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Abstract

It is plausible that the models of our scientific theories correspond to possi-
bilities. But exactly which models of which scientific theories stand in this
correspondence? The answers to this question hinted at so far in the litera-
ture are too restrictive: they don’t support the idea that the models of many
of our best scientific theories correspond to physical possibilities. The paper
thus provides a novel proposal for guiding belief about physical possibilities
based on physics. The proposal draws on the notion of an effective theory:
a theory that applies very well to a particular, restricted domain. We argue
that it is the models of effective theories that we should believe correspond,
at least in part, to physical possibilities. It is thus effective theories that
should guide modal reasoning in science.
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1. Introduction

The question of what is possible and what is not is at the heart of all philos-
ophy and has been approached in various ways from different directions. The
aim of this article is to contribute to the empiricist tradition in the philosophy of
modality, which attempts to discover genuine physical possibilities in our scien-
tific theories—and not in a faculty of a priori conceivability (see, e.g., Berenstain
and Ladyman 2012; Ruyant 2019; Wilson 2020). Following this approach, and
looking at a scientific theory, it is very natural to suppose that its models, here re-
garded as solutions to its equations, correspond to possibilities with, if the theory
is to be empirically adequate, at least one model corresponding to what is actual.
Van Fraassen articulates this idea clearly, when he writes that:

To believe a theory is to believe that one of its models correctly rep-
resents the world. You can think of the models as representing the
possible worlds allowed by the theory; one of these possible worlds
is meant to be the real one. To believe the theory is to believe that
exactly one of its models correctly represents the world (not just to
some extent, but in all respects). (van Fraassen, 1980, p. 47)

This natural thought gives rise to an important question: if genuine possibili-
ties are to be found in theories’ models, exactly which models of which theories
should we believe correspond to genuine possibilities? For one sense of ‘possibil-
ity’ the answer appears straightforward. If possibility means logical possibility,
then presumably a model need only be consistent for it to correspond to a genuine
possibility. We should thus believe that all consistent models of all theories cor-
respond to logical possibilities, where ‘correspond’ here is understood as in the
quote above: as the representation of worlds by models.

For a more restricted notion of physical possibility, however, the answer is less
obvious. The physical possibilities, we might assume, are those situations that are
consistent with the actual laws of nature (Earman 1986, p. 13; Maudlin 2007,



p. 18).! It is thus tempting to think that all theories that accurately capture the
laws have models that correspond to physical possibilities (exactly what it means
for a theory to accurately capture the laws is an issue to which we return below).
As we will argue here, however, this way of specifying physical possibilities via
the actual laws of nature faces serious problems. We thus suggest an alternative
approach based on the notion of an effective theory, which aims to capture effective
laws: general principles that apply only to a specific domain. We use those terms
as generalisations of the way they are used in the context of effective field theories
where ‘specific domains’ are identified to energy scales.” It is effective theories
whose models we should believe correspond to physical possibilities.

The paper is structured as follows. We begin, in §2, by considering a law-
based approach to linking theories to physical possibilities and explaining why
this doesn’t work. In §3 we consider an alternative approach, offered by Hazen.
We show that Hazen’s principle fares no better than the law-based approach. In
§4, we consider an approach based on approximation. This is a step in the right
direction, but ultimately faces difficulties of its own. In §5, we propose a way to
overcome the problems facing other approaches, using effective theories. In §6,
we address some potential difficulties with our approach, and in §7 we wrap up.

2. Laws

Physical possibility, we assume, is a mind-independent, objective modality. As
noted, the physical possibilities are represented by those worlds that are compat-
ible with the actual laws of nature. This suggests a straightforward method for
determining which models of which theories correspond to physical possibilities:
just look to the models of the theories that accurately capture the laws. We can
capture this thought with the following principle:

While we focus our attention on the laws, we don’t presuppose any particular kind of realist
interpretation of laws. What we do presuppose, however, is a kind of minimal realism about
physical modality compatible with a variety of radically different approaches (such as, e.g.,
Cartwright 1983 and Berenstain and Ladyman 2012). See §6.6 for discussion.

Although we borrow the term from the context of effective field theories, our purpose is tan-
gential to the recent discussions of the relation between effective field theories and scientific
realism (Williams 2019; Rivat 2021). We use the label ‘effective’ to refer to the fact that all
empirically confirmed scientific theories are effective in a broader sense—i.e., that does not
reduce the notion of validity domain of theories to the notion of energy domain.



For any theory that accurately captures the laws, every model of that
theory corresponds to a physically possible world.

The difficulty with this straightforward proposal, however, is that it is doubtful
that any of our past or present scientific theories manage to accurately capture the
actual laws of nature. First: what is it for a theory to capture the actual laws?
A law of nature, presumably, is an exceptionless, non-accidental regularity that
applies universally. A theory can be regarded as a class of models.? This class of
models can generally be described using a set of equations or general principles.
A theory accurately captures the actual laws of nature when the sets of equations
or general principles correspond to the actual laws. In other words, the actual
laws, when written down, just are the equations or general principles of a given
theory that defines a class of models.

Now, while many of our theories imply universal claims that are candidates to
be laws, none of them imply such claims that are true. The generalisations that
we find in even our best theories do not hold universally or have exceptions. For
example, consider general relativity. This is one of our most successful theories to
date and does seem to provide universal principles for gravity. These principles,
however, are known to break down at very high energies. Something similar is
true for the Standard Model of particle physics—our most empirically successful
quantum theory—which (being an effective field theory) is also only valid at cer-
tain energy scales. Developments in quantum gravity notwithstanding, at present
we simply do not have a theory which can lay any claim to being exceptionless
and/or universal.

