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In the conventional model of BH:
Infalling observer: finite proper time to cross the horizon.
Distant observer: infinite time if no radiation.

Hawking radiation = Horizon shrinks, but finite time!

singularity atr =0

[Hawking 1976]
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For a classical black hole, an infalling
object crosses the horizon in finite
proper time. This is also true for a very
small deformation of the classical
black hole, e.q. due to the back-
reaction of a very weak radiation.




Outgoing Vaidya metric

ds® = — (1 — a(u)) du® — 2dudr + r?dQ?
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a(u) =2M(w) T, =

Light-like geodesics:

r

du = 0 (1—a(u))du+2dr:()

Outgoing Ingoing for r > a



R(u) vs a(u)

T

All infalling null trajectories are geodesically complete
without crossing horizon. [KMY2013][Ho2015]



Proof of no black-hole apparent horizon

[Ho2015]
Schwarzschild radius is space-like:

r = a(u)

ds® = 0du? — 2da(u)du = —2a(u)du® > 0

Schwarzschild radius shrinks faster than light!

Complete evaporation (a(u) = 0 for u > u*)
— Infalling trajectories are geodesically complete
= No black-hole apparent horizon.

OQutgoing radiation can be arbitrarily weak.



singularity atr =0

Black-hole apparent
horizon vs white-hole
apparent horizon

[KMY2013][Ho2015]

singularity atr =0

Schwarzschild solution is degenerate. [Ho2015]
Gravitational collapse ~ critical phenomenon



KMY Model

[Kawai-Matsuo-Yokokura 2013]
[Kawai- Yokokura 2014]
[Kawai-Yokokura 2015]

Assumptions:
Spherical Symmetry
Collapsing massless dust
(pre-)HR of massless particles

The energy-momentum tensor is that
of a light-like energy flux outside the
surface of the collapsing sphere.



Outside the Collapsing Sphere

r> R(u) > a(u): the outgoing Vaidya metric [KMY2013]

ds® = — (1 — a(u)) du® — 2dudr + r?dQ?

r
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Light-like geodesics:

du = 0 (1—a(u)>du+2dr:0
T
Outgoing Ingoing for r > a

e.g. HR e.g. v =R(u)



Information Loss Paradox

Apply the same arguments =
If complete evaporation,

there is no horizon = No info loss

— Asymptotic Black Hole

a consistent approach.



No paradox even if there is horizon.
Collapsing matter is never behind a horizon.

(pre-)HR created near the collapsing matter,

like peeling off an onion.
[KY2015]

* Burning through quantum tunnelling
at macroscopic scale
* Hard to distinguish from a black hole.
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The blue-shift factor approaches to
infinity as the collapsing surface
approaches to the Schwarzschild radius,
and thus there would be a diverging
energy flux near the collapsing surface,
f Hoawking radiation exists there.




Surface of the collapsing sphere:

dR(u) 1 (1_a(u)> i) =~ — 0

du 2 R(u) a®(u)
R(u) ~ a(u) 4 aQ(Z) o= ]ZSTH

The surface of a collapsing sphere stays above the
Schwarzschild radius by the separation:

AT:R—a:Q—O

a




energy flux at collapsing surface

The energy-momentum tensor near the outer
surface of the shell is
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which is very weak for a large aBH. [Ho2015]



Hawlking radiation in the absence of
blacike-hole apparemﬁ horizon?

— FrewHaww‘Lv\g radiakion




Hawking radiation without horizon?

Bogoliubov transformation:

Exponential relation between u and U.
[Barcelo-Liberati-Sonego-Visser 1011.5911]

R > a = no horizon

R - a = Ar = extremely small

Hawking radiation of wavelengths A >> Ar
are expected to appear.

Hawking radiation for white-hole horizon?

same spectrum of Hawking radiation [KMY2013]



Generalization

Incomplete evaporation
generalized solution w. spherical symmetry
general Hawking radiation

more general energy-momentum tensor
[Ho2015]

The arguments are robust.



geometry inside the
collapsing sphere

Decompose the collapsing sphere into
infinitely many infinitesimally thin shells.

Every layer approaches to the
Schwarzschild radius.

Huge red-shift => everything inside is frozen.
[KMY2013,KY2014,KY2013]

The time-like singularity at the origin 1s
irrelevant to the information loss paradox.



KMY Model:

Patching Penrose diagrams together
[KMY2013]




Asymptotic Black Holes

Surface stays at Ar ~ 20/a
away from the Schwarzschild radius a.

~ Brick Wall Model and Membrane Paradigm.
[Ho2016]
* Thin-shell model is not reliable.



Black Hole (Non-) Formation

Trapping region: Frolov, Vilkoviski (81)

Domain wall: Vachaspati-Stojkovic-Krauss [0609024]
Collapsing star: Mersini-Houghton [1406.1525]
Fuzzball: Lunin-Mathur [0109154, 0202072]

Firewall: Almheiri-Marolf-Polchinski-Sully [1207.3123];
Braunstein [0907.1190]

Review: Mathur [09091038]
“No drama at horizon” vs “Order 1 correction”

What's new: robust semi-classical arguments.




Conclusion

Consistent model of black holes
Semi-classical, large scale physics
No firewall

No horizon (if not already there)
No Information loss paradox

Asymptotic black holes in observations



Thanl vc;)u,!




