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Abstract

Various forms of underdetermination that might #tea the realist stance are examined.
That which holds between different ‘formulation$’aotheory (such as the Hamiltonian
and Lagrangian formulations of classical mechangspnsidered in some detail, as is
the ‘metaphysical’ underdetermination invoked tpmart ‘ontic structural realism’. The
problematic roles of heuristic fruitfulness andmus structure in attempts to break these
forms of underdetermination are discussed and proaph emphasizing the relevant
structural commonalities is defended.

1. Introduction: Varieties of Underdetermination

‘The phenomena underdetermine the theory. There iarerinciple
alternative developments of science, branchindgrofh ours at every point
in history with equal adequacy as models of thenpheena. Only angels
could know these alternative sciences, though somastwe dimly perceive
their possibility. The theory in turn underdeteresrthe interpretation. Each
scientific theory, caught in the amber at one difitistorical stage of
development and formalization, admits many differetenable
interpretations. What is the world depicted by sce That is exactly the
guestion we answer with an interpretation and th&war is not unique.’
(van Fraassen 1989)

Within this passage we can identify different vheg of underdetermination. The first is
the (comparatively) straightforward, well-known &jrwhereby the ‘phenomena’
underdetermine theory. Adopting the representaltivamework of the so-called
‘semantic’ approach, we can present this form afeudeterminaiton in terms of the
possibility that a given set of empirical sub-stawes may be embedded in more than one
set of theoretical structures. A well-known objentis that, within scientific practice, it

is typically difficult to find one such theoreticstructure, much less come up with others,
but the modal element of the above claim shouldoeatverlooked: even if we cannot
now identify more than one theory that can ‘saweghenomena’, such theoriesild

exist. Obviously this raises the question of theugds for such a modal claim.

When it comes to the issue of how we should hasultd cases, the structural
realist urges ontological commitment to the undegdystructure that is taken to be
common to both theories (Ladyman and Ross 2007¢00xfse, the objection will run
that there may not be any such common structuréheatthe matter has to be
determined on a case by case basis. Rather tingideo this form of underdetermination
any further, | would like to explore the other \eigs that can be ‘extracted’ from the
above passage and consider, in particular, howtthetural realist might respond to
them.



2. Modal Underdetermination

This arises from van Fraassen'’s further claim {legéich scientific theory, caught in the
amber at one definite historical stage of develapraed formalization, admits many
different tenable interpretations.’ If the distiloet between theory and interpretation
becomes blurred, one could understand these diffezaable interpretations as
morphing into different theories, particularlyds suggested, the theory is at a stage
where further development and formalization is fgmegsurely almost always the case,
given that the typical block on such is empiric@lhe could also obviously (trivially?)
generalise the above claim and state that eadf setpirical sub-structures, ‘caught in
the amber etc. etc.’, admits (that is, can be ehbedhto), many different tenable
theories. This amounts to little more than a réest@nt of the standard
underdetermination claim, but with the added emighas the historical dimension. This,
in turn, can be related to recent claims of ‘aldire’ histories of science, which have
also been put forward as a means of underminifgnea

The claim here is that one can identify certaim{zoin the history of science at
which it was possible for science to take an alteve course, as it were, and for
alternative theoretical programmes to be develdfedch discussion of this claim and the
associated subtleties, see French 2008 and thei@ssbpapers in a speclals
symposium) There is an obvious concern with regard to thesbiar such identification
and | suspect that the grounds for the above dcaeentwined with the so-called
‘romantic’ view of discovery which typically ignasehe relevant heuristic factors and
surrounding (internalist) historical context. Reldly, one can raise concerns with regard
to the evidence for such alternative possibilitiHss is to revisit the worry expressed
above: how do wé&now that a further theoretical structure into whicgivven empirical
sub-structure can be embedded is even possible?ddermight bring to bear general
philosophical concerns regarding the epistemoldgyadality (see Frenchbp. cit.).
However, a dilemma arises in the case of the histbscience: on the one hand, mere
conceivability cannot serve as evidence for gensaientific possibilities, since what is
typically conceived in no way amounts to a fullablotheory; on the other, if we had
such a full-blown theory, it would no longer coasta possibility — it would, in a sense,
be actual and subject to the impact of empirictd dalthough of course, we might still
be left with the ‘standard’ form of underdetermina).

A possible and prima facie plausible example & tf Weldon’s non-Mendelian
genetics (see Radick 2005), where there is sufficextual evidence in the form of
notebooks etc. for someone with the relevant biokdgxpertise to form a clear
conception of the relevant theory and can begootwstruct an alternative history. If this
is the case and there is no evidence that falgtiedVeldonian theory, this would give us
a genuine, and standard, case of underdetermin&titimat case, the structural realist
will urge commitment to the common underlying bmilmal structure. Furthermore, from
a reductionist perspective, the Weldon examplerbgps not so worrisome — the realist
could restrict her ontological commitments to pbgbentities that are more fundamental
than ‘genes’, for which it might be argued that tim#ion of objecthood is vague anyway.

