Nonequilibrium Kondo effect under finite thermal bias: An
accurate treatment of electronic correlations

Anand Manaparambil,! Andreas Weichselbaum,? Jan von Delft,® and

Ireneusz Weymann'

L nstitute of Spintronics and Quantum Information,

Adam Mickiewicz University, Uniwersytetu Poznanskiego 2,Poznan, Poland
2Department of Condensed Matter Physics and Materials Science,
Brookhaven National Laboratory, Upton, New York 11973-5000, USA
3 Arnold Sommerfeld Center for Theoretical Physics, Center for NanoScience,
and Munich Center for Quantum Science and Technology,
Ludwig-Maximilians- Universitit Minchen, 80333 Munich, Germany

Quantum dot systems have been considered as prospective heat engines that can pro-
vide high efficiency due to the considerable thermoelectric figure-of-merit they can
achieve. Theoretical description of such nanoscale systems in the presence of strong
correlations have been limited to the linear response regime or with serious approx-
imations on the correlations. A recent method incorporating the Numerical Renor-
malization Group (NRG) and the time-dependent Density Matrix Renormalization
Group (tDMRG) based on a thermofield quench approach has been shown to be able
to treat strong correlations exactly out of equilibrium far from the linear response
regime [1,2]. By reaching sufficiently long time windows, this permits us to extract
steady-state non-equilbrium behavior. We use this hybrid NRG-tDMRG method to
study the thermoelectric and heat transport through a quantum dot coupled to metal-
lic leads kept at different temperatures and/or potential bias. In particular, we focus
on the regime where Kondo effect emerges, and examine how the nonlinear condi-
tions affect the Kondo resonance and its thermoelectric signatures. We present the
first quantitatively accurate results for the nonequilibrium Kondo effect under finite
thermal bias and its dependence on the potential and temperature on each individual
leads.
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