We are not the first to point out that our scientific theories fall short of accu-
rately capturing the actual laws of nature, whatever they may be. Both Cartwright
(1999) and Lange (2012) offer similar examples. In both cases, they point to ap-
parently universal claims, and show that they have exceptions. Cartwright, for
instance, focuses on Newton’s law of gravitation, and shows that it applies only
under certain ceteris paribus conditions (e.g., at relatively low speeds, or in the
absence of electromagnetic interference). Lange, by contrast, considers general
principles of thermal expansion found in thermodynamics, and shows that these
principles apply at least conditionally. For instance, general principles of thermal
expansion apply to metal rods only in the absence of external factors influencing

Here, we sidestep the debate between semantic versus syntactic formulations of physical
theories. In light of the work of Lutz (2017), it is not obvious that this is a substantive debate
in any case.



the system, such as mechanical impact on the rod (e.g., someone hammering the
rod into place).

One might respond that while our current scientific theories don’t manage to
capture the actual laws, future theories will, and it is the models of those theo-
ries that correspond to physical possibilities. The difficulty with this suggestion,
however, is that we need guidance on what is or is not physically possible right
now, not at some putative ‘end of science’. The reason for this is that physical
possibility already plays a substantial role in scientific reasoning. To see this, let
us briefly pause to consider some examples.

First, physical possibilities support counterfactual reasoning. Indeed, within
the domain of science this kind of reasoning just is reasoning about, and in terms
of, physical possibilities. Counterfactual reasoning is important for explanation.
A prominent approach to explanation within the philosophy of science analyses
explanation, at least partly, in terms of counterfactuals (see e.g. Woodward 2003).
It is thus very natural to suppose that explanatory connections within science must
be underpinned by counterfactuals.

Even if explanation is not analysed in counterfactual terms, counterfactual
dependence is usually treated as a necessary condition on explanation. For x to
explain y, it is plausible that x must make a difference to y, in the sense that if
x had not occurred, y would not have occurred. At the very least, counterfactual
dependence is a mark of the explanatory, and thus reasoning with counterfactuals
is a powerful heuristic for reasoning with explanations.

Setting aside counterfactual dependence, and focusing purely on explanation,
a further role for physical possibilities can be discerned. For there appear to be
some explanations that appeal directly to underlying modal facts. Consider, for
instance, equilibrium explanations, in the sense of Sober (1983). Very roughly,
these explanations show that some actual state of a system is to be expected be-
cause all other possible states of the system are unstable. The gaps in the Rings
of Saturn provide a case in point. The explanation for why there are gaps in the
Rings relies on a harmonic analysis of the matter distribution in our solar system.
This analysis reveals certain regions in the solar system within which nothing can
stably orbit, without falling into some massive body or other. The explanation for
the gaps is just that there is no possible way for an object to remain in orbit within
the relevant region. This kind of explanation relies crucially on an underlying



space of physical possibilities involving orbitals within the solar system.*

Symmetry explanations are another case in point. Some explanations appeal to
the fact that certain features of a physical system are invariant under some salient
transformation. The notion of invariance so crucial to symmetry explanations is
essentially modal. Invariance of the kind needed for symmetries thus really only
makes sense against the backdrop of some space of physical possibilities. For
some, the fundamental quantities of physics just are those that remain invariant
under changes, whereas non-fundamental quantities are variant (see e.g. Saunders
2003).> This notion of fundamentality forges a tight connection between physical
and modal notions, making it quite important to specify the link between physics
on the one hand, and physical possibility on the other.

Setting aside explanation, physical possibility is also important to the distinc-
tion between determinism and indeterminism. Earman, for instance, specifies a
notion of determinism as follows:

Letting ‘W stand for the collection of all physically possible worlds,
that is, possible worlds which satisfy the natural laws obtaining in
the actual world, we can define Laplacian variety of determinism as
follows. The world W € ‘W is Laplacian deterministic just in case
for any W’ € ‘W if W and W’ agree at any time, then they agree for
all times. (Earman, 1986, p. 13)

Earman’s notion of determinism presupposes a collection of possible worlds. It
thus relies, at least tacitly, on a principle that connects scientific theories to pos-
sibilities. Statements of determinism quite generally are likely to be similar in
this respect. Determinism roughly speaking relies on the idea that there is only
one possible way for the world to be, given certain pre-specified conditions. In
order to determine whether we should endorse determinism, a space of physical
possibilities is required, even if just to narrow the number of elements of that

4 Tegmark (1997), Wolf and Thébault (2023), and Swanson (2022) deploy something resem-
bling equilibrium explanations to account for the four-dimensionality of our universe, the
explanatory depth of inflationary models in cosmology, and the ubiquity of second deriva-
tives in physics, respectively.