However, Stanford has offered an approach thatlyialvastly greater number of
potential examples, without having to confront essof evidential support (Stanford
2006). His argument runs as follows: we now knbat &t the time Newton'’s theory, for
example, was proposed, developed and accepted,wiasran alternative possible theory,



namely Einstein’s, that could have been proposedeldped and accepted but was not;
we also now know this for many other theories tigirmut the history of science and we
can (meta-)inductively infer that the same willdwefor our current scientific theories
(namely, someone at some future vantage pointogikble to claim that they then know
that there are now alternative possible theorléshce, we cannot conclude that our
current accepted theories are most likely to be, ton approximately true and realism is
undermined.

This gets around the kinds of evidential concéaitsout above, since we
obviously do have well developed alternatives gsthcases — they are the very theories
we now claim to accept! However, one must ask: awvgense could these alternatives
have been developed and accepted at the time? @yid is only if the relevant
alternative could actually have been developedpaceived of at the time, that we can
claim that an alternative history was possible maism undermined. Although | cannot
comment on the biological case studies he preséstems clear that we can answer
negatively in the case of Newton, or in that of MaX with regard to quantum
electrodynamics: in such cases it can surely bmelhthat it was not possible (in the
relevant sense) for anyone at the time to evemitegionceive of, much less develop the
alternatives, because the relevant supporting ¢tieat developments had not taken
place, or even, in some cases, the relevant matleain@ols had not been produced.
Hence, the force of the ‘could’ that underpins thaughts about alternative histories is
hugely diminished

There is more to be said about such modal coratidas but let me move on to
the other forms of underdetermination and the ttratist responses to them.

3. ‘Jones’ Underdetermination

In his critique of realism Jones puts forward a lelseries of examples which mesh well
with van Fraassen’s suggestion of theories withtiplalinterpretations (Jones 1991).
According to Jones, realism ‘... envisions maturersoe as populating the world with a
clearly defined and described set of objects, ptegse and processes, and progressing by
steady refinement of the descriptions and consedu@nfication of the referential
taxonomy to a full-blown correspondence with theurel order.’ (p. 186) But since what
we have in these examples are different empiriealyivalent interpretations and since
these interpretations offer different sets of otggproperties and processes, this realist
vision cannot be achieved.

Now, there are a number of things the realistsggnabout the examples Jones
presents. For example, when it comes to differi@térpretations’ of General Relativity,
such as that underpinned by the Friedmann-LemRibkeertson-Walker solution, these
can be taken by the realist as simply different edf GR which are known to be at
best only partially true. A more problematic exaeaerhaps, is that of the Hamiltonian
and Lagrangian formulations of classical mechanics.

4. Hamiltonian vs Lagrangian Mechanics
Both formulations are straightforwardly relatedNlewton’s equations. The Hamiltonian
equations are given by:

q =oH/op



p = -0H/éq

where p represents the generalized momentum, getineralized coordinates and H H(
g, t)), the Hamiltonian, represents the total energghefsystem and effectively encodes
the dynamical contenAnd the Lagrangian equations are:

d/dt eL/aq) = al/eq
where L represents the difference between theikiaetl potential energies.
In brief, we can say that the content of Newtomjsations is encoded in the
structures defined over certain spaces:

Hamiltonian: the relevant space is the space thlrdata for the equations; that is,
the space of possible instantaneous allowablesst@ihe underlying structure is that
of the relevant cotangent bundle.

Lagrangian: the relevant space is the space ofigofuto the equations; that is the
space of allowable possible worlds. The underlgingcture is that of the tangent
bundle. (See Belot 2006)

As is well known, under an appropriate transfororatithe Lagrangian yields the
Hamiltonian and indeed, this forms the basis ofdlaen that the two formulations are
inter-translatable. This can be appealed to bythestural realist in support of the
suggestion that the underlying structure of thesmdlations is essentially the same and
it is to this that we should be committed.

However, Pooley has raised two concerns aboukihisof move (Pooley 2006).
First, he notes that on most straightforward char&ations of structure (such as, and in
particular, the set-theoretic characterisation taed by most structuralists), different
formulations can be understood as giving rise fi@idint structures. Hence, in terms of
the structuralists’ own framework, the underdeteation would remain. Secondly, and
perhaps more problematically, he insists that éstabg an inter-relation between
formulations is not enough. What is needed isragls, unifying framework’ that can be
interpreted as corresponding more faithfully tditgaghan the alternatives. In the
absence of such a framework, the structural readistno grounds for resolving the
underdetermination as indicated above.

| shall try to respond to these concerns belowfitst let me outline various ways
in which one might try to break the underdetermaorat

5. Breaking the Underdeterminatiodppeal to Metaphysics

Musgrave’s response to Jones’ critique was to dppenetaphysics, where the latter is
not ‘mere philosophical whim and prejudice’ buseen to be continuous with physics
(Musgrave 1992). Thus ‘... physics has to look tdapkysics to help decide (fallibly,
of course) between experimentally undecidable ratéres.’ (p. 696)

However, there is the obvious concern regardieguktification for the invoked
metaphysical principles themselves. We shall taarckhis when we consider
‘metaphysical underdetermination’, but it is notiesly clear what principles could be
invoked to decide between the Hamiltonian and Liagjean formulations and one’s view



of such principles will obviously determine whetloere thinks the underdetermination
can be resolved in this way or not.

