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Motivation (Experiment) - NISQ and Grand Challenges

NISQ era - Applications like Shor, large-scale quantum simulation inaccessible.

What are interesting things we can do with such devices?
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Motivation (Theory) - Computational Phases of Matter
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Can we classify states capable of quantum computation via local measurements?
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Characterizing Computational Power - SPTO and Order Parameters

T
=

Universal Quantum Computation
|C⟩

SPT (Cluster) phase

Finite systems - Measure a (computational) order parameter.
Project goal:
1. Prepare states in SPT phase on NISQ devices.
2. Measure their computational order parameter.
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The Three-step circuit

Cluster SPT Measure Order Parameter

|0⟩ H T Rz(β) H

|0⟩ H T H

|0⟩ H T Rz(−β) H

|0⟩ H T H

State Preparation

4 8



Techniques - Error Mitigation

Two-Qubit Gates Measurement Readout

|0⟩ H T Rz(β) H

|0⟩ H T H

|0⟩ H T Rz(−β) H

|0⟩ H T H
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Techniques - Variational Quantum Optimization

|0⟩ H T Rz(β) H

|0⟩ H T H

|0⟩ H T Rz(−β) H

|0⟩ H T H

Determine T via variational energy minimization to get desired ground state of H0:
1. Prepare states |T (θ)⟩
2. Find θ which minimizes E(θ) = ⟨T (θ)|H0 |T (θ)⟩.
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Results

0.0 0.2 0.4 0.6 0.8 1.0
Phase sweep parameter

0.0

0.2

0.4

0.6

0.8

1.0
Co

m
pu

ta
tio

na
l o

rd
er

 p
ar

am
et

er Theory

|C⟩ |+⟩⊗4

0.0 0.2 0.4 0.6 0.8 1.0
Phase sweep parameter

0.0

0.2

0.4

0.6

0.8

1.0

Co
m

pu
ta

tio
na

l o
rd

er
 p

ar
am

et
er Theory

Experiment (IBM)

7 8



Results

0.0 0.2 0.4 0.6 0.8 1.0
Phase sweep parameter

0.0

0.2

0.4

0.6

0.8

1.0
Co

m
pu

ta
tio

na
l o

rd
er

 p
ar

am
et

er Theory

|C⟩ |+⟩⊗4
0.0 0.2 0.4 0.6 0.8 1.0

Phase sweep parameter

0.0

0.2

0.4

0.6

0.8

1.0
Co

m
pu

ta
tio

na
l o

rd
er

 p
ar

am
et

er Theory
Experiment (IBM)

7 8



Outlook

Demonstration of techniques for decoherence management.

Requires larger systems, better (nonlocal) approximation for T .

Investigating other computational phases of matter on NISQ devices.

Image Credit: Quanta Magazine
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