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Abstract
Dispositionalist accounts of scientific laws are currently at the forefront of discussions in the metaphysics of science. However, Mumford has presented such accounts with the following dilemma: if laws are to have a governing role, then they cannot be grounded in the relevant dispositions; if on the other hand, they are so grounded, then they cannot perform such a role. Mumford’s solution is drastic: to do away with laws as metaphysically substantive entities altogether. Dispositionalist accounts are also deficient in that they either make no mention of the significant role of symmetries in science, or attempt to inappropriately eliminate this role. Here we shall attempt to motivate a structuralist view of laws by showing how it evades Mumford’s dilemma and accommodates the role of symmetry principles. In addition we shall consider how this view deals with a number of issues that dispositionalism finds problematic and indicate how the supposed necessity of laws and the explanation of relevant counterfactuals look from this structuralist perspective. 




Introduction

The standard division in the debate over the metaphysical status of scientific laws is that between nomological realism and nomological anti-realism. Briefly, the former holds that laws ‘exist’, in some sense, and govern, also in some sense, the entities that fall under them, where these senses of ‘exist’ and ‘govern’ will be articulated further below. Nomological anti-realism on the other hand denies this governing role and insists that if laws can be said to exist, it is only in the derivative sense that the theoretical descriptions that describe the relevant regularities, exist. Within this antirealist stance there exists a further division into Humean lawlessness and anti-Humean lawlessness. The first is well-known and takes law statements to be merely descriptive of regularities in the world, where - on the standard view - the apparent modal informing of these regularities is either that, merely apparent, or, at the very least, not explained by reference to some further reductive level. Anti-Humean lawlessness takes this modal informing seriously, metaphysically speaking, and accounts for it in terms of just such a reductive basis; that is, the regularities are understood to be determined, not by laws as on the nomic realist view, but by modally informed properties that have power or potencies. These powers constitute or underpin the dispositional behaviour that we observe with regard to entities as diverse as glass vases and charged particles. 
	This last view has been recently propounded and vigorously defended by Mumford (2004) and as we shall see it offers both a useful contrast and bridge to the structuralist account that we favour. 


Mumford’s ‘Central Dilemma’

Mumford motivates his ‘lawless’ view by articulating a central dilemma that the defenders of law-based accounts must face. He begins by insisting on the following dichotomy:  Laws are either external to, or independent from, the properties they supposedly govern or they are internal to, or dependent upon, these properties. In the former case, the identity of the properties that participate in the relevant law cannot be given by the role they play in that participation; that is, it cannot be given by their nomic role. The most well-known and best articulated alternative is to introduce quiddities to ground property identity and this is both ontologically inflationary and metaphysically problematic. If, however, laws are dependent upon these properties, they cannot be said to govern them and then the role of laws becomes, at the very least, unclear. Hence the dilemma: if we introduce laws as metaphysically substantive and with a supposed governing role, then we must either accept quiddities or drop the governing role; neither option is palatable to the nomic realist. 
Mumford's resolution is to take laws out of the picture altogether[footnoteRef:0]. The regularities of the world are determined by modally informed properties that can be conceived of as bundles of powers and it is these that provide the relevant necessary connections. In a sense, the requisite modality 'flows up' from the properties, rather than down from the laws, which are hence not needed as metaphysically substantive entities. This last point is important. In framing this dilemma, Mumford assumes that laws - from the realist perspective of course -  must be metaphysically robust and substantive, in the sense that they can be conceived of as distinctly existing entities; and that they perform a robust governing role, in some sense of directing the behaviour of the entities that fall under them. As we shall now see, both of these attributed characteristics have been rejected in an attempt to evade the dilemma, but such moves in turn raise further concerns. [0:  A move that he further justifies by pointing out the lack of a unitary conception of laws within science itself. A more nuanced approach to scientific practice undermines his claim on this point (see Chakravartty 2007).] 



Alternative 1: Updated Quidditism

One option is to take the first horn, and consider whether the cost of accepting quiddities outweighs that of abandoning laws. Thus, Psillos has suggested that the nomic/causal roles of laws are actually open-ended in the sense that properties can acquire and lose powers, drawing upon an earlier Scholastic approach associated with Scotus (Psillos 2006). This would allow two properties to be distinct even though they may have the same nomic role; and conversely, two properties could be identical but yet have different nomic roles. Some form of quiddity would then need to be appealed to in order to ground this identity and distinctness (although, as he makes clear, Psillos is not a quidditist himself; indeed he is engaged in the development of an updated form of the regularity view; see his 2009). Furthermore, underlying the view of Mumford (and others) is an ideal image of the world as ‘… an array of properties with fully completed and (pre-)determined powers’,  that is wrong on several counts (2006 p. 457). Cartwright, for example, has argued, that in the actual, empirical world, what systems do depends not simply on what powers the relevant properties have but on whether the relevant settings provide the appropriate activation. Hence, the ideal image does not match empirical reality and if the causal/nomic profile of properties is open-ended, such a profile may not fix the identity of properties, allowing metaphysical space for the re-introduction of quiddities, albeit in modern guise. 
	An obvious response is to reject the underlying intuition, and insist although it is correct that what systems do depends on both their powers and the environment, nevertheless these powers remain stable and it is the activation settings that change (Mumford 2006). Furthermore, MacArthur has argued that in the relevant context (namely that in which scientific laws feature, or, as Cartwright would have it, that in which ‘nomological machines’ operate), this open-ended nature must be effectively hidden, since the relevant powers (or capacities) must operate in a sufficiently regular manner as to be quantified (MacArthur 2006)[footnoteRef:1]. At this point it becomes difficult to adjudicate between competing intuitions on broadly naturalistic grounds when the different metaphysical pictures are effectively underdetermined by empirical reality. However, one can evade Mumford’s dilemma without adopting the first horn[footnoteRef:2].  [1:  MacArthur goes on to argue that consideration of such contexts supports a form of Chakravartty’s ‘semi-realism’; for a critical discussion of the latter on related issues, see French forthcoming a.]  [2:  Nevertheless, it is perhaps worth noting in view of what is to come, that one can be a structuralist (of a kind) about objects, but a quidditist about properties (French 2006). Insofar as the primary target of structuralism is the notion of object, one might adopt a view according to which there are no such, or rather, that objects are reconceptualised in terms of properties and relations, where the identity of these are in turn given by forms of quiddity. This might seem an odd view, introducing quiddities after closing the door on haecceities, but it does not seem inconsistent.] 


