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Things | 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\ pifiepeEEEl BlEiLE:

Stuff goes into singularity
(Stuff = Q Info)

Q Info

=




A\ pifiepeEEEl BlEiLE:

Stuff goes into singularity
(Stuff = Q Info)

What changes!

Q Info




A\ pifiepeEEEl BlEiLE:

Stuff goes into singularity
(Stuff = Q Info)

Qlnfo \

OM: Stuff comes out -
black holes leak information

Nonlocal or superluminal

(w.rt. semiclass. geometry)
(like massive remnants:
fuzzballs, firewalls, etc.)

‘nonviolent:” saves approx
Q Info spacetime, equiv. principle?

=
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How to describe! et 5

Possible fundamental
DICUUIRE) o

[ ]

core [ ]
@ 'tcy Huear ° D

[

[ ]

Unitary evolution: U e on TR ’

- rearranges excitations/degrees of freedom
(+creates)

7‘[ o Hcore & Hreg X %near 029 Hfar
4—
| G

—— ( ) )
| EXlige
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Approximate description: deviation from local QF T

ey el 4 completerpletiiie )

/ . / AVadV!O4(1)Cuplz, 7) O (')
BN pa

local operators

(compare G=const.: ~wormholes)

£ o -
=T,

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

The effective source approximation
Focus on outside: /dV4OA(x)/dViGAB(x,w’)OB(a:’)
JInas)

/ AV, J* (2) T ()

(~"horizon fluctuations”)

o /dV4JI($)<DI(37)

-Or purposes of near-horizon dynamics: can such
S "ilc solrces | ) get needed Info out 2 ReEREEE=
unacceptable (“violent™) consequences
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Toy model: [ 1 302.261 3, +wi Y. S0, In’ prepaiaiSi
¢ = free scalar

/dV4J(x)gb(a:‘) Jils) — Z/dw jorlr)en .
[m

. (e.g. 1= Schw. time)
FeEEtties of |:

SR (can generalize 1/RP)

& ) smooth at r=R; vanishes at r>>R
| - . it

- required size: ¥ g T 7 =

= mimmal: J~1/R° Juwt ~ 1/R?

(take for all 1 -
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Possible concerns:

Singular at horizon!?

[l inecth == dont excite planckian waveleRaEis

<JFE§SuSk>

> finrte

J horizon

a?r“Skal\\Ifﬂ = for p~Planckian: “no firewall condition”

Provides a way to avoid firewall problem

Other checks:

R — oo |imit; effects turn off —> Rindler

Mining — “overfull” black holes! (Som = 52
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Effects of higher-l modes

0 suppressed contribution at Z™ T2 ~ (Bl
No mining: PP Tual” ~ (S

small energy density near H <Tffyr“8k> ~ R
e ieEle elieen

Mining: (€. cosmic string) open extra channel for Hawking

+ “new’’ excltations

S COS[lE
string il 1 dSTNg, 1

~N — —

W Be dt R

Extra information-carrying excitations present only when mining

Avoid AMPS “implausible conspiracy”

Word bag
No: °hoton bag

Vineable mode bag
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Another possible objection:

| | [1201.1037, 1205.4732,
Generically predict extra flux 12117070, 1302.2613]

awking + “information carrying”

Deviation from expected thermodynamics || 308.3488]

Quick argument:

G L dSpn | @SEH

e Sl e oy
7 = 7 ’Hawk equilib H AM < AM

Interesting question: models without extra flux?

h = it ntinte temp [ | 1082015, | 20101057
NERREsimple models at finite temp [ | 308.34:66 Ealis
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Page curve vs. New curve:

S rad

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

small for big B

not sharp:
.9, SCalcs i

- Horizon Is special }

- “Violate" equivalence principle

(really: generalize?)

- Nonlocality ¥ acausality
asymptotic causal

ordering
11 “from background”

AT gy - No observable
: violation of causality?

