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Space plasma shock experiment using light gas plasma
S. Matsukiyo!, S. Isayama!, T. Morita!, T. Takezaki?, R. Yamazaki?, S. J. Tanaka?®, Y. Kuramitsu*, K. Tomita’, T. Sano®,
K. Oshida!, G. Nakayama!, Y. Sato!, K. Takahashi!, K. Yoshida!, Y. Maenosono!, Y. Muramoto!, K. Kanesada!, T.
Matsuzawa?, J. Shiota?, K. Obayashi?, Y. Okada’, S. Yakura3, H. Kondo?, A. Morita3, R. Ishikawa?, Y. Sudo?, T. Minami*,
K. Sakai’, P. Yiming>, Y. Suzuki®, M. Hanano®, Y. Sakawa®
1) Kyushu University, 2) University of Toyama, 3) Aoyama Gakuin University, 4) Osaka University,
5) Hokkaido University, 6) Institute of Laser Engineering, Osaka University , 7) National Institute for Fusion Science

SUMMARY

We have conducted long-term measurements of
collisionless shock propagating in a gas plasma. A
solid target placed in a chamber filled with gas at a
pressure of a few Torr is irradiated with a laser to
generate a shock in the gas plasma. To track the
propagation of a shock over an even longer effective
period than previous experiments using nitrogen gas,
experiments using lighter gases were conducted.
Various combinations of gases such as H, and He,
and solid targets such as C, CF,, and Si;N, were
explored to find the optimal combination. With the
combination of He gas and C, the formation of a
shock in the gas plasma was observed. Thomson
scattering measurements confirmed that the gas was
fully ionized into He?". The gyro-radius of the gas
ions calculated from the propagation speed of the
shock and the external magnetic field strength is
shorter than the mean free path of ion-ion collisions,
meeting the conditions for a collisionless shock. We
could track system evolution of over 10 inverse ion
gyro frequency.

Experimental setup

Thomson scattering measurement for He gas shock

FIG. The upper panels show experimental setup. The lower
panels denote Thomson scattering measurement of ion feature
at various times, indicating the evolution of a shock in a
helium gas (He?*) plasma.




Laser astrophysics experiment for the investigation of energy conversion in a magnetic reconnection
T. Morital, Y. Muramoto!, Y. Maenosono!, Y. Kanesada!, T. Ogawa!, S. Matsukiyo!, S. Isayama!, K. Oshida!, G.
Nakayama!, Y. Sato!, K. Takahashi!, R. Yamazaki?, S. J. Tanaka?, J. Shiota?, S. Yakura?, H. Kondo?, N. Shimoda?, A.
Morita2, K. Okada?, Y. Sudo?, R. Ishikawa?, Y. Suzuki’, M. Hanano?, Y. Kuramitsu?, K. Tomita?*, Y. Pan*, T. Takezaki>, T.
Matsuzawa?, F. Ishizaki®>, M. Edamoto®, K. Sakai’, Y. Sakawa’

1) Kyushu University, Japan, 2) Aoyama gakuin University, Japan, 3) Osaka University, Japan, 4) Hokkaido University,
Japan, 5) Toyama University, Japan, 6) Seikei University, Japan, 7) National Institute for Fusion Science, Japan

SUMMARY
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Opacity for Astrophysical Applications
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Time evolution measurement of magnetic reconnection current using coil target
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Investigation of plasma instabilities in the collisionless shock foot region
Y. Ohira!, K.F.F. Law?, S. Fujioka?
1) University of Tokyo, Japan, 2) Institute of Laser Engineering, Osaka University, Japan

SUMMARY

In this study, we investigated electron and ion heating
mechanisms in the foot region of high Mach number,
unmagnetized perpendicular shocks wusing two-
dimensional particle-in-cell (PIC) simulations. We
explored scenarios with multiple ion populations to
understand the effects of reflected and gyrating ions on
plasma instability evolution. Our findings reveal early
electron heating due to Buneman instability, followed
by ion two-stream instability, and potential ion acoustic
instability in a singular ion population setup. Notably,
the absence of return protons leads to significantly
higher temperatures of reflected ions, surpassing
electron temperatures, which provide insights into the
“new overheating problem” in young supernova
remnants. This research highlights the intricate |[}----mmmmmmmmm oo
dynamics governing plasma heating in shock foot || FIG. Time development of temperature of different particle
regions, offering insights into particle acceleration || species in the simulation without return protons. In the second
processes in astrophysical environments. stage of heating, dominated by 1on heating, a significant rise in
temperature in the reflected component was observed.