Alternative 2: Internalism

Suppose one were to take the second horn of the dilemma. An internalist conception of laws might still allow some room for some form of governance function, contrary to Mumford’s claim (Psillos 2006). Consider the classic example, ‘All ravens are black’. What is it about the claim that laws are reducible to, or supervenient upon, the properties that feature in them that prevents the law in the above example from making it the case that if x were not a raven, x would not be black?[footnoteRef:3] It would then be in virtue of the internal nomological relationship between ravenhood and blackness that the latter is rendered a characteristic attribute of ravens. Similarly, Psillos suggests that although ‘being a cube’ supervenes on having six square sides of equal area, it is still the case that ‘being a cube’ determines what arrangement must be in places among the members of that subvenient basis. Hence there is no obvious conceptual problem in taking a supervenient relation to determine, and so govern, its relata. [3:  Again, Psillos makes it clear that he has little sympathy for the view he is exploring.] 

	Unfortunately, the raven example may not be a particularly good example of a metaphysically substantive law. Consider another example: ‘All fermions have half-integral spin’. One might then argue both that the law qua metaphysical entity is supervenient upon the properties of having half-integral spin and being a fermion, and that it makes it the case that if x were not a fermion, x would not have 1/2-integral spin. But expressed in this way, the above statement merely seems to express the conditions of membership associated with being that kind (i.e. fermions). Indeed, on an essentialist view, it is of the essence of being a fermion that the particles have half-integral spin (it is not of course of the essence of being a raven that it be black, given the existence of albino ravens). What makes the above counterfactual the case seems to have less to do with some governing law, than the essential nature of the kind. Indeed, it is difficult to discern the law, qua substantive entity, in the above relationship, and this is because the property of ‘being a fermion’ gets cashed out in terms of the other property, that of having half-integral spin. Chakravartty refers to these cases as ‘definitional generalisations’ (2007, pp. 153-154) and insists that on the ontological conception of laws they cannot be regarded as law statements, but rather are merely descriptions of objects. Returning to our examples, the ‘making’ function does not derive from some further entity, even if only supervenient, but from the nature of the first property (such as ‘being a fermion’) itself. (We shall come back to the manner in which such properties are represented and understood through group theory and what this says about the role of symmetries in such considerations.) And indeed, Mumford insists that laws cannot be supervenient and existing in the sense of being metaphysically substantive. 

Alternative 3: Deny Governing Role

This point is the bone of contention between Mumford and Bird, who first questions the metaphor of governance that lies at the heart of the dilemma and argues that laws may not have the governing role that is standardly attributed to them and that Mumford rejects (Bird 2006) but could still be real, in a metaphysically substantive sense. Like Mumford, Bird offers an ontology of essentially dispositional properties but maintains that this is compatible with a significant role for laws. 
	Consider first the question, what motivates this notion of law as governing? Setting aside historical considerations, appeal is typically made to a form of inference to the best explanation that takes one from a set of features in the world to laws as the best explanation of those features. Bird then takes this a forming the basis for the governance claim: as long as laws are seen as explaining in a sufficiently strong sense, then this may amount to a form of governing. However, he argues, it is not clear whether the nomic realist is truly committed to a form of IBE in this context, since many of their claims in this regard have a counterfactual element: if the world did not have laws, then it would not contain certain features (Bird 2006, 2007). And such claims are broad enough to be consistent with a variety of views of laws, including some, such as the Lewisian regularity theory, that have no governance component. Thus, he concludes, it is not the case, as Mumford claims, that denying a governing role should lead us to deny the reality of laws.
	Secondly and more positively, Bird contends that we can in fact make sense of laws as internal and as governing, in some sense (2006). Thus he notes that what they govern, if indeed they can be said to do so, is the possession, acquisition and loss of properties by particulars. And as he says, this involves more than just the properties alone, so that the laws can be said to govern the relevant entities and events as well. By shifting the focus of governance in this way, Bird creates the appropriate metaphysical space to allow it to co-exist with an internalist conception. Thus, on his view, laws supervene on the relevant powers and hence are internal to the property, since they ‘flow’ from the relevant essences of those properties. However, that essence can govern entities and determine events by virtue of making it the case that if the relevant power is possessed, and the appropriate stimulus is received then there will be the characteristic manifestation. In other words, the law is internal to the property but govern the entities, and hence the problem is dissolved. 
	Mumford’s response is blunt: he takes Bird’s view to be ultimately no different from the kind of non-Humean nomological antirealism he himself advocates (Mumford 2006). In particular, he maintains that if it is the powers that are ‘doing all the work’ on Bird’s account, then the relevant laws are still extremely impoverished and fail to provide anything not already yielded by the powers. In which case, the laws are getting a ‘free ride’ and should be dismissed. 
	At this point one may feel that the situation is similar to that which holds with regard to mental states which are typically taken to supervene on brain states, with the claim being made that such supervenience does not amount to the elimination of such mental states so they can still be said to exist in a certain sense. Bird may insist that similarly, the laws are not ‘getting a free ride’ since it is through them that we understand the behaviour of entities and events. Given the different understandings of what it is that the laws are governing and the sense in which they can be said to exist, it is again difficult to adjudicate between these two stances. We shall suggest an alternative account that breaks free from Mumford’s dilemma and offers a new understanding of the relationship between laws and properties. Furthermore, this alternative accommodates an important feature of science that dispositional views either ignore or, in Bird’s case, dismiss: the role of symmetries.
	 

Dispositions and symmetries

As Bird himself notes, from the dispositional perspective, it is mysterious why, in the manifestation of charge, for example, the total charge should remain constant. More acutely, perhaps, symmetry principles and conservation laws (such as those referring to conservation of energy and momentum, for example) appear to play a constraining role with regard to the standard or regular laws. However, the dispositional essentialist cannot accept such constraints, since she holds that the relevant laws are necessary and if so, then there is simply no metaphysical room for further constraints:

'Properties are already constrained by their own essences and so there is neither need nor opportunity for higher-order properties to direct which relations they can engage in.' (Bird 2007 p. 214). 

Bird’s solution to this problem is drastic: we should regard symmetry principles as 'pseudo-laws', that will eventually be written out of our scientific world-view. The supporting argument is as follows:  symmetries involve invariant quantities (that are conserved); the latter can be regarded as part of our theoretical background structures; the dispositionalist should be committed to the elimination of such structures, a stance that chimes with that of modern science[footnoteRef:4]; hence, she should regard symmetry principles as eliminable features of our theoretical representations. Given the significance of symmetries and conservation laws in modern physics, some might take the conclusion to this argument as a form of reductio of the whole dispositional essentialist enterprise.  [4:  Thus Bird takes space-time to constitute a form of background structure and suggests that General Relativity effectively dispositionalizes and eliminates it (2007, pp. 161-166). Leaving aside the issue of whether dispositional accounts can appropriately capture spatio-temporal features of the world, one might question this relegation of symmetries to background structures on a par with space-time. Certainly, one could argue that it might be plausible to suppose that not all features of the world can or should be subject to a dispositional analysis. Consider the various physical constants for example: these might simply be regarded as initial conditions that help define the kind of world we exist in. Having said that, as we shall now see, Bigelow et. al. take these conditions to define the essence of ' the world', taken as an entity in itself.] 

