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e realm of indiscernible, ineffable, objects
— There are proposals of a ‘new ontology’

Quantum Mechanics (QM) — the ‘(pre)theories’ about QP
— Heinsenberg, Schrédinger, Bohm, Dirac, QFT, etc.
— The “partial” quantum (pre)theories about D.

— Using standard mathematics (and logic)
— (Reichenbach, Février -- other logics)



Pluralism
(of views, of logics, of maths., of ...)

The ‘damain’ of OF motivated the develapment of OM, but only to a certain poini: the resulting
farmalism firuly, several of themf “was the autcame af a camplicated canceptual pracess af fricl
and ervor and it is hardly an oversiatement to say that it preceded its own interprefation, o
development almost unigue in the history of physical science.” (M. Jammer, The Phil of OM p. 2).

These links are HSHEH.}' broken the intended model
Copenkagen fust ‘mirrors' D
The qunutum damam . - —

Schrodinger

#\

A domain of ktowledge ~ Predheories about D
D {informal maths.) The models of T.
{ontological issues) i{They capture aspecis of D) M

The semantic view: a Tis
The theort D, 1 ;
This part tisapaars'from sores of D gven by ths class o s
. models.
the formaliss. ideal {axiomatic)



The needs for a quantum logic

« Different interpretations (or quantum (proto)theories)
Schraodinger: The ontology of waves (but they are also objects of some kind)
— standard mathematics (and logic)
« Heinsenberg, Bohr: the Copenhagen view

— They reject the objective reality of the quantum world

— We only describe our experiences with macroscopic apparatuses.

— “QM is a mathematical scheme that relates the results of observations
in a statistical fashion.” -- standard mathematics (and logic)

 Dirac, Bohm, etc.

« Carl von Weizsacker
Epistemological propositions: “The measurement of the observable P has

value k”
Ontological propositions: “The physical object x has the property P”

Physical theories have some kind of ‘objectivity’, that may be ontological or
simply experimental.



The ‘object’ in quantum physics

These links are usually broken
|

« (in the quantum domain) Mfmmm ““Néfl

« P. Mittelstaedt, P. Weingartner, P. Teller, M. Redhead.,...
« Quantum Ontology (how QM works)

— They are objects of predication: they have properties
and can be classified in species (particle physics)

— They can be aggregated in certain amounts (collections
of quanta): BECs

— There are sharp properties and vague objects



» Planck’s derivation of the Black Body Radiation Law
» B-E statistics
— They cannot be named, labeled, counted
» Possible names are only ‘mock’ names
» There are no rigid designators (genidentity)
— Individuals and non-individuals:
» two possible metaphysics

In the formalisms, there is no ‘semantic’ counterpart for such
(only) ‘formal’ entities.



Hore we work within a 'standard " set theorp.

T——— D

The models of I,

N —

The semantic view: a T is
oiver by the class of its

D
rof 1)

Thetheories of D,

Fithin set Hieory, we are
comnited to obey it
underlying principles:
indiscernibilily can be
deall with only via
symmetry condifions,

the siructures con always
be extended to o rigid
straciure, efc.



“We begin with the strongest effect, that of the electron Coulomb interaction with the nucleus. In
that case we can write the [symmetric] Hamiltonian as:

The subscripts 1 and 2 refer to the electrons 1 and 2.”
http://tesla.phys.unm.edu/phy537/11/node4.html

« QP (quantum physics) presupposes
] _(q o PRy ] )P ] PP How to treat them within classical
indiscernibility, while classical maths?

mathematics can deal with indiscernible
objects only if restricted to a certain
framework, or structure.



Do the ends justify the methods?
In the Machiavellian QM, apparently this is the case.

*“The coordinates of the electrons are labeled 1 and 2 under the
provisional assumption that the particles are in principle distinguishable. Of
course, we know that this assumption is false but (...) with this assumption

we can obtain the entire spectrum of the two-electron system.”

* (E. Merzbacher, Quantum Mechanics, 2nd. Ed., John Wiley, 1970, pp. 442-3)

Agent Smith 1 Agent Smith 2

Who is Agent Smith?

Does it matter?




How quantum mechanics deals with them

We suppose that they are individuals (for instance, by ascribing
labels to them).

Symmetry Postulates are introduced:

— Only symmetric (or anti-symmetric) functions or vectors have
physical meaning

— (y|Qly) = (Py|Q|Py), forall P and Q

An object a described by y(a), and an object b described by ¢(b)
have the composed state given by:

— Y(a,b) = y(a) o(b) £ w(b) o(a) (in a simple form)
What is important? | ¥(a,b)|? (Born’s rule)

The very objects are ruled out from quantum theories (mainly in
QFT)

But not from its pragmatic interpretation (just look at a book on
‘Particle Physics’)



‘Standard maths’:
the ZF well-founded universe
(perhaps involving Urelemente)

The ZF universe (an
T universe of individuals:
///, every structure can be
extended to a rigid
struciure,

A structure within V, say
E=<2,+=
The only automorphisms od E:
Iix)=x
fix)==x

Thus 2 and -2 are Findiscernibles

24 L

2 and -2 can be distinguished ouiside F,



Indiscernibility in standard maths.

Within standard mathematics, the most we can do it to mimic indiscernibility
inside a certain structure.

An example with a first-order structure:

Within E = (Z, +), 2 and -2 are indiscernible
» The only automorphisms of E are f(x) = x and g(x) = -x
« 2 and -2 are invariant under the automorphisms of E.
« The orbit of n, orb(n) = {n, -n} = orb(-n)

We can extend E = (Z, +) to a rigid structure e.g., ,
A=<Z, +,{0}, {1}, {-1}, ...>, iIn which all elements of Z are individuals.

