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Phonon dispersion of 

graphene along the high-

symmetry lines, Г-M-K- Г

Phonons in Graphene3



The so-called D band locates 

around 1330–1360 cm-1 and 

the G band near 1580 cm-1.

G and D bands in Graphene

The expected Raman modes observed in graphite whiskers in the spectral 

region from 150 to 3400 cm -1 excited at 632.8 nm.
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5 Raman spectroscopy of monolayer graphene 

The Raman 

resonance 

processes 

related to the 

G, D and 2D 

points in MG.



The frequency shift and linewidth of the G-band in graphene were investigated by 

including:

❖ phonon anharmonicity
N. Bonini, et al, Phys. Rev. 

Lett. 99, 176802 (2007)

❖ Strain effect
C. Si, Z.Sun,F.Liu, Nanoscale 

8, 3207 (2016) 

❖ electron-phonon interaction
T. Ando, J. Phys. Soc. Jpn. 75, 

124701 (2006)

The frequency shift and linewidth of the G-band6



Y. Zhao et al., PHYS. REV. B 

102, 165415 (2020)

T. Ando, J. Phys. Soc. Japan

75, 124701 (2006)
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Calculation of the optical phonon self-energy

(a) The phonon Green function 

renormalized by direct e-e and e-ph 

interactions 

(b) Equation for the renormalized

phonon self-energy.
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Pauli matrices

Hamiltonian of Dirac fermions, with Rashba SOI9
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Phonon total self-energy
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CONCLUSION 
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A. Brodu et al. Exciton Fine Structure and Lattice Dynamics in InP/ZnSe Core/Shell

Quantum Dots. ACS Photonics 2018, 5, 3353−3362

Raman peaks related to the 

ZnSe and InP optical 

phonons of the InP/ZnSe 

core/shell QD.



Spherical Bessel function

Spherical harmonics

3j Wigner symbols

The ground-state of the exciton in spherical QD

Designations







 Exciton wave functions Exciton energies 

𝛷−2
𝑒𝑥  𝜓𝑒

↓ 𝐫𝑒 𝜓ℎ
−3/2 𝐫ℎ  𝐸0 − 3𝜂 2 − Δ 2  

𝛷2
𝑒𝑥  𝜓𝑒

↑ 𝐫𝑒 𝜓ℎ
3/2 𝐫ℎ  𝐸0 − 3𝜂 2 − Δ 2  

𝛷0
𝑒𝑥𝑈  2−1/2 𝜓𝑒

↑ 𝐫𝑒 𝜓ℎ
−1/2 𝐫ℎ − 𝜓𝑒

↓ 𝐫𝑒 𝜓ℎ
1/2 𝐫ℎ   𝐸0 + 𝜂 2 + Δ 2 + 2𝜂 

𝛷0
𝑒𝑥𝐿  2−1/2 𝜓𝑒

↑ 𝐫𝑒 𝜓ℎ
−1/2 𝐫ℎ + 𝜓𝑒

↓ 𝐫𝑒 𝜓ℎ
1/2 𝐫ℎ   𝐸0 + 𝜂 2 + Δ 2 − 2𝜂 

 𝛷1
𝑒𝑥𝑈  𝜏1𝜓𝑒

↑ 𝐫𝑒 𝜓ℎ
1/2 𝐫ℎ − 𝜏2𝜓𝑒

↓ 𝐫𝑒 𝜓ℎ
3/2 𝐫ℎ  𝐸0 + 𝜂 2 +   −𝜂 + ∆ 2  2 + 3𝜂2 

𝛷1
𝑒𝑥𝐿  𝜏2𝜓𝑒

↑ 𝐫𝑒 𝜓ℎ
1/2 𝐫ℎ + 𝜏1𝜓𝑒

↓ 𝐫𝑒 𝜓ℎ
3/2 𝐫ℎ  𝐸0 + 𝜂 2 −   −𝜂 + ∆ 2  2 + 3𝜂2 

𝛷−1
𝑒𝑥𝑈  𝜏2𝜓𝑒

↑ 𝐫𝑒 𝜓ℎ
−3/2 𝐫ℎ − 𝜏1𝜓𝑒

↓ 𝐫𝑒 𝜓ℎ
−1/2 𝐫ℎ  𝐸0 + 𝜂 2 +   −𝜂 + ∆ 2  2 + 3𝜂2 

𝛷−1
𝑒𝑥𝐿  𝜏1𝜓𝑒

↑ 𝐫𝑒 𝜓ℎ
−3/2 𝐫ℎ + 𝜏2𝜓𝑒

↓ 𝐫𝑒 𝜓ℎ
−1/2 𝐫ℎ  𝐸0 + 𝜂 2 −   −𝜂 + ∆ 2  2 + 3𝜂2 

 

Band gap energy





Polarization vector and frequency of the incident (scattered) photon, respectively

Matrix element of exciton-phonon interaction

differential Raman cross-section

Differential Raman cross-section
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Fig.6. Measured and computed Raman 

spectra of InP/ZnSe core/shell CQDs 

with an average core diameter of 2.9 nm 

at 4K. The incident photon energy is 

2.54 eV [20]. The arrows indicate the 

five Raman frequency shift leading to the 

expected resonances of the outgoing 

photons with the five splitted excitonic 

transitions (Fig. 1). 



Our calculated results of the resonant Raman scattering 

spectra in InP/ZnSe core/shell, a prolate core (zeta 

equals 0.28), are compared with the experimental data 

obtained by Brodu et al. The computed results for the 

Raman intensity as a function of the Raman shift are in 

excellent agreement with the experimental results both 

in terms of amplitude and spectral shape in the InP 

phonon energy range. A frequency shift and a deviation 

between the experimental and computed amplitude in 

the phonon range of the ZnSe shell are observed for the 

interface phonons. It is probably due to the alteration of 

their frequency by the strain induced by the ZnSe shell, 

and to the overestimation of the core exciton 

confinement. These boundary effects have still to be 

introduced in Raman scattering modeling.

Conclusion



Thanks 
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