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Creation Mythology

When the sky above was not named,

And the earth beneath did not yet bear a name,

And the primeval Apsû, who begat them,

And chaos, Tiamat, the mother of them both,

Their waters were mingled together,

And no field was formed, no marsh was to be seen;

When of the gods none had yet been called into being.

So begins the Enuma Elish, the seven tablets of creation, describing the ancient

Sumerian creation myth.1 In the beginning the world is without form, and fresh

water (Apsû) and salt water (Tiamat) mingle together. Then, in an act of creation,

there follow six generations of gods, each associated with a natural manifestation

of the world, such as sky or earth. Light and darkness are separated before the

creation of luminous objects: the Sun, the Moon, the stars. The sixth-generation

god, Marduk, establishes his precedence over all others by killing Tiamat and

dividing her body into two parts – the earth below, and the sky above. He

establishes law and order – control over the movement of the stars, twelve

constellations through which the Sun and the planets move – and he creates

humans from mud mixed with the blood of Tiamat.

The similarity to the Hebrew creation mythology described in the book of

Genesis has long been recognized:2 In the biblical story creation takes place in six

days, corresponding to the six generations of “phenomenon” gods in Babylon, and

the separation of light and dark precedes the creation of heavenly bodies. There

is an initial homogeneous state in which the various constituents of the world

are mixed evenly together, and an act of creation at a definite point in time – an

act which separates these constituents and makes the world habitable (and more

interesting).

These aspects are also evident in the Greek creation mythology3 in which

elements of the world are initially mixed together in a formless way – Chaos.
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However, at some point, two children are born of Chaos – Night and Erebus, an

“unfathomable depth where death dwells” (not an obvious improvement over the

initial state of Chaos). But then, also in an unexplained way, something positive

and truly magnificent happens: Love is born and Order and Beauty appear. Love

creates Light and Day and the stage is set for the creation of the Earth and the

starry heavens. Again, separation of light and darkness occurs before the creation

of earthly and heavenly objects.

These ancient myths appear to presage the modern scientific narrative of

creation – the Big Bang. Here, at a definite point in time, 13.8 billion years ago,

the creation of the world occurs. There is no specified prior state and no creating

entity; the event is apparently spontaneous.4 Initially the world is extremely dense

and hot but rapidly expands and cools. An instant after the creation event the

Universe is recreated in an exponential expansion driven by the energy density

of the vacuum; this short-lived inflationary epoch drives the space–time to be very

nearly smooth and topologically flat, but at the same time creates tiny fluctuations

that eventually will appear as the observed structure of the Universe. A few seconds

after creation, when the temperature has fallen to a few tens of billions of degrees,

the Universe primarily consists of radiation (photons), electrons and positrons

(leptons), ghostly, almost massless neutrinos, a small trace of protons and neutrons

(baryons) that will become the primary observable component of the world, and

more massive particles that interact very weakly with other components. These

massive particles are effectively dark and will forever remain so, although they

will come to dominate the dynamics of the matter and the structure that will

form from it. After two or three minutes, the light elements (deuterium, helium,

lithium) are synthesized via nuclear fusion of about 11% of the protons (plus the

remaining neutrons), and the electrons and positrons (anti-electrons) annihilate,

leaving a small residue of electrons. After several hundred thousand years, when

the Universe has cooled to a few thousand degrees, the protons combine with the

electrons, becoming neutral hydrogen, and the radiation (light) decouples from

the matter; one could say that light separates from darkness. The structure that is

currently observable in the Universe, stars and galaxies and clusters of galaxies, is

then free to form via gravitational collapse.

In interesting and perhaps meaningful respects, the form and language of the

modern cosmological paradigm is similar to these ancient creation mythologies. In

the examples above, there is a time sequence which monotonically and irreversibly

progresses from past to present, and there is a definite point in the past at

which creation occurs; the world has a beginning. Further, there is initially a

more homogeneous state in which the various components are mixed together

uniformly; there follows a separation of these components and a separation of

light and darkness predating the appearance of astronomical objects; and finally
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there is the formation of the structures of the present recognizable world. This

similarity in the ordering of events – the linguistic framework upon which the

creation stories are placed – probably reflects the fact that both the ancient creation

myths and the modern cosmological paradigm are products of human thought

processes, and limitations of experience and language restrict the description of

cosmological phenomena. It would appear as though the language of the scientific

paradigm has been filtered through the narrative established by these particularly

occidental creation mythologies in ways that are not intentional or conscious. After

all, how does one conceive of the spectacular occurrence of the Big Bang, other

than through the framework of stories that are in our direct tradition?

