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The Primordial Black Hole Criticality of the Universe

1. INTRODUCTION

The suggestion that a universe may be born from the interior of
a black hole may present solutions to the horizon, flatness and
structure formation problems of the standard Big Bang model
[1]. In particular, it is possible that during early cosmic phase
transitions (i.e quark-hadron epoch at 10-5s) the pressure re-
sponse of an adiabatic collapsing region will be significantly
reduced (soft equation of state) with a lower energy density
causing fluctuations that enhance the probability of primordial
black hole formation [2, 3].

Measurements of the cosmic microwave background radia-
tion [4] show that the background is isotropic across the sky
with a temperature of 2.725±0.001K. According to the laws of
thermodynamics, two bodies will be at the same temperature if
they have been in contact for a sufficient time period -
thermalisation. However, there are parts of the universe which
are so far apart and have never been in communication over the
lifetime of the universe and yet we see an identical temperature
for both regions. So how did they reach the same temperature.
This is essentially a question of causality constrained by the
limiting speed of light and is called the horizon problem. In the
baby universe model, causal contact between all points of a
baby universe at the time of ‘tunnelling’ may exist so that
particles of in falling matter towards the black hole will interact
prior to reaching the r = 0 radius, enabling thermalisation of the
matter before it enters the baby universe isotropically and
homogeneous. Hence a possible solution to the horizon prob-
lem of cosmology is presented.

It has previously been shown [1] that in the high curvature
region near the Schwarzschild singularity a matching between
the Schwarzschild and the de Sitter metrics takes place. A de
Sitter metric describes an empty matter less spacetime. As
shown in the Penrose diagram of fig. 1, when an observer
crosses the event horizon in the Schwarzschild metric the final
singularity becomes an initial time surface of the de Sitter
universe so that the location r = 0 from an observer in the
parent universe becomes the initial time surface t = 0 for an
observer in the baby de Sitter universe.

In order to smoothly connect the black hole exterior to the
de Sitter interior the spatial topology of both regions must be

the same, so that if the parent black hole has one topology so
must the baby universe. The technique is to ‘cut’ out the inner-
most region of a black hole manifold and match it to the flat
spatial sections of the de Sitter space. To calculate the size of
the baby universe we may integrate along a line of constant t
near t = 0 over all space where the integral is infinite
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One can then match this result with a calculation performed
from the de Sitter perspective where t’ is the time coordinate of
the de Sitter universe. The size of the spatial sections of the de
Sitter universe is given by integrating ds along a surface of
constant t’
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Comparing Eq. (1) and Eq. (2), we see that in Eq. (1) the
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Fig. 1  Penrose diagram for baby universe model.
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integral tends to infinity linearly where in Eq. (2) the only value
for k which causes the integral to linearly approach infinity is
the k = 0 solution. So matching the spatial topology of the de
Sitter universe to that of the black hole implies a k = 0 solution,
which is consistent with the observed flat FRW universe.

Other authors have shown [5] that it is possible to construct
a black hole whose interior is completely filled with the false
vacuum and whose exterior is the true vacuum of a classical
field theory. External to the black hole the metric takes on
Schwarzschild form whereas internal to the black hole the
metric describes a de sitter spacetime with a cosmological
constant arising from the energy of the false vacuum.

Density perturbations in the early universe may have given
rise to the formation of primordial black holes or PBHs, where
the fraction of regions undergoing collapse at any time is
determined by the root mean square amplitude of the fluctua-
tions entering a horizon at that time as well as the equation of
state which may have deviated from the expected radiation
type. Historically, it was believed that the PBH mass was equal
to the horizon mass at the moment of formation and independ-
ent of the perturbation size MPBH=γ1/2MH where γ=p/ρ (0<γ<1)
is the ratio of the pressure to energy density and γ=1/3 in a
radiation dominated era. In order for an over-dense region to
collapse against the pressure it must be larger than the Jeans
length at maximum expansion. If it is larger than the horizon
size it would form a separate and closed universe. Musco et al
[6] conducted general relativistic simulations of PBH forma-
tion in the background of an expanding universe in the radia-
tion-dominated era and examined the PBH mass dependence
on the size of the fluctuation. A fractional mass excess d within
an over-dense region was used for measuring perturbation am-
plitudes at the time of horizon crossing. The PBH mass MPBH
is proportional to the horizon scale density perturbation
KMH(δ - δc)