Think also of Noether’s theorems: conserved quantities are associated with symmetries of an
action. See Read and Teh (2022) for recent work on the philosophy and physics of Noether’s
theorems.



space down to one. Again, some link between theory and physical possibility is
required.®

Physical possibilities also show up in statistical mechanics. For instance, ac-
cording to the popular ‘Boltzmannian’ approach, one can characterise entropy as
follows: the (Boltzmann) entropy of a macrostate is a measure of the number of
possible microstates with which it is compatible. This Boltzmannian notion of
entropy clearly makes use of a notion of possibility, one that it seems natural to
call physical possibility. Indeed, the alternative ‘Gibbsian’ approach to statistical
mechanics countenances ensembles of physical systems that evolve in a proba-
bilistic way, and thus would also appear to trade in notions of physical possibility.
Thus, contemporary statistical mechanics would appear to presume that one can
make sense of these notions of physical possibility.

It is easy to multiply examples. As Wilson puts it:

It is a truism that physics involves reasoning about alternative physi-
cal possibilities. To explain and predict actual observations, we con-
struct models of the phenomena which represent alternative physi-
cally possible histories; perhaps we also assign a probability dis-
tribution over these histories. This essentially modal character of
physics has been emphasized by authors as varied as Sellars, Sup-
pes, Cartwright, Ladyman and Ross, and Maudlin. (Wilson, 2021,
p- 1113)

We won’t labour the point any further. We rely extensively on reasoning about
alternative physical possibilities, and we therefore need to find a procedure for
guiding belief about physical possibilities on the basis of our current theories.
What’s clear is that we cannot focus on those theories that get the actual laws right,
since none of our theories provide true, universal exceptionless generalisations.
Some other approach to working out which models of which theories correspond
to physical possibilities is therefore required.

3. Hazen’s Principle

In correspondence with Lewis, Hazen offers an alternative to a law-based ap-
proach to guiding beliefs about possibilities. Hazen writes:

6 Readers familiar with the hole argument—see Pooley (2021) for a recent review—won’t need

to be convinced of the significance of physical possibility in discussions of determinism.

7



Every mathematically standard model of any coherent comprehensive
physical theory corresponds to a genuine possible world. (Hazen in
Lewis 2020)

Call this Hazen’s Principle. Hazen’s Principle faces some obvious difficulties.
To begin with, it is unclear what a ‘mathematically standard’ model of a theory
is supposed to be. This could mean any number of things, depending on the
standards being used. A mathematically standard model could be the one most
commonly used in science. Or it could be the one that deploys a widely-used
mathematical approach. Or it could simply be a model that is most commonly
discussed. Without a way to determine what it is for a model to be mathematically
standard, there is little hope of identifying the models of a theory that correspond
to possibilities. More than this, however, it is difficult to see what justification
there might be for focusing only on the mathematically standard models when it
comes to possibility. Why should the fact that a model is mathematically standard
be a necessary condition for its corresponding to a possibility?

A second, more serious problem with Hazen’s Principle concerns the notion
of a ‘complete and comprehensive’ theory. This seems troubling, for a couple
of reasons. First, it’s unclear what ‘complete’ means and, anyway, it’s not clear
that we have any such theories. ‘Complete’ seems to suggest some kind of final
theory, or at least final theory of a particular topic. E.g., a final theory of physics. If
that’s what ‘complete’ means, though, then it is plausible that none of our current
theories qualify, for the reasons which we have already articulated. This means
that current science provides no guide to what is possible.

It could be that ‘complete’ does not reference a final theory, but only a theory
that provides a total description of some phenomenon. This would effectively rule
it out that any of the models of either general relativity or quantum field theory
correspond to possibilities. For while these are our two most successful physi-
cal theories to date, they are known to be incomplete. For instance, as already
indicated, general relativity fails to provide an account of gravity at small scales
(i.e. high energies), and so in that sense is not a complete theory. We take it to
be a problem for a principle linking models to possibilities if it cleaves incredibly
successful theories from physical possibility.

What about ‘comprehensive’? This seems to signal generality. A comprehen-
sive theory will be a maximally general theory, a putative theory of everything.
But, again, we have no such theory, so we’d be waiting for the end of science
to get guidance on what we should believe the physical possibilities to be. And,
again, neither general relativity nor the Standard Model would provide a guide to



the physical possibilities, since neither theory is fully general.

4. Approximation

We are thus still in need of a method for working out which models of which
theories correspond to physical possibilities. An obvious way forward is to use
the notion of approximation. Consider, again, the law-based approach. There
the idea was that all the models of those theories that accurately capture the laws
correspond to physical possibilities.

A weaker principle that uses approximation, such as the following, would
seem to do better:

For any theory that approximately captures the laws, every model of
that theory approximates a physically possible world.

This weaker principle involves approximation twice over. First, instead of
requiring that our theories accurately capture the laws, the weaker principle re-
quires only that our theories approximately capture the laws (by which we mean:
the principles that define a class of models approximate the actual laws of nature).
This is an easier condition to satisfy, and one that will generally avoid the kinds
of problems discussed in §2. Given said approximate representation, however,
the correspondence to physical possibilities can itself at best be approximate. A
model merely approximates a world when there is some degree of mismatch be-
tween the model and the world. We take it that this could happen in many different
ways, depending on the model and the world.

While a step in the right direction, the approximation principle faces problems
of its own. The main problem is that we have no idea how close our current
theories are to approximating the laws, in the above sense. This is a problem,
because the looser the connection between the theory and the actual laws of nature,
the less assured we can be that the models of the theory approximate physical
possibilities. We thus need to know how close we are to the actual laws before we
can come to a reasonable view about whether the models approximate physical
possibilities.

