The story of the tablecloth: deriving “before” from atemporal notions

Abstract: This article develops a new account of the relatimiore” between events. It does so by takingsete
of all states of an object, irrespective of anysppposed order, and then ordering it by exploiéirdharacteristic
asymmetry which appears on this set. It is shownhttiis asymmetry both implies temporal order, israrguably
also necessary for defining it. The upshot is thatporal ordering is a local phenomenon and reguiceglobal
temporal structure of spacetime.

Can the notion of one event being “before” anotheeexplained in terms of something more
fundamental? Or is it absolutely primitive? Sevate&mpts to account for temporal precedence
have been made. These include grounding it in tbdymamics (for an overview of this
research tradition, see e.g. the references inedd#r [2017], p. 244, footnote 4);
Reichenbach’s mark principle (Reichenbach [1956], 23; cf. the discussion in Whitrow
[1980], pp. 323-327); and causal theories, wherednysal priority accounts for temporal
priority (e.g. Mellor [1998], pp. 105-117; FriscB(J13]). Here is not the place to discuss or
criticize these approaches, although it is probédihyto say that a fully satisfactory account of
“before” is missing so far. Rather, the aim of thiscle is to propose a new method for deriving
“before” which, although extremely simple, has app#ly been overlooked.

| will start with an example: Suppose you spillriga juice onto your table cloth. A moment
later, and without interfering in the meantime, y&pill wax on it. Considering the entire
biography of the table cloth, you note that it ézas a state of the table cloth with juice and
wax on it, and another with just the juice. Doessb feature a state with just the wax? It clearly
could, for example if you decide to rub off the spbjuice.

If T is the table cloth, its state with just the juicdl e written asTj, andTjw is its state with
wax and juice. The order doesn’t matter and halsingto do with temporal ordefjw = Twj.
The events producingandw—that is, the impact of the juice and the waxieawill be written
in boldface ag andw. Then,j andw can be viewed as records of these evévitweover,
underlining will signify existence, so th@} is read as “stat€j exists”. Finally,bs will mean
“before or simultaneous(ly) with”, whereas the wtisdfore” is taken to mean “strictly before”.

Now, take an atemporal perspective: You are givstaek of photos documenting all states in
T's biography, shuffled in any order. The set ofsthetates will be callelllr. You quantify
over it by going through the photos. Suppose tiating done so, you discover that there is a
state with wax and juice, one with just juice, hahe with just waxTjw, Tj, = Tw.

What can you conclude from this configuration® lisufficient condition for evepbccurring
bsw. Why? Suppose it did not: Themwould occur strictly beforg But then, there must be a
stateTw, which by assumption there is not.

It is important to understand precisely what tlusdition says:

First, it is a sufficient condition, not also a assary one: There are cases wheacursbsw,
but we get configurations other than the abov&lenFor example, Igtoccur, ruly off T, and
then letw occur: we geTw, Tj, =Tjw Or, letj occur simultaneously wity, and then let nothing
interfere withT ever again: we geljw, -Tw, —Tj. The reader will be able to think of more
examples.



Second, some may object that the above sufficiemdiion only works if it is tacitly assumed
that records, once produced, stay forever—an assamwhich would render the account
circular. But this assumption is not made. Rathefeting records is explicitly allowed. In
particular, suppose the objector comes up with ffilowing scenario:j and w occur
simultaneously. Then, rub gffand keep your hands offforever: we gefrjw, Tw, —Tj. The
objector now points out that, if the above sufintieondition were right, this would imply that
stateTwexistsbsTjw, whereas in realitywexistsafter Tjw.To this, | answer that the condition
refers to an order @ventsnot ofstates the configuratiorTjw, Tw, -Tjimplies only thatv is
bsj. This is fully compatible witAw, or indeedTj, outliving Tjw.

Of course, this account is not only about tabléhdoRather, it is about objects with different
states marked by different properties, and evestoaated with these properties being
produced. These conditions apply to the world &dtheely macrospic objects: a rocky planet
with craters in it produced by meteorite impactbeach leaf, with different states marked by
different colours; or a child learning the firstae of its native language. They do not apply to
the quantum world, with its very different identitpnditions (cf. Lowe [2003], p. 78). Lat

be a variable refering to such a relatively maaspsrobjectp andg any events involving,
andp andq their records. Since we can apply the reasoning abeve for the table cloth to
arbitrary macroscopic objects, events, and recovds;an write:

Xpg Xp, =Xqg =p bsq.
Or, abbreviating the left-hand sideAsoq:
(1) Axpg =pbsa.

Axpg can be called agtrasymmetry” on the sé#lx, and configurations of this type will be
called “record asymmetries”. This time, the ordeady mattersAx pqg# Axqp.

