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Abstract

A problem on the Penrose diagrams of evaporating black holes seems to be widely neglected. The

horizon of a classical static black hole is a surface of infinity Schwarzschild time, while the horizon

of an evaporating black hole is not, the surfaces of constant finite Schwarzschild time will cross the

dynamic horizon[Lin08][LS10]. It can be easily shown in the Penrose diagram of an evaporating

black hole which was first introduced by Hawking[Haw75](See Fig.3). It means that all world lines

which intersect with the horizon in Penrose diagram, must also intersect with the horizon in finite

coordinate time in Schwarzschild coordinates, which seems a serious violation to the knowledge

on the classical static BHs. In this paper, the calculation shows that so long as the lifespan of a

pre-existing evaporating black hole is finite for an external observer, no time-like world lines or null

geodesic can intersect with the horizon at finite Schwarzschild time. And as a logical consequence,

if an object can’t fall in the horizon of such a black hole before it evaporates completely, then it

can never do, because there are no more black holes after it evaporates completely.
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I. INTRODUCTION

According to Oppenheimer & Snyder[OS39], there are two influencing conclusions of

black hole (BH) formation: “The total time of collapse for an observer comoving with the

stellar matter is finite, ..., an external observer sees the star asymptotically shrinking to its

gravitational radius.”

It must be mentioned that the word “see” means measuring by coordination system, not

“watching” the light emitted from the star, which leads to a widespread misleading state-

ment: what an external observer sees is just optical illusion, a BH has already formed, leaving

only its light behind. It is difficult to trace back the origin of this misleading statement, but

a figure in the early well illustrated introduction of BH by Ruffini & Wheeler[RW71], may

lead to some misunderstanding. The authors put two world line representations in different

coordinate systems of the same infalling object together in one figure to show the difference

between coordinate systems (see Fig.1). But it is easily misunderstood that the red curve is

the real trajectory of the infalling object, and the black curve is the trajectory of its optical

image.
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FIG. 1: Comparison of infalling world line in different coordinates

With Penrose diagram the misleading statement can be easily clarified. Fig.2 shows a

collapsing star with the trajectory of its surface (brown) and an infalling light (green), the

black dashed lines represent curves of constant Schwarzschild time tS. It is clearly that the

Schwarzschild time tS of any event on horizon is positive infinity, but objects can still fall in

the horizon with finite proper time, and the collapsing star can form within finite time in a

comoving coordinates.[Wal94]
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FIG. 2: Penrose diagram of BH formation

One may ask that who cares whether the BH has really formed or not? A distant observer

can never distinguish it from outside, and the infalling observer will pass the horizon and hit

singularity in finite time. But Vachaspati[Vac07] pointed out that there will be significant

differences for distant observers. The almost forming quasi-BHs is called “black stars” in this

paper. It shows that in the case of black stars collision, electromagnetic radiations will be

emitted, which is significantly distinct from the real BHs which can only emit gravitational

wave radiations.

Hawking’s Innovative paper [Haw75], applying QFT in curved spacetime, shows that

BHs will radiate particles with a black-body spectrum which will cause BH evaporation.

For a distant observer, a neutral spherical BH with initial mass m0 will have a temperature

TH = (8πm0)
−1 = (4πrs)

−1, and have a finite lifespan tev = 5120πm0
3(Planck units, G =

c = h̄ = 1, the default units in this paper). This requires that the event of a BH evaporates

completely must map to some finite Schwarzschild time, or no external observer could witness

the event. For a BH of one solar mass (m0 ≈ 2×1030kg), the evaporation time is about 1067

years – much longer than the current age of the universe about 1010 years. Furthermore,

a BH won’t evaporate but absorb environment radiation until the background temperature

lower than its Hawking temperature TH .

Hawking radiation caused a number of theoretical difficulties, such like the violation of

baryon and lepton number conservation, the loss of quantum coherence etc.[Wal94] These

theoretical difficulties, together with the singularity problem in classical GR, are often cited

as strong motivations to find a complete unified theory of quantized gravity.
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Fig.3 is the refined version[LS10] of the Penrose diagram which was first introduced in

[Haw75], shows a BH with formation and evaporation process.
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FIG. 3: Penrose diagram of BH formation and evaporation

In Lindesay[Lin08], it states that “The horizon of a static Schwarzschild geometry is a

t = ∞ surface, while those of the dynamic BHs have surfaces of constant t crossing the

dynamic horizon.” Some curves of constant Schwarzschild time (black dashed lines) are

plotted in Fig.3.

