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G. Renormalization

... the requirement of renormalizibility has just the kind of restrictiveness that we need in a fundamental physical theory. There are very few renormalizable quantum field theories. ... we very much need a guiding principle like renormalizibility to help us to pick the quantum field theory of the real world out of the infinite variety of conceivable quantum field theories. ... After all, we do not want merely to describe the world as we find it, but to explain to the greatest possible extent why it has to be the way it is.

S. Weinberg

It  is possible, as some have argued, that they [the' infinity problems '] signal a deep failure in the whole approach. 

I.J.R. Aitchison

...just as a poet often has licence from the rules of grammar and pronunciation, we should like to ask for "physicists' licence" from the rules of mathematics in order to express what we wish to say in as simple a manner as possible.

R.P. Feynman

... we... need a world whose mathematical structure is not so intricate as to make progress impossible.

K. Popper     

Notwithstanding the import of this study that physics may have achieved deep objective progress via the distinct and valid testability of its theory embedded symmetries,
 physics and its realist interpretation do face a host of problems (Leggett, 1987; Fitch, et al., 1997; Icke, 1995, Ch. 14; Feynman, 1985, Ch. 4). Although none of these problems vitiate the realist case (Redhead, 1995), they do underline its conjectural character. The most intriguing of these problems, and perhaps the one most problematic for a realist conception of the unification program in physics (sect. I), is the divergence of some higher-order terms in perturbative attempts at approximate solutions of quantum field theories for interacting systems (Weinberg, 1977; Weisskopf, 1981; Teller, 1988). The perturbative  procedure used in the explanatory application of these theories thus suggests a need for renormalization if sensible solutions are to be had; but it also suggests that the theories may not meet the internal coherence (consistency) constraint; and if that were the case, then, from the present perspective, they would not be candidates for being truthlike. Admittedly, that possibility cannot be discounted, and may be attributed to at least one or more of three considerations: (1) the radical differences of relativistic and quantum physics,
 differences that may have their source in the incompleteness of both theories (sect. E). (2) the breakdown of the  available mathematics qua descriptive tool, at the levels of physical reality which quantum field theories attempt to capture, just as our ordinary notions break down at the quantum and relativistic levels.
 And if the mathematics used to express theories is inappropriate, then the validity of approximation methods used to extract predictions from the theories may be adversely effected; which points to a situation described by Rohrlich (1996, p. 94), '... it is sometimes difficult to tell whether a disagreement with experiment is due to the approximate nature in which the equations were solved or whether the disagreement is due to the fundamental equations of the theory itself.' (3) it could be that we have got the "ultimate constituents" wrong: they may be neither "particle-like" nor "field-like" nor "quanta-like" but "string-like" - significantly, symmetry considerations are central in divergent free theories based on the string hypothesis, etc. 

Now if the theories are not truthlike, then they may be seen as but effective  field theories (EFT-s, Castellani, 2002), which save the phenomena within their respective energy-bound domain. But from the present viewpoint they would be but EFT-s, not because their empiric validity has an upper energy bound, and are thus domain specific - an attribute which they share with all theoretic structures (see sect.1) - but  because of their apparent incoherence.
 

However, consider four aspects of the renormalization procedure: (1) it effects the possible convergence of the perturbative series; (2) it resorts to physical  considerations, in the sense both of interpretation, and measured (however indirectly) values of masses and charges (of whatever sort); (3) its power qua selective constraint on possible theories (Weinberg, 1977, pp. 33-34); and (4) its success in the case of all three interactions of inertial physics, yielding possibly coherent theories with novel testable predictions, '... independent of the details of the regularization scheme...' (Teller, 1995, p. 166), i.e. independent of the precise scheme used to eliminate divergent terms. Now these aspects, individually and jointly, indicate that the procedure may be in touch with reality: that the renormalizibility of a theory could be indicative of the possibility of rendering the theory consistent (coherent). 