More significantly, perhaps, there is the condbat much of modern
metaphysics appears to have distanced itself fropgeounding in modern physics and
hence one might worry — perhaps in normative fashithat appealing to principles
drawn from this ‘physics-free metaphysics’ in orttebreak the underdetermination
between different formulations or interpretatiofisheories could lead to some
potentially disastrous choices being made. Itis ¢bncern which underlies, in part,
Ladyman and Ross’s critique of current metaphydieslyman and Rossp. cit.)
Something like their view may be what Musgrave imaghind when he suggested that
metaphysics should be seen as continuous with @hysut it doesn't really help break
the underdetermination since an obvious circulaxtyld arise. Appealing to
metaphysics seems to leave us with a dilemma:rdtieemetaphysics floats free of the
physics and requires justification itself; or ittientinuous with the physics but then it
can't actually break the underdetermination.

Let us consider an alternative appeal — to theistaufruitfulness of one
formulation over the other.

6. Breaking the Underdeterminatjo®ppeal to Heuristic Fruitfulness

The idea is that we should prefer that formulatidnich is more heuristically fruitful, in
some sense, where that sense can be broadly avaadi strongly, as leading to, or,
weakly, as indicating (again in some sense) an ecafly successful theory (see Pooley
op. cit.). Now, one might immediately wonder whether iev@n possible for a
formulation, as opposed to a theory per se, to give risennatheory. Of course this
raises again the issue of the distinction, if digtyween theories and formulations, but the
thought is two-fold: generally, there is the quastivhether formulations are the kinds of
things which can enter, with theories, into thésof inter-relations that come to be
established following certain heuristic moves; moaeticularly, there is the question
whether the well-known kinds of moves that one digoern as leading from one theory
to its successor, also hold between a formulatt@haafuture theory (where it is not yet
clear whether ‘successor’ is the appropriate teeneh

Now, one could simply retreat at this point andetielfa notion of heuristic
fruitfulness in the still broad sense of leadin@gtbetter, deeper or whatever,
under standing of the given theory — that is, a new formulatiobut that seems a less than
conclusive way of breaking the underdeterminatidere what one wants is some set of
criteria for what counts as underdetermination kireg conclusive or not, in this case.
There is the (realist) intuition (carried over fréhe standard form of theory-theory
underdetermination) that establishing that onerihof the underdetermination leads to
an empirically successful theory, whereas the afbes not, certainly counts. However,
establishing that one formulation rather than ttheoyields a new formulation and
consequently, bettenderstanding, appears not so decisive, since we don't have that
crucial factor of empirical success in this case.

Refusing to retreat would mean insisting thastfof all, the relevant inter-
relations can hold between formulations and theptiewever characterised, and
secondly, that appropriate heuristic moves can &genteading from one to the other.
One can at least make a first pass at the lattenate that, for example, the Lagrangian



formulation is typically regarded as the ‘naturaély to extend Newtonian particle
dynamics to fluid$ and the extension to quantum field theories i$ lwedwn, with, for
example, the Lagrangian density being straightfodlyarelated to Feynman diagrams. A
quick scan of the relevant physics literature glilbw Lagrangians all over the place, in
guantum chromodynamics, quantum black holes, eicis\their ubiquity a mere matter
of pragmatics: Wallace has argued that althoughhnfmegndational analysis in quantum
field theory has focussed on algebraic QFT, wilclear set of axioms, ‘naive’
Lagrangian QFT is sufficiently well delineated atheory that it too can serve as a focus
for foundational analysis (Wallace 2006).

Of course, in the quantisation of a classicatifible Hamiltonian plays a crucial
role. And the central importance of the Hamiltonianquantum mechanics hardly needs
emphasising. What does deserve more careful aiteate the moves that led to this
central role. Here one can at least point to thielge’ provided by the Poisson bracket,
which allows for a convenient phase-space repratientof the Hamilton-Jacobi
equations of motion. As is well known, this is stif inapplicable in the quantum context
and must be replaced by the appropriate commubatdiormally we can see a relevant
connection via the deformation of the underlyingsBon algebra to yield ‘Moyal’
brackets (the phase-space isomorphs of the comonsiiatHilbert space); here the role
of the underlying Lie algebra would require furtlegplication. Historically of course, it
was the apparent similarity between the Poissockktaand the commutator that lead
Dirac to his formulation of quantum mechanics amelheuristic role of the
correspondence principle here is well kndw8aunders has coined the useful phrase
‘heuristic plasticity’ to describe this featureasrtain mathematico-physical entities
which allows for their generalisation into new fanor extension into new domains
(Saunders 1993).

