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Abstract: We investigate the link between position-based quantum cryptography (PBQC) and holography established in [May19] using holographic
guantum error correcting codes as toy models. If the "tempora" scaling of the AdS metric is inserted by hand into the toy model via the bulk
Hamiltonian interaction strength we recover a toy model with consistent causality structure. This leads to an interesting implication between two
topics in quantum information: if position-based cryptography is secure against attacks with small entanglement then there are new fundamental
lower bounds for resources required for one Hamiltonian to simulate another.
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POSITION BASED QUANTUM CRNPTD GRAPHY

PBAC uses tne prover's position in space time as its credential
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NON - LOCAL
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L \ocal unitary on N qubits L uses snared entanglement and
o rourd of communicaxion

Known bounds on securitg of PBAC for general local un'd-o.rg
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0(n) < minimal amount o entanglement for < OC( exp(n))
Successful ock
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AN ATTACK FROM HOLOGRAPHY [ijm]

No inrerseckon of U%‘n% tones in baund“&r\ﬁ

BOUNDRRY

NON - LOCAL
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AN ATTACK FROM WOLOGRAPHY  [Mayit)

No merseckon of lgnt cones in bu\md&r\\.&

NON - LOCAL

If unrestricted \oca) unitary, woud USir\q E.r\‘r&n%lemcn‘f Skructure of AAS|CFT
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entanglement => NOT SECURE boundmu\ fegions b
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ATTACK IN TENSOR NETWORKS ?

» The tenspr network describes o space-like
slice of AdS spacetime.

- Map +he Hamiltonian/stare once then
time evolve

—* Essential thot theére is no
overlappin% re%"on of
cousol coneg in the boundar
where the unitary wuld
be implemented \oca\\:j,
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ATTACK IN TENSOR NETWORKS ?

-+ The tensor network describes o space-like
slice of AdS spacetime.

- Map +he Hamiltonian/stote once then
time evolve

—* Essentiol that theére is nd
overla.ppin% re%'\on of
caugal coneg in +he boundar
where the unitory wuld
be implemented, \om\\g.

—» There exist models witha local boundo.rs
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QUTLINE

1 Rewver some consigient ccmsauhi feaxuwes in o tensor
"otk model of \"°\°3"°P“‘3
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HOLOGRAPH\IC TENSOR NETWORXS  [u.PrY20!s]
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* Bulk degrees of freedom
LOGICAL QUBITS

© Boundary degrees of freedom
PHYSICAL QUBITS
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HOLOGRAPWIC TENSOR NETWORKS  [woPrY20s]

Tensor network describes

\

T

Bulk operator % Roundary operator

® Bulk degrees of freedom
LOG\CAL QUBITS

© Boundary degrees of freedom
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BOUNDARY SUPERLUMINAL S\GNALLING

—> The first models mapped a \oca)l bulk Hamiltonian
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BOUNDARY SUPERLUMINAL SIGNALLING

—> The {irst models mopped a \oco) bulk Hamiltonan
10 a non-local boundorﬂ Hamilionion
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BOUNDARY SUPERLUMINAL SIGNALLING
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HAMILTONIAN S\MULATION

W= f.‘\nl , CGomplex Pamdonian
Wit ieresting paysics
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HAMILTONIAN SIMULATION
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HAMILTONIAN S\MULATION
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BACK TO AdSJCFT...

The bulk spacerime s described
by the AdS mebnc

ds* = o? [—Losr\“f dt*+ dp®+ sinh*p dn‘)
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BACK TO AdS/CFT...

The bulR spacerime g described
by the AdS mebnc

ds? = * [—(Osh‘f ax* + d)o’+ sinhlf dﬂ_;)

/

time s dilated
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TIME DILATION N THE MODEL

Trmr\%\a-\'mg o model parameress
Cmt%u\\ﬂ

Coordindde Hime 0 ‘bruncaed
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TIME DILATION N THE MODEL

Translaning 1o model parameless
Cmt%u\\ﬂ

Coordinaie tme 0x bruntoxed
boundary tr IS Wakd o
bUlR (Dordinaie fime ot the Xt
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e ~ T&-I te
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BUTTERFLY VELOCITY ARGUMENT

BUHerf\ velocity — limits +the propagation of information when
wStncted to the (odespace on the boundar j
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THE PROPOSED ATTACK IN TOY MODELS
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THE PROPOSED ATTACK IN TOY MODELS
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THE PROPOSED ATTACK IN TOY MODELS
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THE PROPOSED ATTACK IN TOY MODELS
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CASES TO CONSIDER

uo® ﬁ..‘ + 1Lo eu"

@) PBAC known to be insecuue
— bulk unifary produces  non-interacing Boundony Hamiltonian

— bulk unichu'lj has low wmp\exit\s = %enera.\re.d b\ﬁ o

\rcnﬁ weak Homilonion
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CASES TO CONSIDER
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HOW GOOD CAN HWAMILTONIAN SWMULATIONS Rt ?

* To moinfain couso)  Stuchue dmxir\% bmndcu'\ﬁ '\mp\emen%oedm of U
Uit o SimuloKing Hamitronion ek fs - geometmealy 2-locol
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WniE - ESimulanng o () ool Wamibonian | Wacget

*
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HOW GOOD CAN HWAMILTONIAN SWULATIONS Rt ?

* To maintain couso)l  Struchwe duxir\% bound imple mentoxion of W\
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*
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beter ‘than ems‘h'\g mebnodd g'wen e bound&rg Hamiltohian is
Sparse however can only AciEVE axb =1
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2~3eometr‘\co,\\3 \ocal us'\rxg 0(1) STRNQHNS [Az18]

Pirsa: 23080006 Page 35/38



Pirsa: 23080006

ItfromQubit 8/2023

SUMMARY
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SUMMARY

/
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