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Abstract
The holographic principle and firewall is examined for a Reissnor-Newman black hole. The am-

biguity in spatial surfaces extended beyond an observable world means quantum bits are not defined
in a closed world. AdS black hole correspondence carries this over to cosmologies. The open world
leads to prospects for truncated hyper-computing systems that have properties similar to what what
an agent with consciousness or freedom of choice might posses. A necessary condition for teleology
is then an open world.

There is a crack in everything, that’s how the light gets in. Leonard Cohen

1 Introduction

The subjective existence of our consciousness and our perceived ability to act freely is in contrast to the
causality paradigm of physics that processes occur by strict conservation principles and determinism.
Quantum mechanics is often cited as nondeterministic, however wave function evolution is determined;
measurements appears stochastic. Yet a meat puppet guided by stochastic outcomes is no more free
than one governed by strict determinism. Markivian stochastic process, or a form of white noise, car-
ries no information from one fluctuation to another. Random fluctuations do not promote memory or
future action of some determined nature. However, the crack in the door might be with subMarkovian
fluctuations, a form of pink noise that can store information.

The nature of how a conscious agent is aware of things that matter or are important in order to make
choices is not primarily addressed here. The idea of consciousness as emergent based on physics, such
as what Dennett argues, is the underlying theme [1]. The philosophical concept of panpsychism is less
within the confines of physics or natural philosophy, and so will not be highlighted here. This paper
is devoted to is the conditions in the universe necessary for the existence of conscious entities able to
appreciate the world according to sensory information and perform judgments. This paper will argue for
the existence of an open universe and world. An open world no finite system can organize all possible
events and predict their evolution. Bohr’s insistence on a classical measurement device is similarly an
appeal to an open world; the measurement apparatus is outside the system. Decoherence of quantum
states is similarly an open world perspective. In an open world no strict prediction ability can exist,
which may lead to intentionality with pink noise. This will be addressed at the end.

The main text of this paper is devoted to demonstrating why the universe is open. This open universe
idea has obvious meaning with the multiverse, but it will be argued here largely independent of that.
In other words the multiverse may be derivative from an open world perspective. In spacetimes with
black holes (BHs) symmetry breaking mechanisms, such as the Higgs field, have topological order. For
the entanglement of states a topological phase that has no local symmetry. Long range phase are due
to entanglement, and local symmetries exhibit a topological order due to long range topological phases.
This occurs with Reissnor-Newman BHs with charge or BPS symmetries. This means that local structure
can be correlated with long range orders which is not causal. It is argued with the black hole anti-de
Sitter (AdS) correspondence that this holds for cosmologies. In this sense the universe is then argued to
be fundamentally open.



2

At the end more speculative ideas are offered within the context of eternal inflation. In a sufficiently
large multiverse everything, or nearly everything, that does not violate logic or physics must happen.
Philosophically this is nearly the same as what was proposed by David Lewis, where if the occurrence of
B is dependent on A, if A then B, the counter factual if not−B then not−A must be a causal statement
of reality. In this way Lewis argues for alternate worlds as modal realism [2]. In a purely philosophical
arena it could be argued the counter factual is not necessarily physically real, but something in a realm
similar to Plato’s pure forms. Tegmark argues that mathematics is in a sense made real in the physical
existence of all possible worlds [3]. The open world leads to a possible opening for self-reference as a
fundamental aspect of the world. This might be a basis for consciousness.

2 Black Holes, Topology and the Open World

Karl Popper argued for an open world and a fundamental indeterminism that results [4]. An open world,
in particular with long range entanglements, exhibits indeterminism for any local observer. An open
universe with indeterminism means any local region in the universe can never be isolated sufficiently to
be a perfect closed system. For quantum mechanics and black holes this involves topologically ordered
states.

