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What s AAS/CFT?

The holographic principle: quantum gravity in (d+1)-dimensional
spacetime is equivalent to a many bc:-dj system defined on its

bouv\darfj

o AAS/CFT is the key example of
the kotagraykia Pr&maipiﬁ.

& No compteéa makbthemakical
description of the
aorresgvomdemae

o Exactly solvable toy models
wsing quav\%u,m info %eakmiques
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‘gravity in our
3 dimensional world
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Wka& mawes a gcmnd &oj mode i?
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Hotagraykw quav\,&uw\ error correcting codes
& Hamilbtowniawn simulation Ee&kmiques

8 Our cownsbtrucktion

o Applications: position based cryptography

o Open questions
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Holographic quantum error correcting
codes from perfect tensors [HaPPY 2015]

Perfect tensors: isomekbries
across any bipartition, good
QECC



Holographic quantum error correcting
codes from perfect tensors [HaPPY 2015]
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Holographic quantum error correcting
codes from random bensors

——

.. Replace erfect tensors with
random tensors:
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3 reqmres large Local
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[Hayden et al 2016 ]






Hamwiilbonitan sinulakion



Perfect Hamiltonian Simulation

H \ y

Hamiltenian with

imeresh’nj phﬂsics Simulator Hamilfoman

® Perfect simulation below A if ||&(H)—-H'|,|| =0

3 Opero&cw norm: whole sPe«cErum, all measurement
outcomes, thermal properties preserved

o But H and H can have different interaction graphs



A p Hamilkonian
sinulation

® We say H' is a (A, €, n)-simulation of H if below A H
apprax&ma&ei.j sinmulates H

® ¢ conbrols the error in the eigenvalues of H
® 51 conbrols the error in the eiqenvectors of H

@ Errors U the simulation qrow as 2er + 7



Perturbation qgadq

Subdivision

: Reduce the weight of
| interactions to make
| the Hamiltonian local
f K- toeed
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Remove crossings so
| the Hamiltownian is
| geometrically local
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Perturbation qgadqe
The mediator qubit is acted on by a heavily weighted projector:
Hy = J]0)(0]
for J > 1,

Each p@.r&urba&wm gadqet acts on a single Paull term - handle
qeneral Hamiltonians via Lameariﬁj‘

Costs of simulation:

o Uncrease i norm of Hamiltonian

o additional deqrees of freedom



Gur construckion




Can we localise the boundary of a
e e

HQECC cownstructed
fyom Haar random

Hamilkownian
Fensors
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qud&%s



Why has the boundar y size
nereased bv so much?

o k-local kterms d@.ep i the bulie
map o O(n) terms on the boumdarv S

o bthese bterms have Paull rank exp(u)

o making each term local Omifj
requires log(n) rounds of
per%urb&%mm &kearv, buk exp(m)
ancillas




What abouk wusing random
skabiliser bensors?

o Our conskruckion uses random stabiliser bensors
instead cwf Haar random bkensors

o Random stabiliser tensors are obtained by applying a
random Clitford to a reference state

o Random Cliffords form a unhitary 2-desigh



What abouk wusing random
skabiliser bensors?

o Random stabiliser tensors are exactly perfect
with high probability - retain all the error i
correction properties of the HaPPY code with
high probability i

o Using the mapping to the Ising model for
random tensors plus quantisation of entropy '
in stabiliser states can show that the Ryu-
Takayanagi ev\%ropj formula is c;a-b@.v@.d
exack Y




What abouk using random
stabiliser kensors?

I'  Stabiliser tewnsors
| preserve the
Paull ranke c;:wf
oper&%o-rs



What abouk wusing random
skabiliser bensors?

HQECC constructed

fyom stabiliser

random tensors Hamilkonian
P 7 sinmulabion

E@.ﬁhmiques
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What abouk wusing random
skabiliser bensors?

" (DERROR (ORRECTION |

The boundary Hamilkoniawn has
large &m&eraﬂgmm strengths to
%&ep errors small...

" @ ENTANGLEMENT

S(R) < [ %,



Time dilation in HRECC

The AdS metbric is given bjf
ds i 052[—COSh2pdt2 + de + Sinthdﬂz]

-» time is dilated in the centre of the
bulle

For stationary observers ot different
points:

cosh
dt() — &dtl ~ epl_pOdtl

cosh(po)



Timvie dilakion th HQECC

z=R Translating to model
arameters, coordinate ktime at
o-u,v\ciarv s related to

coordinake time i Lajer . bjz

{

Insert time dilation by hand via
scaling Hamiltonian interaction
strengths:

|2 || = O)



Bu&%ewﬂ.v velocities: capture how
fast information propagates on
the ba—umdarv in the code
subspace
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Boundary sighalling in toy models

h’c\e travell;
J




AFPL&CQROMSL’ Fos&&ov\ based
C‘"ij’&QS"QF’l"j



Posikion based quw\%u,m «r:rjp%grapkj

TRQC uses the provers PQSL&OM LA spa&e&me as iks

credential
To 1“;1,
/\
Co <

Now-local attack: using
shared entanglement
attackers ‘spoot’ the
requﬁreci Fasiﬁom

Hownest pro&aaot: uh&%ar:j
LS &PF«’LEQd mmuj ak Ehe
required posi&iom



A abttack on PBRRC from holography

In the bulle there
exisks a Pos&wm
where the uv\&%arv can
be athd Lm‘:au,v

l\/ f'—H Ll’w \Jj_\ff = | ¢ & O
R ij
t 1 \\SI\?

In the boundary there’s no
intersection of the
Lightcones: the umi;%&rfj nu sk
be ap Lied Manwiaaauj, using
ombj hear entanglement

[Mav 2019 ]



Can we rapiwaﬁe Elis abkbacle in &)v model s?

() PROPAGATE IN @ SMULATE UNTTARY T (B) PROPAGATE OUT

Local SWAPS withexp :
inQ weiaht Genera) loco) unita

translate inputs tothe U generaied by n-
bulk Hamilkonion K.

LOCO) SWAPS ago.in 1o
deliver oukpuks

velouty doeu straight
lishts ones 3

Simulator 1o keep entangement —
boundanj coMSOY, d ok w(j ot




What counks as a ‘good
simulabor’?

o To maintain causal structure during bauv\c&&rj implementation
of U, while maintaining small enough errors to breake PBRC we

need a simulator Hamilkonian with interaction strengths
d

LG a s Dot | | H, i W K
.| *

o If we could construct such a simulator then we could break
PBAC using only linear entanglement

o If PBQC can be proven to be secure by other means this
EMF’LEQS a Limit on how good simulations can be



How tight is this bound?

o For general Hamiltonians the bound isnt tight

o We can apply this bound to bullke unitaries generated bj

lk-Local Hamilkonians - this qgives a bound on simulating
sparse boundary Hamiltonians

> Using ki;s%or'j skabke simulabtion mebhods we can conskruck

new simulation methods optimised for simulating sparse

Hamiltonians - this gives simulators with thteractions
d

n
stremgths scaling as poly(— | Hy e | |) with arb > 1.5
€



0 WA q uesktions

o Where’s the grav&v%’?

o Toy models with conformal symmelries in the
bow\ciarj % timwe dynamics?

@ Toy models that capture the full entanglement
spectrum correctly?

o Other applications of these toy nmodels?