But how could that be, given known divergent terms, and given that even when these terms are renormalized there is no guarantee that the entire series will converge? Nonetheless, we may perhaps see the situation thus (in at least the Q.E.D. case): the empiric input - measured values of masses and charges (in contrast to the unknowable bare values) - may be regarded as part and parcel of the conditions (in addition to energy) setting the bounds of the domain of the theory in question. The theory can then be seen consistent with respect to its specified domain, on the assumption that any divergent term which that domain gives rise to can be renormalized with the help of those measured values. On this view the theories could satisfy all of the common constraints (CC), within their respective domains: Coherence, Parsimony, and Hamilton's Principle (HP), and are thus candidates for being truthlike.

This stance is at odds with a sentiment expressed by Cushing (1988, p. 31): '... that an ad-hoc, even though covariant, prescription was found indicates neither that the theory has been rendered mathematically consistent nor that these (infinite) renormalization corrections have any counterparts in physical phenomena.' Granted that the formal legitimacy of the prescription has not been certified (Teller, 1995, Ch.6), nonetheless, on the above suggestion, the prescription could render the theory consistent in respect of its limited domain, with the aid of measured values; values seen here as non-arbitrary empiric conditions which help demarcate the theory's domain, for which sensible predictions can be extracted from the theory. And whilst the 'renormalization corrections' may have no objective counterparts, they may make it  possible for the theory - in particular its testable symmetricity - to have a counterpart. Indeed, if the thesis of this study is at all sound, then the covariance of the prescription is itself an indication that it may be in touch with reality. In any case, the prescription is a fine example of a non-arbitrary methodological convention, which effects the central desideratum, expressed by Huggett thus (2000, p. 630): '... providing that the theory is "renormalizable", there is no worry that the procedure is an ad hoc method for fitting QFT with recalcitrant data ... Once a small number of constants are measured, all the empirical predictions of a theory are fixed, making it refutable.'

However, according to the 'mask-of-ignorance approach' to an understanding of renormalization - apparently favoured by most physicists - there exists an as yet unknown correct divergent free theory, which current quantum field theories, seen as not divergent free, approximate (Teller, 1995, pp.165-169). But this view runs into the following problem (ibid, p. 167): 'How, one might wonder, can renormalizibility, understood in this way, function as a constraint on theory construction? Recall that renormalizibility was the requirement that all divergent terms can be absorbed into a finite number of observable constants. The requirement that a theory have this property severely narrows the field of options left by other constraints, such as gauge and Lorentz invariance. But how are we now to justify the requirement of renormalizibility as a constraint that approximate theories must satisfy? If, as the mask-of-ignorance view claims, the correct theory has no divergent terms, the constraint (that all divergent terms be absorbable) cannot be justified on the ground that a true theory (or all more accurate theories) must satisfy the constraint. So why should we believe that this constraint will guide us toward better theories?' Teller's response to the problem he points to is (ibid, p. 167): 'The answer turns on the fact that observationally determined parameters can fill the gaps left by theoretical ignorance.' Now this filling of the gaps is, of course, what renormalizibility does: it makes use of 'observationally determined parameters' to effect the possibility that the theories are mathematically, as well as physically, respectable. But the question remains how these theories could approximate the correct theory, which is meant to be divergence free; and if they do approximate it, then what is the role of renormalization in bringing about that possibility? For as Teller (ibid, p. 169) suggests, the 'mask-of-ignorance approach' leads us to '... understand renormalization as a way of covering our ignorance of how present false theories approximate a correct, completely finite theory.' According to Teller, one way out of this ignorance, is to abandon truth in favour of calculability. Thus (ibid, p. 168), '... if a choice must be made, often physicists must abandon truth and seek calculable theories that provide adequate approximations. Renormalizibility, as a constraint on theories, guides us toward calculable approximations.' 

