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In the philosophy of spacetime literature not much attention has been given to concepts of spacetime arising from condensed matter physics.  This essay attempts to address this.  I look at analogies between spacetime and a quantum liquid that have arisen from effective field theoretical approaches to highly correlated many-body quantum systems.  Such approaches have suggested to some authors that spacetime can be modeled by a quantum liquid with its contents (matter and force fields) described by effective field theories (EFTs, hereafter) of the low-energy excitations of this liquid.  While directly relevant to ongoing debates over the ontological status of spacetime, this programme also has other consequences that should interest philosophers of physics.  It suggests, for instance, a particular attitude towards quantum gravity, as well as an anti-reductionist attitude towards the nature of symmetries in quantum field theory.  A secondary goal of this  essay is to address some of these issues.  While discussion of these topics has appeared in the philosophical and historical literature (e.g., Cat 1999), the gory theoretical details have not been made explicit.  Moreover, while the topic of EFTs in the philosophy of quantum field theory literature has also been given some attention (e.g., Castellini 2002, Hartmann 2001, Huggett and Weingard 1995), surprisingly little has been said about how EFTs arise in condensed matter systems.

The plan of the paper is as follows.  Section 2 sets the stage by first indicating the nature of the low-energy "limit" in the construction of EFTs for condensed matter systems, and the accompanying notion of emergence.  It then reviews some simple examples of (2+1)-dim EFTs arising in condensed matter systems.  Following the presentation in Zhang (2004), these include (2+1)-dim quantum electrodynamics (QED3) in superfluid Helium 4 films and in high temperature superconductors, and the (2+1)-dim Chern-Simons gauge theory of the 2-dim Quantum Hall Effect (QHE).  One extraordinary property of these EFTs is the emergence of a Lorentz-invariant theory in the low-energy sector of a non-relativistic theory (in the case of the QHE, the relativistic theory emerges at the edges).  Section 3 considers the extent to which this carries over to (3+1)-dim.  It first looks at claims that the superfluids Helium 3 and Helium 4 provide models for (3+1)-dim spacetime.  In particular, a growing body of literature indicates how such models can describe aspects of black hole physics via “acoustic” analogues (e.g., Barceló et al. 2005), and Volovik (2001, 2003) has claimed that such models solve the cosmological constant problem.  Section 3 concludes with a look at recent work (Sparling 2002) that links twistor theory with Zhang and Hu’s (2001) extension of the QHE to 4-dim.  This work suggests that spacetime is an emergent phenomenon that arises from the edge states of a 4-dim quantum Hall liquid.  The conclusion summarizes these results and offers commentary on the relevance of condensed matter analogues of spacetime to the philosophy of spacetime.  Such analogues are first situated in the debate between substantivalists and relationalists.  It is then suggested that they ultimately lend credence to a structural realist approach to the nature of spacetime that emphasizes topology as opposed to symmetry in the accompanying notion of structure.  Briefly, this is based on Volovik's classification of EFTs into universality classes based on topological properties of the associated ground state.  The suggestion then is that, in the condensed matter view of spacetime, the microscopic details of the quantum liquid do not matter; rather, it is the universality class into which the ground state of the liquid enters that determines the low-energy features of the liquid, and hence the nature of the emergent spacetime.  This also suggests a two-part rejection of the ontological prominence of symmetries in general:  First, in the condensed matter view, the symmetries (both gauge and spacetime) of a quantum field theory are not fundamental but rather emergent; and moreover, the process of emergence itself, in so far as it is associated with the low-energy "limit" of the theory, is a process determined not by spontaneously symmetry breaking, but rather by topology.

A complete draft of the essay is available at <http://ls.poly.edu/~jbain/papers/CPST.pdf>
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