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SI2-SSE: PERTURBO: a software for accelerated discovery of 
microscopic electronic processes in materials

Award #: 1642443

NSF CSSI PI Meeting, Seattle, WA, Feb. 13-14, 2020

Marco Bernardi (PI), I-Te Lu (presenting)

Why? “Understanding dynamical processes involving electrons, lattice vibrations (phonons), atomic 
defects, and light in the solid state is key to advancing functional materials and next-generation devices”

(hot carrier cooling, carrier conductivity, spin-flip dynamics)
How? A platform for ab initio transport and dynamics in solids What? https://perturbo-code.github.io/

For example, PERTURBO e-ph interaction workflow
bands and wavefunctions  

on coarse grid kc

Wannier90

rotation matrices U(kc)

phonons & ΔVscf  
on coarse grid qc

e-ph
gnm⌫(kc, qc)<latexit sha1_base64="oEa5Hk4jBVvcqV1AGx4qz+Y1r34=">AAACHHicbVDLSgMxFM3UV62vqks3wVaoIGWmLnRZdOOygn1AZxgymUwbmmTGJCOUYT7Ejb/ixoUiblwI/o3pY6GtB0IO59zLvfcECaNK2/a3VVhZXVvfKG6WtrZ3dvfK+wcdFacSkzaOWSx7AVKEUUHammpGeokkiAeMdIPR9cTvPhCpaCzu9DghHkcDQSOKkTaSXz6vDvxMcFekec0NYhaqMTdfNsr9DOdn8Ld2P9VOq365YtftKeAyceakAuZo+eVPN4xxyonQmCGl+o6daC9DUlPMSF5yU0UShEdoQPqGCsSJ8rLpcTk8MUoIo1iaJzScqr87MsTVZEFTyZEeqkVvIv7n9VMdXXoZFUmqicCzQVHKoI7hJCkYUkmwZmNDEJbU7ArxEEmEtcmzZEJwFk9eJp1G3bHrzm2j0ryax1EER+AY1IADLkAT3IAWaAMMHsEzeAVv1pP1Yr1bH7PSgjXvOQR/YH39AGmvoso=</latexit><latexit