The problem has been succinctly put by Huggett (2000, p. 630): 'Do we have reasons to suppose that the consequences of perturbative renormalization approximate the consequences of exact QFT?' Huggett cites 'renormalization group theory' as a possible, albeit not unproblematic, source of an answer, since that theory suggests that (ibid, p. 631), '... divergences in perturbation theory can ... be interpreted as arising from a bad choice of theory, and renormalization as 'tuning' the parameters of the QFT to a critical point. Thus the renormalization group gives us a picture of why calculating with a QFT ... might need renormalization, and hence restores our faith that perturbative renormalization approximates QFT as we would like to interpret it.' 
From the perspective of the present stance - that for a sequence of comparable theories satisfying the CC, there might be a link between the testable symmetricity of a theory, and its truthlikeness - we may see the situation thus: The renormalizibility of the current quantum field theories is essential if they are to meet the coherence constraint in relation to their respective domains. Assuming that they do meet that constraint, then they are able to approximate the posited correct divergent free theory, for any theory approximating that theory would need to satisfy the coherence constraint, given that the correct theory satisfies it. Thus whilst renormalizibility is a redundant constraint on the correct theory, it is indispensable for any theory that would approximate it. The role of renormalizibility is thus to ensure the possibility that the theory satisfies the CC, and thereby to make it possible for the theory to approximate the correct theory in a truthlike manner; and hence to make it possible for the consequences of the renormalized theory to approximate the consequences of the correct theory. And, it follows from sect. B, that a truthlike approximation between two comparable theories satisfying the CC could be effected via a similarity relation between their respective symmetricities and that of the true theory; a relation characterisable with the term symmetric-structure-likeness, qua source and indicator a theory's comparative projective generality, and hence of its comparative truthlikeness.
 

As in Q.M., so in Q.F.T., there are several mathematically and empirically equivalent formulations of one and the same theory of one and the same domain, e.g. the Hilbert space and the Feynman path integral formulations. Rohrlich (1996, p. 93) comments on this situation: 'It is obvious that this difference in mathematical formulation puts a burden on the philosopher who wants to extract an ontology from QFT.' Whilst not denying that a preferred formulation might appear, Huggett (2000, p. 620), takes what he calls an agnostic view on this issue, but which can also be read, as indicated in sect. B, to be a complementary approach, understood realistically: '… the interpretational project can be one of finding multiple descriptions of the world compatible with a theory, each offering a different perspective on its meaning.' This view is in line with the  present symmetry based realist stance - which takes the central ontological item to be symmetric-structure - because, whilst the diverse formulations may indeed provide different perspectives on the theory's meaning, being mathematically equivalent they will have identical symmetric-structures. The underdetermination problem in respect of the variety of formulations is thus blunted.

 However, a realist view on Q.F.T. faces another problem: that for a given field theory (ibid, p. 632)., '... there are infinitely many distinct representations of any field canonical commutation relations...', with diverse physical (predictive) consequences; and that a transition from a state in one representation to a state in another cannot take place via '… an ordinary (unitary) quantum evolution.', but only via  a 'quantum leap'. Nonetheless, it is possible to marshall the realist conception of complementarity even in respect of these inequivalent representations, as Clifton and Halvorson (2001, p. 417) do. They '… defend the idea that these representations provide complementary descriptions of the same state of the field against the claim that they embody completely incommensurable theories of the field.' And they see a (p. 460),'…quantum field as a collection of correlated "objective propensities" to display values of the field operators in more or less localized regions of spacetime, relative to various measurement contexts.'
 Thus we may take the complementary inequivalent representations to be representations of complementary 'objective propensities', encoded in the same state; propensities, which may find realization wherever and whenever appropriate conditions (the 'measurement contexts') are met. Accordingly, validity conditions (see sect.1, part III.-2) attend each representation of an objective propensity - in contrast to pre-Q.F.T. theories, where such conditions attend a theory, suggesting an evolution of states under the same conditions. The posit is that only one of the inequivalent representations of objective propensities is actually realised within a given spatio-temporal period (or expanse), where the validity conditions attendant with that representation are met, thereby forming the real domain of that representation. Given that such inequivalent representations are central to the standard model account of the posited spontaneous symmetry breaking in the course of the evolution of the universe, they are in accord with the present stance. 

