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ntroduction Recap

Recap

» An understanding of quantum theory (at the level of classical physics)
requires construction of a conception of reality that underpins the

quantum modelling framework.

» One obstacle: the quantum modelling framework has many

mathematical features whose physical origin is obscure.

» Reconstruction of quantum theory: formulate a set of physical

assumptions from which the quantum modelling framework can be —

derived. P[
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niroduction Recap

&
What needs to be explained?

» States: why are states represented by complex vectors, and not simply a

vector of real numbers?

» Transformations and Dynamics: why are these represented by unitary
transformations of the vector space, and not simply by length-preserving

one-to-one maps?

» Measurements: why are measurement outcomes subject to the Born

rule? P[
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niMCOuUCTon

Objectives

&
Objectives of this lecture

» Convey a sense of the diversity of approaches to reconstruction that

currently exist.

» |nvestigate the type of strategy one can adopt in attempting to

reconstruct quantum theory.

» Give examples of the kinds of insights have been obtained.
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nirmoauction

Racent Heconstructive Approaches

&
Some Recent Reconstructive Approaches

1. Quantum theory as a special case of a general probabilistic theory.

» Convex states approach (Hardy; Barrett; Leifer)

2. Quantum theory arising through informational constraints.

» Wootters; Summhammer; Brukner and Zeilinger
» Rohrlich and Popescu

» Clifton, Bub and Halvorson.

3. Quantum theory as a variant of probability theory.

» Ticochinsky; Caticha.

For citations to many of these, see introduction of quant-phv0702124.
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Reconstruction: The Goal

»

Pirsa: 08030007

“The task is not to make sense of the quantum axioms by heaping more
structure, more definitions, more science-fiction imagery on top of them,
but to throw them away wholesale and start afresh. We should be

relentless in asking ourselves: From what deep physical principles might

we derive this exquisite mathematical structure?” — Chris Fuchs
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Special Relativity: A Model of Reconstruction

» The Lorentz transformations can be written down by inspection of the
symmetry group of Maxwell's equations. But they conflict with Galileo’s

transformations. What is the physical origin of this discrepancy?

» Einstein showed that the Loreniz transformations can be deduced from
two main postulates and a careful operational definition of time.
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Experimental Basis of Probabilistic Assumption

» When we perform simple experiments with quantum systems (such as

spin-1/2 systems), we can look to see if the data is probabilistic or not.

» We find that, indeed, the data is best modelled by a probabilistic source.

» So, the assumption of probabilistic outcomes is well-supported by

expernment.
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Experimental Basis of Probabilistic Assumption

» When we perform simple experiments with quantum systems (such as

spin-1/2 systems), we can look to see if the data is probabilistic or not.
» We find that, indeed, the data is best modelled by a probabilistic source.

» So, the assumption of probabilistic outcomes is well-supported by

experiment.
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