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Summary
The universe appears to be fine-tuned so as to admit the development of life. This paper exam-
ines the evidence for fine-tuning and the chief rival explanation to design, namely the existence

of a‘multiverse'.

Introduction

‘Like the porridge in the tale of Goldilocks and the three bears, the
universe seems “just right” for life, in many intriguing ways.” So
says cosmologist Paul Davies in his book The Goldilocks Enigma.t
If the universe was created by the God of the great monotheistic reli-
gions, thisis not surprising: God would have good reason for creat-
ing a universe with properties such that intelligent creatures could
evolve who would be capable of a relationship with him. The chief
dternative to this ‘design’ hypothesis is the existence of a muilti-
verse, a vast ensemble of universes in which the parameters of
physics take on a wide range of values. This paper exposes numer-
ous problems with the multiverse hypothesis, and argues that divine
design is much the more rational explanation on the basis of the cos-
mological data.?

The Big Bang

It is now accepted by the vast majority of cosmologists that the uni-
verse began in ahot, dense state approximately 14,000 million years
ago. From the expansion and cooling of the primordia fireball
evolved the galaxies, stars and planets of the universe that we
observe today. Thisis the standard Big Bang model of the origin of
the universe.

The key observation giving rise to the Big Bang theory was made
by Edwin Hubble in the 1920s. This is that the universe is expand-
ing, that is, distant galaxies are receding from us. The natural con-
clusion to draw from the expansion is that the matter of the universe
was more compact in the past, indeed that the present universe must
have evolved from avery dense, initia state. However, that did not
stop Cambridge astrophysicist Sir Fred Hoyle and colleagues pro-
posing, for philosophical as much as scientific reasons, the aterna-
tive steady state theory.® According to the latter the universe is eter-
nal, looking essentially the same at al times and all places on the
largest scales, and the gaps | eft by the expansion are filled with new
matter continuously created at just the right rate.

The Big Bang theory, however, is convincingly supported by
three main strands of observations.

1. The theory predicts a uniform, remnant radiation field bathing
the universe. This, the cosmic microwave background radiation,
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has been observed, effectively eliminating the steady state theo-

ry which could not explain it.

2. The theory correctly predicts the abundances of the lightest
chemical elements (notably helium and the deuterium isotope of
hydrogen) which it explains as being formed from nuclear reac-
tions in the first minutes of the universe's existence.
Astrophysicists were unable to explain the production of these
elements with models of nucleosynthesis in stars, the other great
nuclear furnaces of the universe, so light element production in
the Big Bang completes a satisfying account of how the elements
heavier than hydrogen are manufactured.

3. Observations show a greater number of active galaxies at the
greatest distances (which, because of the finite speed of light,
correspond to the earliest times in the universe's history). The
Big Bang theory would lead one to expect such signs of cosmic
evolution, whereas, on the steady state theory, the universe would
look the same at all epochs.

According to the Big Bang theory, then, space and time came into
existence together some 14,000 million years ago. Incidentaly, St
Augustine of Hippo aslong ago as AD 400 had come to the conclu-
sion that space and time came into existence together,* one of anum-
ber of instances where Christian theologians of earlier epochs have
pre-empted modern discussions.

Turning the clock forward from the Big Bang, as the expansion
progressed the matter formed into clumps which became galaxies.
Within the galaxies stars formed. The original constituent of the Big
Bang, bequeathed to the galaxies, is the simplest chemical element,
hydrogen, with some helium and light elements. The other chemical
elements are built up in the cores of stars, where temperatures reach
hundreds of millions of degrees. When their nuclear fuel runs out,
the most massive stars explode in spectacular fashion as super-

4 Augustine, St The City of God, X1.6, in Schaff, P. (ed.), Nicene and Post-Nicene
Fathers, First Series, vol. 2, Peabody, MA: Hendrickson (1994).
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novae. Subsequent generations of stars are therefore formed out of
material enriched with the heavier chemical elements. Hence newer
stars can aso have planets.

The sun with its planets was formed some 4.6 billion years ago.
Since the chemical elements of which the earth and everything on it
are made were built up inside the cores of earlier generations of
stars, we can say that ‘we are made of the ashes of dead stars'.