The unification of QM and general relativity (GR) requires their central postulates to hold. The
main postulate of QM of interest is unitarity. Quantum states or operators evolve according to unitary
operators that conserve quantum information or qubits. Classical mechanical conservation of phase space
volume of a system is quantum mechanically determined by a density operator that evolves by unitary
operators. The postulate of primary concern in general relativity is the equivalency principle (EP).
The EP states an observer in a small region flowing on a geodesic measures the same physics in a flat
spacetime. It is commonly thought that quantum gravity respects both of these principles.

A cavity heated to a high temperature emits photons entangled with the atoms in the cavity. The
entanglement entropy of the cavity with the exterior photons grows as photons are emitted. Once about
half the energy in the cavity is emitted the entanglement entropy between the cavity radiation declines
and reaches a minimum [5]. A black hole (BH) emits Hawking radiation as entangled pairs generated
by the gravity field, where one pair enters the BH and the other escapes. The entanglement entropy
of the BH with radiation increases. However, Hawking radiation continues to grow past the halfway
point, or the Page time. Hence entanglement entropy of the BH will increase beyond the Bekenstein
bound. Subsequent Hawking radiation entangled with previously emitted Hawking radiation requires
that bipartite entanglements are being converted into tripartite entanglements. No local unitary operator
can create entanglement this way.

This inconsistency with BH complementarity was eliminated by Almheiri, Marolf, Polchinski, and
Sully (AMPS) with a firewall [6]. The assumption is that the event horizon at the Page time became a
zone where spacetime ends. Spacetime ceases to exist and the EP is violated. An observer falling into an
old black hole will crash into this. The solution in effect weakens the EP in order that unitary principle
of QM holds.

Maldacena and Susskind propose that GR and QM are equivalent where with Hawking radiation the
Einstein Rosen (ER) bridge of black holes is equivalent to entanglement or ER = EPR [7]. Hawking
radiation forms an ER bridge so when what appears to be tripartite entanglements are really bipartite
for emitted in Hawking radiation is really just the same particle as in the BH. Let |A〉 and |B〉 be
entangled states and the |A〉 states enter a BH with many states |H〉, on the horizon. Now a local unitary
operator mixes states on the horizon, where entanglement entropy is constant under transformations by
unitary operators. However entanglements mix, so the observer’s |B〉 states are entangled partially with
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everything on the horizon. this gives a state

|ψ〉 =
∑
i

ci|iB〉|φi〉H .

Hence states are very sensitive to the initial state of the BH, where small changes in the states on H
radically changes the partial entanglement of those states with our EPR pair of states with |B〉, and
introduces complexity as a form of action [8]. A quantum error correction code (QECC) works until half
the horizon states are emitted as Hawking radiation, which corresponds to the Page time. For two BHs
that are composed of completely entangled states this is less of a problem. For a BH with a few known
entangled states this is more difficult, and Hawking radiation with many ER = EPR bridges branches
means a single bridge fragments into a tangle. A QECC is left with qubits that are not ciphered, and
unconstrained entanglement entropy [9].

The accounting of states in BMS symmetry [10] means states on I+ are dual to states on the horizon.
In the context of the Reissnor-Nordstrom metric the region I has two types of spatial surfaces that are
topologically distinct. The region i0 defines the symmetry group G of gravitation, SO(3, 1) ' SL(2, C)
or SO(4, 2) ' SU(2, 2) for conformal gravitation, and I+ defines a set of abelian translations A. The
BMS symmetry B is then B = GoA. Let the black holes observed in regions I and II be produced from
entangled pairs. Thus observers in region I and II observe the same data on their respective r+ horizons.
However, information on the two spatial surfaces Σ1 and Σ2 are not necessarily equivalent. These two
surfaces are not topologically equivalent. The two spatial surfaces will then have different translational
data. The I− may contain data that crosses Σ2 that is not contained in Σ1.

