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Abstract

There isaphilosophicd tradition of arguing againg presentism, the thesis that only presently
exiging things exigt, on the basis of itsincompatibility with fundamenta physics. | grant that
presentism is incompetible with specid and genera relativity, but argue that presentism is not
incompatible with quantum gravity, because there are some theories of quantum gravity that
utilize afixed foliation of spacetime. | reply to various objections to this defense of presentism,
and point out aflaw in Godd’s modd argument for theidedlity of time. This paper provides an

interesting case study of the interplay between physics and philosophy.
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1. Introduction. | am apresentist; | believe that only presently existing things exist.? Contrast
presentism with eternalism: the eterndist believes that padt, present, and future things al exist.
Assuming that there are three patia dimensions, the eterndist believes that the universeis four-
dimensond, and while there are different events in different regions of this so-caled “block
universe’, the universe as awhole does not change. The presentit, in contrast, believes that the
universeisthree-dimensond.

| am dso aHeradlitean: | believe that change is afundamenta aspect of redlity. Contrast
Heracliteanism with Parmenideanism: the Parmenidean believes that fundamentaly, thereisno
change. It is possible to be a Parmenidean presentist, where the universe smply consists of three
dimensions of space, and the gate of the thingsin that space does not change with time. (Julian
Barbour (1999), for example, can be construed as holding this position.) From now on, by
“presentism” | mean Heraclitean presentiam.

The point of this paper is not to argue for presentism, but to defend presentism from a
particular type of argument that is often taken to refute it.® The form of the argument is as
follows

(1) Presentism isincompatible with rdativity theory (usudly the focusis on specid relativity).

At least, | am a presentist on Mondays, Wednesdays, and Fridays — those are the days | am

writing this paper.

®Nor isapoaint of this paper to make clear the difference between presentism and eterndism.
Some philosophers (such as Calender 2000, S588) claim not to see the difference, and thereis

nothing | can briefly say (beyond what | said above) to convince them otherwise,



(2) Relativity theory is our most fundamenta theory of physics*
(3) Presentism is incompeatible with our most fundamental physics. (From (1) and (2).)
(4) Presentism isfdse. (From (3).)
W.V.O. Quine provides agood example of this argumentative tradition:
Just as forward and backward are distinguishable only relative to an orientation, o,
according to Eingein’ srdativity principle, soace and time are distinguishable only
relative to avelocity. This discovery leaves no reasonable aternative to treating time as
gpacelike. (Quine 1960, 36)
If we have discovered that time is spacdlike, then we have discovered that presentism isfase,
snce, just aswe do not ontologicaly privilege events here in space asthe only events that exigt,
S0 We cannot privilege events now in time as the only eventsthat exis.

Perhaps the most famous version of the argument sketched above is given by Hilary

Putnam. Relying on specid rddivity, Putnam gives an argument with the following conclusion:

“For those who believe there is no such thing as “our most fundamenta theory”, (2) can be
replaced with
(2*) Thereisno theory of physics more fundamenta than relativity theory,
and smilarly (3) can be replaced with
(3*) Presentism is incompatible with atheory of physics T which ismaximaly
fundamentd; that is, no theory more fundamenta than T exists.
This supposes that, while one theory can sometimes be declared more fundamenta than another,
there is no one most fundamenta theory (following for example Belot 2000). Most people who
reglect theideathat one theory can be more fundamenta than another will dso rgect any verson
of the move from (3) to (4), and hence are dready convinced that the argument in question

agang presentism is a bad one.



the problem of the redlity and the determinateness of future eventsis now solved.

Moreover, it is solved by physics and not by philosophy. We have learned that we livein

afour-dimensond and not athree-dimensiond world... (Putnam 1967, 247)

If welivein afour-dimensiond world, presentism isfdse.