Clearly both formulations can claim some degrekeunfristic fruitfulness. What
one would then have to do would be to evaluatecanapare the ‘heuristic plasticity’ of
the relevant entities in the two formulations, matempt to weigh the one against the
other. But even before we embark upon such anmrger further doubts might creep in
as to whether heuristic fruitfulness is really giéint to break the underdetermination.
Consider: suppose we were evaluating the promiizeofagrangian and Hamiltonian
formulations at some point prior to developmengjedntum mechanics, in the late 1890s
say. At that time, any determination of the frditiess of one approach over the other, or
the plasticity of certain elements as compared wfitters, can only act as a kind of
‘promissory note’, since it could be that the plast leads to a dead end and the
fruitfulness withers away to nothing. Of coursekimg back, we can take a realist stance
and say these developments were in some senstalnieyibecause that's how the world
is (so, for example, the structural realist migtsist that the structure of the world
correspond to, and is hence best represented img &om of Lie algebra), but at the
time we have no such guarantee. Is such a prorgisste, presented in modal terms as it
has to be, sufficient to cause us to select omaudtation over the other? Surely not; at
best, any such selection must itself be tentative.

But now consider this: suppose we were to evaltmee formulations from a
perspective reached after the relevant developniaves taken place. Looking back, of
course the promise of one over the other may beabeae but, equally, the relevant
developments will also be clear, as will the neeotly led to by these heuristic moves. In



this situation, there will no longer be any undéedmination, because theoretical
developments have effectively made the choice $0Qf course, in the case of the
Lagrangian and Hamiltonian formulations, one cagtifiably claim that each
demonstrated a degree of fruitfulness, and theaalteelements an associated degree of
plasticity, so in this case one can’t even maketi@spective determination. But the point
is that even if one could, even if it were cleaichhformulation turned out to be more
fruitful than the other, such considerations asdlyeno help in breaking the
underdetermination at all: either they are merenpgsory notes, or there is no
underdetermination to break!

7. Breaking the Underdeterminatipoippeal to Less Structure
In a recent work, North has argued that the Hamigto formulation should be preferred
over the Lagrangian on the grounds that the foimexves less structure than the latter
(North forthcoming). Essentially she reminds ug thlaereas the underlying framework
of the Lagrangian formulation is configuration spadth a (Riemannian) metric
structure and associated distance measure, thia éfamiltonian is phase space with a
symplectic structure and associated volume eleniém symplectic structure, she
claims, is sufficient for the relevant physicstise choice is less structure (Hamiltonian)
over more (Lagrangian). The idea, then, is thatesimetric structure determines, or
presupposes, a volume structure, but not vice ydrsdormer adds another level of
structure to what is needed to express the Hamaltoaquations of motion. Furthermore,
the metric structure appears to be essential ®L#grangian formulation, given the way
the generalized coordinates feed into the Lagragia

North writes:

‘| think modern physics suggests that realism alsoigntific theories is just structural
realism: realism about structure. Modern geomédriculations of the physics suggest
that there is such a thing @& fundamental structure of the world, representethby
structure of its fundamental physics. There is lajedive fact about what structure
exists, there is a privileged carving of natureisgbints, along the lines of its
fundamental physical structure.’ (North, pp. 27°28)

And the way we arrive at the structure of the wasldtraightforward:

‘Take the mathematical formulation of a given thedfigure out what structure is
required by that formulation. This will be given the dynamical laws and their invariant
guantities (and perhaps other geometric or topoddgionstraints). Make sure there is no
other formulation getting away with less structunder that this is the fundamental
structure of the theory. Go on to infer that tlsishe fundamental structure of the world,
according to the theory.” (North, p. 24)

Following this procedure in this case, North codelsithat the fundamental structure of
the word is symplectic.

Now, the crucial step in this inferential proceglig to reject any formulation that
can do the same job but with surplus, or in somg waperfluous, structure. This may
seem straightforwardly plausible from a realistpa@if view — and one could obviously



underpin such a move through considerations basethaplicity — but it is in tension

with the previous suggestion regarding heuristigtfinliness, since it may well be this
very surplus structure that confers such fruitfagerhis was a point made by Redhead
when he noted that a number of significant develamsiin theoretical physics were
achieved through the appropriate interpretatiomathematical structures that are related
to those in terms of which empirically groundedaties are couched (Redhead 1975;
2001). Redhead himself presented this idea in tefrasfunction space’ formulation of
what has come to be called the ‘model-theoretiprapch, but it can also be understood,
more or less straightforwardly, in terms of thengtard set-theoretic formulation. Within
this framework, one has empirical sub-structurebesided in theoretical structures, the
latter related via partial homomorphisms to thewaht mathematical structures. These
are related in turn to further structures whichtaen open to physical interpretation and
hence being related to an extension of the thewrg,new theory entirely (see Bueno,
French and Ladyman 2003).

There are numerous examples of the fruitful rélsuzh surplus structure, such as
Dirac’s ‘negative energy’ solutions of his famougiations, and Redhead himself
considered the significance of gauge symmetrieSimviteld theory in this context:
understanding gauge transformations as acting maaHy only on the surplus structure,
he suggested that non-gauge-invariant propertiegcter the theory via this structure
leading to further developments via the introductod yet more surplus structure such as
ghost fields etc. Other examples can be given Ihatt ¢ important is the positive role
played by such structure in these cases. In gemejetting formulations that involve
surplus structure may mean rejecting preciselywvtath could prove heuristically
fruitful. This introduces an element of restrairitem it comes to North’s structuralist
programme. Indeed, one might say that appealitigecdormulation that has less
structure not only carries with it all the standprdblems that appeals to simplicity face,
but in addition risks constraining heuristic fruities$'. As we’ll see shortly, an
alternative option for the structural realist iddok for some common structure
underlying these formulations. Before we examing épproach, and the associated issue
of ‘which structure?’ let us consider the finalfoof underdetermination that | have
called ‘metaphysical’.

