@

L — RIS
RN3FE (2021FE)

HGMIF

H o« 3

Lig)

Jj

BRI S

('D*DSEZI-@ SA4E38)

ILE Annual Report of Collaborative Research
April 2021 - March 2022




IXCHIZ

RKBRKRZL—F—REZREFIE. BRADERAREOEHR LIS, ARAKOFEVL—TF—RiliZERSE. LR AERBOH
RERRT S E T, PMORMA EEHFHRMORECZEOTVEY, REHL—F—RfiZz~A—RE LEERRVICRICEYT 28K - HF
ZETHEEDIC, HEAMA - KEAFAENR E L TERNOXRZRIHAREEFOAREOLRFAICH L TWET ., EHO TEEE TH
InbeE, FMIFELINFTRY ., MBI, ATNARIE, L—F—IZLLVITTIANYITF FZIRONT—=T+ =V R
BEEWOBELEL—F—HEOL—HV-—FEPBEZOL—F—BRELLEZEDERIRINT—EERZLENERIFTECOREN
"TonFELz, ChOoDFEBDOHARZ., KRMRARRREEL LTI LHFLEZDOT, THEVVEETNEENTT,

TMIEESL, MIFEEICSIEHREHE 0T OFEN. XEFA - ARARERKOFEHIDLGMSTHYEL, —AT, R b -a0F
DERIZE T, BEOTOZILE, VE—MEZEDDLEDITH U FTA 023225 —2a VOFEREHEBHICIY An., BERNAOERR
ROHLWVER., BEERLIC DALY —ERZRIHTET OIS VR T+— A= a VOEEICRYBATENY E LI, EE
D12LELT, SM3IFE, XHBEEALGHAREBREARESEICSVT, BRSO HEADNT—L—HF—TERIEEL DX Z#ET 5 T
T—L—HY=DXTTv b T+—L] DFEMEHREINFE LIz, ChITEY ., HRAGRAT—IHRILET—D XEERTEHIENTETLHARMES
T35y b7+ —LERRL. BAEOHEFAREROHRIGHREE - RRICEMLET [BHREE], £, COL53430FBIIEVTH
HATIE, FRICHRIDIEATOLET, HIZE, L—I=FELINPICEITEL——HAREREE I0RF2Ty FOERPL, XKEO—L VX
DNETHRAMERAXESR (NIF) (2HT#%BERABREIEVIRLF—EBIEORRLZEXRELRENABGLIATVET, L—F—F%F
ARAIE. SNoDOHREEE LBOVERBEREBELTCAY. BRI 2T/ OBNEBXELELZBMISEREF s REFZELTLE
9o FIAIE, REBA—LVRYNETHEFRICELTE, FMIEE. HRTH—. BRARGEMEZESOMBMFAHBEICEHFVVLE
Lfze EHITIL—T=TDEEHEA T 1 XIE, ELINP 2 THL L—F—HERBMAICHLEFOA T XEZHEL. LYBBLGEENTSE
SERBZEBLTCVET [EREE] ol ZEMGRARFA - LAAMRZ S LICMET 5720, L—HF—ZFALEH-CERAERET
52 LEEMIC. FRNERS/EHR L3 D2OT—F 5T IL—T (L—HY—IC L 2EBEEMILEHER (XERE). L—Y—EBSEICKDFH
BRY ) —UEMBHER, N\ —L—H—EREFHEFE) 2HELIFBA/RFBO LE L [EEEE], mAx T, NT—L—H—-IFE-
XILY bAZIRGEN 180 B D 3 DD T+ —FLICKDEFRRDGEEFRT L EHICS DOEFHEHARAMMZMOHEL. L
——REEZEBRE LEBRATEFEREZHEL TLWET [EFEH] .

FHMAEEIZBEWT, LEOK 574 d0&EE (FHREE. EfESE., BREE. EFREE) 2L VARMISERLEHRASRO#H -4
T —ROERGERAT—IRILE— o DFANEFINA TS 100 FEOEY IR L/NAT—L—HF—2 X T LOERF - FIANHEINTLE
Yo L—Y—HEGLVIIBEIRLF—BERFERRESE. SUYBLEVII 2 ZTAOHAFICHASIENTESINRFTHEHELTLE
FWEB-THEYET, KX b - a0FBAOFHLVHEFA - AAAENR & LT, XAAAREOEKREKICH L VFREEBZFET 5 &
EBITHRBITEMLTOWELVWEBATEYET . SRELVBUATHICHIT 2EHRO CEFCIEDIEFE, EHLIBEVRLETEY,

SM4ES5 A
KRKRFEL—F—HERAERE RE THH



H%Z INDEX

L— —FEpE

2021A1-001YAMAZAKI Experiments of collisionless shocks propagating into magnetized plasma Ryo Yamazaki FIUFRKF- BT EE P.8
2021A1-003ZHANG (?olllmated charged particles generation and application with accompanied magnetic Zhe Zhang Institute of Phy.sics, Chinese P9
field Academy of Sciences
N 1 A
2021A1-013MATSUKIYO Empirical research of self-reformation of collisionless shock Shuichi Matsukiyo %gg;ﬁx%hhn B P. 10
| T Rih e AR gy A
2021A1-022MORITA Investigation of the structure and rate of a laser—driven magnetic reconnection Taichi Morita %g%;é;h wes P. 11
2021A1-2020015MABEY Studying the interplay between shocks and magnetic fields in the Universe Paul Mabey LULI Ecole Polytechnique P. 12
2021A1-2020036SAKAWA Particle acceleration via magnetic reconnection using capacity coil target SAKAWA Youichi g]:;:;t?nz; Laser P. 13
2| g R o ¥
_ . . . . 5 IUERAFEIFE
2021B2-007TANAKA Preparation to laser experiments of induced Compton scattering Shuta Tanaka TR R TR P. 14
_ Theoretical study for experimental verification of conditions of coherent radiation . . . . .
2021B2-019KISAKA and stimulated emission for understanding of Fast Radio Bursts Shota Kisaka Hiroshima University P.15
2021B2-038MIZUTA $tudy of hydrodynamic |ns‘Fab|I|t|es in astrophysical jet propagation using ultra Akira Mizuta Astrophysical Big Bang P 16
intense laser plasma experiments Laboratory, RIKEN
Kansai Photon Science Institute
2021B2-048FUKUDA Ion acceleration using collisionless shocks produced in nonequilibrium plasmas Yuji Fukuda g(iilt)umNa;zn?JaZiT:;ZT ;ocrience P. 17
and. Technology (QST)
EEEDE-REMEE
B | e T i
2021A1-0230ZAKI Phase transition kinetics observed using laser—driven decaying shock compression  Norimasa Ozaki %;‘ﬁj{% AP P. 18
_ LASER DAC Hybrid Compression Experiment on High Temperature Superconducting . RKIRKEEBEITEHER
2021A1-024EINAGA Hydrogen Sulfide EINAGA Mari HEIBIRR 2 b 4— P. 19
R4 o 2k ~
2021A1-025SATO Melting behavior of silicate during planetary evolution Tomoko Sato %ﬁé;gaﬁiﬁgl P. 20
2021A1-2020011FUJIOKA High density compression with tailored laser pulse and solid ball Shinsuke Fujioka Institute of laser P. 21

engineering




2021A1-2020040BATANI

Behavior and optical properties of materials of planetological interest (water, carbon
LiH) at Megabar pressures

" Dimitri BATANI

University of Bordeaux

.22

2021B1-005YANO

Fundamental Development of Microparticle Capture System through Hypervelocity
Impact Simulations and Experiments at >10 km/s

Hajime Yano

FHMZETTAFEEE-
TR PR AT

.23

BEAERRE

2021A1-2020019ZHONG

Zeeman splitting in the EUV spectrum emitted from a magnetized silicon plasma

Jiayong Zhong

Department of Astronomy,
Beijing Normal University

.24

2021A1-2020039J1

Study of Particle Acceleration from Magnetically—Driven Collisionless Reconnection
at Low Plasma Beta Using Laser—Powered Capacitor Coils

Hantao Ji

Princeton University

.25

BFE—LFF

2021A1-007ARIKAWA

Study on generation of a large electric current generation by using two—wavelengths

and polarizations mixed ultra high intensity laser

Yasunobu Arikawa

KIRKZEL—H—FZ8
Ay

. 26

2021A1-011IWAMOTO

Pure proton/deuteron beam acceleration by laser

Akifumi Iwamoto

National Institute for
Fusion Science

.27

2021B2-014NISHIUCHI

Investigation of the formation of high intensity laser produced highly charged heavy
ion plasmas

