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WHERE IN THE RELATIVISTIC WORLD ARE WE?

Cody Gilmore
UC Davis

| do not object to the relativistic reification tdpace-time” as a physically real four-
dimensional continuum. But | insist that distinegions of space-time are in some
cases “occupied” by numerically the same three-dsimal object. (van Inwagen
1990: 4)

0. Introduction

How do material objects persist through time? Twent literature on this question has
centered around two families of views — endurastist perdurantistThe contrast is
often summarized roughly as follows: endurantistwg take material objects to lack
temporal extent and to persist by being wholly prést each moment of their careers,
whereas perdurantist views take material objecpetsist by being temporally extended
and made up of different temporal parts locatedifegrent times.

In this paper | formulate a view about persistethes belongs to the endurantist
family. | call the viewsaint theory’ | suspect, but will not try to show, that my
formulation of saint theory captures in precisen&mwhat many philosophers have in
mind when they use the term ‘endurantism’. Moreonigntly, | believe that saint theory
is highly plausible and worthy of detailed discossin its own right, independently of
any relationship it may bear to familiar termsraditional disputes.

Although there is much to be said for saint theldrgo not defend it here.
Instead, | raise a problem for the conjunctionhid view with orthodox interpretations of
relativity theory. Not everyone is wedded to thigelaconjunct, but those who are will
see this paper as posing a problem for saint thiezelf. Loyal saint theorists, on the
other hand, may see it as a reason to doubt orthadativity theory. Crudely put, the
issue is this: if material objects are in the ral@sense ‘three-dimensional’ and persist
by occupying only temporally unextended spacetieggans, how do they ‘fit’ into the
four-dimensional, relativistic spacetimes of SpeBialativity (STR) or General
Relativity (GTR)? In section 4, | formulate whatke to be the most natural answers to
this question and call attention to some seriogadliantages for each of them. Sections
1 — 3 deal with preliminaries.

1. Spacetime and Exact Occupation

Throughout the paper | presuppose a standard,eBrétic’ form of spacetime
substantivalismi.According to this view, we inhabit a four-dimensa manifold of
spacetime points, where points are mereologicaiiyke and unextended, spacetime
regionsare non-empty sets of points, any such set cassregion, and one region is a
subregion of another iff the first is a subsetha second.The view is substantivalist (as
opposed to relationalist) in that it allows for gonapied regions and makes no attempt to
reduce points or regions (or talk of them) to matarbjects, events, and the
spatiotemporal relations they stand in (or talkheim). The view is B-theoretic in that (i)
it claims that the past, present, and future aed ttontents are all equally real, and (ii) it
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denies that anything instantiates monadic ‘A-propsrsuch as pastness, presentness, or
futurity. The view is deliberately neutral as toetimer spacetime is classical (e.g., neo-
Newtonian) or relativistic.

My most distinctive presupposition concernglation that can hold between a
spatiotemporally located entity (such as a matehgct, event, immanent universal, or
trope) and a region. This relation is sometimekdaéexact occupation,’ since it is said
to hold between a thing and a region just in classely put, the thingxactly fits into
the region, where this is meant to guarantee beathing and the region have precisely
the same shape, size, and position. Importantyrdfation is intended to be such that
there is nothing contradictory obviouslyimpossible about a single thing’s exactly
occupying each of two or more regions. | find gy intuitive, and will presuppose,
that we can grasp such relation.

A bit more fully and precisely, | will presuppod&at we can grasp a relation of
exact occupation that satisfies the following foanditions.

1. Itis a necessary truth that if an entity O exaottgupies a region R, then O has,
or has-at-R exactly the same shape and size (and geomedridaiopological
properties more generally) as does R, and O standsands-at-R, in all the same
spatiotemporal relations as does R.

So, e.g., only a small sphere can exactly occugyall spherical region.

It is sometimes suggested that a material objetbeaspherical only in the
derivative sense that it can exactly occupy a spéleregion. The idea here is that there
are actually two different families of shape prdjgs; ‘object shapes’ and ‘region
shapes’, and that the former are defined in terintiseolatter together with the exact
occupation relation, in the following manner: »sgherical* =df. x exactly occupies a
spherical regionMutatis mutandigor other geometrical and topological propertied a
for spatiotemporal relations. Call this tBéurcation Thesisl take this thesis to be in
conflict with Condition 1. According to that conidin, exact occupation holds between a
thing and a region only when the (maximally detewte) shape that thiegionhas is the
very same as the shape thatabgcthas; and this is precisely what the Bifurcation
Thesis denies.

2. Itis not obviously impossibffor an entity to benulti-located i.e., to exactly
occupy each of two or more distinct (even nonirgetisg) regions.

Perhaps, e.g., there are immanent universals xlaatlg occupy just those regions that
their instances exactly occupy. In particular, saggpthahaving a rest mass of 1 unst
an immanent universal that is instantiated by edebtron. Then it will exactly occupy
each of the many regions that are exactly occupyesbme electron or other. Likewise,
perhaps each particular electron has a one-dimeaisicridline and is itself multi-
located, exactly occupying each point on that woréd

3. Itis not obviously impossible for a multi-locatedtity to fail to exactly occupy
the union of its location¥. (Let us say that R islacationof O iff O exactly
occupies R.)

If there is such an immanent universahasing a rest mass of 1 unihen it exactly
occupies a region iff an entity with a rest mas4 ahit, such as an electron, exactly
occupies that region. The union of this universltations will intersect any region that
intersects an electron’s location. Call this (enaus) regiorR. It is highly unlikely that
anything with a rest mass of just one unit exagtigupies R. Since an immanent



Published irPhilosophical Perspectives, 20, Metaphysics Penultimate draft. Please do not quote.

universal exactly occupies a region only if oné&®instances exactly occupies that
region, it is also highly unlikely thdtaving a rest mass of 1 umikactly occupies R. But
R is the union of that universal’s locatiofts.
4. Itis not obviously impossible for a multi-locatedtity to have certain parts at
one of its locations that it lacks at others.
Perhaps, e.g., | exactly occupy both R and R* &edktis a skin cell that is a part of me
at R but not at R*.
5. Itis not obviously impossible for an entity, evame without proper parts, to
exactly occupy a region R that includes more thammoint, whilefailing to

exactly occupy any region distinct from R, and amtjgular, failing to exactly

occupy any proper subregion of &3
Perhaps there is an immanent univehsaling volume Mvhere V is the volume of the
entire universe. Then, since there is only oneorego large, there is only one region that
this universal exactly occupies, even if the ursakrs simple. Perhaps each electron is a
simple but temporally extended entity that exaotlgupies only one region — its entire
worldline. Perhaps certain fundamental particlessample and, as a matter of nomic
necessity, spatially 1-dimensional in shape. Supploat such a particle exactly occupies
some instantaneous, spatially 1-dimensional reBiohhe laws of nature guarantee that
the particle does not exactly occupy any pointémgbregions of R; and clearly there is
nothing incoherent or absurd about the additioeslimption that the particle does not
exactly occupyany proper subregions of R, or indeed any other regairall.

Although I do not wish to commit myself to a dwfiion of exact occupation, | do
not claim that this relation is simple or indefif@ald claim only that it cannot be defined
in such a way as to falsify any of 1 — 5. More cbl¢ said, | think, to distinguish this
relation from its neighbors. However, for those whth everadmit to grasping the
relation in question, the list is probably alreadfprmative enough to do the job.

Exact occupation, once grasped, can be used taderstraightforward
definitions of other interesting relations that ¢eoid between spatiotemporally located
entities and regions or points. Consider, for exafntpe relation o§patiotemporal (s-)
overlap Intuitively, a thing s-overlaps a region justase at least some of that region
contains at least some of that thing. The definitroterms of exact occupation would be:

DSO Os-overlapsk =df. R is a region, and it intersects some negnat
O exactly occupies.

Similarly, we can define a relation of a poinygg withinan entity:

DLW p lies withinO =df. p belongs to some (point-sized or greatan th
point-sized) region that O exactly occupies.

A number of philosophers seem to think that thergomething suspect or
untoward about using a relation of exact occupd(tioat satisfies 1 — 5) to defirse
overlapandlying within; these philosophers have expressed a preferenasifg an
undefined relation that behaves I&®@verlapor lying withinto define an exact-
occupation-like relation (that turns out not tasfgtall of 1 — 5). Josh Parsons, for
example, has proposed a definition structurally@yaus to:
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DE O exactly occupies R =df. R is a region, andtérsects all and only those
regions that O s-overlaps.

It is obviously necessary, | take it, that for amyject, there is at most one region that
intersects all and only those regions that theatlg@verlaps® As a result, if exact
occupation is defined in terms of DE, it becomegalsly impossible for a thing to
exactly occupy more than one region, and condRianthereby violated.

To my mind, the chieAdvantageof Parsons’s approach is its ability to handle the
following pair of cases.

Case 1 An instantaneous, unextended point-particle ibesded in a gunky
spacetime each of whose subregions is extendeohgiBng is gunky iff each of its parts
has proper parts. Gunky spacetimes do not decompassimples, be they unextended
points or extended ‘grains’.) Clearly, our partidiges noexactly occupyny region in
this spacetime; they're all too big. Intuitivelygwever, we want to say that our partiste
overlapsmany different regions, where, for any two suajiors, there is a third that is a
subregion of each of them. If s-overlap is prin@tithere is nothing to stop us from
saying this. If, on the other hand, s-overlap i&ne&el by appeal to exact occupation in
accordance with DSO, then, since our particle dbesactly occupy any regions, it does
not s-overlap any regions eith@r.

Case 2 Suppose that spacetime is ‘knuggy,’ i.e., thaefich spacetime region R,
there is some proper superregion of R. (R* is gpersuperregion of R iff R is a proper
subregion of R*.) Even so, it may seem that thexrddtbe an object that, in some sense,
is too big to fit into any region smaller than tlikole of spacetime. Intuitively, we want
to say that this objest-overlapsevery region. But since there is maximalregion
(given that spacetime is knuggy), there is no ned¢fi@t our object exactly occupies.
Together with DSO, this would entail that the obgaesn’t s-overlap any regions. As
before, this problem is avoided if s-overlap ismtive.’

Despite these advantages, approaches like Parstmb@ve a drawback: simply
put, they deny the quite plausible claim that we geasp something satisfying 1 — 5. One
response to all of this is to say tlath exact occupatioands-overlap are primitive, the
principle of ideological parsimony notwithstandifgsecond response is to appeal to the
three-place relation ‘O, at moment t of its profere, spatiotemporally overlaps
spacetime region R,” where a thing can s-overleggeon R at one moment of its proper
time and fail to do this at another. (Call the tielas-overlap-at-f) We could then offer
the following definitions:

DSOS O s-overlaps Ripliciter) =df. there is some t such that O s-
overlaps R at t.