8. Metaphysical Underdetermination

The (now) standard example of metaphysical underdetation arises from quantum
statistics. Philosophical reflection on the ‘newagtum mechanics was entwined with
the development of the physics itself, with Borul &teisenberg, for example, suggesting
that quantum statistics — both the Bose-EinstethFeermi-Dirac varieties — implied that
particles could no longer be regarded as indivel(sgte French and Krause 2006, pp. 94-
115). For many years this was effectively the ‘ree@’ view of the matter, until it was
argued that such particles could be regarded agduodls, subject to certain constraints
(French 1989; van Fraassen 1989; French and K@@ . With the development of
‘non-standard’ logico-mathematical frameworks shlgggor accommodating the
‘Received’ view’s ‘non-individuals’ and a detailedderstanding of the afore-mentioned
constraints, two distinct metaphysical packagesbeaelaborated, consistent with the



physics: particles-as-non-individuals (describelquasi-set theory) and particles-as-
individuals (subject to certain state accessibdiystraints).

Structural realists have presented this as aestgal to the object-oriented realism
of, for example, Psillos and others, following @naassen’s invocation of this form of
underdetermination for anti-realist purpdSegFrench 2006; van Fraassen 1989). The
fundamental flaw in the latter is the combinatidrmadorm of ‘minimal’ naturalism that
states that we should believe our best currentigegaand hence take the world to be as
these theories say it is, with a ‘classical’ metaits of individual objects. The existence
of this kind of underdetermination implies that plog cannot, in fact, tell us what the
world is like when it comes to the most fundameatglect of the nature of its objects — it
simply cannot tell us whether they are individuaisiot. Analogously to the stance taken
by the anti-realist when it comes to the standarthfof theoretical underdetermination,
the structural realist urges us to retract our ptgtasical commitments, away from
objects to the underlying common structures.

Not everyone is convinced, of course. Chakravauints to a form of
metaphysical underdetermination that one can as®oeith our characterisation of
‘everyday’ objects and argues that if the reafistot expected to be concerned whether
‘everyday’ objects should be described as subssapless-properties or bundles of
properties, or whether the properties themselvesldibe described as instantiated
universals or tropes , so she should not be abalterned whether quantum particles
should be described as individuals or non-indivisl@hakravartty, 2003). In response,
the structural realist can point to the differenlbeveen these two situations. In the case
of everyday objects the issue is not whether thewlagects or not, but rather, having
already established that, how their objecthood khibe conceived. Here the matter of
access loom large: we have sensory mediated attcesgryday’ entities in terms of
which we can separate out those that count asigisshable objects, by means of the
relevant properties, or location in space-time smdn. Once we’ve established
distinguishability, at least in principle, we cédreh go on to speculate as to the ‘ground’
of individuality, whether via properties within tiseope of an appropriate form of the
Principle of Identity of Indiscernibles (Pll), ar terms of some form of ‘primitive
thisness’, or whatever. Here, as elsewhere, | dlmwimg Gracia (1983) who suggests, in
Scholastic vein, that epistemically it is via diguishability that we become aware of an
object as an individual in a ‘negative’ fashiont that ontologically, and ‘positively’,
this individuality (or ‘individual unity’ as Suargaut it) is grounded in some underlying
‘principle’, broadly construed, such as haeccaitysubstance or whatever. And for
certain entities, of course, appropriate distinigalslity cannot be established — entities
such as (famously) euros in a bank account, whietiheen not regarded as individual
objects.

When it comes to quantum particles, we lose tham fof access and the danger of
simply reading off the metaphysics from the physdahat the latter, or rather what we
take to be the latter, may be infected, as it waith the metaphysics of the everyday.
Indeed, the very foundations of the mathematicsiseeto frame our theories is already
so infected, requiring the genius of Weyl and mderstanding of both those foundations
and group theory to effectively ‘twist’ that eveaydmetaphysics to accommodate the
new physics (French and Krause 2006, pp. 261-263e we cannot establish
distinguishability to begin with, and the choice tlealist faces is not the apparently



innocuous one of deciding between different metajay accounts of the individuality
of objects, but that of deciding whether they sbauen be regarded as individual
objects to begin with. In other words, the chogéie much more fundamental one of
deciding whether quantum patrticles are like eunogour pocket or euros in your bank
account (see also French and Ladyman 2003; Fred@s)2

9. Underdetermination breakingVeak Individuality

We recall that one option is to try to break theendetermination by appealing to certain
metaphysical principles. Thus, one could try te ot the particles-as-nonindividuals
package by appealing to Quine’s famous dictum eniity without identity’ and insisting
that since particles-as-non-individuals have natitlg they cannot actually be entities in
the first place. But as straightforward as this reagm, Quine’s slogan has been subject
to criticism, the most focussed and penetratingnyomind) such criticism having been
proposed by Barcan-Marcus, who responded with lkenmnative, ‘no identity without
entity’™. At the heart of this disagreement lies a fundaaiéssue to do with the status of
identity (is it a relation that can only be saichtid once we have the relata (or relatum
in this case), or is it constitutive of the entjtghd one’s stance on that will effectively
determine whether one thinks the above underdetetion can be resolved in this way
or not. Furthermore, the development of quasitsmtity and ‘Schédinger logics’ goes
some way to allaying the concerns of those who tginder how we can formally
accommodate the notion of particles whose idergityot well-defined.

