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318 Creation ex nibilo

Christian tradition is not, and cannot possibly be, the God of self-
outpouring love revealed in Christ. If God s the good creator of all, he
is the'savior of all, without fail, who brings to himself all he has made,
including all rational:wills, and only thus returis to himself in all that
goes forth from him. Only thus canit be true that God made the world
and saw that it was good; and-only thus can we hope in the end ta see
that goodness, and also to see that he who made it is himself the Good
as such.

CHAPTER 14

What Does Physical Cosmology Say
about Creation from Nothing?

7

' Apam D. Hincks, S.J.

Less than a hundred, years ago,-the Milky Way svas-the only known
galaxy, and the universe was believed to be static. Today, we know that
the universe erherged from a big bang, that it is'13.8 billion years old, -
and that the Milky Way.is one of some hundreds of billions of observ-
able galaxies. Physical cosmology, the branch of astrophysigs that has
uncovered these and many other facts about the universe on its largest
scales of space and time, has made this rapid progress over the past few
generations thanks to remarkable improvements in telescope tech-
riology coupled-to a growing understanding of the relevant physics.
The successes of-casmology,! particularly itsability to study the
universe jn its infancy, have prompted speculation about what, if any-
thirig, it reveals,about the need for a divine Cregtor. Some prominent
cosmologists eschew such a need. Stephen-Hawking, for example, made
headlines a few years.ago when he claimed that God is “not recessary”
to explain’the universe.?, But-the conversation -bétween cosmology
and theology contains other points of view, and.there is a fair amgunt of
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academic literature on the subject.’ In much of the discourse about cos-
mology vis-a-vis God, the issue of design is emphasized, and the ques-
tion is whether it is “necessary,” in some sense, to invoke an intelligent
Creator to explain the makeup of our universe.

In this paper, however, my primary interest is how cosmology re-
lates specifically to creation ex nibilo (CEN), or the doctrine that God
is not merely a demiurge who imparts intelligibility to matter, but is
also the being who makes possible the very conditions of order and in-
telligibility in the world. Focusing on this topic is fruitful because it
provides a distinct perspective that focuses not on design but rathér on
the metgpfxysical framework that is common to physical cosmology
and the doctrine’'of CEN. .

After giving a brief overview of contemporary cosmology, I shall
examine three topics that are often presumed to have some bearing on
creation: first, the so-called multiverse theory, in which our observable
universe is a minuscule patch of a much larger landscape that can look
radically different elsewhere; second, the possibility of a cyclic universe
in which the big bang is not the beginning of time; and third, the at-
tempts in quantum cosmology to describe physically how a universe
can come from “nothing.” I shall take special care to distinguish be-
tween the elements that are empirically well-grounded and those that
are speculative. What will emerge is that cosmology’s real contributiof
to understanding CEN is not that it proves or disproves it or somehow
probes its mechanics, but rather that cosmology can help elucidate and
purify its metaphysical framework, particularly notions like matter,
nothingness;'space, and time.

A Brier HisTorY or CONTEMPORARY COSMOLOGY

Contemporary cosmology has-its origins in the 1920s when Edwin
Hubble made a series of observations of galaxies using thé powerful
new 2.5-meter Hooker telescope in California. He discovered that,
on average, all galaxies ate moving away from eath other.* This had,
in fact, been independently predicted by Alexander Friedmann.and by
the physicist-priest Georges Lemaitre upon studxing Einsteéin’s'iew
theory of gravity, also known as the gerfetal theory of rélativity. In4931,
Lemaitre-bégan proposing that this éxpanding universe had an explo-
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sive, temporal beginning starting with a ‘primeval atom,” an idea that
eventually became known as the big bang theory.

‘There is 2 common misconception that the big bang was like a
bomb explosion in which material was ejected outwards from a central
point. However, in the’expanding universe, space-itself is stretching,
and the material within space goes along for the ride: & better analogy
than a bomb is an expantling rubber sheet. If you imagine that galaxies
are points painted on the sheet, what is happening is not that the points
ire moving relative to the surface of the sheet, but rather that the'sheet
is stretching and the distance between the fixed points is incfeasing.
Thus, the'big bang did not occur at a single point in space, but rather
everywhere. '

“This should make it clear'that the question of what space is expand-
ing “into” is nonsensical: expanding into something is already a spatial
concept.<®n the other hand, the question’of whether space is infinite or
finiite is cogent. In the latter case; the universe would have a topology
such that if you traveled far enough fia straight line, you would end up

, Where you started, just like on the sutface of the earth. However, 46 far

as we can see, there is’no such wrapping of space. But this is just as far as
we can see. Cosmologists commonly refer to the “observable universe,”
or the volume of space defined by the distance that light can travel in the
age of the universe; or 13.8 billion years—a number we know'to 4 pre-
cision of about 3 percent.¢ Beyond these 13.8billion years,” we cannot
say with empirical certainty whether space is finite r infinite.?
Though Hubble’s measurements of receding galaxies were made in
the 1920s, it took a few decades for the theory of the expandihg uriverse
to be fully convincing. Two other pieces of evidence emerged that
helped malce the'case. First, the big bang théory makes specific predic-
tions dbout the relative abunidances of hydrogen and helium in the uni-
verse. These.two elements were produced at different rates bythé nu-
clear reactions that occurred soon after the big'bang, and their observed
relative abundance in the nearby universe is an impréssive match to the
predictions of nuclear physics.? Second, in the 1960s, researchers discov-
ered a background signal of microwaves that is the same intensity
everywhere in the sky.? It was soon realized that it is the glow of the
universe soon after the big bang, at a-time when the universe was still
small, dense; and hot, and long before the gas had collapsed into stars
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or galaxies.! This microwave background.radiation comes from almost
13.8 billion years ago and is the very earliest light that we have.access
to By studying'it; we.learn about the conditions very early on and we
are able to-conhect-it-to the structure of the local-universe, thereby
learning how the universe has evolved into its present form.

