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Abstract: <p>While originally motivated by quantum computation, quantum error correction (QEC) is currently providing valuable insights into
many-body quantum physics such as topological phases of matter. Furthermore, mounting evidence originating from holography research
(AdS/CFT), indicates that QEC should also be pertinent for conformal field theories. With this motivation in mind, we introduce quantum
source-channel codes, which combine features of lossy-compression and approximate quantum error correction, both of which are predicted in
holography. Through a recent construction for approximate recovery maps, we derive guarantees on its erasure decoding performance from
calculations of an entropic quantity called conditional mutual information. As an example, we consider Gibbs states of the transverse field Ising
model at criticality and provide evidence that they exhibit non-trivial protection from local erasure. This givesrise to the first concrete interpretation
of a bona fide conformal field theory as a quantum error correcting code. We argue that quantum source-channel codes are of independent interest
beyond holography.</p>
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Thermal CFT geometric interpretation
C. B

A A A
JS’AABC' = () = »S'(ﬁl . p’B) —_ LgC__.‘ -+ S‘BCI - S"B

 BTZ black hole dual to CFT thermal state.
* No proper subspace supporting the thermal state.

 Interpret a CFT thermal state as a source-channel code.
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Calculate on your favorite CFT
B_C

Study conditional mutual information
as a function of system size n.
(lattice Hamiltonian)

Constant temperature correspond to BH
horizon a constant distance from boundary.

Scale inverse temperature with n. S oxn? ¢ € (0,1]

For constant S(pg) thermal entropy 8 o< n

Now calculate CMI on your favorite CFT!!!

Non-standard limit with comparable quantities.
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Critical transverse field Ising

B <
H=Y) Zj+X;®X;n -
j=1 A=A

Equivalent to free fermions within given parity sector.
Povene™ BHT

. _ (B ._ -
PBC = Peoven -— TR ( )
even tr [Pc\-’cn('f PHTF J /‘

Free theory c=1/2 hence ®
not holographic. w(k)
. . . e O
Dispersion relation:
B x n ~constant k o

S(pﬁ) k

irsa: 17090066 Page 27/31



Critical transverse field Insing

Markov upper bound on average decoding error
' A=A
05F
S xn

~constant k

* 5. L
0.1F ® s?l Sy~ S 1= b(pﬁ)
® S.+S,.-S, IC=2
005 S48 -8 IC=3
b constant |C|
=/ a+ bn+ cn”) fit .
|l e x 1/n?
0.02 6/ n’ B
' 1 1 | L | L L | 1 1
2 3 4 5,6 7 9 11 13
| i @ . Pruene e
: SN 0C) even ™
Parity hack to forbid ppc = plB) =

- tr [Pogene—PH7r]
unphysical errors. [ Pevent ]
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Larger

Markov upper bound on average decoding error

BH = more logical Intf.
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Larger BH = more logical Inf.

Markov upper bound on average decoding error
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Critical transverse field Insing

Markov upper bound on average decoding error
' A=A
05F
S xn

~constant k
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