This uncertainty about whether the models approximate physical possibilities
gets in the way of modal reasoning in science. For presumably we don’t just want
to be able to draw modal inferences using our scientific theories about what is or
is not possible, but in addition we want those inferences to be reliable. Until we
know how closely our theories approximate the laws, however, we have no way
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of determining the reliability of our modal inferences drawn on the basis of those
theories. This introduces a high level of uncertainty into the use of models as a
guide to possibility.

One might respond that we can be sure that some of our theories closely ap-
proximate the laws because those theories are approximately true. So, for in-
stance, one might say that general relativity is approximately true, and because of
this we should believe that any universal principles issuing from the theory closely
match the actual laws. But this merely shifts the bump in the carpet. For we sim-
ply do not know how close general relativity is to being true and, in particular, we
don’t have a precise measure of how close any universal claims it implies might be
to the actual laws. Thus, the shift to focusing on theories that are approximately
true does nothing to address the uncertainty around possibility that arises from the
approximation principle.

A further problem with the approximation principle is that there seem to be
at least some scientific theories that aren’t even approximately true, but whose
models we commonly take to correspond to physical possibilities. Take, for in-
stance, Newtonian theories of gravity. Prima facie, Newtonian gravitation does
not seem to be an approximately true theory, if what we are looking for is a the-
ory that captures the actual universal laws. This is because Newtonian gravity is
superseded by general relativity, which is considered to be a much more accurate
account of gravity; moreover, of course, Newtonian mechanics is not a quantum
mechanical theory. Nonetheless, we still use the models of Newtonian gravity for
a variety of purposes, to give us information about physical possibilities. Some
(indeed, most) models of Newtonian gravity correspond to at least parts of the
actual world. Consider, for instance, the solar system (perhaps sans Mercury):
this system is modelled well by Newtonian gravity, and indeed different models
of Newtonian gravity can provide possible ways for regions of the world like this
(i.e., other stellar systems, of which there are of course many!) to be.’

The problem, then, is that even if we can somehow work out which theories
approximate the actual laws, and then claim that the models of those theories cor-
respond to physical possibilities, this would leave us with no way to accommodate
the apparent success of less accurate theories that somehow still seem to provide
good guides to physical possibility.

7 In fact, there are well-known problems with treating Newtonian gravity as a cosmological

theory: see Malament (2012, ch. 4) and Wallace (2017).
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5. Effective Theories

Thus, the move to approximation doesn’t fully solve the problem. The trouble
is that we don’t have a good way of measuring the distance between our theories
and the actual laws. Perhaps, however, the focus on laws as standardly understood
is the problem. Thus far we have been focusing on exceptionless regularities
that apply universally. While these laws may determine the scope of physical
possibility, we don’t have scientific theories that accurately track them or, at least,
we are uncertain as to whether any of our theories do.

Our suggestion, then, is to focus on effective laws instead. An effective law
is not a universal, exceptionless regularity. Rather, an effective law is a regularity
that holds exceptionlessly for a specific domain. Domains are specified in terms
of the conditions that hold within them. For instance, a region in which the grav-
itational field is very weak, and everything is moving at low speeds relative to
the speed of light, corresponds to a particular domain. Similarly, a particular en-
ergy scale corresponds to a domain, such as the extremely high energies at which
general relativity is thought to break down, or the comparatively low energies at
which general relativity applies.

Effective laws are grounded in universal laws. Which is to say that the univer-
sal laws plus the conditions which specify a given domain ground the truth of the
effective law for that domain. Effective laws thus correspond to only a part of the
world, and thus not to the world as a whole.

An effective theory is a theory that captures the effective laws for a domain
either exactly or to a high degree of approximation. Our proposal, then, is to focus
on effective theories. The idea is that the models of effective theories approximate
parts of genuine physical possibilities.

Thus, we offer the following principle:

For any model M of an effective theory 7', M approximates a part of
a physically possible world.

This principle is an improvement on the principles considered thus far. For
while it is difficult to work out whether our theories approximate the actual laws,
it is easier to determine whether our effective theories approximate the effective
laws. If an effective theory is extremely well-supported empirically for a given
domain, and there are no known counterexamples to the general principles that
issue from that theory as applied to just that domain, then we have good evidence
that the theory is managing to fully capture the effective laws for the domain in
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question. For if the theory were somehow failing to capture these effective laws,
then we should expect there to be empirical data within that domain that the laws
cannot accommodate.

Given this, we have strong evidence that some of our current theories cap-
ture actual effective laws. Take, for instance, general relativity. The principles of
gravitation from general relativity don’t hold universally, for all domains. How-
ever, we have good evidence that they hold universally for a particular domain,
namely certain energy scales. The same point applies for the Standard Model of
particle physics, for Newtonian gravity, or indeed for essentially any other extant
empirically successful theory of physics to which one can point.

We are claiming that strong accord with empirical data is good evidence that a
theory is an effective theory: one that approximates, to a high degree, the effective
laws for a particular domain. Given this, why not just say that strong accord
with empirical data is good evidence that a theory accurately captures the actual
universal laws, not just the actual effective laws? The answer is that in the case of
effective laws, we can be confident that there is very little, if any, extra empirical
data to be gathered that would undermine the accuracy of the theory for a given
domain.® Thus, we have good reason to suppose that the principles articulated by
the theory won’t need to be modified much if at all to capture the actual effective
laws. In the case of a theory and the universal laws, however, we have no similar
assurance. There may well be a great deal of empirical data that would require us
to change the general principles articulated by a theory in order to get it to match
the actual laws.

