Deriving Effective Hamiltonians for Strongly Correlated
Materials: A Systematic Schrieffer-Wolff Approach

Modeling strongly correlated materials presents a significant theoretical challenge.
Standard mean-field approaches often fail to capture the essential physics driven by
strong electron-electron interactions, while numerically exact many-body solvers are
typically limited to small systems due to their prohibitive computational cost. This gap
necessitates the development of effective low-energy Hamiltonians (H.sf) via
downfolding techniques, which reduce the complexity while retaining the relevant
physics within a specific energy window. Here, we present a systematic approach based
on the Schrieffer-Wolff (SW) transformation to derive H.rrfor correlated electron
systems. Unlike approaches such as constrained RPA (cRPA) or GW (cGW) that typically
calculate frequency-dependent interactions and may require further approximations to
obtain a static effective Hamiltonian, the SW method employs a rigorous unitary
transformation within degenerate perturbation theory, systematically generating a
Hermitian, static H,rr. Starting from a mean-field solution, we define low-energy and
high-energy subspaces based on the band structure near the Fermi level. The SW
method, implemented via a perturbative unitary transformation, systematically
decouples these subspaces. We detail the workflow for constructing H,rr, which
includes renormalized single-particle energies and effective interactions within the
active subspace. This approach explicitly accounts for the effects of the remote bands,
incorporating crucial correlation physics like screening into the low-energy model. This
systematic SW framework provides a robust and computationally tractable route to
obtaining accurate effective Hamiltonians essential for investigating the complex low-
energy physics of strongly correlated materials.



