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Hubbard Model

Electron correlations in narrow energy bands

By J. HuBBARD

that a possible approximation is to neglect all the integrals (8) apart from 7. If
this approximation, the validity of which is discussed in greater detail below, is
made, then the Hamiltonian of (6) becomes
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Hubbard Model — schematic phase diagram
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Hubbard model - challenge

Without rigorous (analytical) solution approximate methods indispensable!

Numerical simulations

Quantum simulators (optical lattices)

Approximated method:

-.cllgl.namical mean field theory



Motivation and aim of our work
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cubic lattice, equilibrium state (grand canonical ensemble)

half-filling u=U/2

paramagnetic state (one of motivations: comprehensive thermodynamic
within one method, in one place as a reference to
other methods)

Comprehensive thermodynamics within dynamical mean-field theory?

Phase diagram (metal-insulator transition)

Charge susceptibility: . (67),)
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Double occupation: d = lim ﬁ( NipTi) )



Method: dynamical mean field theory
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Consequences of high dimension limit (local problem):

Cubic DOS
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Single impurity problem
Anderson, P. W. (1961). Phys. Rev., 124, 41
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Resummation over noninteracting sites
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Continuous time — hybridization expansion quantum Monte Carlo
Continuous time: Prokof'ev, N. V., and B. V. Svistunov, 1998, Phys. Rev. Lett. 81, 2514
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Paramagnetic phase diagram — (semi-circular dos)
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Results — phase diagram
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Results Example of determination of coexistence region
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Results — internal energy
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Results — charge susceptibility
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Summary

Thermodynamic properties in frame of dynamical mean-field aproximation
-single impurity problem by CTQMC - test of solver
-thermodynamics of Hubbard model in one place - within one method —
as a reference to other methods/systems

Future perspective:

-calculation of other thermodynamic properties also for antiferromagnetic
case

-heterostructures (e.g. band metal — Mott insulator — band metal)

Semi-infinite lead Barrier Sami-infinile lead
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