This leads a problem which may be widely neglected: the surfaces of constant finite

Schwarzschild time will cross the horizon of an evaporating BH. Which means all the world

lines which intersect with the horizon of an evaporating BH in the Penrose diagram, must

also intersect with the horizon at some finite coordinate time in Schwarzschild coordinates,

which seems a serious violation to the knowledge on the classical static BHs.

In classical GR, in which there is no BH evaporation, any infalling object can’t fall in

horizon within finite Schwarzschild time, unless measured with its own proper time. But the

knowledge on a classical static BH may not be fit for an evaporating BH, it is still unknown

whether a “receding horizon” of an evaporating BH would “pull” near-horizon objects inside

or not.

In addition, Hawking process shown in Fig.3 has a bizarre behavior that there must be

either negative or superluminal energy current between singularity and horizon, because

there is no time-like or null world line can transport positive energy from singularity to the

exterior region of the BH, but the energy of singularity will be transported to the exterior

region via Hawking radiation.
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This paper, in Sec.II, we will calculate whether the infalling time-like world lines can

intersect with the horizon of an evaporating BH at some finite Schwarzschild time. Then

apply the results to discussion the causal structure with Penrose diagram, BH formation

process, white holes (WHs), and the solution of information loss and singularity problems

in Sec.III. Sec.IV is a summary.

II. INFALLING TRAJECTORY OF EVAPORATING BH

In this section, the metric form of a chargeless non-vacuum time-dependent spherical

symmetric field will be derived in Sec.IIA. Then obtain the infalling null geodesic equation

of a chargeless spherical BH in Sec.II B. Discussion and plotting the results in Schwarzschild

and Eddington-Finkelstein coordinates in Sec.II C. A conjecture in general case is proposed

in Sec.IID.

A. Chargeless spherical symmetric metric

An evaporating BH is a dynamical gravity system, it is difficult to analytically solve in

general. However, for a chargeless spherical symmetric field, it is easy to apply the technique

introduced by Weinberg[Wei72]. Birkhoff’s theorem guarantees that the Schwarzschild met-

ric is the unique vacuum solution with spherical symmetry, regardless outer or inner vacuum

region, the radial pulsation of energy is irrelevant. Deriving non-vacuum solution can also

benefit from this theorem.

But it must be mentioned that Birkhoff’s theorem only guarantees that the metric form

can be rewritten as the standard static form of Schwarzschild in any vacuum region, but

the Schwarzschild time may not synchronized with the proper time of the distant observer

if there is energy distributing in between.

An intuitive example can help to explain: if a thin spherical matter shell with radius R

and mass M placed in vacuum space, Birkhoff’s theorem tells that the inner geometry is flat,

outer geometry is Schwarzschild. In outer region gtt(r) = −(1− 2M/r), but in inner region

gtt(r) = gtt(R), not −1. gtt must continuous at radius R because the gravitational potential

is continuous at radius R. The coordinate time can be redefined as dt̃
2
= gtt(R)dt2, then the

inner geometry becomes standard Schwarzschild form, but t̃ is no more synchronized with
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t, which is synchronized with distant observer’s proper time.

Fortunately, for a complete time dependent chargeless spherical symmetric solution in

vacuum region, grr(r) can be uniquely decided by the total energy inside r, and gtt(r) can be

factorized as −(1−2M(r, t)/r) times a factor f(t), which depends only on the instantaneous

energy distribution M(r, t) at time t. The general time dependent spherical symmetric

solution in vacuum region is (G = c = 1)[Wei72]:

ds2 = −f(t)

(
1− 2M(r, t)

r

)
dt2 +

(
1− 2M(r, t)

r

)−1

dr2 + r2dΩ2

where M(r, t) is the total energy inside r at coordinate time t.

Now the solution in non-vacuum region with applying Birkhoff’s theorem can be obtained.

As shown in Fig.4, at certain Schwarzschild coordinate time t, the energy distribution is

discretized as a bunch of spherical thin shells, then take limits of 0 for dr. For each vacuum

gap, apply Birkhoff’s theorem, and let the gtt continuous at each shell’s boundary.

