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a b s t r a c t

For any non-rotating effective quantum (uncharged) black hole model to be viable, its asymptotic
structure of spacetime should reduce to that of a Schwarzschild black hole. After examining the
asymptotic structure of quantum black holes proposed in Ashtekar et al., (2018), we find that the
solution is actually not asymptotically flat. Departure from asymptotically flat spacetime is a direct
consequence of the quantum parameters included in the model. Moreover, since the property of
asymptotic flatness needs to be explicitly invoked, for instance, in relating the black hole and the
white hole masses, it thereby raises a serious concern about the consistency of this model in view of
the classical limit1.

© 2020 Elsevier B.V. All rights reserved.
1. Introduction

Even though general relativity (GR) has proven to be ex-
remely accurate in describing our universe, it predicts the exis-
ence of spacetime singularities such as that inside the black hole.
t is believed that some sort of quantum effects should be taken
nto account in order to naturally resolve the singularity problem.
owever, so far there is no consensus on how a fundamental
heory encapsulating gravity and quantum effects should be built
nd it is still currently an intensive research arena. One of the
ainstream approaches in this direction is loop quantum gravity

LQG). A popular approach to address the black hole singularity

∗ Corresponding author.
E-mail addresses: mariam.bouhmadi@ehu.eus (M. Bouhmadi-López),

uddhasattwa.brahma@gmail.com (S. Brahma), b97202056@gmail.com
C.-Y. Chen), pisinchen@phys.ntu.edu.tw (P. Chen), innocent.yeom@gmail.com
D.-h. Yeom).
1 Very recently, the authors of Ashtekar and Olmedo (2005) have investigated

ndependently the asymptotic spacetime structure of the model of Ashtekar
t al., (2018) in detail. They found that the fall-off of the curvature is slower
han that of Schwarzschild spacetime. This pathology had, in fact, already been
ointed out in the v2 version on arXiv of this paper (arXiv:1902.07874v2), and
ill be explicitly shown in this version.
ttps://doi.org/10.1016/j.dark.2020.100701
212-6864/© 2020 Elsevier B.V. All rights reserved.
problem based on LQG has been to consider effective models
that include some of the non-perturbative quantum effects of the
theory. This is a first-step in realizing the physical implications
of the putative quantum geometry, which is predicted in LQG, for
black hole spacetimes.2 It is rather intriguing that the property of
quantum geometry encoded in such a non-perturbative quantum
theory of gravity can be captured by effective models, in which
the quantum spacetime properties can usually be scrutinized
systematically, sometimes analytic solutions are even attainable.
More surprisingly, the singularity-resolution is a common feature
shared by these effective models based on LQG. The success of
these approaches has strongly motivated further investigations
following this line in LQG.

Typical effective models, which robustly examine the issue of
singularity resolution in black holes due to the unique quantum
effects implied by the theory, include the so-called holonomy
modifications derived from LQG [4]. The combination of having
a minimum area-gap (at Planck scales) along with the necessity

2 It should be emphasized that there are other non-perturbative approaches
towards the formulation of quantum gravity, such as those through the canonical
quantum gravity approach [1], string theory [2] and the Euclidean path-integral
approach [3].

https://doi.org/10.1016/j.dark.2020.100701
http://www.elsevier.com/locate/dark
http://www.elsevier.com/locate/dark
http://crossmark.crossref.org/dialog/?doi=10.1016/j.dark.2020.100701&domain=pdf
mailto:mariam.bouhmadi@ehu.eus
mailto:suddhasattwa.brahma@gmail.com
mailto:b97202056@gmail.com
mailto:pisinchen@phys.ntu.edu.tw
mailto:innocent.yeom@gmail.com
http://arxiv.org/abs/1902.07874v2
https://doi.org/10.1016/j.dark.2020.100701