DEO@ O exactly occupies R at t =df. R is a regad it intersects all and
only those regions that O s-overlaps at t.

DEOS O exactly occupies Rifnpliciten =df. there is some t such that O
exactly occupies R at t.
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In my view, this proposal is most plausible in domtext of a theory that takes moments
of proper time to bsui generientities, not reducible in any way to materialemits,
events, or spacetime points or regions. | suspatthany philosophers will find the
proposal unappealing for this reason. It is worting, though, that the proposal’s
account of s-overlap handles cases 1 and 2 asaw@arsons’s approach does, and the
proposal’s account of exact occupation apparepspeécts conditions 1 — 5. | am not
aware of any other way to achieve all of these tisneithout appealing to more than
one primitive occupancy relation.

2. Wormsyv. Saints

The relation of exact occupation can now be usddrtaulate saint theory and its
opposite, which | call ‘worm theory’. Our first gtés to define the notion of an entity’s
path Unofficially, a spacetime region R is the pathaofentity O just in case R exactly
encompasses O’s complete ‘career’ or ‘life-histo®ur official definition will run as
follows:

D1 R is thepathof O =df. R is a region and is the union of thegg{on or)
regions that O exactly occupi&s.

Thus, if there is onlpneregion that O exactly occupies, thbat regionwill count as
O’s path; and if there amanyregions each of which is exactly occupied by @ntthe
union of those regions will count as O’s path.

Next we define the notion of athronal or temporally unextended, spacetime
region. Here we take as primitive the relationld@ute chronological precedence, i.e.,
being absolutely earlier tharThis notion has a firm basis in both classical an
relativistic spacetime theories.

D2 R isachronal=df. R is a region, and for any distinct pointarg q in R,
neither p nor q is absolutely earlier than the oth&’

This definition gives us a notion of temporal ureadedness that meaningfully applies in
both relativistic and classical spacetimes. Witsthlast two notions in hand, we can
define a notion opersistence

D3 Opersists=df. O has a path that is not achrofial.

To persist, then, is to have a path that includeaiaof points with absolute temporal
order. We are now in a position to formulate aidgiion between persisting entities that
are singly located and temporally extended (whicélll ‘worms’), and persisting entities
that are multi-located and temporally unextendedigtv 1 call ‘saints’). See Figs. 1 and
2.

D4 O is aworm=df. (i) O persists, and (ii) for any region Re&actly
occupies R iff R is O’s path.
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D5 O is asaint=df. (i) O persists, and (ii) each region that @@y occupies

is achronal.
A worm A saint exactly
exactly occupies many
occupieonly subregions of its
oneregion — its path.
entire path.

"7
Figure 1 Figure 2

Now let me make a few remarks about this contrast.

1. Worm theorists, who hold that all persisting enal objects are worms, and
saint theorists, who hold that all persisting matesbjects are saints, can agree about
which regions are the paths of which objects. Butany given persisting material
object, worm theorists will disagree with saintdhsts as to which regions are exactly
occupied by that object.

2. It is important not to interpret saint theoryhadding that material objectaove
through spacetime. The claim that things move thinagpacetime seems to entail (i) that
there is some temporal dimension, hypertime, distiom the four dimensions of our
ordinary spacetime manifold M, (ii) that the ordiypananifold M exists at different
instants, t and t*, of this hypertime, and (iiipththere are regions R and R* of M and an
object O such that, at hypertime instant t, O dyatcupies region R but not R*,
whereas at hypertime instant t*, O exactly occupiebut not R. Whether or not such a
doctrine can be coherently developed, saint theoiryno way committed to it.
According to saint theory, there is a ‘tenselesttion of exact occupation and each
persisting material object ‘tenselessly’ bears thlation to each of many regions.

3. It should be emphasized that even if we cordimeattention to persisting
entities, the distinction between worms and sasist exhaustive. From a purely logical
point of view, there is room for objects that psr&iut are neither worms nor saints.
Consider, for example, an object that exactly oeczsupll and only those temporal chunks
of its path that have some specified temporal tiesk — say, five seconds. Such an
object, if it lasts longer than five seconds, woeséctly occupy more than one region,
and so would not count as a worm; but the regibasit exactly occupies would be non-
achronal, and so it would not count as a saint. hat want to dismiss the possibility of
such things or to suggest that they are mere dtiesbut | will not discuss them hefe.
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3. (Wormsyv. Saints) v. (Segmentation v. Anti-segmentation)

The distinction between worms and saints may hamgesclaim to the fiercely contested
title, ‘the endurance v. perdurance distinctiorfiefle is, however, a second distinction
that may also have some claim to that title. | ampted to use the familiar phrase
‘temporal parts’ in my characterization of this @ed distinction, but since that term
carries so much unwanted baggage and is itseléstedt, | will mostly avoid it and use a
different term. Very loosely, let us say that xatemporal segmerdf vy iff:

0] X’s path is a ‘temporal slice’ or ‘temporal churd€’y’s path, and

(i) x and y ‘share all of their matter’ within x’s path

Both clauses can be made more pretiseit the task is somewhat tedious and serves no

real purpose here, so | will rest content with¢herent rough definition.

The notion of a temporal segment is meant to bk that if one thing is a
‘temporal part’ of another in the traditional senigen the first is a temporal segment of
the second. But suppose that C is a long-lived lofngay and that S is a short-lived
statue that, throughout its career, shares atsahatter with C. (In that case S’s path will
be a proper ‘temporal chunk’ of C’s path.) Suppalse that both C and S are saints: they
are both temporally unextended objects that pedpgisixactly occupying each in series of
achronal spacetime regions. Some philosophers may tthat S is a temporal part of C in
the traditional sense, on the following groundst s only spatially extended things can
have spatial parts, only temporally extended thiggsh as worms) can have genuine
temporal parts; hencesaintcannot havéemporal parts The notion of a temporal
segment, however, should be understood in suclyaw# guarantee that, given my
description of the case,d®descount as a temporal segment of C, even thoughdreth
saints.

Let us say that a persisting thingsesgmentedf it has a ‘full distribution’ of
temporal segments — perhaps a different segmeegfdr instantaneous temporal slice of
its path, perhaps a different segment for eachimmemtis temporal chunk of its path,
perhaps both. (There is no need to make decisidhisimssue here.) We will say that a
thing isnon-segmenteitf it has no temporal segments at all, aside fitsalf.

The point that | would like to emphasize heréhattfrom a purely logical
standpoint, the (non-exhaustive) distinction betwsegmented and non-segmented
objectscross-cutghe distinction between worms and saints, yieldong more specific
types of persisting entities:

* Segmented worm$hese seem to conform to the picture behind ttoawl
perdurantism, according to which each material @lfeexactly occupies just one
spacetime region R, and each subregion of R (imufuelach temporal chunk and
slice thereof) is exactly occupied by a part of O.

* Nonsegmented wormshese objects are temporally extended but desogshything
resembling temporal parts. The most vivid cashas of a simple, persisting point-
particle that exactly occupies only one regions—pth.

* Segmented saint€onsider the relationship, described above, batveair long-lived
lump of clay C, and our short-lived statue S, tx#ints. But now suppose that for
each subinterval T of the set of times at whichx{Sts, there is a thing x such that (i)
X's career is coextensive with T and (ii) x is mangbeof the same matter as C
throughout T. This makes C a segmented saint.
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* Nonsegmented sainfEhese seem to conform to the picture behindticawil
endurantism, supplemented with a strict ban onapaimmaterial coincidence
between distinct entities. The most vivid casd& bf a simple, persisting point-
particle that exactly occupies each point on its-dmensional path.

For each of these types of entities, there is pgsition that all persisting material

objects are of that type. None of these propostemems to be contradictory or

obviouslyimpossible, though of course some are more pleutian others. If | am right
about this, then, in the general vicinity of thaderance v. perdurance dispute,’ there are
actually at leasf two quite distinct and quite seperable issueswiiens v. saints issue,
and the segmentation v. anti-segmentation ié5lieere may well be entailments
between some of the relevant views — e.g., perbagsentation theory entails worm
theory — but if so the entailments would seem todue-trivial.

4. TheProblem

The remainder of the paper discusses a probletinéoconjunction of saint theory with
orthodox relativity theory. As will become cleangtproblem bears directly on the saints
v. worms issue and only indirectly, if at all, dretsegmentation v. anti-segmentation
issue. The problem arises from thacation Question

What is the general principle that determinesafoy given material objecivhich
subregions of that object’s path are exactly ocedfiy the objeef®

A correct answer to this question will tell us htwwfill in the following blank in such a
way as to make the resulting principle both trué mwiormative:

For any material object O and spacetime region Bx&xtly occupies R if and
only if

Unless we are willing to treat the facts about éxacupation as brute and
unsystematié’ we will be attracted to the thought that there nivgssome principle that
correctly answers the Location Question. But whattA\WWorm theorists and saint
theorists will of course disagree.

If each persisting material object is a worm anddesfills its temporally
extended path by exactly occupyiogly the whole paththen of course the answer is:

The Path PrincipleFor any material object O and spacetime regio® Rxactly
occupies R if and only if R is O’s path.

The Path Principle says, in other words, that for material object there is onbne
spacetime region that is exactly occupied by th#ai, and the region in question is just
the object’s complete path. For the worm theotisn, the Location Question couldn’t

be any easier. Worm theory immediatehtailsa very simple, definite, and perhaps even
tenable answer. Moreover, the worm theorist noy cah but must give this same answer
in both the classical and the relativistic context.
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According to saint theory, on the other hand, géirsy material objects trace out
their temporally extended paths by exactly occuggach in a set of achronal sub-
regions of those path# the classical context, the saint theorist B@gm to have an
easy answer. In this context, there is a well-afiaquivalence relation of absolute
simultaneity, and this relation exhaustively paotis the four-dimensional spacetime
manifold into a set of non-intersecting, globatgdimensional hyperplanes or ‘time-
slices’. Thus, in this setting, it will be natufal the saint theorist to want to adopt:

The Absolute Slice Principl€or any material object O and spacetime region R,
O exactly occupies R if and only if R is an ‘abgeltime-slice through O’s path’
—i.e., iff there is some global hyperplane of abosimultaneity, H, such that R
= the intersection of H and O’s path.

