. We discuss the implication of these results
for quantum mechanics, arguing in particular that its interpretation should ultimately
be computational rather than exclusively physical. We develop in addition a proba-
bilistic theory in the real numbers that exhibits the phenomenon of entanglement,
thus concretely showing that the latter is not specific to quantum mechanics.



Set of desirable measurements ¥

Decision theoretic approach

Decision-theoretic postulate 1

Let € be the eigenspace corresponding to an eigenvalue A of the measurement operator

A€ A,. Then uji(la)) = X for all |a) € € with (ala) = 1.

Decision-theoretic postulate 2

eigenket s uf;i. where the eigenket |a;) corresponds to eigenvalue \; for alli € {1,2,..., n}.
Let w: {1,2,..., n} = {1,2,..., n} be any permutation of the indices. Now let Be Al
be the operator with the same eigenkets |a;), |az),. .., |as), but now corresponding to the
respective eigenvalues Az(1y, Ax(2)s - - - » Ar(n)- Consider the normalised kets |Uz), [p) € H
described by

n n

[¥;) = Z(),-|u,) and |¢5) = Znﬁ(,ﬂu,).
i=1 i=1

Then
ui(|vz) = upl|vg).

Decision-theoretic postulate 3

Let A € A} be an operator with eigenvalue \; corresponding to eigenspace & with i €
{1,2,..., p}. Now take Be AP™ as the operator with eigenvalues A; corresponding to
eigenspaces & @ H™ withi € {1,2,..., p}. For dll |¢) € H" and |¢) € H™, we then have
that uz(|¢)) = up(|Y) @ |9)).

Decision-theoretic postulate 4
If A,B € A}, are commutating operators, then ug, g(|¢)) = uz(|v)) + ug(|Y)) for dll
lv) € H.

Decision-theoretic postulate 5
The utility function is continuous: let A € A} be any operator and |¢n), |v2), -+ € H be
any sequence of kets, then

lim |[¢;) = |¢) = ._1‘1111\ ui(|vs) = uz(|¥)).

i—+0c




Exchangeability through indifference

=
imate Reasoning
journal homepage: www.elsevier.com/locate/ijar ——

Exchangeability and sets of desirable gambles
Gert de Cooman, Erik Quaeghebeur *
Ghent University, SYSTeMS Research Group, Technologiepark — Zwijnaarde 914, 9052 Zwijnaarde, Belgium
ARTICLE INFO ABSTRACT
Article history: Sets of desirable gambles constitute a quite general type of uncertainty model with an
Available online 13 December 2010 interesting geometrical interpretation. We give a general discussion of such models and

their rationality criteria. We study exchangeability assessments for them, and prove coun-
Keywords: ' terparts of de Finetti’s Finite and Infinite Representation Theorems. We show that the finite
Sets of desirable gambles representation in terms of count vectors has a very nice geometrical interpretation, and
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up to boundary behaviour l

Set of density operators



Permutation invariant

0 =T1,.0I1 forall m € P

r

Probabilistic mixing of bosonic, fermionic and para-
Set Of particle density operator

0 ="DPsPs + PaPa + Pobo
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Questions?

i ?
What are these para-particles”

ions?
Can we single out bosons and ferm

f?
Can we use count vectors”

lndistinguishabilitythrough

Exchangeabih'ty in Keano.De Vios
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Quantum Mechanics? Jasper.De Bogk UGent.be

11/1) State yp):
element’ of 5 finite dimen-
sional Hilbert Space .2°

) How can we Your
A Measyremen! A: ) .
Hermitian operator on.2 uncerta,nty about I‘ff> ?

A Possible outcomes- R
the eigenvalues ) of 4

-, q Set 7 of desirable Measurements

Utility function i X .

A measurement i desirable if You prefer g .
A—y i(lp) = (lAly) certain utilty u ;1)) 1, receiving nothing
A This set is coherent if
Possible motivations: — D1.0g¢ g [strictness]
1) Decision theoretic postylates D2

A . . Ko S 9 [accepting syre gain]
fﬁ.ﬁ:ﬁiiﬁi outeome of 4 given Borns prop, D3Abcon i g, (additviy]
Dddegs g €9 [positive scaling]

Density Operators

* Density operator ;5 . L PrlYR) (] with
Probability mass " fyncijon PLo.pr over
Possible states )., ).

. Expsczedaulcome of Ais Es(A) = Te(pA)

Adding imprecision

Credal set

Set of density operators
7= {p: (VA e 2)Te(pA) > o)

Up to boundary behavioyr

when the particles in g System are indistinguishable?

Standarg approach: Symmetrisalion Postulate
When a System is. made up of several identical Particles, only certain states in jts state space can describe its Physical States. Physical
states are, dependmg on the nature of the identical particles, either Symmetric or antisymmetric with respect to Permutation of these
Particles. Those Particles for which the physical States are Symmetric are bosons, ang those for Which they're anusymmemc, fermions.

Bosons (Symmetric Particles) Fermions (Antisymmetric particles)

State [y) & 25 Nry) = ) for all permutations 7. State |y) ¢ 23 Nfy) = S80(71) ()} for all Permutations .
Bosonic density operator Psi s = Tp, BT for all 7, Fermionic density operator j,: j, — SEN(7) [T, — SEN(7)alT, for alf .

) [afy) = |y ) (Ixly) = ~Jy)

> o

Idea: indistinguishability through indifference

Exchangeability Strong +-symmetry
g +-sy1

Indistinguishable particjes order shouid not matge. How can we single oyt fhe assessment that the paricles are sym-
Indifferent between 18C8IVing 1 ;1)) ang “4(1T(¥)), or equiy.- metric, + — 5, or antisymmetrio, + — a3 g Symmetry operator
alently between executing A4 — ITLATT, ang ,

18eds to break the quadrai symmetry;
Sy(A) == 5532,@(,'1;/; +AIT), for 7 e p,
Indifferent between A +(A4) and 0,

ATy i Indiﬂerence
1 . w
ZATL: A e/{,ne){’}ﬂ@ o

{4 75,5,(/1):/46‘}’/’,”6]1’}

Exchangeable set of density operators Strong +-symmetric set of density operators

Every density operator 0 in the credal set s, js Permutation  Every ongiy OPeralor { inthe credal set ., satisfies
111, P,

invarian: w for all 7 ¢ P = sgn* (7)1 - 580" (7)1,
Equivalently, thege density operators can pe Written as the the

Probabilistic mixing of 5 bosonic, a fermionic ang 5 Para-particle

density operator, *=s =
0=pps + Pafa + Pofo

Para-parﬁcles (HUH?)

These obey oy fhe Wweaker permutaion
Symmetry, 5, — T} As 5 collection of
Para-particles cannot e distuinguished from
standard particies, the;y existence has nej-
ther been confirmeg noy excluded,

In fact, some look to Parastatistics in order to
eXplain some properties of dark matter.

Second Quantisation

There is a lot of redundancy in the modelling
of fermions ang bosgps,

I quantum mechanigs fhis is Solved by con-
sidering second quanisation, This approach
considers occupation numpers and is com-
Pletely similar to the coyn vector approach
In imprecise probabjies, fact, we proveq
that we can represen strong «-symmetric
Syt of desirable measurementy o the whole
2 BY smaller dimensiona geqs of desirale
measurements on fhe subspace of coyng
vectors,

&ééFLip quizeon
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What kind of partigje js
not modelled through
strong +-symmetry»
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