Q (conjecture: also Inside)
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From: Steve Giddings Show in Mailbox

Subject: complementarity
Date: November 22, 2009 11:47:38 AM PST
To: Leonard Susskind

Dear Lenny,

| hope you'll forgive me, but | always had trouble understanding complementarity!
Of course, if you have any further comments to sort out my confusions, I'd be
interested! ( http://arxiv.ora/abs/0911.3395 ).

All the best,

Steve

Steve Giddings | Professor, Department of Physics
University of California | Santa Barbara, CA 93106

805-893-4750 | 805-893-8838 (fax) | giddings@physics.ucsb.edu
http.//www.physics.ucsb.edu/~qgiddings/index.htmi|

Nonlocality vs. complementarity: a conservative
approach to the information problem
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A different way to think about complementarity:

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

|
|
|
1
|
|
S I :
I'¢ ’ 1
1 ’ I
PR N Y
e \}D L L 1
L4 (be' L& ! |
2~ g M
’1' ‘Q{\O¢' : :
ma Gauge :
| ls
: transform .

: 1| “erase”
| |
1 |

information information
“Weak complementarity” “Outside picture;” no iniCkES
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ave only given an approximate, Incomple

Bek (@

proposed to evade some potential p

@olc

escription,
ems

What Is the more fundamental story! 901 1037

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

Subfactor localization

|

Spacetime localization

Compare LQFT: O(z),O(y)] =0 , (=
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http://arxiv.org/abs/arXiv:1201.1037
http://arxiv.org/abs/arXiv:1201.1037

~ quantum analog
of manifold:

(some common Ideas w/ algebraic
OFT: also Banks/Fischilersic s
though iImportant differences)

- Unitary evolution; ~local, LQFT

- ~Locality: conditions on evolution

H— SH olobal

- Symmetries
I = Sl = Sl & Sl - - - local

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

Thursday, August 29, 13



Summary:

transfer necessary to save QM

withou

from semiclass

ave asked question: can we describe the information

' violent departure

Evidence: yes

BIE-mBERalestiion: whnat does this tel
fundamental framework for qu

ical physi

&

us about the more
antum gravity!

Hilbert spaces with networked factors,
unitary evolution
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Scorecard for scenarios preserving QM

P ochle
Nonlocalrty Spacet

CCA o RB”

, B

(generalized) A
Firewall  r<R+lp X

Nonviolent - 4
transfer

(Just right?)

ass. (Classical BH
Me — helme
/

X(7)

modify(?)

Thursday, August 29, 13



Thursday, August 29, 13



Detalls with
Mmodes




Hiffipleode:  free scalar; /dtHNL — /dV4J(:1:)¢(x)

Describe effect In terms of modes created:

¢(x) = > aaUa+ h.c.

2 radial problem: motion In
s : , ,
Uap ~ Ylm(Q)“l(T’ ) effective potgnﬂal, N New
r coordinates
d 2
ds” = — Pl = 4 LGl
f(r) R
fry=1-=

r

= —f(r)(dt® + dr*?) + r*dQ?

-

fortoise coordinate”
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Specifically, consider |'s that are:

A) smooth at r=R and

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

C) definite Schwarzschild frequency




First, =0, w~1/R

Region where |

couples
o
S COIIST
. Can arrange ~ one quantum
/Ju =0 . .
of enersys /IR BErINEHES

bencehmark iransicrlEes

Outgoing energy density:  ~ 1/R*  “tiny”
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Singular horizon!?

e e—iw(t—l—r*)
S
T*
e o2l L
T =t+r* 7TKrusk _ oz T
rF = ax- )
Good coords, infalling observer: — 00 at r=R
= +2¥ /2R . |
X* = £2Re*"/ No singularity!

Kruskal holds for areins
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Next, consider

®

Ll <R (€.8. W~

[(1+ 1)
RQ

Y

r— R

So: Effective sources ~ji(t,7)Yim can be present, even

with large m
without sign

agnitude compared to s-wave,
ficant energy/information flux

This may help address one challenge to the scenario of

nonviolent nonlocality
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