The reader will no doubt recognize that the move from (3) to (4) is non-trivid; whether
one sanctionsit depends on to what extent one believes that our best scientific theories give
truths about the nature of redlity. Debates about this issue have been going on for quite awhile
now, and the proponents of the various postions are rather entrenched; it would be preferable if
the presentist could rgect the argument without having to regject scientific redism. My approach
to rgecting the argument starts with the relatively uncontroversd daim thet (2) isfdse generd
relativity is incompatible with quantum mechanics, so our most fundamenta physics can be
found in the nascent theories of quantum gravity which attempt to resolve the incompetibility. It

turns out that there are some theories of quantum gravity which are competible with presentism.

Thus, (3) isfdse, and presentism is unrefuted.

2. Fixed Faliation Quantum Gravity. There are currently two main gpproaches to developing a
theory of quantum gravity: the particle physics approach, leading to string theory and M theory,
and the generd rddivity gpproach, leading to canonica quantum gravity and loop quantum

gravity. (For areview of the various gpproaches see for example Rovelli 1998.) Canonical
quantum gravity faces the much-discussed problem of time: on the standard way of quantizing
generd rdativity, the fundamenta dynamica eguation does not include atime parameter. (See

for example Isham 1993 and Kuchar 1999.) One proposed solution to the problem of timeisfirgt
to specify afoliation: that is, aparticular way of dividing up Spacetimeinto spacdike

hypersurfaces. In the most-discussed version of this solution, the spacetimeis foliated into CMC



hypersurfaces — that is, hypersurfaces of congtant mean (extringic) curvature (Beig 1994; Fischer
and Moncrief 1997). Then, the theory is quantized, resulting in afundamenta dynamica
equation that can describe the evolution of a system over time.

This CMC theory of canonica quantum gravity is not the only version of fixed foligion
quantum gravity: within canonica quantum gravity, there are other ways of fixing the foliation
besides relying on congtant mean curvature; averson of Bohmian quantum gravity has afixed
foliation (Goldstein and Teufel 2001, 284); and there are more radica approaches aswell (such
asthe generd ether theory of Schmelzer 2001).

Fixed foliation quantum gravity is compatible with presentism. To show this, it will be
helpful to utilize the semantic view of scientific theories (see for example van Fraassen 1987). A
scientific theory is taken to have two parts, the theoretical structure and the theoretical
hypotheses. The theoretical structure consists of afamily of mathematical models. For sandard
gpacetime theories, each modd of the theory can be taken to consist (at least in part) of an
ordered set, whose members are a four-dimensiond manifold and various geometric objects
giving the spacetime dructure of the manifold. The theoretical hypotheses are propositions
expressing how the mathematica models should be taken to represent the world, according to the
theory. (See for example Giere 1988, 80.)

The theories of fixed foliation quantum gravity are spacetime theories, in that the
theoretical structure of the theory is such that the modes of the theory are four-dimensiond
gpacetime modes. This does not mean that fixed foliation quantum gravity entails eternalism,
though. To see what the theories say about the world, one must look to their theoretical
hypotheses. One could have an eterndigt theoretica hypothesis which specifies that the eventsin

the spacetime modd dl represent existing events, so that past, present, and future events dl



exist. One could, however, have a presentist theoretica hypothesis which specifies that a
particular spacelike hypersurface in the foliation represents the set of existing events, and thet the
et of existing events changes with time.

In practice the physcists who put forth theories of fixed foliation quantum gravity do not
gpecify what metaphysics of time their theory entails. This means that the theory smply leaves
open that metaphysical issue; the openness can only be resolved with an interpretation.® The
reason theories of fixed foliation quantum gravity are competible with presentism, then, is that

they can be interpreted in such away that they entall presentism.

3. Presentism and Rédativity Theory. Itisworth making explicit why | give the defense of
presentism at the level of quantum gravity. If presentism were compatible with specid and
generd rddivity, but incompatible with quantum gravity, (3) would nevertheess be true.
Because of this, the compatibility of presentism with specid and generd rdivity is primafacie
irrelevant to the issue of the truth of presentism.

