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[1] T. Yasuda, Y. Maeda, K. Matsuzaki, Y. Okazaki, R. Oda, A. Kitada, K. Murase, K. Fukami, ACS Appl. Mater. Interfaces
11, 48604-48611 (2019).
2] T. Yasuda, M. Nakata, M. Miyamoto, A. Kitada, K. Murase, K. Fukami, /. Phys. Chem. C 125, 7240-7250 (2021).
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Formation of laser induced periodic surface structure and its operando measurement
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2] M. Hashida et al, /. Laser Micro/Nano Eng., 9 (2014) 234-237.
[3] A.lIrizawa et al Appl. Phys. Lett. 111 (2017) 251602.

[4] S. Inoue et. al, Sci. Rep 10 (2020) 20387.
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What's two-fluid plasma? -exploring with non-neutral plasmas-
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Effects of magnetic configuration on turbulence driven transport
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2] K. Tanaka, F. Wamer, K. Tanaka, P. Xanthopoulos, M. Nunami et al., FEC2020.

ditfusivity

tW7-X (&) &£LHD (BR) [CHEWTUINEERHES JEEEEZRIZ -
HEBSRBRTHONIA 7V BERERE & A 7 2 3 LA (R 2K



Comment
AR TIX, LHD & W7-X 2 BT 5 R S B 5 NCELIRIM AR OZERL, EFMEATICBT
HAF VIREOHIBRICE T 55 25 o 720 LHD 12 B W THEL I AMER W EBRE R 1X, LHD 12
BOTHREOTEWESIEH WY I 2L —2a VHEREFAELTEBY ., EBE LI 2L -2 3 Y OMH#Y
TRIRHTD AN HERE L7 S TH D L OISR %o 720 SHRIETTRIVE TR, Hik sl & Lt
ik OMBEAER Z T3 5 2 & T & 0 WHE 7 3l i ot & SLUTERBY % O s L e SR % b
DEWIFEE NG,

FoARRHITERSNE R TH o722 6 1 HTHD LS, 2 HEIZIZLHD 2B 5 ik o FA &
R, B A 4 v EEREBOMEERHICOWT S THRATE X, K% (LOCHH) 12B W CFE
R RIZIZE AR ON R V—T7, BHE (SOCHE) TIREAKZELTHVLZ L THAZLY LML
AOBERIAHET 2 & OMEDN D o720 ZOEFMEIZ, 4 F ¥ -BETHEE2 4 LHRE £ — IS
% [FRARD S [Nakata et al, PRL-2019] & EMEAIC—E L CTB D . SI3Fm ik A s R o i
Wradi) & CRMARIRICET 2 H 22 MANET L2 b0 L HfF s b, (55F)

W7-X Ol Ml AMEEZ R L 722 LSO HIZIR - 72 FHBEICER L -E XL WERT
HHLOO, FELREEIZLHD % R > TRERMEER LI L3V S EPHENTH - 720 Frdi il
PEOBLED S Hd A 3 AUTELE R I L CH AR EA 2R T O TIE 2\ & OFFER R AL
IR L 72 Th Do SRIORFRIE Frly s & GLIHSE MO B T2 &£ OFRTH 245,
SHON) IIVAROTENIOBRT 22 L b, BRT A7 A= F ZEZMEILF T, VI~ 7 OHAD
WY ANZHAS, WHEOBRE I3 2 08l H 5 & OHIRE 2T, (BAX)

[EO0IIvoaryIxy—] BIREMSEIR?

A=y FOBHFRRDO—2 Th 5 FIHKF T AV F— BT E5E
Frid, 03y yarzi¥—] Bfgeme LR Ea
D 2 FEFIH - LFEPFZEHRE 70 7T ZCFRE S L. 106EIC#E - T
SE O BENTEE & - ) L CHIREE 2T o TV E 9,

[FOZIv aryIiF—] &id, TAVFE—DFED FRER -
24 - IO % BROBHRLEARFIE T H R o TECER L.
ZNE %L T AVF—-DAMPLEE, ZRILRFEFOEEWHED
AR HR & I/ NRICHI R 72 R ) Fr L AV F— 2 HIR L
T3, B BB TSINT S v,

http://www.iae.kyoto-u.ac.jp/zero_emission



75 XTREE 35—

$£13E 2021 £8 A10H

[Role of plasma behind high intensity laser-matter
interaction and future prospect]

James Koga HiM3E#H
(QST BP9 LR WFFERT)

