
J
C
A
P
0
6
(
2
0
1
4
)
0
5
1

ournal of Cosmology and Astroparticle Physics
An IOP and SISSA journalJ

Excluding black hole firewalls with
extreme cosmic censorship

Don N. Page

Department of Physics, 4-183 CCIS, University of Alberta,
Edmonton, Alberta T6G 2E1, Canada

E-mail: profdonpage@gmail.com

Received March 28, 2014
Revised May 13, 2014
Accepted May 20, 2014
Published June 23, 2014

Abstract. The AMPS argument for black hole firewalls seems to arise not only from the
assumption of local effective field theory outside the stretched horizon but also from an over-
counting of internal black hole states that include states that are singular in the past. Here
I propose to exclude such singular states by Extreme Cosmic Censorship (the conjectured
principle that the universe is entirely nonsingular, except for transient singularities inside
black and/or white holes). I argue that the remaining set of nonsingular realistic states do
not have firewalls but yet preserve information in Hawking radiation from black holes that
form from nonsingular initial states.

Keywords: GR black holes, quantum field theory on curved space

ArXiv ePrint: 1306.0562

Article funded by SCOAP3. Content from this work may be used
under the terms of the Creative Commons Attribution 3.0 License.

Any further distribution of this work must maintain attribution to the author(s)
and the title of the work, journal citation and DOI.

doi:10.1088/1475-7516/2014/06/051

mailto:profdonpage@gmail.com
http://arxiv.org/abs/1306.0562
http://creativecommons.org/licenses/by/3.0/
http://dx.doi.org/10.1088/1475-7516/2014/06/051


J
C
A
P
0
6
(
2
0
1
4
)
0
5
1

Almheiri, Marolf, Polchinski, and Sully (AMPS) [1] have given a provocative argument
that suggests that an “infalling observer burns up at the horizon” of a sufficiently old black
hole, so that the horizon becomes what they called a “firewall.” A brief form of the argument
is the following: the assumptions of unitary evolution and of local effective field theory outside
the stretched horizon suggest that at late times the Hawking radiation is maximally entangled
with what is just outside the remaining black hole. This further suggests that what is just
outside cannot be significantly entangled with what is just inside. But without this latter
entanglement, an observer falling into the black hole should be burned up by high-energy
radiation moving along the horizon.

The AMPS argument has elicited a large number of responses (including a few [2–4]
to forms of the argument realized even before the AMPS paper), some of which appear to
support the firewall idea [5–24], others seem rather agnostic or ambivalent [25–47], and yet
others of which raise skepticism about it [2–4, 48–120]. A rebuttal of many of the coun-
terarguments has recently been made by Almheiri, Marolf, Polchinski, Sully, and Stanford
(AMPSS) [121].

The electrifying AMPS paper is currently a powerful and inflammatory argument, but
it is potentially so shocking that within the physics circuit there has surged considerable
impedance against accepting its conclusion, which is in high tension with past beliefs, so
some of us feel charged to put energy into conducting research to resist it and to try to
develop a theoretical firewall to block the flames and protect the equivalence principle from
the blaze of this burning issue in a hot topic.

The AMPS (and AMPSS) argument explicitly uses the assumption of “low energy ef-
fective field theory valid beyond some microscopic distance from the horizon.” Effective field
theory is local, whereas the constraint equations of gravity are nonlocal, so the assumption
of effective field theory is almost certainly incorrect. However, the puzzle is how to incor-
porate the nonlocality of quantum gravity in a way that does not invalidate the observed
approximate validity of local effective field theory.

Here I argue that the AMPS and AMPSS argument also implicitly uses quantum states
inside the black hole that would be singular if evolved backward. Furthermore, a counting
of these states would not be bounded by anything like the exponential of the Bekenstein-
Hawking entropy of the black hole (one-quarter the area in Planck units, A/4). To get the
right state counting for a black hole, the huge number of such past-singular states must be
excluded. Here I shall suggest excluding them by what I call Extreme Cosmic Censorship:

The universe is entirely nonsingular (except for singularities deep inside black holes
and/or white holes which do not persist to the infinite future or past, with these singularities
coming near the surface only when the holes have masses near the Planck mass that normally
happens only close to the ends and/or beginnings of their lifetimes).