Alternatively, we might ‘break’ the underdetermiioat by considering how the
particles-as-individuals package might be furthgiported. Typically, those who wish to
restrain their metaphysical commitments when it esiio individuality have appealed to
some form of the Identity of Indiscernibles in ardie ground this individuality on some
property of the objects concerned. Well-known comgén the quantum realm have been
taken to block this approach (again see FrenchKaadseop. cit. for a detailed account
of this discussion), leaving — it would seem — Lemk substance, haecceity or some form
of primitive thisness as the only options if we sr@egard quantum particles as
individuals. As a way of breaking the above metajtal underdetermination this is seen
as patrticularly costly, in ontological terms, asdeaving the realist wide open to anti-
metaphysical criticism.

However, an alternative approach has recently paeforward that draws on a
Quinean reformulation of the Identity of Indiscdaleis and claims that a relevant sense of
individuality can be grounded in a notion of ‘weakscernibility applicable to quantum
particles (Saunders 2006). The central idea isltoitarelations within the scope of PlI
and then to note that fermions in, for exampldanglst state, can be weakly discerned
via irreflexive relations such as ‘has oppositendpi. This weak discernibility can then
ground a form of ‘thin’ individuality that does napply to bosons which, hence, cannot
be regarded as objects (see also Muller and Saz2068).

Now, it is not clear whether this is sufficient'btmeak’ the metaphysical
underdetermination, particularly given the consadiens of the alternative, below.
Indeed, the above approach can be seen as simpigroing it by offering a more
plausible metaphysical alternative to heacceitiesthe like. Of course, the ‘force’
behind any such break is metaphysical, again, ldsds not unproblematic. Admitting
relations into the scope of Pll has long been ssarontroversial on the grounds that

10



since relations conceptually require relata, andesthe latter must be appropriately
discerned prior to consideration of what relatitresy enter into, this approach begs the
relevant question as to the discernibility andvidliality of the relata. One way to avoid
this accusation is to situate this approach wighgtructuralist framework and insist that
what it provides is an appropriately structurabistontextual’ notion of individuality
(Ladyman 2007; French and Krauge cit. p. 172). In effect, then, this offers an
alternative stance that the structuralist can veikie regard to metaphysical
underdetermination: rather than pulling back heolmgical commitments in the face of
the underdetermination, she can ‘break’ the lafiigappealing to weak discerniblity and
thin individuality and still appropriately restriber commitments. The difference feeds
into current discussions over the various formstafctural realism currently on the table
and in particular relates to the (possibly wafém)tilistinction between ‘eliminativist’
forms which attempt to remove the notion of obgdtirely from the metaphysical
pantheon and those that accept an appropriatety tharacterisation.

10. Underdetermination breakgadNon-Individuality and QFT

The most well-known way of handling the metaphylsicalerdetermination is to urge
adoption of the particles-as-non-individuals paekag the grounds that it meshes better
with quantum field theory, where particle labels aimply not assigned right from the
start (Redhead and Teller 1991 and 1992). In eféewt from the perspective of quantum
mechanics, this is another appeal to the heufistifulness of one ‘*horn’ of the
underdetermination over the other. It is also sosgtective move, insofar as, having QFT
to hand, we know now that there is such meshing,isoot a mere promissory note.
Still, the concern has been raised: why should @pea successor theory count in
breaking the underdetermination associated witbaaler theory? Underlying this is the
kind of modal issue alluded to above and captungtie question: if we were faced with
this underdetermination in the quantum context owithout the benefit of having QFT
to hand, what weight would we give to such a preomg appeal?

In pursuing this approach, advocates have attaitieedther ‘horn’, arguing that
the particles-as-individuals package is problemasofar as it must posit the existence
of certain ‘inaccessible’ states in order to appedply accommodate quantum statistics
(Redhead and Tell@p. cit.)*. These states represent unwanted ‘surplus steiend
hence, again on what amount to grounds of simplitiis package should be rejected in
favour of the other. Again, however, this is a peofatic move for the same reasons as
before (once again see French and Krapseit., pp. 189-197 this surplus structure may
prove to be heuristically fruitful in various waymd indeed it has in the case of para-
particle states (consideration of which playeduiad role in the early history of
guantum chromodynamics) and anyon states. Attegpbiglraw a line between such
‘useful’ surplus structure and the clearly reduridamotoriously problematic and
adopting ‘reject surplus structure’ as a generahoaological rule is crude at best,
foolhardy at worst.