Nevertheess, much has been written on the issue of the competibility of presentism with
specia and generd redivity. The generd sentiment amongst philosophers, which | share, isthat
presentism isincompatible with specid and generd rdativity. (This generd sentiment is
expressed by for example Savitt 2000, Callender 2000, and Saunders 1996, 2000; for dissensons

see Hinchliff 2000 and Craig 2000, 2001.) The reason for the genera sentiment is that the

*For smplicity | an speaking asif there is a definite line between theory and interpretation, but in
fact | agree with van Fraassen’s point:

The divison between the theory proper and the interpretative e ements adready
introduced by its main or earliest proponentsis of course to some extent arbitrary. ... it
would be unredigtic not to see the officid theory asto some extent indefinite. (van
Fraassen 1994, 7)



models of specid reldivity have spacetimes of the form <M, ?>, and the models of genera
relativity have spacetimes of the form <M, g>, where M isafour-dimensond manifold, ? a
Minkowski metric, and g a generdization of the Minkowski metric; these spacetimes do not have
afoliation into spacelike hypersurfaces as part of their structure. Granted, such afoliation can
sometimes be added to the spacetime: for some modes of generd relativity, for example, the
gpacetime structure itsalf alows one to pick out afoliation, such as the constant mean curvature
foliation mentioned above (see Isenberg 1995 for details).® But the point isthat the foliation is
not a part of the spacetime structure as given, and thus imposing such a foliation amounts to
changing the theory.

That issmply abrief explanation of the generd sentiment that presentism is
incompatible with specid and generd rdativity. Supposing the sentiment is correct, what
relevance does that have for the truth of presentism?

One possible answer isthat, in the absence of a definite theory of quantum gravity, one
would expect the results about the nature of time in reldivity theory to carry over to quantum
gravity. The problem with this answer is smply that there are various theories of quantum

gravity, and in some of them — such as the theories of fixed foliation quantum gravity — this

®John Norton (2000, 42) points out that localy (in “mini-spacetime’) al spacetimes of generd
relativity are Minkowskian and respect the relativity of smultangty, but “Once we relate these
mini- spacetimes to the larger spacetime, the richer structure of the larger spacetime may sdect a
preferred smultaneity relation.” Moreover, this preferred smultaneity relation “can be projected
into the mini-gpacetime.” This putsin context Steven Savitt’s (2000, S572-3) point that “every
generd reativigic modd (M, g) isrequired localy to have the structure of Minkowski

Spacetime.”



expectation is not borne out.

This reply leads to another possible answer: instead of just expecting the incompatibility
of presentism with relativity theory to carry over to quantum gravity, one should require thet it
does 0. Thisview iswiddy held (a least implicitly) by physcists working on quantum gravity.
For example, Carlo Rovdli writes:

specid relativity teaches us something about time which many of us have difficulty

accepting ... thereis no physica meaning in theidea of ‘the Sate of the world right

now’ ... (Rovdli 2001, 111)

Addressng theories such as fixed foliation quantum gravity, Rovelli says.

Many gpproaches to quantum gravity go out of their way to reinsert in the theory what

[generd reldivity] teaches us to abandon: a preferred time. ... At the fundamentd leve

we should, smply, forget time. (Roveli 2001, 114)

In the course of a scientific revolution, scientists do not completely rgect old theories and
old ways of thinking. Copernicus, for example, attempted to hold on to Aristotelian physics
while espousing his revolutionary heliocentric ideas. Smilarly, it is not surprisng that physicists
draw certain lessons from reativity theory which they utilize in formulating theories of quantum
gravity. Moreover, as has often been pointed out, one of the interesting aspects of the
development of quantum gravity so far isthat the theories are not being generated subject to the
congraint of new experimentd data. Physicist C. J. Isham points out the consequence:

Thislack of hard empirica data means that research in the subject has tended to focus on

the congtruction of abstract theoretical schemes that are (i) internaly consgtent (in a

mathematical sense), and (ii) are compatible with some preconceived set of concepts.

(Isham 1994, 5)

Hedso says.