To be sure, other saint-theoretic answers to tlmation Question are available.
Consider, e.g., the Point Principle, according koclv each material object exactly
occupies all and only the point-sized subregionssgbath. The Point Principle is not
only consistent with saint theory but entail&iHowever, this principle also entails a
very radical and implausible form of spatial muittcation when applied to objects with
spatially extended paths. Thus | regard it as agtarter. In any event, it should be
obvious that the Absolute Slice Principle is bytfae leading contender in the classical
context®®

Once we shift to the relativistic context, howewtamgs become much more
complicated and challenging. In this new contdxre is no obvious front-runner.
Instead there are a number of very different answet seem to deserve serious
consideration. In this paper I discuss what seemédo be the four most plausible saint-
theoretic answers to the Location Question. | digot theEvery SlicePrinciple, theRest
FramePrinciple, theTop DownPrinciple, and th&ottom UpPrinciple.

4.1 TheEvery Slice Principle

In the classical context there is exactly one wWagividing up the four-dimensional
manifold into a set of non-intersecting, globatetdimensional time-slices. In other
words, classical spacetimes admit of a uniquedfan’ into achronal ‘leaves’.

In relativistic contexts, however, absolute siranéity is not well-defined and,
typically, there arenany differentvays of foliating the manifold into global, achedn
leaves™ For example, in the Minkowski spacetime of STRhedifferent inertial
reference frame (or state of unaccelerated mopaks out a different foliation.
Specifically, for any intertial frame F, there isagetly one foliation of Minkowski
spacetime into the set of global hyperplanes ofigameity-in-F>*

This can be made vivid by imagining the straigbtridimensional path R of
some everlasting, spatially three-dimensional dlfethat never accelerates. Let F be
O’s rest frame, and suppose that O is always sgiewith a radius of five inches, in
that frame. Then every hyperplane of simultaneity=i(i.e., every ‘F-plane’) will
intersect R at a right angle, and each such inteasewill be a spherical achronal region
with a radius of five inches. Since, for each pamthe entire manifold, there is exactly
one F-plane to which that point belongs, the follaywvill also be true: for each point in
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R, there is exactly onatersection of R with an F-plarte which that point belongs. (Let
anF-slice of Rbe a region that is the intersection of R withFgplane.) But now let F*
be some distinct inertial frame. Then the F*-plamékintersect R at a different angle
than do the F-planes, and each such intersectibbevanoblateachronal region. Each
point in R will belong to exactly one F*-plane anence to exactly one F*-slice of R.
Importantly, each F*-slice of R will intersect maRyslices of R, and vice versa.

Familiarity with this picture, and with the pripde that there are no privileged
inertial frames, naturally leads to the suggestiat, roughly, each object exactly
occupieseach achronal slice through its pattind only those. So, the thought goes, our
everlasting object O described above exactly oasueach of the F-slices through its
path, and itlsoexactly occupies each of the F*-slices througlpéth, and so on.

This rough suggestion can be made precise in ggnify different ways, but
before we concern ourselves with that task, | wdillelto present and reply to a pair of
considerations in favor of the guiding idea.

First ConsiderationIt may seem that the Every Slice Principle i pisviously
true, given saint theory. Let Omar be a saint,lah&, be Omar’s path. Then, isn’t it just
obvious that each slice througly Bontains Omar? Each of the relevant slices must
containsomethingeach of them imatter-filled after all. And, given that Omar is a saint
— an object that traces out its path by exactlypygmg each in a set of achronal sub-
regions of its path — what could the relevant slicentain aside from Omar itself?

Reply To see where this line of thought goes wronge tieat there is a
distinction between a region’s beingatter-filledand a region’s beingxactly occupied
by a material object. We can define the formeenmmts of the latter: a region Rnsatter-
filled iff each subregion of R intersects a region thabiactly occupied by a material
object. Thus, e.g., if R is a region each of whosiat-sized subregions is exactly
occupied by a point-sized material particle, thewiRbe matter-filled, even if there is
no larger object that is composed of the relevantigles and that exactly occupies R.
Alternatively, suppose that objects can be extenddtbut having proper parts, and
consider a world that contains just one materiggatba simple sphere Further, suppose
that this sphere exactly occupies just one redgt@ch of that region’s proper subregions
will be matter-filled but none will be exactly oqued by any material object.

As these examples show, it's not at all obvious tieéng matter-filled entails
being exactly occupied by a material object. Rehgmo the case of Omar ang,Rt’s
not obvious that the each of the slices throughsRexactly occupied by anything, much
less by Omar. For all we know, it may be the cas¢danly the members of a certain
select subsaeif these slices are exactly occupied by Omar,enthié rest of the slices are
matter-filled but not exactly occupied — not by G@raad not by anything else. Provided
that each point in Rbelongs to at least one of these select slicesg’ino inconsistency
in saying that Omar hasgRas its path without exactly occupyiageryachronal slice
through R.

Second Consideratio®ne famous consequence of STR is that the sighigle
of a thing is frame-relative. As | mentioned aba¥en object is perfectly spherical in
oneinertial frame, then there will kenotherinertial frame in which the object is oblate,
having the shape of a slightly squashed ball.dl$s a consequence of STR that each
object has some shape in every such frame. Buaytseem plausible to suppose that
having a shape in a frame F entails exactly ocauypsin appropriately shaped subregion

10
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of some F-plane. This would make it natural to khimat, for each inertial frame F, each
object exactly occupies each F-slice of its patssuining that objects exactly occupy no
otherregions, we arrive at a version of the Every Shaaciple.

Reply There is a perfectly legitimate sense in whiclobject can have a shape in
a frame F despite the fact that it does not exaattupy any subregion of any F-plane,
viz:

O has shape S in inertial frame & &) S is a shape, (i) F is an inertial reference
frame, and (iii) there is an F-slice of O’s patls sasimpliciter.

This definition clearly capturemesense in which an object can have a shape inreefra
and in this sense, it is not obviously impossiblean object to have a shape in a frame F
without exactly occupying any sub-region of anyl&Ae. For let O be an everlasting
object that is always spherical in its rest frafeand suppose that O exactly occuikes
and only the F-slices through O’s patllow let F* be some other inertial frame. Then,
since the F*-slices through O’s path will be objdkesre will be a sense in which O is
oblate in F* despite the fact that O does not dyaxtcupy any F*-slices of its path. So,
unless STR entails that O is oblate inifF'some stronger sensehich is doubtful, it
seems that we can accommodate the relevant comssxsuef the theory without
admitting that O exactly occupies every slice tigtous path.

Before turning to criticism of the Every Slice piple, | would like to spend a
moment discussing questions about how to formutat®re precisely. So far | have
been relying very heavily on the notion of a (flayperplane of simultaneity-in-an-
inertial-frame. This notion has application in Maowkski spacetime but not in most
General Relativistic spacetimes, which exhibit etuve. A much broader notion, one
that has application in both contexts (and evepréarelativistic contexts), is that of a
maximal achronal region. (I take the term from Bhatav (forthcoming) who offers an
equivalent definition.)

D6 R is a maximal achronal region =df. (i) R ispacetime region, (i) R is
achronal, and (iii) R is not a proper subregiomy achronal region.

Unlike hyperplanes, maximal achronal regions nesde flat; there need not be any
inertial frame with respect to which their points all pairwise simultaneous. Both sorts
of regions are meant to be global in the sensateheling across the entire manifold.

Given this distinction between hyperplanes and makiachronal regions, we can
see that there are at le4stvo ways of formulating the Every Slice Principle:

The Every Flat Slice Principle (EFS): For any mialesbject O and spacetime
region R, O exactly occupies R iff there is sonextial frame F and global
hyperplane H of simultaneity-in-F such that R =ititersection of H and O’s
path, i.e., iff there is some inertial frame F stitét R is an F-slice of O’s path.

The Every Maximal Achronal Slice Principle (EMASIEor any material object
O and spacetime region R, O exactly occupies Réife is some maximal
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achronal region R* such that R = the intersectibRand O’s path (i.e., such
that R = the R*-slice of O’s patfiy.

In the context of a GTR spacetime that possesséyparplanes, the ‘Flat Slice’
formulation, EFS, entails that no material objecatly occupies any spacetime region.
This would seem to give saint theorists sufficier@son to prefer the ‘Maximal Achronal
Slice’ formulation, EMASL. | turn now to problemsrfthe Every Slice Principle.

Problem 1: Corner Slices. This is less aroblemfor the Every Slice Principle
than an opportunity to become still clearer abawt ithe principle should be formulated.
Let M be a molecule composed of ten persisting tpoamticles, arranged and bonded in
the fashion of a chain. Suppose that M inhabitskiahvski spacetime and has a life-
history as follows. With respect to M’s rest franveand all ten of its particles pop into
existence instantaneously. They remain mutualhgsttfor a few seconds, then, with
respect to M’s rest frame, they all pop out of Bise instantaneously. Figure 3 depicts
M’s path and (parts of) two maximal achronal regitimat intersect it.

Fig. 3

The lower maximal achronal region, calRL, intersects M’s path and the paths of each
of M’s ten constituent particles. The intersectafriR1 and M’s path is a region that
seems to be a suitable container for M: there iking implausible about the claim that
M exactly occupies that region. Consider, on thephand, the upper maximal achronal
region — call itR2 Although it does intersect M’s path, it intersettte path of only one
of M’s constituent particles. Call the intersectmrR2 with M’s pathsub-R2 Sub-R2
does not seem to be a suitable container for Beetms too small. And yet both EFS and
EMASL entail that M does exactly occupy sub-R2.

Suppose, however, that we adopt a somewhat ditfésemulation of the Every
Slice Principle — viz.:

The Every Maximal Achronal Subregion Principle (EBIB): For any material
object O and spacetime region R, O exactly occURigsR is an achronal
subregion of O’s path and is not a proper subregf@any achronal subregion of
O’s path.

Presumably, it is possible to find an achronal egian of M’s path that has sub-R2 as a
proper subregion. Let F be M’s rest frame. Them;esisub-R2 is point-sized, there will
be an F-plane that intersects the paths of albtév's constituent particles and that has
sub-R2 as a proper subregion. The intersectiohisf-plane and M’s path is an
achronal subregion of M’s path. This shows thatpading to EMASU, M does not
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exactly occupy sub-R2. Perhaps there are othetisotuto the problem of corner slices,
but shifting to EMASU seems to me the most natural.

Problem 2: Impenetrable Spatially Extended Simples. A material simple is a
material object that has no proper parts (partsedsom itself). Perhaps there are no
material simples. Or perhaps, while there are sovaterial simples, they are all spatially
point-sized, in which case the only achronal regithrat they exactly occupy are point-
sized regions. Perhaps, however, some materialesnape spatially extended and
exactly occupyontinuousachronal regions. | believe that such objectsrdes®e be
taken seriously?