Mamiko Nishiuchi

QST

.28

2021B2-017HIGASHIGUCHI

Development of high—repetition rate laser—produced plasma quantum beam source
by regenerative D20 target

Takeshi Higashiguchi

FHREKRE - TFH

.29

2021B2-033TOKUMOTO

Development of New Soil Moisture Detection System by Neutrons

Ieyasu Tokumoto

Saga University

.30

2021B2-039INOUE

The development for a higher pulse power on a 589—nm DPSS laser by using
Passive Q—switch

Shunsuke Inoue

REKRZE EFBRFTHE
FimE—LF/RFELE—

. 31

2021B2-043SATO

Theoretical study on neutron generation by disintegration of polarized deuterium

Toru Sato

gﬁki&%ﬁﬂﬁty

.32

2021B2-044IWAMOTO

Development of a solid deuterium foil target system for laser neutron generation

Akifumi Iwamoto

National Institute for
Fusion Science

2021B2-045KITAGAWA

Development of spin polarized deuterium target by using dynamic nuclear
polarization for laser driven neutron generation

Masahiro Kitagawa

.33

.34




TS5XTHE

2021A1-008FUJIOKA

Realization of stable, quasi—static and high—density material compression with

tailored laser pulse and solid ball target

Shinsuke Fujioka

Institute of Laser Engineering,
Osaka University

.35

2021A1-2020007DELAHAYE

Opacities for astrophysical applications

Delahaye

Observatoire de Paris

. 36

2021A1-2020008SAWADA

Study of characteristic K—alpha x—ray production using high power LFEX laser

Hiroshi Sawada

University of Nevada,
Reno

.37

2021A1-2020034MORACE

Ion stopping power in dense plasmas

Alessio Morace

Institute of laser
engineering

. 38

2021B1-006JOHZAKI

Development of X-ray ray—tracing code and its application to experimental analysis

Tomoyuki Johzaki

Hiroshima University *
Graduate school of advanced
science and engineering

.39

2021B2-009SENTOKU

Study of Isochoric heating physics using XFEL(SACLA)

Yasuhiko Sentoku

Institute of Laser Engineering,
Osaka University

.40

2021B2-010SENTOKU

Developing a photon scattering model in non—thermal high energy density plasmas in
PICLS code

Yasuhiko Sentoku

Institute of Laser Engineering,
Osaka University

.4

2021B2-015HABARA

Modeling of magnetic field creation via resistivity gradient in the high density plasma

Hideaki Habara

RIRKZFXFR TFF

e

.42

2021B2-018CAMPOS

Dependence of Richtmyer—Meshkov Instability growth on gas compressibility

Francisco Cobos—Campos

Escuela de Ingenier=a Industrial y Aeroespacial,
Instituto de Investigaciones Energ-ticas y
Aplicaciones Industriales, Universidad de Castilla-La
Mancha

.43

2021B2-022MORI

Investigation of electromagnetic wave propagation/absorption and plasma heating
with polarization—controlled counter—illuminating intense laser pulse

Yoshitaka Mori

FREERIMKFERRF

.44

2021B2-025IWATA

Theoretical study on particle acceleration in high energy density plasmas created by
kd class ultraintense lasers

Natsumi Iwata

KIRKZEL—H—F S8

el

.45

BARFHARFFREE

2021B2-032TAGUCHI Interaction between ultra—intense laser and plasmas Toshihiro Taguchi HE A TEER L A— .46
TINIVYRT R
[V vy
2021B1-0010ONO Development of broadband antireflection structure in THz region INFEE %EEI%k; Lok .47
REKRFERZRIARIL

2021B1-003KAWAYAMA

High frequency characteristics of non—Drude—type conductors

Iwao Kawayama

F—HFHRR

.48

2021B1-007TANI

Study on high—efficiency terahertz wave generation by metallic spintronic devices

Masahiko Tani

BHKZE-EFRIGEER
HEAR L 4—

.49




SERE- A TEH

2021B1-008MATSUI Terahertz fast switching utilizing organic semiconductors Tatsunosuke Matsui FHESEFTSER P. 50
) . - o . KA S HABER
2021B1-009MARUYAMA Identification and imaging of polymorphs in urinary stones by terahertz spectroscopy Mihoko Maruyama TR A2 A B T SRR 7o R P. 51
2021B2-005KUWASHIMA simultaneity of laser modes in laser chaos through plasmon antenna Fumiyoshi Kuwashima {EHITZEKXKFIZE P. 52
Department of Pure and Applied
2021B2-016ASAKAWA Smith—PUrcell radiation emitted from ps electron bunch in THz wave range Makoto Asakawa Physics, Faculty of Engineering P. 53
Science, Kansai University
) . . : . . . . | B 7 R BT B R
2021B2-023SASAKI Analysis of damage of optical materials through micro breakdown using percolation  Akira Sasaki 1% BB TR R SRR A P. 54
National Institute of Advanced
2021B2-030MAKINO Terahertz spectroscopic study of phase change materials and device applications Kotaro Makino Industrial Science & P. 55
Technology (AIST)
_ IR and THz Transmission Characteristics of Metal Organic Framework Thin Film _ e
2021B2-034LEE Fabricated on the Flexible Substrate Sang-Seok Lee RRRE P. 56
: : : : P P— = fth 4 fbs 7O ol ok T itk
2021B2-037KAWATO The.o.retlc.al ana!y3|s of expansion of outp.ut pglse w!dth and.chlrp Ilm.aarlzgtlon of Sakae Kawato hfj(%%ﬁ‘rﬁﬁnl&;l% P 57
positive dispersion mode—locked laser using high gain and high non-linearity effect. RERFY
2021B2-040KAWATO Higher Efficiency of Laser Diode Pumped Hemispherical Cavity Continuous Wave Sakae Kawato ﬁfk?ifﬁﬁﬁ"ﬁﬁl? P 58
Yb:YAG Lasers RERF
2021B2-041MORITA Spin manipulation using high power THz pulse Ken Morita Chiba University P. 59
Graduate School of
2021B2-053NASHIMA Fabrication of metal hole with sharp transmission spectra in terahertz region Shigeki Nashima Engineering, Osaka City P. 60
University.
INI)—L—HF—F =
— B BHXE 2HMHAEE T¥R
2021B2-024KANABE Improvement of LFEX laser system. T8 B @ Es - BT Tt P. 61
2021B2-036MOTOKOSHI Build—up of silica glass structures by laser fabrication metod Shinji Motokoshi L—Y—HEifi#e &R P. 62
KEMHE
— _ L e A | gk A g
2021B1-002MURATA Improvement on characteristics of Pr3+—doped glass scintillator for neutron Takahiro Murata ::ZFZSE— KER S ImFE P 63
detector FHFRE
2021B1-004RADUBAN Investigating the scintillation properties of rare—earth—doped APLF glasses with Marilou Cadatal— gz:qopoltc;ii':::r':li:xe& P 64

various doping concentrations and excitation sources

Raduban

Massey University.




2021B2-008FURUSE

Development of transparent ceramics

Hiroaki Furuse

LRI RKP-hERIRE
T#H

. 65

2021B2-011FUJIMOTO Development on advanced functional optical fiber devices and its application Yasushi Fujimoto FEITERE . 66
S S PRI
2021B2-027IWASA Luminescence properties of rare—earth doped mixed—anion compounds Yuki Iwasa E%E@' fﬁﬁnfﬁ # .67
HEEHANEERM
_ Development of novel excitonic luminescence materials by layered mixed—anion . . EERHMREWMEmR-E
2021B2-0280GINO compounds Hiraku Ogino F e BB A RS 50 . 68
e A A | R F| A FI O
2021B2-046 YAMADA The modllflcatlon c?f the wavelength of EO polymer for ion/neutron measurement in Toshiki Yamada ﬁiif—l-—?ﬁﬁnf'ﬁ*ﬂEICT 69
laser fusion experiment TR

2021B2-050MORI

High quality large scale borate optical crystal

Yusuke Mori

Graduate School of
Engineering, Osaka University

.70

2021B2-051YOSHIKAWA

Production of Organic Functional Crystals by Using Intensive Lasers

Hiroshi Yoshikawa

BEXFEAFIHRET E5
ZH

.1

MBAUIFIT1IR

2021G-001NAGATOMO

Research workshop on simulation and datability for high energy density science

Hideo Nagatomo

KRS L—F—H%
CEA

.12

— i HRHR

2021B2-0010HKUBO Machine Learning of Dielectric Mirror for High Power Lasers Tomomasa Ohkubo HRERIFKE-TEE .73
2021B2-002HIROSE Radiation MHD simulations of accretion disks Shigenobu Hirose JAMSTEC .14

2021B2-003FURUKAWA

Development of integrated simulation code on laser processing using ultra short
pulse lasers.