Note, in case of dynamical gravitational systems, the radial velocity of each shell may not

be zero, there may be some radial energy current. But it is irrelevant to obtain the metric

form. Because Birkhoff’s theorem requires the outer metric of the outer most shell must be

static, thus history irrelevant, and for any shell i, if the outer metric of vacuum gap i+1 is

history irrelevant, the continuity of gtt requires that the inner metric of the vacuum gap i must

be history irrelevant, thus by applying mathematical induction the metric in each vacuum

gap is history irrelevant. If radial velocity of outer shells will affect inner gtt, the metric

term must be history relevant. So, for a non-vacuum time-dependent chargeless spherical

symmetric field, Birkhoff’s theorem guarantees that the metric form at Schwarzschild time

t depends only on the spherical energy distribution at t, the history is irrelevant.

As shown in Fig.4 the coordinate time t of gtt is fixed (therefore parameter t can be

omitted temporarily) for vacuum gap i and i+1:

gtt(r) =

 −fi ·
(
1− 2Mi

r

)
for ri−1 ≤ r < ri

−fi+1 ·
(
1− 2Mi+1

r

)
for ri ≤ r < ri+1

apply continuity condition: gtt(r
+
i ) = gtt(r

−
i )

fi ·
(
1− 2Mi

ri

)
= fi+1 ·

(
1− 2Mi+1

ri

)

taking continuous limit through replacing fi with f(r), fi+1 with f(r+dr) = f(r)+f ′(r)dr,
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FIG. 4: Discretized spherical energy distribution.

Mi with M(r), Mi+1 with M(r + dr) = M(r) +M ′(r)dr

f(r)

(
1− 2M(r)

r

)
= (f(r) + f ′(r)dr)

(
1− 2M(r) + 2M ′(r)dr

r

)

abandon higher order infinitesimal

f ′(r)

f(r)
=

2M ′(r)

r − 2M(r)

the solution with f(∞) = 1 is

f(r) = exp

−
∞∫
r

2M ′(r̃)

r̃ − 2M(r̃)
dr̃


The only property of f(r) required later is 0 < f(r) ≤ 1, if r > R, where R is the

smallest value that satisfies ∀r > R, r > 2M(r), the exact form of f(r) is irrelevant in later

discussions.

Now, retrieve the omitted parameter t, the final form of f(r, t) and the general form of

non-vacuum metric:

ds2 = −f(r, t)

(
1− 2M(r, t)

r

)
dt2 +

(
1− 2M(r, t)

r

)−1

dr2 + r2dΩ2

f(r, t) = exp

−
∞∫
r

2Mr(r̃, t)

r̃ − 2M(r̃, t)
dr̃


(1)

where Mr(r, t) = ∂M(r, t)/∂r.

From Eqn.1 it is easy to check that the standard Schwarzschild vacuum metric and time
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dependent spherical vacuum metric is just special cases of Eqn.1. In addition:

M(r, t) ≥ 0 (total energy inside any radius is non-negative)

M(∞, t) = M (total energy in whole space is M)

Mr(r, t) ≥ 0 (energy density is non-negative everywhere)

0 < f(r, t) ≤ 1 if r ≥ R(t)

(2)

where R(t) is the smallest value at t that satisfies ∀r > R(t), r > 2M(r, t).

B. Infalling to an evaporating spherical BH

In this section, the basic assumptions are that there has already been a Schwarzschild

BH at the origin of Schwarzschild coordinates, and it will completely evaporate after some

finite Schwarzschild time tev, then the spacetime will become asymptotically flat:

R(0) = R > 0

R(t) > 0 if t < tev

R(t) = 0 if t ≥ tev

(3)

where the definition of R(t) see Cond.2.

Note, it is not necessary to assume that the BH could never absorb but only keep evap-

orating, the only thing relevant is the BH will evaporate within finite Schwarzschild time,

and after that the spacetime becomes asymptotically flat. The calculation on an evaporat-

ing spherical BH is almost classical, the only non-classical part is the assumption of BH

evaporation, which is the most important part for obtaining the results.

Geodesics in non-vacuum field may be far from the real trajectory of particles, unless the

particle doesn’t participate with any other interactions but gravity. But the purpose is to

decide whether an infalling object will fall in the horizon of an evaporating BH within finite

Schwarzschild time. If infalling null geodesic can’t enter, neither do anything.