11. Don't Break It: Seek the Commonalities

The relevant ‘common’ structure underlying the abalternatives has been characterised
as group-theoretical (French 1999). Again puttimgds rather crudely, the idea is that
instead of conceiving our ontology in terms of abge and then having to face the
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dilemma of whether to regard them as individualaat; we focus on the relevant group-
theoretical structures underpinning quantum stesistnd effectively re-conceptualise (or
eliminate) our putative objects in terms of thesecsured'. This of course follows a
well-known historical traditiofi but there are two sets of concerns that have tzésad.

The first has to do with the distinction betweka presentation of the putative
objects in structural terms, at the level of sdfenpractice, and the appropriate
representation of the relevant structure, at tiellef the philosophy of science. Brading
and Landry have recently advocated a form of ‘malirstructuralism, according to
which putative objects are to be taken as preseritetthe ‘shared structure’ of a theory’s
models but this structure should not be assumée &et-theoretic (Brading and Landry
2006). They insist that,

‘... to account for the fact that two models sharactire we do not have to specify what
models,qua types of set-structures, are. It is enough to bay, tin the context under

consideration, there is a morphism between the $ys&tems, qua mathematical or
physical models, that makes precise the claim tivey share the appropriate kind of
structure.’ (p. 2; see also Landry 2007)

There is much that | agree with in this approa&e (Brench forthcoming), particularly

with regard to the contextual determination of ajppiate object-level structure (and

hence appropriate structural ontology) but whatesagree is with the claim that those of
us who are advocates of the model-theoretic appreffectively assume the relevant

structuresat the level of the scientific practice, are set-theoretic. A clear distinction needs
to be drawn between the structural presentatigrutsdtive objects at the level of practice,
and the meta-level representation of that structeoe me, the latter is most effectively

accommodated via set theory but that is not, ofsmuto say that the ‘structure of the
world’ is set-theoretical.

This then allows us to respond to Pooley’s condkat if the structure we are
interested in is straightforwardly characterised-tkeoretically, say, then different
formulations will give rise to different ‘structws®e understood in those terms. The
concern arises from a conflation of the characé&os of structure with its meta-level
representation. We may choose é¢present the relevant structure set-theoretically, or via
category theory, or however, but such meta-leyaesentation does ndbaracterise - in
the sense of ontologically constituting - the stuoe. Of course, there remain the issues
of how we can be sure there is such a common wmagrktructure, and, relatedly, of
how we access it and characterise it. But the psjrthat having concluded there is such
a common structure, and noted its presentationathematical and physical terms (e.g.
via group theory), our different meta-level setettegic representations of the associated
different formulations should not be accorded imappate ontological import. There are
not different structures in this case, just difféareepresentations of the underlying
structure.

Secondly, the issue has been raised whether dhaagpetic structures are enough,
in some sense, to fully capture our structuralsmmitments. Let us return to the
underdetermination between the Hamiltonian and a=gjan formulations. If we are to
find structural commonalities here, and hence negpo Pooley’s second concern above,
what we need to do is show how a ‘single, unifyirgnework’ is revealed by moving to

12



some underlying structure. Belot, for example, mated that,

‘It is a fact of primary importance that for weklbaved theories the space of initial data
and the space of solutions share a common georsetitture—these spaces are
isomorphic as symplectic manifolds.’ (Belot, p.’47)

That is, the Lagrangian solutions can be mappadetdéiamiltonian initial data and in
effect the actions of the groups implementing ttra@slation (Lagrangian) and time
evolution (Hamiltonian) can be considered as intietd (Belot, op. cit:)’. Now, there

is more to say, of courSebut this gives some indication of the way to jgedt. In terms

of representing this common structure, what oneldvalso have to do is something akin
to the work Muller has done in showing how the cammtructures of the Heisenberg
and Schrodinger formulations of quantum mecharacsbe appropriately represented via
the semantic approach (Muller 1997).

However, as far as the structural realist is come, of greater importance is the
issue of what this implies for her claims aboutgtrecture of the world. Bain, in
particular, has drawn attention to the significaot&ynamical’ structures which must
supplement the group-theoretic representation tatme objects above. Thus, with
regard to the electron, for example, he has arthedhe relevant structure is given by
either the Hamiltonian or Lagrangian formulationetéctron theory, with the evidence
for this structure given via the well-known ‘histally stable properties’ of the electron
(Bain, and Norton 2001). This dynamical structin@yever, is not strictly group
structure, since it is encoded not just in the iirards of the relevant groups, but also in
the spaces that carry the representations of tiress. Thus, to give another example,
the dynamics of Yang-Mills theories is encodedjost in the relevant invariants
(twistors) but in the geometric structures defiogdr the projective carrying space (Bain
forthcoming.) Hence, the structuralist still hashgowork to do in supplementing the
‘object structure’ with the relevant dynamical sture and fleshing out her picture of the
‘world structure’ as multi-featured (French 2008)effect what we have is an
appropriately complex ontology that includes bdi# group-theoretically characterised
structure underlying the particles-as-individuais particles-as-non-individuals
packages, and the common symplectic structure lymugthe Hamiltonian and
Lagrangian formulations. In this way both instanetanderdetermination can be
accommodated and resolvéd