Hiroyuki Furukawa

L—H—Ri SRR

.75

2021B2-004INUBUSHI

Study of transient state of intense—laser—produced plasma using femtosecond X-ray
spectroscopy

Yuichi Inubushi

;.%'i'éﬁfiﬁ'éﬂ"?“'—ﬁﬁ%ty

.76

2021B2-006MATSUOKA

Nonlinear interaction in multi—layer fluid interfaces with density stratification

Chihiro Matsuoka

RBRHIRZRERTF
wrIe Rl

vy

2021B2-012TANABE

Evaluation of laser speckles with red, green, and blue colored laser light sources
and its suppression

Minoru Tanabe

National Institute of Advanced
industrial science and
technology.

.18

2021B2-013NAKANO

Development of a transparent Nd:CaF2 ceramic material

Hitoshi Nakano

Faculty of Science and
Engineering, Kindai University

.19




2021B2-020SANO

Decay instabilities of whistler waves in solar wind plasmas

Takayoshi Sano

Institute of Laser Engineering, P 80
Osaka University '

2021B2-021SUNAHARA

Numerical modeling of plasma facing materials

Atsushi Sunahara

Center for materials under extreme
environments, School of Nuclear P. 81
Engineering, Purdue University

2021B2-026FUJITA

Research on development, control, applications of quantum beam sources

Masayuki Fujita

Institute for Laser Technology P. 82

2021B2-029KOIZUMI

Develoment of a measurement system for neutron resonance transmission analysis
witl a laser driven neuton source

Mitsuo Koizumi

= 3 =h 9 =
2021B2-031FURUTA THz radiation and absorption properties of CNT forest metamaterials Hiroshi Furuta ?ggliﬂj(% VAT L P. 84
i ot TR she 2z e, [
2021B2-0350DA Development of real-time control system for application of repetitive—pulse high Yasuhisa Oda LE*;— I T A5 - H A P 85
power laser T=F
_ Interaction of Turbulent Field and Mean Field : Development of 3D Mean—field Solar . Aichi University of
2021B2-042MASADA Dynamo Model Youhei Masada Education, B &N #E A2 P. 86
S = H S oA
2021B2-047KUROSAWA Development of Transparent Ceramics Il Shunsuke Kurosawa i&?j’l;&m”mﬁﬁnt P. 87
_ 4 24 o0 E:| #éls
2021B2-049KAWAMURA Effect of point and complex defects on optical properties of GaN Takahiro Kawamura &%gg&l%ﬁﬁnﬂﬁk P. 88
2021B2-052KUWASHIMA Low cost and stable CW-THz spectroscopy for volcanic ash Fumiyoshi KUWASHIMA f8H T X% P. 89




Wb 7 X~ A3 2 HEE 22 82 1 00 A= plc 320
LI 712, AR, AR SRR N, e RS, Y R ER LY, ) F SO AR RS —BRY, VR IR A 2, YT SR M2, K E A2
B AR T2, IAASIERS RS2, A IR A2, B B2, Je RIS, P EES, SR RIS, TEAS B R, S5 IR,

AR 2N, FH O3, NERD B3, SRR — B3, MBS —4, BRI, IR, VS HR 4, B, 2 5 RRRS,
PR RS, /N O RS, ‘& KRR, Pan Yiming®, VG (B 307, #EHFETTS, 2R E L, KVES, AHE 710, SfniE—2
1) FUIFEEA T, 2) KKK Lo PP —FLFHITER, 3) KKK P L FHTEFY, 4) LIMNAF, 5) B ILIAF,

6) ILAEE K7, 7) ALK T, 8) 4 BT, 9) FRAF, 10) ILITEKXF

SUMMARY

A HT R IR 7 AT A5 ORE FEYE
Db MEME S B D AR ER 2T o7, 3 v
NATIZEFZ T A 5 TorrzE A L, ARG 2 0
TV e H—Ay MIOEXITSHIPER L — Y — %
RS U7~ ANERRESE3.6 TEFINL=S 3 v %13
b, 47 TO> a3 v b& 7[EITH Z LIZEEH LT,
7T A< HIEE, B Y UBEL, B-dotiHlIZe & &
1TV, NI 70 L D5 oM TR EE DE W IZ K
HEHAFE R OBNER O, B, ME SR E
BN OEBECELDLEEZZONTE LA A ViR
FEFEZE T ORI EIZ K L7 (FIG), Rif v 2 =
L—a rOfER B UG MR 22 R
AR O BERIFREIR 217 - 72,

1AW-1

16000

14000 35000

12000 30000

]

g 10000 /J ﬂl\' 525000 /
g 400 / Ezoooo \
= 6000 / = 15000 \ /\V \\
o0 I AW-l . 10000 f/J 1 Aw_2:
2000, / Ti, L~ 930 eV 5000 /h Ti, "~ 260 eV \

5%06 5308 S310 5312 5314 5316
Alnm)

‘3’14 5316 5318 ')3‘?0 5322 5324 5326
Alnm])

FIG. 4Nty 3.6 T (051 « £ B)EEIINLT=Y 3 v R
25.5 nsTTD b LY EELFHAEE B(TCC), i s
BEHRET)EATHME T)TA A i EHEE M
HETHZ LN TET-,

_8_



Collimated charged particles generation with accompanied magnetic field
B. Zhu!, Y. Abe!, Z. Zhang?, M. Takemura', Y. Zhang?, L. Cheng?, X. Yuan?, S. Guo', Z. Lan!, A. Morace', A. Nakao!, R.
Takizawa!, C. Liu!', H. Morita', A. Yogo!, Y. Arikawa!, M. Nakai!, H. Shiraga!, Y. Li%, S. Fujioka!
1) Institute of Laser Engine, Osaka University, Japan , 2) Institute of Physics, CAS, 3) MoE, Shanghai Jiao Tong Univ., 4)

NIFS
SUMMARY 2021, L4514 2020, L4071.
We proposed a novel idea to produce a @ ) | ﬁ
collimated charged particle beam with a -
pulsed-magnetic  field generated by Foil w/ Foil w/
e ) ’°’ — 0 E ot 0t oo separated connected
relativistic picosecond lasers. A kilo-tesla st Bt e col coil
level magnetic field is generated with
higher energy conversion efficiency due (a) (b)
to hot electron flow current in 2020. The
divergences of proton beams are g 13335 38204051855: o
suppressed by the simultaneously- i ey " A e |
generated strong magnetic fields. In 2021, e ™F1 LH | ] | . Protons
the dependence of B-field strength on I8 y |
laser energy was studied. A foil with a “:: _ |
separated coil target was wused to - EEREEE ¢ = ‘-3
demonstrate the coil wire itself was not DT readamers
dominant in proton confinement. In (c) (d)
addition, we found that the foil With tUDE |  |o oo s
target could diverge the protons and FIG. (a) The schematic of the experiments. (b) Proton pattern comparison.
confine the electrons. (c) The dependence of B field strength on laser energy. (d) The proton and
electron results of foil w/ cone targets.
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Empirical research of self-reformation of collisionless shock
S. Matsukiyo!, S. Isayama', T. Morita!, T. Takezaki?, Y. Kuramitsu3, R. Yamazaki4, S. J. Tanaka* K. Tomita>, T. Sano®, H.
Luo!, R. Higashi!, K. Takahashi!, S. Matsuo!, T. Kojima!, T. Oguchi?, S. Kato?, T. Minami?, K. Sakai?, T. Nishimoto3, A.
Iwasaki?, K. Himeno?, T. Taguchi’, S. Owada?, S. Suzuki?, K. Aihara*, Y. Sato%, J. Shiota*, A. Takada*, K. Matsui*, P.
Yiming®, S. Egashira®, M. Ohta$, H. Ishihara®, O. Kuramoto®, Y. Matsumoto®, K. Maeda‘, Y. Sakawa®
1)  Kyushu University, Japan, 2) University of Toyama, Japan, 3) Osaka University, 4) Aovama Gakuin University,
5) Hokkaido University, 6) Institute of Laser Engineering, Osaka University, Japan