And of course, if one were sympathetic to the appeal to a form of inference to the best explanation in motivating a realist account of laws, and in particular as laws as governing, then it is hard to see how one could resist a similar motivation when it comes to symmetries. Just as with laws, we encounter certain regularities in nature – think of the hadron ‘zoo’ in elementary particle physics, for example – and the best explanation is given in terms of certain fundamental symmetry principles – as represented via group theory and in this case the group SU(3). Here too one can claim that the relevant symmetry governs the classification in elementary particle physics and if one were to hold, as some do in the foundations of physics, that the identity of certain properties is given in terms of such symmetry principles, then one could mount a similar ‘Mumford-type’ dilemma for symmetries. In this case, Mumford himself would be on shakier ground in rejecting symmetries as metaphysically substantive, since, for example, there is not the diversity in such principles as he claims to find in laws (at least not at first glance).  And the dispositional essentialist would presumably have to say that the symmetries supervene on the relevant powers in such cases and hence are internal to the relevant property, since they ‘flow’ from the latter’s essence. 
	Bird himself does note that there is an alternative way for the dispositionalist to deal with symmetries, rather than just dismiss them. First of all the significance of such principles extends beyond that of acting as putative higher-level constraints. As we have just indicated, symmetries are deployed to classify the fundamental properties of elementary particles - indeed, the notion of elementarity itself has been cashed out in such terms (Wigner 1939) - and have been used to predict the existence of new particles (see Bangu 2008). This broader significance has been used to support an 'ontological' perspective on such symmetries, within the dispositionalist stance, although given the deficiencies in current formulations of this perspective, this remains more of a challenge for the dispositionalist to take up rather than a fully worked out alternative (Livanios forthcoming). 
In this vein, Bigelow et. al. (1992) have suggested that symmetry principles and conservation laws might be seen as deriving from the essence of the world as a whole, regarded as a kind (the only one of its kind, of course). Now on their view, laws derive from the essences of particular natural kinds, so regarding conservation laws as deriving from the essence of a very general kind might be seen as a 'natural' extension of this line. Furthermore, the particular essences may then be seen as contributing to the world-essence and insofar as they do that, laws derive from them. However, as Livanios notes (op. cit.), explaining regular (ie non-conservation) laws in terms of a world-essence then seems redundant, given that they are already explained in terms of particular essences. But if these are taken out of the explanatory picture, then the positing of such a world essence seems acutely ad hoc. 
	It also takes this approach a significant step away from any grounding in science. This is made obvious in Bird's recasting of the proposal in terms of properties (since he rejects kinds as the sources of laws and take the latter to derive from the essences of particular properties): there is a property of 'being a world' and this has as its essence the disposition to conserve charge etc. (2007 p. 213). Bird himself sees this as still ad hoc and furthermore notes that it does not account for local as well as global conservation. And again as Livanios points out, as an explanation this is extremely coarse-grained and analogous to explaining all of Socrates' features in terms of 'being Socrates' (op. cit.). Furthermore, one might wonder whether 'the world' could be said to constitute an entity such that it forms a unique kind or possesses the property 'being a world' (or better, the property 'being the world' such that this has an essence). As van Fraassen suggested some years ago, it is not clear on what grounds one might propose the existence of such a thing: even from a realist perspective, the results of physical cosmology might be plausibly interpreted in terms of certain systems, rather than a further entity composed of such and the relevant philosophical grounds themselves are open to well-known criticisms. (van Fraassen, 1995). Instead, van Fraassen argues, 'the world' is a context dependent term indicating the relevant domain of discourse which should not be taken as referring to an entity, and certainly not one that might be said (in any plausible sense, whatever that means in this context) to have an essence.
	van Fraassen also argues that the world cannot be posited via some form of Inference to the Best Explanation, although in effect that is what Bigelow et. al. are doing (since they explain conservation laws and symmetry principles in terms of this idea of a world-essence). Let us grant both that explanation is appropriate in this case and that positing a world-essence can act as an explanans - there is still the question whether this should be regarded as the 'best' such explanation. We shall argue that it should not, and that a structuralist account better accommodates both the nature of symmetry principles and conservation laws and their role in physics. 
	In effect then, the dispositionalist faces a further dilemma: if she adopts the epistemic stance towards symmetry principles and conservation laws, regarding them as 'super-laws' or higher-order constraints on 'regular laws', then she must deny their significance in current physics. And this is because the regular laws are already as constrained as they can be via the essences of the relevant properties. If, on the other hand, she takes the above line, that ‘the world’ is a kind or property to which this symmetry properties can be referred, then she is committed to an explanation of the regular laws that is coarse and ad hoc. 
In both cases, we suggest, the root problem lies with the adoption of an object oriented metaphysics. Thus, from the ontological perspective, conservation laws must be treated on a par with the regular laws. Since these are understood and explained in terms of essences associated with kinds of objects, so the conservation laws must be explained as deriving from the essence of a kind, where there is only one entity of this kind. Or, on Bird's suggestion, just as the property of charge has as its essence certain dispositions and is instantiated by certain objects, so the property 'being a world' has the disposition to conserve charge and is instantiated by 'the world'. Taking the epistemic line, it is because the essence of a given property fully constrains that property that there is no metaphysical room to manouevre for higher-order constraints; if there were, then the relevant essence would not be 'particularised' but would depend on features beyond that property and its instantiation. In effect, allowing such constraints would introduce a holistic element and it is not clear why this should be barred, unless it is because of an underlying commitment to a particularised, object-oriented metaphysics. Dropping this bar would allow the dispositionalist to better capture the role and significance of symmetries in physics but, of course, at the cost of a major re-orientation of her position (although it seems to us that one could of course be a structural essentialist).
	Chakravartty offers a dispositional account that rejects essentialism as a feature of an antiquated metaphysics and approaches the structuralist position we have in mind here. In place of the notion of essence, he underpins the ‘kind’ concept with that of ‘sociability’ (2007 pp. 168ff). The core of his view holds that law-like behaviour obtains as a consequence of the possession of any causal property by any sort of object (ibid. p. 169). In those cases typically referred to as kinds, the relevant property instances tend to cluster together and may be said to exhibit strong ‘sociability’, with the strongest form exhibited by those properties taken to make up the putative essence of the kind (so one has degrees of sociability). In all cases, the relevant behaviour is governed by causal laws, understood as relations between causal properties, which constitute what he calls ‘concrete’ structures. Thus, ‘[c]oncrete structures and sociability underwrite the inductive success associated with natural kinds in the sciences (p. 171). 
	On this view the laws are ‘real’ insofar as the relevant relations can be said to be real and as Bird has also suggested what they should be taken to govern are not the properties they relate but rather the entities that might be said to have those properties. Indeed, this view seems well suited to Bird’s ‘internalist’ stance. Elsewhere Chakravartty has made clear that his sympathies lie with an object-oriented metaphysics, where ‘object’ here is understood in terms of some form of ‘bundle’ theory, and in these terms he has argued against a structuralist position (2003). However, what is important for our discussion here is that in rejecting essences, Chakravartty has opened the door to the possibility that properties may be constrained by higher-order properties that effectively determined what relations they can participate in. Thus instances of charge, qua causal property, can enter into relations with other instances of that property, subject to the constraint expressed by the relevant conservation law. Furthermore, if we return to the kinds of classifications represented through group theory, which Chakravartty calls examples of definitional generalisations, then the notion of sociability offers the possibility of a metaphysical framework for such examples: certain properties are strongly sociable and it is this that is effectively detected in physics experiments and represented by the relevant group. Accommodating symmetry no longer seems to be such a problem[footnoteRef:5].  [5:  Of course, for Chakravartty, the ultimate metaphysical ground of such sociability or ‘coherence’ of properties are the objects that ‘have’ them, whereas the structuralist maintains that this is simply a reflection of certain features of the world-as-structure (French 2006).] 