I further argue that within the remaining allowed ‘realistic’ quantum states, there are
no firewalls, and the black hole information is preserved in the Hawking radiation of its
evaporation, so that there can still be nearly maximal entanglement between an old black
hole and the radiation it has already emitted.1

1By an old black hole, I mean a black hole (including its nearby surroundings) after the von Neumann
entropy of the Hawking radiation it has already emitted (and which has left the nearby surroundings) has
started to go down [69]. In this paper I am excluding the possibility of high-entropy black hole remnants
and instead assuming that the dimension of the Hilbert space of realistic nonsingular quantum states for a
black hole and its nearby surroundings is given approximately by the exponential of the Bekenstein-Hawking
entropy, exp (A/4) for a black hole of area A in Planck units. For an old black hole, these black hole states
will be nearly maximally entangled with a suitable subset of the early Hawking radiation states.
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Let me propose the following classification of possible states in quantum gravity and/or
quantum cosmology:

1. Unconstrained kinematic states are elements of a general state space with no require-
ment that they obey the gravitational and other gauge constraint equations. For exam-
ple, in Wheeler-DeWitt quantum cosmology, they could be arbitrary wavefunctionals of
three-geometries and matter field configurations on them, whether or not these wave-
functionals obey the Hamiltonian and momentum constraint equations. Because such
wavefunctionals can be varied independently for different parts of the three-geometries,
they can be considered to have the ordinary quantum field theory property of locality.

2. Constrained physical states are elements of the the unconstrained kinematic states that
obey the constraint equations. For example, they could be wavefunctionals of the
three-geometry and matter field configurations that obey the momentum constraints
and the Wheeler-DeWitt equation. Because such constrained wavefunctionals have the
behavior in the interior of a three-geometry constrained by the asymptotic behavior of
the gravitational field, and/or by other asymptotic quantities, they do not exhibit the
full property of locality in the way that nongravitational quantum field theory does on
a fixed globally hyperbolic background spacetime, in which one may vary the quantum
state in a region without changing the expectation value of any operator confined to
any spacelike separated region. (For example, if one has suitable asymptotically anti-de
Sitter boundary conditions that give a unique constrained physical quantum state for
each energy and angular momentum eigenvalue combination, then without changing
the gravitational field at infinity, one cannot change the quantum state at all.)

3. Nonsingular realistic states are elements of the constrained physical states that obey
Extreme Cosmic Censorship and do not have singularities other than transient black
hole and/or white hole singularities. In accord with what I am taking Extreme Cosmic
Censorship to be, I am excluding singularities just inside the surface of a hole large
in Planck units as a firewall would be. Of course, when a hole has a size comparable
to the Planck length, one would expect that the curvature at the surface would be
Planckian, and in that case one might expect the singularity to be near the surface,
perhaps being effectively naked for a small region of spacetime. However, I mean for
nonsingular realistic states to exclude states in which one can fall into a black hole from
a region of curvature small in Planck units and suddenly see curvature large in Planck
units or else a singularity, or the time reverse of this for white holes. I am not counting
the final evaporation of a black hole as a bad singularity to be excluded, since it is
transient and might be confined to a point or small region of spacetime that perhaps
quantum theory might heal.

4. The actual state is the actual quantum state of our entire universe or multiverse. I am
suggesting that it is one of the nonsingular realistic states.

