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M H : An introduction to the topos approach to the formulation of physical
theories

WA :
I. Motivation, background, and basic structures

The topos approach to the formulation of physical theories aims to provide a
framework for the formulation of physical theories in general, and a
mathematically and conceptually novel formulation of quantum theory in
particular. The long-term goal is to find theories 'beyond quantum theory',
in the direction of quantum gravity and quantum cosmology.

In the first talk, we will consider the suggested conceptual framework of
'neo-realist' physical theories, its realisation in the form of formal
languages attached to physical systems and their representation in suitable
topoi. We will determine the topos attached to a quantum system and
introduce the basic mathematical structures, in particular the spectral
presheaf, which is a space without points in a suitable technical sense.

II. Topos quantum logic and noncommutative spectra

The spectral presheaf serves as a 'quantum state space', and its subobjects
represent propositions about the quantum system at hand. These subobjects
form a Heyting algebra, the algebraic representative of a propositional
intuitionistic logic. We will discuss the properties of daseinisation of
projections, a 'translation' mapping between Birkhoff-von Neumann quantum
logic and our new form of topos quantum logic. Moreover, the representation
of vector states and the assigment of truth-values to all propositions will

be presented. Here, the internal logic of the topos plays a role.

In the second part, we will consider the spectral presheaf in a different,
more topological light. As a locale associated with the C*- or von Neumann
algebra of physical quantities, it has many properties of a generalised
Gel'fand spectrum of the algebra. We will indicate how this may lead to a
generalised Gel'fand duality for noncommutative operator algebras, with the
spectral presheaf as a noncommutative spectrum.

ITI. States as measures, generalised Gel'fand transforms, and
open problems

In the final talk, we show a new representation of quantum states
(mathematically, states on a von Neumann algebra). Each state determines a
probability measure on the spectral presheaf. Measures can be characterised
abstractly, and each measure determines a unique quantum state. We will also
consider the topos-internal representation of physical quantities via
daseinisation of self-adjoint operators, a certain generalisation of the



Gel'fand transformation. This leads to the consideration of a presheaf of
'values' that are not just real numbers in general, but rather real

intervals.

Finally, we want to point out a few ideas how to (maybe) go 'beyond quantum
theory', a number of open problems and topics of active research.
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