2 M. Bouhmadi-López, S. Brahma, C.-Y. Chen et al. / Physics of the Dark Universe 30 (2020) 100701

o
t
t
m
t
j
c
r
b
d
i
r

t
t
a
o
i
f
t
f
m
s
f
s
a
c
h

s
A
c
i
D
t
s
t
t
s
t
e
a
t
t
p
s
t
U
e

t
c
t
t
t
t
s
w
t
a
f
d
a
s
o
q
s

r
s
o
E
m
t
t
S
r
q
e
d
a

2

i
i
S
s
n

H

f working with holonomies (or parallel transport of connec-
ions), instead of the connections themselves, in the quantum
heory gives rise to such corrections in LQG [5,6]. Holonomy
odifications in effective models are usually implemented via

he so-called polymerization technique, which replaces the con-
ugate momenta p in the phase space with their polymerized
ounterparts sin(λp)/λ, where λ stands for a quantum parameter
elated to the area-gap. (The latter trigonometric quantities can
e regarded as matrix element of holonoies.) Due to this, classical
ynamics could be significantly modified at large curvature scales
n these effective models, whereas the models are expected to
ecover the classical limit by sending λ to zero.

In previous studies of resolving black hole singularities within
he LQG framework, there have been two main classes of inves-
igations. The first one is the µ0-type schemes [7–12]. In this
pproach, the quantum parameters are assumed to be constant
n the entire phase space. However, some problems may appear
n this setup, such as that the final results may depend on the
iducial structures, which are initially introduced to construct
he classical phase space. In addition, significant quantum ef-
ects may emerge at the low curvature regime rendering these
odels unphysical. On the other hand, in the so-called µ̄-type
chemes [13–16], the quantum parameters are allowed to be
unctions of phase space variables. In this approach, there could
till be huge quantum modifications on the event horizon. See
lso [17] for the construction of effective models based on a new
lassical phase space description and [18,19] for effective black
ole models including deformed covariance in LQG.
Recently, the authors in [20,21] proposed a generalized ver-

ion of the µ0-type schemes, which we shall refer to as the
OS model. In this effective model, the quantum parameters are
hosen such that they are functions of the effective Hamiltonian
tself. In this sense, the quantum parameters turn out to be
irac observables, that is, constant only along the dynamical
rajectories. This model is quite interesting because it not only
olves the singularity problem, but also does not suffer from
he aforementioned drawbacks, such as the appearance of quan-
um effects at low curvature regimes, dependence on fiducial
tructures, and mass amplifications from crossing through the
ransition surfaces. In [20,21], the authors also extended the
ffective models to its exterior spacetime, intended to construct
n effective picture which smoothly connects the interior and
he exterior regions. It is exciting that the AOS model, based on
he novel formulation regarding the definition of its quantum
arameters in terms of phase space variables, is able to address
o many long-lasting issues in the LQG community. Therefore,
he AOS model definitely deserves deeper and further analysis.
nder more careful scrutiny, however, it was shown that there
xist subtle complications in the AOS model [22].
For an effective black hole constructed in LQG, it is expected

hat quantum effects are significant only inside the horizon. This
an be treated as a necessary requirement in order for the model
o be viable. When moving away from the center of black hole,
he quantum effects become negligible and the theory reduces
o GR in vacuum (for an isolated black hole). More precisely,
he black hole spacetime should reduce to the Schwarzschild
pacetime (if the spacetime is static and spherically symmetric),
hen sufficiently outside the event horizon, which is asymp-
otically flat. This implies that the effective black hole should
lso be asymptotically flat. The physical meaning of asymptotic
latness is that the gravitational field approaches zero at large
istances from an isolated black hole. We regard this property
s an important requirement for an isolated black hole model
ince local objects should not change the asymptotic structure
f spacetime. Therefore, in absence of matter field, any effective
uantum-corrected black hole which is not asymptotically flat
hould not be physically viable.
The main objective of this letter is to point out that the exte-
ior spacetime proposed in [20,21] has a serious flaw. In fact, the
ingularity-resolution in this model comes at a very heavy cost
f destroying a global (or, asymptotic) property of the spacetime.
ven though the interior spacetime recovers the Schwarzschild
etric near the event horizon and can be smoothly connected to

he exterior, the full spacetime itself is not asymptotically flat. In
he asymptotic region, this effective model does not reduce to the
chwarzschild spacetime because of the presence of quantum pa-
ameters. Such deviations in the asymptotic region raises serious
uestions on the viability of the model and its claim that quantum
ffects exist only deep inside the black hole horizon. Indeed, as
iscussed in [23], these shortcomings might be pointing towards
deeper malaise.