15




BT 5 X< BICH1 5 0AREFNA LT MRICET 2%
Al AL wE B EE i
L. NMNMKFHEAEEIFHR, 2. KERAXF L —Y B

E )

KFEOHMIZE T ANV F —FHMDONE A =X 4
DIRHTH %, F’Z 13 7 7 X< rhZxtaaiik+ 220
D KIRMRIENIC X 2RI Z . H L WwEshE 2 FER
IR D fEm & L TiRE L Twb, KEFITEEET
NE2RTEL L, S RITHEZFE L 72,

FHBIE, D —RTTHI BT v 7 ~ v (k=0) & |
Z NSRS 2 8RR T X N B iR & asE B it i
TOBTFMEEZRLTWD, &I TIHHIEDWPEELE
LOPEZTWE, (QWTNOREDGETH., P
5 2 72— Rt s 8L 3k, # 0 D R 7 101 Rl 3 B 3~
CHIEEL ., WD LRREVIZIEZ O RIZEE L & 5,
FRITHEN, 1IRTTDO A & AR TR CEIK D 2 1T
THZLBbroTz, (b), (c) EFIX. RO ICET %I
DU BT 2EHOATCERICIEI L TE Y,
2 RITIT I\ T b 5f AR D 8 303K 7 b1 I B 23
FEICE L #ERLE, (d) mAEEZALF—L
MR X 7= IR T D E &1 —RITD G & L R TH
THAT 2 2 L 2R L T2s 5T, w,. /w DEZZZ,
S A fET R D B T ETH B,

Wpe Jw =1

ck/w,.=0.4

ck/w,=0.6

PPatEAE R, (a) Wb DM D (WIHHIZER Y D% 5 % .
BIMEA RCw3) . b RSoakEo =Mt (o &5
f 5 < 8 5\ O B EE) & o 20 (d) I (=0, 7
L —3M) smE% (IDEARR, 2DEER) oFBTo 40
¥—ofi. L (F) Mck/ w,,=0.4(0.6) DA

16




Decay instabilities of whistler waves in solar wind plasmas
T. Sano', Y. Sentoku!
1) Institute of Laser Engineering, Osaka University

SUMMARY
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Ion acceleration using collisionless shocks produced in nonequilibrium plasmas

Y. Fukudal!-?2 and Y. Sakawa?

1) Kansai Institute for Photon Science (KPSI), National Institutes for Quantum Science and Technology (OST), Japan,
2) Institute of Laser Engineering, Osaka University, Japan

—
=3
=

SUMMARY _ Thot = 0.5 MeV
% 10°
An experimental investigation of collisionless shock §
ion acceleration (CSA) is conducted using a multi- 2 1
z
=

component plasma and a high-intensity picosecond
duration laser pulse [1]. Protons are the only accelerated
ions when a near-critical density plasma is driven by a
laser with a modest normalized vector potential a,~ 2,
and agree with particle-in-cell (PIC) simulations. In a
near-critical density multi-component proton and C®*-
ion plasma, it might be possible to control accelerated (b)

. . . 10!

ions actively (proton-only or proton and C°"-ion ’ Proton energy E (MeV) 2

acceleration) by changing the drive-laser intensity In || === === T == oo oo o oo s S m s
CSA. The observation provides evidence of FIG. Energy spectra measured using a Thomson parabola

collisionless shock ion acceleration, which can be an spectrometer (a) without and (b) with the ablation laser at a,~

important tool for understanding the physics of 2. Theoretical energy §pe<%tra of protons af:celerated by the
inaccessible collisionless shocks in space and TNSA mechanism (solid lines) are shown in (a) and (b) for

astrophysical plasma. the measured hot-electron temperatures of T, , = 0.5 and 1.6
MeV, respectively. The dashed line in (b) is a fit to the
[1] Y. Sakawa et al., submitted (2023). Maxwellian proton distribution.

~
o
~

—
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Thot = 1.6 MeV

[y
=}
P9

dN/dE (/ MeV)
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Study of laboratory experiments of hydrodynamic instabilities in astrophysical jet propagation by ultra-

intense lasers
Akira Mizuta! and Shutaro Kurochi?, Yasuhiro Kuramitsu, Youichi Sakawa?
1) RIKEN JAPAN, 2) Graduate School of Engineering, Osaka University, 3) Institute of Laser Engineering, Osaka
University, Japan

SUMMARY

We have demonstrated experimental work at Gekko XII
associated with collisionless shock experiment by 2D
axis symmetric radiation hydrodynamic simulations and
following very high resolution hydrodynamic
simulations. We assume two flat targets are irradiated
by intense laser to generate supersonic flows from the
rear side of both targets. The contour flows collide and
shocks are generated between two targets. Since we
assume different conditions of two incident lasers, the
contact surface which appear after collision of two
supersonic flows has a curvature which also drives
shear velocity along the contact surface. We observe
growth of Kelvin Helmholtz instability. We are trying to
reproduce the image obtained by proton back light
technique.