h where MH≈c3t/G is the particle horizon mass and
the constants are in the range 0.34<η<0.37, 2.4<K<11.9 and as
δ→δc, MPBH→0. If δ>δc (super critical perturbation) the fol-
lowing nonlinear evolution results in the formation of a black
hole, but if δ<δc (sub critical perturbations) the over-density
eventually disperses back into an asymptotically flat state (into
the surrounding medium). Calculations suggest a range
0.43<δc<0.47 and black holes formed with masses of the same
order as the horizon mass at the same time when then fluctua-
tions first entered the horizon.

Smolin [7] has speculated that the combination of a parent-
baby universe with the standard theories of gravitational col-
lapse presents a mechanism for natural selection in which those
parameters that will lead to a universe that produces the most
black holes during their lifetime are selected for and the
dimensionless parameters of the standard models of cosmology
and particle physics undergo small random changes. Each final
black hole singularity is followed by an initial big bang singu-
larity that evolves into a universe that is spatially closed.

Zeldovich [9] has discussed the possibility of the spontane-
ous creation of the universe, from quantum origins pointing out
that because such a creation would require time, space and
energies of order the Planck size it is unlikely that models for
the creation of the universe could be tested due to the limita-
tions on energies achievable in accelerators. Although he also
states that the probability of the creation of an infinite number
of spatially separated Friedmann universes due to fluctuations
from one stochastic de Sitter spacetime, can be calculated in
principle.

The results discussed above demonstrate the academic inter-
est in cosmological models that make use of the suggestion of a
multiverse of universes, topologically disconnected from each
other. Each universe would presumably emerge from its own
big bang (with a period of inflation) within its own region of
spacetime – perhaps inheriting its laws from its parent universe
as suggested by Smolin [7]. It would have its own values for the
physical constants and many may be fine tuned for life, as this
universe appears to be [8]. Examples of these special constants
include the number of spatial dimension Nd, the cosmological
constant Λ, the density parameter Ω, the ratio of the electrical
force to the gravitational force N as well as several others. The
laws of an individual universe may also not be true for all
universes, just bylaws so that “the underlying laws governing
the entire multiverse may allow variety among the universes”
[8].

2. DEVELOPMENT OF THE MODEL

In this paper we seek an alternative yet novel approach from the
studies already discussed in approaching the speculative baby-
universe theory. We borrow an idea from nuclear physics [10]
that in a fission reaction a heavy compound nucleus is divided
into fragments which eventually decay into stable species. Neu-
trons released from the fission reaction go on to produce fur-
ther fission reactions and hence the concept of a ‘neutron chain
reaction’ is born through successive production of fission reac-
tions. We speculate that in the initial birth of a universe a
certain fraction of PBHs will be born leading to the production
of a black hole universe chain reaction mechanism, assuming
there is more than one universe – the multiverse. We attempt to
show that given some very general assumptions about the crea-
tion of the universe it is possible to obtain a ‘hand-waving’
grasp for the position of our universe within a so called
multiverse of universes. We concentrate on possible universes
produced from what we title here as ‘prompt’ PBHs and neglect
what we title as subsequent ‘delayed’ black hole creation by the
process of stellar gravitational collapse at later times. We are
not making any claims that ‘prompt’ PBH formation would be
the more dominant or greater in number than ‘delayed’ black
hole formation in this model (the opposite may in fact be true).
Instead we ignore later ‘delayed’ black hole formation only for
the purposes of simplicity. So any subsequent progenies formed
are entirely due to the formation of PBHs (in the early uni-
verse).

