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the Green-Kubo formalism is not
compatible with ab-initio
methods based on electronic-
structure theory

even if it were, coping with
statistical noise would require
impractically long MD simulations
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what heat transport is all about
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Green-Kubo theory
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the classical MD ansatz

e(r,t) = » &(r—Ry(t))er(R(t), V(1))




hurdles toward an ab initio Green-Kubo theory

week ending
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sensitive to the form of the potential. The widely used
Green-Kubo relation [14] does not serve our purposes,
because




insights from classical mechanics
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insights from classical mechanics
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insights from classical mechanics
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insights from classical mechanics
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insights from classical mechanics
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Any two energy densities that differ by
the divergence of a (bounded) vector field
are physically equivalent

The corresponding energy fluxes differ
by a total time derivative, and the
heat transport coefficients coincide



density-functional theory
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the DFT energy density

1 2 62 L1l 7
Eprr = §ZMIV] S Z S
Ji

1J



the DFT energy current
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the DFT energy current
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a benchmark

108 “LDA Ar” atoms
@bp density, T= 250 K

100 ps CP trajectory
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same behavior at T=400 K




liquid (heavy) water

64 molecules, T=385 K
expt density @ac
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liquid (heavy) water

64 molecules, T=385 K

expt density @ac
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Einstein vs. Green-Kubo
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Einstein, Green-Kubo, and block analysis




hurdles toward an ab initio Green-Kubo theory
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sensitive to the form of the potential. The widely used
Green-Kubo relation [14] does not serve our purposes,
because
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Furthermore, achieving convergence with re-




squeezing more juice fro a time series
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squeezing more juice fro a time series
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squeezing more juice fro a time series
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what is to be done?
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what is to be done?
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what is to be done?

use a low-pass linear filter
on the logarithm of the spectrum
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summary

@ heat currents are intrinsically ill-defined at the atomic scale;

@ energy conservation and extensivity make heat-transport coefficients
independent of such an indeterminacy;

@ this gauge invariance of thermal transport makes it possible to compute

thermal transport coefficients from DFT using equilibrium AIMD and the
Green-Kubo formalism:

@ Einstein’s relation is less sensitive to finite-frequency features of the spectrum
than straight Green-Kubo;

@ The statistical theory of time series can be leveraged to significantly improve
the accuracy of the transport coefficients estimated from MD (in progress).
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