	Nevertheless, if it is to be understood as more than a metaphor, it is not clear what explanatory work sociability is actually doing. If what is to be explained is the clustering of certain fundamental physical properties (forming both kinds and objects), then what seems to be doing the explaining are the appropriate symmetries, as represented group-theoretically, and ‘sociability’ is nothing but a convenient label (see French forthcominga). Here issues intrude as to the relationship between such metaphysical notions and the relevant science in offering an appropriate explanation in broadly naturalistic terms. However, in the absence of further explication of sociability, a more attractive option is to take the role of symmetry in science more seriously and accommodate it within a structuralist metaphysics.
Thus, we suggest that the structuralist view we advocate below offers a better framework for accommodating such principles and laws than that presented by the dispositional accounts above, although we shall note the relevant connections to certain features of them. 

Structural Realism – A Brief Outline

Structural realism has risen in prominence over the past twenty years to become firmly established within the realism-antirealism debate (see Worrall 1989; Ladyman 1998; Ladyman and Ross 2007). However, the structuralist approach to scientific theories in general has a long and rich history that has yet to be fully excavated. The usual nods of the head to Poincaré and Russell fail to acknowledge or appreciate the ground-breaking and, in some senses, more profound work of Cassirer and Eddington, who both had a very secure grasp of the two major new theories in physics of the twentieth century (namely quantum mechanics and general relativity) and, in particular, appreciated the significant role of symmetries for our understanding of those theories (see, for example, Cei and French 2009; French 2003). More recent forms of this approach can be broadly divided into the realist and the empiricist, with the latter covering the work of Bueno and van Fraassen (Bueno 1999; van Fraassen 2008). Our interests lie with the former and in particular with the so-called ‘ontic’ form of structural realism that argues that it is not just the case that all that we know of the world are its structural features, but that all the world is, fundamentally speaking, are these structural features. The motivations behind and arguments for this view have been given elsewhere (French and Ladyman 2003; French 2006; Ladyman and Ross 2007) but at its core lies the claim that physical objects – fundamentally, elementary particles – should be reconceptualised or, more strongly, eliminated in favour of the kinds of structures that physics presents us with (for an overview see French and Ladyman forthcoming)[footnoteRef:6]. Articulating the metaphysics of this reconceptualisation remains an on-going project (French 2006) and the current paper represents a further step in the development of this position. Our main purpose here is that of opening an appropriate space for and motivating the importance of a structural realist perspective on scientific laws. Our strategy is to do so in large part, via a contrast with the dispositionalist account summarised above.  [6:  Other forms of structural realism have of course been developed, including ‘epistemic’ (Worrall 1989), ‘moderate’ (Esfeld and Lam 2008) and ‘semi-realist’ forms (Chakravartty 2007). Apart from the above outline of the last (since it incorporates a commitment to dispositions) we shall leave consideration of how these other forms treat laws to a subsequent paper.] 

	In establishing the basis on which such a contrast might proceed, we can draw on certain fundamental aspects of the afore-mentioned history[footnoteRef:7] and in particular those that take laws and symmetry principles to be features of the underlying structure, conceived of ontically (or more precisely, that take law-statements and statements of symmetry principles as descriptive of features of this structure; see for example Cassirer 1956). 	  [7:  There is more to say about this history of course that we cannot delve into here. It is also worth noting the similarities between this structuralist conception and the ‘law constitutive’ view of objects that Brading has identified in Newton’s work, for example (Brading forthcominga; here it is a necessary and sufficient condition for something to be an object that it obey the relevant laws). ] 

Let us consider, for example, a charged particle in a magnetic field. A mass spectrometer can be used to measure the masses of such particles by measuring their radii of curvature in such a field. The relation of radius to the mass is revealed by the laws that tell us the force experienced by a charged particle (the Lorentz force) when it moves with a certain velocity in a magnetic field which alters the trajectory of its motion. It is in specific relation to such laws that any statement of measure provided by the spectrometer will have a certain meaning, such as, for instance, allowing for the identification of a certain particle. In this context, conservation of charge, for example, is related (via Noether’s Theorem) to the global electromagnetic gauge symmetry and it is via the whole inter-related set of statements that the particle qua metaphysical ‘object’ is effectively constructed.
	The sense in which the data, laws and principles relate to each other can be captured via a kind of ‘Functional Coordination’ (Cassirer 1956) which is encoded by the mathematical form of the laws and, further, grounds the possibility of scientific objectivity. It is this that leads to the structuralist shift from objects to relations since it replaces the idea of an object as the bearer of the properties and the element that is constant through change, with the constancy of a rule that relates various elements always in the same way. With the demand that the laws satisfy certain symmetry principles (such as general covariance), it is the invariant relations between magnitudes that constitutes the ‘ultimate stratum’ of objectivity. In this manner, physical objects are reduced to such functional coordinations. 
Within such a framework, the notion of ‘law’ occupies a central place. Laws are the features that in the theoretical set-up bring about the coordinative component and they express the pattern that we then find instantiated in the various singular cases. In this sense the principles just replicate this coordinative “move” at the more general level of the laws themselves[footnoteRef:8].  [8:  Of course, Cassirer employed a concept of law that evolved from the kantian tradition (as espoused by the Marburg school in particular). According to this view, a law consists of a logico-mathematical element expressing the synthetic constructive role of thought in determining our knowledge and of empirical perceptual elements resulting from our experience. Although Kantian and neo-Kantian approaches to science have recently become a matter of intense interest again (Bitbol et. al. 2009; Massimi 2008) we shall not pursue this aspect here.] 

