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Why electron-phonon coupling?

• Application in laser cooling of CaOH
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Why electron-phonon coupling?

7J Noffsinger, et al, Phys. Rev. Lett. 108, 167402 (2012)
S Giannini, A Carof, J Blumberger, J. Phys. Chem. Lett. 9, 3116 (2018)

Phonon-assisted optical transition in silicon Charge transportation
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How to calculate electron-phonon couplings

• Molecular wave function: direct-product basis 
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DFT electron-phonon couplings workflow
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DFT code validation
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Is DFT enough for all systems?

11G Antonius, et al, Phys. Rev. Lett. 112, 215501 (2014)
Z Li, et al, Phys. Rev. Lett. 122, 186402 (2019)
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Workflow is the same for quasi-particle picture
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Accurate machine learning Green’s function

13C. Venturella, et al, J. Chem. Theory Comput. 20, 143 (2024)
C. Venturella, J. Li, T. Zhu, Nat. Comput. Sci. 5, 502 (2025)



Machine learning workflow
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C. Zhang, in preparation



Preliminary results: band gap correction

15G Antonius, et al, Phys. Rev. Lett. 112, 215501 (2014)
C. Zhang, in preparation
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Preliminary results: temperature dependence

16G Antonius, et al, Phys. Rev. Lett. 112, 215501 (2014)
C. Zhang, in preparation



Summary

• What we have:
• We implemented finite difference e-ph couplings in PySCF for DFT and GW.

• Machine learning Green’s function workflow was extended to GW e-ph couplings.

• More work to be done:
• More physical observables from e-ph couplings

• Better k-points extrapolation
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