“The basic’history of the universe is as follows. In the first few sec-
onds of the universe, everything was so hot and dense that even the sim-
plest eletents in the periodic table were not stable against the massive
améunt of radiation. Within the first few minutes, the universe cooled
enqugh that hydfogen and helium nuclei began forming. About four
hundred thousand years dater it-had cooled further, and the nuclei wete
able to join with electrons to form stable atoms, at which time the mi-
crowaye background was produced. Slight overdensities in.this netitral
gas of hydrogen and helium slowly condensed and-collapsed to form
the first stars—when precisely this occurred is currently a popular area
of research, but it:would have been a few. hundred million years after the
big bang.®2 When the first stars came ta the ends of theirlives and were
destroyed in stpernovae, they produced the heavier elements such as
oxygen, nitrogen, carbon, and so.onvAnd as gravity continued its work
of collapsing structure, galaxies consisting of billions-of stars started
taking shape.

There.are still many open questions in cosmology—not least of
which is the fact that only about 5;pércent of the universe is made up of
atomic matter,;with the rest-being so-called dark-matter and dark en-
ergy, mysterious substances that are necessary for understanding how
the universe evolved but about which,we have virtually no theoretical
understanding:-But the area of research most relevant to this paper.is
the attempt to understand the conditions in the very early, universe!
Remarkably, we can describe the universe back to less than one second
after the Big bang, but there-are still important questions about what
occurred even earlier than this and about the big bang itself. Itis.these
issues that we shall examine in depth.

MATTER AND THE MULTIVERSE

A major puzzle in cosmology is the fact that the early universe appears
to have been very finely tuned. The cosmic microwave background

~
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glows at the same temperature everywhere, but any given region would
never have been in causal contact with other regions in the universe in
tHe simple big bang scenario. How, then, could everything have been
the:same temperature—precise to five decimal places—if there was no
time for the.temperature to even out on its own? Again, as far as we can
measure, the curvature of the universe has always been completely flat:
that is, it follows Euclidean geometiy—angles in a triangle add up to
one hundred eighty degrees and parallel lines never intersect—though
there is no a priori reason why it shouldn’t be curved negatively (like.a
saddle) or positively (likea sphere). Finally, there is the somewhat more
technical probleni'that the universe seems devoid of magnetic mono-
poles, the magnetic equivalerits of the electric charge, even though many
theories of particle physics predict their existence.

The most popular way to explain these puzzles is via the theory of
inflation, which proposes that almost immediately -after the big bang,
the universe underwent an-extremely rapid but brief period of expan-
sion. In figures, it would have grown by a factor 10%in less than 10-%
seconds,.equivalent to the nucleus of anatom growing to the size of the
Solar System'in less time than light would take to traverse the width of
the aforesaid nucleus.” The numbers may.sound ‘incredible, but Alan
Guth introduced inflation in 1980 after realizing that this simple.mech-
anism explains the fine=tuning problems.” The volume that comprises
our universe initially was in causal contact, and only after it inflated did
different regions fall out of contact: this explaihs how the microwave
background is.the sametemperature everywhere. The problem of flat-
ness is solved:because inflation can smooth out any initial curvature to
the point.where it is undetectable. The thonopole problem is solved be-
cause -any-existing ‘monopoles. have been spread.out so.thin that one
would reasonably: expect them to betoo rare to observe.

Inflatiorralsq explains the origin of large-scale structure in thé uni-
verse. During iriflation, quantum fluctuations produced. tiny inhomo- -
geneities in.the density -of the universe that later-grew into galaxies
undér the influence of gravity. We.can observe these initial perturba-
tions in the cosmicmicrowave.backgfound, and even better, the éﬁstri'—
bution+and properties of the perturbations are exactly what inflation
would.produce. Indeed, after the Planck satellite released its maps of
the ‘microw4ve background in 2013, Guth, together with colleagues
David Kaiser and Yasunori Nomura, reported: “To date, every single
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one of these inflation-scale predictions has been confirmed to-good
precision.”® ¢ »

However, there is one further prediction.that has not been ob-
served. Inflation also produces gravity waves—that isy;undulations in
space itself. These too should in principle.be observable in the mi-
crowave background, but their signature is extremely faint. Inflation-
ary.theory.does not predict exactlyphow faint.they should-be, so'if we
are unlucky, the gravitational Waves could be so small that we.could
never practically observe.them. Nevertheless, there are several experir
ments currently underway: desighéd to detect them, in hopes that they
are large enough to be seen. In 2014, the BICEP2 collabbration claimed
that they may have made a detection, but subsequent analysis. has
shown that dust in our own galaxy is very likely responsible for the
bulk of the signal,” so.further observations are still needed.

1In the absence of a detection of gravitational waves; inflation is not
fully verified, byt it remains the leading theory of the early universe.
However, it solves the fine-tuning problems only by pushing them
back further. To get the early-universe conditibns that.we observe, in-
flation needs to last the right amount of.time and produce the right

kind of expansion. As'of yet thereds no-complete physical theory that
naturally predicts the specific;form ‘of inflation that'our universe re-
quires, and therefore it remains an-ad hog prescription.

One paradigm ofterr invoked- to circumvent this difficultysis the
so-called multiverse. This is a somewhat misleading moniker because’
the multiverse-is not a collection of radjcally’ disconnected realities.
Rather, the.multiverse consists of,a vast expanse of spaceiin which dif-
ferent regions have strikingly. differént properties, and welive ina tiny
patch that happens to be conducive to the formation of galaxies.and
planetary systems, and therefore to life as we know it. re

The idea that there is aprintimaté link between the multiverse and
inflation can be traced to: Andrei Linde’s'work in 1983.% He.proposed
that after the big bang, the energy field responsible for inflation-existed
everywhere,:but took on different, random values in different pldces.
Our ‘observable universe began by inflating in-a patch that Bappened,
by chance, to Have a suitable value of the inflation freld; different
patches have.undergone different types of inflation that could>hever

_lead to a stable universe suitable for life! Fittingly, Linde named his
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theory “chaotic inflation.” One of its unexpected consequences is that
most places never-stop inflating. Our observable universe, then, is a
tiny,-safe haven that.has stopped inflating amidst a (presumably) in-
ﬁr}ite landscape, most 6f which is perpetually expanding at-exponential
rates. Other “bubbles™ that, like our universe, have stopped-inflating,
would be.very sparsely sprinkled throughout.

