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equations much too complicated to be
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The underlying physical laws necessary
for a large part of physics and all of
chemistry are completely known, and
the difficulty is only that the exact
application of these laws leads to
equations much too complicated to be
soluble.

Dirac's challenge has been answered in
[our] field [... using] new physical
models [... and] computers.

M.L. Cohen, 2015



why thermal transport?

energy saving and heat dissipation
heat shielding
energy harvesting and scavenging

earth and planetary sciences



why thermal transport?

m ... because it is important and still poorly
understood
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Einstein-Helfand relations

Einstein (1905)
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Einstein-Helfand relations

Einstein (1905)
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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
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the DFT energy current

JprT = /réDFT(r7 t)dr

=Jgs +Ig+15+do+Ixc

Iis = Y ((oolrHicslo) +eo(@olrlon)

(Y

e |¢,) and Hpgs|p,) orthogonal to the
occupied-state manifold

° pJ\g%} computed from standard DFPT



a benchmark

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

100 ps CP trajectory




a benchmark

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

100 ps CP trajectory

100




a benchmark

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

100 ps CP trajectory

100

same behavior at T=400 K

A. Marcolongo, P. Umari, and SB, Nat. Phys. 12, 80 (2016)
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liquid (heavy) water

64 molecules, T=385 K
expt density @ac

Xper = 0.70 £ 0.17 W/mK
Aexpt = 0.61 W/mK

0 1

0 20 40 60 80 A. Marcolongo, P. Umari, and SB, Nat. Phys. 12, 80 (2016)
w/2r (THz)

R. Bertossa, F. Grasselli, L. Ercole and SB, Phys. Rev. Lett. in press (2019)
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molecular dynamics is less and less ergodic as
temperature decreases

molecular dynamics cannot account for quantum effects,
which are more and more important as temperature decreases

at lower temperatures the harmonic approximation
becomes more and more accurate

do BTE!
K = Z C(wu(CI))VI/(CI)2TI/(CI)

what about glasses and alloys?
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