The difference is the translation data, where the two spatial surfaces will have A1 and A2 with different
generators. These abelian groups, translations R or a circle group U(1) for S1 = R/Z, have a topological
meaning. For the entanglement of states between the two black holes there is then a topological phase
that has no local symmetry. These long range phases are due to entanglement, and local symmetries can
then exhibit a topological order due to long range topological phases. State with symmetry protected
topological (STP) order have gapless edge modes on the boundary despite bulk gaps. This means that
edge modes are not removed by local perturbations, such as with fractional quantum Hall physics [11].

For the group G with elements in a lattice gi : i = 1, . . . , n a function f : G → S1 ∼ U(1) is a
2-cycle f(g1, g2, . . . , gn) defines symmetry operators on states. This gives a projective representation
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of the group G with the quotient G/U(1). Given a group G and a subgroup of it U(1) to which it is
spontaneously broken, the broken generators are the coset space H = G/U(1). The generators of G than
break up into the unbroken ones, u(1), and the broken ones, h, as projective coordinates of that manifold.
With the BMS symmetry H is the Poincare symmetry. The lattice defines with the 2-cycle exp(−S(gi))
the partition function

Z =
∑
gi

e−S(gi).

In the BH case the boundaries are r±. The spatial surface Σ2 has data from I− in the black hole
timelike region IV . Equivalenty data on Σ2 involves the singularity running through it. A monodromy [12]
computes a cocycle condition that is not defined on the horizon boundary r+. Further, this additional
information is data from I− and the inner horizon r−. Hence the outer and inner horizons define a
”sandwich” of information that has a relative entropy difference. This is a difference in quantum flux at
the two horizons ∮

ω =

∫
A+

ω −
∫
A−

ω =

∫
III

dω,

where the 2-form ω contain this additional quantum monodromy information that has cohomology. The
two-form is evaluated on r+ ∪ r−, and its gradient is evaluated in the region III. The 2-form is extended
with a quantum monodromy

∮
ω →

∮
ω + θiW for W a WZW Lagrangian containing topological

information in III [13]. The information from the singularity monodramy is contained on the r−, and
thus contributes to the bulk information. This gives a 1 + 1 dimensional nonlinear σ-model with the
2-form and WZW term in the action,

S =
1

q

∫
Tr(∂µg

−1∂µg)dx + i
θq2

4π2

∫
d3xεµνρ(g′−1∂µg)(g′−1∂νg)(g′−1∂ρg).

Here ω = g−1∂µgdx
µ and the WZW form is

(g′−1∂µg)(g′−1∂νg)(g′−1∂ρg) = (g−1∂µg)(g−1∂νg)(g−1∂ρg) − Φ

In free spacetime with no boundary e−iθW = 1 and so iθW = 0 mod 2π. The WZW terms is then a
2π quantized topological term.

This is Dirac’s quantization condition for a magnetic monopole [11]. From the WZW term it is not
hard to see that

Φ = ∂µ[(g−1∂νg)(g−1∂ρg)]

defines a θ term that in terms of Yang-Mills (YM) ~E and ~B field is

Φ =
q2θ

4π
~E · ~B.

This is a contribution from magnetic monopoles, where the WZW term modifies the field ~E → ~E
+ q2θ/4π ~B. From this the S-duality and Montene-Olive Sommerfeld quantization condition for magnetic
charge occurs.

Given a group G and a subgroup K to which G is spontaneously broken the broken generators, such as
axial generators in chiral breaking of QCD is the coset space H = G/K. For the integer quantum Hall
effect electrons on the boundary exhibit chirality, which ends up meaning electric charge is not conserved.
This is much the same as with the coset construction for Goldstone bosons physics in low energy QCD [14].
The physics is analogous in the black hole case, where the edge effects appear to cause either a violation
of unitarity of quantum mechanics, which results in breakdown of conservation laws, or the violation of
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the EP. A violation of the EP means there is no Lagrangian, such as the Nambu-Goto action, for the
motion of a particle that continues past the horizon. It is not possible to assign conservation laws to BH
dynamics. This is analogous to the edge effects in SPT ordered states. This defines a form of YM hair
on a BH horizon. There is some prospect gravitational wave data bears this out [15].

