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Digital quantum simulation (DQS)

Schematic of DQS
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Suzuki-Lie-Trotter decomposition:
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Typical single—qubit
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Typical two—qubit gates
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Overview of near-term
applications based
On DQS Many-body physics
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» Performance of superconducting processors

e Prolong coherence time of transmon qubit (© 100 us )

e High-fidelity single— and two—qubit gates (> 0.999 and >0.995, respectively)

> Quantum error correction (QEC)

e Surface code

e Bosonic code

» Digital—-analog quantum simulation

* Quantum advantages without QEC

 Decomposition algorithm



Conclusions

e Based on the superconducting digital quantum simulation, various applications were implemented:

v' In quantum chemistry, the ground state estimation of molecules from H, to complex F,
under the precision of chemistry accuracy were achieved;

v’ High-precision simulations of emerging quantum matters, such as discrete time crystal;

v’ Many proof-of-principle demonstration of quantum combinatorial optimization
and machine learning.

* These applications are still accessible to classical computers. By tackling the challenges of
digital quantum simulation and superconducting qubits, superconducting digital quantum simulati
is believed to hold the anticipated future in implementing quantum advantages.





