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1 Introduction 5 Benchmark: heat transport in bulk MoS, and WSe,
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2 Representation of potential surface
| 6 Application: heat transport in Bi,0,Se
A. Cluster expansion T T T TS T T s s ~
. E a = {a,i}, lattice site a and Cartesian directioni |
|
s o i | | 15| 4x4x4 (320 atoms) 3rd cutoff: 7.5 A =
4 ! (DI (a)u‘r : ClUSter a = {al an} Cal'teSIan [ = {ll LTL} : . 2.0r = polycrystal
: : | — Q x ¥ Tanetal 2018-1 poly
1 . R : S NF—— : || G e o
Fﬂ’, — _'(I)I(a,)aau? : a. = laanl. Uy = uanln } . § . E v Guo et al. 2021 single
@ RN " "t P T — 59,5/
e T 21
B. Symmetry reduction of IFCs g E
Lo T 1.0}
- -
B-® =0 2 \
3| <
* Isotropy group: O, (a) =T17;(8) P, (a) ‘ o5
. 300 400 500 600 700 300
Temperature (K)
* |Improper permutation: ®,(a) = R;;P;(a)
» Translational invariance: Z Z [, (8)®;(a) =0 7 Application: phonon anharmonicity in cubic SrTiO,
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B. Temperature-dependent phonon spectrum
e =FC Phys. Rev. Lett. 124, 145901 (2020).
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B. Statistical perturbation-operator renormalization (SPOR) -
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1 8 Summary of current features
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Converged phonon ]

& A » Efficient extraction of interatomic force constants up to sixth-order with the separate
“"‘ treatment of long-range Coulomb interactions for infrared-active solids;
"""""""" Lo et et * Anharmonic renormalization of phonon quasiparticles;
» |nelastic neutron and X-ray scattering spectroscopies;
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4 Inelastic neutron and X-ray scatterlng spectroscoples eneral invariance and equilibrium conditions for lattice dynamics;
» (Calculation of elastic and mechanical properties from Born perturbation expansion;
| | » Interfaced to VASP and Quantum ESPRESSO as force and total energy calculators.
Coherent one-phonon scattering cross section
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