sha1_base64="oEa5Hk4jBVvcqV1AGx4qz+Y1r34=">AAACHHicbVDLSgMxFM3UV62vqks3wVaoIGWmLnRZdOOygn1AZxgymUwbmmTGJCOUYT7Ejb/ixoUiblwI/o3pY6GtB0IO59zLvfcECaNK2/a3VVhZXVvfKG6WtrZ3dvfK+wcdFacSkzaOWSx7AVKEUUHammpGeokkiAeMdIPR9cTvPhCpaCzu9DghHkcDQSOKkTaSXz6vDvxMcFekec0NYhaqMTdfNsr9DOdn8Ld2P9VOq365YtftKeAyceakAuZo+eVPN4xxyonQmCGl+o6daC9DUlPMSF5yU0UShEdoQPqGCsSJ8rLpcTk8MUoIo1iaJzScqr87MsTVZEFTyZEeqkVvIv7n9VMdXXoZFUmqicCzQVHKoI7hJCkYUkmwZmNDEJbU7ArxEEmEtcmzZEJwFk9eJp1G3bHrzm2j0ryax1EER+AY1IADLkAT3IAWaAMMHsEzeAVv1pP1Yr1bH7PSgjXvOQR/YH39AGmvoso=</latexit><latexit sha1_base64="oEa5Hk4jBVvcqV1AGx4qz+Y1r34=">AAACHHicbVDLSgMxFM3UV62vqks3wVaoIGWmLnRZdOOygn1AZxgymUwbmmTGJCOUYT7Ejb/ixoUiblwI/o3pY6GtB0IO59zLvfcECaNK2/a3VVhZXVvfKG6WtrZ3dvfK+wcdFacSkzaOWSx7AVKEUUHammpGeokkiAeMdIPR9cTvPhCpaCzu9DghHkcDQSOKkTaSXz6vDvxMcFekec0NYhaqMTdfNsr9DOdn8Ld2P9VOq365YtftKeAyceakAuZo+eVPN4xxyonQmCGl+o6daC9DUlPMSF5yU0UShEdoQPqGCsSJ8rLpcTk8MUoIo1iaJzScqr87MsTVZEFTyZEeqkVvIv7n9VMdXXoZFUmqicCzQVHKoI7hJCkYUkmwZmNDEJbU7ArxEEmEtcmzZEJwFk9eJp1G3bHrzm2j0ryax1EER+AY1IADLkAT3IAWaAMMHsEzeAVv1pP1Yr1bH7PSgjXvOQR/YH39AGmvoso=</latexit><latexit sha1_base64="oEa5Hk4jBVvcqV1AGx4qz+Y1r34=">AAACHHicbVDLSgMxFM3UV62vqks3wVaoIGWmLnRZdOOygn1AZxgymUwbmmTGJCOUYT7Ejb/ixoUiblwI/o3pY6GtB0IO59zLvfcECaNK2/a3VVhZXVvfKG6WtrZ3dvfK+wcdFacSkzaOWSx7AVKEUUHammpGeokkiAeMdIPR9cTvPhCpaCzu9DghHkcDQSOKkTaSXz6vDvxMcFekec0NYhaqMTdfNsr9DOdn8Ld2P9VOq365YtftKeAyceakAuZo+eVPN4xxyonQmCGl+o6daC9DUlPMSF5yU0UShEdoQPqGCsSJ8rLpcTk8MUoIo1iaJzScqr87MsTVZEFTyZEeqkVvIv7n9VMdXXoZFUmqicCzQVHKoI7hJCkYUkmwZmNDEJbU7ArxEEmEtcmzZEJwFk9eJp1G3bHrzm2j0ryax1EER+AY1IADLkAT3IAWaAMMHsEzeAVv1pP1Yr1bH7PSgjXvOQR/YH39AGmvoso=</latexit>

