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Abstract: <p>We introduce a technique for applying quantum expanders in a distributed fashion, and use it to solve two basic questions: testing
whether a bipartite quantum state shared by two parties is the maximally entangled state and disproving a generalized area law. In the process these
two questions which appear completely unrelated turn out to be two sides of the same coin. Strikingly in both cases a constant amount of resources
are used to verify aglobal property.</p>
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Expanders




Classical expanders

m walk on these graphs? mix fast!
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Classical expanders
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Mixing up something quantum "
1
m applying random E(X) = Z Z Ui_XU;r

unitaries j=1

H— B
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Quantum expanders

m transform NxN matrices &£(X) = —
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Quantum expanders
. L | ;
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EPR testing
® how costly is it to certify that we 1 i )|
share a maximally entangled state? VN =
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EPR testing A

3
m when does the quitrit 1 Z 4)
remain uniform? V3=

for max. entangled X

m quantum expander property ... soundness

k
. Il <=
uniform |2)
Jléiti. VE ?LT

A

A

constant

message

|Lf|1;1T|1

constant ps,, : uniform? ,“i;l‘;
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EPR testing: slimming down the protocol

m 2 shared bits of randomness, 1 qubit of communication.

m Pick arandomi € {1, 2, 3}. Use the qubit to control
Use a qubit [+) to control the application of U,".
the application of U.. Test if the qubit is [+).

UJI
® — P
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few connections

local interactions
constant gap

global correlations
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Ground states of gapped quantum spin systems

= entanglement entropy
S =—-Tr(palnpy)

B pa = Irgp
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Ground states of gapped quantum spin systems

= entanglement entropy

S =—-Tr(palnpy) ~volume

surface area

B

pa = Trpp

area law

a simple ground state?
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Gapped 1D Hamiltonians

m Nothing closer than A N — 0o
to the ground state.

the AKLT (spin-1) chain

2

l r2 o \?
ZL’ z+l+ (S_,--“{m)

a biased walk in 1D —

N -1
> I3y = Bli+ 1) (il = B@ + 1)

J=1
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Without a gap, the entropy can be large. |\Vorstracte

I rerer

01-10

Pirsa: 15020108 Page 32/44



Ground states of gapped H’s & the area law

= entanglement entropy

S = —-Tr(palnpy) ~volume
surface area | B

1D ... theorems [Hastings O/
algorithms [\White 92, Vidal 03, Landau-

2D ... we'reclose

m generalized area conjecture
entropy ~ cut size
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Generalized area conjecture: the counterexample

m an Nx3x3 x N dimensional system

m a gapped, frustration-free Hamiltonian
an (1) interaction between the qutrits

® a unique, very entangled ground state
O(N) entanglement entropy across the cut

e——
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The 4-particle (Nx3 x3 x N) Hamiltonian

- |
m a projector Fp - (|1)|z) + |2)Alz) + |3)Blx))

with ground states V3
m asa as a
vector @ matrix =~ X1 X2 X3
Az ®|7) Q |y) AX1 AXz2 AXj
Bx BXy BX=> BXj

r, N A L S
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The 4-particle (Nx3 x3 x N) Hamiltonian

m a projector Pg

. (IDy) +12)Aly) + |3)Bly))
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The 4-particle (Nx3 x3 x N) Hamiltonian

m a projector Pp (11)|z) + [2) Ale) + [3)Blx)) /V3
a projector Pg (ID1y) + 12)Aly) + 13)Bly)) /V3

a projector P, enforce symmetry: 12 & 21
13 & 31

b RS ‘XB‘

AX AXA AXB

BX

BXA BXB

Py

p A AN
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The 4-particle (Nx3 x3 xN) Hamiltonian

a projector Py (I1D)|z) + [2)Alz) + [3)Blx)) /V3
a projector Pg (IDly) + 12)Aly) + 13)Bly)) /v/3
a projector Py, enforce symmetry: 12 & 21

13 & 31

who commutes . J _
with A and B?

only the identity, A AA AB
as [/, A, Blis

a Q. expander
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Making the counterexample local

® a quantum circuit, history state A
H-%r ‘
1
prepare  —= (11)]z) + [2)Alz) + [3) Blx))
|
from  — (|1 2) + [3)) |z
ﬁ(l ) +12) + 13)) |z)

T A

Pr,
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The history state: a ground state of a qudit chain

2_[OCO[ clock encoding

state progression

suip!

c-o-n-d-i-t-i-o-n-s

initialization
[---)]0) ® |0) d
o) @ |t)

[pr+1) @ [t + 1)
T
Vhist) = \/7}—4_1 > _i—o |Pt) ® [t)

I

most of the state has the result
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Making the counterexample local

m a quantum circuit, history state —

an approx. groundstate, a small 1/poly(n) gap

m rescale P;, Py (not the middle!)
a constant gap, huge couplings

g 040404000400
g nfnin nfutnn

m decompose using gadgets |(_a0, N | —éi
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Making the counterexample local

® a quantum circuit, history state NV F
Kitaev's LH, 1D, qudits i

an approx. groundstate, a small 1/poly(n) gap

m rescale P;, Py (not the middle!)
a constant gap, huge couplings

m decompose using gadgets |20, N |

Muze-coLatios many spins, high degree
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1 Q. expanders

2 entanglement

3 area law




The 4-particle (Nx3 x3 xN) Hamiltonian

m a projector P (11)|z) + [2)Alz) + [3) Blz)) /V3
a projector Pk (1Y) + [2)Aly) + |3)Bly)) /V3

a projector P, enforce symmetry: 12 & 21
13 & 31
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