. The AOS quantum black hole

As mentioned earlier, the AOS quantum black hole proposed
n [20,21] is an effective description of Schwarzschild spacetimes
n the context of LQG. Using the fact that the interior of the
chwarzschild black hole is isometric to the Kantowski–Sachs
pacetime, the interior region is foliated by spacelike homoge-
eous surfaces with coordinates x, θ , and φ. Within this setup,

the components of the SU(2) connections Ai
a can be described by

two variables b and c. Their conjugate momenta Ea
i , on the other

hand, are described by the variables pb and pc . In this regard, (b,
pb); (c , pc) are two canonically conjugate pairs [20,21]. With an
appropriate choice of the time coordinate T and its corresponding
lapse function N , the interior region can be described by the
following metric

ds2 = −N2dT 2
+

p2b
|pc | L20

dx2 + |pc | dΩ2 , (1)

where L0 is the size of the fiducial cell on the 3-manifold and the
physically viable solution should not depend on it. The Poisson
brackets between the Ashtekar–Barbero connection and the triad
variables lead to [c, pc] = 2Gγ and [b, pb] = Gγ , where γ is the
Immirzi parameter. The Schwarzschild form of the interior region
can be recovered by choosing the lapse function N2

cl = γ 2 |pc | /b2
and using the Hamiltonian constraint

Hcl [Ncl] = −
1

2Gγ

[
2cpc +

(
b +

γ 2

b

)
pb

]
. (2)

In this regard, the mass of the black hole m ≡ cpc/L0γ can be
proven to be a Dirac observable, i.e., a constant of motion along
the dynamical trajectory.

The effective modifications to the above classical lapse func-
tion and Hamiltonian in [20,21] are introduced through the two
quantum (polymerization) parameters δb and δc . These parame-
ters are assumed to be Dirac observables as well, in the sense that
they should commute with the effective Hamiltonian. The lapse
function and the effective Hamiltonian for the interior spacetime
read

N2
=

γ 2pcδ2b
sin2 (δbb)

,

eff [N] = −
1

2Gγ

[
2 sin (δcc)

δc
pc +

(
sin (δbb)

δb
+

γ 2δb

sin (δbb)

)
pb

]
.

(3)

When δb → 0 and δc → 0, the lapse function and the Hamilto-
nian recover their classical limits. After solving the equations of
motion generated by the effective Hamiltonian, it can be shown
that the quantum corrected black hole is free of spacetime singu-
larities. Indeed, the interior singularity is replaced with a space-
like transition surface separating a trapped and an anti-trapped
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regions. In addition, at the transition surface the curvature ac-
quires its maximum scale which is independent of the black hole
mass for a macroscopic black hole, a requirement necessary for
the validity of the effective description [20,21].

In addition to the interior solution, the authors of [20,21]
extended the investigations to the exterior region by foliating
it with timelike homogeneous surfaces (e.g. constant r surfaces
in Schwarzschild coordinates) such that the Ashtekar–Barbero
connections (b̃ and c̃) and their canonical conjugate momenta (p̃b
and p̃c) take values in SU(1, 1) rather than in SU(2). The phase
space variables describing the exterior dynamics are related to
the interior via the substitution

b → ib̃ , pb → ip̃b , c → c̃ , pc → p̃c . (4)

The exterior metric reads

ds̃2 = −
p̃2b
p̃cL20

dx2 − Ñ2dT 2
+ p̃cdΩ2 . (5)

This method of deriving the exterior solution does work for classi-
cal solutions, regaining the well-known form of the Schwarzschild
exterior. Furthermore, the interior and exterior regions can be
smoothly connected at the event horizon. Later, we will show that
the exterior solution of the effective spacetime derived using this
approach is not asymptotically flat. The presence of the quantum
parameters unavoidably alters the asymptotic behavior of the
exterior region, jeopardizing the validity of the whole solution.