Compute & store 
g(Re, Rp) in WF basis

Interpolate
gnm⌫(kf, qf)

<latexit sha1_base64="+UCgvaQlX0C6P38d2wKIwoZVWlw=">AAACLnicbVDLSgMxFM3UV62vUZdugq1QQcpMN7osiuCygn1AZxgymUwbmsmMSUYsw3yRG39FF4KKuPUzTB8L23og5HDOvcm9x08Ylcqy3o3Cyura+kZxs7S1vbO7Z+4ftGWcCkxaOGax6PpIEkY5aSmqGOkmgqDIZ6TjD6/GfueBCEljfqdGCXEj1Oc0pBgpLXnmdaXvZTxyeJpXHT9mgRxF+sqGuZc5ijzqJ7Mwz8/gX/N+3jyteGbZqlkTwGViz0gZzND0zFcniHEaEa4wQ1L2bCtRboaEopiRvOSkkiQID1Gf9DTlKCLSzSbr5vBEKwEMY6EPV3Ci/u3IUCTHk+rKCKmBXPTG4n9eL1XhhZtRnqSKcDz9KEwZVDEcZwcDKghWbKQJwoLqWSEeIIGw0gmXdAj24srLpF2v2VbNvq2XG5ezOIrgCByDKrDBOWiAG9AELYDBE3gBH+DTeDbejC/je1paMGY9h2AOxs8v1jqrcA==</latexit><latexit sha1_base64="+UCgvaQlX0C6P38d2wKIwoZVWlw=">AAACLnicbVDLSgMxFM3UV62vUZdugq1QQcpMN7osiuCygn1AZxgymUwbmsmMSUYsw3yRG39FF4KKuPUzTB8L23og5HDOvcm9x08Ylcqy3o3Cyura+kZxs7S1vbO7Z+4ftGWcCkxaOGax6PpIEkY5aSmqGOkmgqDIZ6TjD6/GfueBCEljfqdGCXEj1Oc0pBgpLXnmdaXvZTxyeJpXHT9mgRxF+sqGuZc5ijzqJ7Mwz8/gX/N+3jyteGbZqlkTwGViz0gZzND0zFcniHEaEa4wQ1L2bCtRboaEopiRvOSkkiQID1Gf9DTlKCLSzSbr5vBEKwEMY6EPV3Ci/u3IUCTHk+rKCKmBXPTG4n9eL1XhhZtRnqSKcDz9KEwZVDEcZwcDKghWbKQJwoLqWSEeIIGw0gmXdAj24srLpF2v2VbNvq2XG5ezOIrgCByDKrDBOWiAG9AELYDBE3gBH+DTeDbejC/je1paMGY9h2AOxs8v1jqrcA==</latexit><latexit sha1_base64="+UCgvaQlX0C6P38d2wKIwoZVWlw=">AAACLnicbVDLSgMxFM3UV62vUZdugq1QQcpMN7osiuCygn1AZxgymUwbmsmMSUYsw3yRG39FF4KKuPUzTB8L23og5HDOvcm9x08Ylcqy3o3Cyura+kZxs7S1vbO7Z+4ftGWcCkxaOGax6PpIEkY5aSmqGOkmgqDIZ6TjD6/GfueBCEljfqdGCXEj1Oc0pBgpLXnmdaXvZTxyeJpXHT9mgRxF+sqGuZc5ijzqJ7Mwz8/gX/N+3jyteGbZqlkTwGViz0gZzND0zFcniHEaEa4wQ1L2bCtRboaEopiRvOSkkiQID1Gf9DTlKCLSzSbr5vBEKwEMY6EPV3Ci/u3IUCTHk+rKCKmBXPTG4n9eL1XhhZtRnqSKcDz9KEwZVDEcZwcDKghWbKQJwoLqWSEeIIGw0gmXdAj24srLpF2v2VbNvq2XG5ezOIrgCByDKrDBOWiAG9AELYDBE3gBH+DTeDbejC/je1paMGY9h2AOxs8v1jqrcA==</latexit><latexit sha1_base64="+UCgvaQlX0C6P38d2wKIwoZVWlw=">AAACLnicbVDLSgMxFM3UV62vUZdugq1QQcpMN7osiuCygn1AZxgymUwbmsmMSUYsw3yRG39FF4KKuPUzTB8L23og5HDOvcm9x08Ylcqy3o3Cyura+kZxs7S1vbO7Z+4ftGWcCkxaOGax6PpIEkY5aSmqGOkmgqDIZ6TjD6/GfueBCEljfqdGCXEj1Oc0pBgpLXnmdaXvZTxyeJpXHT9mgRxF+sqGuZc5ijzqJ7Mwz8/gX/N+3jyteGbZqlkTwGViz0gZzND0zFcniHEaEa4wQ1L2bCtRboaEopiRvOSkkiQID1Gf9DTlKCLSzSbr5vBEKwEMY6EPV3Ci/u3IUCTHk+rKCKmBXPTG4n9eL1XhhZtRnqSKcDz9KEwZVDEcZwcDKghWbKQJwoLqWSEeIIGw0gmXdAj24srLpF2v2VbNvq2XG5ezOIrgCByDKrDBOWiAG9AELYDBE3gBH+DTeDbejC/je1paMGY9h2AOxs8v1jqrcA==</latexit>

Transport

Dynamics

qe2pert.x perturbo.x

ultra-fine kf, qf gridscoarse kc, qc grids

DFPT

DFT MLWFs

PERTURBOQuantum Espresso

nk mk+q

!q

g(Re, Rp)

!i !jRe

Rp dV

Related work and publications using PERTURBO, 
please see http://bernardi.caltech.edu/publications/ 100
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Carrier (electron-hole) cooling

Spin-flip dynamics (Elliot-Yafet mechanism)

Silicon

https://perturbo-code.github.io/
http://bernardi.caltech.edu/publications/