The multiverse has:the d4dded attraction that-it'may explain.other
finettuning problems.that are'more or less independent of the puzzles
thatinflation was invoked to explain. If certain physical constants of na-
ture, such as the.strength of the electrical force or the mass of the pro-
ton, were altered everr slightly, stars would never have formed and the
structure of our universe would be so radically different that it would be
inhospitable to life.!? In a multiverse, however, one can postulate that in
addition to the inflation field, the other constants of nature take on dif-
ferent’values in different patches. Thus, some patches would not only
hav¢ thé righs type of-inflation to produce our universe, but also the
right combination of ‘other physical parameters.® Even.better, this idea
appears'to align nicely with current research in theoretical physics. At
the high energies of the early universe, the fundamental forces of nature
were unified. As universe cooled, the.forces split apart inito the ;t;'ong,
weak, and electromagnetic.forces, each with its own strength and pa-
rameters; byt h he split occurred would have been a random

process vatyingfrom place fo place.FHence, physical “coristants™ would
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_vary.fronrpatch topatch. I some:versionswof string theory, which in-

. clude gravity in this splitting, the mimber of possible resulting combina-
~ tions of parameters exceeds the number of atoms ih the observable uni-
verse:. Many physicists view the maultiverse.as a.natural partner or even
corollary of this theoretical framéwork, which would-make it more than
simply an ad hoc méchanism té explain fine-tuning,. -
Arvleast two serfous criticisms that bedeveled at the multiverse hy-
pothesis:.The first is based on recent searchesfor.inflationary gravity
waves that have made simple versions of chaotic inflation al‘ipear quite
unlikely.? Some, .cosnrologists have maintained confidence that im-
proved. theories' consistent: with-observations will emerge.?? Others,
however, have argued that this amounts t6 adjustingarbitrary theoreti-
cal knobs: to force:ad. hoc theories.to match the d;xta; they advocate
abandoning chaotic inflatibn-altogether®: .
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However, the more serious criticism is that-the multiverse theory 1 3 Despite the importance of understanding the relationship between
]

falls outside the domain of natural science. The multiverse is unobservs

prqvidénce, design, and randomness in nature, the central concern in

E 3BTe because, by ‘definition, it extends beyond thie obseryable universe. this paper is CEN: In fact, it is, very useful to turn our attention to this
E The most that can' be done is to figure out how likely-it is for'a universe : doctrine because it cuts across the issue of design in an important way.
4 ]

Namely, CEN is not primarily about how the intelligible structure of
' the world came to be as it is, but rather about the conditions for it to
exist avall. In classical language, CEN does not first and foremost ex-
.
plain why the form of the universe is what it is, but insists that the mat-
ter which is actually informed must first be explained. Withoutmatter,
there can be no form: and all arguments about the relationship between
the'Creator and fine-tuning presume that there is mattér. ‘
It is essential to be aware that the modern use of the word “matter”
is significantly different from the classical® meaning that CEN em- !
ploys. In the modern sense; matter means “stuff”: the collections of ele-
mentary particles that form atoms and molecules. These particles can be
“created” and “annihilated.” For instance, in a particle accelerator, collid-
ing .electrons and positrons annihilate each other and produce energy.
And in a vacuum, particles continually pop iri and out of existence on
short time scales.Classically, however, matter is that which underlies
change; it is the substrate that makes form, or intelligibility, possible in a
thing, It is the component in stuff that allows it to be either thiskind of
stuff or that kind of stuff; it is potency, and as such is functionally related
to form. Clearly, matter in the classical sense is a metaphysical concept, ,
whereas in the modern sense it is a physical concept, and therefore the . b

: . like ours to arise under the assumption that we live in a multiverse. This
= probabilistic exercise can then be interpteted as the predictive power of
. the theory—although nobody currently knows how to calculate such
E probabilities. But the fact remains that even a complete theory of the
| multiverse would not'be empirié¢ally verifiable in any traditional sense.
| l As George Ellis.has argued, “The multiverse idea is provable neither by

L observation, nor as amimplication of well established physics. It may be
i 224

true, but it cannot be shown to be true.
. These criticisms notwithstanding,.the multiverse concept is-rele-
vant to our discussion because it is often invoked as an argument
. against a Creator. According to Stephen Hawking and Leonard Mlodi-
' .now: “Many people through the ages have attributed to God the

beauty and complexity of nature that in their time seemied to have no

scientific explanation. But just as Darwin and Wallace explained how

the apparently miraculous design of living forms-could appear without
) intervention by a supreme being, the. multiverse concept gan « explain
. the fine-tuning of physical law without the need for a benevolent cre-
o ator who made theé universe for our benefit.”” Bernard.Carr is even
" more pithy: “If you don’t want Géd, you'd better-have a multiverse.”%
The basic argument is that in the multiverse, there is no fine-tuning

|
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I properly speaking but enly random octurrences iri-an enormous en- s two senses of the V&?Ot’d., while d'iffererft, aré not incompatil?le. This can be
!] ' ‘ " sembleof options: “In amerse; anything that can o illustrated by cons.1der1ng a solid, which, as we all kifow, is composed of
1] happen will happen:.in fact, it will happem an infinite number of . molecules. In classical language, the r'nolecules stand as matter to the form |
. times.”? Therefore, there is no Fine Tuner.®- . of the solid. But if sve were to consider the chemistry of the molecules,
! However, if it were valid to argue that the multiverse is required if | | thén the molecules would-be forms of which the matter is atoms and il
. there is.no Creator, this would not imply that if the multiverse is real S atomic forcés. Classically, the molecules are the matter when considering !
! ) that there is no God. There may even be good reasons to.suppose that i the form of the solid, but they are forms wherrcansidering their chem-
i W God would choose ta create a multiverse because this'makes nature ‘ ‘. istry.»(.)n*the other hand, i.n,the modern sense.of matter, the 'mol.ecules are I
. more beautifil and elegant.? For instance, Don Page (a.:forme:r doc- , 1 material régardless of-w?uch aspect of-the.solid we are c01.151der1ng. . |
I - toral studentsof Stephen Hawking) has argued that.certamn versions of 3 :Of course, one might-question whether matter, in the classical
f the multiverse may actually have an overall simpler.structure than.cer- S sense (which I shall' henceforth.be careful to distinguish as.such), is a
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tain versions of a:single universe, implying.a possible fittingness for the useful.or even a valid concept. I'shall return fo this point in the next

