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what heat transport is all about
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why should we care?

energy saving and heat dissipation
heat management in devices

heat shielding

energy conversion

earth and planetary sciences



why should we care?

m ... because it is important and poorly
understood



Green-Kubo theory




Green-Kubo theory
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the classical MD ansatz
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hurdles towards an ab initio Green-Kubo theory
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insights from classical mechanics
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insights from classical mechanics

Z er(R,V) = cnst

I

1 1
er(RV) = oMV + 5 ) o([Rr —Ry[)(1+T1))
JAI

1
Je = Z erVr + 5 Z(VI -Fr7)(Rr —Ry)

I I+£J

+ % Z Iy Vro(IRr —Ry|) + (V1 - Fr7)(Rr — Ry)]
I#J



(J(1)J(0))

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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gauge invariance

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
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the DFT energy current
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the DFT energy current
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liquid (heavy) water

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

64 molecules, T=385 K
expt density @ac
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hurdles towards an ab initio Green-Kubo theory
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separating wheat from chaff
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separating wheat from chaff
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separating wheat from chaff
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separating wheat from chaff
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separating wheat from chaff
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separating wheat from chaff
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separating wheat from chaff
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optimal number of coefficients, to be determined
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constants independent of the time series being sampled
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a heavy workflow
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a heavy workflow

density-functional perturbation theory

(HKS _ gv)@v N pc[ﬁK57 r]@v

estimator evaluation (almost) as heavy as configuration sampling

two approaches:
e evaluate estimators in post-processing mode expensive
e integrate estimator evaluation in ab initio MD codes unwieldy

third way:
e share big data amongst executable through persistent memory



persistent memory

AIMD engine

persistent /* - *\ persistent

slow, requires blocking ¢ fast, byte-addressable

volatile
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estimator evaluation




summary

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

a gauge invariance principle exists, making heat transport
coefficients independent of such and indeterminacy and
computable within Green-Kubo AIMD;

the statistical theory of time series can be leveraged to
estimate and significantly improve the accuracy of the
transport coefficients computed from MD;

when stretched to extreme-scale simulations, the resulting
computational workflow sets considerable challenges to IT;
persistent memory may be an asset to win the challenge.
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