The fine-tuning of the universe

The so-called anthropic principle states that the laws of physics and
the initial conditions at the Big Bang must be such as to make our
existence possible.® Moreover, analysis shows that both the laws and
initial conditions have to be very specia indeed — *fine-tuned’ —for
this to be the case.

‘ A commonsense inter pretation of the facts suggests that a
super-intellect has monkeyed with physics, as well aswith
chemistry and biology’

The number of examples of fine-tuning islegion. Let us examine
just afew of them to set the scene.

A. Physical constants

The laws of physics describe how matter behaves under the influ-
ence of the four fundamental forces of nature (gravity, the electro-
magnetic force, and the strong and weak nuclear forces). For our
purposes we are interested in the constants which determine the rel-
ative magnitudes of these forces, and the values of other important
quantities such as particle masses.

(i) One of the most important elements necessary for life, certain-
ly lifeasweknow it, is hydrogen — no hydrogen means no water and
hence no life. If the weak nuclear force, the force responsible for
radioactive decay, were not, apparently accidentaly, related to the
gravitational force in a rather special way, either al the hydrogen
would be converted to helium within afew seconds of the Big Bang
or none would be converted. In the former case, with the weak force
somewhat weaker, one would end up with no possibility of water or
life at any subsequent stage in the universe's history. Moreover, the
requirement that massive stars explode in supernovae, to release the
chemical elements they have manufactured, constrains the relation-
ship between the weak force and gravity in both directions.

(if) Life as we know it is based on the element carbon, and it is
unlikely that any other element could give sufficiently stable com-
pounds to produce aternative life forms. Oxygen is aso essential.
Carbon is one step on the way to manufacturing oxygen and the
other elements in the periodic table. We are required both to get as
far as carbon in the first place and then, even more delicately, not to
burn up al the carbon in manufacturing oxygen and the other ele-
ments. If the strong nuclear force, which binds nuclei together, and
the electromagnetic force, which operates between charged parti-
cles, were not so very finely balanced as they are, we would either
get no carbon in thefirst place or al the carbon would burn, making
oxygen. This aspect of the anthropic argument was discovered by
Fred Hoyle, who used it to predict the existence of a previously
undetected energy level (resonance) in the carbon-12 nucleus. His
prediction was confirmed by somewhat sceptical experimenta
nuclear physicists. Hoyle himself (a sceptic in religious matters,
who, as noted above, had philosophical reasons for proposing the
steady state theory) was so impressed by this particular coincidence,
that he was moved to remark:

If you wanted to produce carbon and oxygen in roughly equal
guantities by stellar nucleosynthesis, these are just the two

5 Barrow, J. D. and Tipler, F. J. The Anthropic Cosmological Principle, Oxford: Oxford
University Press (1986).

levels you would have to fix, and your fixing would have to
be just about where these levels are actually found to be ... A
commonsense interpretation of the facts suggests that a super-
intellect has monkeyed with physics, as well as with chem-
istry and biology, and that there are no blind forces worth
speaking about in nature. The numbers one calculates from
the facts seem to me so overwhelming as to put this conclu-
sion amost beyond question.®
(iti) Thirdly, the mass of the proton must be amost exactly 1840
times the mass of the electron, asit is, for the possibility of interest-
ing chemicals to be made and to be stable, certainly for complicat-
ed molecules like DNA which are the building blocks of life.

B. Initial conditions

(i)  First, the mean density of matter in the universe at the very
beginning has to be within 1 part in 10® of the so-called ‘critical
density’ which demarcates universes which are open (expand forev-
er) from those which are closed (recollapse to a ‘big crunch’). If the
density is smaller than it is by this amount then the universe will
expand far too quickly for galaxies and stars to be able to form. If it
is greater then the whole universe will recollapse under gravity in
just a few months. Either way you have a boring universe with no
possibility of life. An accuracy of 1 part in 10® is that required to
aim agun at acoin 14 hillion light years away at the opposite end
of the universe and hit it!

(if) Secondly, and related to the above, contrary to our intuitions, it
turns out that the universe needs to be the vast sizeit isin order for
humankind to exist.” This is the size which an expanding universe
with density close to the critical value reachesin the 14,000 million
years which it takes to evolve human beings. In the simplest cosmo-
logical model (which isfinefor this purpose) the size, mass and age
of an expanding universe are connected by a simple formula. A uni-
verse with the mass of a single galaxy has enough matter to make a
hundred billion stars like the sun, but such a universe would have
expanded for only about a month so that no stars could yet have
formed in fact. Thus the argument that the vastness of the universe
points to man'sinsignificance is turned on its head — in reality only if
it is so vast, containing a hundred billion galaxies, could we be here!