By choosing a proper lapse function Ñ2
= −γ 2p̃cδ2b/sinh

2

(δbb̃), one obtains an effective Hamiltonian for the exterior space-
time from which the equations of motion can be solved as fol-
lows [20,21]

tan
(

δc c̃ (T )

2

)
=

γ L0δc
8m

e−2T , (6)

p̃c (T ) = 4m2
(
e2T +

γ 2L20δ
2
c

64m2 e−2T
)

, (7)

cosh
(
δbb̃ (T )

)
= b0 tanh

(
1
2

(
b0T + 2 tanh−1

(
1
b0

)))
, (8)

p̃b (T ) = −2mγ L0
sinh

(
δbb̃ (T )

)
δb

1

γ 2 −
sinh2

(
δb b̃(T )

)
δ2b

. (9)

The two quantum parameters δb and δc share the same values
ith their interior counterparts and similarly they are assumed to
e constant along the dynamical trajectories [20,21]. Here, b0 ≡

1 + γ 2δ2b has been introduced for the sake of abbreviation. As
expected, m = pc sin (δcc) /(γ L0δc), a Dirac observable, denotes
he mass of the black hole.

. Asymptotic structure

To study the asymptotic structure of the AOS metric (5), we
hall transform the metric into the spherically symmetric slices.
irst, we use (8) to get

inh2
(
δbb̃
)

=
γ 2δ2b

(
b20X + X + 2b0

)
(b0 + X)2

X , (10)

γ 2
−

sinh2
(
δbb̃
)

δ2b
= γ 2b20

1 − X2

(b0 + X)2
, (11)

here X ≡ tanh (b0T/2). Using Eqs. (10) and (11), the metric
unction −gxx =

p̃2b
p̃c L20

can be written as

gxx =
4m2

(
b20X + X + 2b0

)
(b0 + X)2X

4
(

2
)2 . (12)
p̃cb0 1 − X
Fig. 1. The metric function −gxx of the exterior AOS spacetime (dotted) is
shown as a function of T . The solid curve corresponds to the Schwarzschild
metric. When approaching the event horizon, the AOS black hole recovers the
Schwarzschild solution, but they deviate significantly from each other when
moving away from the black hole.

When T → ∞, we have X → 1 and p̃c → 4m2e2T , which corre-
sponds to the asymptotic region of the exterior spacetime. Note
that constant T surfaces in the exterior spacetime are timelike
surfaces. The asymptotic expression of −gxx reads

−gxx ≈
(b0 + 1)4

16b40
e2T (b0−1). (13)

t can be seen that the gxx would diverge when T → ∞ as long
as the quantum parameter δb is not zero (i.e., when b0 ̸= 1), no
matter how carefully one fine-tunes it. The behavior of the metric
function gxx is shown in Fig. 1.

On the other hand, the metric function gTT is given by

gTT = −Ñ2
=

p̃c(b0 + X)2(
b20X + X + 2b0

)
X

, (14)

here (10) is used in the last equality. When T → ∞, it can be
pproximated as gTT ≈ p̃c ≈ 4m2e2T . Therefore gTT also diverges
symptotically. Note that the divergence of gTT at large T can be
emoved by redefining the radial coordinate hence is not harmful.

If we do the transformation r ≡ |p̃c |
1/2 and change x → t with

proper rescaling, the effective metric in the asymptotic region
r → ∞) reads

s2|r→∞= −r2(b0−1)dt2 + dr2 + r2dΩ2 . (15)

e will show explicitly that in the asymptotes, the AOS quantum
lack hole does not recover the Schwarzschild spacetime. In fact,
he AOS quantum black hole is not asymptotically flat unless
he quantum correction is absent (b0 = 1), i.e., to obtain the
roper classical limit in the asymptotic region, as is required
f any physical model, we end up with the classical solution
verywhere!