: multiverse from the design point of view;-he ¢oncludes,. “God might “ section-when 1 explore the plate of-contingency-in cosmology. For

indeed so love the multiverse.”® now, however, I wish to establish that CEN is intimately connected to N
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a basic insight that all form or intelligibility in the universe is con-
tingent: that is, it all has underlying matter—classically. speaking, of
course—~which, because it is the very-potential for it to change, also
means the intelligible structure is not at all necessary. but couldwery
well be different. I¢is the matter that CEN ex lains. God is not.just a
Platonic demiurge that informs preexisting matter; rather, he is the
Creator of matter and the guthor of the very existence of possibility it-
self. Once this is established, the role of the Creator in tHe actual in-
forming of matter becomes a secondary question. The issue of fine-
tuning is one example of this subsequent question; the multiverse
presumes, by definition, that a landscape of possibility preexist. But
that landscape, which is the matter of the multiverse (if the multiverse
should 4ctually exist) is precisely what.CEN explains.

The foregoing is an excellent example of how the contingency of
cosmological theories— of the multiverse on the possibility of a land-
scape of variable physical parameters, in this instance—is what is rele-
vant to CEN.For if something is céntingent, it is the result of a possi-
bility, and ‘where there is possibility there is matter, and CENis the
doctrine that form did not simply arise from:some preexisting (classi
cal) matter that is just there. If everything is to be explained, then the
existence of matter cannot be taken for granted. For potentiality is by
definition not actual, and.as such does not explainits own existence.

THE CycricAL UNIVERSE VERSUS INFLATION:
CaN WE SEE THE BEGINNING?
r
As early as inflation occurred, it still would not have been at the begin-
ning of the universe. Spack filled with energy must already- exist for in-
flation to occur. Now, the big bang theory.formally says-that the uni-
versé began in an infinitely dense and energetic state—a “singularity,”
to use thé technical word. In fact, there-are a series of theorems that
prove that Einstein’s theory of gravity under some reasonakle physical
conditions requires-that the universe begin with a singularity. 2 How-
ever, while it seems that the universe musthave.a beginning, i isa be-
ginning that we cannot physically deséribe because'it consists in $ome-
thihg infinitely dense and hot; and, like philosophers, physicists have
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trouble with actual infinities. As Hawking puts it, “Classical general
relativity brings-about its own downfall: it predicts that it-can’t predict
the universe.”®

The foregoing, however, is strictly true only under classical® phys-
ics. While classical gravity (i.e., general relativity,) tells us how space ex-
pands, we need quantum mechanics to describe the matter and energy
that occupy that space. And at very high'energies—above what is called
the “Planck scale”—we have no rigorous knowledge of how to use both
theories together. Classical gravity becomes inadequate for describing
the universe. Indeed, we know that a new, more fundamental theory is
necessary. Therefore, any ideas about what the universe was like at or
very soon after the big bang are still necessarily speculative.

One interesting idea that has emerged over the past fifteen years or
so is'a cyclic universe. A universe that continually dies and is reborn is
an ancient conéept, but what is novel about the contemporary theory,
conceived by Paul Steinhardt and-Neil Turok,” is that it finds some
measure of siiccess in explaihing the same data that inflation considers,
but with a pro’foundly different model. In the cyclic model, ‘our three-
dimensional universe is embedded in a four-dimensional space, or, in
the language of string theory,.our universe:lives-on a-“brane” of the
higher dithensional space: This brane has a partner brane with which it
collides periodically: After a collision, the branes bounce apart, only'to
slowly be attracted to-oneanother agairin the future. It is the energy of
the collision that produces the big barig within our three-dimensional
universe—or rather; many successive big bangs—and it is the energy
between the branes that creates the mysterious dark energy mentioned
carlier. Between the big.bangs, there are‘trillions of years of expansion
and contraction driven by the dark energy. From the point of view of
the higher-dimensional spaee, the universé grows from cycle to cycle,
and its entropy, which determines the arrow of time, also continually
increases. But in the three-dimensional world in which we live; and
from which we cannot directly see the other dxmensmns, each cycle ap-
pears more or less the same.

The big bangfronr which we have issued is not the beginning of
time'in the cyclic model: There is-also no singularity at the beginning of
a cygle in the three:dimensional universe: everything remains finite and
well behaved during the big bang—although there is a large question
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mark about whether the physics breaks down inithie higher-dimensional
universe when the two branes collide. This problem aside, however, the
cyclic model naturally produces the initial conditions we observe in the
universe without requiring inflation. Further, it can-be distingtished
from inflationary models:by thefact that.it creates ne gravitational
waves in the early universe.Hence, if primordial gravity waves-ar&dis-
covered, thecyclic model is ruled out.