Take general relativity again. This theory does not capture fully the actual
laws, as already explained. We know that there are facts about high-energy do-
mains that will need to be accommodated. We currently have no idea about what
those facts might be or about the scope of the revisions to general relativity which
might be required in order to bring it into line with the actual laws. As a result,
we have significant uncertainty about how close general relativity is to capturing
laws of gravitation. If, however, we focus just on the low energy domain, we
know that most of the data relevant to general relativity in this domain has been
gathered already. Thus while general relativity might not get the effective laws for
this domain exactly right, we can be comparatively confident that it is quite close.
In particular, we can be confident that no new information about this domain will

8 Cf. Hoefer (2020): “the experiments have all been done already, and current theory is con-

firmed by them” (emphasis in original).
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come in and radically undermine the theory.’

Our principle thus avoids one of the problems facing the approximation prin-
ciple. It also overcomes the other problem, namely that of explaining how the
models of (say) Newtonian gravity might correspond to physical possibilities de-
spite Newtonian gravitation not being true to a very high degree. For even though
Newtonian gravitation might not provide a very good picture of the actual uni-
versal laws, as already mentioned it does provide an accurate picture of effective
laws for a specific domain. In particular, for low-energy domains in which the
gravitational field is weak and velocities are low, Newtonian gravitation is highly
accurate, and very well-supported empirically. Moreover, we can be confident
that new data won’t overturn this fact, and so we can be confident that Newtonian
gravitation is accurately capturing effective laws. It is for this reason that its mod-
els correspond to physical possibilities, albeit approximately and only in the sense
of corresponding to parts of possible worlds.

The shift from correspondence with possible worlds to correspondence with
parts of worlds might seem troubling. Granted, we are able to reduce uncertainty
about whether the parts of worlds at issue are parts of physical possibilities, but
we do so apparently at the cost of our capacity to draw reliable inferences about
complete worlds. We admit as much: our principle provides no way to work out
which models of which theories correspond to complete worlds. But we don’t see
this as a problem. For we rarely if ever use science to draw modal inferences about
worlds as a whole. We are typically interested in possibilities in a narrower sense.
That’s because, when we draw modal inferences from science, we generally draw
those inferences with respect to specific domains. We are therefore confident that
our principle is sufficient to guide beliefs about which models of which theories
correspond to physical possibilities, at least insofar as we want those beliefs to be
both reliable and useful in modal reasoning within science.

Before we consider some difficulties facing our principle, it is worth identi-
fying another advantage. So far, we have focused primarily on theories within
physics. It is plausible, however, that the models of theories outside of physics
also correspond to physical possibilities, at least some of the time. Take biology,
for instance. It seems plausible that models of evolution by natural selection cor-
respond to physical possibilities. Principles that focus on universal, exceptionless
laws will find it hard to accommodate this fact. That’s because it is unlikely that

? Leading on from the previous footnote: this is a point which has been made with great

elegance by Hoefer (2020).
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biological theories capture laws of this kind even approximately. Indeed, there
may not even be such laws for biology. It is plausible, however, that there are
effective laws of biology: laws that apply to certain domains (such as for all bi-
ological organisms) that are ultimately grounded in the universal laws at some
level.

As such, our principle applies equally well to biological theories, or indeed to
any effective theories in any domain, as to theories from physics. For extremely
well-confirmed theories of any domain where we can be confident that new data
won’t undermine the theory, we can be relatively certain that the models of the
theory approximate parts of physical possibilities. For theories that are less well-
confirmed, we can be less confident of the modal inferences drawn from those
theories. But that is as it should be: it seems right for theories that enjoy less
evidential support to be less of a guide to what is possible.

6. Problems

So far we have introduced a new principle that aims to determine which models
of which theories correspond to physical possibilities. In this section we consider
and respond to some potential problems.

6.1. Not Every Model

The principle, as stated, is totalising: every model of an effective theory approx-
imates part of a physically possible world. This, one might argue, is a problem.
Even for effective theories, one might argue, we should allow that some of their
models don’t correspond to any genuine physical possibilities. Here are a few
examples from the philosophy of spacetime in particular:

i. In the case of the hole argument of general relativity, all three of Butterfield
(1989), Maudlin (1988), and Rynasiewicz (1994) hit upon the idea that, hav-
ing fixed a representational context, only one of a class of models of general
relativity related by hole diffeomorphisms represents a physical possibility,
while the other models in that class represent nothing at all.

ii. Those inclined towards relationalism about spacetime might aver that vacuum
solutions of general relativity do not represent physical possibilities, for there
can be no spacetime in the absence of matter. (Pooley 2001, for example,
explores this idea.)

14



iii. One might maintain, a la Earman (1995), that solutions of general relativity
which admit of closed timelike curves and which violate certain consistency
conditions (designed to rule out grandfather-type paradoxes) do not represent
physical possibilities.

iv. Relatedly, ‘Machian relationalists’ such as Barbour (2012) maintain that not
all solutions of Newtonian gravity represent genuine physical possibilities—
rather, only those for which the total angular momentum of the universe van-
ishes do so. (For philosophical discussion of such approaches, see Pooley and
Brown (2002).)

These kinds of cases can be handled, to some extent, using the notion of ap-
proximation already built into our principle. As noted, the models of an effective
theory correspond to parts of physical possibilities by approximating them. This
means that there can be some measure of mismatch between the models and the
physical possibilities. This mismatch leaves it open that some aspects of a model
don’t correspond to anything in a given physical possibility.