.1. Asymptotic non-flatness

In order to explicitly demonstrate the asymptotic non-flatness
f the AOS spacetime, we recall the definition of the so-called
weakly) asymptotically simple spacetimes. Essentially, a space-
ime on a manifold M defined by a metric gµν is asymptotically
imple if there exists a conformal compactification M̃ = M∪∂M
uch that [24,25]

(i) its metric g̃µν is conformal to the original metric gµν , which
˜ 2
can be written as gµν = Ω gµν ,



4 M. Bouhmadi-López, S. Brahma, C.-Y. Chen et al. / Physics of the Dark Universe 30 (2020) 100701

p
t
d
t
e

d

f

K

h
t
t
t
a
m
w
t
w
p
c

A

a
t
g
f

R

w
m

R

I
w
f

4

w
i
t
t
1
t
m
η

f
s
t
e
a

u

τ

t

g

w
f
s

w
ϵ

(ii) every null geodesic in M has future and past endpoints on
∂M,

(iii) the conformal factor satisfies the following conditions: (1)
Ω > 0 on M, (2) Ω = 0 and ∇αΩ ̸= 0 on ∂M.

In order to include spacetimes which may contain singularities,
one can define the so-called weakly asymptotically simple man-
ifold N which contains an open set U , such that the open set
U is isometric to a neighborhood of the boundary of another
compactified asymptotically simple manifold. Finally, one de-
fines an asymptotically flat spacetime if the spacetime is weakly
asymptotically simple and asymptotically empty in the sense that
the Ricci tensor vanishes in a neighborhood of ∂M.

In order to recast the asymptotic metric (15) as a form ap-
licable to the criteria mentioned above, the only possibility is
o consider the conformal factor ω = r−2(b0−1) to remove the r
ependence in the gtt component. In this regard, it can be seen
hat the metric (15) is conformally related to the following line
lement:

s̃2 = −dt2 + dr̃2 + (2 − b0)2 r̃2dΩ2 , (16)

where b0 ̸= 1. Therefore, the metric (15) is conformally related
to a ‘‘quasi-asymptotically flat’’ metric, which has been proven
to be asymptotically simple but not asymptotically empty [24–
26]. In fact, the metric (16) is the asymptotic spacetime of the
global monopole proposed by Vilenkin and Barriola [27], which
contains a deficit solid angle. Given that the metric (16) is not
fully asymptotically flat, the AOS metric which is related to (16)
via a conformal transformation, cannot be asymptotically flat
either. This lets us unambiguously conclude that the metric (15)
is not asymptotically flat.

3.2. Curvature fall-off

An additional clue that implies the inconsistent asymptotic
behavior of the AOS black hole can be seen from the fall-off
behavior of the curvature invariants when r becomes large. The
fall-off behavior of curvature corresponds to the physical re-
quirement that the gravitational effects generated by a black
hole should decrease when moving away from the black hole.
Although the curvature invariants approach zero as r → ∞,
their fall-off behavior deviates significantly from those of the
Schwarzschild solution. If one calculates the Kretschmann scalar
K of the effective metric and expand it in terms of 1/r , then one
inds

=
c1
r4

+

(
higher order of

1
r

)
, (17)

where c1 = 3γ 4δ4b + (higher order of γ δb) and it vanishes iff
the quantum parameter δb = 0. This shows that the asymptotic
behavior of the metric is obviously not like the Schwarzschild
spacetime, where K ∝ 1/r6. In fact, this inconsistency not only
appens for the Kretschmann scalar, but also for other curva-
ure invariants constructed solely from the Riemann tensor. Even
hough the quantum parameter is very tiny, the deviation of
he AOS metric from that of the Schwarzschild would be greatly
mplified according to the different asymptotic behaviors of their
etrics. For a viable quantum corrected black hole solution, one
ould expect that the quantum effects occur only deep inside
he black hole and not at large areal radius, which, if occurs,
ould indeed be problematic. No matter how small the quantum
arameter is, the deviation of the AOS solution from that of the
lassical one would inevitably become sizeable at large r .
Finally, there is one more evidence to demonstrate that the

