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Build a classical device to solve classical problem of interest



Pre-Universal Quantum Computing

Build a quantum device to solve quantum problem of interest

Quantum Materials
• Physical properties emerge from 

quantum behavior
• Examples:

• Spin Liquids
• Topological Insulators
• High-Temp. Superconductors

Quantum Chemistry
• Problems in chemistry where protons 

& electrons are both transferred
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Build a quantum device to solve quantum problem of interest
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Classical computing can only solve small systems
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Why Quantum Problems are Hard to Solve

Quantum objects can exist in multiple different 
configurations at the same time

(qubit) f2(                                ) +
f1(                                ) +

f3(                                ) +
.... 

Exponentially large number of possible configurations

Requires quantum hardware to store and process
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Early Experiments: just a few particles, easily predicted results

Ion Trap Quantum Simulations

Long-Range
Frustration

Onset of a Quantum
Phase Transition

Recent Experiments: many more particles, edge of known physics

Many-body
spectroscopy

Lieb-Robinson bounds
for entanglement

and correlation growth

Non-Thermalizing
Systems

Time Crystals



Dynamics of Phase Transitions (N=53 qubits)

This system is too large to compute classically

J. Zhang et al., Nature 551, 601 (2017)



2D ion traps for Quantum Simulation

• Goal: build a 2D quantum simulator to create and probe new 
states of quantum matter

• Applications:
• Geometric Frustration and the relationship

with quantum entanglement
• Determine low-energy states and dynamic

behavior for “unsolved” spin models
• Search for evidence of spin-liquid behavior

AFM



Modeling Quantum Materials

Ideal for studying 
quantum spin 

liquids



Summary

• Quantum Simulators solve 
specific problems without need 
for universal quantum computer

• Variety of physical realizations
• Ion traps: ideal for studies of 

new quantum materials or 
problems in quantum chemistry
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