In practice, most research in quantum gravity has been based on various prima facie

views about what the theory should look like — these being grounded partly on the

philosophicd prejudices of the researcher involved... (Isham 1997, 169; cf. Butterfield
and Isham 2001, 38)



While Isham does not explicitly give examples of preconceived sets of concepts or philosophica
prejudices, presumably he hasin mind ideas such as the ones presented above: thereisno
physica meaning in ‘the sate of the world right now’; a the fundamentd level we should forget
time.

Thelesson | draw from thisisthat, in spite of the fact that most physicists believe that
relativity theory teaches usthat a good theory is incompetible with presentism, thereis no
compelling reason for presentists to agree. Because of the lack of datato back up the claim that a
good theory is incompatible with presentism, and because of the existence of potentidly viable
theories of fixed foliation quantum gravity, the presentist can Smply maintain that most
physicigs are drawing the wrong lessons from relativity theory.

Moreover, there is historica precedent for physicists drawing awrong lesson from a
particular theory, with the mistake only redized once a more fundamenta theory is thoroughly
developed. For example, according to the traditiond way of understanding eectromagnetism, the
vector potentid is not red, while the eectric and magnetic fids are. The advent of quantum
mechanics, with its successful prediction of the Aharonov-Bohm effect, suggests that the vector

potential isred aswell.”

"Belot (1998, 532) takes the approach that “until the discovery of the Aharonov-Bohm effect, we
misunderstood what €l ectromagnetism was telling us about our world.” Another gpproach,
though, isto say that the Aharonov-Bohm effect shows another way in which eectromagnetism
isfase This should not be viewed as a degp philosophica issue: what the gpproaches disagree
about isthe referent of “eectromagnetism”. (I grant, though, that which approach one takes may

influence how one goes about developing more fundamentd theories.)



4. Belot and Earman’s Objection. | know of just two passagesin the philosophy literature
which are directly relevant to my defense of presentism on the basis of quantum gravity. Both
passages can be congtrued as giving objections to my argument. | will consder Gordon Belot and
John Earman’s objection in this section and Craig Cdlender’ sin the next.

Bdot and Earman (2001) base their discussion on the following passage from physicist
Karel Kuchar:

foliation fixing prevents one from asking what would happen if one attempted to measure

the gravitational degrees of freedom on an arbitrary hypersurface. Such asolution ...

amounts to conceding that one can quantize gravity only by giving up generd rdivity:

to say that quantum gravity makes sense only when one fixes the foliation is essentialy

the same as saying that quantum gravity makes sense only in one coordinate system.

(Kuchar 1992, 228)
While Belot and Earman do not address Kuchar’ sfirgt criticism, it is worth replying to. Kuchar is
presumably being metaphoricd: thereis no part of the theory which implies that one cannot ask
what would happen if one attempted to perform a particular measurement. | take it that Kuchar is
saying ether that according to the theory the physica process of engaging in such a
measurement is physicaly impaossible, or that the theory makes no predictions for the outcome of
such ameasurement. If the former, then the theory makes an interesting empirically testable
prediction about whether it is possble to perform such a measurement, and it would be best to
test the prediction before drawing any conclusions about the theory. | think, though, that Kuchar
is making the latter claim, that the theory is incomplete because it does not make predictions for
certain physcaly possble measurements. But this latter clam is unjustified. One can use
Newtonian physics, for example, to make a prediction for the measurement of the gravitationa
fidd on an arbitrary hypersurface, by using the theory to make predictions for the outcomes of

measurements at various spacetime locations on the hypersurface. Kuchar has given no reason

that one could not do the samein fixed foliation quantum gravity.
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Belot and Earman comment only on the last part of the Kuchar quote:

This criticism is extremdy tdling. To forsake the conventiona reading of generd

covariance as ruling out the existence of preferred co-ordinate systemsis to abandon one

of the centrd tenets of modern physics. Unsurprisingly, [fixed foliation quantum gravity]

has few adherents... (Belot and Earman 2001, 241)
Let me be clear: fixed foliation quantum gravity does not require a preferred coordinate system.
Kuchar does not say thet it does. he adds the qudlification “essentidly”, though he doesn’t
explain what he means by this. Moreover, Belot and Earman | think agree with my clam that
fixed foliation quantum gravity does not require a preferred coordinate system. At the beginning
of their article, they say that philosophers

have dl learned that Kretschmann was quite correct to urge agang Eingtein that the