OS spacetime is not asymptotically flat. If the spacetime is
symptotically flat, which approximately means that the space-
ime reduces to the Minkowskian spacetime, the asymptotic re-
ions should be maximally symmetric and should satisfy the
ollowing relation

αβµν =
R

d(d − 1)

(
gαµgβν − gανgβµ

)
, (18)

here d = 4 is the spacetime dimension. From the asymptotic
etric (15), we find that

= −
2b0 (b0 − 1)

r2
, Rtθθ t = − (b0 − 1) r2b0−2 . (19)

f b0 ̸= 1, it can be immediately seen that (18) is not satisfied
hen r → ∞. Therefore, the metric (15) is not asymptotically

lat.

. Asymptotic structure at null infinity

After this paper appeared on arXiv, the authors of Refs. [20,21]
rote another paper [28], mentioning that the asymptotic behav-

or of the curvature fall-off of the AOS model does not match to
hat of the Schwarzschild black hole, as we have mentioned in
he previous section (the v2 version on arXiv of this paper arXiv:
902.07874v2). Although the authors of [28] gave a coordinate
ransformation on the metric and claimed that the asymptotic
etric of the AOS model approaches to the Minkowski metric

µν as 1/r , we would like to argue that such a coordinate trans-
ormation is problematic, so is the asymptotic structure of the
o-derived metric. More explicitly, we will show in this section
hat if the asymptotic metric given in Ref. [28] is correct, the
xistence of the quantum parameter will inevitably destroy the
symptotic structure of the spacetime.
According to Ref. [28] (see Eqs. (4.11) and (4.12) in that paper),

nder the following coordinate transformation

= t
( r
2m

)ϵ

, (20)

he asymptotic metric of the AOS spacetime can be written as

µνdxµdxν

=
(
−dτ 2

+ dr2 + r2dΩ2)
+

(
2m
r

)1+ϵ

dτ 2

+ 2ϵ
τ

r

[
1 −

(
2m
r

)1+ϵ
]
drdτ

−

[(
1 −

1

1 −
( 2m

r

)1+ϵ

)
− ϵ2 τ 2

r2

(
1 −

(
2m
r

)1+ϵ
)]

dr2 ,

(21)

here ϵ ≡ b0 − 1. Although this metric is written in the
orm of ηµν + O(1/r), it cannot describe properly the asymptotic
pacetime. For example, considering a would-be null-like surface

τ ± r = const. and dΩ = 0, one can see that this surface is in fact
not a null-like surface at the asymptotic region because

gµνdxµdxν
=
(
2ϵ + ϵ2) dr2 + O

(
1
r

)
, (22)

hich does not vanish in the presence of the quantum parameter
= b0 − 1. Therefore, the existence of the quantum param-

eters in the AOS model does destroy the asymptotic structure
of the spacetime, which is not supposed to happen for a local
gravitational object.

http://arxiv.org/abs/1902.07874v2
http://arxiv.org/abs/1902.07874v2
http://arxiv.org/abs/1902.07874v2
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5. Conclusions

The recently proposed AOS effective black hole [20,21] is con-
structed within the framework of LQG in order to resolve the
classical singularity problem of the Schwarzschild spacetime. This
model has several intriguing physical outcomes. In the interior
region, the Schwarzschild singularity is indeed replaced with a
spacelike transition surface connecting a trapped and an anti-
trapped region. This transition surface results from the quantum
corrections introduced in the theory, and these quantum correc-
tions quickly decrease when moving away from the transition
surface. For a macroscopic black hole, the curvature scale acquires
its maximum value at the transition surface and this maximum
value turns out to be independent of the black hole mass. The
authors extended their solution to the exterior region. It was
argued [20,21] that such exterior spacetime is asymptotically flat
and a corresponding ADM mass can be defined. Based on the
ADM mass defined in this model, it was argued that there is
no mass amplification when crossing the transition surface. It is
in fact rather exciting that the AOS model is able to address so
many long-lasting issues haunting in the LQG community, and
this model definitely deserves a deeper scrutiny.