It is conceivable that all the constrained physical states do not have any singularities
other than inside black holes that form and then evaporate away, in which case Extreme
Cosmic Censorship would be enforced by the constraint equations. However, in a spacetime
picture it seems difficult to understand how this could be the case (though it could simply be
a consequence of the inadequacy of a spacetime picture). It would seem plausible that one
should be able to perturb the inside of a black hole with a perturbation that at infinity has
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zero energy and angular momentum (since inside a black hole there are modes of both positive
and negative energy), so that there is no change to the asymptotic gravitational field. In fact,
it näıvely seems as if one should be able to make an infinite number of perturbations inside
the black hole that do not affect the asymptotic behavior. For example, at least classically
there does not seem to be any obstruction to having any one of many different forms of
firewalls just inside a black hole horizon but without affecting the outside at all. Presumably
one could also modify the full Kruskal geometry classically by having the horizons replaced
by null singularities while leaving the geometry for r > 2M exactly Schwarzschild. I do not
know how to count such states in quantum gravity but would suspect that there are infinitely
many states that look like a black hole from the outside but allow arbitrary perturbations
inside that classically are singular in either the past or future. I think that it is only if one
restricts to quantum states that come from smooth initial conditions without black holes
(and evolve to smooth final states without black holes after the black holes evaporate) that
one will get a finite set of black hole quantum states when the total energy is bounded. One
might then suppose that such restricted states that are smooth in the asymptotic past and
future will not develop timelike or null singularities like firewalls.

Previous discussions of an apparently unbounded number of quantum states inside a
boundary of fixed area include John Wheeler’s ‘bag of gold’ with a large cosmological region
connected to an asymptotically flat spacetime through a small throat [122]. Rafael Sorkin,
Robert Wald, and Zhen Jiu Zhang [123] have shown how this and other configurations can
have arbitrarily large entropy within a fixed area, though they emphasize that these config-
urations will evolve to black holes in the future and white holes in the past and hence have
both past and future singularities so that they “cannot be built classically without starting
from a white hole.” More recently, Stephen Hsu and David Reeb have done further analyses
of highly entropic objects, which they call ‘monsters’ [124–126]. Yen Chin Ong and Pisin
Chen show that some monsters are unstable but are not able to rule out all monsters [127].

In this paper I shall make the hypothesis that not only is the set of constrained physical
states a proper subset of the set of unconstrained kinematic states, but also the set of non-
singular realistic states is a proper subset of the set of constrained physical states, excluding
‘monster’ states that have more entropy than black holes of the same area without violating
the constraints of quantum gravity (and also ‘grireballs’ that I myself have half-heartedly
proposed [61]). In fact, I shall assume that the set of orthonormal constrained physical
quantum states inside a black hole of bounded total mass and angular momentum at spatial
infinity is infinite, whereas the analogous set of orthonormal nonsingular realistic quantum
states is bounded and is approximately the exponential of the Bekenstein-Hawking entropy
SBH = A/4, where A is what the horizon area would be of a classical black hole with the
same mass and angular momentum as that given by the gravitational field at infinity of the
constrained physical state. (I am ignoring phase-space factors for the location and motion
of the black hole, which would be finite and much smaller than A/4 for a black hole large
in Planck units in an asymptotically anti-de Sitter spacetime with a negative cosmological
constant that is not exponentially close to zero.)

Another context in which the number of orthonormal constrained physical states appears
to be infinitely larger than the number of orthonormal nonsingular realistic states is the
cosmology of closed universes with a fixed positive cosmological constant. It appears clear
that if one takes a k = +1 Cauchy hypersurface at an arbitrarily late constant time in
de Sitter spacetime, when the volume is arbitrarily large, one should be able to add an
arbitrarily large amount of entropy in arbitrarily many independent perturbations, at least
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in perturbation theory. However, there have also been proposals to restrict the set of states
to a finite number.

For example, Tom Banks [128] has proposed that the total number of quantum states
needed to describe asymptotically de Sitter spacetime is the exponential of the Bekenstein-
Hawking-Gibbons entropy, exp (A/4), where A = 12π/Λ is the area of the cosmological
event horizon of pure de Sitter spacetime. He gave several arguments for this, including the
argument that within the de Sitter horizon size the entropy apparently cannot be larger than
exp (3π/Λ), and the argument that what is outside a single static patch are just gauge copies
of what is inside one. Banks recognizes that one can have initial conditions with larger entropy
on a hypersurface of huge volume in the distant past of de Sitter spacetime, but he argues
that most of these initial conditions will not lead to spacetimes that are asymptotically de
Sitter in the distant future. In other words, it appears that Banks is suggesting a restriction
of the set of states with a positive cosmological constant to give a finite number.