SUMMARY

The self-reformation of a collisionless shock is believed
to be responsible for an energy dissipation including
wave generation as well as particle acceleration at a
collisionless shock. A high power laser experiment was
conducted to empirically demonstrate the shock
reformation. An ambient magnetic field is necessary to
be applied in wide region of space to magnetize the
surrounding gas plasma. The maximum ambient
magnetic field of B = 4~6.5T was successfully applied
by using a Helmholtz coil (FIG.A and FIG.B). The
physical parameters of the created shock were measured
by self-emission gated optical image intensifier,
streaked optical pyrometer, framing camera (FIG C),
and Thomson scattering measurement. The long time
evolution of the system up to t ~ 140ns was captured for
the first time to show that the shock is still developing
and the unanticipated collimated structure appears in the
front edge of the compressed gas plasma in later time.

FIG. A) The holder of magnetic coil and a number of light
paths. B) Photo of the magnetic coil system after electric
insulating treatment. C) Self-emission intensity evolutions for
B=5.4T and 6.5T obtained from the framing camera.
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Investigation of the structure and rate of a laser-driven magnetic reconnection
T. Morital, S. Matsuo!, T. Kojima!, S. Matsukiyo!, S. Isayama!, R. Yamazaki?, S. J. Tanaka?, K. Aihara?, Y. Sato?,
J. Shiota?, A. Takata?, Y. Pan!, K. Tomita®, T. Takezaki*, Y. Kuramitsu®, K. Sakai’, S. Egashira’, H. Ishihara’,
O. Kuramoto’, Y. Matsumoto’, K. Maeda’, and Y. Sakawa’
1) Kyushu University, Japan, 2) Aoyama-gakuin University, Japan, 2) Aoyama-gakuin University, Japan, 3) Hokkaido
University, Japan, 4) Toyama University, Japan, 5) Osaka University, Japan,
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Studying the interplay between shocks and magnetic fields in the Universe
P. Mabey!, B. Albertazzi?, Y. Sakawa?, T. Morita*, S. Matsukiyo?, S. Isayama* R. Yamazaki°, S. Tanaka’, T. Takezaki®, K.
Tomita’, T. Sano’. Y. Kuramitsu?, M. Koenig?
1) Freie Universitaet Berlin, Germany, 2) LULI, France 3) University of Osaka, Japan, 4) Kyushu University, Japan, 5)
Aoyama Gakuin University, Japan, 6) Toyama University, Japan, 7) Hokkaido University, Japan

SUMMARY

Magnetic fields are ubiquitous in the Universe and may
have an influence on any number of celestial objects as
well as the medium between them. However
astronomical observations using techniques such as
Faraday rotation or Zeeman splitting are unable to
resolve smaller scale structures within the magnetic
field. For example, a supernova remnant expanding in
the interstellar medium will compress the ambient
magnetic field. However, this compression factor rate is
unknown. Here we performed a scaled laboratory
experiment to help answer this question, in which a
blast wave expands under the influence of a uniform
magnetic  field. Optical diagnostics such as
interferometry and SOP were used to track the
dynamics of the system.

al diagnostics

Gekko XII
drive beams

Carbon pin mounted on glass stalk

FIG. Cut-away of experimental setup at the GEKKO XII laser
facility.
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Behavior and optical properties of materials of planetological interest
(water, carbon) at Megabar pressures

D.Batani?, K. Shigemori?, N. Nissim3, L. Perellmutter3, G. Schaumann?, K. Batani®, N. Ozaki®
1) Celia, University of Bordeaux, France, 2) ILE, Osaka University, Japan, 3) Soreq Nuclear Research Centre, Israel, 4) University of Darmstadt,
Germany, 5) IPPLM, Warsaw, Poland, 6) University of Osaka, Japan

SUMMARY

We studied the behavior and the phase transitions of
materials of astrophysical and fundamental interest
(water, carbon) in the Mbar pressure range. We
investigated the EOS of such materials but also their
optical properties (reflectivity, refraction index) using
standard SOP and VISAR diagnostics. In the experiment
we used water cells containing water at normal
atmospheric pressure (as in the figure) to compare results
with those obtained in the previous experiment with
perforated diamond anvil cells. Typically the cells had 10
pum plastic ablator followed by 0. um Al, 100 um quartz,
the water layer (about 500-600 pum and again 100 pum
qguartz)

As for diamond, we used multilayer targets made of 10
um plastics (ablator) followed by a metal layer (either 10
pum Au or 15 um Cu) and a diamond monocrystal with
orientation 100 and density 3.51 g/cm3, of thickness
between 150 and 350 pum. This was followed by a metal
step of same material and thickness. The laser energy on
target was ranging in the interval 200 to 800 J.
Experimental results are still being analyzed.

FIG. up) photo on diamond target (with metal step on the
back); bottom) Photo of water cell and corresponding streak
camera VISAR image showing the shock breakout at
metal/quartz interface and at quartz/water interface (shot
44621, 417 ) on target)
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Zeeman splitting in the EUV spectrum emitted from a magnetized silicon plasma
Z.Zhong', Y. Abe?4, K. F. F. Law?3, A. Yogo#, A. Morace?, T. Sano?, M. Murakami4, S. Fujioka*
1) Institute of Physics, Chinese Academy of Science, China, 2) Graduate School of Engineering, Osaka
University, Japan, 3) The University of Tokyo, Japan, 4) Institute of Laser Engineering, Osaka University, Japan

SUMMARY

Combining a seed field of more than 100 T,
microtubes, and a short-pulse power laser is
expected to generate a magnetic field of up to
100 kT. A hollow capsule is used as a proton
source to generate a spatially uniform proton
beam, which improves the accuracy of magnetic
field measurements. The two on-axis micro-coil
targets were irradiated with LFEX laser (300
JI1.5 ps x 2 beams) to generate a seed
magnetic field of more than 200 T at the
microtubule position. The realization of an ultra-
high magnetic field comparable to that on the
surface of a white dwarf star has led to the study
of extreme atomic states (nonlinear Zeeman
effect, Landau quantization) in the laboratory.

FIG. 1 Proton radiography image of laser-driven coill
target to produce extremely strong magnetic field for
Zeeman splitting experiment.
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Study of Magnetic Reconnection using Laser-driven Capacitor Coils
Shu Zhang!, Lan Gao?, Abraham Chien!, Hantao Ji'2, Ryunosuke Takizawa?, Shinsuke Fujioka?®, Youichi Sakawa?3, Taichi

1) Princeton University, USA, 2)

Morita*
Princeton Plasma Physics Laboratory, USA

3) Institute of Laser Engineering, Osaka University, Japan, 4) Kyushu University, Japan

SUMMARY

Magnetic reconnection is ubiquitous in space and
astrophysical plasmas, rapidly converting magnetic
field energy into plasma particles. Under this
collaborative program, we have conducted an
experiment with GEKKO XII and LFEX lasers using
laser-driven capacitor coils to create reconnection
environment with antiparallel magnetic field in low-beta
plasmas and diagnosed the x-ray and optical emissions,
Thomson scattering, and particle acceleration during the
reconnection. The streaked and pinhole x-ray images
captured the x-ray emission in the reconnection region,
indicating plasma heating, which will be compared with
rad-MHD simulations to infer the field energy
conversion. The x-ray emission is also correlated with
the hot electrons captured by the electron spectrometers.
Detailed data analyses and their comparisons with Rad-
MHD and PIC simulations will be conducted to further
understand the mechanism of the plasma heating and
particle acceleration in reconnection.

(a) Emission from coils

/ S~ ) Emission from coil

w5
Emission from

reconnection region

Two-coil reconnection One-coil non-reconnection

FIG. Spatiotemporally resolved x-ray emission from (a) two-
coil target (reconnection) and (b) one-coil target (non-
reconnection). The emission circled by dashes is from the
reconnection region between the coils.