For an infalling null geodesic, radius r is a function of Schwarzschild time t, so both f(r, t)

and M(r, t) becomes function of t:

f(t) = f(r(t), t), M(t) = M(r(t), t) (4)

where M(t) is just the total energy inside the current radius r(t) of geodesic. Note, if

r(t) > R(t), then M(t) contains not only the total energy inside the BH, but also the total
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energy distributed between R(t) and r(t), which means, at Schwarzschild time t, the effective

gravitational radius of total inner energy may greater than the total energy inside the BH.

From metric Eqn.1 the infalling null geodesic becomes:

f(t)

(
1− 2M(t)

r(t)

)
dt2 =

(
1− 2M(r)

r(t)

)−1

dr2

for infalling null geodesic, dr/dt < 0

dr

dt
= −f(t)1/2

(
1− 2M(t)

r(t)

)
(5)

The radial energy flow can’t fall faster than infalling light, so at any Schwarzschild time

t, the total energy M(t) inside radius r(t), will never increase. The initial radius r(0) is

positioned outside the BH:

M ′(t) ≤ 0

r(0) > R
(6)

Introducing reduced radius r̂ and time t̂:

r̂ =
r(t)

2M(t)
, t̂ =

t

2M(t)
(7)

for any 0 ≤ t < tev, with Cond.3,

dt̂

dt
=

M(t)−M ′(t)t

2M(t)2
> 0 (8)

therefore t̂ is a strictly monotone increasing function of any 0 ≤ t < tev, the inverse function

of t̂(t) exists.

Before the BH evaporates completely, when there must beM(t) > 0 (see Def.4.), any finite

Schwarzschild time t maps to t̂ = t/(2M(t)) must also be finite, this means if the geodesic

can intersect with the horizon at any finite Schwarzschild time t, then the corresponding

reduced time t̂ must also be finite. Additionally, when t ≥ tev, there is no BH, the spacetime

becomes asymptotically flat, no horizon can exist inside current radius r(t).

Thus, regardless the choice of coordinates, the geodesic can never intersect with the

horizon within finite Schwarzschild time if the reduced radius r̂ can’t reach 1 at finite reduced

time t̂.

According to Cond.6, M(t̂) = M(t(t̂)) is a monotone non-increasing function of t̂:

M ′(t̂) =
dM(t̂)

dt̂
= M ′(t)

dt

dt̂
=≤ 0 (9)
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now Eqn.5 can be rewritten with r̂ and t̂:

dr̂

dt̂
= −f(t̂)

1/2
(
1− 1

r̂

)
−
[
f(t̂)

1/2
(
1− 1

r̂

)
t̂+ r̂

]
M ′(t̂)

M(t̂)
(10)

the first term is exactly the same as classical vacuum Schwarzschild solution, so the sign of

the second term is the key. Before the BH evaporates completely, if r ≥ 2M(t), r̂ ≥ 1, t̂ ≥ 0,

f(t̂) ≥ 0(Cond.2), M(t̂) > 0(Cond.2), M ′(t̂) ≤ 0(Cond.9), then

−
[
f(t̂)

1/2
(
1− 1

r̂

)
t̂+ r̂

]
M ′(t̂)

M(t̂)
> 0 for r̂ > 1

To decide whether the geodesic of Eqn.10 will intersect with the horizon at some finite

Schwarzschild time t, comparing Eqn.10 with the geodesic in classical Schwarzschild metric.

In classical Schwarzschild metric, f(t) = 1, M ′(t) = M ′(t̂) = 0:

dr̂

dt̂
= −

(
1− 1

r̂

)
(11)

this geodesic in classical vacuum Schwarzschild metric will never intersect with the horizon

at any finite t̂[16], and so as Schwarzschild time t. Now compare Eqn.10 and Eqn.11:

dr̂

dt̂
= −f(t̂)

1/2
(
1− 1

r̂

)
−
[
f(t̂)

1/2
(
1− 1

r̂

)
t̂+ r̂

]
M ′(t̂)

M(t̂)

≥ −f(t̂)
1/2
(
1− 1

r̂

)
≥ −

(
1− 1

r̂

) (12)

this result shows that the geodesic of Eqn.10 will also never intersect with the horizon at

any finite t̂, because the decreasing speed of r̂ with t̂ is no faster than classical case. It

is easy to decide that the geodesic of Eqn.10 won’t intersect with the horizon before the

BH evaporates completely, and because there will be no horizon anymore when t ≥ tev,

the spacetime becomes asymptotically flat, so even after the BH evaporates completely,

the geodesic also will never be terminated at any coordinate singularity of Schwarzschild

coordinates. Because the future of the spacetime is asymptotically flat, so the future end of

the geodesic of Eqn.10 must be complete. Which means whichever the coordinates chosen,

the geodesic of Eqn.10 won’t intersect with the horizon at all.

