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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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Classical expanders

m walk on these graphs? mix fast!
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Mixing up something quantum :
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Quantum expanders
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Quantum expanders
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EPR testing
® how costly is it to certify that we 1 i )| z)
share a maximally entangled state? VN 4=
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EPR testing: slimming down the protocol

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

m Pickarandomi € {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 [+).
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few connections

local interactions
constant gap

global correlations
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Ground states of gapped quantum spin systems

m entanglement entropy
S =—-Tr(palnpy)

B pa = Irpp
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Ground states of gapped quantum spin systems

= entanglement entropy

S =—-Tr(palnpy) ~ volume

surface area
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Gapped 1D Hamiltonians
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Without a gap, the entropy can be large. |\/orstracie
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Ground states of gapped H’s & the area law

= entanglement entropy

S =—-Tr(palnpy) ~volume
surface area |B
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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 (Nx3x3 x N) Hamiltonian

m a projector Fr, 1 (1|2 + [2) Al z) + | .
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The 4-particle (Nx3 x3 x N) Hamiltonian
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The 4-particle (Nx3x3 x N) Hamiltonian

m a projector P, (11)|z) + [2)Alz) + 3) Blz)) /V3
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a projector Py, enforce symmetry: 12 & 21
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The 4-particle (Nx3 x3 xN) Hamiltonian

a projector Py (11)|z) + [2)Alz) + 3) Blz)) /V3

a projector Pr (11)|y) + 12)Aly) + |3)Bly)) /V3

a projector Py, enforce symmetry: 12 & 21
13 & 31
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Making the counterexample local

® a quantum circuit, history state A
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The history state: a ground state of a qudit chain
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Making the counterexample local

e

® a quantum circuit, history state
Kitaev's LH, 1D, qudits %

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

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

2 entanglement

3 area law




The 4-particle (Nx3 x3 x N) Hamiltonian
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