Suppose, then, that there is a type T of fundaahgatticle each of whose
instances is always spatially extended and contisudnyone who is willing to grant
this possibility should also grant the possibithgt the particles in question, the T-
particles, are governed by a law of nature thatemakem mutually impenetrable: T-
particles cannot pass through one another or lgesecting locations. (Bcationof an
object, recall, is a region that the object exactgupies.)

But this threatens to conflict with the Every SlIRenciple. All versions of that
principle entail that if a persisting object inhighba typical relativistic spacetime and is
always spatially extended and continuous, it wik@ly occupy regions that ‘criss-cross’
in the manner indicated by Fig. 4. Suppose thabtject depicted by Fig. 4 isa T-

>

Fig. 4
particle and that it exactly occupies each of tesecrossing regions. Then isn't it
‘passing through itself’ in precisely the manneattis forbidden by the law that makes T-
particles mutually impenetrabf@7his seems to show that the Every Slice Prindiple
false in any typical relativistic world containiaggroup of mutually impenetrable
spatially extended simples. To the extent thatiafaatory answer to the Location
Question must be true at all relativistic worldsstconstitutes a drawback for the Every
Slice Principle.

Objection The law barring interpenetration among T-parfickemost naturally
interpreted as entailing merely that no teistinct T-particles can have intersecting
locations. The case above involves just a singbaiTicle whose locations intersect, and
this situation does not violate the law. HenceEkery Slice Principle can be true even at
worlds containing mutually impenetrable extendedpies.

Reply Consider such a world, and let O be a T-partigthin that world. Now
suppose that O travels backward in time and hegectory that puts it on a collision
course with its younger self. Must we suppose ithan freely pass through its younger
self, since ‘they’ are not distinct particles? Rgrhithere are worlds governed by laws
that allow a particle to pass through itself but thoough any other particle of the same
type. But surely there are worlds governed by lt#vas donot discriminate in this way.
Assuming that our object O belongs to one such-gisoriminatory’ world, O and its
younger self will interact in the same manner asta T-particles will interact: they
will be unable to interpenetrate. It seems to na, thther things being equal, we should
leave the possibility of such worlds open. And Bwery Slice Principle will fail at these
worlds.
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Problem 3: Immanent Causation. | find it highly plausible that a material object
can exactly occupy two different spacetime regiomly if there is an appropriate sort of
causal relation (often called ‘immanent causatitwlding between the contents of these
regions>® We can call this theMUlti-location Requires Immanent Causatid®rinciple
or MURIC.

| will not give an account of immanent causationet?é But the intuitive idea at
work in MURIC can be indicated very roughly as de¥s. | am currently in a certain
overall intrinsic condition: | have a certain maggertain shape, and so on. Call this
condition A |1 was also in a certain overall intrinsic conalitiat a certain time yesterday.
Call thiscondition B Presumably | am currently in conditionadleast in part becaude
was in condition B yesterday. In other words, miyngen condition B yesterdag a
cause oimy being in condition A today. So, according to RINZ, in order for a material
object to exactly occupy distinct regions R and fR& object’s having the condition that
it has in R must be a cause of its having the ¢mmdihat it has in R*, ovice versaln
this way MURIC imposes a constraint where a thing can beé\ thing cannot exactly
occupy each of two regions whose contents do aotsin the appropriate causal
relation.

It should be fairly easy to see why MURIC posesablem for the Every Slice
Principle. Let O be a material object that is als/apatially extended and continuous, and
let R and R* be achronal slices through O’s pa#t thiss-cross (in the manner of Fig. 4).
Suppose that R can be divided into roughly equadessubregions,Rand R; and that
R* can be divided into roughly equal-sized subragi®* and R*. Since R and R* are
both slices through O’s path, the Every Slice Rplecentails that O exactly occupies
both R and R*. See Fig. 5.
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Criss-crossing

Point p* in regions Point p in

R.*, and its R;, and its

absolute absolute

future future
Fig. 5

But the appropriate immanent causal relation ¢jedokes not hold between the
contents of criss-crossing regions such as thesall Aalf of R — namely R2 — is such
that none of its points lies in the absolute p&siny point in R*. Therefore, no event
confined to R2 causes any event confined td¥8imilarly, a full half of R* -- namely
R2* -- is such that none of its points lies in HiEsolute past of any point in R. Therefore,
nothing that is confined to R2* causes anything thaonfined to R1. This shows, | take
it, that the causal relation between the contehk and the contents of R* does not
count as ‘an appropriate immanent causal relatiorthat case MURIC forces us to
conclude that our object O doest exactly occupy both R and R*. This directly
contradicts the Every Slice Principfe.

Objection 1: Replace MURIC with MURIC*

The foregoing considerations show only that, whemwake the shift from a classical to
a relativistic context, we need to reformulate MGRiccordingly. A more appropriate
formulation of the immanent causal requirement @bgctor may suggest) is:

MURIC* Necessarily, for any material object O anstithct spacetime
regions R1 and R2, if O exactly occupies both R1RA, then
there is some region R such that:
0] R1 and R2 are achronal slices of R,
(i) there is a set S of achronal slices of R such that
every point in R belongs to at least one member of
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S, and for any two members, x and y, of S, the
contents of x bear the appropriate immanent causal
relation to the contents of y, or vice versa.

Two points about MURIC* need to be stressed. Hitst, MURIC, it is an attempt to
capture the intuition that material objects carjurhp causal gaps’. Second, unlike
MURIC, it poses no problem for the Every Slice Enate. Each of these points deserves
some elaboration.

First point in support of MURIC*Consider a case of ‘immaculate
replacement® Let R be a spacetime region that by all outwareapances is the path of
a persisting point-particle: R is one-dimensiotiaiglike, continuous, matter-filled, and
is not a proper subregion of any continuous, mditted region. But now suppose that
while the events that lie along the first half oE&nstitute the appropriate sort of causal
chain, and while the events that fill the seconidl ¢faR also constitute such a chain,
there is no causal link whatsoever between thedind second halves of R. Nothing that
goes on in the first half of R has any effect ogthimg that goes on in the second half of
R.

Now consider a slice R1 through the first half oA a slice R2 through the
second half of R. Is there a single material plrticat exactly occupies each of these
slices? The intuitively correct answer is No. Déspine spatiotemporally continuous,
matter-filled path between R1 and R2, and despiyedagree of intrinsic similarity that
might hold between their contents (and betweerctiméents of the points on the path
from R1 to R2), the fact that no causal relatioldbdetween R1 and R2 prevents them
from both being exactly occupied by the same maitebject.

To their credit, both MURIC and MURIC* yield thistuitive answer. MURIC
says that there is an immanent causal relatiothat the contents of R1 must bear to the
contents of R2 (or vice versa) in order for therée a single material object that exactly
occupies both regions. (Perhaps this relations ust the ancestral of the rather
demanding, presumably non-transithv@ng an appropriately full and appropriately
direct immanent cause oflation, in which case the contents of R1 beto e contents
of R2 just if they stand at opposite ends of saimEn<e;, &, . . . > such that, for each
pair <g, g.1> of adjacent links in the chain,leears the more demanding relation;ig.e
But the requisite relations do not hold. MURIC?*, ihre other hand, says that in order for
a single material object to exactly occupy bothaRdl R2, they must both be slices
through some path that is, roughly speaking, decsaple into a set of pairwise
immanent-causally-related slices. But in the cddRloand R2, there is no such path. The
best candidate is R; but as we have stipulated nBtidecomposable into a set of
pairwise immanent-causally-related slices: nonnefslices in through the first half of R
is immanent-causally-related to any of the slitesugh the second half of R.

Second point in support of MURIC¥nlike MURIC, MURIC* does not bar a
single material object from exactly occupying citssssing slices, and hence it poses no
problem for the Every Slice Principle.

Return to the example of criss-crossing slicesaegiin Fig. 5. The spatially
extended and continuous object O has P as its pathiR and R* are criss-crossing
achronal slices of P. Since R and R* criss-crogeeémtmanner indicated, the appropriate
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sort of immanent causal relation does not hold betwtheir contents. MURIC therefore
yields the result that there is no material objkeat exactly occupies both R and R*.

MURIC*, however, does not yield this result. Af@dl, R and R* are both slices
through a path, P, that can be decomposed intfollogving sort of set: a set S of
achronal slices-through-P such that, for eachgfamembers of S, the contents of these
members stand in the appropriate sort of immareusal relation. We could, for
example, arbitrarily pick some inertial referencanfe F and divide P into the set of F-
slices through P. No F-slice of P criss-crosseh waiity other F-slice of P. So, if S is the
set of F-slices through P, then, for each pair embers of S, it would seem that the
contents of these membens pair-wise related by the appropriate sort of imnmtne
causation.

Reply: Why MURIC should not be abandoned in favdORIC*

Consider a persisting chain of particles, strunigomer a spatially long distance, but such
that any two adjacent particles in the chain aredled together. Let the chain consist of
as many particles as you like and be as long adikeuSee Fig. 6.

] T

Time

Figure 6

The diagram is meant to show thaith respect to the rest frame F of the chaire
following process unfolds: the chain, and all sfgbnstituent particles, pop into
existence simultaneously. They retain their initi@hfiguration and remain mutually at
rest and unaccelerated for a period of time. Thar,by one, starting at the right end of
the chain and progressing toward the left, theigdast undergo immaculate replacements.
The first to go is the particle on the far righitpops out of existence and is immediately,
or almost immediately, replaced with an exact in#i¢ duplicate to which it bears no
causal relation. (Thus the gaps in diagram are trteaepresent causal gaps. Whether
they represent spatiotemporal gaps depends upotnevthibe replacements are literally
immediate.) Some time later, the same thing hapfeits next-door neighbor to the left.
And so on down the chain, until each of the oritfirieas been replaced with an exact
duplicate.

There is a different inertial frame F*, howevertiwiespect to which the above
process can be described as follows. One by ong particles pop into existence. They
form a chain that is in motion. Then, all at orite, chain and each of its constituent
particles undergoes an immaculate replacement.

Let R be the union of the paths of the originatipbas and the paths of their
immaculate replacements. To make things as sinmulevivid as possible, suppose that
each of the original particle paths has a lasttpaimd let R1 be the (achronal) region
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containing all and only these poiritsAlso, suppose that each of the replacement particl
paths has a first point, and let R2 be the (achyoagion containing all and only these
points. Then R1 and R2 will ‘directly flank the caligap’. Moreover, nothing that goes
on in R1 will be a cause of anything that goesroR2, or vice versa. These regions will
be causally isolated in a very strong sense.