‘the universes potentially generated by these tiny
alterations have no scope for interesting devel opments’

(iii) Thirdly, there must be an incredibly precise amount of order at
the Big Bang. We know that the universe is moving from a state of
order to a state of increasing disorder (this is the Second Law of
Thermodynamics), and it is the case that you needed a lot of order
at the beginning for the universe to be able to produce galaxies and
stars, the ordered structures we see. Sir Roger Penrose, emeritus
professor of mathematics at Oxford, has shown that our universe
was one of 10 possible universes only one of which would have
had the amount of order in it required to produce the complexity we
observe.® Something like this amount of order was needed so that we
could be here. Supposing you were to write down 10°“writing a
nought on each atom in the universe, there would not be enough
atoms in the entire visible universe to enable you to do this.

In a nutshell, the universes potentially generated by these tiny
aterations have no scope for interesting developments, and in par-
ticular the evolution of complex creatures like ourselves to observe
them. And of course physicists have been struck by these coinci-
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dences. As Freeman Dyson puts it: ‘ The more | examine the uni-
verse and the details of its architecture, the more evidence | find that
the universe in some sense must have known we were coming.’

There is avery natura conclusion to draw from all this, namely
that the cosmic coincidences we have been considering are indeed
no accident: the theistic hypothesis that God designed the universe
with the express intention of producing rational conscious beings,
with a moral sense, to contemplate his handiwork and to enter into
arelationship with him, is surely preferable. The hypothesis of the-
ism can advance reasons why God might create a universe, and in
this particular way. For example, a good God, as postulated by
Christianity, is likely to exercise his creative power and to produce
beings able to appreciate his work. Such a scenario is certainly con-
sistent with the finely tuned universe that we observe.

Alternatives to design

One might ask how it is possible to escape the conclusion that the
universeisdesigned expressy in order for usto be here. In fact there
are anumber of possible ways out. One idea has been to say, ‘ Can’t
we come up with a better, more fundamental theory, which actually
predicts some of the numbers you have been talking about? The
main contender for such atheory in recent yearsiscalled ‘inflation’,
because it postulates a period of incredibly rapid expansion of the
universe in the first 10 seconds of its existence, followed by the
normal, relatively sedate standard Big Bang expansion. The argu-
ment is that the universe would then tend automatically to the criti-
cal expansion rate, for example.

There are two problems with this approach. First, a more funda-
mental theory doesn’'t in any case negate the need for design by
God, because now we simply ask, ‘Why does the new fundamental
theory give the values it does to the numbers we have been talking
about? The amazement we felt at the fine-tuned numbers just trans-
lates to amazement at the theory which can produce them. Why
should that theory, of al possible theories, be instantiated? But sec-
ondly, inflation itself needs fine-tuning! In order to fit the facts,
inflation has gone through well over a hundred different versions at
the most recent count, including even one version called ‘ supernat-
ural inflation’.® Even the originator of inflation, the American cos-
mologist Alan Guth, says he can’t keep up with this! The inflation
industry seemsto be victim to a severe case of inflation itself, rather
akin to the epicycles upon epicycles required to keep the Ptolemaic
model of the solar system compatible with observation. On the other
hand, whilst some cosmologists such as Penrose are sceptical, it
must be acknowledged that inflation is widely believed in the cos-
mological community, and has recently acquired significant support
from the latest satellite observations of the cosmic background radi-
ation.

The chief argument opponents of design have come up withisas
follows: they argue that if not just one but many universes exist, and
if the constants of nature and the initial conditions at the Big Bang
take on lots of different values, then we might get a universe like
ours as one of this collection of universes (called a multiverse). We
are not then supposed to be surprised to exist in a universe with the
very special conditions ours has, since we couldn’t exist in the other
universes, even those where conditions were ever so slightly differ-
ent.

Cosmologists envisage a number of possible ways of obtaining
infinitely many universes, of varying plausibility, as | mention
briefly below. Is it, then, a question of, ‘You pays your money and
you takes your choice' ? Or is there any way of deciding between
these competing explanations?