FIG. Mass density contour of high resolution hydrodynamic
simulations at t=4.4ns. After collision of supersonic
conuterstrem, two reflection shocks are generated. Between
two shocks, Kelvine Helmholtz instability grows up because
of the curvature at the contact discontinuity imprinted by
asymmetry of counter flows and shear velocity along the r
direction.
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m IR O EENEZR AT T A T imm b a B — S O e e A E
RS L. E. Dresselhaus-Marais?, S. Irvinel, W. Chen2, J. Ren?, Y. K. Vohra3, I B, 72 85 25415
1) Stanford University, USA, 2) University of Massachusetts Amherst, USA,
3) University of Alabama at Birmingham, USA, 4) Ak A #7581 Z 0 FE 5) ARA 7 L— P —FL #7007

SUMMARY
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Megatesla ultra-high magnetic field generation driven by high-intensity laser implosion
H. Morital, K. F. F. Law?, Z. Berkson?, |. Kunz?, Y. Abe?, R. Takizawa?, T. Tsuido?,
H. Matsubara?,Y. Karaki?, D. K. Balsu?, M. Murakami?, and S. Fujioka?
1) Utsunomiya University, Japan, 2) Institute of Laser Engineering, Osaka University, Japan

SUMMARY

In this research, we have demonstrated the microtube
implosion, which may offer Megatesla a high magnetic
field driven by a high-intensity laser. Our measurements
show that the magnetic field of 10 kT, which is 50 times
higher than the seed magnetic field, was generated by
using the LFEX facility. This result is supported by two
proton measurements as shown in the right figures:
proton  radiography and angular distribution
measurement of the accelerated protons. The megatesla
magnetic field generation will allow us to observe
phenomena that cannot be achieved on a laboratory
scale such as non-linear Zeeman splitting, Lorentz
lonization, and Landau levels. We are sure that our
results contribute to the high-energy-density plasma
fields in the future.

_________________________________________________________________________

FIG. Two proton measurements: (a-1) proton radiography and
(b) angular distribution measurement of the accelerated
protons. Acomparison between the seed field (a-2) and the
amplified field (a-3) shows a clear difference indicating the
high magnetic field generation. The angular measurement
shows that the accelerated proton was deflected to 90 deg.
from the incident laser axis. This result indicates that the

generated magnetic field was at least 10 KT.
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Ultrafast dynamics of critical density surfaces due to
relativistic radiation pressure sustained for multi-picoseconds

Sadaoki Kojimat! and Shinsuke Fujioka?

1) Kansai Institute for Photon Science, QST, Japan 2) Institute of Laser Engineering, Osaka University, Japan

SUMMARY

In this study, we present a design and demonstration
results for a new single-shot FROG system and optical
transport system for characterizing the instantaneous
intensity and phase at the LFEX laser facility. At LFEX,
the laser intensity at the vacuum window is intrinsically
high because of two unique properties, namely, the large
F-number of the off-axis parabolic mirror and the small
radius of the interaction chamber. Consequently, to obtain
an accurate FROG trace, attention must be paid to
spectrum modulation due to self-phase modulation. The
appropriate laser intensity for FROG operation was
investigated experimentally, and an optical transport
system with an energy attenuator composed of reflective
optics was designed to eliminate the concern of spectrum
modulation from measurements. A FROG trace recorded
at LFEX shot with 161 J energy was reconstructed 100
times using an iterative phase-retrieval algorithm. Despite
some differences in structure, the reconstructed spectrum
agrees reasonably well with the spectrum obtained by a
time-integrated spectrometer.

FIG.1

FIG.2

FIG.1 Schematic of optical transport system for characterizing
instantaneous intensity and phase of light that is specularly reflected
from supra-critical density targets at full-power operation.

FIG.2 (a) Experimental PG-FROG trace (b) FROG traces retrieved using

an iterative phase-retrieval algorithm.
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A novel acceleration mechanism for quasi-mono energetic deuterons driven by laser accelerated protons

and its application as a D-D neutron source
T.Wei, A. Yogo, et al.
ILE, Osaka Univ.

SUMMARY

We conducted laser quasi-mono energetic deuteron
acceleration experiments with heavy water capsules.

By changing the experiment conditions with
changing the target set-up and laser parameters, we
figured out that deuterons are accelerated from the
heavy water leaked into the vacuum.

And then we repeat the experiment several times in
different conditions, quasi-mono energetic deuterons
are successfully detected under different conditions
with different detectors.