To sum up, for a chargeless evaporating spherical BH, if it can evaporate completely

within finite Schwarzschild time, any infalling null geodesic will never intersect with the

horizon before the BH evaporates completely, regardless the choice of coordinates. Immedi-

ately, for a chargeless evaporating spherical BH, if it can evaporate completely within finite
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Schwarzschild time, any object which travels along time-like world line can never fall in the

horizon before the BH evaporates completely, even measured with its own proper time.

C. Plotting

Fig.5 is the plot of the null geodesics of a chargeless evaporating spherical BH in

Schwarzschild coordinates. The solid red curves are the infalling geodesics (and eventu-

ally escaped from coordinates origin after the BH evaporates completely), solid green curves

are the radiations emitted near the horizon.
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FIG. 5: Null geodesics of an evaporating BH in Schwarzschild coordinates.

Fig.5 shows all infalling (eventually escaping) geodesics won’t terminated at singularity,

therefore these geodesics are complete. Because 1.the infalling geodesics can’t intersect with

the horizon at finite Schwarzschild time, 2.the spacetime becomes asymptotically flat after

the BH evaporates completely in finite Schwarzschild time tev. But the radiations emitted

from horizon are not complete, the BH is pre-existing as assumed, which means the geodesic

of radiations will encounter the coordinates singularity at past infinity.

One may ask what about infalling Eddington-Finkelstein coordinates. It can be found in

Birrell & Davis[BD82], shown in Fig.6.

Fig.6 is exactly equivalent to the Penrose diagram in Fig.3, so they share exactly the

same problem. But what is the correct Finkelstein diagram of a pre-existing evaporating

BH? The answer is it’s impossible to plot a pre-existing evaporating BH in the infalling

Finkelstein diagram, but it’s possible to plot in the outgoing Finkelstein diagram, which is

used to describe WHs. But in outgoing Finkelstein diagram, a WH can’t have a beginning,
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FIG. 6: Infalling Finkelstein diagram of an evaporating BH (incorrect).

must be pre-existing. As shown in Fig.7, the solid green curves are radiation emitted from

horizon, the solid red curves are infalling lights.
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FIG. 7: Outgoing Finkelstein diagram of a pre-existing evaporating BH.

In fact, the Finkelstein diagram just skews the infalling or outgoing null geodesics to

straight lines by shifting the lines of each radius r uniformly with various displacements of

time, and keep radius unchanged. For a classical static BH, all infalling and outgoing null

geodesics are just parallel curves with different displacement, without squeezing or stretching

time. But this is impossible for a dynamical BH, because the null geodesics are not parallel.

It is still possible to transform all infalling(or outgoing) null geodesics to straight lines with

varying the time scale while keep radius r unchanged to obtain a Finkelstein diagram. But

transforming all infalling geodesics in Fig.5 to straight lines will push the BH area away to

the past infinity. The only solution is transforming all outgoing geodesics to straight lines,

as shown in Fig.7.

Similarly, just like BH evaporation process can’t be shown in the infalling Finkelstein

diagram, the WH formation process also can’t be shown in the outgoing Finkelstein diagram,

which means, it is impossible to show both the formation and the evaporation process of

a BH or a WH in one Finkelstein diagram. In addition, even it is possible to show a pre-

12



existing evaporating BH as a WH in outgoing Finkelstein diagram, there is still a problem

that how an evaporating BH can have existed for infinite long time (measured by external

observer)?

D. Generalization

It is easy to generalize the conclusion from Sec.II B for (non-extreme) a charged spherical

BH with the generalized Birkhoff’s theorem. But it is not so smart to solve special BHs one

by one.

The result obtained in Sec.II B may be acquired more generally with Rindler geometry

near the horizon. It is still unclear whether all the near-horizon geometries of the BHs are

Rindler, but at least if the near-horizon geometry of an evaporating BH is Rindler, then

the Penrose diagram similar to Fig.3 which maps an event on horizon to finite Rindler time

can’t be correct.