(Incidentally, the Planck+highL+WMAP+BAO satellite and other data [145] give the
mean observed value of the asymptotic de Sitter entropy of our universe, SdS = A/4 = 3π/Λ,
as being within 0.32%, or within 1/11 of a standard deviation of about 3.7%, of 53 2400, which
is a useful mnemonic, along with the fact that the present age of the universe is, within about
1/50 of a standard deviation of about 2.7%, 1.6π 2200 in Planck units, the fact that within
1/70 of a standard deviation the cosmological constant Λ is 1/(10 Gyr)2 = 10−20 yr−2, the
fact that within 1/8 of a standard deviation the cosmological constant is also ten square
attohertz or 10 aHz2 = 10−35 s−2, the fact that the present cosmic microwave background
radiation (CMB) temperature is, within a bit less than one standard deviation of about
0.02%, 2−100/41 in units of the Planck temperature TPlanck = (1.416 833 ± 0.000 085) × 1032

K, and the preliminary unchecked fact that the radiation entropy within our causal patch

appears to be Srad ≈ 10 × 2300 ≈ (10/59/4)S
3/4
dS [146]. Combining the first and third of

these to set 53 2400 ≈ 3π(10 Gyr)2, with a year taken to be an average Julian year of 365.25
days, gives tPlanck ≈ (12π/5)1/2 2−200 Gyr = 1.708 76×10−60 Gyr = 5.392 44×10−44 seconds,
which is about 1.000 256 ± 0.000 059 times the actual value for the Planck time, tPlanck =
(5.391 06 ± 0.000 32) × 10−44 seconds, off by about 4.3 standard deviations, but probably
good enough for most astrophysical applications.)

Raphael Bousso [129] extends Banks’ conjecture to give an ‘N bound’ on the number
of degrees of freedom, N = 3π/Λ (and an equal bound on the entropy), for all spacetimes
with positive cosmological constant Λ. He avoids the contradiction from an arbitrarily large
number of perturbations on an arbitrarily large hypersurface of de Sitter spacetime by re-
stricting the entropy to be the ‘observable entropy,’ the entropy within the causal diamond
that is the spacetime region with all points both to the future and to the past of an observer
worldline. The assumption is that only what is within one causal diamond is relevant for the
corresponding observer, so that it is unnecessary for a quantum state giving predictions for
that observer to include more.

If indeed each observation is sufficiently ‘local’ that it can be given by what happens
inside a causal diamond (say by having its measure or relative probability given by the
expectation value of a quantum operator confined to the causal diamond [132–139]), then
one would only need the quantum state of the causal diamond (with different possibilities
of what that causal diamond can be being different components of the quantum state of the
causal diamond) to predict the measures or relative probabilities of all possible observations.

Indeed, if all observations are made by observers with a bounded size that is much
smaller than a causal diamond, as our brains are much smaller than the de Sitter radius, one
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would only need the quantum state in a region of that size, with all the different possibilities
of what is inside that region being given by different components of the quantum state for the
region. Alternatively, though we do not know of examples, one might postulate that there
could be observers larger than a causal diamond, so that the measure of their observations
could be given by expectation values of operators that cannot be confined to a single causal
diamond, such as the meta-observables considered by Edward Witten in his 2001 discussion
of “Quantum Gravity in de Sitter Space” [130] that also considered the possibility that
such quantum gravity might have a finite-dimensional Hilbert space. As a result of these
considerations, it is not clear to me that there is a preferred restriction to a causal diamond.

However, even if in principle one can deduce the measures of observations from a quan-
tum state restricted to a causal diamond, one might find a simpler quantum state that
includes many observer regions, or many causal diamonds. Therefore, it is not obvious that
for finding a simple quantum state of the universe it would be best to restrict attention to a
single causal diamond, but it is certainly one approach that can be pursued.