‘Generd Theory of Relativity’ was no such thing, Snce any theory could becastin a

generdly covariant form, and hence that the genera covariance of genera relativity

could not have any physica content... (Belot and Earman 2001, 213)
What Belot and Earman go on to argue, though, isthat the physical content of the genera
covariance of generd relativity isthat the theory ought to be formulated in agenerdly covariant
fashion. While Belot and Earman consider different notions of generd covariance, they never
dispute the claim that any theory can be cast in agenerdly covariant form, when generd
covariance is understood as the criterion that there are no preferred coordinate systems. They
point out, for example, that one can give agenerdly covariant formulation of Newtonian
mechanics (2001, 214). Smilarly, one can give ageneraly covariant formulation of fixed
foliation quantum gravity; it follows that such aformulation would not have a preferred
coordinate system.

The above discusson leads naturdly to the following argument againg fixed foliation

quantum gravity: its most perspicuous formulation is not generdly covariant, and thisisamark

agang it. This argument has been given by Barbour:

1



generd covarianceis physcaly vacuous. | believe that the physicdly sgnificant issueis
not whether or not points have a priori individuation, but the relative complexity of riva
theories when expressed in generdly covariant form. (Barbour 2001, 203)
Here | think the best response for the presentist is to bite the bullet, and admit that fixed foliation
theories of quantum gravity in their generdly covariant form are more complex than standard
theories of quantum gravity in their generdly covariant form. The presentist can Smply maintain
that this particular criterion of amplicity is not a guide to truth.
Before moving on, it isworth pointing out thet, in alater pgper by Kuchar, he repests the
last portion of the passage from his 1992 paper, with one change:
foliaion fixing ... anounts to conceding that one can quantize gravity only by giving up
generd rdativity: to say that quantum gravity makes sense only when one fixes the
foliation is essentidly the same thing as saying that quantum gravity mekes sense only in
one reference frame. (Kuchar 1999, 182)
This change from “ coordinate system” to “reference frame’ is crucid. Focussing on coordinate
systemns leads to the confusion about genera covariance dedlt with above. Focussing on
reference frames, however, is unproblemétic: the proponent of fixed foliation quantum gravity
will agree that there is a preferred frame of reference, and can admit that there isa senseinwhich

thisis“essentidly” the same thing as saying the theory makes sense only in one reference frame.

5. Callender’s Objection. After arguing that tensed theories like presentism are incompatible
with specid reldivity (a least astraditionally formulated), Craig Cdlender (2000) points out that
quantum mechanics perhaps gives some reasons to postulate a fixed foliation of spacetime, and
mentions fixed foliation quantum gravity. He then writes

should the friend of tenses point to these developments in support of tenses, or at least, in

support of brushing aside the chalenge from specid relativity?

No. Developments in physics may push us away from the traditional understanding of

relativity, but | urge the reader not to alow the tensed theory to do the same. Thisis not
because | believe that only arguments based on physics ought to have a bearing on our



interpretations of physics. Good arguments in metgphysics often rightly have some

influence on interpretations of physcs. The problem isthat | smply don’'t believe that the

argumentsin metgphysicsin favor of tenses are particularly good ones, though thisisan

argument for another paper. (Callender 2000, S596-7)
Cdlender says that we should not alow atensed theory such as presentism to push us toward a
non-traditiona understanding of relativity, because the arguments for presentism are bad ones.
But regardless of the strength of the arguments for presentism, the presentist is not required to
endorse a non-traditiond understanding of relativity. The presentist can Smply say that
presentism is incompetible with specia and generd reativity, and hence specid and genera
relativity arefdse,

Moreover, what Calender says in the above passage does not justify his“No” answer to
hisinitid question. Here is amore precise verson of his question: does the existence of fixed
foliation quantum gravity give the presentist justification for rgecting the argument against
presentism on the basis that presentism is incompetible with specid rdaivity? The point of my
paper isto argue for the “yes’ answer, and nothing Callender says above casts doubt on that
answer.