9 Shellard, E. P. S. ‘The Future of Cosmology: Observational and Computational
Prospects’, In Gibbons, G. W., Shellard, E. P. S., & Rankin, S. J. (eds), The Future of
Theoretical Physics and Cosmology: Celebrating Stephen Hawking’s 60" Birthday,
Cambridge: Cambridge University Press (2003), p. 764.

Problems with multiver ses

Thisidea of the existence of many universesis actually riddled with
problems.

(i) For astart, these universes are completely unobservable. A the-
ory isonly realy scientific if it makes predictions about things we
can observe and the multiverse idea fails this test disastrously. The
problem is that we cannot even in principle have any contact with
the other universes. The most obvious way to envisage many uni-
verses is as different, even if enormous, regions within one overar-
ching universe. This picture has been given credence by inflationary
theory which, in some versions, notably Andrei Linde's ‘eternal
inflation’, gives rise to bubble universes incapable of contact with
one another because of the speed of light constraint. Attempts are
being made to link eternal inflation with string theory, the chief can-
didate for the combined theory of quantum mechanics and gravita-
tion, which is required to describe the first 10* seconds of the uni-
verse's existence. But the problem with al such models is that we
simply cannot know the other universes are there.

Other ways of getting many universes envisage them as even
more radically separate from our universe (e.g. if they arise through
successive expansions and contractions of one universe, or through
the actualisation in some sense of the alternative outcomes of quan-
tum measurements). Interestingly, cosmologist Stephen Hawking
has stated that he no longer believes an earlier proposal he made,
namely that new universes can branch off from ours at the centres of
black holes.*®

As John Polkinghorne points out, the existence of many univers-
es provides, not a scientific, but a metaphysical explanation of the
fine-tuning of this universe.* The reason is that the existence of
these worlds is completely insensitive to any empirical data — they
are unobservable. The fact is that, whether we like it or not, we are
faced with alternative metaphysical explanations: that is, either the
universe is unique and a brute fact, or there is a multiverse, or the
universe is designed (although we consider these to be the main
options, there is aso the logical possibility that God designed and
created infinitely many universes).

(if) There are aso severe technical problems with the idea of the
multiverse. Thus it is hard to escape the need for some parameters
to be special, even to obtain many universesin thefirst place. | men-
tioned earlier how the mean density of the universe needsto be very
closeto the critical value which isthe borderline between a universe
which will expand forever and one which will eventually recontract.
WEell, you need the mean density in the overarching space-time to be
below the critical value so as to get an infinite cosmos and there is
no reason why that should be. Indeed on the face of it, this would
seem very unlikely. In any case we can never actualy know the
mean density of an infinite cosmos — it is beyond the reach of our
measurement in principle, not just in practice.

(iii) Then, asBarry Collins and Stephen Hawking pointed out along
time ago, the probability that any particular universeisjust right for
lifeis zero.? That meansthat even an infinite number of universes by
no means guarantees even one that is right for life. Many universes
might explain why there exists a very special universe like ours if,
when you draw a universe out of a hat, the probability that it is right
for life is positive. That probability could be very small but it does
need to be positive. If the probability is zero the explanation fails.
(iv) A further problem is the question of what a life-bearing uni-
verse would ook like if it were a random member of a multiverse.
On the multiverse hypothesis, our universe would be special, yes,
but not more special than isrequired for our evolution. Some physi-
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cists, notably Steven Weinberg, claim success for the multiverse in
explaining why one particular constant, the so-called cosmological
constant, is so low.® This constant is sometimes referred to as ‘ dark
energy’ and is believed to contribute 70% to the composition of the
universe; note that things are somewhat more complicated than we
have outlined above: the constituents of the universe are currently
believed to be approximately 5% ordinary matter, 25% some sort of
unknown ‘dark matter’, and 70% dark energy, their sum comprising
roughly the critical density.

It is believed that dark energy results from fluctuations in the
quantum vacuum, though its density is no more than 10'® times
what would be expected on the basis of such calculations. A multi-
verse might just explain why the cosmological constant isso low in
our universe, because a low value is required for galaxy formation
and hence for our existence.

