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Black holes in cosmological natural selection

ture of cosmology” (PHYSICS TODAY,

March 2014, page 38), proposes cos-
mological natural selection as an expla-
nation for why the standard model
seems fine-tuned to suit a universe that
can support life. In his proposal, black
holes generate new universes with new
fundamental parameters. The universes
with parameters most suitable for black
hole formation spawn more offspring
and are thus preferred. Smolin then notes
that the majority of black holes arise
as supernova remnants, which would
imply that the universe should be fine-
tuned to create supernovae.

In his picture, it happens that uni-
verses tuned to create supernovae are
also conducive to the formation of life.
I wonder, though, what if humans are
able to create microscopic black holes—
for example, in particle accelerators?
And what if, eventually, we create them
prolifically? Then fine-tuning the uni-
verse to create black holes would imply
fine-tuning the universe to create the in-
telligent life that would create the most
black holes.

That life-centric variant of cosmolog-
ical natural selection would also explain
why our intelligence seems nicely suited
to understanding natural laws and per-
haps even playing the central role of an
observer in quantum mechanics. One
might wonder, “Why is it that the equa-
tions we invent in our minds seem to
work at describing the universe?” And
the answer would be, “Because if the
laws of the universe and our brains
were not compatible, we would never
be able to learn how to create micro-
scopic black holes.”

We may need to build bigger particle
colliders. They could be our only reason
for existing.

L ee Smolin, in “Time, laws, and the fu-
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B The natural-selection scenario that
Lee Smolin describes for universes
selects for ones most likely to produce
black holes. That is not the same thing
as selecting for a universe that has the
same characteristics as ours or for a uni-
verse that has characteristics conducive
to biological life. It's easy to imagine a
universe more likely than ours to pro-
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duce black holes but less likely to pro-
duce biological life. For example, gravity
in our universe is much weaker than the
other forces. It’s reasonable to suggest
that probably in most universes, there
is less of a disparity between gravity
and the other forces. If gravity was much
stronger, all matter would quickly col-
lapse into black holes before the first
stars had a chance to form. Such a uni-
verse would be full of black holes and
have no life.

In a universe that has gravity the
same strength as in ours but has orders
of magnitude more baryonic matter, the
matter would collapse into black holes.
Or consider a universe in which the
strength of gravity and the amount of
baryonic material are the same as in
ours, but the Schwarzschild radius is
larger. If less mass in a given volume
would form a black hole, then it would
be easier to form black holes.

Speculation about a hypothetical
universe with different characteristics
or laws of physics isn’t even necessary.
If in our universe stellar black holes
were a small percentage of all black
holes, then maximizing the number of
black holes would not require maximiz-
ing the number of stars. It was hypoth-
esized that black holes could have been
created at the Large Hadron Collider
at CERN. In that scenario, primordial
black holes would have been copiously
produced during the Big Bang and
would greatly outnumber stellar black
holes.

Also, it’s possible that micro black
holes could appear in the internal loops
of all Feynman diagrams. If that’s the
case, the black holes in the internal
loops of Feynman diagrams would far
outnumber primordial black holes pro-
duced in the Big Bang, which in turn
would far outnumber stellar black holes.
Selecting for a universe that produces
black holes does not require selecting
for a universe that maximizes the num-
ber of stars.
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B Smolin replies: Paul Sorensen pro-
poses an application of cosmological
natural selection (CNS) according to
which intelligent beings would be mo-
tivated to create artificial black holes,

which would tune the ensemble of uni-
verses to favor those that are hospitable
to intelligent life. Versions of that idea
were proposed by Louis Crane and
Edward Harrison, although Sorensen’s
version is different in proposing that it
could explain why the universe’s laws
are comprehensible to us. His idea is
elegant, but let’s wait till the few predic-
tions of CNS are thoroughly tested and
confirmed, all the objections have been
answered, and alternative explanations
for the selection of the laws have been
disconfirmed before engaging in specu-
lation about implications that will be
hard to test.

Meanwhile, Jeffery Winkler proposes
two ways that the parameters of the laws
of nature could be varied to increase
the number of black holes in the uni-
verse. Both are addressed in the appen-
dix of my book The Life of the Cosmos
(Oxford University Press, 1997) and re-
lated papers.

Winkler suggests that Newton’s con-
stant, G, could be increased, which
would lead to matter collapsing directly
into black holes, without having to go
through the stages of massive stars and
supernovae. However, CNS only pre-
dicts that our universe is a local maxi-
mum of the number of black holes pro-
duced. Also, Gis a dimensional constant,
so what we can vary is the dimension-
less ratio m, the nucleon mass in Planck
units. A small increase in m will not in-
crease the spontaneous collapse of mat-
ter to black holes. That process, so far as
we know, never happens in our uni-
verse, because to overcome the Fermi
degeneracy pressure requires a very
large number, N ~1/m?~10%, of nu-
cleons together in a very small vol-
ume. Slightly increasing m will decrease
N, but not by enough to drive sponta-
neous collapse. Moreover, copious black
hole formation via stellar collapse re-
quires the cooling of giant molecular
clouds, which, in turn, requires plenti-
ful carbon and oxygen, since the main
coolant is carbon monoxide. But it’s not
possible to have sufficient quantities of
both elements without delicately tuned
coincidences among the physical con-
stants, which are disrupted when m
is varied. Thus a world with a slightly
larger m may have many fewer stellar-
made black holes without any increase
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