The passage from Callender continues, though:

Here | can only ask, if science cannot find the * becoming frame', what extra- scientific

reason isthere for pogting it? If the answer is our experience of becoming, we are

essentialy stating that our brains somehow have access to a globa feature of the world
that no experiment can detect. Thisis rather pooky. If the answer instead comes from
conceptuad analyss on metaphysical categories such as change, we must ask whether

there is any reason to think that our concept accurately mirrors redlity. Our concept of

(say) change isloaded with pre-scientific connotations. Why think thet it reveds

something about the properties of spacetime that science cannot? (Callender 2000, S597)
| see no reason that the presentist is committed to the antecedent of the conditiona question

Cdlender starts with. The presentist can admit that science has not yet found the ‘ becoming

frame —that is, the preferred foliation — but the presentist can smply explain that thisis because

13



the preferred foliation is a part of atheory of quantum gravity, and there is currently no direct
experimenta evidence for or againg the various theories of quantum gravity. As explained by
for example Kuchar (1999, 181), the empirical predictions of afixed foliation theory of
canonica quantum gravity will differ depending on which foliation is sdected asfixed. Thus,
assuming that some fixed foliation theory of canonica quantum gravity istrue, science canin
principle find the becoming frame.

All these conclusions about the nature of theories of quantum gravity are tentative
though; suppose that it turns out that Calender is correct to say that science cannot find the
becoming frame. | neverthdessfind the rest of his argument unconvincing. Congder first those
presentists who believe that presentism is true on the basis of our experience of becoming.
Calender suggests that these presentists believe that phenomena experience gives them access
to afeature of the world science cannot detect. But what is that feature? Such presentists need
not claim that phenomena experience tells them which foliation is the metaphysicaly privileged
one; they can smply say that phenomena experience demondtrates that there is becoming.
Moreover, there is a sense in which they can maintain that dl scientific experiments demonsrate
thisaswel: dl scientific experiments eventualy culminate in a phenomend experience, such as
when an experimenter looks at the record of a measurement apparatus. Since al phenomena
experience involves an experience of becoming, then (according to this sort of presentist) all
scientific experiments provide evidence for presentism.

Now consider those presentists who believe that presentism is true on the basis of
conceptud andysis. Here | think that Calender’ s argument is somewhat stronger, if only
because arguments on the basis of conceptua analysis are generaly more defeasible than

arguments on the basis of experience. Again, though, such presentists need not claim that
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conceptua andysis demongtrates which foliation is the metgphysicaly privileged one; they can
amply say that conceptud anaysis demondrates that there is becoming. But Callender can be
read as asking: science does not show that there is becoming, so why should we expect
conceptuad analysisto show that? The presentist can reply as follows. The issue of whether or
not there is becoming is a philosophica issue; we should not expect science to determine that
issue. All we should expect is that science should not turn out to be incompatible with
presentism, and thus we should expect the correct theory of quantum gravity to be afixed
foliation theory.

At this point a question naturdly arises: what should the presentist do if physcists
eventudly settle on atheory of quantum gravity which isincompatible with presentism? Thereis
no smple answer to this question. Different presentists would give different answers, depending
on the generd issue of how they evauate the rdative strength of physics-based arguments as
compared to philosophy-based arguments, and depending on specific issues such as the extent to
which they are convinced by the philosophica arguments for presentism, and the extent to which
they believe that the find theory of quantum gravity was arrived at by awarrant-inducing

process.

6. Godd’sModal Argument. Kurt Godd’s (1949) famous moda argument for the idedlity of
time on the badis of generd rdativity isimplicitly an argument againgt presentism. There has
been afair amount of discusson recently about Godd’ s argument: see for example Savitt 1994,
Earman 1995, Y ourgrau 1999, and Dorato 2001. If Godel’ s argument is viewed as being about
the nature of time in spacetimes of generd rddtivity, then | find this recent discussion interesting

and illumingting. In this section | will show, however, that Godd’s argument tells us nothing

15



about the nature of time in our universe.

