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Motivation VQEs on NISQ Devices Results Quantum Chemistry Hamiltonian

Noisy Intermediate Scale Quantum (NISQ) devices may be harnessed to
outperform classical hardware for specific optimization tasks.
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Especially, hybrid qguantum-classical algorithms like Variational Quantum
Eigensolvers (VQEs) can compute ground state energies of quantum
Hamiltonians, or complex minimization tasks in general.
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Background VQEs and NFT Baseline

Goal:

Simulation of benchmark LiH Hamiltonian with 4 qubits
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* Find ground state and excited states of Hamiltonian . i
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Quantum Device:

» Measure variational quantum circuit: get objective function f*(0) = (1)(0)|H|v¥(0))
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Simulated Hardware Noise
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Simulation of benchmark Ising Hamiltonian with 5 qubits...

Results
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* Optimize parameters 0, given f(0) —improvement by new EMICoRe method [1]

 Baseline method (NFT [2]) uses VQE’s functional form for sequential optimization:
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...with simulated hardware noise...

 Sequential optimization of one parameter Hd each > f* (Hd) becomes cosine —— EMICoRe

—— NFT

* Find subspace optimum: fit two equidistant measurements + previous optimum

1st Excited State

Background GP Regression and VQE Kernel

* Gaussian Process Regression use Multivariate Gaussian distribution
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...and TREX error mitigation
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- Goal: infer mean and variance of function values f(©®') from N
measured noisy points {©, f*(®) + ¢}, with ® = {0,,...,0x}.

p(f'|©,y) =Nu (f;1e,Se), with
po =K' (K+0%Iy) y, Se=K'—K' (K+0’Iy) K’ and
K=k©,0), K =k(0,0), and K" =k (0',0)
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 Kernel function of the VQE can beli)nfered from its functional form [1]:
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...and ZNE error mitigation
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Method EMICoRe’s Algorithmic Procedure i e s,
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—— Gaussian Process 0, 0,
—— Objective Function
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Fake5QV1() backend from qiskit.primitives used for noisy simulations
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Conclusion

1. VQE kernel with EMICoRe acquisition function: powerful machine-learning-

- 5 5 2 - based method for optimising VQEs
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for each candidate " = = EMICoRe 2. Outperformance of state-of-the-art baseline for benchmark Ising model,
pair O, > acquisition &ﬁ even stronger for more complex quantum chemistry Hamiltonian

R function o . . .

L5 L5 7 3. Even stronger outperformance when applying simulated hardware noise

4. Future work on application to lattice field theories, e.g. 2+1D QED
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