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Quantum Order in Perspective

Phases of Matter

Classical Phases Quantum Phases

Topological Order

Intrinsic Symmetry-Protected

Symmetry-Breaking

T > 0 T = 0
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Quantum Order

Quantum order describes phases of matter at T = 0

→ Phase transitions are singularities in the ground state energy
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Protection of Quantum Gates in 1D SPT Phases

Theorem

The 1D SPT phase protected by S4 symmetry allows us to efficiently

implement all one-qubit unitary gates with arbitrary high gate fidelity (if

some characteristic lengths are finite)
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Is there a

nontrivial SPTO state

that is

universal for QC

?
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Plaquette States

Assume finite symmetry group G (e.g. Zd)

Assume d-dimensional parton Hilbert space

spanned by |{g}〉 for g ∈ G

Define canonical ground state on each

plaquette pj

|ψgs〉 = ⊗j

∑
g∈G

|α1 = g, β2 = g, ..., ζk = g〉pj

SPT Phase

Plaquette States exhibit nontrivial SPT order

on arbitrary lattices

w.r.t. some symmetry fractionalization.
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Reduction to Bond States

Apply measurement

Ms(m1, ...,m4) =

4∏
k=1

Zmk

k |+〉k 〈+|k Z
mk

k

with measurement outcomes

m1, ...,m4 ∈ {0, 1}

Resulting bond:

|B〉 = |00〉+ |11〉 /
√
2

Bond States are universal for MBQC
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From Plaquettes to Bonds

Reduction procedures:

Within supercritical phase of

percolation, ∃ minor graph that

is topologically equivalent to

honeycomb lattice
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Examples
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Summary

Introduced - states on arbitrary lattices

Exhibit nontrivial SPT order

Reducible to - states
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Outlook

Universal ”Region”

Protection

Clifford Hierarchy

Fermions
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Thank You
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