In any case, Bousso is making an assumption that the relevant quantum states can be
restricted to a finite number when there is a positive cosmological constant. Now there are
counterexamples to the specific conjecture that he made in spacetime dimensions greater than
four [131] and also for Taub-Bolt(NUT) spacetimes in four dimensions [140, 141]. However,
it is still plausible that if one makes a suitable restriction of the quantum states, there may
be only a finite number for a fixed positive value of the cosmological constant. For example,
Steven Giddings and Donald Marolf [142] argue that when one does group averaging to get
quantum states that fulfill the requirement that each be de Sitter invariant, then when one
restricts to states that are asymptotically de Sitter in both the future and the past, the set of
such states is finite dimensional. They further conjecture that the number of nonperturbative
asymptotically de Sitter states is the exponential of the Bekenstein-Hawking-Gibbons entropy
exp (3π/Λ).

Besides the arbitrarily large number of states for de Sitter spacetime perturbed at
arbitrarily late or early times when the spatial volume is arbitrarily large and when one
does not require that the spacetime be asymptotically de Sitter in both the future and the
past (see, for example, [130] for a nice discussion of this point as well as pointing out that it
need not be true for nonperturbative quantum gravity), one could alternatively add infinitely
many perturbations to the unwrapped Nariai metric (the covering space of S2 × dS2, which
has an infinitely long time-symmetric throat) [143, 144].

Nevertheless, if one evolves backward in time de Sitter with arbitrarily many pertur-
bations added at arbitrarily late times, or perturbations to the infinitely long unwrapped
Nariai metric, the Einstein equations would probably lead to a big-bang and/or big-crunch
singularity. Even in these cases, there can be asymptotically locally de Sitter regions to the
past and future, so for a finite number of states it is not sufficient to require that there exist
one or more asymptotically de Sitter regions in both the past and future. For getting a finite
number of states, in [143] I proposed excluding states that have a big bang or big crunch or
which split into multiple asymptotic de Sitter spacetimes as the Nariai metric would with
a large class of perturbations. I conjecture that this single-nonsingular-de Sitter restriction
would lead to a finite number of quantum states [143, 144].

In [147], I showed that the total canonical (Liouville-Henneaux-Gibbons-Hawking-Stewart)
measure is finite for completely nonsingular Friedmann-Lemâıtre-Robertson-Walker classical
universes with a minimally coupled massive scalar field and a positive cosmological constant.
This suggests that the number of nonsingular quantum states may also be finite.
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Similar considerations suggest that black hole states that are nonsingular to the asymp-
totic past and future (before and after all transient black hole and/or white hole singularities
have formed and disappeared) may give a finite number of orthonormal quantum nonsingular
realistic states when the mass and effective volume for the location are bounded (say with
an upper bound on the energy and a small negative cosmological constant to give asymp-
totically anti-de Sitter spacetime with an effectively finite volume, thus avoiding an infinite
phase space for the location of the black hole). One would expect this finite number to be
given approximately by the exponential of the Bekenstein-Hawking entropy, one-quarter the
area of the largest static black hole with mass equal to the upper bound on the energy with
the fixed cosmological constant.

The firewalls proposed in the AMPS and AMPSS papers [1, 121] appear to be particular
examples of violations of Extreme Cosmic Censorship. I am proposing that firewall states
are just singular states that one should exclude from being considered physically realistic,
in a way similar to the way Horowitz and Myers [149] suggested that the naked singularity
of negative-mass Schwarzschild has the value of providing us with a criterion for eliminating
such solutions and for giving a stable ground state. Even if one considers a firewall of large
but finite energy density, evolving it backward would seem to lead to a singularity violating
Extreme Cosmic Censorship.

Long after the previous paragraph was originally written, Stephen Hawking [148] told
James Hartle, Thomas Hertog, and me the following: “If black holes leave remnants, excited-
AdS must also start with remnants. So let’s assume black holes don’t leave remnants. Then
holes will grow to a maximum size absorbing information, and shrink to zero emitting ra-
diation. Firewalls are like remnants. If you have firewalls, excited-AdS will be initially
singular.”

