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Strongly correlated materials via embedding methods:
solving impurity models with a noisy quantum computer
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Modelling materials exhibiting strong electronic correlations is a notoriously difficult task as static
mean field treatments are not able to capture typical many-body effects. A powerful way to address
such systems are so-called embedding methods, retaining correlations on a few “impurity’ orbitals
only. Yet, classical computers still reach their limits in this context as they are faced with either an
exponential scaling or the fermionic sign problem.

In this work, we propose a hybrid quantum classical method to solve the two-dimensional Hub-
bard model using noisy quantum processors. We show that, by combining an advanced many-body
embedding method, the Rotationally Invariant Slave Boson (RISB [1], equivalent to the Gutzwiller
method [2] at the saddle-point level), and a variational algorithm, the Variational Quantum Eigen-
solver (VQE [3]), one can compute, even in the presence of quantum noise, and beyond a single
impurity, the evolution of the quasiparticle weight as a function of the interaction strength. We go
beyond previous works in this direction [4—6] by optimizing the use of quantum resources through
the design of advanced variational states and an optimized orbital representation. This allows us to
double the size of the impurity problem, reaching two impurities or equivalently eight qubits, while
previous works were limited to two or four qubits. We carry out noisy simulations of the behavior
of our hybrid method and show that it is robust to the noise levels that are reported on today’s quan-
tum processors. Finally, we argue that the method paves the way to larger impurity sizes and thus a
controllable approximation of the solution to the Hubbard model.
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