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Floquet-Bloch State
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Floquet “Engineering”
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Condensed Matter Systems 0
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0 in energy dimension
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Previous Studies - ARPES
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[Science 342, 453-457 (2013)]
[Nat. Phys. 12, 306-310 (2016)]
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B = evg|E|/hw? : dimensionless parameter for Floquet interaction strength

Spectral density o [J,(8)]*  Optical light (Mid-IR, f = 30 THz, hf~0.12 eV)

Time-resolved ARPS
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Superconducting
Tunneling Spectroscopy
In Device



Tunneling Spectroscopy via hBN layer

[Nat. Nano. 9, 808-813 (2014)]
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Making ‘Bad’ Contact

Graphene/Ti contact

First-principles
calculations by Prof. Jhi'’s
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Ti adhesion layer is used for ohmic contact.

Potential barrier:
* Height~3eV

Graphene/Al contact

e  Width~1.5A

z(A)
10 15 20

[GHL et al., Nat. Comm. 6, 6181 (2015)]

Potential barrier may act as a tunnel barrier.

Study on CNT/Indium contact
[Carbon 113, 237-242 (2017)]
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Superconducting Tunneling Spectroscopy

Normal metal tip

()= (0) 2K

Ptlr tip 20K

a ™\ 240 mK
4 20 2 4 e
Sample Bias (mV)
NbSe,

Superconductor tip

Sharp DOS of tunnel tip

\

Nb tip

SIXEe |eJ11J3A J0J 3|edS awes

NbSe,

Differential Conductance (a.u.)
[=]
= =

[Appl. Phys. Lett. 73, 2992 (1998)] Sample Bias (mV)

Superconducting tunnel probe gives better energy resolution.
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Fabrication of Side Tunnel Contact
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Tunneling Spectroscopy
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BTK Fitting for Tunneling Differential Conductance
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| Performance in nanospace

Normalized d

* Dynes parameter: y = 2.1 X 10™*
* SCgap: A = 0.2 meV
* Electron Temperature: T, = 140 mK
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Andreev Bound State



Proximity Josephson Junction

In mesoscopic point of view,
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Andreev Bound State (ABS)
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ABS in Graphene Josephson Junction

Devicel

Graphene

T.~0.3 K

Aluminum

Device2

IV (uS)
7 0 10 20 30
P

V<o

-2 -ll.5 0 l;[l 40
B (G) drdv (uS)

[S. Park et al., Nature 603, 421-426 (2022)]
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Temperature Dependence
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Floquet-Andreev State



Attenuator

10 Feed through

—— HFline

e e

RF generator
/-'-\
: %
\/

|||||||||||||||||||||||||||||||||||||

Experimental Setup for Microwave Irradiation
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(Steady) Floquet-Andreev State
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Energy Resolution of Tunnel Probe
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Magnetic Field Dependence
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red lines: theoretical calculations

At higher P, device heating occurs.

Synchronized oscillations with ¢
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Sum Rule

Sum-rule for various phase
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S = j (d1/dV) dV = const. [PRL 122, 13060 (2019)]
0

Sum-rule could be checked thanks to steadiness of Floquet states.
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Microwave Power Dependence

P-dependence fitting
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Theoretical Calculations
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Frequency Dependence
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Tien-Gordon Model v.s. Floquet Model

Tien-Gordon model for photo-assisted tunneling

Floquet-Andreev states

tunnel probe Insulator graphene

Tien-Gorden effect
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Improving Microwave Coupling
|

[Junho Suh, Jinwoong Cha (KRISS)]
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Outlook

Circular polarization light for topological phase transition

[Nat. Rev. Phys. 2, 229-244 (2020)]

Studying topological Josephson junctions
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[Nature 569, 93-98 (2019)]
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Summary

e Superconducting tunnelling spectroscopy
with high energy resolution of ~ 20 uV

* Observed Andreev bound state (ABS) of

tunnel probe graphene
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Tunneling Spectroscopy on ABS

[J-D. Pillet et al., Nat. Phys. 6, 965-969 (2010)]
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