Using Extreme Cosmic Censorship to restrict to nonsingular realistic states would
exclude unconstrained kinematic states and constrained physical states that within those
broader spaces of states do not have strong entanglement between what is just outside and
what is just inside the black hole horizon. Thus it näıvely appears to require near-maximal
entanglement between subsystem A that is the near-horizon interior of the black hole and
subsystem B that is the near-horizon exterior of the hole. Under the assumption of effec-
tive local field theory outside the black hole so that B evolves unitarily to become the late
Hawking radiation, the principle of quantum monogamy [150] implies that the near-maximal
entanglement of B with A would prevent B from being also nearly maximally entangled with
the early Hawking radiation R as would be needed for the black hole evaporation to lead
to a nearly pure final state and preserve unitarity for the formation of the black hole in a
nearly pure initial state [1]. This is the essence of the argument of AMPS that unitarity plus
locality outside the black hole requires a breaking of the strong entanglement between A just
inside and B just outside the black hole and hence the formation of a firewall as seen by an
infalling observer.

However, within the restrictions of Extreme Cosmic Censorship to nonsingular realistic
states, there is no freedom for A and B to appear to have unentangled degrees of freedom
that would give a firewall. Within the restricted class of states, there are no such unentangled
states. With no such unentangled nonsingular realistic states, the concept of entanglement
between A and B becomes rather illusory, an artifact of shifting attention to a larger class of
singular unrealistic states. Within the set of nonsingular realistic states, the states across the
horizon are whatever smooth states they are, without their actually exhibiting entanglement
between truly independent nonsingular realistic degrees of freedom.
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If the assumption of local effective field theory outside the stretched horizon were valid,
one could give the rebuttal that B evolves unitarily to become the late Hawking radiation,
which must then be highly entangled with the early Hawking radiation R for the entire
process of black-hole evaporation to be unitary. This would then prevent B from having
even the illusory entanglement with A. My answer would be that I am not claiming that
firewalls can be avoided while retaining the other three AMPS postulates, but that indeed
one should give up the assumption of local effective field theory.

Indeed there presumably must be some process that transfers the entanglement between
R (the early Hawking radiation) and the (A,B) system (the remaining black hole and its
nearby surroundings) to an entanglement between B (once these modes leave the region near
the black hole to become part of the late Hawking radiation) and the early Hawking radiation
R, and this would almost certainly involve violations of local effective field theory, perhaps of
the form considered by Steven Giddings [64, 71, 89, 95, 113]. The main point of the present
paper is that within the context of giving up the assumption of local effective field theory, the
proposal of Extreme Cosmic Censorship may provide a simple way for excluding firewalls.

As an analogy for the distinction between constrained physical states and nonsingular
realistic states, consider the singlet state of two spin-half particles. Normally, restricting
to the analogue of nonsingular realistic states, we say this state has maximal entanglement
between the one spin and the other. However, if we considered a small mathematical sphere
around each particle (small compared with the particle separation but very large in Planck
units) and considered the space of states in which the fields just inside and just outside each
sphere are kinematically independent (analogous to the set of constrained physical states),
there would be huge entanglements (though finite if one has a finite cutoff, say at the Planck
length) across each of the spheres, so that what is inside one sphere containing one of the two
spin-half particles would not be considered at all nearly maximally entangled with what is
inside the other sphere containing the other spin-half particle. So in this way of considering
the degrees of freedom, the two spin-half particles and their respective spheres would have
only a relatively small amount of entanglement. (The spins would be entangled, but not
most of the other degrees of freedom within the respective spheres.) The joint system of
the insides of those two spheres that are much further apart than their radii (which are
themselves much greater than the cutoff length used to regulate the entanglement between
the insides and outsides of each of the spheres) would be far from being in a pure quantum
state.

However, in the more usual way of looking at the two spin-half particles, we exclude the
high-energy states that would correspond to allowing the quantum fields on the opposite sides
of the spheres to be unentangled. Therefore, we do not count this entanglement in the larger
set of states that include the very high-energy states (energies up to at least Planck energies
with a Planck-scale length cutoff). We can say that with respect to the low-energy states
(energies not much larger than the sum of the rest masses of the two spin-half particles),
the entanglement between the insides and the outsides of the respective spheres is illusory,
so that indeed we can consider the two spins to be maximally (or very nearly maximally)
entangled.

