Coupled cluster downfolding theory in simulations
of correlated systems on quantum hardware

Scientific Achievement

Developed HPC implementation of coupled cluster downfolding
methods for chemistry applications

Significance and Impact
Provided hardware simulations for realistic systems in realistic
basic sets using active-space representation of downfolded
Hamiltonians

Research Details

« We performed ground-state simulations of benzene and free-
base porphyrin (FBP) molecules in 6-orbital active spaces using
downfolded Hamiltonians.

. o . .

Overview of the evolution of the couple cluster We recovered 98% of total correlations using downfolded

downfo|d|ng approximations and software based Ham||ton|ans At the same t|me, the ba re‘Ham||ton|an‘ba$ed

on the double-unitary coupled cluster Ansatz simulations in 6-orbital active space recover 3% (benzene) and
1% (FBP) of the total correlation energy.

« After applying error mitigation algorithm, IBM and Quantinuum

N. P. Bauman. M. Zheng, C. Liu, N. Meyes, A. Panyala. B. Peng, A. Li. and hardware simulations provided similar level of accuracy.
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