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Study on the ultrafast optical control of supercoducting coherence
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We investigated the nonequilibrium dynamics of superconductivity by using
the ultrafast coherent light sources ranging from near infrared to terahertz, aiming at the
light-control of superconductors. In particular, we studied the dynamics of superconducting order
parameter through the observation of the Higgs mode, namely the collective amplitude mode of order
parameter and the Josephson plasma resonance for the case of high Tc cuprate superconductors. We
succeeded in the observation of Higgs mode high Tc cuprate superconductors through the experimental
scheme of pump-probe and third harmonic generation. We also succeeded the observation of Higgs modes

in multiband superconductors, such as iron-based superconductors and MgB2, paving a new pathway to
control the order parameter by light. We also revealed the effect of strong photoexcitation in
single-layer cuprate superconductors in view of light-induced superconductivity.



(THG)
(TH2)
THz THz
THz THz THz THz
THz
Mng
1)
THz NbN
(TH) 2
TH
THG
BCS
2
THz
THG
THG THG
Mattis-Bardeen
THG
d

2013
2014

THz

THz

2A

NbN
THz



THz Bi,Sr.CaCuOs(  Bi2212)
S THz 2
3
THz
Ay
Ay
d
HZDR THz TELBE
3 Bi2212 Lal_34sro_15CUO4 Dy882CU3O7_X THz-THG
THG THG
THz THG
Bi2Sr.CaCu,0g:x
THz
Bi2212
Bi2212
10 30K
FeSeosTeos r M
FeSeosTeos THz
THz 2 r
r
M Mng
THz-THG MgB; sp? c B
MgB: THG n
THz 2 THG
NbN
THz THz
2
- Laz_xserU04
C
C
THz c

La,xSr«xCu0,4



La,«Sr«Cu0,4 (x = 0.125) x =

0.15) C THz

o
@
®

*

®

THz

10

Ryusuke Matsunaga and Ryo Shimano, Nonlinear terahertz spectroscopy of Higgs
mode in s-wave superconductors, Physica Scripta 92, 2017, 024003/1-8

doi: 10.1088/1402-4896/aa5327

Fumiya Sekiguchi, Toshimitsu Mochizuki, Changsu Kim, Hidefumi Akiyama, Loren N.
Pfeiffer, Ken W. West, and Ryo Shimano, Anomalous metal phase emergent on the
verge of an exciton Mott transition, Phys. Rev. Lett. , 118, 2017, 067401/1-6
https://doi.org/10.1103/PhysRevLett.118.067401

Ryusuke Matsunaga and Ryo Shimano, Higgs mode excitation in superconductors by
intense terahertz pulse, Proceedings SPIE, , 9835, 2016, 83351G-1-7

doi: 10.1117/12.2223010

Fumiya Sekiguchi, Changsu Kim, Hidefumi Akiyama, and Ryo Shimano, Exciton Mott
transition in GaAs studied by terahertz spectroscopy, Proceedings SPIE, ,
10102, 2017, 101020T-1-6, doi: 10.1117/12.2250735

Ryusuke Matsunaga, Naoto Tsuji, Kazumasa Makise, Hirotaka Terai, Hideo Aoki, and
Ryo Shimano, Polarization-resolved terahertz third-harmonic generation in a
single-crystal superconductor NbN: Dominance of the Higgs mode beyond the BCS
approximation, Phys. Rev. B, , 96, 2017, 020505/1-5
https://doi.org/10.1103/PhysRevB.96.020505

Kota Katsumi, Naoto Tsuji, Yuki I. Hamada, Ryusuke Matsunaga, John Schneeloch,
Ruidan D. Zhong, Genda D. Gu, Hideo Aoki, Yann Gallais, and Ryo Shimano, Higgs
Mode in the d-Wave Superconductor Bi2Sr2CaCu20s+x Driven by an Intense Terahertz
Pulse, Phys. Rev. Lett. , 120, 2018, 117001/1-6
https://doi.org/10.1103/PhysRevLett.120.117001

Fumiya Sekiguchi and Ryo Shimano, Rate Equation Analysis of the Dynamics of
First-order Exciton Mott Transition, J. Phys. Soc. Jpn. , 68, 2017, 103702/1-5
https://doi.org/10.7566/JPSJ.86.103702