(v) However, there is a much worse problem which a multiverse
seems powerless to explain. This problem is rather like the monkey
sitting at a typewriter for centuries. It is vastly more likely to pro-
duce ‘To be or not to be’' at some stage than the whole of Hamlet
(although, interestingly, in an experiment in 2002 a group of mon-
keys came nowhere near producing even a word, and much pre-
ferred to chew up the computer or use it as a toilet*). In a similar
way we are far more likely to find ourselves in a small pocket of
order, say of the size of the solar system, surrounded by total chaos,
than we are to find ourselves in the totally ordered cosmos we actu-
ally observe.

Sir Roger Penrose has quantified this effect.”® | described earlier
how our universe possesses order to the degree 1in 10°”, In fact, to
make only a solar system, surrounded by chaos, by the random col-
lisions of particles, which is all that is required to make life, the
order required ismuch lessthan this, though still vast. Itis1in 10",
Since 10 swamps 10°” completely, what that means is that,
although a universe with order 1 in 10°* exists with probability 1 if
all possible universes exist, the probability of our observing such a
universe is only 1 in 10, This is quite contrary to the normal
assumption made that the probability of our observing what we do is
closeto 1 on the basis of amultiverse. This severely undermines the
explanatory power of the multiverse. It isimportant to note that what
matters is not the probability that a universe like ours exists, but the
probability that we observe what we do, and we are vastly more like-
ly to observe a small pocket of order surrounded by chaos than a
totally ordered universe.

(vi) Thereisaso the question of what we imagine the universesin
the multiverse would look like in general. Oneis virtually forced to
speculate, way beyond anything physics can say, that all possible
universes exist, in order to guarantee one like ours coming about.

13 Weinberg, S. ‘The Cosmological Constant Problem’, Rev. Mod. Phys.(1989) 61 (1),
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15 Penrose, op. cit., (8), p. 354.

Most of these universes would be dead. Of the tiny minority that had
life at all, some would really have mythical creatures like unicorns,
werewolves and animagi. Some would have vastly more suffering
than there is in our world. Indeed on this view anything that could
happen would happen, somewhere sometime. If this were the case
then doing science would be a complete waste of time. Instead of
trying to find reasons for things, we could simply shrug our shoul-
ders and say, ‘Well, something like that is bound to happen in some
universe, and that's the one we happen to be in.” And that is very
damaging for science.

(vii) Finaly, the experience of scientists shows that the simpler the
explanation the morelikely it isto betrue. And simpleisjust what the
many universes theory is not. There is a principle called Ockham's
razor, after the 14" century philosopher and theologian William of
Ockham, which states that if you have competing alternative expla-
nations, you should choose the one which is the most economical,
positing the least number of entities. Multiverse theories violate
Ockham'’s razor in just about the most extreme way imaginable.

Conclusion

The purpose of this paper is not to develop the aternative of divine
design in any detail, but rather to critique some of the arguments
suggesting that the universe is not designed. However, there is a
strong argument that divine design represents a much simpler and
more economical explanation for the existence of our very specia
universe, and that, in contrast to what is expected on the multiverse
hypothesis, we are very likely to observe a fully ordered cosmos if
God has designed it. Indeed the theistic hypothesis provides a much
more comprehensive explanation. Thisis because God, as tradition-
aly conceived, is necessary and a physical universe or even a mul-
tiverse is contingent. That is to say, God cannot but exist and must
possess the properties he does, of omniscience, omnipotence and so
on. Thisis at least part of what the concept of God means. In con-
trast the universe may or may not have existed and could be differ-
ent from what it is. The same is true of a multiverse, and indeed the
question of the specialness of our universeis not resolved by a mul-
tiverse but only transferred to it. Why does a multiverse exist and
why this multiverse? God as necessary being both provides an
explanation for why anything exists at al and a reason for the uni-
verse being so special, indeed super-special, as to produce us.

Furthermore, whilst one cannot observe God, any more than one
can observe amultiverse, unlike the case of a multiverse thereisno
reason in principle why God cannot have observable effects in our
universe. Christians claim that there are many such effects, includ-
ing the incarnation of God himself, all of which of course need to be
examined in an evaluation of their authenticity.

In the end, surely it is far more rational to believe that the uni-
verse was deliberately designed by God, with the express intention
of producing intelligent beings with the capacity for a relationship
with their Maker, than the alternative of a multiverse minus God.
Indulging in wild and totally unscientific speculation about hypo-
thetical, unobservable universes, the vast majority of which are
completely dead and boring, in order to explain the very special
nature of this particular one, looks irrational.
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