Godd’ s argument, very briefly, is asfollows. Some spacetimes of generd rdativity, such
asthe Godel universe, cannot be foliated into spacelike hypersurfaces. Thus, in those universes,
there cannot be an objective lapse of time; in those universes, presentism isfase. Godd then
writes:

It might, however, be asked: Of what useisit if such conditions prevall in certain

possible worlds? Does that mean anything for the question interesting us whether in our

world there exists an objective lapse of time? (Godel 1949, 561-2)

Godd then gives the crucid modd step of his argument:

if someone asserts that this absolute time is lapsing [in our world], he accepts as a

consequence that, whether or not an objective lapse of time exigts ... depends on the

particular way in which matter and its motion are arranged in the world. Thisisnot a

graightforward contradiction; nevertheess, a philosophica view leading to such

consequences can hardly be considered as satisfactory. (Godel 1949, 562)

With that, his paper ends.

An implict assumption of Godd’ s argument is thet the Godd universeis physcaly
possible (that is, that the laws of our universe are compatible with those of the Godd universe).
Thisismade dear in various recongtructions of Godel’ s argument: Savitt (1994, 468) says that
the Godel universeis“physcaly possible’; Y ourgrau (1999, 47) writes that “the actud world is
lawlike compossible with the Godd universe”; and Dorato (2001, 8) cdls the difference between
the Godd universe and our universe “non-lawlike’. Moreover, asfar as| can tell, these
philosophers believe thisthesis of physical possibility. Only Dorato (2001, 29) addresses the
issue of quantum gravity, in afootnote: “until a reasonably agreed upon quantum theory of
gravity is available, we can assume that [generd relativity] is afundamentd physica theory.”

Pace Dorato, | maintain that, if we are trying to discover the nature of timein this

universe, it is crucid to consder quantum gravity. Our most fundamenta physics suggests that

16



our universeis one where a theory of quantum gravity istrue, and generd rddivity is
incompatible with dl the main theories of quantum gravity; hence generd rativity isin dl
likelihood fase. In dl likelihood, then, no spacetime of generd rdativity is physcaly possble,
and Godel’ s assumption that the Godd universeis physicaly possbleisfase.

To see that this assumption is necessary for Godel’ s argument to go through, suppose that
atheory of fixed foliation quantum gravity istrue, and that the theoretica hypotheses of the
theory entall that (or the theory can be interpreted in such away that) an objective lapse of time
exigsin dl modds of the theory. Applying Gode’ s argument, one who (correctly) saysthat
absolute time islgpsing in our world

accepts as a consequence that, whether or not an objective lapse of time exists ... depends

on the particular way in which matter and its motion are arranged in the world. (Godel

1949, 562)

But thisis manifestly fase: according to the hypotheticadly true theory of fixed foliation quantum
gravity, an objective lapse of time exigs regardless of how matter and its motion are arranged in
the world. In conclusion, Godd’ s argument is based on a fa se assumption about our universe,
and thus tells us nothing about the nature of time in our universe.

There is one comment worth making about fixed foliation quantum gravity, inspired by
Gode’ s modal argument. For at least some versons of fixed foliation quantum gravity, such as
the CMC verson, which foliation is fixed depends on the distribution of matter in the universe.
Belot and Earman (2001, 247) point this out, and conclude that “the time which resultsin this
caeis cartainly not the absolute time of Newton.” The presentist can grant this point: Newton
wanted time to flow without relation to anything externd, while thereis a sensein which, in the
CMC verson of fixed foliaion quantum gravity, the flow of time depends on the distribution of

matter. But there is no need for the presentist to maintain thet the foliation isthe samein al
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physicaly possble worlds. If there isafoliaion in the spacetime modd which represents our
world, then presentism can be true in our world, and if thereisafoliation in al the spacetime

models of the theory of our world, then al versons of Godd’s modal argument are evaded.