In a similar way, when we restrict to nonsingular realistic states in quantum gravity that
obey Extreme Cosmic Censorship, we do not count the huge näıve entanglement between field
degrees of freedom on opposite sides of black hole horizons. This entanglement in a larger
space of quantum states is illusory with respect to the nonsingular realistic states, so that
within the nonsingular realistic states, an old black hole and its nearby environs can be
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very nearly maximally entangled with the distant Hawking radiation that has been emitted
earlier, so that the total black hole formation and evaporation process can be unitary without
violating quantum monogamy.

As the revisions of this paper were being finished, Leonard Susskind sent me an email
saying, “I think we are on the same Page,” and noting that Extreme Cosmic Censorship is
closely related to the ‘stretching criterion’ in his recent papers on “Computational Complex-
ity and Black Hole Horizons” [116, 117]: “Black holes are formed in such a way that the
complexity of the state increases.” The main difference is that Susskind allows complexity to
decrease in rare circumstances, analogous to violations of the second law of thermodynamics,
whereas my Extreme Cosmic Censorship is meant to be put forward as an absolute restric-
tion in the set of realistic quantum states. However, since I do not have a precise criterion of
what nonsingular states are in quantum gravity, it might well be that one cannot make an
absolute restriction that I would have hoped Extreme Cosmic Censorship could be.

In conclusion, when one uses Extreme Cosmic Censorship (which excludes big bang and
big crunch singularities as well as naked singularities, that is, all singularities other than
transient black hole singularities) to restrict the allowed set of states to nonsingular realistic
quantum states, the apparent strong entanglement across black hole event horizons is an illu-
sion from a different viewpoint of a much larger space of states. There is no conflict between
this illusory ‘entanglement’ and black hole formation and evaporation without loss of infor-
mation, though this argument does not imply that one can avoid giving up the assumption
of local effective field theory outside some microscopic distance from the black hole horizon,
an assumption that has long appeared to be dubious.

I have benefited from Leonard Susskind’s hospitality at the 2012 November 30 — De-
cember 1 firewall conference at Stanford University, from discussions there and by email, and
from other communications with and from the participants and others, including, but not lim-
ited to, the following names who come to mind at present: Andy Albrecht, Ahmed Almheiri,
Steve Avery, Tom Banks, Sam Braunstein, Raphael Bousso, Adam Brown, Willy Fischler,
Ben Freivogel, Gary Gibbons, Steve Giddings, Daniel Harlow, Stephen Hawking, Patrick
Hayden, Simeon Hellerman, Gary Horowitz, Viqar Husain, Ted Jacobson, Shamit Kachru,
Matt Kleban, Kayll Lake, Stefan Leichenauer, Juan Maldacena, Don Marolf, Samir Mathur,
Yasunori Nomura, Joe Polchinski, John Preskill, Mark van Raamsdonk, Steve Shenker, Eva
Silverstein, Mark Srednicki, Rafael Sorkin, Douglas Stanford, Dejan Stojkovic, Andy Stro-
minger, Jamie Sully, Lenny Susskind, David Turton, Bill Unruh, Erik Verlinde, Herman
Verlinde, Aron Wall, Nick Warner, Ed Witten, and Karol Życzkowski. After a previous
version of this paper was posted on the arXiv, I am grateful for discussions with Raphael
Bousso, Steven Carlip, Gary Gibbons, Steve Giddings, Daniel Harlow, Jim Hartle, Stephen
Hawking, Thomas Hertog, Don Marolf, Joe Polchinski, Lenny Susskind, and an anonymous
JCAP referee (most probably one of those above I have already acknowledged, but he or
she deserves an extra acknowledgment for emphasizing that I should make it clear that my
proposal does not avoid the need for nonlocality) which helped me with adding references
and making other revisions of the paper. The discussions with Stephen Hawking and a few
others were enabled by the gracious hospitality of the Mitchell family and Texas A & M
University at a workshop at Great Brampton House, Herefordshire, England. This work was
supported in part by the Natural Sciences and Engineering Research Council of Canada.
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