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Abstract: <span>We describe a notion

of state for a quantum system which is given in terms of a collection of
empirically realizable probability distributions and is formally analogous to

the familiar concept of state from classical statistical mechanics. & nbsp;We
first demonstrate the mathematical equivalence of this new notion to the
standard quantum notion of density matrix. & nbsp;We identify the simple logical
consistency condition (a generalization of the familiar no-signalling

condition) which a collection of distributions must obey in order to

reconstruct the unique quantum state from which they arise. & nbsp;In this way,
we achieve aformal expression of the common intuition of a quantum state as
being classical distributions on compatible observables.</span>
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OVERVIEW

QM challenges the classical notion of pure state which conflates the "ontological configuration” of a
system with the operational notion (complete specification of outcomes).

As a result, the geometric description of state space must be modified to account for the phenomenon of
contextuality.

Doing this yields a notion of contextual state (outcome) space for QM. We provide some arguments that
this is the direct analogue of classical phase space.
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1) This notion of state space allows for elegant formulations of key theorems of quantum foundations:
the Kochen-Specker theorem and Gleason's theorem.

2) The space yields an algorithmic method for extending concepts of classical geometry to their
analogues in noncommutative geometry. This confirms the direct analogy between classical state space
and the noncommutative state space.

3) When the notion of classical state (a probability distribution) is extended by this algorithm, we get as
output, the notion of density matrix.

- This shows us how to recover the usual notion of state as a probability distribution over contextual
outcome space, or, equivalently, as a family of probability distributions which is consistent with
respect to marginalization.

- Can be generalized to provide a notion of state space for any theory which features contextuality.

- This connects with the fundamental question of which empirical models (i.e. observable correlations)
are realizable by quantum mechanics .
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