In the Smolin theory [7] it is assumed that each universe has
only one final singularity and thus at least one progeny. In this
paper we allow for the possibility of an infinite amount of final
singularities and thus an infinite number of progenies. We
restrict our attention to early times in the universes history – the
period when PBHs may have formed. We assume that all PBH
final singularities have some probability p of producing an
initial singularity along with the generation of another universe
which we define as a primordial universe generating black hole
(hereafter referred to as PUGBH). We define the probability of
a PBH not producing another universe as (1-p) and instead the
PBH will eventually be destined to evaporate. If v represents
the average number of PBHs produced from a single PUGBH
event then on average a fraction p of these will go on to produce
other PUGBHs and a fraction (1-p) will not. As with neutrons
in the standard model of a nuclear fission chain reaction, for the
purposes of establishing the concept of a generation we assume
further that a universe will produce a set number of PBH in a
period of simultaneous ‘burst’ production, that is to say, we
assume each universe produces its PBHs at a fixed time τ after
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a big bang, rather than continuously throughout the dynamic
evolution of the early universe. Where τ is defined as the
average age of a ‘typical’ universe at PBH ‘burst’ formation
time (i.e this time may correspond to the Planck time of 10-43s
where any PBHs would have the Planck mass of 10-5g, or
correspond to 1s where any PBHs would have masses as large
as 105 solar masses [14], in any case we are assuming that there
is some characteristic epoch of PBH formation). So each ‘burst’
of universe production of PBHs represents a ‘generation’. The
actual picture is likely to be different in that PBHs are continu-
ously produced throughout the evolution of the initial universe.
However, we make this assumption to maintain simplicity in
our model. We also assume that the first ‘parent’ universe
(mother) would have had an initial population of PBHs b0 that
all subsequent generations build upon. This is analogous to the
concept of an initial neutron population within a nuclear reac-
tor. A certain fraction of the initial PBH population pbo will
produce other universes (i.e two progenies) at time τ so as to
produce b0(pv) PBHs in the first generation. At time 2τ a
fraction p of the first generation will produce b0(p

2v2) PBHs,
subsequently producing the second generation of PBHs. The
number of generations progresses as a geometrical series (i.e 1,
2, 4, 8, 16….) as illustrated in fig. 2. Where pv is the common
ratio and the sum of n terms is given by

Sn = bo+ bo(pv) + bo(pv)2 + bo(pv)3 +…+ bo(pv)n-1 (3)

So that the total number of PBHs created up to the nth
generation is given by
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If no PBHs go on to produce a universe then the probability
p = 0 and Sn = bo (which represents a singular universe
cosmological model), but if all PBHs go on to produce a
universe then the probability p = 1 and we get

Sn = bo[1+ (v) + (v)2 + (v)3 +…+(v)n-1…] (5)

Then the total number of PBHs is given by
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Figure 3 shows the total maximum number of PBHs using
Eq. (6) at ten generations assuming various values for v plotted
for various initial PBH populations bo. At ten generations if
more than ~8 PBHs are produced for each PUGBH event from
an initial PBH population of ~6, the total number of PBHs
approaches 1 billion.

The PUGBH births produce PBHs that occur at integer
multiples of the mean generation time τ. If bn denotes the
number of PBHs created in the nth generation then

n
n ob b ( pv )= (7)

The PBH population in the ensemble of universes will change
as the so called ‘extra-cosmological chain reaction’ proceeds
so we define a quantity kc which is the ratio of the number of
PBHs created in any two successive generations
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So that (7) becomes

n
n o cb b ( k )= (9)

We have written kc to distinguish it from the notation k
usually associated with the curvature of the universe. We define
kc to be the effective PBH multiplication factor and it describes
the change in the PBH population throughout the ‘extra-
cosmological chain reaction’. Alternatively, we can consider it
to be a measure of the ratio of PBH production rate to PBH loss
rate. Following on from conventions similar to those used in
nuclear reactor theory [10], we characterise a measure of kc
relative to unity. A state with kc < 1 is defined to be subcritical
and too few PBHs are produced per generation to sustain the
‘chain reaction’. A state with kc = 1 is defined to be critical so
that the PBH population is self sustaining. A state with kc > 1 is
defined to be supercritical so that an increasing number of
PBHs are produced per generation. Note also that the value of
kc is independent of the initial population bo in Eq. (8), that is it
does not depend on the number of mother universes. If the
universe is closed (bounded with positive curvature where
ρ > ρc and the universe is destined to eventually stop expanding
and contract) and all information from black holes is ultimately
returned to this universe (there are no PUGBH) then the prob-
ability p = 0 and Eq.(8) reduces to kc = 0. If however we
consider that all PBHs go on to produce a universe then the
probability p = 1 and Eq.(8) reduces to kc = v. Although we may
consider it likely that many PBHs will not result in the genera-
tion of other universes. However, we have derived an upper
limit for kc

ck v≤ (10)

