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e Correlation Functions: r(B![Vxth|BY)r = Lr(B|Bs)L (V5¢%) L{Bs|8) Lk
= Lr(Bl|1BIL(B| @ vt 18)1n

e O(N) Symmetry, ~ O(1/N* ). “Flip” subgroup: Flip sign of any
even fermion. Relates any two states |Bs)and |B)
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Bulk Picture

[Kourkoulou, Maldacena]

1B) LR L(B[B)Lr
e Bulk 1s deduced from the correlation functions @ 1 « 5J
r{BS[VRrYR|BY) R o< Lr(BIYRYRIA) LR
R(B Rtk BY) R o 2isy X Lr(BIY1(0)UR|B) L X La(BIVL(0)VRIB) Lr

e These are atypical BH microstates: Simple observables have not
thermalized.
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Atypical Microstates

1BYYr = 1(Bs|B)Lr

More Typical Microstates

B *Vr = 1(B|WB) LR

Both are over-complete bases of BH microstates of temperature (3

Does this have consequences for interior reconstruction?
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State-Dependence

e Suppose the existence of a linear operator N;, that measures
whether there 1s a shockwave behind the horizon.

2 N2y " R(BYINEIBYY R = r{BINE|B) LR

032 " g(Bs "INE|Bs *)r = Lr(WBINEIWB) Lk

= Lr{BINE|B) LR

e (Contradiction! Can’t be the same by assumption!
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Take Away

The dictionary for the interior must be state dependent.

Can we find such a dictionary?

Yes! By assuming the AdS/CFT dictionary to be a QEC code,
one can generate such a dictionary for the interior!

Key: the dictionary 1s fluid, responding to the projection in a
way that maps the interior operators to the remaining boundary
in a state dependent way.

1B)Lr L(B:B)Lr



AdS/CFT as QEC

[AA, Dong, Harlow;...]

e | will describe the duality using a circuit diagram.

e (Consider Isometry 7 from systems a & H into L.

DL > Da X DH
DH>Da
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Eternal BH Code

e Eternal BH dictionary 1s given by:

® a and b represent bulk quantum fields.
‘w>ab — ‘¢>LR € Heode C Hr @ Hp

Ll aXb |R

L_TFT

® Reproduces quantum corrected RT ‘
formula. a b

S(p%) =InDy + S(pY) \/

[Harlow] ‘ w > "
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Subregion-Subregion Duality

L I T R

[—o1 T T R
|
b

g |

b

ax_ /" a0 " N /S
\W)ab OuVYr = OL|V) LR ¢> -
7 7T L—p — L— T T Ho—R
| B ‘ | |
h I a b
N b Op|VV) LR = OR‘J>L N\ /



Projected BH Code

e Projected BH has ‘same’ geometry.

® Project on original tensor network.

e We want to understand the conditions on
P such that operators acting on a map to R

‘¢>ab

< T T
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v
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Condition on the Projector

T T —R = <PH 11 H}-

v
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1{P|Oul¥)r = OF L(P¥)1r
e (Operators Oy, are a dictionary for the interior.

¢ These are state dependent!

e This state dependence 1s like that of Quantum Teleportation:

P < uP—¥)
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Relation to PR

Problem with PR: Consider Typical Microstates

All simple operators have thermalized

Mirror construction would predict ‘nothing’

behlnd the hOI’lZOIl. L(BXWL|B)Lr

The QEC construction 1s not a statement about typical states, but
states constructed 1n a special way.

It IS sensitive to what happens behind the horizon.
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