In this letter, we have explicitly shown that the AOS exte-
rior region is actually not asymptotically flat. In addition, even
though the curvature invariants approach zero in the asymp-
totic region, their fall-off behaviors do not recover those of the
Schwarzschild spacetime. This means that the AOS model does not
reduce to the Schwarzschild black hole in the asymptotic region,
at parametrically large areal radius. In addition, we have found
that after a proper conformal transformation, the transformed
AOS effective metric shares the same asymptotic expression of
the global monopole spacetime proposed by Vilenkin and Bar-
riola [27], which is asymptotically simple, but not asymptotically
flat. The AOS spacetime being asymptotically non-flat can also be
seen from the viewpoint of how the curvature tensors behave in
the asymptotic region.

Even though it is possible to define an appropriate ADM mass
in some asymptotically non-flat spacetimes, such as the global
monopole spacetime [26], it is actually not clear whether this can
be done for the AOS spacetime. In any case, the AOS quantum
black hole does not reduce to the Schwarzschild black hole when
r → ∞ in the presence of the quantum parameters. In fact,
after we had pointed out this issue in [29],3 the author of [23]
has proven that the AOS exterior spacetime violates general co-
variance. The effective Hamiltonian can be expanded in terms of
the quantum parameters and it has been shown that the first
order terms in quantum parameters violate general covariance.
Therefore, the exterior spacetime of AOS black hole being asymp-
totically non-flat might be a manifestation of its violation of
general covariance. Thus, in the presence of quantum parameters,
the AOS model leads to unphysical conclusions, which lead us to
conclude that the singularity resolution in this model comes at
a very heavy price of spoiling its classical limit, at least in what
concerns the asymptotic property of the spacetime.

Note added: Although the authors of [28] agree with the fact
that the curvature fall-off is slower compared to Schwarzschild
spacetime, they claim that this is not harmful because the de-
viation is extremely small if the quantum parameters are small.
The authors also provide a coordinate transformation showing
that the metric can be recast into a Minkowskian one in the
asymptotic region (See Eqs. (4.11) and (4.12) in [28]). However,
as we emphasize in this paper, in the asymptotic region, any
deviation compared with the classical solution resulting from

3 Here we refer specifically to the v1 version of the paper, which was posted
on arXiv on 21 Feb 2019.
quantum corrections is a manifestation of a pathology of the
effective spacetime, no matter how small it is. In addition, the
coordinate transformation (4.11) in [28] is extremely problematic
to examine the asymptotic limit, i.e., when r → ∞. It is so
because, in this limit r → ∞, the new coordinate τ is finite
nly when t → 0. Keeping in mind that τ appears explicitly
n some of the metric components (see Eq. (4.12) in [28]), it is
lear that such a coordinate transformation breaks down when
is large and cannot be used to probe the asymptotic limit of

he AOS model. Furthermore, the asymptotic metric (4.13) is not
alid at null infinity, as we have shown explicitly in the previous
ection. This can be proven by showing that τ ± r = const.
s not a null-like surface in the metric (4.12). More explicitly,
onsidering the would-be null-like surface τ − r = const. and
ω = 0 in Eq. (4.12), and making a series expansion in terms of
/r , the leading order of the right-hand side of Eq. (4.12) becomes
2ϵ + ϵ2

)
dr2, which is nonzero asymptotically. Therefore, the

resence of the quantum parameter ϵ ≡ b0 − 1 does destroy the
symptotic structure of the spacetime.
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