But in this connection one should keep in mind that neither in creation

mythologies nor in scientific scenarios is it always the case that there is a single

universe with a definite beginning. We can identify two trends that run counter to

one another: the concept of a temporally finite single world and that of a world

that is static eternal and possibly multiple – a universe of universes – co-existing

or cyclic. In Hindu creation mythology, the world is created and destroyed and

re-created in cycles corresponding to a day and night in the life of Brahma – at

8.6 billion years, amazingly close to the cosmological timescale of the Big Bang.5

These many sequential universes are rather closely mimicked by current ideas

such as eternal inflation and the multiverse scenario, but here the universes are

not so much sequential as co-existing (in some extended sense of simultaneity) in

different parts of a possibly higher-dimensional infinite stage. But, in the property

of its seething, percolating nature, such a world is constant and unchanging. The

idea of a universe that is eternally immutable in its general aspect has had great

appeal from Newton to Einstein to Hoyle to Linde.

The creation scenarios, ancient and modern, reflect the human drive and desire

for an understanding of the Universe, its origin and evolution, and the place of

human consciousness within it. However, given the predictive success of modern

science and the retreat of superstitious or theistic explanations for the unknown,

physical cosmology has achieved a new pre-eminence and dominance in providing

a true picture of the Universe – its formation and evolution. With the development

of new tools for observing the Universe as a whole, cosmology has become a

proper and respectable science. This is particularly true since the discovery of the

cosmic microwave background radiation, the CMB – that faint glow of an earlier,

hot universe.

In the early twentieth century the development of general relativity, Einstein’s

theory of gravity, made it possible to “do cosmology” with physics. The new

observational tools have now made it possible to “do physics” with cosmology – or,

at least, that is the perception. But to what extent do we understand the constituents

and evolution of the Universe, and to what extent can we draw conclusions on
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physics from the cosmology of one universe? Is cosmology a proper physical

science?

Certainly in one essential respect cosmology differs from other more traditional

sciences: the study of the Universe as a whole lends itself to considerations that are

more generally taken to be philosophical rather than purely scientific or narrowly

empirical. First of all, there is the issue of reductionism. There is an essentially

reductionist predilection in contemporary science in general (a preconception that

is not fundamental to the scientific method). Of course, there is a process of

unification that is basic to science – a search for efficiency in explanation. But

this has been taken quite far: all follows from a few basic laws or a “theory

of everything,” and to derive such a theory has become a modern holy grail.

Even biological evolution and the development of consciousness can be calculated

from a few first physical principles (although in practice, this may be impossibly

difficult). The reductionist predilection elevates cosmology to a primary role, with

large-scale phenomena taking precedence over the phenomenology of individual

objects such as stars or galaxies. This prioritization minimizes the possible role and

importance of emergent phenomena – the idea that many constructs considered to

be basic – even space and time – may emerge, in a way that is not obvious, from

more fundamental components. That is to say (with Aristotle) that the total may

be more than the sum of its parts.6

Emergence may be divided into two categories: “weak” and “strong”. Weak

emergence is that which can be computed; i.e., the emergent phenomenon can

be calculated from the behavior of the primary constituents; weak emergence is

not necessarily at odds with reductionism. On the other hand, strong emergence

cannot, in principle, be computed and therefore is the more metaphysically

challenging concept. But this distinction between strong and weak is in fact blurred

by the practical difficulty (or impossibility) of computing complex phenomena

from the laws governing the behavior of more basic components. Is it possible

to compute the subsequent development of the Universe in all of its present

complexity from a snapshot recorded in the cosmic microwave background at

the single epoch of decoupling of matter and radiation? In cosmology, the very

possibility of emergent phenomena challenges reductionism and the assignment

of priority to cosmology over the study of the more complex constituents of the

Universe.

