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1 What is optical valley polarization?

2 What I want to know

3 How to calculate

7 Conclusion
・ System has valley polarization when real and imaginary part of 
dipole vector are perpendicular.
・ Band inversion makes valley polarization flip

1. The origin of valley polarization
2. Role of the energy band gap and Spin orbit coupling (SOC) 

5 Valley polarization depending on Δ
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4-1 Dipole vector of Graphene(Δ = 0)
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Dipole vector is real number

No Valley polarization
𝐷𝑥 , 𝐷𝑦 ∈ ℝ
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Even though 𝐷𝑥 and 𝐷𝑦 depend on k,

Transition probability does not depend on 𝜎

6 How can we control energy band gap?
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・𝑉𝑐 = 0 corresponds to h-BN 
・γ makes the graph continuous. 

Depends on 𝛾

𝐼 : Intensity of incident light
𝜔 : Frequency of incident light
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Energy band gap 2λ𝑆𝑂

λ𝑆𝑂 : SOC constant 4meV
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4-2 Dipole vector of h-BN(Δ ≠ 0)
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Transition matrix element each energy band gap Δ

The value of peaks do not depend on ΔPeaks are disappeared 
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Degree of valley polarization

𝐼𝜎 :  Intensity

Why?

・Δ > E𝐿 No excitation 
・Δ = 0 No valley polarization
・Δ = E𝐿 100% valley polarization

Incident light energy 𝐸𝐿 = 2.0eV
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