Tt can be asked if the cyclic universe exists forever. The singularity
theorems described above that require that the universe not extend in-
finitely into the past are still valid.. However, the situation is subtle, be-
cause the enormous expansion of the previous cycle spreads matter out
so much that it ends up extremely diluted. This means that the probabil-
ity of finding a particletthat did not originate in the most recent big bang
or its predecessor, but in some earlier cycle, is essentially nil. Therefore,
in practice there are no particles whose history actually extends back
past one or two cycles. For this reason, Steinhardt and.Tufok “do not
attribute any physical significance” to the fact that even:the cyclic uni-
versé needs initial conditions, simply.because those initial conditions get
completely erased by all the cycles that have occurred since.*

Itis significant, in fact, that this “erasing,” or perhaps “forgetting,”
of initial conditions,.is not unique to the cyclic model’ Inflation too
erases information that existed previously, simply‘by the fact-thatiit
stretches everything out so much and so wiolently. It seems-to-be a
fairly generic feature of primordial cosmological theories that svhatever
the universe was like initially, its earliest evolution has been made.inac-
cessible. to later observers. In this context, Alex Vilenkin opines,
“Quantum- cosmology is ‘not about to.become an-observational sci-
ence. The dispute between different approaches will probably be re-
solved by theoretical considerations, not-by observational data.””

Clearly, as with the multiverse conjecture, Wical

, science s atstake. The cyclic universe has the virtue that it does not pre-
iCt gravity waves, and is thus empirically. distinguishable frot infla-
tion. However, consider the scenario in which inflation did happen but
produced gravity waves that are too small to.detect. Not detecting grav-
ity waves does not imply that the cyclic modelis.correct; it implies that
we cannot distinguish-between inflation with unobservably ‘small.grav-
ity waves and the cyclic model with no gtavity,svayes: It would then be
unclear whether it is scientifically viable to prefer one or.the other of the

~
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cyclic or the inflationary models: Althéugh they describeradically dif-
ferent casmological histories; both would:“save the appearances.”
Confronted with a potential lack of disctiminatory data; cosmolo-
gists are somewhat divided. On. the. oné hand, some are comfortable
making claims about the origin of the yniver$ewbased purely on “the-
oretical considerations,” to use Vilenkin’s language fromrabove. Guth,
Kaiser, and Nemura, who advocate the multiverse paradigm, argue:
“The successes that inflationthas had in explaining the observed fea-
tures of the universe give.us.motivation toexplore the speculative ideas

about the implications of inflatian for questions far beyond what we 1 _

canobserve.”* Along these lines, Stephen Weéinberg is notalone when
he muses, “Now wé may be.dt a new turning point, aradical change in

whiat-we accept as a legitimate foundation for a physical:theory.”® On /

the'other hand, this kirid of logic has been (pejoratively) labelled “post-
modern” and “a construct that lies outside of normal science.”® And
George Ellis contends: “It.ds.a retrograde:step:towards the claim that
we' can establish the natute of:the universe by pure.thought-without
having to confirm our theories:by observational or experimental tests.
This abandons the key principle that has led to the extradrdinary suc-
cess of sciefice.”!

This. debate is relevant to“CEN because-of its.connection to the
contingency I introduced earlier. It often seems-at first blush'thatthose
who advocaté a cosmology relying solely on theory extrapolated to
that which is“far beyond what we.can observe” are actually expressing
2 Vague conviction that cosmology. will eventually become an a priori r
science. That is, thére somietimes:appears to be a<confidence that-our
physical theories will:one day. evince 2 metaphysical necessity.that will
make theirexter’sion beyotid the boundaries of empiricakaccess rigor-
ously valid. If thedoctrine of CEN.is to be seriously called into-qués-
tion,.it must.be around this issué. For if cosmology turns out to be.not
an empirically. 4 posteriori:but-rather 4 logically apriori science, then
what dppears‘to bé contingéncy in our. univetse is merely due to otir
current ignorance. If scientific theory is strictly necessary in all its as-
pects, then there is no matter<in the classical sense I defined earlier) in
theaworld; orto put it'anothér way, if the world is governed in all its as-
pects:by purely necessary lawé, then there is nb potentiality properly
speaking. CEN claims that matter-is.ctedted by God; but if theré is no
matter, there is no CEN.
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worth—but as long as they lack empirical consequences, I would agree
with those who caution that they exit the realm of “normal science.”*
Bernard Lonergan has succinctly summarized the latter in a way I find

However, when it comes' down to'it, I am not:aware of any cos- =
mologists that go so far as td propose an approach to cosmology as bald 4

P

4 |asthat caricatured above:All the ideas about the early universe that T am

mains open to the possibility of CEN.

g presenting'in this paper.are ultimately motivated by.observations; and ] very helpful: “Empirical science rests upon two distinct grounds. As
P everyone insists upon-the importance of empirical data. A good ex- insight grasping possibility, it is science. As verification selecting the
B ample is provided: by.Hawking and Mlodinow, who; when discussing . possibilities that in fact are realised, it is empirical.”® This second
L3 d string theory as a candidate for a complete:physical theory explaining [ ground, which was the key advance of modern science over the.Aris-
. everything about the universe, write, “Perhaps the true miracle is that o totelian approach, is what separates conjecture about the physical Al
. abstract considerations of logic lead to a unique theory that predicts and £ world from scientific knowledge about the physical world. The com- o
Lo l describes a vast universe full of the amaZing variety that we see.” But ‘ mitment to empiricism, which ‘has led to such success in.cosﬁ\ology, '
g é s they immediately stress that it must be confirmed by observation before entails a commitmént to the presence of contingency in the world. In
. it can be “successful,”# thereby effectively conceding thatit will never its very philosophical basis, then, cosmology as an empirical science re- v i

: be-a purely necessary theory..Further, cosmologists in the so-called
postmodéern camp still tend to-use words like “speculative?” or “plau- =
sible” to'qualify:their descriptions, as we saw in the quote from Guth, -
Katser; and Normura above, for instance. It.seems, therefore, that the ;

R main point of interest is demonstrating rtot thenecessity of theories like - » Our final topic to explore is-the notion of ex nibilo, particularly because

Is EX NIHILO A SCIENTIFIC CATEGORY?

the multiverse, but rather their. possibility. Hence Lawrence Krauss ex- of claim$ that vosmology can explair how the universe’ comes “from P
presses satisfaction simplyin the fatt that we can guess at what it may I nothing” without a divine Creator.'Popular books such as Lawrence i
have been like: “Plausibility itself, in my view, is a tremendous step for- [ Krauss’s A-Universe from Nothing and Hawking and Mlodinow’s The I
ward as we continue to marshal the courage to live meaningfuldivésin a ] Grand-Design.are recent 'examples of this atheistic.proposal. <
universe that.likely came into existence, and may fade out of.existence, ' Let me preface this section by mentioning that I take it asa nratter o
without purpose, and certainly without us at its centre.”® of ‘course that CEN is'not primarily about the beginning of time. It 7 (.

