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§ Cluster expansion of Lanczos matrix elements:

cumulants are calculated directly from moments:
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Heisenberg model Hamiltonian:

Need to multiply together terms in    to obtain

has    terms           has         terms (Pauli strings)…

• Most Pauli strings can be grouped into simultaneously 
measurable tensor product basis (TPB) sets

• Number of required TPB sets:

• Have developed our own TPB grouping heuristic, as most 
alternatives in the literature are impractical at large scale

Problem graph Terms in 𝑯𝟒 TPB sets
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simple white noise with parameter

• As it turns out, this error model isn’t entirely 
unrealistic for certain randomised circuits
Dalzell et al., arXiv:2111.14907 (2021)

• Evaluate moments with respect to exact ground 
state:

No p dependence!

• Resulting expressions for energy 
estimates:

Noisy toy model

Seen recently in quantum computing context:
K. Seki and S. Yunoki, PRX Quantum 2, 010333 (2021).
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§ Variational quantum algorithms have near-term utility, 
but right now still heavily impacted by noise

§ Computing additional Hamiltonian moments improves 
on variational ground state energy estimate

§ This method can handle suboptimal trial states and 
circumvent noise on present-day hardware

Future work:

§ Larger instances of quantum many-body 
problems

§ Classify computational complexity vs.
classical methods (e.g. DMRG)

§ Moments-based estimates for other ground 
state observables and excited states

Summary

arXiv:2211.08780

noise

§ Demonstrated noise robustness for deep 
circuits on real quantum computer
(∼500 CNOTs)

§ Error-filtering behaviour of QCM studied via 
analytical model and noisy simulation

§ Hardware error rate improvement by 2 orders 
of magnitude required for VQE results to 
match

§ QCM method: HJV, MAJ, CDH, 
LCLH, Quantum 4, 373 (2020).

§ Chemistry application: MAJ, 
HJV, CDH, LCLH, Sci Rep 12, 
8985 (2022).

§ Noise robustness: HJV, MAJ, 
GALW, FMC, CDH, LCLH, 
arXiv:2211.08780 (2022).
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unitariesAnsatz circuit

Transform
measurement
basis to each
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Quantum processingClassical pre-processing

Multiply terms
(Pauli strings)

Grouping
Pauli strings

tensor product bases
(TPBs)

QC output Construct Hamiltonian

cumulants

Classical post-processing

Pauli string
expectation values

moments

Problem e.g. molecule,
quantum magnet

H Vallury, M Jones, C Hill, L Hollenberg, 
Quantum 4, 373 (2020).

noise

IBM Quantum
device

The quantum computed moments 
(QCM) approach
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§ Have implemented a 
circuit-based error model 
to match the results 
obtained from the real 
device

§ Current QC hardware 
error rates need to 
reduce by two orders of 
magnitude for to 
match accuracy of

More noisy 
simulation


