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We analyze mathematical properties of tailored coupled-cluster (TCC) methods as finite dimensional
non-linear Galerkin schemes. This multi-reference formalism combines the single-reference coupled-cluster
(CC) approach with a full configuration interaction solution covering the static correlation [1]. This keeps
the computational costs low as the full configuration interaction solution is calculated for a subsystem and
guarantees the high accuracy of the CC method for the dynamical correlation.

Based on Zarantonello’s Theorem, we prove that TCC schemes attain locally unique solutions fulfilling
a quasi-optimal error bound. To meet that end, we formally characterize the TCC function and show
local strongly monotonicity and Lipschitz continuity. We introduce a CAS-EXT-gap assumption for multi-
reference problems replacing the HOMO-LUMO gap which is unreasonable for statically correlated systems.
From this new assumption, results from previous analyses [4, 2, 3] are adaptable to the TCC formalism
presented here.

Further we perform a first error analysis revealing the mathematical complexity of the TCC-methods.
Due to the basis-splitting nature of the TCC formalism, the error decomposes into several parts. Using the
Aubin-Nitsche-duality method we derive a quadratic (Newton type) error bound. However, as TCC-methods
do not converge to the Full-CI solution a methodological error enters this bound. This can be qualitatively
explained by the basis-splitting, although the quantitative connection corresponds to a long known and
unsolved problem in quantum information theory.

The motivation and importance of our work is i.a. based on the recent approach in which the Full-CI
solution was approximated by the density matrix renormalization group (DMRG) method [5]. The compu-
tational results presented in [5] for the chromium dimer Crs show that the precession of the DMRG-TCC
method outruns traditional high accuracy CC methods like CCSD(T) and even CCSDTQ. The outstanding
performance of the young DMRG-TCC method makes it an extremely promising candidate for the compu-
tation of strongly correlated systems.
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