Yuta Murotani, Masayuki Takayama, Fumiya Sekiguchi, Changsu Kim, Hidefumi
Akiyama, and Ryo Shimano, Terahertz field-induced ionization and perturbed free
induction decay of excitons in bulk GaAs, J. Phys. D: Appl. Phys. , 120, 2018,
114001/1-10, https://iopscience.iop.org/article/10.1088/1361-6463/aaa989/meta

Yuta Murotani and Ryo Shimano, Nonlinear optical response of collective modes in
multiband superconductors assisted by nonmagnetic impurities, Phys. Rev. B ,
99, 2019, 224510/1-15, https://doi.org/10.1103/PhysRevB.99.224510

Sachiko Nakamura, Yudai lida, Yuta Murotani, Ryusuke Matsunaga, Hirotaka Terai,
and Ryo Shimano, Infrared activation of Higgs mode by supercurrent injection in a
superconductor NbN, Phys. Rev. Lett. in press.
https://journals.aps.org/prl/accepted/8b07aYdbJb91c55657a954413236f5¢139f64d9a7

43
Ryo Shimano, Nonlinear THz spectroscopy of collective modes in superconductors, Low
Energy Electrodynamics in Solids 2016, 2016 ( )
Ryo Shimano, Ultrafast Nonlinear Terahertz Spectroscopy of Quantum Condensates in
Solids, CLEO:2016, 2016 ( )

Ryo Shimano, Study of nonequilibrium responses in quantum matter - from QHE to
superconductor, International Symposium on New Horizons in Condensed Matter
Physics, 2016 ( )

Ryo Shimano, Ultrafast spectroscopy of Higgs modes in superconductors, International
Research School: Electronic States and Phases Induced by Electric or Optical Impacts
IMPACT 2016, 2016 ( )



YBa:xCusOy ,

2016 , 2016
©) , , , , , , , THz
Fe(Se,Te) , 72
, 2017
@) , , , Dongjoon Song, , ,
LazxSrkCuOa4 s
72 , 2017
3 , , , R.D. Zhong, J. Schneeloch, G.D. Gu, Y. Gallais,
__, Bi2Sr2CaCuOs.x ,
72 , 2017
(9) Ryo Shimano, Higgs mode in conventional and unconventional superconductors, 6th
International Conference on Photoinduced Phase Transitions, 2017 ( )

(10)Ryo Shimano, THz study of photoexcited dynamics in high Tc superconductors,
International Workshop on Non-Linear Effects and Short-Time Dynamics in Novel

Superconductors and Correlated Spin-Orbit Coupled Systems, 2017 ( )
(11)Ryo Shimano, A light-induced metastable phase in superconducting LazxSrxCuQa,
International Workshop on Ultrafast dynamics and metastability, 2017 ( )

(12)Ryo Shimano, A light-induced nonequilibrium phenomena in high Tc cuprate
superconductors, International Workshop on Frontiers of Research in Quantum
Materials, Max Planck Institute, 2017 ( )

(13) Kota Katsumi, Yuki I. Hamada, Ryusuke Matsunaga, John Schneeloch, Ruidan D.
Zhong, Genda D. Gu, Yann Gallais, and Ryo Shimano, Exploring Thz-induced
dynamics of a $d$-wave superconducting condensate in the cuprate Bi2Sr2CaCuQOg-x,
6th International Conference on Photoinduced Phase Transitions, 2017

(14) Kota Katsumi, Ryusuke Matsunaga, John Schneeloch, Ruidan D. Zhong, Genda D. Gu,
Yann Gallais, and Ryo Shimano, Terahertz pulse induced non-equilibrium dynamics of
a d-wave cuprate superconductor, The International School and Workshop on
Electronic Crystals ECRYS 2017, 2017