At the end of the day there does not seem to be any substantial teaches the radical dependence of the-contingent being of the universe |
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challenge from cosmology to the radical contingency of beingin the
universe that is premised by CEN. In fact, it.is striking just How much
of our knowledge about cosmology could not have been: predicted. As
cataloged earlier in this paper, the last hundred.years-have seen a series
of cosmological-surprises: the expansion of the universe, the existence
of dark matter and of dark.energy and the apparent fine-tuning of ini-
tial conditions, to name-a few'of the moreimportant: Suchunexpected

on God, whose existence is wholly.actual and noncontingent. This de-
pendeénce is clearly not limited to a £ equals zero,"as though the universe
stopped being contingerit at ¢ greater than zero. Augustine is at pains to
emphasize.that although the creation of matter precedes its reception
of intelligibility, it is not atemporal precedence, precisely because time
is measured by change, which requires form.* Saint Thomas argues
that the finite age of the universe cannot be:demdnstrated but is an ar-

discoveries in of themselves are salient indrcators of the thoroughgoing ticle offaith;*” he explains that creation is often associated with the be- i
contingency 1 have been emphasizing. : ] ginning-of time not because thre beginning encompasses creation, but i
It is important, therefore, .to.recognize cosmological conjecy E ] because-time itself was part of creation.®® What I wish to explore in this
tures, like the multiverse:paradigm or the cyclic universe, for what \ section, then, is not the beginning of time as a necessary condition for
they are. They may be-interestingand even worth understanding as the possibility of CEN, but rather what ex nibilo means with respect to
possibilities— perhaps even “plausible” possibilities, f6r'what that-js theories.of physical cosmology: .

~

! s S . i




x e
e e

3
7

w

334 Creation ex nibilo

The scientific idea that the universe can come from “nothing”—a
term we shall certainly examine in due course—is motivated by at-
tempts to circumvent the infinities of the big bang that I introduced in
the last section., As I explained, there is currently no viable theory that
properly combines quantum mechanics and gravity. Nevertheless, this
has not prevented theorists from working on “quantum cosmology,”
or the introduction of quantum mechanics into the big bang theory in

_a provisional sort of way: Although it requires sweeping a fair bit of de-
tail under the rug and then arguing that this does Aot make muck dif-
ference, quantum cosmology provides what physicists call “toy mod-

J els”: theoretical constructs that we know to be inadequate,-but that we
—

hope provide insightinto the real world.

One famous model, first proposed by Vilenkin,® is that the uni-
verse “tunneled” out of nothing. tunneling is 2 well-known
phenomenon that has been experimentally observed: it means that a
system can overcome an energy barrier that it could not do in classical
physics. For example, in our sun, nuclear fusion occurs shen hydrogen
nuclei combine to form helium. Classically, the hydrogen nuclei.in the
sun are not.enérgetic enough to collide because their mutually repulsive
electrical charges are too strong. However, quantum mechanically, there
is a probability that hydrogen nuclei will-“tunnel” through the electric

" barrier and fuse to helium. It is one of the consequences of quantum
mechanics’ uncertainty principlerener 2ifir s
turned” in an appropriate amount of time: In the sup, the extra energy
to overcome the repulsion between hydrogen nuclei-is promptly; re-
turned by the larger amount of energy released when they fuse4nto he-
lium. Another. manifestation of tunneling is the fact that particles can
spontaneously appear and disappear in a vaciium: It takes ehergy.to cre-
ate particles, which the vacuum-does not possess, but the uicértainty
principle allows two particles appear and anhihilatewith-each other in a
brief enough time. Hence particles can tunnel in and qut.of existence.

Vilenkin proposed that universes may spontaneously-appear-and
disappear like particles, but unlike a'pair of particles that appearsina
vacuum already embedded in space and time, a spontaneous universe
would appear together with its space, and time from a state without
space and time. According to the uncertainty principle, such 4 universe
would have to quickly disappear. However, Vilenkin calculated: thdt
there is actually a nonzera probability for one of these ephemeral uni-
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veérses to tunnel-into an inflating universe filled. with energy, just like
our universe, butonly if the total net energy of the resulting universe is
zero. This would occur if the positive energy contributed by matter
and radiation is precisely canceled out by the négative gravitational en-
ergy- that obrains when space‘has a certain geometric curvature. Be-
cause the final total enérgy is zer6, no energy would be borrowed, and
the universe could persist. Although our own universe appears to be
geometrically flat tothe best of otir observational capabilities, it is pos-
sible that'inflation stretched space 50 much that the curvature needed
to make the energy zerois present but not detectable. Thus, it is argued
that our universe could have emerged-from nothing. P

Another well-knowr quantum modelis the “Eéjo'ﬁdnd‘ary” pro-
posal of Hartle and-Hawking.* They make use of the tight-knit refa-
tmemeen»space andtime in general relativity. In extreme condi-
tions, such as in black holes, the dimension that we ordinarily label as
“time™ actually: behaves*ntore like what we label “space.” Hartle and
Hawking argue that the beginning of the tinivérse is best understood
not in a geometry consisting of three spatial dimensions and-one.tem-
poral dimension, such as we are accustomed to, but rather a geometry
consisting.of four spatial dimensions and no temporal difnension. The
universe does “begin” ata point, but this point has no temporal label.
“Bgfore”iand “after” do not exist, therefore, with reference to this
point. Our three-dimensional space with a temporal dimension’subsé-
quently emerges from this atemporal fott-dimensional space. Hawk-
ing'and Mlodinow provide the following helpful analogy:

Suppose'the beginning of the.universe was like.the South Pole of
the £arth, with degrees of latitude playing the role of time. As one
moves north, the circles-of constant latitude, representing the size
of the uriverse, would expand: The universe would start as a point
at the South Pole, but the South Pole is muchilike any other point.
To ask what happened before the beginning of the universe would
become a meaningless question, because.there is nothing south of
the'South Pole.5!

