Benchmarking neutral atom-based quantum processors at scale
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Motivations

1. Neutral-atom quantum processors have rapidly advanced as scalable platforms for analog and digital quantum computation

2. Benchmarking at scale 1s essential to quantify their algorithmic performance beyond gate fidelities, especially for analog, Rydberg-
based computation.

3. We mtroduce a scalable, problem-based benchmark using the Quantum Adiabatic Algorithm on Maximal Independent Set instances
to assess and compare neutral-atom QPUs.

4. We have created a repository with up to 1000-qubits problems and we solve instances up to 102 qubits on Fresnel and Aquila.

Methods

1. Find optimal solutions for Maximal Independent Set (MIS) problem of Diagonal-connected Unit-disk DUGG graph with MIS solution
Grid Graphs (DUGG) N
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2. Define Quantum Adiabatic and Qauntum Approximate Optimization algorithms (QAA) and (QAOA) on
neutral atoms devices N[ Qo) . -
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3. Implement the two algorithms on QuEra’s Aquila and Pasqal’s Fresnel neutral atom devices. Qinax 2 x 2r MHz | 2.5 x 27 MHz
Where we had run each experiments three times, taking 200 samples each time. A lmax 7.75 x 2m MHz | 20 x 2m MHz
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The 4 us QAA yields the highest success probability on both platforms.

For equal durations (2 us), QAOA outperforms QAA on Aquila, while on Fresnel,
QAOA performs worse than both QAA and Aquila.

Overall, Fresnel underperforms relative to Aquila, except for the 4 us QAA at larger
system si1zes (N > 30).
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After greedy optimization, both devices achieve near-optimal results.

Aquila’s performance degrades with increasing system size.

— == optimal
A— quera_aquila

Conclusions O— pasqal fresnel
* Equivalent interaction scaling between devices allows meaningful o

cross-platform benchmarking. S
* Aquila generally outperforms Fresnel, though Fresnel 1s more robust for

large-N, long-evolution QAA runs.
* Greedy post-processing greatly enhances performance across both platforms.
* QAOA does not systematically outperform QAA, but remains valuable for testing 25 50 75 100

non-uniform control schedules. N, q
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