Intuitively, then, it should be clear that no seghaterial object exactly occupies
each of them. Now, while MURIC straightforwardlyligers this result, MURIC* does
not. To see why not, note that the entire matteefiregion, R, apparentlyanbe
decomposed into a set of achronal slices whose menalbe pair-wise immanent-
causally related.

Consider the chain’s rest frame, F, and all offFsdices of R. These slices will
intersect the gap, if at all, only at an angle. §ider the F-slice of R that intersects the
right-most particle, Righty, at the last momentdoefits replacement. Call this slice
Restl. Now pick an ever-so-slightly later F-sliBest2, and suppose that it intersects the
path of Righty’s replacement. But Rest2 will inessall the other particle patbgfore
the corresponding replacements. So there will paraof Restl (its intersection with
Righty’'s path) and a part of Rest2 (its intersactoth the path of Righty’s replacement)
whose contents are not causally related at allrt¥pam those tiny, minor parts,
however, Restl and Rest2 (or their contents) anatiasately causally related as any two
slices through a spatially extended, persistingglaver are. If we are committed to
tolerating persistence through the gain and logmdicles, it seems that we must not
demand causal relations tighter than those betwestl and Rest2.

But similar reasoning, it seems, would show thattRéears the needed causal
relations to a later slice Rest3, and that RestBdmese relations to an even later slice
Rest4, and so omntil we have completely crossed the causal gdyereas Restl
intersects each of the original particle pathsmmdeplacement paths, we will eventually
arrive at a slice, Regtthat intersects each of the replacement pathsane of the
originals. Assuming that the relevant immanent abredation is transitive (as it would
be if, as | suggested, it is the ancestral of aend@manding relation), we reach the result
that for each pair, x and y, of F-slices of R, afsethe appropriate immanent causal
relation to y, or vice versa.

Return now to our slices R1 and R2 that flank @uesal gap. The foregoing
remarks seem to show that R1 and R2 are achraoces$ shrough a region, R, that can be
decomposed into a set S of achronal slices sutthtbanembers of S are pair-wise
immanent causally related. In other words, MURI©¢esd not forbid a material object
from exactly occupying both R1 and Ri&spite the extreme causal isolation of these
regions from one anothefo MURIC* is too weak to capture the causal c@msts on
multi-location for material objects. The most natwstrengthening is MURIC — which, as
we have seen, poses a serious problem for the Blieey Principle'? Worm theorists,
who deny that material objects are multi-locatezindt face this problerti.

4.2 The Rest Frame Principle

The main problems for the Every Slice Principlesarfrom a single feature: this principle
entails that spatially extended objects exactlyupgacriss-crossing slices through their
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paths. For those who would like to avoid this dntant, perhaps the most natural answer
to the Location Question is tlrest Frame Principle

To state this principle, it will be convenient t@ke some strong assumptions.
Assume that in various General Relativistic spacesi as well as in Minkowski
spacetime, we can define a notion of a ‘rest fréshation’ that satisfies the following
constraints.

1. For any region R, the rest frame foliation of Rus(exhaustive) partition of R
into a set S of (nonintersecting) maximal achrauddregions of R.

2. An object’s rest frame foliation carves, or comslkdse as possible to carving,
O’s path into slices such that for each slice 8 pbints in S are all simultaneous-
in-F, where F is the rest frame of O at the monaé@@’s career corresponding to
S.

3. For any material object O, no matter how largenoals O may be and regardless
of what sorts of accelerations O undergoes througit®career, O's pathhas a
unique rest frame foliation.

Visually, we can think of an object’s rest framieas$ as intersecting the object’s path at a
right angle — or at least as approximating thislasely as possible — and, accordingly,
we can call thenorthogonal(ortho-)slices If an object never accelerates, the ortho-
slices through its path will all be parallel to ca@other. If it does undergo an
acceleration, however, its pre-acceleration ortiees will be non-parallel to its post-
acceleration ortho-slices. The Rest Frame Princafenow be stated as follows.

The Rest Frame Principle: For any material objeein® spacetime region R, O
exactly occupies R if and only if R is an orthaeslof O’s path, i.e., iff R belongs
to the rest frame foliation of O’s path.

The assumptions that | made in order to state tineiple are by no means obviously
true. But even if we grant them, the Rest Framedisle still faces a very serious
problem.

Problem: Internal Motion. The problem arises when we consider the case of a
object some of whose spatially extended partsraneation with respect to it — as, for
example, one of my red blood cells, Cell, is in imotvith respect to me.

Let R be my path and R* be Cell's path. Presum#imylatter is a proper
subregion of the former. Now suppose that Cell laax@ in motion with respect to each
other throughout our careers. According the RestierPrinciple, | exactly occupy just
the ortho-slices of R. Some of these regions greesented by horizontal lines in Fig. 7.
That principle also entails that Cell exactly odeggust those regions that are ortho-
slices ofits path, R*. Some of these regions are representédeoyot-quite-horizontal
lines in Fig. 7.
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Figure 7

Since Cell and | are in relative motion, the ortices of our paths will not be parallel.
As a resultpone of the ortho-slices of Cell’s path is a sugioe of any of the ortho-
slices of my path

According to the Rest Frame Principle, then, ndn@edl’s locations (none of the
regions it exactly occupies) is a subregion of ahmy locations. But from this it seems
to follow that Cell is never a part of me. Aftel, @ seems to be a necessary truth that,
loosely put, if a thing x is, at a certain momehit® career, a part of a thing y at a certain
moment ofits career, then the region that x exactly occupi¢seatelevant moment must
be a subregion of the region that y exactly ocaupiehe relevant moment it career.

In slogan formparts lie within their wholes

This ‘Within-ness’ principle is a consequence at@nger principle that is also
highly plausible. Loosely put, the stronger priheipays that the location of a composite
whole is the union of the locations of its propartp. Both principles entail that if a
spacetime point lies within an object, then it diss within anything that has that object
as a proper part. Unlike Within-ness, the stromgirciple also entails that if a spacetime
point lies within a composite object, then it dlies within some proper part of that
object.

How to formulate Within-ness (or the stronger piphe) more precisely is a
complicated matter. It will depend, for examplepnpssues about the reality of the past
and future, and upon issues about the nature dtittdlamental parthood and occupancy
relations.

Suppose, for example, that the following claimsregeessarily true: (i) only the
present and its contents exist, as presentismtas@grthe fundamental parthood relation
is the two-place relation ‘x is part ofsympliciter, and (iii) the fundamental occupancy
relation is the two-place relation ‘O exactly ocmgspatial region R’. In that case,
Within-ness should be formulated as follows:

W(a) Necessarily, if O1 is part of O2, then there gpatial regions R1 and R2

such that O1 exactly occupies R1, O2 exactly o@R2, and R1 is a
subregion of RZ?

20



Published irPhilosophical Perspectives, 20, Metaphysics Penultimate draft. Please do not quote.

Now suppose that the following are necessaryn(gtarnalist form of spacetime
substantivalism is true, (ii) the fundamental padith relation is the four-place relation ‘X,
at moment t of its proper time, is part of y, atmamt t* of its proper time’, (iii) the
fundamental occupancy relation is the three-plataion of exact occupation-at-t, that
is, ‘O, at moment t of its proper time, exactly opes spacetime region R’, and (iv)
moments of proper time are simpdel generientities not reducible in any way to
material objects, events, or spacetime points/regitn that case, Within-ness can be
formulated thus:

W(z) Necessarily, if O1 at tl is part of O2 attt®n there are regions R1 and
R2 such that O1 exactly occupies R1 at t1, O2tbxaccupies R2 at t2,
and R1 is a subregion of R2.

It should be clear that, in the context of our dgsion of the Rest Frame Principle, W(z)
is relevant but W(a) is not. It should also be cteéat W(z) will, in conjunction with the
Rest Frame Principle, entail that if Cell and labit a relativistic spacetime and are
always in relative motion, then at no moment of’l€@roper time is it a part of me, at
any moment of my proper time. | regard this as gpn@drawback for the Rest Frame
Principle.

Of course, when we change our background assunsptisncerning space and
time and the fundamental parthood and occupanatioak, we arrive at different
formulations of Within-ness. But it seems to me thraany set of background
assumptions that are even minimally friendly tonstheory, some version of Within-
ness will survive and will generate basically taeng problem.

It deserves emphasis that the problem depends Ibs KkEng spatially extended.
To see this, suppose that | have a spatially mr#d fundamental particle as a part, and
suppose that its path, sub-R, is a continuous dimensional, timelike subregion of my
path, R. Then even if the particle is always iniowtelative to me, it will still be true
that each ortho-slice of sub-R is a mere pointesgggacetime region and, as such, is a
subregion of some ortho-slice of my path. So ibéliny proper parts are spatially point-
sized, the problem disappears complef@ind if Cell always has a complete
decomposition into spatially point-sized particlég®n it might be the case that all of
Cell’'s particlesare parts of me throughout Cell’s career, eveleif itself is never a part
of me. This might seem to mitigate the difficultightly.

Even so, it remains seriously counterintuitive émylthat Cell is ever a part of
me, and the Rest Frame Principle remains highlilproatic.

4.3 The Top Down Principle

Our search for an answer to the Location Questeardsome resemblance to the search
for a principled way of defining a physically ‘piieged’ foliation of spacetime as a
whole into global, achronal leaves, each of whigh be regarded as an instant of
‘cosmic time’?’ Perhaps our answer to the Location Question shappeal directly to
such a privileged foliation, in the following mamne
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The Top Down Principle: For any material objectr@ apacetime region R, O
exactly occupies R if and only if there is a unigpieysically privileged foliation
of the spacetime to which R belongs into a set @aftimal achronal leaves, and
R is the intersection of O’s path and one of tHeaees (i.e., R is a ‘privileged
slice’ of O’s path).

For our purposes it will not be necessary to sefplen any specific definition of
‘privileged foliation’. (One prominent proposaltisat a foliation is privileged iff it is a
‘constant mean curvature’ foliatidf) Very roughly, the idea is this. In many simplfie
idealized models of GTR, spacetime can be foligtethat each leaf orthogonally
intersects the path of each material point-partSlech spacetimes also admit of many
other foliations, but each such spacetime hajustorthogonal’ foliation. This

foliation seems to have a special status, sincerresponds (more closely than any other
foliation, at least) to theest frame of the universe itseffs applied to a non-idealized
spacetime, the idea is that we may be able toifgezdrtain ‘major mass points’, and
foliate the spacetime so that each leaf orthogpmatérsects the path of each major mass
point. An example of a major mass point in our ense might be the center of mass of a
super-cluster of galaxies.