We can thus establish the following basis for our structuralist conception of laws and the contrast with dispositionalism: first, relations are taken to be conceptually prior to objects; furthermore, objectivity has nothing to do with the existence of objects independent from our thought; finally the putative objects of the theory emerge from the interplay of the laws and the principles of the theory itself, including the relevant symmetry principles and conservation laws.  These laws and principles express the kind of constant pattern that ties together the empirical features that in different ways we consider properties of the object or consequences of the dynamics that the theory ascribes to its objects. Thus, a working theory, (that is, a theory that genuinely provides an account for the phenomena of its domain), “generates” its own objects, and their objectivity is grounded in the very ground of the universality of laws and principles: the universal logical validity of mathematics.
The following nicely summarises the key structuralist reversal of the ‘standard’ relationship between objects and laws, indicated above:

“The concept of law is now regarded as prior to that of object, whereas it used to be subordinate to it. In the substantialistic conception there used to be a definitely determined entity which bore certain attributes and which entered, with other entities, into definite relations expressible by the laws of nature. In the functional viewpoint, by contrast this entity constitutes no longer the self evident starting point but the final goal and the end of the considerations [...]” (Cassirer, 1956) 

Symmetry then enters via the further principles that effectively tie together the network of relations expressed via the law statements: 

'For objectivity itself - following the critical analysis and interpretation of this concept - is only another label for the validity of certain connective relations that have to be ascertained separately and examined in terms of their structure. The tasks of the criticism of knowledge ("Erkenntniskritik") is to work backwards from the unity of the general object concept to the manifold of the necessary and sufficient conditions that constitute it. In this sense, that which knowledge calls its "object" breaks down into a web of relations that are held together in themselves through the highest rules and principles.' (Cassirer 1913, trans. in Ihmig op. cit., p. 522)

These 'highest’ symmetry principles represent that which is invariant in the web of relations itself. These, in turn, are represented group-theoretically; thus the relevant group effectively lays down the general conditions in terms of which something can be viewed as a putative object. 
Thus the following features of a structuralist conception can be articulated: objects, whatever their status might be, do not enter certain lawlike relations in virtue of certain ontological aspects of their properties; rather their properties present certain ontological aspects because of the relations they enter. Furthermore, laws and symmetry principles enter into a kind of 'reciprocal interweaving and bonding' such that there is ‘… no proper substantial carrier, nothing that per se est et per se concipitur’ (ibid.), but rather  ‘… only a functional coordination in which all the elements, all the determining factors of physical truth, uniformly participate’ (ibid.). It is precisely this uniform participation in the requisite functional coordination that dispositional essentialism cannot accommodate. Let us now turn to the details of the contrast.

A Structuralist Account of Laws and Symmetries

As we have noted, Mumford’s dilemma only has any force given the presupposition of a kind of metaphysical space between the laws, seen as substantive metaphysical entities, and both the properties they feature and the elements they govern, where these may be entities, events or the properties themselves. The structuralist approach based on the above features undercuts the dilemma in the same manner as Mumford himself does – by closing that metaphysical space. However, whereas he does so from the bottom up as it were, denying the existence of laws and placing all the ontological emphasis on the properties and their associated powers, we shall close the gap from the top down, placing all the ontological emphasis on the laws and the associated structures and denying the existence of the objects which supposedly instantiate these properties. 
	From the structuralist perspective laws and symmetry principles are simply features of the underlying structure (or, better, law statements etc. are descriptions of significant features of that structure). The properties of purported objects have the ontological features they do because of the law-like (and other) relations they enter and the purported objects themselves, qua substantive metaphysical entities (or at the very least qua the kind of entities that might be said to have an ‘individuality profile’[footnoteRef:9]; see Brading forthcoming b), are reconceptualised as nothing more than nodes or metaphorical ‘crossing points’ in this network of relations (and hence eliminated). The ‘governing’ metaphor that is used to articulate the relationship between the laws and these purported objects and their properties is then replaced by the relation of metaphysical dependence (French forthcomingb): the purported objects are dependent on the structures (and here the role of symmetries in presenting that dependence is fundamental) and the properties are dependent on the laws themselves. Indeed, if we take it that it is laws that are ‘read off’ our theories, rather than objects per se, then it is difficult to see where this governing role comes into the picture. Nevertheless, there is still a kind of governance in Bird’s sense in that the behaviour of entities, both unobservable, such as electrons, and observable such as chairs, can be thought of as ‘governed’ by the relevant laws, but insofar as such entities are reducible to the above ‘nodes’ in the structure and the laws understood as features of this structure, the governing is ultimately just a form of dependence.  [9:  Where such a ‘profile’ may characterise them either as individuals or non-individuals, in the sense outlined in French and Krause 2006.] 

	Clearly, then, this presents, in many senses, an utterly different ontological picture from Mumford’s, Bird’s or Chakravartty’s (although as we shall shortly see, there are points of contact). Nevertheless we claim that there are good reasons to adopt it: in addition to the now well-known arguments for structural realism (that it can accommodate both theory change in science – and hence respond to the so-called Pessimistic Meta-Induction –  and the implications of modern physics, including not only quantum theory but also quantum gravity; see Rickles et. al. 2006), and the arguments against essentialism (that it is incompatible with modern science, including in particular, quantum physics; see Chakravartty 2007; Ladyman and Ross 2007), we can add the claim that it better accommodates symmetry principles (and any associated conservation laws). 
	And it does this not simply by removing the essentialist component that prevents the imposition of constraints on laws, but by adopting a framework in which both laws and symmetries contribute to the grounding of the relevant sense of objectivity (via their ‘reciprocal interweaving’). This straightforwardly accommodates the so-called ‘global’ or geometric symmetries that yield conservation laws via Noether’s Theorem (see Brading and Brown 2003). In effect the associated conservation laws are treated on a par with other laws in effectively constituting (by providing the relevant grounds for identity) and modally informing the relevant properties. Thus, what it is to be the property of having charge is determined, in part, by the gauge invariance of electromagnetism. 
What about the so-called ‘space-time’ symmetries, such as that represented by the Poincaré group for example, or the ‘internal symmetries’, such as, for example, that associated with colour (in quantum chromodynamics) as represented by SU(3)? With regard to the former, Wigner’s classification of the irreducible unitary representations of this group yields the characteristic properties of the particles concerned. And as for the latter, it was the irreducible representations of SU(3) that supported the classification of hadrons in the so-called ‘Eight-Fold Way’[footnoteRef:10].  Here we recall Chakravartty’s classification in terms of ‘definitional generalisations’ – in effect what these symmetries delineate, in structuralist fashion, is the kind structure of the world. Within dispositionalism, the essentialist underpinning of, say Bird’s account, should be replaced by Chakravartty’s notion of sociability. However, from the perspective of ontic structural realism, the ‘ground’ of the latter in turn lies not in any metaphysically substantive notion of object, but the world-as-structure itself, incorporating these symmetry features.  Thus, to give a further example, the putative kind associated with being a fermion – or the property of such if one is suspicious of kinds as Bird is – is determined by the symmetry properties of the collective wave-function (namely that it be anti-symmetric).  [10:  Thanks to Kerry MacKenzie for helping us get a better grip on the relevant history and philosophical implications of these developments.  ] 

