Can we observe firewalls or fuzzballs?
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Firewall Argument

e Hawking Radiation — monotonic increase in
Entropy (Hawking)

e Proposed by Almbheiri, Marolf, Polchinski,
Sully in 2013

° (1) The information of the hole is radiated away
the same way as any other black body (no
mMOoNotonIc INCrease in entropy)

° (II) Consider a surface located at 1 (stretched
horizon) which is 1 [, outside of horizon (1, =
2GM) then for r > 15 physics is described by
Effective Field Theory



Issue with Firewall construction

* (I) and (II) are in contlict with each other
° (I) standard radiation, (II) r > 15 EFT

e Why? Well consider a black hole of mass M. Using
(II) anything at r > 75 should behave according to

‘normal physics’

e Consider collapsing shell of massless particles of
mass AM. The shell will collapse all the way down to
r = 15 uhindered

e Horizon at 1, = 2G(M + AM) but by (IT) it must
past ‘without problem’ through this region



Issue with Firewall construction

* Information gets trapped inside it’s own horizon

* Violates postulate (II): r > 15 have EFT because
we need nonlocal effects to recover information

e Energy can’t radiate from the surface violating (I)
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‘Moditied firewall conjecture’

e Consider particle of energy E falling towards
black hole of mass M

e At a certain distance Spyppre from the horizon,
Ty, the particle should be swallowed up by a new
horizon

* Quantum gravitational etfects must arise at or
before Spubble

° Fuzzball construction (tunneling into new fuzzball
states as particle approaches Spyppie ) (Mathur, Lunin, et al)

o Fuzzball radiates from its surface: consider interactions
of in-falling particle with radiation at § > Spyppie

o If Pipp~1 = firewall, if Pjy < 1 = NO firewall



Fuzzball Geometry

e Assume we have a fuzzball (long vibrating closed
string) with no charge or rotation, roughly
spherical in shape; outside of the fuzzball surtface
we have the metric
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Near horizon scattering

e Perform particle scattering in near horizon region
r—1r, L1
° In this region we assume radiation is isotropic
e Corresponds to a proper distance
S~7‘hl/2 (r — 1) Y/?

e Consider local orthonormal frame (Schwarzschild
frame) so that metric is locally flat




Electron-Photon scattering
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Thermal distribution of photons in near horizon region with local
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Interaction Probability for electron-

photon scattering F=m
e M — 1 M@
Pin‘t/eract
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Probability never reaches ~1
There 1s NO FIREWALL! Bin et. al.



Consider Scattering of low energy
photon off of positron/electron gas

Spubble S lp (inside of fuzzball surface)
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found that  Pi,,~a® where &« = — and P ~—
int 137 emergence (mrh)

= Ppackscatter = intpemergence K1forM = Me; Preflection <1
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