Although we are not providing a precise definitiarg can affirm one quite weak
adequacy constraint on any such definition: a dpaeés privileged foliation must be
completely fixed by such factors as (i) the spawets topological and metric structure,
(i) the distribution of fundamental propertiesdlinding any forms of mass and energy
that are relevant to GTR) across the spacetime(ignthe distribution of fundamental-
particle-paths across the spacetifhio two spacetimes that are just alike with regard
(i) — (iii) can differ in how they are carved up their privileged foliations.

Just as the Rest Frame Principle avoided the praisiems facing the Every
Slice Principle, the Top Down Principle seems toidthe problems facing its
predecessors. Unlike the Every Slice Principldeities that objects exactly occupy criss-
crossing slices, and, unlike the Rest Frame Piicipaffirms that if an object has
spatially three-dimensional parts, the locationtheke parts will be subregions of the
object’s locations, even if the parts are in motioth respect to the object. The Top
Down Principle is vulnerable to new sorts of commk® however. | will mention two.

Problem 1: Extrinsicness. This criticism is best put forward in the formaf
guestion. Is there any satisfactory definitionfivileged foliation’ that does not have
the following consequence?

(C) There could be two four-dimensional regiongri® R*, such that:

» they belong to the same or different spacetimes,

* both are quite sizeable — as big, e.g., as themesyvept out by our solar

system, or even our galaxy, over 100 million years,

» they differ only negligibly, if at all, with respeto:

o internal topological and metric structure,
o distribution of fundamental properties (e.g., masd energy), and
o distribution of fundamental particle paths, but

* R and R* intersect the leaves of the privilegedatadn (of their common

spacetime or their respective spacetimes) at viéfigrent angles.
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Suppose, for example, that R is the path of thé&yiVay, and that it runs approximately
parallel to the paths of the major mass pointsinumiverse. In that case, it will intersect
the leaves of the privileged foliation at right &asy Now suppose that R* is the path of
an intrinsic duplicate (or near duplicate) of thékyl Way that happens to be a
‘maverick’ galaxy, a galaxy whose state of motisivery different from that of the major
mass points in its (perhaps our) universe. In¢hat, there seems to be some risk that R*
may intersect the leaves of the privileged foliatad an angle that is very far from
orthogonal.

Let us suppose that this is so, and hence thadriviéeged slices of R
approximate its ortho-slices, whereas the privitegieces of R* do not. Suppose that my
path, R, is a proper subregion of R, lodged somewhertsimiddle. Then R* has a
proper subregion, R¥%, that is a perfect (or near-perfect) duplicat®ed with respect to
topology, metric, distribution of fundamental projpes, and distribution of fundamental-
particle-paths.

Suppose, however, that the Top Down Principlersect. Then, since these paths
may intersect the privileged leaves at very diffiié@ngles, the privileged slices ofR
may be very different from those of & and as a result the regions that | exactly
occupy may be very different from those that myrterpart’ in R* exactly occupies.
Perhaps R&g intersects the privileged leaves in such a wayithgrivileged slices are
radically ‘length-contracted’, so that their spbhize is much less than that of the
privileged slices of Bs. Despite fact that my counterpart and | are mdéetar-molecule
duplicates in the sense specified above, and @esptfact that my counterpart’s galaxy
is in that sense a molecule-for-molecule duplicdtaine, it might turn out that my
counterpart is much shorter than | am!

In this way there seems to be some risk that tgeDown Principle will make a
thing’s shape and size depend (non-causally) uponradically extrinsic factors as the
distribution of matter and energy in extremely a@igtparts of the universe. None of the
other saint-theoretic principles that we have ader&d (or will consider) have this
consequence; and certainly the worm theorist neeémbrace it. The Top Down
Principle has this consequence just in case adifaatory definitions of ‘privileged
foliation’ entail (C). | do not know whether all dudefinitions have this entailment.
From the philosopher’s armchair, however, this appéo be a threat.

Problem 2: Non-foliable spacetimes. One famous feature of GTR is that it
permits the occurrence of spacetimes that adnmibdbliation into global achronal
regions whatsoever, much less any privileged folrat(See Godel 1949.) As applied to
such non-foliable spacetimes, Top Down entails ioatnaterial object exactly occupies
any region. If one thinks that there are nomicpthgsible worlds in which (i) spacetime
is non-foliable and in which (ii) at least one miakobject exactly occupies at least one
region, then one will be forced to concede that Dogvn is not nomically necessary. If
one also holds that a correct answer to the Loc&ioestion must be at least nomically
necessary, then one will be forced to reject Togvdd am inclined to accept each of
these steps (on the assumption that orthodox vijatiheory is actually true), but they
are all highly controversial. Since engaging in this controversy here would takeoo
far astray, | will say no more about Top Down.
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4.4 The Bottom Up Principle

Putting things somewhat metaphorically for conveoé we can state the Bottom Up
Principle as followS? When a composite object comes into existence, ebith
constituent fundamental particles is given its gensonal stopwatch that records the
elapse of the particle’s proper time. At the monwdriithe composite object’s creation,
each of these particles exactly occupies some 8pereegion or other and each of the
stopwatches reads ‘0 minutes’. The composite olgjeattly occupies the union of these
regions; this is itaitial slice. We then define synchrony-slicef O’s path as a region R
such that, for some real numbeR includes a given spacetime point just in chae t
point lies within one of O’s constituent partickeben that particle’s stopwatch indicates
thatn minutes of the particle’s proper time have elap3éuas, at O’s synchrony-slices,
all of the stopwatches will be synchronized: eacthem will display the same number
of minutes elapsed.

Now we say that O exactly occupies all and onlgytschrony-slices (including
its initial slice). Thus O will exactly occupy itsne-minute’ slice (the region made up of
those points lying within O’s particles when th&iopwatches all show that one minute
of proper time has elapsed), O will exactly occupy(pi)-minute slice,” O will exactly
occupy its ‘four-minute’ slice, and so on. As fhetconstituent fundamental particles
themselves, we shall suppose that each such partiekactly occupies all and only the
ortho-slices through P’s path.

A number of problems for this account arise from élssumptions that | have
made in order to state it. | have been assumimgXample, that (i) every composite
object decomposes without remainder into ‘fundasmgarticles’ or simples, that (ii)
every composite object has a finite past, and wadratl (iii) that composite objects never
gain or lose fundamental particles. But even weedow managed to state the principle
without making these assumptions, grounds forotsith would still remain.

Problem: Partsthat fall out of step. Consider an object composed of two simple
point particles, one of which is in inertial moti¢ar on a geodesic) throughout its career,
and the other of which oscillates rapidly back &onth throughout its career, as indicated
in Fig. 8.
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The locations of the oscillating particle
gradually fall out of step with the
synchronized locations of the inertial
particle. Consider the region R containing
just the two end points of the upper-most
dotted line. This is a synchrony-slice of the
composite object’s path, but it is not
achronal: its two constituent points are
timelike separated. Hence Bottom Up, which
tells us that the composite object exactly
occupies R, entails that that object is not a
saint

Figure 8

STR and GTR both entail that if this situation @onés for long enough, eventually we
will come to a numben such that the point exactly occupied by the iaégarticle when
its stopwatch readsi‘minutes’ will betimelike not spacelike, separated from the point
that the oscillating particle exactly occupies witsrstopwatch readsi‘minutes.” Thus
the region made up of these two points will faiban achronal region, and hence will
fail to be the sort of region thatsaintcan exactly occupy. According to the Bottom Up
Principle, however, our composite object does éxacicupy the relevant non-achronal
region. It appears, therefore, that the saint ibewiill be able to give the following
argument against the Bottom Up Principle:

0] There are nomically possible STR or GTR worlds twattain the relevant
sorts of composite objects.

(i) No STR or GTR world that contains the relevant sbdomposite object is a
world at which both saint theory and the Bottompimciple are true.

(i)  Saint theory is true at all nomically possible SGIRGTR worlds.

(iv)  The Bottom Up Principle, like any attempt to ansteethe Location
Question, is true at all nomically possible worilids is true at the actual
world.

(v) Therefore, the Bottom Up Principle is not trueha &ctual world.

In light of this argument, my guess is that veny f&aint theorists will find the Bottom
Up Principle to be a satisfactory answer to thedtionn Question.

5. Conclusion
| began the paper by making a series of remarkatahe relation of exact occupation. |

used this relation to formulate a contrast betweernm theoryandsaint theoryand |
emphasized that the question about whether pergigtings are worms or saints is
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separate from questions about whether things rewapdral segments. | then posed the
Location Question: Which subregions of a thing'thpdoes the thing exactly occupy? |
noted that (i) this question has an easy answengnorm theory and that (ii) given saint
theory together with the assumption that spaceigncéassical, there is an obvious front-
runner, but that (iii) there is a wide range of agmtly reasonable answers given saint
theory together with the assumption that spaceigmelativistic. Of these apparently
reasonable answers, | examined what | took to ééailr most plausible, and | argued
that each of them has counterintuitive consequences

In each case, | believe that the problems thaduds are genuine and deep. To
be sure, much more remains to be said: each @rtbeers that | considered could be
modified in an attempt to avoid the relevant praidel suspect — but of course have not
shown — that each of the modified answers coul¢estdxl to new criticisms at least as
forceful as the originals.

Some philosophers will embrace the counterintaitiensequences that | have
mentioned, and in some cases the debate may heedksi end in stalemate. Some,
however, may think, ‘Relativity theory itself iswaterintuitive, so it should come as no
surprise if saint theory has counterintuitive capsances in the relativistic context, nor
should this be considered a vice.” In my view, ti@isponse is misguided. As far as | am
aware, none of the problems that | have mentiomed $stems from relativitger se
rather, each of them stems from the conjunctiorelativity and saint theory, and each
can be avoided simply by shifting from saint thetryvorm theory. Whether the latter is
preferable to the former all things consideredfisaurse too large a question to decide
here, but given orthodox relativity, this paper sitllthe case against sairits.
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! See Sider 2001 for an overview.

% The term ‘saint’ is meant to conjure up thougHtmaltilocation. Some saints of the Christian
tradition are said to have been ‘wholly presentwo places at once.

