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                    Abstract
The ontology of Bohmian mechanics includes both the universal wave function (living in 3N-dimensional configuration space) and particles (living in ordinary 3-dimensional physical space). Proposals for understanding the physical significance of the wave function in this theory have included the idea of regarding it as a physically-real field in its 3N-dimensional space, as well as the idea of regarding it as a law of nature. Here we introduce and explore a third possibility in which the configuration space wave function is simply eliminated—replaced by a set of single-particle pilot-wave fields living in ordinary physical space. Such a re-formulation of the Bohmian pilot-wave theory can exactly reproduce the statistical predictions of ordinary quantum theory. But this comes at the rather high ontological price of introducing an infinite network of interacting potential fields (living in 3-dimensional space) which influence the particles’ motion through the pilot-wave fields. We thus introduce an alternative approach which aims at achieving empirical adequacy (like that enjoyed by GRW type theories) with a more modest ontological complexity, and provide some preliminary evidence for optimism regarding the (once popular but prematurely-abandoned) program of trying to replace the (philosophically puzzling) configuration space wave function with a (totally unproblematic) set of fields in ordinary physical space.
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                    Notes
	See also chapter 8 of Heisenberg (1958)


	In response to Einstein’s remark that Bohm’s way “seems too cheap to me,” for example, Max Born wrote that he thought “this theory was quite in line with [Einstein’s] own ideas, to interpret the quantum mechanical formulae in a simple, deterministic way...” (Born 1971, pp. 192–193)


	It is not entirely clear, but Peter Holland may endorse this kind of view: “a complete and accurate account of the motions of particles moving in accordance with the laws of quantum mechanics must be directly connected with multidimensional waves dynamically evolving in configuration space.” (Holland 1995, p. 321). Antony Valentini has also made comments suggesting that the main innovation of quantum mechanics is the need to accept the wave function as a new kind of causal agent which physically affects particles despite its living in a high-dimensional space.


	We emphasize that the adjective “non-local” has two different (but related) meanings. First, we use “non-local” in the phrase “non-local beable” to denote an object (posited as physically real in some candidate theory) to stress that the object does not assign values to regions in 3-dimentional space (or 3+1 spacetime). And second, we use the word “non-local” to describe the special, faster-than-light, type of causal influence that Bell’s theorem shows must exist Bell (1994). In particular, we stress that despite proving the existence of non-locality (in the second sense) Bell’s theorem does not show that empirically viable theories must include beables that are non-local (in the first sense). Indeed, one of the key points of our paper is a demonstration that the non-locality required by Bell’s theorem can actually be embedded in a theory of exclusively local beables.


	For example, Dürr et al. (1996) write: “We propose that the wave function belongs to an altogether different category of existence than that of substantive physical entities [–] that the wave function is a component of physical law rather than of the reality described by the law.”


	In this paper we will use bold letters to indicate a point in the configuration space, while a non-bold variable indicates a point in the physical space. Capital letters denote the actual positions of particles, while lowercase letters denote generic positions. In principle, positions in physical space have three coordinates; however, for simplicity only, we will often consider a 1D physical space. The symbol \(\nabla _i\) accounts for the gradient in a 3D physical space or \(\nabla _i= \partial / \partial x_i\) in a 1D physical space.


	The appropriate generalization for \(N>2\) particles moving in 3 spatial dimensions is trivial; dealing with systems of particles with spin in a fully general way probably requires working instead in terms of the Bohmian conditional density matrices defined by Dürr et al. (2005), a possibility we set aside for future work.


	Note that, as a result of Eqs. (9) and (10), the conditional wave functions are not normalized in the usual way. It would be easy enough to adjust the definition to yield normalized conditional wave functions; but since any overall multiplicative factor cancels out anyway in Eq. (11), we set aside this needless complication.


	We assume here that the spacing, \(| \lambda (a_n - a_{n+1})|\), between adjacent possible pointer positions is small compared to the width, \(w\), of \(\beta \).


	On one hand, the potential \(V[x,X_2(t),t]\) in (28) produces correlations between the two particles \(X_1(t)\) and \(X_2(t)\). The dependence of \(V[x,X_2(t),t]\) on \(x\) and \(X_2(t)\) imposes a restriction on the speed of such interaction. For example, the retarded electromagnetic potentials ensures that there is no superluminal electromagnetic influence between particles due to \(V[x,X_2(t),t]\). On the other hand, such restriction on the speed of the interaction between particles is not present in the new potentials \(A_1(x,X_2(t),t)\) and \(B_1(x,X_2(t),t)\) in (28). Thus, the particle \(X_1(t)\) have an instantaneous (non-local) interaction with \(X_2(t)\) due to the potentials \(A_1(x,X_2(t),t)\) and \(B_1(x,X_2(t),t)\). Of course, insofar as the usual Bohmian particle trajectories, and hence the usual statistical predictions of quantum mechanics, are reproduced, we know that this non-locality will not support superluminal communication.


	See the website http://europe.uab.es/bitlles.


	In fact, \(\varPsi \) is determined by the one-particle wave function and the associated potentials for any one particle. The complete ontic state—comprising the one-particle wave function and associated potentials for all particles, plus the particle positions themselves—thus contains a tremendous amount of redundancy. This is yet another strong piece of evidence suggesting that empirical viability should be able to be achieved, even with a greatly reduced ontic complexity.
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