This is, perhaps, what is happening with case (iii), if we follow Earman. Solu-
tions to general relativity that feature closed timelike curves would only approx-
imate physical possibilities insofar as they get the topology wrong. One way in
which they may get the topology wrong is through the inclusion of closed timelike
curves. Nevertheless, such solutions may still approximate physical possibilities
to some degree, for (say) the local physics described in such solutions may still
agree with the local physics in (a region of) a world devoid of closed timelike
curves.

The other cases are harder. Take, for instance, Pooley’s view on vacuum solu-
tions to general relativity. If he’s right, then at least some of the models of general
relativity don’t approximate even parts of physical possibilities.!? If this can hap-
pen, then uncertainty about the reliability of our modal inferences starts to creep
back in. For if there are some models that don’t approximate any physical possi-
bilities at all, how confident should we be that any particular model approximates
a physical possibility?

In order to address this issue, we propose the following modification of our
principle: we should believe that all models of an effective theory approximate

One could push back against this line, by e.g. arguing that vacuum solutions still represent
parts of physical possibilities—e.g., Minkowski spacetime can still represent parts of solu-
tions to e.g. Maxwell’s equations. In which case, the worries and responses to follow are
moot.
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physical possibilities, in the absence of countervailing philosophical principles or
evidence from a more fundamental theory.!! Which philosophical principles one
endorses is, of course, a matter of choice. The thought, then, is that the models
of an effective theory are innocent until proven guilty: our default position is to
assume that they all approximate physical possibilities.'? This default position,
however, is subject to specific defeaters, though what those defeaters might be is
considered on a case-by-base basis.

What if there are always some defeaters? Then we can slightly weaken our
principle by including a second dimension of approximation. We can thus add that
the space of models is itself an approximation to a space of models that captures
the physical possibilities exactly. A weakened principle along these lines can be
stated as follows:

For most models M; of an effective theory T, each of the M; approxi-
mates a part of a physically possible world.

This weakened principle reduces the reliability of modal inferences drawn on
the basis of science, since it introduces a second source of error. The first source
of error consists in the fact that models now merely approximate parts of physical
possibilities. The new source of error is based on the fact that some models may
not approximate parts of physical possibilities at all. While this second source of
error reduces the reliability of modal inferences drawn using science, it doesn’t
undermine them completely. For it is still the case that most models of effective
theories approximate parts of physical possibilities, and so our inferences drawn
using those theories are still generally reliable. Moreover, one can still get a han-
dle on the subset of models which (approximately) represent (parts of) physical
possibilities, once one is explicit about the above-mentioned countervailing philo-
sophical principles in play. That is still enough to capture the importance of modal
inference to science.

What is it for one theory to be more fundamental than another? Whatever the account of
relative fundamentality might be, we can plug it in here. See Crowther and Linnemann
(2019) for recent discussion.

What we propose is in the spirit of (a modalised version of) the ‘totalitarian principle’, pop-
ularised in physics by Gell-Mann (1956): “everything not forbidden is compulsory”.
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6.2. Approximation

Our principle uses a notion of approximation. However, we haven’t said much
about what this is. One might object, then, that our principle is intolerably vague.

As we see it, there are at least three ways in which models may ‘correspond’
to worlds:

1. A model corresponds to a world if it is isomorphic to a complete possible
world."?

2. A model corresponds to a world if it is isomorphic to a part of a complete
possible world.

3. A model corresponds to a world if it represents either a part of a complete
possible world or a complete possible world to some degree.

Our principle uses the weakest notion of correspondence. Thus, when we talk
of approximation we mean representation to some degree. What is it for a model
to represent to a degree? It depends on how models represent.!* This is a difficult
issue, and not one we aim to discuss here for there are many accounts available.
The point is just that whatever one’s account of the representation relation, it is
a desideratum on such accounts that they be able to make sense of more or less
accurate representations. That, however, is all we need for approximation relations
between models and (parts of) worlds.

If approximation is understood in terms of degree of representation, then a
further question arises: to what degree should we believe that the models of an
effective theory represent and thus approximate physical possibilities? Our an-
swer is that we should believe that the models of an effective theory approximate
physical possibilities to a high degree, in the absence of any countervailing con-
siderations (of the kind that might lead us to believe that the models of a theory
don’t approximate physical possibilities at all, as discussed above).

What justifies this claim? The claim is justified by the fact that the models
at issue are models of an effective theory, which is highly accurate for a domain.
When a theory manages to capture the effective laws for an actual system, it seems

13 There are serious questions regarding what it could mean for models to be ‘isomorphic’ to

worlds—see e.g. van Fraassen (2002). We register these as serious and set them aside.

14 See Frigg and Nguyen (2017) for an overview of various approaches.
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plausible to suppose that its models will also do a good job of capturing possibili-
ties for that system (again, in the absence of reasons to think otherwise). In short,
the actual is a good guide to what is possible. We admit that this connection be-
tween actuality and possibility could be rejected. If one rejects the connection,
however, then it is unclear why we should take any theory to be a guide to pos-
sibility in any sense. Rejecting the connection would thus lead to a version of
modal scepticism about physical possibility. Since we reject scepticism of this
kind, we take it to be a reasonable assumption that the models of effective theories
approximate physical possibilities to a high degree.