% Some of which | say in my (2004: ch. 6) and, ushrgterm ‘endurantism’ in place of ‘saint
theory,” in myforthcoming

* See, e.g., Smith (1993), Tooley (1998), Hinci{@01), Craig (2001), Crisgdrthcoming, and
especially Montonforthcoming. Crisp formulates an interpretation of GenerdbRéty that
makes it compatible with presentism, the view thdy the present and its contents are real.
Monton points out that the likely successor to GahRelativity, Quantum Gravity, also admits
of interpretations that are compatible with preisemt

® This paragraph merely sketches the relevant viBarsa fuller and more careful presentation,
see Dainton (2001) and many of the references icattaherein.

® As far as | am aware, none of my main claims ddgpem the assumption that regions are sets
rather than sums or ‘pluralities’ of points. (‘Regs are pluralities of points’ is just a loose way
of expressing the thought that talk of regions lbaparaphrased in terms of plural quantification
over, and plural reference to, points.) Hudson 2@J) mentions the possibility of treating
regions as pluralities but opts to treat them asssu

" Some such relativization will be needed if, astseplausible, both of the following are true: (i)
it is possible for a thing to exactly occupy eathww differently shaped regions and (ii) nothing
can just plairhave(i.e., instantiatsimpliciter) each of two determinate, monadic shapes. | would
like to remain neutral, however, as to the prefosm that the relativization should take. A
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number of options seem tenable. For example, fpehare two-place relations that entities bear
to regions, then we can say, ‘if O exactly occuptethen O bears the same shape relation to R
that R bears to itself’; and if instantiation (hag) can hold between an entity, a region, and a
monadic shape, then we can say, ‘if O exactly oesuR, then O has-at-R the same shape that R
has (or has-at-R)Mutatis mutandigor other geometrical or topological properties &or
spatiotemporal relations. (Note that these optiom® way commit u saying that regions are
the only fundamental bearers of shapes and thariabbbjects have shapes merely in the
derivative sense that they exactly occupy shapgidnme. These options allow us to say that the
material object and the region it exactly occujear the very same (perhaps relativized)
instantiation relation to the very same (perhajsivized) shape. See the next note for more on
this.)

It might be objected that this relativizing approdc shapes makes condition 1 too weak
to be of any help in characterizing exact occupatitor example, someone might claim that,
trivially, if R is any region each of whose poititss within me, then | have-at-R the same shape
as R. In fact, however, it is highly implausiblenice far from trivially true, that there is a ragio
at which the Great Pyramid of Giza is approximagglierical, even though it is obvious that
there are approximately spherical regions eachhafse points lies within the Pyramid. (See my
2003 for further discussion of relativizing techuég, especially in connection with
spatiotemporal relations, and for references tditbeature.)
® Here and in the following conditions, | say ‘ndtviously impossible’ rather than ‘not
impossible’ because | do not want assume thatiitfiact possible for a thing to, e.g., exactly
occupy more than one region. For all | know, tHevant sort of multi-location might turn out to
be impossible. But exact occupation shouldn’t dendd in such a way as to make this a trivial
truth. The relation that | have in mind is sucht fh# a substantive metaphysical question
whether or not it's possible for a thing to exadbcupy more than one region. In my view, this
sort of multi-location has a status that many @afzhers would attempt to capture by saying that
it's at leastconceivablesven if not metaphysically possible.

° Thus exact occupation cannot be defined as Pafmttscoming definesexact location

' Barker and Dowe (2003) seem to reject this coorliti

1| give a version of this argument in my (2004) rélkincorporate improvements that | learned
from Kris McDaniel in conversation in 2005; | dotrkmow whether he would endorse the
present argument.

12 Thus exact occupation cannot be defined as Pa(Bwtiscoming definesbeing wholly located
at or as Crisp and Smitliofthcoming definebeing wholly present at

13| give a similar characterization of exact occigratn my (2004). Others who appear to
recognize the relevant relation include Hudson {28@d 2006), McDaniefgrthcoming b, and
Balashov forthcoming. Hawthorne (2006: ch. 5) mentions the relationdnes not commit
himself to its intelligibility.

1 parsonsforthcoming. His term for the defined relation is ‘exact Itioa.” My ‘s-overlap’
corresponds to his ‘weak location’.

!> Someone who takes regions to be sets of pointstrdiny this by denying set-theoretical
extensionality; someone who takes regions to besgue, mereological fusions) of points, and
who claims that any such sum is a region, mighydkis by claiming that it's possible for some
points to have more than one sum. Even if oneaddlbizarre positions were correct, DE would
still entail that if O exactly occupies R and Rieh these regions include all the same points and
intersect (or overlap) all the same regions. ThiEsAuld still entail that no object can exactly
occupy each of two noncoinciding regions.

16 parsonsforthcoming contains a more detailed discussion of this cabé&h | originally
formulated as an objection to Parsons’s ‘Exactneggim. This axiom says (in my terminology)
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that anything that s-overlaps any region exactupes some region. Since Parsons is concerned
to defend this axiom as a ‘conceptual truth’, hesggase 1 primarily astlareatto his system.
" Case 2 and the term ‘knuggy’ are due to Parsonth¢oming.
18|f one adopts DSOS — DEOS, a better definitiotpath’ is this: R is the path of O =df. R is a
region, and it intersects all and only those regittiat O s-overlaps simpliciter.
' One problem for this definition arises from spanes containing closed timelike curves
(CTCs) or ‘almost closed’ timelike curves. (RougldyCTC is a continuous one-dimensional
path that (i) is timelike in the sense that itlisays directed toward the future with respect o it
immediate spacetime neighborhood, and so repreaeptigsically possible trajectory of point-
particle with mass, and (ii) is closed in thatitrhs a loop.) Consider, e.g., a region R containing
just two arbitrarily near points p and g that, asmight put it, are ‘locally’ spacelike related.
(Roughly, points are spacelike related iff they sireultaneous in some reference frames, non-
simultaneous in others, and not causally connegtibhtuitively, we want to say that R is in the
relevant sense temporally unextended. But now et R is embedded within a spacetime
that contains closed and almost closed timelikeasjrand suppose in particular that there is an
almost closed timelike curve running from p to gem p and g are timelike related (with p being
absolutely earlier than ) and hence R counts asaobronal. To solve this problem, we need to
make precise the intuitive notion ofacally achronal region. | take my cue from the following
remarks by John Earman:
with CTCs presenglobal Laplacian determinism (which requires a Cauchyeser. . .)
is inoperable. Bulocal determinism makes perfectly good sense. In angesipae M,
Oan Chronology violating or not, and at any poiril M one can always choose a small
enough neighborhood N of p such that Nngpossesses a Cauchy surfaceith p [in
the absolute future o}f. And the relevant data gntogether with the coupled Einstein-
matter equations will uniquely determine the stdtp (1995: 171).
(A Cauchy surface is a spacelike hypersurfaceitibatsects every maximal timelike curve
exactly once.) It seems to me that if these remsukseed in capturing the intuitive notion of
local determinism, then the following definitionght to capture the intuitive notion of a locally
achronal region:
D2*  Ris locally achronal =df. (i) there is a spticee M, gy, of which R is a
subregion, and (ii) there is a region N such thatdr each pointpin R, Nis a
neighborhood of p, and (b) there is a region Rt tha Cauchy surface of N,
Oaoih @nd that has R as a subregion.
If this definition is adequate, then wherever | &hronal’ in the main text, this should be read
as ‘locally achronal.’
0 A second problem arises from the ‘Trousers wadleicribed in Sklar (1974: 306-7).
Intuitively, such a spacetime results when we begih two disconnected 3-spaces (the ‘legs’ of
the trousers) that merge at a certain time intoglesconnected 3-space (the ‘waist’). Let R be an
achronal region in the left leg, and let R* be ahranal region in the right leg. Since there are no
lightlike or timelike curves running from any pointR to any point in R* or vice versa, it seems
that the union of R and R* will count as achroma&lgording to my definition. But there might be
some intuitive sense in which R is located justva $econds prior to the merger and R* a great
many years prior the merger, in which case it waaldm wrong to count their union as achronal.
D2*, suggested in the previous note, seems to a@dgroblem as well.
%1 Balashov forthcoming objects to D1-D3 on the grounds that they wooldé the stage
theorist to deny that ordinary objects persistag8ttheorists, such as Sider (2001) and Hawley
(2001), identify ordinary objects with what othdrilpsophers would calhstantaneous temporal
parts of ordinary objectsand they say that these instantaneous stagsstby bearing some
temporal counterpart relation to later instantasesiages.) Balashov proposes a different system
of definitions that does not have this consequeAnalternative solution, and one that does less
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violence to D1-D3 than does Balashov's, is to replal with D1*: R is O’s path =df. R is the
union of the (region or) regions that are exactigupied (either by O or) by any of O’s temporal
counterparts.
2 Hudson (2001) defends a view in the perdurancéyarocording to which each ordinary,
macroscopic persisting thing exactly occupies nmamerlapping, four-dimensional, nonachronal
spacetime regions. Thus he qualifies neither asranvtheorist nor as a saint theorist.
% See, e.g., my (2004).
24 Without committing himself to the intelligibilitpf exact occupation or the saints v. worms
distinction, Hawthorne (2006: ch. 5) formulatesesaV other distinctions in the
‘endurance/perdurance’ neighborhood that crossheutsegmentation/anti-segmentation’ issue.
At the opposite end of the spectrum from Hawthareethose, e.g. Lowe and McCall (2003),
who claim that there are in famérosubstantive, not-merely-verbal disputes in thighleorhood.
% The thesis that Sider (2001) labels ‘four-dimenalsm’ and defends with his ‘argument from
vagueness' is clearly far more similar to segmémniatheory than to worm theory. Heller's
(1990) ‘Body/Body-Minus’ argument is in my view b&tunderstood as an argument for worm
theory than as an argument for segmentation theory.
% Similar questions have been raised by Smart (187):and Rea (1998: 232).
2" Markosian (1998) responds to van Inwagen’s Sp&uahposition Question by arguing that the
facts about composition are brute facts, and Mc&dfurthcoming & responds to Markosian’s
Simple Question by arguing that the facts abouttvloibjects are simple are brute facts.
% My definition of achronality entails that any pbsized spacetime region (i.e., any region
whose only member is a single spacetime point@hsanal.
# |t is not without its problems, however. Consideriassical spacetime that is ‘cylindrical’ in
the sense that it has a closed, circular tempamamsion. Now suppose that a spatially spherical
object O pops into existence, lasts so long tatdteer winds all the way around the cylinder,
coexists with itself for a brief interval, T, theops out of existence. Suppose also that throughout
T, the ‘younger and older versions’ of O are alwala spatial distance from one another. In that
case, it seems to me that by far the most plaudidseription of the situation from the saint-
theoretic perspective is that O is spatially bidima throughout T: for each instant t in T (where
an instant is a global hyperplane of absolute gemneity), there are two spherical subregions R
and R* of t, such that O exactly occupies R ank&rty occupies R*, but O does not exactly
occupy their (non-spherical) union. Unfortunatehge absolute slice principle entails just the
opposite: it entails that O exactly occupies neilR@or R* but only their union. Thus, according
to this principle, there is an episode in O’s &tewhich it suddenly and discontinuously changes
from being spherical and spatially non-scatteregeiog non-spherical, scattered, and twice as
large as it was previously.
% Some spacetimes permitted by GTR cannot be fdliatall. The most famous is the one
described in Gddel (1949). Even in the Gddel spmesthowever, it would seem that thathsof
most ordinary objects admit of many different fobas intolocally achronal slices.
3L A global hyperplane of simultaneity-in-F is a nempty, maximal set of spacetime points that
are pairwise simultaneous-in-F. Setting aside gpaes with abnormal topology, all such planes
are achronal.
% There are of course more than two, given thaethee various mathematically expressible
conditions we could impose on maximal achronalaeglishort of flatness.
% Like my definition of achronality, D2, this prime will need to be reformulated in local terms
in order to deliver intuitively correct verdicts agplied to cases involving closed and almost
closed timelike curves. If D2* is a satisfactoryiidigion of local achronality, then perhaps we
can state a plausible localized version of the {E@&ice Principle as:

