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Things I choose to believe in:

Quantum mechanics
Robust; hard to sensibly modify

Spacetime (approximate) 

Ultimately likely arises from deeper quantum structure

Good approximation -- with limitations -- for 
big black holes and cosmologies

LQFT as an approximate description of dynamics

Can these be reconciled with black hole evolution?
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A proposed picture:

Stuff goes into singularity
(Stuff = Q Info)

Q Info

r=R
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A proposed picture:

Stuff goes into singularity
(Stuff = Q Info)

Q Info

r=R

What changes?
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A proposed picture:

Stuff goes into singularity
(Stuff = Q Info)

Q Info

Q Info

QM: Stuff comes out -
black holes leak information

Nonlocal or superluminal
(like massive remnants: 
fuzzballs, firewalls, etc.)

“nonviolent:” saves approx 
spacetime, equiv. principle?

(w.r.t. semiclass. geometry)

r=R
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How to describe?

Possible fundamental 
picture ~ 

Unitary evolution:    U
- rearranges excitations/degrees of freedom

H
core Hreg Hnear Hfar

r=R

LQFT
“Extra”

(+creates)
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Approximate description:  deviation from local QFT

E.g.

(Not yet a complete picture)

x

x’

local operators

(compare G=const. : ~wormholes)

...
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A main question of workshop:
Can information get out w/out destroying horizon?

The effective source approximation

Focus on outside: {
For purposes of near-horizon dynamics:  can such 

effective sources 1) get needed info out 2) not have 
unacceptable (“violent”) consequences

E.g. ...,
(~“horizon fluctuations”)
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Toy model: [1302.2613, +w/ Y. Shi, in preparation]

- e.g. (can generalize         )

Properties of J:

- smooth at r=R; vanishes at r>>R

(e.g. t= Schw. time)

- required size:

minimal:

(take for all             )

free scalar
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Possible concerns:
Singular at horizon?

Provides a way to avoid firewall problem

J ~ smooth don’t excite planckian wavelengths

finitehorizon

for p~Planckian:  “no firewall condition”

limit: effects turn off, Rindler

Other checks:

Mining         “overfull” black holes?
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Effects of higher-l modes

No mining: suppressed contribution at 

small energy density near H

Mining:  (e.g. cosmic string)

Extra information-carrying excitations present only when mining

No:
Word bag
Photon bag
Mineable mode bag

Avoid AMPS “implausible conspiracy” 

cosmic
stringBH

open extra channel for Hawking 
+ “new” excitations

... little effect
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Another possible objection:
Generically predict extra flux 

Hawking + “information carrying”

Deviation from expected thermodynamics  [1308.3488]

Quick argument:

Interesting question: models without extra flux?
Yes -- at infinite temp [1108.2015, 1201.1037]
No in simple models at finite temp [1308.3488 + WIP]

[1201.1037, 1205.4732, 
1211.7070, 1302.2613]
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Page curve vs. new curve:

Important question: does this present a 
contradiction with anything we really know?

Srad

SBH
TPageT=

S

E/M0
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Further comments:
- Horizon is special 
- “Violate” equivalence principle

small for big BH

(really: generalize?) e.g. scales ~ R

asymptotic causal 
ordering

}

- Nonlocality        acausality

“from background”
no observable 

violation of causality?

not sharp:

(conjecture: also inside)
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information

“erase”

info
rmatio

n

“Weak complementarity”

Different descriptions from different gauges ~ “slicings”? 
[1211.7070]

information

“erase”

inf
or

m
ati

on

Gauge 
transform

“Outside picture;” no interior

A different way to think about complementarity:
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Have only given an approximate, incomplete description, 
proposed to evade some potential problems

What is the more fundamental story?

Compare LQFT:

 1201.1037

QM, ~locality: Hilbert space with networked factor structure:

Subfactor localization

Spacetime localization
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Hilbert spaces w/ networked factors: a possible fundamental 
framework for a unitary theory of quantum gravity

~ quantum analog 
of manifold:

(some common ideas w/ algebraic 
QFT; also Banks/Fischler “HST” -- 

though important differences)

- Unitary evolution;  ~local, LQFT

- Symmetries global
local

- ~Locality: conditions on evolution
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Summary:  

Have asked question:  can we describe the information 
transfer necessary to save QM without violent departure 

from semiclassical physics?

Evidence: yes

Deeper question: what does this tell us about the more 
fundamental framework for quantum gravity?

Hilbert spaces with networked factors, 
unitary evolution

Firewalls
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Firewall

Nonviolent
transfer

(generalized)

Nonlocality
~Semiclass.
Spacetime

Classical BH
Thermo

Scorecard for scenarios preserving QM

X

X

X(?)

?

modify(?)
(just right?)
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Details with 
modes
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Simple model: free scalar, 

Describe effect in terms of modes created:

radial problem: motion in 
effective potential, in new 

coordinates

“tortoise coordinate”
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Let 
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A) smooth at r=R and 

B) vanish rapidly for r>>2R (outside “atmosphere”)

Specifically, consider J’s that are: 

C) definite Schwarzschild frequency
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First, 

Can arrange ~ one quantum 
of energy 1/R per time R: 
benchmark transfer rate

Outgoing energy density: “tiny”

Region where J 
couples
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Singular horizon?

Good coords, infalling observer :

Kruskal

at r=R

No singularity!
holds for arbit. l
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Next, consider (e.g.               )

So: Effective sources ~ can be present, even 
with large magnitude compared to s-wave, 
without significant energy/information flux

This may help address one challenge to the scenario of 
nonviolent nonlocality
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