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Electron-phonon models

Hubbard-Holstein model

N.C. Costa et al. Commun. Phys. 3, 80 (2020)




Electron-phonon models

Bond Su-Schrieffer-Heeger model
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Electron-phonon models

Bond Su-Schrieffer-Heeger model
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Electron hopping + Electron hopping +
phonon emission phonon absorption

The effective AFM spin exchange



Electron-phonon models

Bond Su-Schrieffer-Heeger model
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Optical Su-Schrieffer-Heeger-Hubbard model

Hubbard model Optical SSH model
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Comparative studies:




Methods

Dimensionless coupling constant
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See ATL et al. Phys. Rev. B 108, 184501 (2023) and S. Malkaruge Costa et al. Phys. Rev. B 108, 165138 (2023)

Determinant quantum Monte Carlo

* with hybrid Monte Carlo updates
* Finite temperature

» Square clusters (L = 8 — 14)
» Phonon energy: Q/t = 0.5

Half_ﬂ”mg' <n> =1 SmoQy Suite: https://github.com/SmoQySuite
° SmOQyDQMC paCkage B. Cohen-Stead et al. SciPost Physics Codebases. 24 (2024)




Correlation Ratios
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Phase diagram Q/r = 0.5
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Phase diagram Q/r = 0.5

ATL, B. Cohen-Stead, S. Johnston. arXiv:2502.14196 (2025)

10




Phase diagram Q/r = 0.5
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Summary

Ground state phase diagram of the optical SSH-
Hubbard model.

No (long-range) antiferromagnetism in the small
coupling (A = 0 — 0.1) limitat U/t = 0.

Narrow region of coexistence between
antiferromagnetic and bond-ordered-wave phases.

Overall, the pure (U/t = 0) optical SSH model behaves
quite differently from the pure bond SSH model.
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