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context of definite-valued observables consists of / and all the
observables commuting with H and having, at least, its same symmetries.

% Pragmatic justification (not needed for chemists)
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Single measurement: single process, reading of the pointer’s value .

Frequency measurement: repetition of identical single measurements, in order
to obtain the values of the state’s coefficients.

The MHI explains the definite value of the pointer in both:
e Ideal single measurement (perfect correlations)

e Non-ideal single measurement (e.g. Stern-Gerlach with imperfect
| correlation or imperfect collimation of the incoming beam).

The MHI distinguishes between:

— Reliable frequency measurement (the state’s coefficients
can be approximately recovered).

— Non-reliable frequency measurement.
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Measurement as a symmetry breaking process
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To measure, say, Py ®
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Measurement as a symmetry breaking process
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Measurement as a symmetry breaking process

H

I, ] > Degenerate (symmetric) in the index j

=T

Ali,j)=a,

I, ] > Non-degenerate

A definite eigenvalue of 4 would distinguish among eigenvectors
corresponding to a single degenerate eigenvalue of the Hamiltonian. Such
a definite value would introduce an arbitrary asymmetry in the system.

Measurement 1s a process that breaks the symmetry of the
Hamiltonian and, then, turns an otherwise non definite-valued

observable into a definite-valued and empirically accessible
observable.
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Measurement as a symmetry breaking process

It has been successfully applied to several well-known
physical models:

® Free-particle

e Free-particle with spin

e Harmonic oscillator

e Free Hydrogen atom

e Zeeman effect

e Fine structure

e The Born-Oppenheimer approximation

e Optical 1somerism
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Brown, Suarez and Bacciagaluppi (1998): any interpretation that selects
the preferred context 1s committed to considering how that set is
transformed \fnder the Galilean group.

should be invariant under the Galilean group

it would be unacceptable that such a set changed as l

the mere result of a change in the perspective fu.nct.ions of the
from which the system is described Casimir operators

W M S -

|, Both commute with H and do not break its symmetries
(multiples of the identity)

The structure of the energy spectrum is carried by W
(W=H n the reference frame of the center of mass)

Casimir-Modal interpretation
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Conclusions regarding invariance

» Any realist interpretation that intends to preserve the objectivity
of definite-valuedness, must make the selection of the preferred
context Galilean invariant. Therefore, it may not stand very far
from the modal-Hamiltonian interpretation

» General framework for interpretation.

The definite-valued observables are the Casimir operators
of the corresponding symmetry group:

OM — M S?and W

ROQM — M and S? (elemental particles always have definite values
of mass and spin, and those values are precisely
what define the different kinds of elemental
particles)

QED — M, S? and O (including internal gauge-symmetries)
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Mathematics Physics Ontology
self-adjoint operator 4 observable 4 sl e BB Ua iRl
type-property [A]
eigenvalues a; of 4 values of 4 RUs e opu e

[a/] of [A]

not represented

not represented

actual case-properties [a;']
of [A4']

Hilbert space

quantum system

bundle b’ of instances

probability function

probability

propensity

functional p

state p

codification of propensities
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» Systems are not individuals, b'={[4/]} > O'={4/}
but bundles 2= {[42]} > 2= { Aj2}

J

» The aggregate of bundles is a new bundle, where original bundles
are “dissolved BLx B2 = be = ([CE]} = Oo= OI®DP={C,e)

C 1 2 c _mnl 4

C =Y k(4 ®4)e0=0®0

» The operation of bundle aggregation applied on indistinguishable
bundles is commutative

Any C° of the new bundle is represented by symmetric matrix
with respect to the permutation of the indices o3 and mn

[Cocan] T [CmnOLB]

Indistinguishability is no longer a relationship between individual
particles, but an internal symmetry of a whole closed system
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> States of aggregates of e |
indistinguishable bundles xb: =alC - G Mg =,

Sou p’ [ij-mn] B/ pgmn :p:jm"f
=p 4+
< e e

<Ck> =Tr(pC;) [(P TP ) }=T’”(PSCk)=<Ck>ps

(the antisymmetric part of the state has no effect in its application
onto symmetric observables)

The symmetry of the operators representing physical states of

aggregates of “elemental particles” is not the result of an ad

hoc symmetrization, but is due to ontological reasons, that is,
the very structure of the ontology
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