The no-boundary proposal eliminates the problematic singularity at the
beginning of time by feconceptualizing the origin of the universe in an
atemporal manner. The universe still comes from nothing (in a sense),

.
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but it doesn’t “come from” in-a conventionally tempdral way. On the
other hand, whether-the maghematical convenience of a spatial dimen-
sion switthing to a temporal dimension is physically.meaningful is not
entirely clear.

Their speculative nature notwithstanding, the tunneling.and the
no-boundary proposals are appealing because the beginning of the uni-
verse is physically describable. Physics is not merely given a universe
at some early but nonzero initial time before which physics.can ask
no questions; rather; the universe is intelligible through and through.
As Hawking explains of the no-boundary proposal, “[ The' universe]
would quite literally be created out of.nothing: not just out of;the
vacuum but out of absolutely nothing at all because there is nothing
outside the universe.”* Part of what he is_expressing here is that his
theory, like othet quantum cosmological models, includes all of space
and time in its purview. y

With this-brief introduction to.quantum cosmology complete,
we can return to CEN. Much is made of Haw quantum cosmology
demonstrates that the universe can be created from nothing without
God. In their popular book-The Grand Design, Hawking and Mlodi-
now conclude: “Spontaneous creation [i.e}, as described by quantum
cosmology] is the reason there is spmething rather thin nothing, why
the universe exists, why.we exist. It is not necessary to ivoke God to
lighit the blue touch paper and set the universe going.”* Similarly, in his
best seller A Universe froin Nothing, Lawrence Krauss maintains: “Just
as Darwin, albeit reluctantly, removed the'need for'divine irtervention
in the evolution of the modern world . . . our current understanding of
the universe,-its past, and its future make it more plausible that, ‘some-
thing’ cansarise out of nothing without the need'for any divine guid-
ance.” In the book’s afterword, Richard Dawkins enthusiastically re-
sponds: “Even the last remaining trump card.of the theologian, “Why is
there something rather than nothing?’ shrivels before yourayes as you
read-these pages.”> . .

Of course, the meaning.of “nothing” is crucial; and much of
Krauss’s book is devoted to exploring this questiori. Despite a fair
amount of rambling (e.g., “By nothing, I do not mean nothing, but
rather nothing”*), he settles on the.nétion of nothing-as physical law's
in the absence of space’ and time,” but-also indicates. thére may:be 2
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“more fundamental nothingness” than this, by which he seems to mean
a preexisting landscape of potential physical theories,.such as s envis-
aged-by the multiverse.®

Clearly nione of these is the metaphysical nothing, or complete ab-
sence of being,.that ismearit by GEN:.In the context of-a univérse tun-
neling from- nothing, Vilenkin, is refreshingly frank: “The state of
‘nothing’ cahnot be identified with absolute nothingnéss.-The tur-
nelling is described by. the law$-of quantum mechanics, and thus ‘noth-
ing’ should be-subjected to these.laws. The laws of physics must.have
existed, even though there wis no universe.”? t ‘

To recast this in the classical Iangtiage that I employed earlier, even
a universe that tunnelsfrom nifll.space«time requires potentiality. And
so again we find that.matter, in the'classical sense, is'the.crux 6f CEN in
the cosmological context: The ex nihilo.of CEN-is the affirmation that
God created éven the potential for-physicalprocesses to,occur in the
universe—be it theliniverse tunneling from.a.vacuum, emerging from
an‘atempora] state of four spatial dimensions; or entering into 4n end-
less cycle of big bangs:! - v

1: Nonetheless, Krauss resists an exploration of the .metaphysical
mbeaning of nothing and-of greation—an exercise-he characterizes as
“abstract and useless” in contrast to the “useful; operational efforts” .of
physics.®-He actuses theology*ofsébscurantism-because it proposes
views on the meaning 'of nothing “without providing any definition of
the term based on empirical evidence.”®! This is highly revealing, be-
cause it shows that Krauss operates under a radical scientific reduc-
tionism. Being, for Krauss, can be known only through the empirical
method. Hawking and Mlodifow are of thie same mind. “Philosophy is
dead,” they claitm, for “sciéntists have becom@ the bearers of the torch
of discovery in our quest for knowledge.”¢?

- This point of:view-is anticipated by Saint Thomas:in the well-
known question on “whether God exists”: “It.séems that everything
we see in the world.can'bé accdunted for by other principles;-suppos-
ing God did not exist. For all natural things can be reducedto one prin-
ciple.which‘is mature.”$*'Clearly, the réductionist doctrine is inspired
by the fundamental.presuppasition.of the:natural sciéncésthat Thomas
articulates.here, physical cosmology inclhided: the whole:of the empiri-
cal world.is' understandable.. Thére is, of course, nothing wrong with




i
i

e

338 Creation ex nibilo

this. I for one think it is the most self-consistent position one can have
about the physical world. It is therefore fitting for cosmologists not to
be content with the notion that there was a time before which physics
is'impotent; it is.very apt that cosmalogy attempt to explain the whole
physical universe including its emergence from a physical nothingness.
But as we have seen, a physical nothingness—the absence of space and
time and perhaps even of fixed physical laws—is not an absence of po-
tentiality, “Nature itself causes natural things.as regards their.form, but
presupposes matter,” as Saint Thomas puts it.* Nature ismot necessary,
but contingent, and as such-does not explain itself. :

Of course, the crucial‘question is whether the existence of such a
contingent nature needs to be explained by CEN. On the atheistic view
there could be.contingent facts, such as a quantum Wwave-function for
the universe, that “just are.” Ultimately.I thinkthis leads to a profound
incoherence, for it forces one to hold to the validity of causality and
sufficient' reason.in some cases but not in others: Nevertheless, it is be-
yond the scope.of this essay to defend this.position rigorously. My
main point is that it is not an issue answerable by.physical cosmology.
Cosmology as.an empirical science presunres that the world is contin-
gent..It canrot, therefore, be used to.argue against CEN without:de-
stroying its own foundation—a foundation that nobody, including
Krauss and Hawking,appears willitig to completely. abandon. Fo argire
for or agiinst CEN requires moving into the philosophical and theo-
logical domains.

a
WaaT'DOES PHysicar CosMOLOGY SAy
ABOUT CREATION-FROM.NOTHING?