Study on generation of a large electric current generation by using two-

wavelengths and polarizations mixed ultra high intensity laser
Y. Arikawa, S. Fujioka, A. Morace, K. Tsubakimoto, T. Suda, S. Asano, H. Shiraga

Institute of Laser Engineering, Osaka University

SUMMARY 20 Second harmonics energy (J)

200 Theoretically
' o ideal
We experimentally demonstrated to generate |[|: ieal cpse

clectrons more efficient by using fundamental and
second harmonics mixed LFEX beam. Four beams of
LFEX with an energy of 300 J of fundamental was
converted to fundamental 150 J and second harmonics
150J mixed beam by LBO frequency conversion crystal
equipped to LFEX laser beamline. Homogenous beam
pattern in second harmonics is observed which ensures
the fundamental/second harmonics beams are well
overlapped at the focal spot. Electron and proton energy
spectrums are compared for fundamental only and the
mixed beam. Taken into account of that intensity of the
laser beam was different at a target, the number of the
electron is slightly increased for the mixed beam.

10000

1000 | N

Electron/(MeV)

FIG. 1 Experimentally
obtained second harmonics
energy (vertical axis) for
injected fundamental
energy (horizontal axis) .
Second harmonics beam
pattern is also seen as inset
figure.

FIG. 2 Electron energy
spectrum compared for
fundamental (two red lines)
and second harmonics and
fundamental mixed (three
green lines). Total laser
energies are similar for five
shots but the peak intensity
for the mixed beam shot is
2.5 times smaller than
fundamental beam.
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Realization of stable, quasi-static and high density material compression with tailored laser pulse and solid ball target
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Laboratory Measurement of Solar Opacity with High Intensity Laser
J. Dun!, F. Delahaye?, T. Mackawa!, Y. Wang!, T. Pikuz!, R. Takizawa!, S. Guo!, H. Morita!, B. Zhu!, M. Koenig?, H. Lahmar?, S. Lepape?,
B. Albertazzi®, P. Renaudin®, C. Blancard®, L. Jacquet*, S. Fujioka'
1) ILE Osaka Univ., 2) Obs. de Paris, 3) LULI, 4) CEA

SUMMARY a) Measured blackbody spectrum and radiation temperature (T,) fitting
.. . . . . > Fitted data, T,=95.3eV
Uncertainties in the opacity of the solar interior 3001 ,,/ KN » Measured Spectrum(SN4S180)
plasma may be a cause for the discrepancy 207 2, POR
< . 200 A . X
between standard solar model predictions and 3 V) A
. : o 150 - e
hehoselsmology. obsewathns. The opacity is a oo ] s,
necessary physical quantity that affects the 50 “M
transport of photons in the solar interior and - - - - - - " —
determines the structure of the interior. Sandia Wavelength (nm)

b) Measured transmission spectrum of Al-CaO sample

National Laboratory team has proposed the
hypothesis that the open-L-shell state of ions in
the solar constituent plasma reduces the
accuracy of the plasma opacity calculations.
We are testing this hypothesis with the
GEKKO-LFEX facility. In FY2021, we have

o
o

o
N

Transmission
©c o o
w N (6, ]
) L L

o
=

developed an experimental platform. We use a 0.0 - .- . B o
laser-irradiated dog-bone cavity to generate | | B
intense therr.n.al Qdiation for prodgcing a 19031' FIG. (a) Comparison between measured blackbody radiation emitted
the'rmal—equlhbrlum plasma .Wlth spatially form a laser-cavity and the fitting curve with maximum T,= 95.3eV.
uniform temperature and density profiles. We (b) Calculated transmission spectrum by subtracted self-emitted

have achieved 100 eV of the radiation radiation of the heated sample (SN45183) from the absorption

temperature and obtained the transmittance spectrum (SN45196) and also divided by backlight spectrum
spectrum for calcium in the X-ray and XUV (SN45180).

ranges.




Study of characteristic K-alpha x-ray production using high power LFEX laser
H. Sawada!, R. Takizawa?, T. Mackawa?, J. Dun?, D. Morita?, N. Iwata?, Y. Sentoku? and S. Fujioka?
1) University of Nevada Reno, USA, 2) Institute of Laser Engineering, Osaka University, Japan

SUMMARY

This experiment has investigated characteristics of
laser-produced hard x-rays by the high power LFEX
laser. Narrow line and broadband hard x-rays produced
by high intensity short pulse lasers have been studied to
explore the potential for applications in fundamental
science, medical and industrial fields. Up to date,
detailed characteristics such as x-ray spectrum, x-ray
energy conversion efficiency and angular dependence
of the x-ray intensity have not been well understood. In
this experiment, we used a suite of diagnostics to
measure angularly resolved bremsstrahlung, Ko x-ray
yields, monochromatic x-ray images, escaped electrons
and energetic protons on every shot for various laser
intensities. These comprehensive measurements
together with 3-D hybrid particle-in-cell simulations
that are being underway will provide information on
laser-accelerated fast electrons as well as the broadband
hard x-rays specific to the high power LFEX laser.

HEXS2

Ka
imager

LFEX laser

HOPG
/

Cu foll

Proton
film packs

FIG. 1 A schematic of the experiment and diagnostic layout.
X-ray and particle emissions were measured with an electron
spectrometer (ESM), hard x-ray spectrometers (HEXS), a
HOPG crystal spectrometer, a Ko imager and proton film
packs. Sample x-ray spectrum and Ko image are also shown.
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Ion stopping power in dense plasmas
A. Morace!, Y. Arikawa!, S. Asano!, M. Tosca?, D. Margarone?, D. Batani?, P. Nicolai’, L. Giuffrida?, D. Raffestin’
Institute of Laser Engineering, Osaka University
Eli Beamlines

CELIA, University of Bordeaux

SUMMARY

We experimentally investigated the alpha particle
stopping power in dense plasmas by using a Boron-
doped CH open-shell target.

The shell is 500 um in diameter with an aperture of 200
um in diameter. LFEX laser is focused on the inner
surface of the hemi-shell through the aperture.
According to PIC simulations, the open-shell target is
supposed to contain the self-generated magnetic field,
which in turn will be compressed by the imploding
TNSA plasma and confine the MeV plasma of
Hydrogen and Boron for longer time, thus enhancing
fusion reactions. The alpha particles will then cross the
shell (15 pm thick) and be detected by an array of CR-
39 detectors. Knowing the original energy of the alpha
particles it 1s possible to estimate the alpha particle
stopping power in dense plasmas.

Y (p2 m)

Bz(T)

% FIG. 1 PIC simulation
showing the compressed
magnetic  field  profile
inside the open shell. This
magnetic field will confine
the Hydrogen and Boron
ions enhancing  fusion
reactions

100

50

-50

FIG. 2 Example of
Thomson parabola data
obtained during the
experiment for open-shell
type target. CR-39
diagnostics  for  alpha
particle detection are still
under analysis at ELI-

Beamlines.

Proton Carban &+
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Heating and ionization mechanisms
(1) Joule heating
(2) Drag heating
(3) Diffusive heating
(4) Thermal ionization
(5) Electron impact ionization
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Figure 11 (a) Experimental layout. Sample recorded
images with (b) x-ray only, (¢) x-ray + laser beams, and (d)
division of the two images. (e) A schematic of relativistic
electron motions and heating and ionization mechanisms
in a solid.




Developing a photon scattering model in non-thermal high energy density plasmas in PICLS code
Y. Sentoku!, T. Sano!', E.d’Humires?
1) Institute of Laser Engineering, Osaka University, Japan, 2) University of Bordeaux, France

SUMMARY

In this research, we developed new physical models and
simulation techniques to expand the scope of
application of a laser-plasma simulation code, PICLS,
and improved the accuracy of the simulation. This year
we had the monthly Zoom meeting (Japan 6pm -—
France 9am) to discuss about the model equation of the
Compton scattering for relativistic electrons. Check the
characteristic of the differential cross-section of the
Breit-Wheeler pair creation and implement it as a
Monte Carlo model in PICLS code.

Positron energy density
" y (micron) time = 300.0fs

"} T L,

100

-100
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Magnetic field(z direction)
300.0fs

55
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Laser pulse is injected into a plasma channel.

FIG. PICLS 2D simulation: (left) positron density induced via
the liner Breit-Wheeler process. (right) quasistatic magnetic
fields excited behind the laser pulse.

