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Electron -phonon coupling
Electron -phonon ( e-ph) coupling plays a key role in many phenomena

Å Bardeen -Cooper -Schrieffer theory for 

superconductivity

Å Electrical and thermal transport

Å Optical spectra

Å Charge-density wave

Å Carrier dynamics in materials
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Need predictive first -principles computational methods

(Wikipedia)



Electron -phonon coupling from first principles

Electrons are Bloch states propagating in solids; they can be scattered by phonons

Giustino, Electron-phonon interactions from first principles, Rev. Mod. Phys. 89, 015003 (2017)

Electron -phonon matrix element : Ὣ ἳȟἹ scattering amplitude

Å Building blocks of microscopic e-ph theories

q: phonon wavevector

’: phonon branch

k: electron wavevector

ὲ: electron band index
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GW methodDensity functional theory (DFT)

DFT vs. Many -body perturbation theory

ὠ ὠ Ἲ

o Exchange-correlation potential

o Excited -state theory

ɫἺȟἺȠ‫ ὭὋὡ

(G: Greenôs function; W: screened Coulomb)

o Ground -state theory

o Not the true effective potential seen 

by a quasiparticle

o Self-energy ė Many-electron effects

o Non-local, frequency-dependent potential
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Si optical 

absorption

First -principles GW and GW -Bethe -Salpeter -equation approaches

Louie, Topics in Computational Materials Science 96�±142 (1998)

Louie, Chan, Jornada, Li, and Qiu, Nature Materials 20, 728 (2021), Invited Perspective
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Hybertsen and Louie, Phys. Rev. B 34, 5390 (1986)
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First -principles GW, GW -BSE methods ė

Standard ab initio  quasiparticle property 

and optical excitation methodologies
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GW plus Bethe-Salpeter 
equation (GW-BSE)

Electron-hole kernel includes 