We can consider then that the lowest and highest possible
value of kc to be 0 and ∞ (in the limit of v→∞). So that if all
PBHs go on to produce a PUGBH then p =1 and kc ~ v. For the
scenario described in fig. 2 this corresponds to kc = 2, hence a

Fig. 2  Illustration of the PBH population increase as each universe
shown here gives birth to an average of two other universes, both
of which are also PUGBHs.

bo

b1

b2
b3 b4
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supercritical multiverse. However, if only 1% of all PBHs
produce a PUGBH then kc ~ 10-2v. Figure 4 shows a plot of
Eq.(8).

We argue that in order for a self sustaining continuous state of
universe generation to exist (a potential requirement for an evolv-
ing universe model [7]) the value of the PBH multiplication factor
kc should be supercritical so that it is more than unity. The justifica-
tion for this is based on the argument that the fundamental laws that
governed the creation of the first ‘parent’ universe were such as to
maximise the number of generations produced – extend the exist-
ence and lifetime of all subsequent universes to a maximum
hyperspace time T – a hypothetical quantity which we define as
some ‘extra-cosmological time’ which characterises the sum of all
time intervals τ of all subsequent universes originating from the
parent universe. This argument is one of probability, in that a
mechanism which produces an enormous number of universes
may allow a sufficiently high probability for the emergence of a
universe that is ‘stable’ and eventually habitable for life (an
Anthropic viewpoint which we do not discuss here).

3. POPULATION TIME DEPENDENCE

We next consider the hyperspace time dependent evolution of
the PBH population for non-critical circumstances. Using Eq.(9)
and assuming a continuously varying property n ≡ T/τ , we
obtain the following time dependent equation

Fig. 3  Sum of PBHs at 10 generations
starting from various initial
populations.

Fig. 4  Criticality dependence on mean
number of PBHs created.

T /
o cb(T ) b ( k ) τ= (11)

We examine the behaviour of Eq.(11) assuming kc >1. Con-
sidering what happens with different values of both the
hyperspace time T and the average PBH formation time t for a
typical universe noting that τ = 0 and τ → ∞ refer to the start
(Big Bang) and the limiting extent (end) of an individual uni-
verse respectively. We make the following observations. If
T = 0 (the origin of hyperspace time) then b(T) = bo. If τ = 0,
T/τ = 0 and b(T) = bo also. These results suggest that for zero
hyperspace time there will be an initial PBH population bo.
Similarly, for the zero time of a single universe it implies that
there will also be an initial PBH population bo. If T → ∞ then
b(T)→ ∞ also, but if τ → ∞ then T/τ → 0 and b(T) → bo. This
implies that at infinite hyperspace time there will be an infinite
amount of PBHs. For the infinite PBH formation time of a
single universe there will once again be a PBH population of
order the initial population. We can interpret these results two
ways: (1) the PBH population of a single universe remains
constant from birth throughout its entire evolution all the way
to death. (2) the other interpretation is to suggest that the PBH
population of a single universe will rise from an initial popula-
tion bo and fall back to the same initial population bo – it
therefore would follow that for a single universe the PBH
population would go through a maximum. In this paper, we
reject option (1) on the basis that all PBHs must eventually
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evaporate and we favour option (2). We also consider that the
creation of many PBHs at early epoch may also have become
the seeds for the formation of galaxies. All black holes must
eventually evaporate in a finite time thus reducing the popula-
tion back to an initial level. The PBH population gets larger as
a function of hyperspace time because the number of genera-
tions of universes is increasing rapidly. At the very beginning of
hyperspace time when both T = 0 and τ = 0, the limiting value of
T/τ = 0/0 is indeterminate. Similarly, at the very end of
hyperspace time when both T = ∞ and t = ∞, the limiting value
T/τ = ∞/∞ is also indeterminate. Such limiting values to de-
scribe the beginning and end of the multiverse suggest a math-
ematical limit to the model presented here.