7. The Future of Presentism. Despite this pgper’ s emphasis on fixed foliation quantum gravity,
| recognize that it isin no way a popular gpproach to resolving the incompatibility of quantum
mechanics and generd relativity. The two most popular approaches, M theory and loop quantum
gravity, appear to be incompatible with presentism. Nevertheless, one must be careful: there are
two aspects of these theories which one might think are incompetible with presentism, but which
actudly are compatible — or so | will argue.

Firg, there are suggestions from loop quantum gravity that space and time are discrete, in
that the quantum observables measuring spatid volume and tempord intervals have discrete
gpectra (Rovelli and Upadhya 2001, Markopoulou and Smolin 1998). One might think that the
thessthat thereisasmdlest interva of time isincompatible with presentism. As for example
Saint Augustine argues,

the only time that can be called present isan ingant ... that cannot be divided even into

the most minute fractions.... For if its duration were prolonged, it could be divided into

past and future. (Augustine, Confessions, Book X1, section 15)

My reply isthat presentism need not require that the present lasts only an ingtant; insteed
presentism just has to require that the present cannot be divided into past and future, as St.
Augustine specifies. If quantum gravity entails that the Planck time of about 107*2 seconds, for
example, isthe smdlest interva of time, then the presentist can smply specify that that is how

long the present lasts. It would be impossible to divide the present into past and future, snce

there would be no time intervals amaller than the Planck time.
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Second, there are suggestions from both theories, but especiadly M theory, that spacetime
isnot part of fundamentd redlity, but just emergesin some classicd limit. (For adiscussion of
this emergence, see Butterfield and Isham 1999.) As Edward Witten putsit,

‘gpacetime’ seems destined to turn out to be only an approximate, derived notion, much

as classica concepts such as the position and velocity of a particle are understood as

approximate conceptsin the light of quantum mechanics. (Witten 1996, 134)

Some presentists might believe that time and change have to be aspects of fundamentd redlity
for presentism to be true. | maintain, though, that thisis not an essentia requirement of
presentism. Presentism should not be understood as a theory about fundamenta redlity, it should
be understood as atheory about time. Thus, if timeis not part of fundamenta redity, presentism
istrue as long as the time that emerges in the gppropriate classca limit istime as described by
presentigts.

This leads us to the fundamental reason that M theory and loop quantum gravity arein
fact incompatible with presentism. For M theory it is known, and for loop quantum gravity it is
expected, that the spacetime theory that emergesin the classicd limit is generd rdativity. (See
for example Roveli 1998, 5 and 8.) Thus, the time that emergesin the classicdl limit isnot time
as described by the presentist.

From the standpoint of the committed presentist, proponents of M theory and loop
quantum gravity are Smply making amistake. Consder another andogy with quantum
mechanics. proponents of the Bare theory — standard Schrédinger evolution with the eigendtate-
eigenvalue link — argue that the Bare theory can account for the everyday beliefs we have about
measurement outcomes (Albert 1992, 116-119; Barrett 1994). Most people believe, though, that
the Bare theory has a measurement problem, and hence look for ways of modifying it in order to

save our everyday beiefs (Bub, Clifton, and Monton 1998). Presentists would say that M theory
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and loop quantum gravity are in the same sort of Stuation as the Bare theory: M theory and loop
quantum gravity are incompetible with our everyday beliefs about time. (Following Calender’s
digtinction, some presentists would say that the theories are incompatible with our experience of
becoming, while others would say that they are incompatible with our basic concept of time.)
Thus, just as those who endorse our everyday beliefs about measurement outcomes support the
development of acceptable dternatives to the Bare theory, so those who endorse presentist
beliefs about time should support the development of acceptable dternativesto M theory and
loop quantum gravity.

Given that physicsis currently moving in the direction of M theory and loop quantum
gravity, presentism’s future prospects do not look good, &t least from the standpoint of the
argument considered in the Introduction. Nevertheless, based on the existence of potentialy
viable theories of fixed foliation quantum gravity, | conclude that presentism is compatible with

our most fundamentd physics— for now.
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