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Digital methods in analog quantum simulation

Making quantum simulators more programmable and precise
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e Goal: Enable quantum simulation of real materials and molecules to advance materials discovery and drug design
e Challenge: Limited programmability and lack of fault tolerance in analog simulators A @
e Platform: Ultracold atoms in optical lattices with new local addressability

e Solution: Digital gates and algorithms for more general models, lower-temperature states and more flexible measurements
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Overcome limited size of digital simulators Overcome limited programmability in analog simulators
e Limited number of qubits restricts accessible system sizes e Limited programmability has held back access to realistic models
e Finite accessible simulation times limit the dynamics we can study e Limited readout capabillities restrict accessible observables

Digital gates. Analog time evolution.

We combine programmable (digital) operations with the natural (analog) dynamics of atoms.

Digital control Cold atoms Precision measurement
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Program local operations Let atoms evolve Extract energies, correlations
and particle interactions In an optical lattice and quantum entanglement
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Design and numerical benchmarks <& Implement, measure and refine
0 Prepare quantum states 6 Engineer interactions e Probe with precision
e Low-energy and finite-temperature states e Native gates for fermions and bosons e Energies, currents, pairing and
o Faster, higher-fidelity preparation of strongly e Hybrid dynamics beyond standard Hubbard entanglement
correlated matter interactions e Advanced protocols beyond standard

measurement capabilities

Error mitigation across the toolbox Characterise noise and reduce its effect on simulation results.
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