A significant amount of positron are trapped in the pulse front
and they are accelerated over 500 MeV. These positrons could
be observable and signatures of the liner BW process, which
has not been confirmed in the experiment.
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Dependence of Richtmyer-Meshkov Instability growth on gas compressibility
T. Sano!, C. Matsuoka?, and F. Cobos-Campos?
1) Institute of Laser Engineering, Osaka University, Suita, Osaka 565-0871, Japan, 2) Graduate School of Engineering,
Osaka City University, Sugimoto, Sumiyoshi, Osaka 558-8585, Japan, 3) ETSI Industriales, Instituto de Investigaciones
Energéticas and CYTEMA, Universidad de Castilla-La Mancha, 13071 Ciudad Real, Spain.

SUMMARY

We have studied the dependence of the growth
velocity of Richtmyer-Meshkov Instability (RMI) on
the gas compressibility. A change in the behavior of the
growth rate (u;) as a function of the ratio of the specific
heats (p) has been observed for some value of the
incident shock strength (M;). Upper some critical value
of M;, the growth rate is severely reduced when p — 1.
A freeze-out regime (u; = 0) is achieved in the limit
p = 1 and M; — oo. This behavior has been seen in both
cases when a shock is reflected and when a rarefaction
is reflected. This would bring the possibility to find and
characterize new freeze-out, or at least low-growth,
regimes for very intense shocks as those used in Inertial
Confinement Fusion (ICF) configurations. Therefore,
an interesting possibility could be open: can a low p be
used to mitigate RMI if the shock is strong enough?

when a Shock is Reflected 0.0 when a Rarefaction is Reflected

M; =1.001

u; \ wu
0.20r “; RO =10 ul
0.15
0.10

0.05

0.00

-------------------------------------------------------------------------

FIG. Dependence of the linear asymptotic growth velocity (u;)
as a function of the isentropic exponent of the gas (we assume
same as both sides p; = p, = p) for different incident shock
Mach numbers (M;). Both cases, when a shock and a
rarefaction 1s reflected back, are shown. Since we consider
same p, they correspond to light-heavy and heavy-light
configurations, respectively. The initial density ratio across
the contact surface (R, = p1/p) 1s 10 when a shock is

reflected and 0.1 when contrary.
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Theoretical study on particle acceleration in high energy density plasmas
created by kJ class ultraintense lasers
N. Iwatal2, A. J. Kemp?, S. C. Wilks?, and Y. Sentoku!
1) Institute of Laser Engineering, Osaka Univ., 2) Institute for Advanced Co-Creation Studies, Osaka Univ.,
3) Lawrence Livermore National Laboratory, USA

SUMMARY
0 20 40 60
ny(y=0)/n; ———TTT T

Kilojoule-class relativistic lasers, having over- 10 g s e e ol
picosecond pulse durations and tens of um spot sizes, o | |
realize efficient particle acceleration and plasma heating. : 8 | 73'99‘
To create high energy density state for these 3 | J “isuasembly
applications, confining laser-accelerated fast electrons ;é 61 =
in the spot area for a long time is important. In this 0 i |
study, we theoretically found a confinement mechanism § 4 ; - -
of fast electrons in a large laser spot that has the radius - 2 | |  powernsy .
w much larger than the target foil thickness L,. The fast 1L ‘ e

electrons show a random walk scattered by a self- u 1 & & & B B T R B WM

generated magnetic filaments in the spot. The escaping

velocity of the electrons from the spot is then reduced, ||-=-====mmmmmm oo
and the electrons accumulate in the spot area as Fig. 1. || FIG. 1 Theoretical prediction of the accumulation density of

We reported the result in N. Iwata ef al., Phys. Rev. fast electrons n;, due to the random walk inside the laser spot
Research 3, 023193. We will investigate the electron || area (radius w) in a solid foil target (thickness L,). n, 1s the
confinement effect on the ion acceleration using the || critical density for the incident laser. The shaded areas are the

ARC laser at NIF as a Discovery Science campaign in || regimes where the model is not applicable. Points are two-
2023-2024. dimensional PIC simulation results. [N. Iwata ef al., Phys. Rev.

Research 3, 023193]
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The transmittance spectrum of 1 wt. % COD pellet
measured by FTIR is shown in Fig. 1. A broad
absorption band centered at about 8.5 THz is observed.
In the case of COM, terahertz time-domain
spectroscopy (THz-TDS) investigation of pelletized
commercial COM powder reveals a signature peak at
about 1.1 THz (not shown here). These findings show
that COD and COM can be distinguished in the THz
and far-infrared regions. This finding is useful in the
phase identification of kidney stones which is valuable
in understanding the stone formation mechanism.
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Fig. 1. Transmittance spectrum of 1 wt. % COD pellet.
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Investigating the scintillation properties of rare-earth-doped APLF glasses with various doping

concentrations and excitation sources
M. Cadatal-Raduban!-?, M. J. F. Empizo?, K. Shinohara?, N. Sarukura® and K. Yamanoi?
1) Massey University, New Zealand, 2) Institute of Laser Engineering, Osaka University, Japan

SUMMARY

The optical properties of 20Al(PO,);—80LiF
(APLF80) glass doped with trivalent neodymium (Nd3")
ions of varying concentrations from 0.5 to 2.0 mol%
were evaluated by photoluminescence spectroscopies.
The electric-dipole allowed 4f25d—4f (*Iy,,) transition
resulted to a broad VUV emission that peaked at ~187
nm. The decay time of this emission ranged from ~6.1
ns to ~5.0 ns when the doping concentration changed
from 0.5 mol% to 2.0 mol%. At room temperature, the
absorption edge located around 192 nm overlaps with
this VUV emission indicating that self-absorption could
limit the emission intensity. This overlap can be
minimized by working at low temperatures. Our results
present exciting prospects for improved down-
scattered-neutron detection in fast-ignition laser fusion
as the scintillation decay time from Nd**-doped APLF
glass is significantly faster than conventional glass
scintillators and this decay time can be made even faster
by adjusting the doping concentration.
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FIG. Decay times of Nd**-doped APLF glass at room
temperature under 157 nm F, laser excitation with different
doping concentrations. The inset shows the photograph of the
1.0 mol% Nd**-doped APLF glass.
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SUMMARY

Ultra-short length gain fibers are expected to be
applied to range sensors and optical frequency combs
because of their ability to fabricate resonators with high
repetition rates around GHz. A photo-darkening (PD)
phenomenon in a Yb doped silica fiber, however, makes
us difficult to use ultra-short Yb fiber due to requiring
too high concentration of Yb ions. We previously
reported that PD phenomenon can be suppressed by co-
doping group 2 elements to the Yb fiber. The PD effect
of Yb-Mg co-doped silica fiber (YbMgSGF) is the
lowest. In addition, laser oscillation has been already
demonstrated in YbMgSGF. However, the gain
properties of YbMgSGF are not well known, it is
difficult to establish a benchmark for cavity fabrication.
In this study, we will show the gain bandwidth in high
concentration YbMgSGF (Yb:54,600 ppm) to confirm
how much the pulse width can be shortened when
fabricated as a short pulse resonator. Last year, we
constructed a wideband probe laser system (FIG.1).
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FIG.1 Output power for spectra of the tunable lasers: Red;
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Excitonic luminescence properties from new layered mixed-anion compounds with natural superlattice
Hiraku Ogino!, Yuki Iwasa!, Kohei Yamanoi?, Toshihiko Shimizu?, Sarukura Nobuhiko?
1) National Institute of Advanced Industrial Science and Technology (AIST), 2) ILE, Osaka University

SUMMARY

Compounds which exhibit excitonic emission are
important for optical applications such as new type of
phophor materials and very fast scintillators. In some
layered compounds, excitonic luminescence is observed

because their layered structure works as a quantum well.

Previously we have investigated optical properties of
other compounds, Sr;Sc,Cu,S,05 and Sr,ScCuSO,[1].
These compounds composed by semiconducting CuS
layer and perovskite-related SrScO layers. In both
samples sharp emission lines are observed near the band
edge. The merit of these group of compounds are their
chemical and structural flexibilities. In this year, we
explored this system, and found new material
Sr,ZnCu,Se,0,. Solid solutions of Sr,ZnCu,S,0, -
Sr,ZnCu,Se,0, were also synthesized.