	Here we come to one of the points of contact in our contrast with the dispositionalist stance. We recall Bigelow et. al.’s attempt to accommodate symmetry via the essence of ‘the world’, which foundered on concerns whether ‘the world’ could be considered an entity that has an essence in this sense. Now consider the symmetries-as-delineating-kinds idea. One of the most fundamental kind distinctions in physics is that between fermions and bosons, represented in terms of anti-symmetrised and symmetrised wave-functions respectively (or more formally, in terms of anti-symmetric and symmetric representations of the permutation group; other possibilities, corresponding to so-called para-particles are possible but do not appear to be realised; see for example French and Krause 2006, Ch. 3; Caulton and Butterfield forthcoming). The relevant permutation symmetry can then be understood via a parallel with covariant spatial transformations and hence the above quantum statistics emerge as ‘… a natural result of the role symmetries play in nature.’ (Huggett 1999, p. 346). This role can in turn be set in a structural context: the permutation group mathematically describes a profound feature of the structure of the world (for further details see French 2000 and French and Rickles 2003; see also Lyre 2004 and Kantotovich forthcoming). Now, as a result the relevant Hilbert space is divided up into sub-spaces and the nature of the appropriate Hamiltonian is such that once ‘in’ such a subspace, particles cannot get out, as it were. Hence on this view, the symmetries could be seen as making this world the ‘kind’ of world that it is (i.e. one of fermions and bosons and, apparently, no other kinds of elementary particles). There is no need to take the further step of ascribing this feature to any essence. 
	Furthermore, this structuralist view of laws is neither ‘externalist’ nor ‘internalist’. It is not a form of the former view because laws are not taken as ontologically external to the relevant properties; but neither is it ‘internalist’ because the laws are not dependent upon these properties (rather it is the reverse). Here there are further points of contact: this view bears some similarity to Bird’s in that the laws are understood as ‘real’ and metaphysically substantive, insofar as the structures are, but they do not govern in Mumford’s intended sense (only in Bird’s weaker sense). It may also be related to the above view canvassed by Psillos insofar as the laws determine, in a sense, the apparent subvenient basis, although ‘basis’ is perhaps not the right term. Finally, an accommodation can be achieved with Mumford’s and Chakravartty’s positions. If properties are understood as nothing but bundles of powers with nothing metaphysically substantive tying them together, as it were, apart from some sociability requirement (and this is where Chakravartty’s view improves on Mumford’s since the latter allows any set of powers to be bundled together), and if these powers are understood to be fundamentally relational (and here one may, if one is so inclined, proceed further up the metaphysical ladder and enquire as to the identity conditions for powers), then there may appear to be little substantive difference between such a view and the structuralist position. The obvious remaining difference would be that of ontological priority, with the structuralist view proceeding from the top down, as it were, rather than building up from the bottom.[footnoteRef:11] This better meshes with our epistemic access to the unobservable world through our theories. In the former case, it is the properties that are primarily modally informed, but in the latter, this is only secondary and derivative upon the modal informing inherent in the relevant laws.  [11:  However, Kerry MacKenzie has pointed out in recent work that the above considerations regarding the role of symmetries yield an ontological picture that is significantly different from the so-called ‘bundle’ theory of objects since these symmetry relationships specify both kinds of particles and the compositional relationships that hold between these kinds (cf French 2006, fn 11).] 

	In this respect, then, the structuralist shift is comparatively minor: when it comes to the issue of where we place the modality, as it were, there appears to be little metaphysical difference between placing it with the properties or with the laws (conceived of relationally). In other words, those who are prepared to argue that properties are modally informed, should have few qualms in acknowledging that structures might be conceived so also. In other respects, of course, the shift is dramatic, and not just with regard to the above concerns about accommodating modern science. From the dispositionalist perspective, the truth-makers of law statements will be the relevant causal powers, capacities, dispositions or whatever; from the point of view of the structuralist it will be the relevant features of aspects of the structure. A primitive element has to enter somewhere in this kind of metaphysical explanation but the advantages, we claim, of positing structure in this respect is that we have ‘closer’ access to structure via our scientific theories (in the sense that with the dispositional analysis we first have to interpret our theories in object oriented terms and then ascribe dispositions, powers etc to such objects (or their properties)), and also that this meshes better with modern science (in particular physics[footnoteRef:12]) for which, as Ladyman and Ross point out, the picture of objects banging into one another in a container-like space-time – a picture that we suspect lies hidden beneath the dispositionalist stance – is entirely inappropriate (2007, p.3). We shall return to this point and the issue of accommodating counterfactuals below. [12:  There is a long-standing issue of whether structural realism can be extended to other sciences. Ross argues that it can for economics (ref) and French has indicated how a form of structuralism may apply to biology (French forthcomingc).] 


Structure, Counterfactuals and Necessity

One of the perceived advantages of the dispositionalist stance is that it yields both the apparent necessity of laws (as a means of distinguishing them from accidental generalisations) and the appropriate relationship with the relevant counterfactuals[footnoteRef:13]. Although we feel that it gains this advantage on the basis of a metaphysical picture that is at odds with modern science, in eschewing such a stance we obviously need to say something about how these issues appear from a structuralist perspective. [13:  Mumford still holds that there are relations of necessary connection between properties, and that relevant counterfactuals can be asserted but insists that the latter supervene on the appropriate potencies whose inter-relationships remove any need to entertain laws as metaphysically substantive entities.] 

	Thus the dispositionalist claims that laws can be distinguished from contingent universal generalisations by virtue of the fact that they are about how objects are intrinsically disposed to behave, and their necessity is hence grounded in that of the relevant dispositions (this is of course a rather coarse summary; for a more fine-grained analysis that respects the distinctions between various adherents to this stance, see Drewery 2005). In any possible world in which there are electrons, say, there will be the relevant associated dispositions, powers, potencies or capacities (possessed by either the electrons or their (first-order) properties, depending on the particular version of the stance adopted), and hence, by virtue of the nature of these dispositions etc., there will be the relevant inter-relationships that are described by law statements and are taken (by realists) to constitute laws[footnoteRef:14]. Fix the objects and their properties and the laws follow. [14:  But not by Mumford of course.] 