12. Conclusion
There are two broad sets of conclusions | would ikdraw from the above sketch.
First, realist attempts to ‘break’ cases of undetmination by appealing to
heuristic fruitfulness and surplus structure abf@gmatic. If we'’re in a situation where
the successor theory has yet to appear, appeladitstic fruitfulness are little more than
promissory notes and as such as are hardly likeisotible the anti-realist. If, on the
other hand, we already have the successor to Banl,appeals are redundant. In these
cases, heuristic fruitfulness cannot play the atlebuted to it. Having said that, heuristic
fruitfulness can play a positive role in a differanena, by casting doubts on attempts to
resolve cases of underdetermination by appealitiget@xcess structure one formulation
may have over the other. In addition to the conedawut the justification for the
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purported link between less structure and (appratejntruth, rejecting surplus structure
may be an unfortunate methodological policy to addpe alternative | prefer is to adopt
the structuralist approach of looking for undertycommonalities and focussing on
‘essential’ structure.

Secondly, however, the lesson for the structuraighat this essential structure
must be expanded beyond the group-theoretical colg&ructure to include the
dynamical. Following Bain (who in turn was motivétey Ruetsche 2002), we can
informally represent this essential structure mfibllowing terms:

{state space, dynamics, symmetries} (Bain, p. 24)

The structural realist will insighis is what we should be realists about, where theess
remain as to how we are to both appropriately sgeit at the meta-level (in terms of
set theory, category theory or whatever) and hovarego understand it at the
metaphysical level.

Steven French
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' There is a connection here with van Fraassent [baargument to the effect that
science may have deviated from the path of trutham ‘best’ theories are nothing more
than the best of a bad lot.

" Of course, alternative theories are eventuallyetped and if their ontologies are
sufficiently discontinuous from their predecesstiigs may also cast doubt on realism.
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But this is a different objection, associated wvifth Pessimistic Meta-Induction and, of
course, the structural realist has a responsaedbMly concern here is only with the
conceivability argument.

" Interestingly for what comes later, ‘conservatidiparticle identity’ is fundamental to
this approach, where fluid ‘particle’ identifierssach as position at timgor relevant
thermodynamic properties — are treated as independeables, although a form of
indistinguishability also holds since the dynanmiesains unchanged through
permutation of ‘particles’ of the same mass, momenand energy.)

" Dirac himself represented the fundamental undgdiscovery as occurring in a ‘flash
of insight’ while out walking but he also had arcefent understanding of the
Hamiltonian formulation, particularly as it had bespplied by Sommerfeld to atomic
systems.

¥ This difference in the structures has implicatifarsthe claim that we can
straightforwardly transform from one formulationttee other, as North notes. In essence
it implies that such transformations are only poigswithin certain constraints. There
are also associated costs, as she notes that withidamiltonian approachomentum
must be regarded as a fundamental property.

' Although she acknowledges Ladyman'’s earlier fofrstauctural realism, she insists
that this account is different. Clearly further wag required to explore these differences.
" Note that we are talking abdigrmulations here. Of course, in the case of
underdeterminetheories one might be reluctant to discard even quite esttensurplus
structure without running the appropriate empirtests first (this is just an expression of
the usual dominance of empirical success over stmplhowever characterised).

" The relevant passage is at the very end of hik bnauantum mechanics, under the
section heading ‘Goodbye to Metaphysics’. One mregdf this section is that van
Fraassen sees this underdetermination as derisongthe unnecessary metaphysical
commitments of the realist, although not everyagre@s with this interpretation.

" The difference here has to do with the differerfoeshings and objects; for Barcan
Marcus object-reference is taken to be a wideronathan thing-reference, where the
latter involves well-defined identity conditions well as other restrictions, such as
spatiotemporal location.

X These are states that are inaccessible to parti€le certain symmetry type; e.g. as far
as bosons are concerned only symmetric stateceesesble, and all others — anti-
symmetric, para-symmetric and non-symmetric —@aegessible.

X The two most relevant such structures are thaseceged with anti-symmetric
(fermionic) and symmetric (bosonic) states, althoathers are of course possible and as
already indicated, may be fruitful. ‘Weak’ discdaitity is, in effect, a manifestation of
anti-symmetric structures.

X! Eddington, for example, famously propounded arfdriied this approach; see French
2003.

“ North agrees that ‘if and when’ both statespaeecsires are vector fibre bundles,
they will be isomorphi@s vector spaces. Nevertheless she insists that the two
formulations differ irrelevant structure, not least because the Hamiltonian state

need not be a vector bundle, whereas the Lagrastgséespace must. Hence, she
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maintains, the Hamiltonian formulation is stilllie preferred. There is obviously more to
discuss here.

XV Belot further suggests that a symplectic strucisitbesine qua non of quantization.

X Again, North argues that the Hamiltonian statesps®ed not be a vector fibre bundle,
unlike the Lagrangian, and hence the two formutetimay differ in relevant structure.
Clearly further work is needed on this point.

' In effect this is to acknowledge the breadth ammmlexity of the relevant structures,
something that Falkenburg, for example, has regéighlighted (Falkenburg 2007).
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