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Outline

- Material science motivation
 Shastry-Sutherland lattice

e Embeddings

e Boundary conditions

 |nformation processing on D-Wave 2000Q

« Results and comparison to experimental data

We demonstrate how quantum annealing enables accurate
simulations of many-particle Hamiltonian systems.
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Rare-earth tetraboride materials
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Can we simulate these behaviors using quantum annealing?
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The Shastry-Sutherland lattice
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D-Wave 2000Q Processor

Chimera Topology
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Independently tunable biases and couplers
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Embedding the Shastry-Sutherland Lattice

Half-cell embedding with 500 logical
qubits, 2000 physical
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Self-consistent mean-field boundary conditions
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Forward Annealing
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Forward Anneal with the half-cell embedding

Magnetization Static structure factor
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Reverse Annealing
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Quantum Evolution Markov Chain
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Quantum evolution Markov chain
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QEMC Motif Convergence

E The picture can't be displayed.
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QEMC Structure Factor convergence
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Quantum evolution Markov chain: half-cell embedding
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Quantum evolution Markov chain: half-cell embedding
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Simulations of the Ising model on a Shastry-Sutherland
lattice by quantum annealing

We demonstrate how quantum annealing enables accurate
simulations of many-particle Hamiltonian systems.

We sample the ground state energy configurations of the the SS
Ising model to calculate the structure factor

We develop a novel method for mitigating finite size and defects.
We observe good agreement between the observed and
expected material behaviors

We can now explore defect physics and temperature effects in
this model.
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Quantum evolution Markov chain without boundary
conditions
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Forward Anneal - Tilt Embedding

1.0 Magnetization Static structure factor
- Classical 1ol -M
~— Quantum Anneal 350 Sat
T=2K
0.8 _
[ 300 <
J s 35 —
|
) 5F
o | 250 20 4/9 —
; |
/ 13— HoB
3 | 200 4
/Jf BJ| (001)
4 0.0 L .
0 150 1 2 3 4
Magnetic Field (Tesla)
100 2 g PR &
L (8]
0.2 1L 1]8'3
50 > ﬁ 12
= ot .
= 242
0'00 6 8 1 18§ 144
h? i=
2 o 500
0 @ 5
%OAK RIDGE
National Laboratory




Boundary Refinement
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Quantum evolution Markov chain: half-cell embedding
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