(15) , , , , , , NbN
: BCS ,
2017 , 2017
(16) , , , Dongjoon Song, .,
Lai.6xNdo.sSrkCuOas , 2017
, 2017
an ) , , , , .,
Fe(Se,Te) ,
2017 , 2017
(18) , , , Dongjoon Song, , ,
Laz-xSrxCuOa , , 2018
(19) , , , , Dongjoon Song, , ,
Laz-xSrxCuOg s
73 , 2018
@@___ ,
[ , 2017 ( )
(@A) , , , 2017
( )
@____, ,
, 2017 ( )
(23)Ryo Shimano, Nonequilibrium dynamics of superconductors, MPI-UBC-UTokyo
Winter School, 2018 ( )
(24)Ryo Shimano, Higgs mode in conventional and unconventional superconductors, The
International Symposium on Quantum Fluids and Solids (QFS2018), 2018 ( )
(25)Ryo_Shimano, Higgs mode in conventional and unconventional superconductors,
Colloguium at The Helmholtz-Zentrum Dresden-Rossendorf (HZDR), 2018 ( )
(26) Ryo Shimano, Photo-induced nonequilibrium dynamics in superconductors, ENS-UT
Workshop on Physics, 2018 ( )
(27)Ryo_Shimano, Light-induced Nonequilibrium Dynamcis in Superconductors, Max
Planck-UBC-UTokyo Centre for Quantum Materials Workshop 2018, 2018 ( )

(28) Ryo Shimano, Higgs mode in conventional and unconventional superconductors, The
Hamburg Photon Science Colloguium at Max Planck Institute for the Structure and
Dynamics of Matter, Center for Free- Electron Laser Science (CFEL), 2019 ( )

(29) Kota Katsumi, Naoto Tsuji, Yuki I. Hamada, Ryusuke Matsunaga, John Schneeloch,



Ruidan D. Zhong, Genda D. Gu, Hideo Aoki, Yann Gallais, and Ryo Shimano,
Observation of Higgs mode in the d-wave superconductor Bi2Sr.CaCuOs+x by THz
pump-optical probe spectroscopy, Low Energy Electrodynamics of Solids(LEES2018),
2018

(30)S. Nakamura, Y. lida, R. Matsunaga, H. Terai, and R. Shimano, Infrared-active Higgs
mode in an s-wave superconductor NbN under DC current injection, International
Symposium on Quantum Fluids and Solids (QFS2018), 2018

(B1K. Katsumi, Z. Z. Li, H. Raffy, Y. Gallais and R. Shimano, Observation of
superconducting fluctuation in Bi:Sr2CaCuOs+x thin films by the intense terahertz
pulse-driven Higgs mode, 2018 Workshop Max Plank-UBC-UTokyo Centre for
Quantum Materials, 2018

(32) H. Niwa, N. Yoshikawa, D. Song, H. Eisaki, R. Shimano, Photoexcited nonequilibrium
state of LaxxSrxCuOas investigated by terahertz spectroscopy, 2018 Workshop Max
Plank-UBC-UTokyo Centre for Quantum Materials, 2018

(33)N. Yoshikawa, K. Isoyama, K. Tomita, N. Shikama, T. Ishikawa, F. Nabeshima, A.
Maeda, R. Shimano, Ultrafast carrier dynamics of FeSe thin film investigated by
time-resolved terahertz spectroscopy, 2018 Workshop Max Plank-UBC-UTokyo Centre
for Quantum Materials, 2018

(34)Hiroaki Niwa, Naotaka Yoshikawa, Dongjoon Song, Hiroshi Eisaki, Ryo Shimano,
Terahertz spectroscopy of the cuprate superconductor LazxSrxCuOs in the photoexcited
nonequilibrium state, APS March meeting 2019, 2019

(35) , , Dongjoon Song, , , LazxSrxCuOas
c , 2018 , 2018
(36) , , Dongjoon Song, , , , ,
, ) ) , ) , X
Laz-xSrxCuO4 , 2018
, 2018
(€D , , , , , , s
NbN , 2018 , 2018
(38) ) , , ., s NbN
2 , 10 , 2019
(39) , , , , , ) ) s
FeSeosTeos , 74
, 2019
(40) , Z. Z. Li, H. Raffy, Y. Gallais, ,
Bi2Sr.CaCuOs.x , 74 )
2019
(41) , .2
) 74 , 2019
(42) , - -,
2018 4 5
, 2018 ( )
43, , KEK ,
2019 ( )

http://thz.phys.s.u-tokyo.ac.jp/publications.html

o
@

Matsunaga Ryusuke
50615309