	Thus dispositions etc. act as the truth-makers of laws and the necessity associated with the latter is now taken to derive from that which is tied to the former[footnoteRef:15]. Of course, this just shifts the issue as to the nature of this necessity: as we noted above, now instead of laws being modally informed, in some fundamental or primary sense, we have powers or dispositional properties that are so informed. As Drewery notes, this can be taken as yielding a solution to van Fraassen’s infamous ‘Identification Problem’ which requires an account of what in the world makes it the case that a law, and its associated necessity (if it is taken to have such) obtains. For the (non-Mumfordian) dispositionalist, laws are necessary because they are partial identities for the relevant properties (Drewery ibid., p. 382). However, the nature of the modal informing, as itself a metaphysical feature, has not been substantially illuminated by such a shift[footnoteRef:16]. Given that, whether we situate our modality at the level of dispositions or at that of the laws themselves may appear to be a metaphysical form of ‘six of one, half a dozen of the other’. Furthermore, if the laws are taken to function as partial identities, then we can read that identity relation in reverse, as it were, and identify properties in terms of the laws (see French forthcomingb). Extracting powers from the laws presented by scientific theories and taking the former as fundamental is dependent on reading those identity relations a certain way only and in this sense the dispositionalist feeling that one is getting at the ground for such laws and their associated necessity, is in fact illusory (cf. Dreweryibid., p. 386).  [15:  This is not the case for Cartwright’s capacities, which are open-ended and ‘malleable’ in ways that dispositions as typically conceived are not (Cartwright 2007).]  [16:  And hence an empiricist who adheres to a ‘demodalized’ view of properties and laws may remain unimpressed by such a move. ] 

	Indeed, referring to laws in a non-eliminable manner may be unavoidable within the dispositionalist stance[footnoteRef:17]. Thus if the totality of all the behaviour of electrons, again, is determined by the relevant dispositional properties, then this must include their interactions with other kinds of particles (such as protons). But then these dispositions must encode these interactions as well, and hence there could be no conception of such properties or powers, regarded as that which determine (or govern) the totality of behaviour, that do not make reference to these other kinds of particles (ibid.)[footnoteRef:18]. The behaviour of the latter will in turn be determined by the relevant set of dispositional properties and thus we seem to be driven towards the kind of holistic dispositionalism that Chakravartty favours (2007). But insofar as this signals a shift from the particularist picture that appeared to undergird the dispositionalist stance, it brings this stance closer to some form of structuralism[footnoteRef:19]. [17:  And of course, if it is maintained that all that there ‘really’ are, are dispositions, so that laws can be eliminated, then Mumford will claim victory (2006). ]  [18:  Drewery presses this point against the kind essentialist but insists that it can be made against the dispositionalist view of properties as well. ]  [19:  Indeed, Drewery writes, with regard to kind essentialism in this context, ‘…the fact that the so-called essences are co-dependent vitiates their claim to be essences rather than laws’ (op. cit., p. 388).] 

	Furthermore, the latter – as articulated along the lines indicated above – may be able to resolve a problem that Drewery poses in this context. Thus, according to the dispositionalist, leptons and quarks are individuated purely by the relevant properties (rest mass, charge, spin etc.), conceived of in dispositional terms. However, the relevant kinds are empirically discovered and the possession of these properties is obviously not an analytic matter. Thus it seems epistemically possible that the charge on the electron, say, could be slightly different than what it is. In such a case, the dispositionalist seems forced to admit that we would then have a different kind of particle but Drewery finds this implausible[footnoteRef:20]. As she notes, whether there could be no other grouping of fundamental particles with similar but slightly different properties is a matter for science to determine: [20:  The source of this feeling lies in a comparison with the kind of essentialism Kripke and Putnam espoused with regard to water, where she follows Psillos in suggesting that if we still had molecules consisting of two hydrogen and one oxygen atom but that did not bond to form the structure that water actually has, we would still call the substance consisting of such molecules ‘water’. However, the concern here is that without that structure the properties of this new substance would be very different from (actual) water indeed.] 


‘The fact that we are discovering the fundamental particles empirically means we can sensibly ask the question: must electrons have such-and-such a mass, charge, or spin? In our world, we individuate them by these properties: we see that the fundamental particles are divided into similar groups which share properties in this way. We label the groups ‘electron’, ‘up quark’, ‘muon’, and so on. But this does not tell us that basically the same groupings could occur but where the different particles possessed slightly different properties.’ (ibid., p. 390)

The problem is that science does ‘tell’ us this via the sorts of symmetry based considerations alluded to above; indeed, the case of the W-  particle demonstrates that these considerations allow us to predict what the relevant properties of new kinds of particle must be. But of course this offers little in the way of support for the dispositionalist for the kinds of reasons we have already sketched. And Drewery is right to point out that the metaphysical necessity typically ascribed to laws cannot be simply grounded in dispositions conceived of as distinct; at the very least we must consider them as holistically inter-related if we are to accommodate the interactions between different kinds of particles.
	How then does this feature of necessity look from the structuralist perspective? First of all, we have to acknowledge that the basis on which such considerations are set up within the dispositionalist stance presupposes the very elements that ontic structuralism denies. Thus we are typically invited to initially consider an actual array of objects – fundamental particles, say – and their properties and then imagine a possible world in which we have the same array, but different laws, which would supposedly show that the laws would be contingent on such a conception. This initial consideration exploits the metaphysical gap between laws and properties alluded to above. Taking the objects or their properties to possess dispositional powers on which the laws are grounded then closes the gap and effectively ties the laws to the relevant array, such that we regain the necessity that distinguishes them from contingent universal generalisations. The structuralist, however, takes the objects and their intrinsic properties (at least) to be ontologically secondary to the relevant structure (and hence eliminable, on one version of this view; see French and Ladyman forthcoming). Thus the basis for the construction of the above possible worlds is simply not available and the underlying presupposition that laws would be indistinguishable from contingent generalizations unless objects are taken to have dispositional powers, is not one to which the structuralist would subscribe.
	However this does not leave the structuralist at a disadvantage. First of all, in separating ‘genuine’ laws from merely contingent generalizations in the above manner, the dispositionalist’s employment of possible worlds still assumes, of course, that we have some means of distinguishing them to begin with. This of course is achieved by referring to the relevant scientific theories; the invocation of possible worlds is then meant to establish the basis for attributing to the laws a necessity that is denied to the mere generalisations. But what does this move actually add? The structuralist can distinguish the two on the same grounds and also articulate the relationship between ‘genuine’ laws and the relevant properties, but in a way that reverses the order taken by the dispositionalist. Thus where the latter insists that an electron, say, could not continue to be the same sort of entity should the laws be different because changing the laws would be tantamount to changing the relevant cluster of dispositions (cf. Ghins 2007, p. 142), the structuralist can agree with the first part of this claim, but assert that it is because of the relevant ontological dependence between the electron, qua object, and the laws, qua relevant features of the structure, together with the relevant symmetries of course. Furthermore, where the dispositionalist also insists that electrons are the same in all possible worlds, because they must interact according to Maxwell’s laws otherwise they would be another type of particle (ibid.), the structuralist would also agree. However, the dispositionalist takes this as a basic presupposition and then argues that with the introduction of dispositions, powers etc., the laws would also be the same, whereas we take it the other way round: where the laws, or more generally, the relevant structure (since we need the symmetries as well) are the same, then we will obtain the same kinds of particles. Thus from the structuralist perspective, the framework of possibility in which we may consider what is necessary must have a different basis: given the same laws and symmetries, the same particle kinds are obtained, and hence, it is the metaphysical necessity of the latter that is obtained, grounded as it is in the former[footnoteRef:21].  And finally, where the dispositionalist takes the necessity of a law to be ‘rooted’ in the dispositions of the associated entities (ibid.), the structuralist takes this statement of the relationship between laws and entities and reads it in reverse, as it were, taking the ‘rooting’ to proceed in the opposite direction.  [21:  And thus, preserving the symmetry (!), the debate between eliminativists (e.g. Mumford) and non-eliminativists (e.g. Bird) about laws is mirrored in that between eliminativists (French) and non-eliminativists (Ladyman; Saunders) over objects. ] 