We next consider the hyperspace time as integer multiples of
the average quantity τ. At T = τ (1st generation) b(T) = b0kc; at
T = 2τ (2nd generation), b(T) = b0kc

2; at T = 3τ (3rd genera-
tion), b(T) = b0kc

3; at T = nτ (nth generation), b(T) = b0kc
n. So as

n → ∞, b(T) → ∞. The overall picture presents a speculative
but interesting cosmological model where a universe is firstly
generated at the origin of hyperspace time and contains a
negligible PBH population bo as measured on the hyperspace
timescale T and also on the single universe timescale τ. By the
end of the first generation (after the initial PBH population rise
of a single universe) the number of PBHs in the first universe
drops back to the initial population (b(T)→ bo as τ→ ∞ in
Eq. (11)), presumably due to black hole evaporation Within the
second generation of the next universe the PBH population is
again at the initial level, increases through a maximum, then
drops throughout the evolution of a single universe. Meanwhile
as each generation of universe occurs a large population is built
up as measured on the hyperspace time scale. The model sug-
gests that shortly after the birth of a new universe there will be
an initial PBH population, a significant number of which are
PUGBHs, but any remaining will eventually be radiated away
(black holes radiate particles in a process similar to e+e- pair
production in a strong electric field). Larger mass PBHs will
survive longer but will also eventually evaporate, although on a
longer time scale. Upon complete evaporation the final black
hole singularity of a parent universe may be cut-off from the
initial big bang singularity in the baby universe and become
topologically disconnected. The lifetime of a black hole due to
evaporation is given by the relation [11]

3
10

1510
10

Mt( years )
g

 
=   

 
(12)

So that a black hole of mass 1015g would take 10 billion
years to evaporate. Masses smaller than 1015g (so called ‘prompt’
PBHs) would have evaporated by today. However masses larger
than 1015g (so called ‘delayed’ PBHs) would evaporate over a
longer time so they could be detected still evaporating, poten-
tially allowing an observational test of aspects of the model
presented here. Microscopic black holes with masses 1-
10´Planck mass may still exist today but have undergone Hawk-
ing radiation. We also note as an aside that if the average mass
density of the universe exceeds 3H2/8πG ~10-29g/cm3 (Where
H is Hubbles constant) then the universe itself may indeed be a
black hole [12]. Measurements of the universe matter density
would provide another opportunity for observational tests of
this model.

4. POPULATION TIME CONSTANT

We define a PBH hyperspace time constant a (hereafter re-

ferred to as HTC) which is analogous with the ‘inverse reactor
period’ used in nuclear reactor theory [10]

cln( k )
α =

τ
(13)

The HTC is assumed here to be a constant (time T independ-
ent) and represents the number of e-foldings of the PBH popu-
lation that will occur in time τ = α-1. From Eq.(13)
kc = eατ and substituting into Eq.(11) we obtain an exponential
equation that describes the hyperspace time dependent evolu-
tion of the PBH production

T
ob(T ) b eα= (14)

Thus for a system where kc ≠ 1 the PBH population changes
exponentially with hyperspace time T and we have the results
that: when α< 0, kc <1 and the population of PBHs is decreas-
ing exponentially; α = 0, kc = 1 and the population is self-
sustaining; When α > 0, kc > 1 and the population is increasing
exponentially. The point at which α = 0 when kc=1 we label as
the event of first critical. Towards the end of the multiverse life
the value of α once again returns back to zero and we label this
as the event of final critical. Assuming bo = 1 and re-writing
Eq.(14) as b(T) = en (where T = nτ , α = τ-1 and n denotes the
nth generation), after e1 folding, the number of PBHs created is
equal to ~2.7. Similarly, at e2, ~7.4 PBHs, at e3, ~20 PBHs, at
e4, ~55 PBHs and for e50, ~5.2x1021PBHs. For the set-up
illustrated (with p = 1) in fig. 2 where v = 2, the PBH population
after the first four foldings will be ~2 PBHs at v1, ~4 PBHs at
v2, ~8 PBHs at v3, ~16 PBHs at v4 and similarly ~1.1x1015

PBHs at v50. So this illustrates that after a few generations the
population rapidly becomes large. Table 1 summarises the
epochs of the multiverse described by this model in order of
predicted extra-cosmological occurrence.