This leads to a complementary between UP and the EP. The physics of a BH displays UP or EP.
Completely entangled black holes exhibit unitarity where there exists a YM hair on the horizon as
quantum states. An observer that makes observations does so with a set of entangled states and with
horizons states the observer has some level of knowledge or ignorance of. For a BH entangled with many
quantum states in the sense of Susskind’s octopus will then compromise the UP or EP. For an RN metric
the interior state in an effective theory has a mass-inflation singularity. The standard observer is not able
to witness the fine grained octopus tentacles, and so the r− horizon appears as a singularity. Unitarity and
the EP are not evidently commensurate and the two appear to share a dichotomy similar to what occurs
with quantum measurement. The hypothesis is then advanced that the incommensurability is related to
whether measurements consider spacetime as fundamental or whether it is emergent or composite from
gauge fields or entanglement of non-gravitation states.

For the exterior observer it is unclear which spatial sheet pertains to the evolution of the system, such
as in my image below. So long as you remain in region I, which is of course the smart thing to do, you
can locally deform Σ1 into Σ2, but if you enter the BH you have in effect selected Σ2 once you cross the
inner horizon. This information associated with the QECC entropy due to its error correcting failure is
subsumed into the singularity monodromy in region IV. In this case unitarity fails because the system
is open, similar to the argument with decoherence; the quantum phase can’t be accounted for. In this
measurement the EP holds and the UP fails. If on the other hand you remain outside in region I, the UP
must hold in order for the BH not to exceed the Bekenstein-Bousso bound, so the EP fails. An observer
can only have EP and UP at the same time if they can either clone states or if they can violate Bell’s
theorem and have QM hold to Bell’s inequalities for all possible measurements.

If it is not possible for a single observer to observe unitarity and EP simultaneously it is not possible
for any local observer to form a deterministic laws for quantum states during the duration of a BH. An
observer may perform a vast set of possible measurements based on the data she has available. In doing
so the observer may characterize the physics as not holding to the UP and EP in each measurement.

3 Quantum Cosmology and QECC

The physics of BH hair has a connection to AdS spacetime through AdS/BH correspondence. A form of
this correspondence based on the work by Carroll, Johnson and Randall [16] is presented in the appendix
as simplified version of the emergence of AdS2 × S2 from extremal black holes. The physics with BHs
carries over to AdS spacetimes. We look at the role of QECC with AdS spacetimes. This has implications
for cosmology and the open world.

In a paper by Harlow, Pastawski and Preskill illustrates a toy model of AdS/CFT correspondence
based on QECC [17]. The model is remarkably similar to entangled black holes, where instead of black
holes there are entangled local causal regions. The simplest model is for AdSn and CFTn−1 for n = 3,
2 space plus time. With the AdS-Rindler metric a bulk operator may be constructed or reconstructed
from the boundary operators. A 2-dimensional spatial slice of AdS3 contains a bulk field operator φ in a
causal wedge bounded by a geodesic flow.

The wedge defines an AdS-Rindler construction where the field φ has compact support on A if and
only if the φ is contained in the causal wedge. Given the equally spaced regions on the boundary there are
additional regions that support φ. A translation of the φ to the center tile easily constructs a diagram that
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contains 5 regions as a causal wedge. The 5 regions {E, A, B}, {A, B, C}, {B, C, D}, {C, ,D, E, }
and {D, E, A} the geodesic line for {E, A, B} ∪ {A, B, C} encloses the field φ as does the region
{A, B, C} ∪ {B, C, D} and other overlaps. The field operator is identical in each region modulo a
phase. This leads to the question of how causally distinct regions could reconstruct the same field on
their regions of support.