	Of course, just as from the dispositionalist perspective we may imagine a world with different objects and properties, and hence different dispositions, and then consider what the laws would be like, so the structuralist can conceive of worlds in which different laws hold, and then consider what different kinds of particles would result. One way of doing this is to conceive of world in which different fundamental constants apply, yielding a form of necessity in this context:

‘Our laws are physically necessary in that in any world where the fundamental constants have the same values, the laws are the same.’ (Drewery op. cit., p. 392). 

Having grounded the necessity of laws, dispositionalists –  along with others who take laws to be necessary – can then explain why laws support counterfactuals: they do so in the same way that other necessary truths do. Thus consider the assertion, ‘if an electron were to fall under the influence of an electromagnetic field it would experience an appropriate force and associated acceleration’. The truth of this counterfactual is taken to follow from the truth of Maxwell’s laws and it is this legitimacy of such inferences that supports the view that laws must be modally informed, where, of course, the modality is grounded as indicated above. 
Now as we have just suggested, although the structuralist may also take laws to be modally informed, she cannot not take them to be necessary in the same sense as the dispositionalist. This may seem to present a problem, except of course that the very same reason why she does not take them so leads her to reconceive these counterfactuals. If the ‘electron’ in the antecedent is understood to be an object ontologically distinct from the relevant structure, then the counterfactual is true by default because the antecedent is false – the structuralist denies that there are electrons in that (metaphysical) sense. If the ‘electron’ is understood in a broader, phenomenological sense as that kind of particle the behaviour of which is investigated through the theories and experiments of physics, then the antecedent and counterfactual as a whole can be taken to be true (within the domain of classical Maxwellian electrodynamics). The structuralist does not deny the existence of particles per se, of course; she simply reconceives them in structuralist terms (French and Ladyman 2003). The counterfactual’s truth follows from that of claims about the relevant features of the structure of the world and the support given that counterfactual by the relevant laws is also explained by the modal nature of the latter. 
In the absence of such a reconceptualisation, of course, the counterfactual refers to a picture – of electrons interacting with a field and ‘experiencing’ a force – that the structuralist is simply going to reject as out of step with current physics. Consider how particle interactions are understood according to the Standard Model: there we have forces mediated by ‘particles’ (gluons, photons etc.) that are themselves understood field theoretically and symmetry playing a crucial role, since the SU(3)×SU(2)×U(1) gauge symmetry yields the relevant interactions (strong and electro-weak). Attempts to recover a concept of ‘particle’ qua object that might fit with the afore-mentioned picture of particles ‘banging into one another’ within the space-time arena[footnoteRef:22] are of course notoriously problematic (French and Krause, 2006 Ch. 9). In the absence of an interpretation that is at least more consonant with current physics, the structuralist will be inclined to dismiss the counterfactual as a potential explanandum (or to be blunt, as not the sort of thing worth explaining). As reconceptualised, it can be explained in structuralist terms, just as the form of the counterfactual that the dispositionalist takes as requiring explanation can be explained in dispositional terms. [22:  Cf. French’s rejection of Psillos’ picture of causal processes in this context (French 2006).] 

	Furthermore, let us consider again claims involving relationships between kinds of particles.   Thus consider the counterfactual, ‘Had an electron been present at a certain spatio-temporal location, then all protons would have possessed a rest mass of 1.63 x 10-24 g’ (Lange 2004).  They possess this mass out of metaphysical necessity; so, how is the following counterfactual to be explained, on the dispositionalist stance: ‘Had an electron been present at that location, atomic nuclei would have still contained protons, rather than schprotons (stipulated to have half the mass of protons’? (ibid., p. 224) Of course, one could appeal to a law that rules out schprotons (by setting out all the acceptable natural kinds), but then this too would have to be grounded in an appropriate set of dispositions and it is not clear how the relevant set of objects could be introduced in a non ad hoc manner[footnoteRef:23]. Again the structuralist, by appealing to the kinds of symmetry considerations touched on above (and incorporated into the ‘Eight-Fold Way’, for example), and effectively extending the relevant sense of metaphysical necessity to cover these symmetries, can provide the appropriate explanation.  [23:  Again, one possibility would be to appeal to ‘the world’ as the relevant kind or ‘being the world’ as the relevant property but this will face the same objections as indicated above (cf. Lange ibid., pp. 230 -232).] 

There is one final issue to consider here. In his criticism of the view that the identity of properties is exhausted by their causal profile Psillos has pointed out that on such a view we would unable to distinguish between a world in which two properties combine to have a certain nomic role and a world in which one property has that role. If we are to make sense of this difference, we need to go beyond these nomic roles. Thus, as he puts it,  “Structuralism does not cut through isomorphism” (2006) and although it is causal structuralism that he has in mind here, it would appear that this criticism can be applied to our view as well. The obvious response is to deny the assumption that we can construct or have two such worlds, since the kind of dependence relation suggested above implies that once the laws are fixed, so are the relevant properties such that we cannot speak of two properties combining in the above manner (at least not in any metaphysically significant sense). That we effectively lose the kinds of metaphysical differences Psillos highlights may seem a cost but we can add to the naturalistic dismissals of such possibilities the gains obtained by adopting a structuralist view.

Conclusion

The aim of this paper has been primarily motivational. There are of course numerous further issues to be addressed and further details to be explicated. Nevertheless we hope to have indicated that our account both sidesteps Mumford’s dilemma but, more importantly perhaps, appropriately accommodates the kinds of symmetry principles we find in modern physics. Such an accommodation is crucial to achieve if we are to arrive at a metaphysics of science that is ‘of’ the science of today, rather than of an outmoded picture that has long since been abandoned. 
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