In this paper, I have indicated some,of the important boundaries be-
tween empirical results and speculative conjectures that are present in
contemporary: cosmology:1 have explained that ideas like the multi-
verse or.the ‘spontaneous appearance ‘of the universe are ‘spetuldtjye,
and in an important sénse outside of the traditional domaid of:empiri-
cal science. Additionally,itseemsito be a generictheoretical featuré that
we may. never be-able to‘make observations thatbear directly on the
very beginning of the universe: both-the.theory of inflation and the
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cyclic model indicate that information on the prior state of the universe
has been erased from our view. The tosmological conjectures I have
discussed are indictions of what.the universe in the totality of its his-
tory and extent might possibly be like.

Nevertheless, even if they are only possibilities, some cosmologists
present scientific theorids as alternatives to the theological notion of
creation. I have argued throughott this-paper that this will not do. The
linchpin to my position is the fact that:CEN is not merely an explana-
tion for why the universe is as it is, but the claim that the very potential
for the universe to be like anything at all must be-created: in.classi-
cal languagey God creates.matter-prior (but not necéssarily temporally
prior) to the form. I have argued throughout that cosmological theories
always presuppose (classical) matter. They do so because they are
physical theories, ultimately connected to empirical method, and as
such they are.possibilities that may happen to be realized, not necessi-
ties that must be. Hence, contemporary cosmology actually operates in
the same metaphysical framework as CEN, in which the being of the
worlds thoroughly contingent. . :

Cosmology will not, therefore, prove or disprove CEN as such,
but it still does have something important to say on the subject.For as
Lonergan his aptly put it, investigating metaphysical issues withoat
reference to the empirical sciences: “exposes the metaphysician to the
ever recurrent danger of discoursing on quiddities without suspecting
that quiddity means what is'to.be known through scientific-under-
standipg.”® In'the foregoing pages, we have seen important-examples
of how the.science of physical cosmology makes more concrete some
of the conceptual framework--the quiddities, so tospeak-of CEN.
We have.seen thre¢ important instances of this.

First, cosmology provides.insights into how to think of the matter
(classically speaking) that CEN .explains.® The matter of the multiverse
is the potential for the inflationary field to také on different values in
différent places-or for the physical parameters.of string theory to take
on different combinations:"The matter of the cyclic universe is the un-
derlyingy-higher-dimensional $pace in which the big-bang process.can
occur. The matter of the no-boundary universe or the universe tunnel-
ing from.a.null space-time is-an underlying quantum wave-function.
These are all concrete (albeit speculative) way's to think about what the
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matter that is.created ex nibilo might be like. A topic for further inves-
tigation would be how this relates-to. the classical notion of -prime mat-
ter. Thus, one might try to determine whether.cosmology can probe a
fundamental level of intelligibility bélow whichrthere is only matter..

Second, cosmology makes it clear that empty space and time do
not constitute nothingness. CEN should not be conceived in.a manner
in which space and time are a neutral backdrop to the matter of the uni-
verse, but rather are part of the empirical world. Einstein’s theory of
general relativity, which undergirds modern cosmology and has passed
every experimental test successfully attempted zo date, has at its core
the principle that the behavior. of space and time is fundamentally con-
nected to the behavior of matter (in the modern sénse)-and energy;-it
wholly displaces any Newtonian or.Kantian concept of space-and time
as 4 priori to the empirical world., Thus, all cosmological.theories have
space and time as explicitly copstitutive elements: the expanse of space
containing the multiverse, for instance, or.the evolution of branes in
the higher dimensions of the cyclic universe. Further, quantum cos-
mologies, though only toy models, can at least.explore the.role of space
and time'in the physicdl origin of the universe. »

Finally, to highlight the latter point in particular, there is ai impor-
tantlesson to be learded from the quantums cosmological dttempts td
paint a self-congistent: picture-of how the universe could have.a:tem-
poral beginning without.introducing manifest self-contradictions such
as assumirig that something happened $‘before™ the beginning. £ven if
they be speculative, such-attempts drive home the Thonhistic point I
mentioned earlier about time being part 6f creation. Time ismot.a super-
natural clock that-runs the universe from the outside, but ispart and
parcel with the universe.Hence, even if the universe has not existed for-
ever, it has always existed, in the sense that “always” refers to all pos-
sible time, whether it.be infinite or fipite.” Cosmolggical theory can ex-
plore what that might be like physically: Along theselines, I feel that it
would be worthwhile exploring with more philosophical rigor the claim
of qudntum cosmology to Be ableto describe-the spontaneous.appear-
ance of the universe in.an atemporal-fashion. Ferms like “spontaneous
appearance” or.“emergence” seem to dendte a kind of change, 6f which
time is normally-considered the measure, so-one may legitimately ask
whether quaritu cosmology inadvertently smuggles temporality back
into the picture.

~
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In sum, cosmology tells us something about creation not by push-
ing out theology as a discipline, but rather-by elucidating just what the
metaphysical terms it employs afé like in the world we live in. It is
probably not possible for physical cdsmology”alone to demonstrate
that God created everything from'nothing. But cosmology can help us
to get stralght what exactly we might mean by “nothing,” and what ex-
actly is included in “everything.” True to the traditional metaphor, cos-
mology is a worthy haridmaiden to the theology of creation.
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