Ultrahigh intensity lasers have been made possible through the invention of chirped pulse
amplification (CPA) for which the Nobel Prize in physics was partially awarded to Donna Strickland
and Gérard Mourou" (see|2] for a brief description of CPA). Since ultrahigh intensity lasers
immediately ionize any material with which they interact, plasma dynamics plays an essential role.
In this talk I will present the role of plasma in high intensity laser-matter interactions. In particular I
will focus on plasma physics in laser wakefield acceleration[?’], relativistic flying mirrors[4], and micro-
bubble implosions to achieve electrostatic fields strong enough to probe vacuum polarization[S] and to
create electron-positron pairs from the vacuum'®!,

[1] https://www.nobelprize.org/prizes/physics/2018/summary/

[2] https://www.nobelprize.org/prizes/physics/2018/popular-information/

3] E. Esarey, C. B. Schroeder, and W. P. Leemans, Rev. Mod. Phys. 81, 1229 (2009)

[4] M. Kando, et al, Quantum Beam Sci. 2018, 2, 9 (2018)

5] J. K. Koga et al., Matter and Radiation at Extremes 4, 034401 (2019)

[6] J. K. Koga et al, Physics Letters A 384, 126854 (2020)

Conclusions
Role of plasma behind « Nearly 100 years since Sauter’s prediction
high intensity laser- « Ultrahigh intensity lasers have reached 1023 W/cm?
matter interaction and « Currently 6 orders of magnitude smaller than 102° W/cm?
future prospect « Plasma physics is essential in getting there

« High energy electrons and photons
« Laser wakefield acceleration of electrons
« Higher Electric fields
« Relativistic Flying Mirrors
National Institutes for Quantum and + Microbubble implosions
Radiological Science and Technology
(QsT) « Nearly there!

James K. Koga
High-Intensity Laser Science Group
Kansai Photon Science Institute

Collaborators: Sergei V. Bulanov, Timur Zh. Esirkepov, Alexander S. Pirozhkov, Masaki Kando, Stepan S. Bulanov,
Masakatsu Murakami, Alexey V. Arefiev, Yoshihide Nakamiya

Comment

Due to the development of laser technology, represented by chirped pulse amplification (CPA),
a high-intensity laser exceeding the peak intensity I ~ 10%® W/cm® can be obtained in the near
future. In this talk, Dr. J. K. Koga introduced the petawatt laser system J-KAREN-P at KPSI-QST.
J-KAREN-P is one of the most intense lasers in the world and has the record peak laser intensity of
I ~ 10 W/cm® Dr. J. K. Koga referred to the possibility of causing the vacuum polarization and also
the production of electron-positron pairs from the vacuum by using currently possible laser intensities
of I ~ 10® W/cm® This had the greatest impression on me, because these phenomena are expected
to take place at the peak intensity of I ~ 10” W/cm? which corresponds to the electric field of 10"
V/m. To attain such an intense electric field, Dr. J. K. Koga mentioned the theoretical scheme using
relativistic flying mirrors and also a new target, referred to as a “micro-bubble”, and showed a series
of two- and three-dimensional particle-in-cell simulations. This interesting viewpoint will open a new
area not only into laser-plasma interaction research but also into a wide range of plasma physics. (R.
Matsui)
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Investigation of expeirimental simulation for stochastic acceleration using Heliotron-

type magnetically confined configuration
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[1] S. Kobayashi, et al, Plasma Phys. Control. Fusion, 62 (2020) 065009.
[2] H. Laqua, et al, Plasma Phys. Control. Fusion, 56 (2014) 075022.
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Recent progresses in high energy density science
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[1] HAZGSFRS 737 — L= =3l & S A OV F—FER 708 T 1R & gl 2020.06.
Pdf URL : http://www.scj.go.jp/ja/info/kohyo/pdf/kohyo-24-t291-2.pdf

[2] Plasma Science: Enabling Technology, Sustainability, Security, and Exploration. The National Academies Press, Chap 3
and Chap.4 (2020) : Pdf is available at http://nap.edu/25802

[3] Opportunities in Intense Ultrafast Lasers, The National Academies Press (2018):
Pdf is available at http://nap.edu/24939

[4] NlIwata, A.Kemp, SWilks, KMima, and Y. Sentoku, et al, “Lateral confinement of fast electron and its impact on laser
ion acceleration”, Phys. Rev. Express,(2021)

Pdf URL : https://link.aps.org/doi/10.1103/PhysRevResearch.3.023193

High Energy Density Science and Laser Produced Plasmas
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Recent topics and progress of high-energy-density-plasma science
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Current status and issues of launch technology to space
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Transport physics studies and the development of integrated models in tokamak
plasmas, and the application of machine learning techniques to these issues
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Particle acceleration in parametric instabilities of relativistic MHD waves
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Studies of collisionless shocks in astrophysical objects and in laboratories
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