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IBM Superconducting Qubit Quantum Computer Direct Statistical Simulation
of Dynamical Systems

dx
dt

= u(Z) +7(t)

Key idea: Quantum mechanics is linear so
transform non-linear ODEs into linear PDEs.
Quantum computers with exponentially large
Hilbert spaces may be able to help with
vastly increased dimension. The approach
differs from attempts to use quantum
computers to speed up non-linear dynamics.
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Non-Linear Ornstein-Uhlenbeck Problem
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Ladder Operator Representation of FPE Operator

ldea: Represent the FPE Operator using ladder operators from the quantum harmonic oscillator to
enable mapping to qubit space.
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Mapping Hermite Polynomial Basis to Qubit Basis
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Qubit ladder operator can be generalized to arbitrary n following the same pattern.



Variational Quantum Eigensolver (VQE)
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Quantum chemists focus on finding eigenvalues.
Here, we know the target eigenvalue is 0. We are more interested in eigenvectors.
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Quantum-Selected Configuration Interaction (QSCI)
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Importantly, the projected Hamiltonian is of smaller dimension than
the original Hamiltonian.
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VQE Results
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ADAPT Variational Quantum Eigensolver (ADAPT-VQE)
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ADAPT-VQE Results

—— Exact Analytical Solution — ADAPT-VQE + QSCI (Attempt 2)
Classical Numerical Diagonalization — ADAPT-VQE + QSCI (Attempt 3)
—— ADAPT-VQE + QSCI (Attempt 1)
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ADAPT-VQE shows variations in results from simulation to simulation, unlike VQE.




Key Question To Be Answered

Can guantum computers offer an advantage over classical computers in finding the statistics of high-
dimensional dynamical systems such as the fluid Earth system?

Next steps: Further investigate the efficacy of VQE on modern NISQ hardware. Also investigate the extent
of the dimensionality reduction of QSCI.

Long term: Can a quantum algorithm be developed such that it can recover eigenvectors without the need
for classical diagonalization? Are there other approaches that don’t require diagonalization?

Further reading: S. Bravyi, A. Byrne, M. Zayats, S. Zhuk, “Quantum algorithms for stochastic nonlinear
differential equations”, https://doi.org/10.48550/arXiv.2606.08349 (2026).

* This paper discusses methods to map observables of nonlinear dynamical systems to a quantum
computer using the Hermite polynomial basis and then simulate time-evolution on the quantum
computer to recover the desired expected values of the observables.
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