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Raman scattering in graphene
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Raman scattering in graphene 
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ERS in graphene: the theory
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Electronic Raman signal for doped graphene, with  = 100 meV
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Electronic Raman signal for doped graphene, with  = 100 meV
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Electronic Raman signal for doped graphene, with  = 100 meV
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𝐏𝐚𝐮𝐥𝐢
𝐁𝐥𝐨𝐜𝐤𝐢𝐧𝐠

𝐋𝐢𝐧𝐞𝐚𝐫
𝐃𝐨𝐒

𝑷 𝓗𝒈𝒓
𝒍𝒊𝒏

𝒱𝒍𝒊𝒏

𝒑 −
𝒆

𝒄
𝑨

𝑤(𝜔) =
ℏ𝒆𝟒𝒗𝟐

𝛀𝟒
𝚵𝒔 +

𝟏

𝟐

ℏ𝒆𝟒𝒗𝟐

𝟔𝜸𝟎𝛀 𝟐
𝚵𝒐 · 𝝎 · 𝚯 𝝎 − 𝟐𝝁

𝒘 𝝎 = න
𝒅𝒑

𝟐𝝅ℏ𝟑
ቚ 𝐜 𝐯 ቚ

𝟐
𝜹 𝛜𝐜 − 𝛜𝐯 +𝝎

O. Kashuba and V. I. Fal’ko, Phys. Rev. B 80, 241404 (2009)

Light-matter 

interaction

Polarization factor (XY) · Linear DoS · Pauli Blocking

𝐗𝐘 − 𝐜𝐨𝐧𝐟𝐢𝐠𝐮𝐫𝐚𝐭𝐢𝐨𝐧



ERS in graphene: the experiment
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Electronic Raman signal for doped graphene, with  = 100 meV
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Electronic Raman signal for doped graphene, with  = 100 meV

𝑇 = 0𝐾
𝑇 = 150𝐾
𝑇 = 300𝐾

𝐏𝐚𝐮𝐥𝐢
𝐁𝐥𝐨𝐜𝐤𝐢𝐧𝐠

𝐋𝐢𝐧𝐞𝐚𝐫
𝐃𝐨𝐒

Y. S. Ponosov, et al., Phys. Rev. B 91, 195435 (2015).

𝐗𝐘 − 𝐜𝐨𝐧𝐟𝐢𝐠𝐮𝐫𝐚𝐭𝐢𝐨𝐧



Thus one can see that electronic Raman scattering at zero

magnetic field is a sensitive tool for probing the low-energy

electronic structure and pseudospin symmetry in pure and doped

graphitic structures, and it has a potential for studying gapped

structures formed by different methods.

ERS in graphene: the experiment

Y. S. Ponosov, et al., Phys. Rev. B 91, 195435 (2015).
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What if we induce superconductivity?
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ERS in superconducting graphene: the picture
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ERS in superconducting graphene: the picture



Ψ𝑘 = Spin ⨂ momentum ⨂ Valley

Order parameter
Δ𝑘 ≡ GS Ψk GS

ERS in superconducting graphene: the theory

𝐀𝐧𝐲 𝐭𝐢𝐦𝐞 𝐚 𝐩𝐚𝐢𝐫
𝐢𝐬 𝐟𝐨𝐫𝐦𝐞𝐝…

… 𝐭𝐡𝐞 𝐞𝐧𝐞𝐫𝐠𝐲 𝐨𝐟 𝐭𝐡𝐞
𝐬𝐲𝐬𝐭𝐞𝐦 𝐢𝐬 𝐫𝐞𝐝𝐮𝐜𝐞𝐝

Δ𝑘 =

TripletSinglet



ERS in superconducting graphene: the theory
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A. García−Ruiz, M. Mucha−Kruczyński, and V. I. Fal′ko, PRB 97, 155405



ERS in superconducting graphene: the theory

𝐓𝐡𝐞 𝐜𝐡𝐚𝐥𝐥𝐞𝐧𝐠𝐞: 𝐈𝐬 𝐭𝐡𝐢𝐬 𝐟𝐞𝐚𝐭𝐮𝐫𝐞 𝐦𝐞𝐚𝐬𝐮𝐫𝐚𝐛𝐥𝐞?

= න𝑑𝜔න𝑑
𝑠𝑐𝑎𝑡𝑡𝑒𝑟𝑒𝑑
𝑎𝑛𝑔𝑙𝑒𝑠

𝑤 𝜔

𝐼𝐺~10
−11

𝐐𝐮𝐚𝐧𝐭𝐮𝐦
𝐞𝐟𝐟𝐢𝐜𝐢𝐞𝐧𝐜𝐲

~10−14



Marcin Mucha-Kruczynski Stephen Clark Joshua Thompson Vladimir Falko
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Extra slide: peak at 117cm-1

The heat treatment results in a strong intensity increase

of the D mode at 1346 cm-1 and an appearance of

asymmetric low-frequency peak at 117 cm-1. This

implies a growth of the defect density leading to

selection rules violation and Raman activity of layer-

breathing mode at 117 cm-1.

[…] the XX spectrum of the annealed sample

demonstrates a surprising appearance of the narrow

intense band at 117 cm−1 (see Fig. S3 in [30]). Its line

shape is very asymmetric, showing the well-known Breit-

Wigner-Fano (BWF) interference between the phonon

and continuum [33]. This implies the appearance of the

defect-induced low-energy electronic excitations,

perhaps of the intraband type discussed in [16,17].

Supplementary informationPhys. Rev. B 91, 195435 (2015)



ERS in superconducting graphene: the theory
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ERS in superconducting graphene: the theory
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