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Thermal transport: Intuition

Our interest: Thermal insulators
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Ab initio Green-Kubo [1]

Finite time and ensemble; Reduce noise!
Fluctuation-Dissipation Theorem:

Material: MgO

raw flux from MD

gauge invariance [2, 3]

Implementation:

noise filtering [4]
FHI-vibes [1]

. - flokno.me/vib
Atomic velocities okno.me/vibes

from ab initio
Molecular Dynamics

Non-convective heat flux from ab initio atomic virials:

= smooth curves!

= first dip criterion.
No Approximations to Potential Energy Surface!
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Finite size: Extrapolate! [1, 4] Quantitative benchmark: Compare to experiment

Project dynamics on modes [2]: Inverse lifetimes use BTE-like expression to
-+ scattering rates

in supercell extrapolate x [1, 4]

extract

Fit analytic expression:

xc: PBEsol
f approx. 200 atoms
long-range+tlifetime interpolate in increase no. of g-points n

30-60ps simulation time
4-5fs time step
. ) q
-+ size extrapolation

= Extract lifetimes. phonons Brillouin zone [3]
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High-throughput search for thermal insulators

Step 1: Screening

Non-perturbative effects in thermal insulators [1]

Cul: meta-stable Frenkel defect formation KCaF,: spontaneous octahedral tilt reorientations [2]
Compute k for 58 materials via aiGK [3]:
benchmark (w/ exp.) + 33 predictions (w/o exp.)

Step 2: Thermal conductivity
Estimate anharmonicity of 454 materials

via o* at room temperature [1, 2]
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Potential-energy surfaces of thermal insulators are often
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more complicated
Clo0K

than fixed reference + perturbations
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