Almheiri, Dong, Harlow [17] proposed an error correction solution to reconciling AdS/CFT corre-
spondence with quantum information. Consider A, B, C, D, E to be quantum states. Now split the
boundary system into four pieces, {A, B}, C, D and E, and operator φ is within the entanglement
wedge of {A, B} and D. Consequently, φ has representations on {A, B, D}, {B, C, E}, {C, D, A},
{D, E, B}, {E, A, C}. Further φ has representation on a wedge if and only if the wedge contains 3 or
more qubits. There is then a 5-qubit code that maps a qubit into a 5-qubit entanglement and to correct
for a single qubit error. Each pentagon edge is a region where a qubit may enter, and with the above
rotation we may pass a qubit across one boundary and link it to any 3 other qubits. We may think in
simple terms that a qubit or Pauli operator enters one edge and three exit other legs. The 5-qubit code
can be considered a 6-legged tensor network covering the hyperbolic space. Open legs are input of a
QECC and on the boundary open legs contain the quantum information output. This is the basis for
the MERA tensor networks and the emergence of spacetime [18]. With the BH/AdS correspondence the
same open world construction is then proposed for AdS spaces and cosmologies.
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This toy model may of course have generalizations with larger dimensions, such as AdS5 in the 10
dimensional theory and AdS4 or AdS7 in 11 dimensions. Cosmologies are bubbles with inflating interiors
inside asymptotically AdS space [19]. The AdS5 spacetime can play a role in inflation for de Sitter bubble
solutions obtained by patching together dS and Schwarzschild-AdS solutions on a bubble wall [20]. This
means that in effect cosmologies are not really closed systems. With AdS10 very near the extremal limit
a quantum fluctuation may in fact give rise to the AdS5 × S5 . The same may be argued to occur with
11 dimensions.

4 The Open World and Emergence

The open world is in line with the emergence spacetime; the complexity of quantum states in a black
hole interior build spacetime [8]. The emergence of spacetime as a condensate of entanglements in an
open world perspective means that entanglement complexity is not contained within a closed system.
Entanglement always has the ability to escape beyond any presumed boundary of a system.

Possibly the observable spacetime emerged as a bubble wall as solutions to AdS, which is quantum
mechanically an open system. The decoherence of quantum states with their entanglement phase buried
into emergent spacetime within an expanding universe sets up the network system for continued emergence
at lower energy, down to the level of chemistry. Emergent complex structures involving a large number
of particles, a large N limit, manifest themselves from stars and a wide range of different planets to the
emergence of life. It might be argued complexity and emergence on low energy scale is in some form
a mirror of the complexity of quantum hair on black holes. This may the carry over to AdS with the
complexity of information on the boundary. The universe prior to the end of the radiation dominated
period had complex behavior with the occurrence of acoustical waves with matter and dark matter, which
lead to the structure of galaxies.

The above analysis with BHs concerns the divergence of fields between r+ and r−. The Penrose
diagram below illustrates null geodesics entering the BH, which pile up near r+. Suppose that in the
exterior region there is a Turning machine that computes a non-halting problem. The infalling observer
in an eternal black hole in principle detects the computation in a finite time period. The infalling observer
or computer may be a universal Turing machine that determines the halting status of any possible Turing
machine. This is a Malament-Hogarth (MH) spacetime that is as a hyperTuring machine able to solve
uncomputable problems [21]. A BH in principle absorbs qubits and permit interior observers to deduce
whether any problem will halt or not.
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This argument holds for an eternal BH, while in reality BHs emit Hawking radiation and are not
eternal. This diagram has been adulterated to illustrate this where the BH has a finite duration. In
addition the divergence of Φ between r+ bounding region II and r− means there is the additional role
of quantum nonlocality and SPT states. Consequently a BH with hair will not be able to determine if
all possible Turing machines halt, but it will be able to determine if a significant number will. This will
adjust the Chaitin halting probability related to the Chaitin constant [22]. Whether a Turing machine can
halt or not is given a probability not universally computable. Consequently the dice have been favorably
loaded in some unknowable way to favorable to decide halting status. A physical hyper-Turing machine
is a truncated version of the ideal.

