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Tensor methods and entanglement measurements
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Strongly correlated materials are typically rather difficult
to treat theoretically. They have a complicated band
structure, and it is quite difficult to determine which
minimal model correctly describes their essential physical
properties. Moreover, the value of the model parameters to
be used for a given material is often the subject of debate.
Unfortunately, analytic approaches often do not provide
rigorous conclusions for the interesting parameter sets,
therefore, numerical simulations are mandatory.
Momentum-space formulations of local models such as the
Hubbard model and problems in quantum chemistry are
especially hard to treat using matrix- and tensor
product-based algorithms because they contain non-local
interactions. Quantum entropy-based measures can be used
to map the entanglement structure in order to gain physical
information and to optimize algorithms.
In this tutorial contribution, we present an overview of the
real space, momentum space and quantum chemistry versions of
the DMRG/MPS and tree-TNS algorithms and their applications
to various spin and fermionic lattice models, and to
transition metal complexes. Data sparse representation of
the wavefunction will be investigated through advances in
entanglement localization providing optimized tensor
topologies. Entropy generation by the RG procedure, the
mutual information leading to a multiply connected network
of lattice sites or orbitals, and reduction of entanglement
by basis transformation will be discussed. Inclusion of the
concepts of entanglement will be used to identify the wave
vector of soft modes in critical models, to determine highly
correlated molecular orbitals leading to an efficient
construction of active spaces and for characterizing the
various types of correlation effects relevant for chemical
bonding.
The state of the art matrix-product-based algorithms is
demonstrated on polydiacetylene chains by reproducing
experimentally measured quantities with high accuracy.
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