[1] H. Ogino et al., Appl. Phys. Lett. 101 (2012) 191901
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fiducial run of right-hand circularly polarized laser (a0 = 30 and Bext/Bc = 30).
The color of each particle indicates the weight of the number of particles.

80 —



77 ATWEAMOBEBEET ) 7
DI, el Jen =22, RN —2, VL JUEE3, AR F A, LA IEL 4, BOACHE SRS, A mSe , & I EARRRT, e A0 3

D Center for Materials Under Extreme Environments (CMUXE), School of Nuclear Engineering, Purdue University, USA,
DIRESRY:, 3 KBRS L— W —FL 2 5e T, 9 I8 B R, 9 I B, O FHVE R, D JbifEE Ky

SUMMARY

BAE L —Y —ERElRORBITICER 281E>
Tal—vava—FoEEZHIELTWLWS, &
BERET 7 X Hh L DANICIT 2EEERE
—BED L E L E LT-ERRR (R F—BE, 25T
— W F—EBEMEER. BEOXAFIIR) Oy
O, Y7 AIChEIRBIZOWTEENLYET
TUYTEAREETIHEY T 2L —arya—
FOBRR L. ERICKIFTEBERIEZITVAD
SYEBETY VIO AED D, KEE 2 XITERHR
K T2l —>3 3= FStarDOWREIC L B8
EXEl. STEBER ERUOEREEDERICK S
HEREEBRI AT -7, BNRNX M OBEOS W
Al —YavVICEANLIRETH D,

QIR TCHEH IR S R 2 L —3 3 STAR2D CEHE S hv7-
=R A=y vOT T L—3 a3 ORFE3Ea)
Ons(L—H—BE—27 %A I 7)), b) 5ns, ¢) 10ns, ZiLH
DFEFIT N LY CEELRHARE R L b S v E Lz, 56l
L TR L2 S0,

Yiming Pan, Kentaro Tomita, Kiichiro Uchino, Atsushi
Sunahara, Katsunobu Nishihara, APEX 14 (2021) 066001.




7= T A L= R UK O b A OB 28
| Yol AN, (s, BRFFEZ2, WIFRYE 2, A7z
1) L=V —HERE T, 2) KK L— S —FIF00T, 3)IHI, 4) FEAPRGEY T — h 2 7
Tt —

SUMMARY

H A O « SRR KT E oo 12
BREDL KRS, BEREDERSA X A K

L— F OB, COZBEHIEICEA LCRBE || 2 F

HIJg & H g3 CCS, =X —&RAMmkd 51 [[| £ |

BA T TA 1 E OB RUEER AR s n || 21 | Oil (Optical pass length : 20 mm) 1/\“\x\
TW5, MBERIE CITBEREEFIEDORREIZIT T s I -

<L MEEA YT IO AT AR RO [ 2L

e, MRIEBRFSIPE O AR - IR~ D2 ® ot

SEAMMAERE L X TW5b, BUIROEE « BAKMIE T 8 Toi (Optical pass length : 5 mm) ‘/\\_\
TIXFHm OB EECFHM AT RE /2 = U TUZIREDRH O (| 5+

KEEPHIC b A fEk A s Te =2 U e || £ [HO

HREOHRBREENTWD, £ T, IR "

WENRILSE=H ) U TTH2 2 HIEL T, ; y i . i
HAKFIZEEND AR, WORELR E %2, =IF Range (m)

N, ZvUBELTHIET 27~ 74 X —Hii
ZEHFELTWD, KOFTEEO B W ES532 nmdD
L—HF—ZFHL T, HOT U RETH DI | fommmmmmmmm oo
628 nm% 7 A X —#HFT 5 & T, KF6 m¥kD (| FIG.I EAMDAKF6 miGIlcshE Li-EHimo T~ 7
WONE & EEOFHMiN R TH S (FIG.1) . A X —fE 5




L — Y —BRE) P M-I & D T e
INRIEAED, SLH IERY, DR,

B2 1 o3 T BT IS

SN, RN, AR,

1) FARST 7T LT BN » Bt = U 7 RO 25—, 2) ABASE L
7 = A FETE

18 AT RE 72 I E ‘/X?A@Eﬁ%‘
AL, i FEiEe, PS5
*ﬁ ﬁ%ﬁff
7 e

SUMMARY
L—— %@ﬁi%ﬁmm&@ﬁi? G175 1
SIMT(NRTA)~ D1k H FIHENE 2 FEBRAYICFEGET 5 2
EREME L, KBRRF LV —H —FFu e O

LFEX L —H%—Z W\ 7= L 2R 2 F H LT,

HPE BB TOFERR 21TV, T o7 4 v
THEIZLDHM AT MVOREEIT-T, F
72, ¥ ab—v g a— RPHITS)Z vy,
S AR NIVDOT T HNVaEFEEI TS T,
FEXix, 3oL —%—r gy bbb Eosin-
27 MLk, I alb— g 02k sk
DA ART ML A LD TH D, W
HEHLAXRT PAHIZ, AP T LEEROFMHET-
LI X DR OBEN L bz, FEhReE &
\JVHyE/#—ﬁLt;kﬂ . AELDTHT
HIBIZHER I L CWAZ ENghnbd, ZOZ Lizk
. LDNSZFW/-NRTANEHAGETH D Z & %
EBRHNORT Z ENTE T2, RERBICIE LT
T=HIZELTYH, AR, iz EDdTnHEZ
ATHD,

Neutron Energy (eV)
10.6 4.7 2.6 1. 1.2 0.9 0.7

g I | T T | I T
—~_ t1ch="7us —e— Measurement (sampléin) -
%' 8L - — = Background ‘ A4 A
S | —— Simulationsaniple-in) g
é 7 51 A e Simulatian (sarmple-out) A o
3 N |5
—ﬁm 6F ‘-.‘ 1\ O\ 2 g
@ &l /ﬂ " N B R i@
@2 5t ) ] \ - 1r] 5
=, ’ A 4+ 1"“ (D)
I pL Nl >
a4l ;’ | 5
= 5
8 3 ,.f A / % ( L é
AR 19ewfln 1.46 eV "
2 |
80 120 1 60 200 240 280 320
TOF (us)

FIG. L — % —BXsh s 1 & O 72 H P T 325
D7 MEFTOFARY hb, 4oL ERoIL %
B — 7 NEH S 7z,

83 —




T—RoF ) Fa—T 7L AR
HH R R H

AB=T VT NDT T~ FUR R
a1, P RR 5 AL, G2

1) EAI LA F 2 X 75 LFRE, 2) KRKF: L— VP —FFE0 00T

SUMMARY

H—RF ) Fa—7 (CNTIEIT T~V B

BlizxtLCAZ LT 2 ay R7oFFE LTIES
FEVN, BT M B O NS T D AR R0,
il 5 AR DT T A~V e P = — 7 T R
TN FRHEEFFOMEI CH D, BB CNT 7 4+
LA N NERELS O FE L B & e - K55 A
W52 & TEINRIEITHRELERT L TR L.
T T~V GEIER O BRI DWW IR & e KAbd B 2 &
PAMELT S, F ) Fa—T T LA NDNFIS
BN DN TC, AFEE TR RUEHER S D3RR &
117782 > 72, B RRFRHE A ClrIfhigt o 7 = — L IRf
A2 4.0min CHEE L TR Z 180562 0
WCEZTEBREIT -T2, GRS 1R &< 7
5 & DOERE NN TR —72CNT 7 + L A b
MR LTz, 7 =— VI % FIG(b4)4.0min 7> &
(b2)3.0~(b3)3.5min(ZFMET D Z & T, ARBERORL 1
DUIFEZMF TE B —7RCNT7 + L A R VEH
T2o BT T~V BRI 2 B9 5,

(al) CVD1sec (ad4) CVD20sec (b1) anneal 2.5min
Ave. 0.66um _

- A - - =3 .
;

(a2) CVD5sec

FIG. Cross-sectional SEM images of CNT forest (al - a4)
with various CVD growth time for 1 to 20 sec with constant
catalyst annealing period of 4.0min, and (bl — b4) with the
constant CVD time of lsec with various catalyst annealing
period of 2.5 to 4.0 min.




