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0 Importance of graphene system in condensed

matter physics
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Graphene — a sheet of carbon atoms
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l Electronic structure of graphene

_ _tZ[AJ’ o3+ 8) + B(j + 6)As(j)]
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| Pseudospin and energy of graphene (Chirality)
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Because of the pseudospin and

energy dispersion nature
— Producing relativistic quasi-
particle in solid material!!

— Back-scattering is forbidden
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Experimental studies: ultrafast mobility
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Y. W. Tan et al., Phys. Rew. Lett. 99, 246803 (2007)

Z.Q. Li et al., Nat. Phys. 4, 532 (2008)
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K. V. Klitzig et al., Nat. Rev. Phys. 2, 357 (2020)
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Experimental studies: pseudospin

R, (k1)

Y. Zhang et al., Nature. 483, 201 (2005)
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Summary of chapter 1

Because of the extraordinary properties (massless particle, pseudospin, and charity), graphene has
attracted much attentions as a versatile material platform, enabling to explore the physical properties

predicted from Dirac equation.

. J

Ultra-high mobility Ultra-high thermal

Flexibility conductivity
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Q\ Optical spectroscopy in terahertz frequency range:
which physics can we explore?
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Terahertz (THz) frequency range
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Physical phenomena in THz range
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D. N. Basov ef al., Reviews of Modern Physics 86, 959 (2014)
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THz range: providing unique opportunity!!

I Topological insulator

2 i .
o 10 F W 00 ‘('J,-a * w0t 0" f’vo'v’ Eregy

HaChon sein

Bl Moo avt m‘m Phavioiel  Kowys o+

T W W w e t‘tn‘va ' 10" w' et ot

K Electioscs  TH2 Gap CXIGI ) reare.
~ ...Liii.r) \J
1THZ s 128 Dom "« 03mmM «r 48 K 4s 4 1 meV
- L Dot e u«,-Q Gam Kenstantin
o ._ s Novoseoy
. Graphene (Nobel prize 2010)
T llml T ll
i The Nobel Prize in Physics 2016
mm‘ﬂ.
Moy bimdy ot
Vumabde furwd wnergy 1,
l v erband v aramans
T
“_‘—::hﬂ—mﬂqh 7| e £ Fimee
F. Duncan M.
Haldane
e 1 w0 » e — Price share: 176
D. N. Basov et ai., Reviews of Modern Physics 86, 959 (2014) Joel E. Moore, IEEE Spectrum Topological insulator (Nobel prize 2016)

Verein Koreanischer Naturwissenschaftler und Ingenieure in Deutschland



=

ot 1fst7| S X1 2| [Webinar]

e - A e e
IHEoI-E-_TI_j- ot7| EII' o4 9]
= - - [

Verein Koreanischer Naturwissenschaftler und Ingenieure in Deutschland
Korean Scientists and Engineers Assaciation in Germany

Another proper tool for verifying the origin of High-
temperature superconductivity

Iridate
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Summary of chapter 2

Because of the low-energy nature of THz light, one can explore the novel physical phenomena using
terahertz spectroscopy from weakly correlated system (graphene, topological insulator...) to strongly

correlated system (Iridate, cuprate....).

Strong coupling

Low-energy Transparent

THz light

Polaron!!!
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Graphene: versatile platform for thermal nonlinearity
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Graphene: thermal nonlinearity
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M. M. Jadidi et al., ACS nano 16, 2734 (2018)
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Graphene: thermal nonlinearity
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Graphene: plasmonic nonlinearity (1)

Morlinesr Graphene  Sngle Photors
Plasmion Cavity

/I Plasmon resonance | Nonlinear plasmon resmnance\\

Thermal nonlinearity of plasm—ﬂm
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J.D. Cox et al., Nat. Comm. 5, 5725 (2014).
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J. 0. Cox et al, ACS Nano 10, 1995 (2016).
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Graphene: plasmonic nonlinearity (2)

{b) Pump

Beamsplitter

Off-axis parabolic mirror

THz
(from FEL)
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Time-delay I
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Mirror

Delay stage

Detector
{Bolometer)

Using graphene disks, we expect that strong plasmonic nonlinearity can be observed.

= Which will be the first experimental evidence for observing the plasmonic nonlinearity
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Experimental result and discussion
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Experimental result on graphene disk
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Experimental result on graphene disk
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Our simulation result (nonlinear thermal + nonlinear plasmonic nonlinearities) well
reproduce the experimental result, suggesting that we observed the first experimental

result regarding plasmonic nonlinearity.
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Summary

Using graphene disks

configuration.

plasmonic nonlinearity.

\_ real devices.

- Experimentally, we observed different response on FEL experiment depending on the polarization-

— Using simulation framework, we can nail down this difference observed stemming from the

- This is the first experimental evidence, making the cornerstone to apply plasmonic nonlinearity for
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