Robust quantum many-body teleportation

teleportation | weak measurements | wave function deformations

42 4(C
M .
//\((’( CRC Simon Trebst
\\\\‘\ ENTANGLED STATES OF MATTER University of CO|Og ne

New Frontiers in Quantum Matter

Weizmann Institute of Science, March 2024


http://www.thp.uni-koeln.de/trebst/index.html
http://www.thp.uni-koeln.de/trebst/index.html

guantum measurements

Quantum measurements can

from a system

 shape entanglement
of a quantum system

e = it

o L™
v
»r
.
o
s
.
= e —

> o .

- ~ S

‘About your cat, Mr. 5c¢ hrodi nger — | have

goocl news and bad news.”

double-faced Janus ST A A ey
© Simon Trebst 1 171 AP P ks s QLS T



http://www.thp.uni-koeln.de/trebst/

paradigmatic example: surface code
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teleportation

science meets fiction



quantum teleportation
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quantum teleportation
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teleportation of quantum matter
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protocol




protocol & quantum circuit
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diagnose robust teleportation
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 Can Alice steal the key?

* Can Bob decode the key with classic info shared by Alice? O coherenterror ¢ 0.1437 x/4
Nishimori
 Ensemble average of logical entropy (size of code space).

Schumacher, Nielsen 1996; Lloyd 1997; Gullans, Huse 2020; _ Z
Fan, Bao, Vishwanath, Altman 2023; Colmenarez, Huang, Diehl, Muller 2023 ’ORAB P(S) ‘ ‘P(S»RB(T(S) ‘ ® | S>A<S ‘
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physical qubits / teleportation vs. measurement
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logical qubits / anyon condensation

+ deformation in logical space P ,W(S) = <l///,, ‘MST M| Wy)
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tensor network & statistical model

(2+0) dimensional (1+1) dimensional 2-dimensional
deformed wave function classical 8-vertex model
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-replica model / post-selection
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decoding
teleportation



decoding many-qubit teleportation

Who has the key / logical qubit?

* A gquantum key cannot be cloned.

* Does the logical information leak to Alice or flow to Bob ?

Scalable decoder

A """""""" [/% S Alice ? I — SRA — SA for entanglement transition

Gullans & Huse, PRL 2020
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decoding many-qubit teleportation

-teleportation

coherent error w/o decoder
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conclusions
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