We have assumed in Eq.(13) that α is a constant but we can
also write an expression for the PBH growth rate

1 db
b dT

α = (15)

Integration of Eq. (15) with respect to T gives Eq. (14). The
maximum αmax will occur when the PBH growth rate is at a
peak. So that the value of α draws out a curve in hyperspace
time with the growth rate starting from a minimum value. As the
multiverse becomes supercritical the growth rate will increase
to a maximum. After the multiverse reaches a peak and perhaps
PBH production begins to drop, any remaining PBHs eventu-
ally evaporate completely. The value of α will drop off sharply
and the probability of obtaining further PUGBHs is decreased
to a minimum. This would mark the end of hyperspace time and
subsequently all universes contained within the multiverse.
Figure 5 summarises the key results of sections 3 and 4.

5. THE CRITICALITY OF THE UNIVERSE

In considering the conversion of a PBH to a PUGBH we can
calculate the probability of obtaining r successes by consider-
ing a general probability expression where a total of N PBHs
are created. If p is the probability of producing r PUGBHs,
then (1-p) is the probability of not producing a PUGBH.

1N r rN !P( PUGBH ) p ( p )
( N r )! r !

−= −
− (16)
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If the sample size N of PBHs is large but the probability of
producing PUGBHs p is very small (i.e due to stringent physics
constraints), then P(PUGBH) ≈ 0. But if p is very large (i.e many
over dense regions as discussed earlier [6]) then P(PUGBH) >0.
We suggest that the probability p for producing a big bang initial
singularity from a black hole final singularity could be theorised,
perhaps from a complete quantum theory of gravity. Observational
constraints may also be placed upon the number of PBHs bn+1 born
within the current generation (our observable universe). For exam-
ple, Musco et al [6] intend to determine the proportion of matter in
the universe going into black holes according to various scenarios
for the perturbations deriving from inflation.

PBHs may have contributed to the cosmic background
radiation. For PBHs with a mass larger than 1017g the emitted
radiation can take the form of γ-rays, neutrinos and cosmic
rays. For smaller masses the emission of electrons
(1015g <MPBH< 1017g), muons (1014g<MPBH<1015g) and hadrons
(<1014g) is also possible [14]. Although PBHs have not been
detected, observational limits have been placed on the PBH
abundance. Observations of the γ-ray background provides a
constraint on the population of PBHs evaporating today, of
which if there were too many would lead to an excess of
radiation above the observed values. One estimate between
30MeV and 120MeV suggests an upper limit to the density
parameter of ΩPBH≤(5.1±1.3)x10-9h-2 [14] where h is the Hubble
parameter in units of 100. Another estimate for the γ-ray back-
ground at 100MeV is ΩPBH≤3.3x10-9 [15]. Estimates of the

TABLE 1: Evolution of Hyperspace Time Constant.

EPOCH I As α< 0, kc < 1: PBH population less than the critical population –
b(T) < b0  SUBCRITICAL MULTIVERSE, few PBHs born

EPOCH II As α→0, kc =1: Critical PBH population – CRITICAL
b(T)→ b0  MULTIVERSE, self-sustained PBH production

FIRST CRITICAL

EPOCH III As α > 0, kc >1: PBH population more than the initial population –
b(T) > b0 SUPERCRITICAL MULTIVERSE, extra PBH

produced per generation

EPOCH IV As α→ ∞, kc → ∞: PBH population significantly large
b(T)→∞ – INFINITE SUPERCRITICAL MULTIVERSE,

exponential PBH production

EPOCH V As α→0, kc =1: MULTIVERSE becomes critical once again as PBH
b(T)→ b0  production rate decreases