T

X

t=0.25

t=0.5

t=0.75

t=1

t=-0.25

t=-0.5

t=-0.75

t=-1

t=0

t=
+
∞

t=
-∞

x=1 x=2 x=3 x=4

t=
+
∞

If the near-horizon geometry is Rindler space, any hovering ob-

server close to horizon is a Rindler observer. Rindler observers can

synchronize their watch to Rindler coordinate time (Rindler time)

by multiply their proper time with their proper acceleration. The

Rindler time is just near-horizon approximation of Schwarzschild

time. The Rindler time of Rindler horizon is also infinite, for a

Rindler observer, nothing can fall in Rindler horizon within finite

Rindler time. But Penrose diagram of an evaporating BH first intro-

duced by Hawking[Haw75] (Fig.3) requires that the event of falling

in horizon must in finite Rindler time, which means the near-horizon geometry according to

Fig.3 can’t be Rindler space.

The calculation for the general evaporating BHs has not been done, it may involve some

global differential geometry techniques. But according to Sec.II B, it is reasonable to con-

jecture that a receding Rindler horizon of an evaporating BH won’t “pull” the near-horizon

objects inside in finite Rindler time before the BH evaporates completely.

As the end of this section, we propose a conjecture that for any evaporating BH, if it can

evaporate completely within finite time for external observers, then nothing can fall in its

horizon, regardless the choice of coordinate system.
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III. THEORETICAL CONSEQUENCES

A. Causal structure with Penrose diagram

According to the analysis in Sec.II B, and under the conjecture proposed in Sec.IID, any

infalling object can’t fall in the horizon of an evaporating BH, but radiation can get out

from the horizon, so a pre-existing evaporating BH must behave like an erupting WH, the

horizon of a BH must have the slop −1, as shown in Fig.8.
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FIG. 8: Pre-existint evaporating BH as an erupting WH.

Fig.8 is exactly the up-side-down version of Fig.2, and this is not an accident.

One may think that the problem introduced in Sec.I has been solved by treating an

evaporating BH as a WH, but it’s far from that. Because in Fig.8 there is no formation

process of a BH(WH) formation. By Hawking[Haw76], section “IV. WHITE HOLES”,

Hawking considered a gedanken experiment about the arrow of time, it shows that there is

no difference between BHs and WHs by means of ergodic assumption. As time reverse of

an evaporating BH, a WH can also absorbing radiation continuously from environment, just

like a BH. And even more, just like the reverse process of a BH evaporates completely into

radiation eventually, a WH may be created from radiation and growing up by absorbing

radiation from environment. If plotting the time reverse of the complete formation and

evaporation process of a BH, then the same problem will surface again, as shown in Fig.9

Fig.9 is exactly the up-side-down version of Fig.3. The time reverse version of the difficulty

of the evaporating BHs re-appears. In this figure the event that an outgoing light gets out

the WH’s horizon must map to some finite Schwarzschild time (or Rindler time). But the
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FIG. 9: WH with a begin.

calculations in Sec.II B and IID is also time reversible, which means the time reverse of the

calculations will also disfavor this Penrose diagram.

In addition, the bizarre negative or superluminal energy current problem mentioned in the

end of Sec.I is still there: to form a WH, there also must be some negative or superluminal

energy current, because there is no time-like or null world line can transport positive energy

from exterior region to WH singularity.

Whenever a BH can form and evaporate, or a WH can form and erupt, their horizon must

be hanging in the middle of the Penrose diagram, and there is no way to let the event on

horizon maps to the positive or negative infinity Schwarzschild or Rindler time, regardless

the slop of the horizon is +1 or −1

B. BH formation process

If the conjecture in the end of Sec.IID is correct, nothing can fall into a pre-existing

evaporating BH with finite lifespan, then how can a BH form from beginning? If accidently

some tiny region inside a collapsing star has entered its gravitational radius, then this region

can never grow up through absorbing energy outside before it evaporates completely.