Theorem: In ZF, every structure can be extended to a rigid structure (its only
automorphism is the identity function).

— Every ‘ZF-object’ is an individual.

This theorem can be extended to higher-order structures
(via Generalized Galois Theory)



Trapped Ions

How to define a 1x1 mappmg?
They are completely indiscernible.

8=1{0,1213456,7}

ENTANGLED: FRight calcium ions held together in a trap are in a special guantum condilion krown as
o Wentangled state, in which their properties are subtly carvelated Sci Am. March 2008

180"

It is not the case that
whatever permutation can be
extended to an
automorphism of the
structure: these words simply
have no meaning here!




L(D) :
the diagram language Standard Semantics (ZF)

m

a
an individual
constant

I'|= ExP(x)} iff Ext(P) is not empty

=
an unary predicate

Ext(P): the extension of
the predicate P

“"We have all been taught to read "Ex’ as "there exists an x such that’, Since
‘there 15 an x such that’, considered as a phrase of Enghish, has existential iraport,
it 15, perhaps, natural to suppose that "Ex’ does too.” (5. Lavine, Synthese 2000)
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A 'guantum language’

Lg
E
A predicate like " ®
“The electrons with spin UP in the direction x". e ® +
Suppose there are five. i -
& B &
. : LY
Which one is the __‘ L ®y & .
extension of E? s
#*
N
Quantum objects cannot The collection of quantum objects
be named. (electrons) under analysis.

These collections do not ohey
the ZF postulates.



Which language?

Heinz Post: Indistinguishability of quantum entities should be ascribed to
them “right at the start”; they should be seem as non-individuals.

There is no identity to lose.
How to understand this non-individuality?
Theories of Individuality:
« Substance theories
« Bundle theories

Leibniz’ Principle of the Identity of Indiscernibles

 VF(Fx© Fy) 5 x=y
la(X) =p x = a
If b has all properties of a, then /a(b), thus b= a.

The idea:

The lack of ‘self-identity’: a language in which we cannot speak neither
about identity nor about diversity of certain objects.

Which kind of objects?



"He looks just like you. i}
me, 10o.
!J = .
hﬂﬁﬂ-ﬂkﬂ Just like
But



Methodological Principles

There are quantum objects as described by quantum
physics as non-individuals.

They are classified in species or kinds

How to intuitively think of them (if you have such needs):
as elements of certain equivalence classes

The properties and relations are invariant under
permutations of indiscernible objects.

The postulates of a certain QM hold (e.g., Mackey’s
axioms)



The case of Quantum Physics

The case of classical particle physics (McKinsey, Suppes,
Sugar 1953):

CPM=(P, T,s,m,f, g

P = the set of ‘particles’

A right ‘structure’ to QP should not be extended to a rigid
structure:

QM =(Q, ..., ...)

Q = cannot be a set

Hence it cannot be performed within ZF.

(a new way to ask for a quantum logic?)



Quantum Sets

g A{\ individual
is....

the ndividual i
individual e The ‘object’ is vague, but either
is outside inside it belongs to the 'set’ or does not:
vague borderlines the excluded middle faw holds
epistemological vagueness vague ohjects

individuals ontological vagueness



— S(x) set

— Xey membership

— x=y indistinguishability
— qgc(x) the cardinal of x
¢ Q(x) =0 —_m(x) A =M(x) quasi-set
o X=eY =D (Q(X)AQ(Y)AVZ(ze X <>z€Y)) v (M(X)AM(y)AVZ(xe z <>y 2))

— extensional identity



e Theorems:

— X=e¢y — X =y (but not conversely)
— If x and y are both Sets or M-atoms, x=y — X=ey
— Hence = becomes classical identity.

— But for the m-atoms, only the relation = holds.

« Other ‘set’-postulates, similar to those of ZFU.



o ZFU ZFC on
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Card(B)=2 /
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— The ‘meaning’ of quantifiers is ascribed by implicit definitions (the
‘operational’ definition of the quantifiers).

— They are like a linguistic devices, acting as certain ‘operators’

« We shall be in trouble only if we are commited to classical semantics
» (where the extensions of the predicates are sets of individuals).
» The problem: to find an ‘pragmatic’ semantics which mirrors QP




rankim) < muk{g

: Tk BT

e

o e
=3 ) a
e

Fo be indistinguishable means to belong
to a same eguivalence class.

Fhe elements of me are of the ordered pairs

x =<x, x> whore x € Cx, the eguivalonce
class of x.

~

x~yifflx =0y

founded £F

ERiverse. The elements of ut are outside the

struciure {.
me=ilx:x €mji

Thus x=y and x#y, for x and y in m, kave no sense within (.



uantum physics is an ineffable domain, one which we talk abou
things of which nothing can be said (in standard languages).

« L. Wittgenstein (in the Tractatus)
« “7. Whereof one cannot speak, thereof one must be silent.”
« Or to change language.
« And logic !



Whither the particle grin?

"Well! I've often seen a cat without a
grin," thought Alice; "but a grin without
a cat! It's the most curious thing | ever
saw in all my life!"

The particle grin (and the pragmatlc
notion of object) remains..

“(...) people reject quantum objects
because they are different but all their
argument shows is that there is
nothing like classical objects in the
guantum realm, not that there is no
guantum object.” (Auyang, S. Y., 1995)

Thank you

http://www.webslingerz.com/jhoffman/chcat.html