6.3. Effective and Ceteris Paribus Laws

Thus far we have employed the notion of effective laws. One might argue, how-
ever, that effective laws are nothing but ceteris paribus laws. The ceteris paribus
conditions on laws, however, are notoriously difficult to spell out and, in the end,
may collapse into triviality. There is thus a real risk that our account will inherit
these problems.

Effective laws are different from ceteris paribus laws, however. A ceteris
paribus law is generated by taking a universal exceptionless regularity and adding
extra conditions that constrain the application of the law. An effective law, by
contrast, is not a way of modifying an existing universal law with extra conditions.
It is a non-universal law, one that holds as an exceptionless regularity for a specific
domain. The effective laws are grounded in the universal laws, whereas ceteris
paribus laws are supposed to be replacements for universal laws.

Unlike ceteris paribus laws, effective laws are not difficult to spell out. In order
to spell out an effective law, we simply identify a particular domain of application,
and then state a general principle for that domain. Since we can specify domains
of application by identifying properties of physical systems (such as energy scales,
gravitational strength, and so on) there is no problem with stating effective laws.
There is thus no reason to suppose that the problems that plague ceteris paribus
laws will apply to effective laws as well.

6.4. Beyond Effective Theories

The principle that we have outlined focuses on effective theories. This principle
represents an advance over existing principles connecting theories to possibili-
ties (such as Hazen’s Principle) in part because it makes room for theories like
Newtonian gravitation to correspond to physical possibilities. One might worry,
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however, that the principle doesn’t go far enough. For, one might argue, there are
theories that aren’t even effective theories but which still manage to correspond to
physical possibilities.

One way to press this point is by appealing to theories outside of physics.
We have already shown how some biological theories can be accommodated. But,
one might argue, there are many biological theories that cannot be accommodated,
because they can’t even be thought of as highly accurate effective theories. Thus,
our principle is not sufficiently liberal.

We admit that we struggle to come up with plausible examples that might
support this objection. For note that effective laws can be highly specific. An
effective law is highly specific if it applies only to a very small part of the universe.
One example might be a general principle that captures the breeding cycle of a
particular species of finch in the Galdpagos. An effective theory for this domain
can accurately capture a highly specific effective law, that nonetheless generalises
across the whole domain.

Because effective theories can be highly specific in this sense, we find it hard to
see how many theories will be left out of the picture, regardless of which particular
area of science they might come from. For keep in mind that effective theories
must be very well-confirmed for their domain. Indeed, the level of confirmation
is quite demanding: we must be fairly confident that no new data will require
significant revisions to the theory. Any theory like that, no matter how specific,
will count as an effective theory.

Thus, the only theories that our principle won’t capture will be theories that
are not well-confirmed empirically. But we don’t see that as a problem. For we
really should be careful about drawing inferences from such theories (modal or
otherwise), and so it seems reasonable to be sceptical that the models of these
theories correspond to physical possibilities.

6.5. Grounding of Effective Laws

We have claimed that effective laws are grounded in universal principles. We have
also said that effective laws can be highly specific. One might object, however,
that these two points are in tension, or at least that it’s not completely clear how
this can be done. Take, for instance, the example of the finches mentioned above.
Suppose we come up with an effective theory of the finches, which accurately
captures an effective law. It’s implausible, one might argue, to suppose that this
effective law is grounded in a set of universal laws. The universal laws, whatever
they might be, will be far too general, and the effective finch law will be far too
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specific. Effective and universal laws would involve too different sorts of things,
jeopardising the possibility of grounding the first into the latter.

We admit that there might be some implausibility to the idea that the finch law
is directly grounded in the universal law alone. But, firstly, effective laws can,
and likely will be, indirectly grounded in universal laws, via legal intermediaries.
In particular, each effective law will be grounded in another effective law that is
perhaps more general, applying to a domain that is broader than but includes the
domain covered by the highly specific effective law. Indeed, as we see it there
will be a chain of effective laws that issue from the most basic, universal laws,
whatever they might be to the most specific effective laws. The models of theories
that capture effective laws at each step of the chain will correspond to physical
possibilities, as and when they are developed.

Secondly, that effective laws are grounded in universal laws doesn’t mean that
universal laws are their sole ground. Rather, effective laws are partially grounded
in the universal laws. Other factors contribute to the grounding of effective laws
as well: the concepts used to articulate the target domain of investigation, and
the various properties of the effective domain itself. Consider our finches again:
effective laws will only be partially grounded in the universal laws. In addition,
they will be partially grounded in the taxon of finches, and in the specifics of their
ecological niche.

6.6. Realism About Laws

On the face of it, our principle presupposes realism about the laws of nature.
That is, it assumes that there are universal, exceptionless generalisations which
(1) define the set of physically possible worlds, and (ii) provide the grounding
basis for effective laws. Not everyone accepts realism about the laws, however.
For those who don’t (e.g., Cartwright 1983 or van Fraassen 1989), neither the
metaphysical picture of the set of physically possible worlds nor the principle we
have provided will seem very plausible.

Ultimately, nothing we have said here relies on any kind of realism about
the laws of nature. Realism about the laws has just been a convenient foil for
considering the question of whether and how scientific theories guide beliefs about
physical possibilities. Our principle works even if one rejects realism about the
laws of nature.

To see this, note that if one gives up on realism about the laws, then one must
provide an alternative metaphysical account of what physical possibility is, since
one can no longer rely on the idea that physical possibility is just consistency with

20



the actual laws of nature. As we see it, there are then two broad options for how
to specify physical possibility.