It is still unclear whether an almost forming quasi-BH will also radiate some Hawking-like

radiation or not. But if a quasi-BH won’t have Hawking-like radiation, then no external

observer can see any Hawking-Unruh-effect at all, because no real BH can form in finite

time of external observers.
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Oh the other hand, according to Bekenstein[Bek73][Bek74], all of the prerequisites of

Bekenstein’s calculation of BH entropy are still approximately valid for quasi-BHs, the tem-

perature of a real BH should be the lower bound of the temperature of a quasi-BH with

the same mass. So if real BHs radiate, quasi-BHs are also likely to radiate. If the external

near-surface geometry of a quasi-BH is very close to the external near-horizon geometry of a

real BH, then the calculation for BHs in Hawking[Haw75] and Unruh[Unr76] should also ap-

proximately valid for quasi-BHs. In Vachaspati[VSK07], it is also suggested that quasi-BHs

(a.k.a. black stars or frozen stars) should have Hawking-like radiations.

If a quasi-BH can have Hawking-like radiations with a temperature no lower than a

real BH with the same mass, then there will be no real BH can form before the quasi-BH

evaporates completely. Even more, the Hawking-like radiation may distribute everywhere

inside a quasi-BH, which means a quasi-BH may be heated by the radiations generated

in its interior region, which may be a non-negligible balancing mechanics of gravitational

collapse. One may think the Hawking-like radiation is too weak to balance the gravity

inside a collapsing star, but it should be noticed that the Hawking temperature is measured

by distant observers with huge red shift, while the near-horizon observer will see a much

higher temperature[GS09]. Even more, a interesting key point is, if there is any tiny region

inside a collapsing star becomes a micro-quasi BH, its temperature may become extremely

high and lead a rapidly explosion which may smooth out the fluctuations of density. One

more interesting point is, the Hawking-Unruh mechanism is a pure effect of QFT in curved

spacetime geometry, independent on the property of concrete materials, which means such

mechanism may be a much better candidate to balance the gravity than the pressure of

degenerate fermion gases.

Quasi-BHs may have some observable effects that distinct from real BHs[Vac07]. We

suggest that quasi-BHs may behave much more complex than real BHs, such like bounce or

burst, for the structure of quasi-BHs are much more complex than real BHs.

In classical GR, it is easy to proof that a spherical total energy distribution like

M(r) = r/2 for r <= R, is a “stable” star structure under Schwarzschild geometry, be-

cause it completely “frozen” in Schwarzschild coordinates, and a spherical collapsing star

will asymptotically shrinking to such a structure. Surely, it is not really “stable”, it seems

stable in Schwarzschild coordinate just because gtt at any point inside such a star is 0, with

Eddington-Finkelstein coordinates, such a “stable” state is just an instantaneous state.
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Fig.10 shows A Schwarzschild quasi-BH with energy distribution M(r) ≈ r/2, or energy

density distribution ρ(r) ≈ 1/(8πr2). What will be the internal temperature and pres-

sure distribution caused by Hawking-Unruh-like mechanics for such quasi-BH? Is there any

equilibrium? How the back reaction of the internal Hawking radiations will affect the for-

mation process? The answers of these questions may lead to some deeper understanding of

gravitational collapse.

All above heuristic conjectures require calculations, and would be the further works.

C. A candidate solution of BH problems

According to the discussion in Sec.III B, with the mechanics of Hawking-like radiations,

real BHs can’t form at all, and quasi-BHs will also evaporate, the good news is the BH

information loss will be not a problem anymore, even better, the BH singularity in classical

GR will also be avoided, and it is not necessary to deal the singularity directly with quantum

gravity theory. The bad news is the incredible interesting casual structures relating to BHs

in classical GR (such as the maximal analytic extension of the Kerr geometry) become no

more physics. The only Penrose diagrams permitted by physics law of gravitational collapse

are not too much different from the Penrose diagram of Minkowski spacetime. According to

Sec.2, the Penrose Diagrams in Fig.11 shows some possibilities of the BH(WH) formation

and evaporation process.

In Fig.11, the left one shows a quasi-BH, the right one shows a quasi-WH, the middle one

shows a collapsing quasi-BH bounced by some Hawking-Unruh-like mechanisms and turned

17



r=
0

t
s = +∞

t s 
= 

-∞

Q
uasi-B

H

Collapse

Evaporation

r=
0

t
s = +∞

t s 
= 

-∞

Q
ua

si
-W

H

Eruption

Absorption

r=
0

Q
ua

si
-W

H

Q
uasi-B

H

t
s = +∞

t s 
= 

-∞

r=
0

Bouncing(Hawking-Unruh mechanics)

Collapse

Eruption

FIG. 11: Quasi-BH and quasi-WH.

to be an exploding quasi-WH. Note, the slop of the quasi-BH area is close to −1, while the

slop of the quasi-WH is close to +1, which seems something wired. But it is easy to explain:

a quasi-BH is not corresponding to a classical BH’s horizon, but corresponding to the area

where a classical BH is almost forming. With precisely plotting the Penrose diagram of a

classical BH, the area where a classical BH is almost forming will have a slop very close to

−1.

