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Hawking Radiation (1/3)

Black hole radiation
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Hawking Radiation (2/3)
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Hawking Radiation (3/3)
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a = 2GM: Schwarzschild
radius
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Information Loss Paradox
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Black hole lifetime~0(a3/L3)



Trans-Planckian problem
~

scientists have discovered a black
hole that absorbs all food falling to
the floor




Blue shift to UV
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horizon

singularity

vV—2r, = U
r
collapsing null shell, v = vq
v—2r=U

After scrambling time u~0O(a In(a/Lp)),
Hawking particles reach the shell with
trans-Planckian energy.




UV physics
* Q: Does Hawking radiation sustain to the final stage
of evaporation? o(®/13)

* |[f one can show the UV sensitivity of late-time HR, the
iInformation loss paradox is dismissed. 0(aln(a/Lp))

* Many examples have been provided in recent years
supporting this idea.

* | will discuss another such possible UV schemes:
» Breakdown of local Lorentz symmetry at Planck scale

Existence of the minimal length (Discussed by Tin-Long Chau)
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HR as wavepacket distortion



HR in Vaidya metric (setup)

ds* = — (1 — O(v — vy)
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Goal: measure the particle number at time u,
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1. Define a particle attime u,

2. Evolve it backward in
time

3. Match it with the flat-space mode
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I 4. Calculate the number operator VEV
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Minkowski vacuum



Bogoliubov transf. (technical)
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singularity
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mode expansion outside the shell
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Distortion & Frequency mixing
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Due to the uncertainty principle

1
ArAp = =
rp = 5

Ap becomes exponentially large,
and wavepacket gains negative
support in momentum space.

= Hawking Radiation
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HR of Modified Dispersion Relation




Modified Dispersion Relation

w = p/2| =» |w=g(p)/2

= group velocity becomes 20

9(p)

smaller forp > M,

= Hawking particle slows
down within the Planck
distance from the horizon
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Monotonic dispersion

1. HR is still there for monotonic dispersion 1%

A

The wavpeacket is already
distortedforr — a < a.
Different trajectoriesinr —a < Lp
doesn’t modify Hawking radiation)

Interesting point:

The geometric optics breaks down
within the Planckian distance from
the horizon. The wavepacket has
support inside the horizon.




Non-monotonic dispersion
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= group velocity becomes
negative forp > M,

= Hawking particle rebounce
from the horizon

=Apart from horizon,

distortion disappears.
Hawking radiation vanishes?




Tunneling across horizon

non-local behavior within the
Planck distance from the horizon
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bouncing off trajectory inside the
horizon

tunneling across the horizon!




Approaching singularity
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Part of the wavepacket tunnels across the
horizon and approaches the singularity,
which again becomes the source of HR.
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Touch singularity
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finite time, Hawking radiation hereafter :
depends on the singularity boundary |
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scrambling time

Av travel time




Conclusion

* The UV origin of the late-time Hawking radiation is
discussed for the modified dispersion relation.

* Hawking radiation is found to originate from the
singularity after the scrambling time if the dispersion
relation decays fast enough. HR would be largely
suppressed if there is no description of the singularity.

* This exactly reflects the UV sensitivity and the trans-
Planckian problem of Hawking radiation.

* The information loss paradox of low energy effective
theory is dismissed.
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