A second issue is that of purpose or teleology: modern science is essentially

naturalistic and non-teleological, which is to say that evolution, cosmological

or biological, has no purpose or final goal but proceeds by natural law without

intervention from supernatural or theistic agents. This issue, that of teleology,

is a metaphysical (and political) minefield that is best avoided by the practicing

scientist. Indeed, it is not possible to be a functioning scientist without being, at
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least in a methodological sense, a naturalist. But the idea of a purposeless universe

would have appeared inconceivable to classical philosophers such as Plato and

Aristotle; it is essentially a modern assumption that cannot be proven in a purely

scientific context. The possibility of a purposeful (but not necessarily theistic)

universe is related to the issue of fine-tuning of fundamental physical constants

and cosmological parameters: Why is it that the Universe is conducive to the

development of life forms capable of understanding it? A teleological explanation

would have profound implications for cosmological and biological evolution, but

it is difficult to conceive of how such a concept could be operationally included

within the scientific method.

A third issue is that of cosmological space and time. It can be said that the theory

of relativity (special and general) destroyed the Newtonian concept of absolute

space and time. However, in some sense, physical cosmology has restored it. There

is, at least operationally, a preferred universal frame – that which is at rest with

respect to the cosmological background – and there is a preferred cosmic time

with a preferred direction that apparently proceeds smoothly and irreversibly from

the beginning to the present. Time is particularly problematic: Does cosmic time

correspond to other measures of time, atomic or biological? Is the direction of time

strictly a matter of the entropy of a complex system or does some a priori structure

(or broken symmetry) set this irreversibility?

Finally, with respect to “doing physics” with cosmology, there is the one-universe

problem – the fact that usual statistical arguments cannot be used when confronted

with a sample size of one object. Of course, in discussing constituents such

as density fluctuations, their formation and evolution, statistical methods are

appropriate as long as these fluctuations have a size that is small compared to

the limit of the observable Universe – as long as there are many such fluctuations.

Then observations of fluctuations and their interpretation belong more properly

to the realm of astronomy. However, when the observable fluctuations approach

the horizon, the size of the observable Universe, then there are only several in the

sample. This is the well-known problem of “cosmic variance,” but here again the

issue is more fundamental: as in teleology there is a question of “naturalness” or

“fine-tuning.” Why is the Universe tuned to produce intelligent life?

This question lends itself to an anthropic interpretation. That is to say, the

Universe must have quite precisely the properties that it does have (initial

conditions, values of fundamental constants, number of dimensions) because these

are the very properties that allow cogent observers (us) to develop and pose such

questions.7 There has been much discussion of this idea over the past four decades;

supporters argue that it is profound while opponents assert that it is trivial. While

the anthropic principle may in some sense be true, it does have the effect of

choking off further research into naturalistic explanations for the world being as
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it is. However, the possibility that the world we see is a selection among many

alternatives suggests that there are, in fact, many alternatives. This has led, in part,

to the “multiverse” concept – the idea that there are many universes with different

initial conditions and possibly different values of physical constants, and we, of

course, inhabit one that is conducive to the development of us. Perhaps so, but then

any aspect of the Universe that seems unnatural or fine-tuned or improbable can be

explained in the context of the multiverse concept. The multiverse is unscientific

in the sense that it is not falsifiable. I realize that many sensible people take the

idea seriously, but where is its predictive value? Methodologically, the multiverse

appears to be as unscientific as the concept of teleology.8

These are several of the philosophical issues presented by physical cosmology

as a science. But I am not a philosopher and here I will discuss the standard

cosmological paradigm in its own terms, both its strong points and what many

supporters of the paradigm see as its most puzzling aspect – the result that the

two dominant constituents of the Universe, dark energy and dark matter, have an

unknown nature and that at the present time there is no independent evidence, other

than astronomical, for their existence.

Overall, the current standard cosmological model presents a coherent and

consistent picture of observed cosmological phenomena. Much talented effort

has gone into interpretation of the now quite detailed observations of the

cosmic microwave background radiation and the large-scale observable matter

distribution, and it is impressive how well the observations fit together in terms of

the standard dark energy–dark matter paradigm. However, these successes have led

to a certain degree of triumphalism – the prevalent belief that we now understand

the Universe and need only work out the details. It would seem rather dangerous

to assume that at this point in human development we possess the tools and the

knowledge to explain the entire Universe – its origin and evolution. In one or two

generations, such a viewpoint might well appear to be simplistic and naive. So

here I plead for a bit less hubris. After all, hubris angers the gods and pride is a

deadly sin.
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