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Quantum Simulation of Quantum Link Model

• Lattice QCD cannot be simulated on current quantum computers (need millions of fault 
tolerant qubits and quantum gates)

• The Hilbert space of quantum link model is finite
• We investigated the Z2 quantum link model
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Hybrid Quantum Classical Simulation

• use HHL(Harrow-Hassidim-Lloyd) algorithm to solve linear equation Mx=b
• quantum speedup: O(N) v.s. O(log(N)) (e.g. Conjugate Gradient)
• detM  on the quantum computer, others on the classical computer (hybrid quantum classical)

• work in progress with 龙沛洵

Solve Mx=b

Hybrid Monte Carlo algorithm: 
most time consuming part in 
classical computing (~80%)



HiQuArC Project

• HiQuArC (High performance, Quantum, and Artificial intelligence Computing)

• developing a software package for lattice field theory simulation
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Summary and outlook

• Quantum simulation of simple toy model of lattice field theory is feasible on current NISQ 
quantum computers

• Hybrid quantum classical simulation method using HHL algorihm is working in progress

• HiQuArC project
• Goal: developing a quantum simulation package for lattice field theories
• three components

• CuFT: classical high performance computing with Monte Carlo
• QuFT: quantum simulation with quantum circuit model
• MLFT: sampling field configuration with machine learning method

• can serve as a SDK for quantum computing platform