The Every Maximal Locally Achronal Subregion Prpplei (EMLAS): For any material

object O and spacetime region R, O exactly occupig#tR is a locally achronal
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subregion of O’s path and is not a proper subregfany locally achronal subregion of
O’s path.

% See McDanielforthcoming aandforthcoming b for reasons to take such spatially extended

simples seriously. Parsons (2000) offers a cadefiense of spatially extended simples somewhat

differently conceived.

% It might be objected that (i) according to the Brv8lice Principle, spatially 3D objects have

locations that intersect only at spatially 2D regiocand (ii) there is something suspicious about

laws that prevent spatially 3D objects from hauingations that intersect at merely 2D regions

(on the grounds that this would prevent certaitssofr contact that should be allowed). In fact,

however, every formulation of the Every Slice Piite mentioned in this paper aside from EFS

seems to entail that any object that is spatiallytiouous and three-dimensional throughout a

finite period of time will have locations that insect with each other at 3D regions. To convince

oneself of this, it should be sufficient to consiflest one example. Take an eternal object in

Minkowski spacetime that is always spherical irrést frame. Now consider a flat slice, S,

through this object’s path, associated with thexcts rest frame. Divide S into two hemispheres,

S1and S2. S is just one of many maximal achrdiza&ssthrough the object’s path that have S1

as a proper subregion. All of our formulationsiuf Every Slice Principle (aside from EFS)

entail that the object exactly occupies each catadices. But all these slices intersect at 0 a

region.

% This principle does not entail thatiaiversalcannot exactly occupy a causally unrelated pair of

regions. Immanent realists hold that universalsvanelly present wherever they are

instantiated’. (See, e.g., Armstrong 1989, O’Leldgwthorne and Cover 1998, and Newman

2002.) One natural interpretation of this doctigas follows: Necessarily, for any a universal U

and spacetime region R, U exactly occupies R éféalis an entity E such that (i) E exactly

occupies R, and (i) E instantiates U at R (orm&antiates U at the moment of E’'s proper time at
which E exactly occupies R). This would seem to icinthem to the possibility of a universal
that exactly occupies each of two regions whoseets are causally unrelated. This would be
the predicament of the immanent univelsaling unit negative charga a universe that never
contains anything but two instantaneous, spacekfparated electrons.

%" Motivation for views in the spirit of MURIC can feund in Armstrong (1980), Shoemaker

(1984), and especially Swoyer (1984) and Zimmer(i&97).

% am assuming, of course, that there is no supenial causation and that the relevant

spacetime contains no closed or almost-closeditmelrves.

%9 Note that the problem does not arise for things #ine always spatially point-sized. (Nor do

either of the other two problems, of course.) Argyarhose ontology of material objects is

confined to such things (certain compositionallists, e.g.) is therefore free to adopt the Every

Slice Principle.

*The term is due to Swoyer (1984: 598).

*11f we assume that the immaculate replacementepreshe continuity of the paths, then, given

our stipulation that there islast point on each path prior to the replacement, weile to deny

that there is irst point on any of the replacement paths. Sincevifedness, | want R1 and R2

to directly flank the gap, | will deny that the tapements preserve continuity. As far as | can see,

nothing depends upon this decision. The same pomitl have been made had | sacrificed

vividness to preserve continuity.

*2T0 be sure, MURIC is not tlanly alternative to MURIC*. Consider, e.g., MURIC**:
Necessarily, for any material object O and distspzacetime regions R1 and R2, O
exactly occupies both R1 and R2 only if there immsspacetime region R such that:

® R1 and R2 are maximal achronal subregions of R, and
(i) every (exhaustive) partition of R into an ‘apprepely orderable’ set S of
maximal achronal subregions of R is such that émhepair, x and y, of
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distinct members of S, x (or its contents) beagsabpropriate immanent

causal relation to y (or its contents), or viceseer
We will say that a set S is appropriately orderafblihere is a relation of Precedence such that (i
for any members R and R* of S, either R PrecedesrRice versa and (ii) for any members R
and R* of S, if R Precedes R*, then no point iniR&bsolutely earlier than any point in R. Now
return to the immaculate replacement case involthegchain. MURIC** seems to entail that no
material object exactly occupies both R1 and R stltes flanking the causal gap. After all, for
every path to which these regions belong, theagpartition of that path into an appropriately
orderable set whose members are not pair-wise iremarausally related. Just take the partition
associated with the frame F*.

But MURIC** seems too strong. Firsttire abstract, suppose that the appropriate
immanent causal relation holds between some paggibns. Then it seems that, so far as
immanent causation goes, there is no reason wiyyctdngt both be locations of the same
material object. After all, for every path to whittese regions belong, there is a partition of that
path into an appropriately ordered sequence whesslrrs are not pair-wise immanent causally
related. Just take the partition associated wighfithme F*. Why should it matter whether or not
some additional, external condition holds, sucthasthey be slices through a path every
appropriate partition of which is such-and-such@d8d, a bit more concretely, MURIC**
apparently entails that, in our chain case, trerimaterial object that exactly occupies each of
the ‘rest frame’ (F-) slices through R, even thotlgbse sliceslo seem to be related (pair-wise)
by the appropriate sort of immanent causal relatioseems preferable for an immanent causal
principle to avoid this entailment as applied tattbase. It is not at all obvious to me that a
material saint could not persist through such @gss.

*3 Do similar problems confront traditional perduisntiews? Some advocates of such views
have endorsed principles analogous to MURIC: soawe lglaimed, e.g., that in order for some
instantaneous material objects located at diffetierés to compose an ordinary persisting
material object (alternatively: . . . in order fbem to composanything at all. . . ), the
instantaneous objects must stand in an approméatsal relation. (See Armstrong (1980) and
Balashov (2003a and 2003b).) In my view, my argunagainst replacing MURIC with

MURIC* has much less force when construed as annaegt against replacing the perdurantist
analog of MURIC with the perdurantist analog of MIZR | see no absurdity in the claim that
there is an ordinary persisting material object iz one achronal temporal part in Restl, and a
distinct achronal temporal part in Rest2, evehdfse parts are causally unrelated. What'’s highly
implausible is the claim that the very same maltetigect could exactly occupy both Restl and
Rest2 given the causal isolation of these regions.

4 Could a single region, R, be the path of two défe material objects, O and O*, whose states
of motion somehow differ in such a way that the fiesne foliation of Rwith respect to O

differs from the rest frame foliation of Rith respect to O? Perhaps. In that case we should
restate clause 3 as follows: for any <material a@bj® O’s path R> pair, there is a unique rest
frame foliation of R with respect to O.

*5 If there are nonspatiotemporal entities (e.g., mers, properties, propositions, etc.) that can be
parts, then all versions of Within-ness shoulddstricted to spatiotemporal entities.

* Suppose (i) that, as van Inwagen (1990) arguesyrily composite material objects are living
organisms, (ii) that no living organism has anothéng organism as a part, and (iii) that all
simple material objects are spatially point-siZEigen my problem for the Rest Frame Principle
does not arise. Nor does it arise if there areamyposite material objects at all, as compositional
nihilists (e.g., Hossack 2000, Dorr 2002) claim.

*" The analogy is far from perfect. First, therehis bbvious fact that the Location Question
concerns the paths of material objects, not spaeeds whole. Second, there is the fact that a
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foliation of spacetime is by definition a divisiofi spacetime into nonintersecting sets, whereas
there is nothing contradictory about the claim Swhts exactly occupy intersecting regions.

*® See, e.g., Belot and Earman (2001) and Cfiphcoming.

* It is sometimes said that Quantum Mechanics intred a privileged foliation of its own that
may be independent of the foliation that is prigéd in the sense discussed in the main text. If
this suggestion is correct, then | have no quavitsl the principle that each material object
exactly occupies each region that is the interseaif its path and some leaf from the foliation
that is privilegedvith respect to QMBuUt | regard this suggestion as in conflict wattthodox
interpretations of relativity theory, and so | igaat here. For a discussion neighboring issues, se
Callender forthcoming)

* Given Top Down, it is not at all obvious that leehavesuch a counterpart, for it could well
turn out that despite its similarity ta-B R*c is not the path of any persisting material object.
Perhaps, in order for some simple particles to amagomething, they must stand in a certain
multigrade relation, e.g., Life. (See van Inwag88@.) And perhaps none of the radically-length-
contracted privileged slices of R¥contain particles standing in that relation at tiegion. If so

it would seem that R%; is not the path of any material object.

*1 See Godel (1949), Savitt (1994), Earman (1995)r¥iau (1999), Callender (2000 and
forthcoming and Crispfiorthcoming.

2t is straightforward but tedious to state thepiple more literally and precisely. The
metaphorical formulation is adequate for presenp@ses.

%3 For helpful comments on this paper, | am gratefoturi Balashov, Mark Johnston, David
Lewis, Matthew McGrath, Andrew Newman, Oliver Pgoléim Pryor, Ted Sider, J. J. C. Smatrt,
Paul Weirich, Jessica Wilson, and audiences at@wam University, Oxford University, the
College of William and Mary, Arizona State Univeysithe University of California at Davis,
and the University of Missouri-Columbia.
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