It has now been shown that the configura##epg, which is itselfatemporal—it can be stated
without reference to temporal order—guarantedsnaporal relation between events. Note,
incidentally, that none of this has to do with ausder. No relation of causal priority between
the events or states in question was assumed.dntleederivation of (1) would also work if,
per absurdumwe assumed that spots appear on table clothsabtau

But, it will be objected, it has already been shawat—to use again the case of the table
cloth—Ar jw is not a necessary condition fobs w. Thus, the before order between events
cannot be accounted for in terms of the record asstny. This objection, however, overlooks
something: Suppos&: jw fails to hold but, having observdd you make the judgment thas
strictly beforew. You can do so only if there is a correspondiragpréd asymmetry on at least a
subset of the set gburstates. To show this, lpandw again be the two impact events on the
table clothj’ andw’ the events where light rays frgrandw hit you, and’ andw’ their records

in you (Y). Clearly, no before order betweprandw’ can be ascertained using subsetslof
which have no states withor w’, or which have only one of the stad§ Yw'. Also, subsets
having both these states, but ngiw’, provide no asymmetry through which the relation
“before” could be established. This leaves onlysstb withYj'w’, giving four combinations:

a. Ypw', Yj, Yw



b. Yiw', =Y}, =YW
c. Yiw', =Y, YW
d. Yiw, Y], -Yw

Configurations (a) and (b) are clearly symmetrid eannot be used to ascertain an asymmetric
relation. (c) is sufficient fow’ bsj’, and so cannot be necessaryjftreforew’. (d) is sufficient

for j’ bsw’, which in turn is a necessary condition fobeing beforen’. But (d) is simply
Ay'w’, the counterpart of the missiAgjw.

In other words, we can replace a record asymmelrghwfails to hold on thé-set of one
object by one on th#l-set of anersatzebject. The point made here should not be confused
with the cheap stereotype that temporal precedisnaésubjective” product of the conscious
mind. For we could equally have used, insteadYpfa lifeless object, such as, say, a
photographic plate. Rather, | submit that the refatbefore” between events is an observable,
just like other observables (position, charge,)etehose operational criterion is the record
asymmetry.

We shouldn’t of course just naively assume thabtider ofj andw’ must correspond to that
of | andw. However, note that in the above case, we cast,Fandw are onl’s worldline, so
that their order is a relativistic invariant: yoannmot measure it the other way round in your
frame of reference, if you measure correctly. Sdcali light rays are travelling through the
same medium, air, in the same gravitational pca&rgo nothing jumbles the order of the light
signals around. Where, on the other hand, we awesignals of different types (such as light
and sound), or where two light signals travel tigfomedia with different indices of refraction
(including gravitational ones), we have to make pensating calcuations. But doing so is no
problem in principle.

We can now write:

(2) A record asymmetry on at least a subset otétef states afomeobject is necessary for
ascertaining a before order between events.

(1) and (2) together show that temporal precedascentimately linked to the record
asymmetry. Given this, it is striking that this asyetry is apparently completely overlooked
in contemporary philosophy of time.

However, what we have up to now is not yet fulljisgactory: we need a condition which is
necessary and sufficient for “before”, not justlier There are several ways of deriving such a
condition, of which the following is perhaps thenpiest: Consider the stalig. It can be
involved in eventy, leading to stategjp, i.e. to second-level stateshf The set of all states
of Tj (whether first-, second-, or higher-level) will balledM~;. Now, suppose one of these
events, call it, is such thafTjl is indiscernible from a barg i.e. from a state withoyt For
example| might be you rubbing detergent onto the spot ohgeajuice. But given this, is it
legitimate to write such a state Bg, i.e. as an element M+? Yes, because it is after &,

and not any state af whatsoever, which is involved in evdntNow, we can renamleas-
(which can be read as “anty; andl asj (“anti-j”), so thatTjl becomedj;. Insofar aslj; is a
special case of §-state, i.e. an element bfyj, it can be viewed as a state different from bare



T. Now, consider the set of all statesToivhere, unlike we did at the beginning of thiscetj
we distinguish between bare states and statesdf/feTpp (for any record). This set will
be calledMT.

Tji can be involved in an eveptleading to a fourth-level stalgip, and so onAny interaction
thus raises the level of a state, so that any badea unique level all for itself. This does not
mean that any level is filled: it could be thatrthés just a second- and a fourth-level state, but
no third-level one. In any cas&{ris now totally ordered. Incidentally, this ordencaso be
interpreted as one of inclusion, since any higkegel state includes all the records in any lower-
level state.