BOIRL L—Y—ISHEBROE-ODO Y TILE A LS 27 AOB%
ANER YN
1) A

SUMMARY

10~100Hz TtV K LEIET D &m it ) L—H%—
ORI ELF T, INEIRFEY —7 v NI
HWFZEDKET STV D, Sk I LEIE T
BRClX, va v NEOX =57 MLEiliE %2 8 &)
b T HMENS D, AR TIEL. #—7 v FOAL
& A2 EARRICEEOEE R E SN 7 4+ B
AT —FT AKXl 74— Xv 7o
f#ET 62T LOMELHEL TS, 20
9 7l o A7 LIS AT T & LT
PLC(Programmable Logic Controller) (Z¢& > W15
SORERH & EENA T —oREESH 21T
YT7u T T AERRE L, £ LT, K1ITRTEE
BRATC, Y —7 y bbb bW THIEI Y 2 7 2
LOEMERMGEZIT -T2, T OMER. Bip HALE D
SHFE LY =7y NBFTEDMMEICINET D
T4 — RNy JHIHN TR EEHERA LT, 2
DOEFIT, OV IKL L —Y—DERICHLEL 25

H B HE LI OBRFIZ D32 b D L HFfF S D,

Y—HRE—%— XEl 2 7 — /ﬂ
| FE—TL—H—
/X}I/
J RILE
RS _Q_
FL—Y—
Sﬁ.
\\

TR H

'fi:_‘?

7]' K74

7H bEAF— I~) l//fJ:O)

J7Aa—7L——
B2 —7 v b 0)?/ BRDLEEBNISDT 4 — KNy &I OEROH

X1 XY —7y "WYYy DT 4 — R
Ny 7 HIEERRROME L | BADEICHKE LT X —
Ty NISPTEDONLIE E CHENTBEIT A Z & 2l LTz,




LIS L LSO HAEF : 3YR T KGR BRI A 55 L DR %
L I U
1) #EAKFE (BRMHAEATF) )R L= —FE T

C4=30, Co=300 @r=0.997Rsun __ .

SUMMARY _pas | 1 !
KB AFC R, Parker (195%) BIK, a-Q4(F | ‘(‘ ;
B D LA TS TR, “ORATIE £ » $ :

QN RITHIGIENE D%, o BIRITZTEEL TROXS

PRIEZIR DT T DE 2D, W OYERA S DI, L

WRILHTHD, KGOS, QRE G 2 5728 AlHR V ' - 2
TARD B EFZWNC IR IZHIES I TNDTED, o P "
R 52 D) BERERE OBRAEN, X AT TR DOREBH O | | | | | | !
R LHEE 2D, - i N

RIWFIEC, Fe & 1Z5FRVE EE R 8 T OMHDE T 515 O : : : : ; '
ZATV, KBSSHHE T OXHR~Y > TR IE LI “FLik | (D —
RS i e T M LTz, SBHIT, F Ok RA Bk
VI KX AT EET WATHAIAA T, AT EitHE
FEhaL7-, QEDOPELL T, HEFLZHEEET5HE
eSSy 7 VST Bl a-Q XA DT
FILTHD.

AFRRERF TR OFE R, ()FRVNE FE R JE T DB 2 HD " i
LB EET DT, KBAORER OB, | ., — .
I —RLINAZE, (IEROBEF LT T Ll " aMewe T
H720, TR CHREE D I R DI S 2 — o , . . o .
oo &, (i) M E T O E AR E SRS DA< FIG. 1#3; PO Time-Latitude Diagram. ()73 F{L AR 57, (b))

Latitude [°]

&0

W - 0.05

Latitude [°]

a0 l—. = 005

B RN T F T b A B S LT BN TH D, WIS KGR EE T O ORF2EH
bz R LTV 5b,



BHMEET I v 7 A FL—X ORI 11
LB R NS
1) FIEAS 2) AWAS: L—AF—FL 25T

SUMMARY

HfZ AL E WA NR T E S 2R O72912, ,
<R B RN IEFICHLE R T 105
L—ZMETH D, FFIZ, CelisINSHIO3 1L Z v ;

662 keV BRI E — 7

TICHBEERE 7 T X~k (SPSIE) REDEHRT| 3 100l

HEEE (L4 0 F1 G5 80 5 03 B Ce3+ 0D Sd-4TE 8 ¢

GIAER) HEOEXNBRZ TN, —FT, 2 10°

BRI RBEHIR T, o~ BRI X 2 S 3 .

AN RV ET, JEERINE =7 BNEZ o7z, © 107

= 2 TR TR, s & O TR R 2 Y 1ol

L., 7LA%ITH 2L THEHKEZHAELE, 20 E

MR, FIGO X D12, Hr<BOMEIZ L - T, 14 , | ,

BRI — 7 BT D2 N TE, +70% 0 500 1000 1500 2000
MCA channel

WHENDHDHZ Nl
FIG. Bk L 7= CelRNMSHIOIZ37Cs & D H o~ i % I
FEEsEDOREEANT ML




GaNF D ;7K ek XL OEE KM 6 F I Z 5z 2 522 O fR A

IR RZRY, R !,

1) ZHEAXFZXRZRE L FITEFR, 2) KIRKFERFE LFTEF,  3) KRK S b— =R 75T

ST, BREBIT?, EATEUSS

SUMMARY

GaN{Z/ Ny R v v 7 23%)3.4 eV E K& < Ak
I ZIEAHFH OFEE T 23, fEahHIc% < O KA
RAKWMMN G END EBEEENEIL L, TDOE
BNFEROEOLE LTEHNLD, fidbinE ok E
SRFFMEDOHIENI L. RO EHRR I 5 2 5 228
AT L ENEETHDH, AFETILE R
PREE Z H W T RKME EEE KM E & TeGaNDE
FREE AT 5 2 & THRFFMEIC S 2 DB %
AT,

NiEEE R Pl ook & sk O A RIGIZIHB T
IIRE R RMGEN O — 7 DR BT, o KA
MIEIZB WD THERWKRMAEM NBLIL TV HI5E 1
LA W R B UERT — N R 3R 0D TE R o0 IV A%
BB ENEZ Y | HERFE~TET L EE
bbb, — TN ERNT 5 L TGa
CHOEBAKBIELZ R RLILAELH D
ZENG Lol INHOREIE, GaNDE W E
i mm AR BT & AR I B OB ICE BT D
HLDEEBEZ LD,

Density of states [-]
Density of states [-]

| IS R B
IO@E’&MDM&Q&D
T A IR T T

| I R EE |
Iommamomammo
TP PR R | | PR TP R

|
—_

|
-

| IR R R
IQ@E&MDM&&@Q
I T T | PO T TR

1 | 1 |
i o @ @ R o [T - S = R« < S o |
1 f L L L L L L

Density of states [-]
Density of states [-]

FIG. | GaVr A MZEH#H U722t (Mg, Zn, Ni) £7=
Z4fiioc# (Si. Ge, Sn) . BLUOMREXKE (Of) THE
A% S AL D AR MG L OVE S R e D & TeGaN D IR REE BE
(density of states) , /N2 R¥ ¥ v 7 O#H % JK 4 T/
LTCWA,




KWK DI = A k@22 ECW-THz 12 K 5

ek Sk, 1 B A 2

1) FEAET3EAAE 2) FEH T 3R B

ap

SUMMARY

HARKEDZ A KRICB W T, #E ORI
BN, IEREICHE D Z L I ORETH D,
THzi # AW 5 Z & T, @b nNED 5, fiEiR
B ErE 2 b OB A TR B T2, KUK
(%53 % Sub-THzEE # D 11l itk O E SR 2 5%
LT, AENE. Yo ORE—M 05 BT
Hi-lo, BN TEER2 A FOYHE — L0
THz 2 v Te, otz o F o kKoY 7 iz
XL CEIBOERPITA 72, BE DOLE— FfE
KLY —%2 HWT=GEITE SR LEEET b K
EMmoTl=N, L—Y—I AR EHN\E Z & T,
HHEL, 1FEAEDBHOENERERENSE O
HE Do Te, 51k, PR E P2 % 5
R R BIREE A B BN AT A,
7o, AWFETHWE SR L —F—X, HEMO
MIROLDOTH Y | INTEEICL ARV EIMZ 5
T ETHAARIESHETCWAD, Bk e EE
DEBVPAETH DL, KVATLEHNSLZ &

T, THz b RELS B LT HZ ERHFES

1 v—¥—=aF
B T DESY

(2 & 2 THz-TDS @

Do