FINAL CRITICAL

Fig. 5  Exaggerated one-dimensional representation of change in multiverse criticality state as a function
of hyperspace time T and the PBH population for each individual universe lifetime (0 ≤ τ ≤ ∞ ).

diffuse neutrino background give an upper bound on the number
of exploding PBHs in our neighbourhood of 1.2x107 pc-3

year-1[18]. Other authors have found that PBHs decaying in the
early universe contribute negligibly to the ultra high energy
cosmic ray flux, neutrino flux and proton flux, all being several
orders of magnitude below the background flux [16]. These
low estimates imply that PBHs do not provide the dominant
contribution to the background radiation. The likelihood of
observing exploding PBHs is therefore small due to the obser-
vational upper limits on the PBH explosion rate. Searches for
short burst (~1s) ultra high energy γ-rays suggest an upper limit
of <0.9x106pc-3year-1 and estimates for TeV energy particles
suggest an upper limit of <3x106pc-3year-1[17]. These limits are
approximately compatible with the density required to generate
the observed ‘extremely high energy cosmic ray’ spectrum
[17]. Estimates for the diffuse γ-ray background suggest an
upper limit of <10pc-3year-1[17].

To estimate the number of black holes produced per uni-
verse we note that the average number of PBHs produced at
formation time τi is equal to the number density nPBH(τi) multi-
plied by the volume of the cosmological horizon at τi

PBH i hv n ( ) V= τ × (17)

Where the number of PBHs produced in a generation is
proportional to the volume of the parent universe. So that for
the maximum Eq.(10) becomes
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c PBH i hk n ( ) V≤ τ × (18)

If the cosmological horizon at ti is assumed to be a sphere

34
3i h i hV( ) r( )π

τ = τ

Eq.(18) becomes

34
3c i h PBH ik r( ) n ( )π

≤ τ τ (19)

Alternatively,

kc ∝ number PBHs at time τi (20)

Cosmological considerations from observations of the iso-
tropic gamma-ray background around 100MeV place an upper
limit on the present PBH number density of ≤104pc-3 with
masses ~1015g [18]. This suggests that kc is supercritical at the
present epoch, and the number of PBHs at earlier epochs would
have been much greater and undergone evaporation on a
timescale given by Eq.(12). An estimate for the maximum
allowed number density nPBH(τi) (at a given formation time
within a universe) consistent with the observed expansion has
previously been derived [13]. By substituting the result for
nPBH(τi) into Eq.(19), one could obtain an expression for the
PUGBH multiplication factor at time τi.. We speculate further
that an estimate for the maximum value of the ‘criticality of the
universe’ within the current generation could be obtained. This
may also lead to an estimate for the number of PBHs in the
previous parent universe bn contained within a so called ‘branch
tree’ assuming a single ‘mother’ universe which began with a
negligible PBH population. It may then be possible to consider
the Smolin [7] idea that the physical laws governing a baby
universe may differ from those of its parent, and any PBH
population dependence on the laws of the preceding universe.

The universe that allowed the largest population production of
PBHs would be the optimum, perhaps with our universe being
the most efficient at creating PUGBHs via an as yet unknown
principle of natural selection. The remaining theory as to how
this can be achieved is left to the reader for further progress.
The purpose here has been to introduce the idea of a baby
universe chain reaction mechanism, as a possible extra-
cosmological model.

6. CONCLUSIONS

The speculative suggestion of a parent universe leading to the
formation of a progeny has been examined. A critical universe
parameter has been defined to relate the ratio of the number of
PBHs born in any two successive generations. By assuming an
initial population originating from a ‘mother’ universe and
considering current estimates for the PBH population at early
epoch we propose that it is theoretically possible to obtain an
estimate for the ‘criticality of the universe’. A ‘prompt’ primor-
dial universe generating black hole or what for convenience
one may call a ‘Progenole’ presents an interesting possibility
for a cosmological model at early times. Although the work
presented here is highly speculative with no quantitative evi-
dence realised, it would be interesting to extend such a model
for the ‘criticality of the universe’ to include ‘delayed’ black
hole formation throughout the dynamic evolution of a universe
due to stellar gravitational collapse. Such processes were ig-
nored in this work for simplicity but may be important.
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