Note also that, oV, a difference in level corresponds to a recoravasgtry: If TpgandTp
are inM, there cannot be a stafe. If there were, the first level would have two opants.
Thus, we have pg-asymmetry. Conversely, if there ipg-asymmetry, i.e. iifTpg Tp, -Tq,
then the two states which do exist occupy diffefemls.

Based on these considerations, we may define hieabefore order of any two events which
involve a given object is provided by the recorgnasietry, or equivalently, by the level of the
states, on that object® -set. More formally:

(3) For any objeckK, eventsp, q involving X, and their recordp, qin X: p is beforeq if and
only if Xp, Xpgare elements oilx.

Here,Xp andXpgmay also contain further recordst explicitly written, but it is understood
thatXpis a state withoud.

We now need to check whether the before order ééfin (3) is consistent with the notion of
“before” as we know it intuitively from everydayéi

First, the condition Xp, Xpgare elements o#lx” provides a sufficient condition fqu being
beforeq. To see this, note first that this condition ineglithatXq is not inMx, as argued, so
that we have pg-asymmetry. Now recall that, on our earlier BBt the pg-asymmetry was
sufficient forp bs g, but not forp beforeq: p andq can occur simultaneously, and thgrs
rubbed off, givingXp. By contrast, o[k, such a state is written X¢qge(again, the order of
the records doesn’t matter), so that,Jdit, the simultaneous case does not satisfy the above
condition, but rather has the configurati®pg Xpagg with no Xp. Thus, we can exclude
simultaneity, angb must be beforg.

Also conversely: for events g involving X, if p is beforeq, thenXp andXpgare elements of
Mx, as is easy to see: For in this case, we firsagaateXp. Then, some evemtinvolving X
may occur, where may or may not bg, giving stateXpr. In particulary may also bep- (i.e.
“anti-p”). And so on, for any events, r” , etc., and corresponding sta¥§sr'r” ... Now, we
let g occur and geXprr'r”...q . This is anXpgstate, whether or not there are arg/other than
g, and soXp andXpqgare indeed ilV(x.

Finally, since thepgrasymmetry onM'x is necessary and sufficient fprbeing beforeqg, it
follows that if Xpqis in Mx, butXp and Xqg are not, themp andq occur, but neither does so
before the other.



In sum, | submit that the before order between &vevolving an object is reducible to the
record asymmetry, or equivalently to the levelttwet object’'sM'-set. Operationally, this level
can be found by using/l-sets of objects, very oftearsatzobjects, and finding record
asymmetries on them. Arguably, this is exactly wikiatdo in everyday life, where typically
our brain functions as thersatzobject. After all, we do not have access to th& pa such, but
only to records of past events, which presento us—a point noted already by Augustine of
Hippo (ConfessionesXl, 27). Therefore, we must infer temporal ordesnfr what is not
temporally ordered. As has been shown, this cabhaadone without the record asymmetry.
Now, the record asymmetry—and from it, the level-a-ba found by inspecting sets of states
of objects in any order we please. Thus, theseamiaalon’t presuppose any temporal order,
and so definition (3) is indeed reductive and nwoutar.

What about “bare events”, ones which don’t invoblgects? Esfeld, for example, cites the
example of lightning (Esfeld [2011], p. 35). | mifg@ink that lightning too involves an object
(such as a cloud, or the atmosphere), and thatevargs don’t exist. But however that may be,
we now have a reductive account of the temporaravtflevents involving a given macroscopic
object.

Also, what about the order of two events happemindifferentobjects? Easy: take a third
object (call itR), let it be hit by light rays from those two everdnd find the order of these hits
by checking throughVr. This order is invariant. Then, use relativitydaheto calculate the
order of the two events R's frame of reference, and to find out whethergpacetime interval
between the events is such that their order isiant

Finally, what does the derivation of “before” intes of the record asymmetry mean for the
larger discussion on the arrow of time in conterappphilosophy of physics?

First, the before order is, primarily, somethingdb It is, so to speak, where the object is, since
it is defined in terms of it37-set. Orders between events involving separatecth@gan then

be found from local orders, as shown. Thus, we doged a global temporal structure, and in

particular no global hypersurfaces of simultanddy defendend e.g. by Unger and Smolin
[2015], Craig [2001], D. W. Zimmerman [2013]) indar to account for temporal precedence.

Second, the before order is emergent: it is a feaifithe relatively macroscopic world, where
there are self-identical objects with differentteta not of the quantum world (cf. E. J.
Zimmerman [1981]).

Third, the later a state is in the before ordes,lilgher the entropy in its surroundings will be.
This is because higher-level states have moredsadrevents, and each event tends to increase
the entropy. But rising entropy only accompaniesgderal order and doesn’t account for it (cf.
Dainton [2010], pp. 47-50; Price [1996], p. 17; |€atler [2017], p. 244). The record
asymmetry does just this.
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