Potentially Goedel’s theorem has some relationship with consciousness. Douglas Hofstadter wrote
an entertaining book Godel Escher Bach [23] that explored the idea of consciousness as self-reference.
Goedel’s theorem and Loeb’s theorem permits unprovability to be cast in modal logic [24]. For � meaning
necessarily and a proposition p then �p → p is true, but Goedel’s theorem indicates ∃p : p → ¬�p.
This is a counter example to the argument Anslem gave for the existence of God. This means that a
proposition that is a fixed point of some predicate built from provable and true functions is equivalent to
a functional combination of false statements. This means that in a modal sense that ¬�¬ = ♦, which
means possibly, indicates a sort of freedom that exists in mathematics. In the sense of computation a
system, such as a truncated hyper-Turing machine, may estimate the truth value of propositions according
the Chaitin’s number Ω..

It might be that consciousness is also a truncated hyper-Turing machine that approximates the ideal
of a completely self-referential system that can jump out of an algorithm, or make a leap of imagination.
A truncated system may be able to perform these actions, but not in a complete God-like form. An ideal
hyper-Turing machine is able to perform trans-provable operations, which can include choosing between
unprovable axioms in order to construct a model necessary for the function of that system. For a physical
system the system is not perfect, and at best this can operate under the bounds of unprovable Chaitin
probabilities. There is then a relation ♦ ↔ Ω which operates within these bounds. The fact that
this involves ♦ or possibility means that from a physical perspective there is a relative entropy of states
associated with this uncertainty. This entropy is a measure of the unknown states, or equivalently the
qubit outcome of the computation with pink noise.

Quantum hair on a black hole may have mirror or dual relationship with low energy complexity
we observe around us. It might then be the case that hidden in this order is the MH spacetime with
its complex hair dual to structures in our more ordinary world. This could involve biology and the
consciousness of advanced animal life forms. The apparent ability of living systems to make choices and
to perform actions far more subtle that computation may stem from the open universe, holography and
the MH spacetime. This has a strange comparison to the short story Lollipop and the Tar Baby by
John Varley about a micro-BH that is conscious. It also points to the ideas of the science fiction writer
Stanislaw Lem, where intelligent agents might be of very unexpected from; they may in fact not be easily
recognizable.

5 Appendix

A short expository on AdS/BH correspondence can be seen with the Reissner - Nordstrom metric

ds2 = −
(

1 − 2m

r
+

Q2

r2

)
dt2 +

(
1 − 2m

r
+

Q2

r2

) − 1

dr2 + r2dΩ2
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The condition for an accelerated observer near the horizon is given by a constant radial distance. We
then considerable

ρ =

∫
dr
√
grr =

∫
dr√

1 − 2m/r + Q2/r2

with low and upper limits on integration r+ and r. The result is

ρ = mlog[
√
r2 − 2mr + Q2 + r − m] +

√
r2 − 2mr + Q2

= mlog[
√
r2 − 2mr + Q2 + r − m] + r

√
gtt − .

Here Λ is a large number evaluated within an infinitesimal distance from the horizon We write the metric
at this position

ds2 =

(
1 − 2m

r(ρ)
+

Q2

r(ρ)2

)
dt2 − dρ2 − r(ρ)2d2.

With the near horizon condition we may set r2 − 2mr + Q2 ' 0 in the log so that

ρ ' mlog(r − m) + r
√
gttΛ.

The divergence of the log cancels the arbitrarily large Λ

ρ/r+ =
√
gtt.

We now write the metric as

ds2 =
ρ2

r2+
dt2 − dρ2 − m2dΩ2

We may now observe that dρ2 = dr2/g2tt and substitute in ρ/m for gtt for r+ = m and obtain

ds2 =
( ρ
m

)2
dt2 −

(
m

ρ

)2

dr2 − m2dΩ2.

Or

ds2 =
( ρ
m

)2
dt2 −

(
m

ρ

)2

dρ2 − m2dΩ2 for ρ ' r.

This is the metric for AdS2 in the (t, r) variables and a sphere S2 of constant radius m in the angular
variables.
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