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Some applications:

1. Photo-electrical catalysis

2. Plasmonic polariton

Theoretical Challenges:

1. Time-dependent driving from light

2. Strong light-matter interactions 

3. Nonadiabatic electron transfer at metal surface

Photo-electrical catalysis Plasmonic polariton

Strong light-matter interactions 

𝐻 = 𝐻𝑠 + 𝐴𝑐𝑜𝑠 Ω𝑡
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Floquet Hamiltonian model

Time-dependent to time-independent (time average)



𝑛=𝑁

ℎ𝑠 𝑚𝑛 − 𝑛ℏΩ𝛿𝑚𝑛 𝑐𝑛 𝑟 = 𝜀𝑐𝑚 𝑟

ℏΩ

ℏΩ

The non-zero off-diagonal parts are responsible for  the emission and absorption of photons
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Electronic friction model[1]:

Electronic friction in nonadiabatic dynamics

e

−𝑚𝛼
ሷ𝑅𝛼 = −𝐹α + σν γαν ሶ𝑅ν − δ 𝐹α

𝐹α, γαν, ഥ𝐷αν (the correlation function of δ 𝐹α) are the coefficient of the Fokker-Planck equation[2], A 
is the pure nuclear density:

where

[1] Dou, Wenjie, and Joseph E. Subotnik. The Journal of Chemical Physics 148.23 (2018): 230901.

[2] Dou, Wenjie, Gaohan Miao, and Joseph E. Subotnik. Physical Review Letters 119.4 (2017): 046001.
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recall:

Floquet electronic friction model in terms of nonequilibrium Green’s function

Define:

Expression of 𝛾𝛼𝜈 in terms of Green’s functions  

So we get:

𝛾𝛼𝜈 𝐹 = −
ℏ

2𝜋 2𝑁 + 1
න
−∞

+∞

𝑑𝜖𝑇𝑟 𝜕 ℎ𝑠 𝐹𝐺𝐹
𝑅𝜕 ℎ𝑠 𝐹𝐺𝐹

< + 𝐻. 𝑐.

𝛾𝛼𝜈 = −
ℏ

2𝜋
න
−∞

+∞

𝑑𝜖𝑇𝑟 𝜕𝛼ℎ𝑠𝐺
𝑅𝜕𝜈ℎ𝑠𝐺

< +𝐻. 𝑐.

Then we need to transfer all the terms into Floqeut notation: e
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Application I: one-level Hamiltonian model

Anderson-Holstein (AH) model: System, bath, and coupling.

g is the electron-phonon coupling strength, we define 
the renormalized energy as                   ,    ,  where 
is the reorganization energy.

In the diabatic states, there are two 
potential surfaces 1 means impurity 
occupied and 0 means unoccupied. 

Detail for system Hamiltonian Hs
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Application I: one-level Anderson-Holstein model

Floquet friction as a function of position for the AH model 
(change the frequency and the strength of the light). 

By numerically doing the integration, we know light 
only changes the distribution of the friction.

A = 0

A = 0.1 A = 0.2

Recall: −𝑚𝛼
ሷ𝑅𝛼 = −𝐹α + σν γαν ሶ𝑅ν − δ 𝐹α
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Recall: −𝑚𝛼
ሷ𝑅𝛼 = −𝐹α + σν γαν ሶ𝑅ν − δ 𝐹α

A = 0 A = 0.1, Ω = 0.01

A = 0.1, Ω = 0.1 A = 0.5, Ω = 0.01
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Application I: one-level Anderson-Holstein model



γ𝑥𝑦
A =

γ𝑥𝑦 − γ𝑦𝑥
2

Application II : two-level Hamiltonian model

γ𝑥𝑦
𝑠 =

γ𝑥𝑦 + γ𝑦𝑥
2

Our system Hamiltonian:

We calculated the γ𝑥𝑥, γ𝑦𝑦, γ𝑥𝑦
A , and γ𝑥𝑦

𝑠 .Where

[1] Mosallanejad, Vahid, Jingqi Chen, and Wenjie Dou. arXiv preprint arXiv:2206.07894 (2022).
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Dissipative processLorenz-like force



Application II : two-level Hamiltonian model (at equilibrium)
(light/photon can introduce a Lorenz-like force)

[1] Mosallanejad, Vahid, Jingqi Chen, and Wenjie Dou. arXiv preprint arXiv:2206.07894 (2022).

a: without light b: light with lower 
frequency

c: light with higher frequency

11



Conclusion
1. Light-matter interaction affects the distribution of friction.
2. Light-matter interaction affects the dynamics process.
3. Light-matter interaction introduces a Lorenz-like force.

Outlook (in process)
1. How bias affects the Lorenz-like force (the non-equilibrium case).
2. How this Lorenz-like force affects the dynamics (we need to reduce 
the calculation cost, like machine-learning).
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Coauthors: Dr. Vahid Mosallanejad & Prof. Wenjie Dou  

Thanks for listening!
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