D. Clarify some incorrect intuitions

Here we clarify some incorrect intuitions against our conclusions.

1. Time comparison

One may think the lifespan of a BH with typical mass (such like one solar mass) will have

an incredible long lifespan, which is actually infinite for human being, while the typical time

required to falling in the horizon of such a BH from a typical distance (such like the radius

of Earth orbit) is just a couple of months. So it is impossible that such an infalling observer

can’t get in the horizon before the BH evaporates completely.

As the misleading statement clarified in the Sec.I, it is incorrect to compare the time

between two different coordinate systems. In Schwarzschild coordinate system, yes the

lifespan of a BH with typical mass is incredible long, but at least it is finite, while the
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infalling observer can’t enter the horizon within finite time. Or, in comoving coordinate

system, according to the calculations in Sec.II B, before the observer get in, the BH has

evaporates completely, so the lifespan of the BH will also short.

2. Planck distance

One may think even the infalling object can’t get in horizon in finite time, but after a

relatively short time, the infalling object will be so close to the horizon with a distance no

exceed the Planck length, thus physically there will be no difference with the real BH.

First, in Schwarzschild coordinates, each spherical layer around the horizon with the

thickness of Planck length lP can accommodate at most only 2 Planck mass 2mP . If the

mass of the object is greater than 2mP , then because the outer part of the object will

“fell” the gravity exerted by the inner part, the effective mass felt by the outer part is

increased, so the outer part can’t enter the same distance as the inner part. As shown in

Fig.10, the example of a Schwarzschild quasi-BH, each spherical layer with thickness lP , can

accommodate less mass than 2mP .

In addition, according to Vachaspati[Vac07], when two of such quasi-BHs collide, there

will be significant distinctions. See Sec.I.

3. Perturbation of horizon

One may think if the object is so close to the horizon, such like inside the distance of

Planck length, then any small perturbation of the horizon will swallow the object into the

horizon.

It is must be noted that the object is not placed in the space of Schwarzschild coordinate

system, but placed in the spacetime manifold. A coordinate system is just used to mark the

position on the spacetime manifold. The only way to perturb the BH’s horizon is to perturb

the spacetime manifold, which will also alter the mapping from the spacetime manifold

to the space of coordinate system. The object may not keep stay in the same coordinate

position waiting for the perturbation of the BH’s horizon.

In addition, perturbing the BH’s horizon must be in a physically permitted way, such

like injecting some energy into the BH when an object is falling toward the horizon. But
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how can inject energy into a BH? There is no way to violate the physical laws, the only way

is throw some objects or lights towards the BH, and again, according to the calculations in

Sec.II B, those objects or lights can’t enter the horizon before the BH evaporates completely

either.

IV. SUMMARY

In this paper, we first raised a problem that according to the Penrose diagram of an

evaporating BH first introduced in [Haw75], all world lines which intersect with the hori-

zon in Penrose diagram, must also intersect with the horizon in finite coordinate time in

Schwarzschild coordinates, which seems a serious violation to the knowledge on the classical

static BHs.

Then we performed calculations for a pre-existing chargeless evaporating spherical BH to

assure whether an infalling object can enter the horizon within finite Schwarzschild time, but

the answer is categorically no. And even worse, if an object can’t enter the horizon within

finite Schwarzschild time before the BH evaporates completely, then it can never encounter

any horizon because there is no more BH after it evaporates completely. This result can be

generalized to a (non-extreme) charged evaporating spherical BH without any difficulty.

Without further calculations but under the similar logic, we proposed a conjecture that

for any evaporating BH with a finite lifespan (measured by external observers), an infalling

object can’t enter its horizon before it evaporates completely.

When applying the calculation and the conjecture to the formation process of BHs, if the

Hawking-like radiation mechanics exists for quasi-BHs, then real BHs can never form at all.

It means that all difficulties which caused by real BHs are no more exist, such like the BH

information loss problem, the singularity problem etc.
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