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Abstract:

Quantum chemical calculations of atoms and molecules are one of the most
important applications of quantum computers. Quantum phase estimation (QPE) and
variational quantum eigensolver (VQE) are two major approaches and they have been
extensively studied both theoretically and experimentally. Although quantum
computers are expected to perform quantum chemical calculations with lower
computational cost compared to classical computers, further reduction of the
computational cost is very important to apply these methods to larger molecules. In
this study we combined the fragment molecular orbital (FMO) method with quantum
computations (VQE with the unitary coupled cluster singles and doubles (UCCSD)
ansatz and QPE). In the FMO method, the energy of a dimer consisting of two
monomers separated by a large distance should be equal to twice the energy of a
monomer, known as size consistency, is essential. From the definitions, both the VQE-
UCCSD and the QPE should satisfy the size consistency. However, we numerically prove
that the Trotter decomposition introduced to construct the quantum circuit can break
the size consistency [1,2].
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