We may perhaps see the standard model account of symmetry breaks to suggest a spontaneous transition from one domain (a regime or representation characterised by a particular symmetric-structure) to another (a regime characterised by a novel symmetric-structure) to be a consequence of a phase-transition (due to cooling of the universe in its expansion), which triggers a 'quantum leap' from one realized propensity, to the realization of another; propensities encoded in the same state of the field. Accordingly, the "emerged" novel regimes correspond to realized inequivalent representations of objective propensities of inequivalent symmetric-structures, that are latent potentialities of one state of the field as given by the structure of the standard model. 

The levels (domains) of physical reality that quantum field theories are thought to be about is a very long way from the classical one in which we live. There can be no rational account of the classical level without positing deeper levels, from which the classical one could have arisen. And given the limitations of our ordinary classical notions it is hardly surprising that the deeper we cast our "nets", the stranger the "fish" we catch (Redhead, 1989, p. 169). Thus in the light of our intuitions and the notions that serve them, the domains presented to us by quantum field theories appear strange and unreal (Aitchison, 1985; Teller, 1996; Halvorson and Clifton, 2002). But given our evolutionary origins, it is to be expected that the classical level, and the concepts we use to make our way in it, should mask much more than can be made sense of with those concepts. Nonetheless, our theoretical probes may penetrate through the mask.

We are thus not bound to (Fleming, 2000, p. S496), '… regarding only classical accounts or accounts consistent with a classical ontology as constituting real understanding …'.
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� A valid test being one that could bring into contact a singular hypothesis and its test-phenomenon, consequent to that its attendant projection and model mediation problems could be resolved, via deductive-empiric means (sect. B). 


� Although the two principles - equivalence of reference frames and quantized energy states - are not incompatible, the theories, the state descriptions, some of the ontic implications, etc., do differ radically. For example, whilst a spatial coordinate is a parameter in S.R., it is an operator in Q.T. - although in Q.F.T. both x and t are parameters, more akin to their treatment in S.R.. And whilst S.R. enshrines special relativistic locality and determinism, but not discreteness, Q.T. enshrines discreteness, but not relativistic locality and may be interpreted to suggest indeterminism. On some interpretative problems of Q.F.T., engendered by joining Q.T. and S.R., see Halvorson and Clifton, 2002. 


� It is true that the descriptive efficacy of available mathematics, in respect of self interaction phenomena, is unsatisfactory even at the classical level, but there the problem is more easily masked (Teller, 1995, esp. p. 162). 


� An EFT is generally not renormalizable, e.g. Fermi's theory of weak interactions. Such theories are a fortiori not truthlike, since they cannot meet the coherence  constraint.


� For a sequence of comparable theories satisfying the CC, truthlikeness was characterized in terms of the expression symmetric-structure-likeness, in relation to the true symmetric-structure of a posited true target theory; with the likeness relation referring to likeness of common symmetric form (suggesting continuity), as well as to likeness of  uncommon symmteric content, i.e. of uncommon extent and kind of symmetricity (suggesting a discontinuous stepwise approach to the true symmetric-structure and thus to the true theory).


� Seeing the quantum field in this way is analogous to a proposal by Liu (1994) with reference to The idea is that we regard to encode propensities, with quantum probabilities as 'displays' of those propensities for particular experimental conditions. Teller (1995, p. 105) may have something similar in mind, '... states simply characterise propensities for what will be manifested with what probability under various activating conditions.'


� See also Huggett and Weingard (1994; 1995; 1996a; 1996b), who argue that the need for renormalization is not indicative that Q.F.T. is flawed.