First, one could take the set of physically possible worlds to be the set of
worlds which are consistent with facts about the actual world. On this picture, the
relevant facts are not laws, because (of course) there aren’t any. Second, one could
take the set of physically possible worlds to be primitive. On this view, it is not the
case that the physically possible worlds are those that are consistent with actual
facts. There is just a primitive modal fact that these are the physically possible
worlds.

The first option is entirely compatible with our principle. For even if one
rejects realism about laws, one can still say that there are effective theories and
that these effective theories manage to capture effective principles (perhaps we
don’t want to call these effective laws either). Then these effective principles can
describe facts about the world that are grounded in whatever facts define the space
of physical possibilities. On this view, the models of effective theories provide the
same guide to physical possibilities as in the case of realism about the laws.

The second option—in which there are primitive modal facts about what is
physically possible—is harder to square with our approach. These primitive modal
facts may come apart from the actual facts entirely. It is thus unclear how effec-
tive theories that capture actual facts could provide much of a guide to primitive
physical possibilities. But notice that if that’s right, then it is doubtful that science
could guide belief about physical possibility in a reliable way at all. That’s be-
cause our scientific theories are developed in terms of actual facts, and so the only
way that they could track physical possibilities is by capturing actual facts about
the world. This, we submit, provides a reason to reject primitivism about physical
possibility, since it would make a mystery of the reliability of modal inferences
that are based on science.

This is hardly conclusive, and there is likely more to say about primitivist
approaches to physical possibility. What matters is that realism about the laws of
nature is not essential to our proposal, and so that proposal is open to anti-realists
about the laws as well.

6.7. Change Over Time

New theories are developed every day. Some of these end up being novel effective
theories. It follows that over time we must revise our views about what we take
the physical possibilities to be. But, one might continue, that’s implausible: what
is physically possible should not change over time.
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Our response is to emphasise that the principle we seek, and indeed take our-
selves to have identified, is supposed to be a guide to belief. It is a method for
working out what we should believe the physical possibilities to be, by scrutinis-
ing our scientific theories. It is not supposed to be some magical modal telescope
that allows us to peer into modal space at some fixed class of possible worlds.

As a guide to what to believe based upon our best extant science, we should
in fact expect the principle to yield different results at different times. Moreover,
this seems quite natural for physical possibility: we can and do change our views
about what is physically possible as we learn more about the world. It is thus a
feature of our principle that it allows for belief revision in this manner.

Of course, we grant that there is a distinction to be drawn between what one
believes to be physically possible and what really is physically possible. The best
we can hope for is to develop a principle that gives us reliable beliefs about what
is physically possible at each point in time. As far as we can tell, our principle
achieves this.

6.8. Epistemic Possibility

Our principle is supposed to guide belief. In particular, it tells us which models
of which theories we should believe correspond to physical possibilities. By pro-
viding a principle that is a guide to belief, one might point out, we are at best
characterising a notion of epistemic possibility. Our goal, however, is to provide
a principle for specifying non-epistemic, physical possibilities. So we have failed
to achieve our goal.

But just because something is a guide to belief about possibility does not au-
tomatically turn the possibilities at issue into epistemic possibilities. To think
otherwise is to suppose that there is no way to guide belief about non-epistemic
possibility, which seems implausible.

Moreover, note that epistemic and non-epistemic possibilities play different
roles in theorising. Thus, whether our principle delivers a guide to belief about
non-epistemic possibilities depends on what role the possibilities being delivered
are playing. So long as our principle guides belief about possibilities that can play
the role of non-epistemic possibilities in theorising, that seems like reason enough
to suppose it is guiding belief about possibilities of the right kind.

One role that non-epistemic possibilities play is in supporting counterfactu-
als of a certain type, namely counterfactuals about how matters would be, were
certain changes to be made. The possibilities that are delivered by our principle
support counterfactuals of this kind, so far as we can tell, which is reason enough
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to suppose that our principle is not a guide to mere epistemic possibility.

7. Conclusion

It’s time to take stock. In this article, we’ve sought to identify a principle that can
guide beliefs about physical possibility based on scientific theories. We concluded
that current offerings (e.g. Hazen’s Principle) are by and large too restrictive: they
present a rather narrow picture of when the models of theories correspond to phys-
ical possibilities. We thus proposed an alternative. On our alternative, it is the
models of effective theories that correspond to physical possibilities by approxi-
mating parts of worlds.

This alternative is superior for three reasons. First, it does not require theories
that capture universal laws. It only requires theories that capture effective laws,
which is a less demanding requirement. Second, unlike other options, our prin-
ciple allows that the models of theories like Newtonian gravitation and evolution
by natural selection correspond to physical possibilities. Third, our principle can,
with minimal adjustments, accommodate cases in which the models of a theory
fail to correspond to any physical possibility, even in part.

Note that this is a first stab at trying to settle on an appropriate principle to
guide belief about physical possibility, and so work remains to be done. The prin-
ciple needs to be tested against a larger range of theories in both physics and sci-
ence more generally to ensure that it continues to deliver plausible results. We also
need to consider the principle in light of the full range of ways in which physical
possibilities are used in science, to ensure that it can appropriately scaffold scien-
tific practice. It is plausible that the principle will require further refinement going
forward. In this way, what we have said provides a foundation for future work on
this topic.
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