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Plan of the talk

¥ (Recap) AdS/CFT correspondence as quantum error-correcting code.

(Harlow-Pastawski-Preskill-BY 2015)

¢* (Recap) Revisiting the holographic task in AdS/CFT.
(May 2019)

«¢* Multiple-input protocol based on entanglement-assisted QECCs.

(May-Sorce-BY 2022)

«¢* Remarks on transversal logical gates.
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AdS/CFT correspondence

*¥* Quantum gravity in bulk = CFT on boundary ?
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AdS/CFT correspondence

*¥* Quantum gravity in bulk = CFT on boundary ?

«%* Bulk info is encoded in boundary, like a hologram.
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Quantum entanglement in AdS/CFT

* [Ryu-Takayanagi formula 06]

Quantum Gravity

1
T (A) = G 1‘2/1111(:11"6&1.(’}34))

Minimize over spatial bulk
surfaces homologous to A

=
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Bulk operator vs boundary operator

«* Entanglement wedge reconstruction

A bulk operator d) can be represented by some boundary operators

supported on A if (,b is contained inside the entanglement wedge of A.

p A
A Q Al ¢ A2
O ¢

¢~ Oy ¢~ Oa,4,

» “Proven” by using a generalized RT formula (Jafferis et al)

» No explicit recipe is known for more than one intervals
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Bulk locality puzzle

«¢* The reconstruction recipe leads to a paradox

» All the bulk operators must correspond to identity operators on the boundary ?
A@C A® A@
B B B

(Almheiri-Dong-Harlow)
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Quantum error-correction in AdS/CFT ?

f* The AdS/CFT correspondence can be viewed as a quantum error-correcting code.

B B B
Opc Oap Oca

They are different operators, but act in the same manner in a low energy subspace.

cf. Quantum secret-sharing code
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Holographic quantum error-correcting code

of* A tiling of random tensor network works.

Ryu-Takayanagi formula, entanglement
wedge reconstruction etc

Haar random tensor

Pirsa: 23090016 Page 10/36



Bulk center is very complex

%* One can “push” the bulk operator to the boundary.

Ot T,

b Very complicated expression

(Cannot be implemented by short-depth
quantum circuit)
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Holographic scattering and QECC




Boundary causality puzzle

¢ On the boundary, there is not enough time for particles to interact.

» Particles in the AAS/CFT correspondence must be non-interacting... !?

bulk boundary
e \PL Yl 1‘1
b
Y3
T Qt =R,
G C2 ”
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Non-local qguantum computation

+ By using the pre-shared entanglement, (in principle) one can induce
arbitrary unitary interactions.

bulk boundary
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entanglement

[May 2019]
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What does AdS/CFT actually do?

¢ But probably, the AAS/CFT correspondence is not performing port-
based teleportation...

bulk _ boundary
(e.g. phi-4
V= interaction)
L 270
Ui — v How does CFT utilize
entanglement?
N
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Entanglement + QECC =
Entanglement-assisted QECC
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Quantum error-correction interpretation?

+ Objects at the center of the AdS bulk are encoded into quantum error-
correcting code.

R

v \S? — | i cod e S\JOSQRCQ
@\
Change the states of particles
- T~ = changing the logical states of a

L —
L
\/ quantum error-correcting code
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Scattering and quantum error-correction

¢ Interactions must occur in a quantum error-correcting code.

3 output
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like a quantum computer...

< This is how a fault-tolerant quantum computer works.

Compute

Encode
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