Sets of experimental results supporting the
acceleration mechanism are obtained successfully. [ Femmmmm e
FIG. Picture of heavy water capsule target. Heavy water is

[1]T. Wei, et al. Nuclear Phonics 2023,oral presentation. confirmed leaked from the capsule into vacuum as deuteron
[2]T. Wei, et al. C05-19a-V11-03 The 44th Annual Meeting of LSF. source

[3] T. Wei, et al. Paper being submitted
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Measurement of laser driven magnetic field by means of neutron diffractometry
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Development of short-pulsed point neutron sources using ultra-high intensity lasers
Y. Abel? R. Matsuural, K. lwasal, T. Minami!, K. Odal, S. Suzuki?, F. Nikaido?,
T. Yasuil, Y. Ueyamal, H. Habaral?, S. Fujioka?, and Y. Kuramitsul2,
1) Graduate School of Engineering, Osaka University, Japan, 2) Institute of Laser Engineering, Osaka University, Japan

SUMMARY (a) PIC simulation results for the “inverted corona” fusion driven by LFEX

The "inverted-corona” fusion scheme has been
investigated as an alternative approach to ICF with
iImproved robustness to significant laser-drive
asymmetry. The scheme is based on the laser irradiation
inside a hollow target, that allows to produce extremely
hot plasma corona (>10 keV) with a diameter of less
than 100 um even with one-sided laser illumination. [| (P) Neutron source size measurement (b2)
Our previous experiments have demonstrated the by neutron radiography

robustness of this scheme using near-monodirectional || 1)

nanosecond laser beams, as well as significant neutron
yield enhancement using the picosecond laser, LFEX. (b3)
This year, we made the first attempt at source size
evaluation using neutron imaging. As shown in the right
figure, the size of neutron sources could be estimated
from the spatial resolution of the edge of the ShadOW. || ememmm oo
The measurement was partially successful and showed || FIG. (a) PIC simulation results for the “inverted corona”
several issues to be addressed to improve the spatial || fusion driven by LFEX, (b1) setup for neutron radiography for
resolution and signal-to-noise ratio. This will be our || source size measurement, (b2) obtained shadow image of 5-
main subject next year. mm thick plastic and irons, (b3) line profile of the shadow.
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Laser driven polarized neutron generation and proof of principle of high magnetic field measurement
FINZAE, $EB KL, WeiTianyunl, Lan Zechen!. Alessio Moracel, A& (L,
FRMAIESTL B2, epides, A 8RS, b vk, Rk, &)1 52 f84, =785 —RR4,
1) A =P —FF A0, 2Q) KR L PR, 3) KIRK PRI FE T > 50—, B) KR e LA 7EFF
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Development of regenerative liquid target for high-repetition rate laser-driven quantum beam sources
T. Higashiguchi?, T. Soramoto?!, T. Morital, Y. Abe?3, and S. Fujioka®
1) School of Engineering, Utsunomiya University, 2) Graduate School of Engineering, Osaka University,

3) Institute of Laser Engineering, Osaka University

SUMMARY

We demonstrated a regenerative liquid target for the
laser-driven quantum beam sources efficient water-
window soft x-ray source. A regenerative liquid target
with a diameter of 30 um was continuously injected
into a vacuum. The number of photons was observed to
be ~ 1 x 103 photons/nm/sr/pulse at a peak wavelength
of 3.9 and 4.2 nm, which arises fromn =4 -n =4
transitions, and 0.4 x 102 photons/nm/sr/pulse at a peak
wavelength of 2.4 nm, which was attributed ton =4 - n
= 5 transitions. The total number of photons emitted in
the 2.3 - 4.4 nm range was ~ 1 x 10*3 photons/sr/pulse.
Energetic ions were also emitted with a maximum
energy of 140 keV from the hot, dense plasma.

[1] T. Soramoto et al., (to be submitted).

Number of photons (photons/sr/shot)

Charge yield (uC/keV/sr)
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FIG. (a) Photograph of a laser-produced plasma. (b) Laser
intensity dependence of the number of photons. (c) Energetic

ion spectra.
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Study of Online Reading of a Gamma-ray Spectroscopy System with Photostimulable Phosphors
S. Miyamoto, H.Matsubara, N.Tanaka, K.F. Law, J. Hernandez, R.Takizawa, T.Tsuido, X.Han, Y.Karaki, R.Yamada
and S.Fujioka
Institute of Laser Engineering, Osaka University
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M. Nishiuchi?, L. Chang?, N. Dover?, K. Kondo?!, K. Kon?!, H. Sasaki?, J. Koga!, M. Hata?!, N. Iwata?,
Y. Takagi?®, K. Sugimoto*, and Y. Sentoku3
1) Kansai Photon Science Institute, QST, 2) Imperial College London, 3) Institute of Laser Engineering, Osaka Univ.,
4) Yukawa Institute for Theoretical Physics, Kyoto Univ.

SUMMARY

NRET wy MEOERE L —F—%& HWilE,
Tz ML E Il D EEF ISR Y
DEAJE 2 HEIRICINEACE . NEBICB W TIRE
SR DLMERENEITTHEEZ LTSN,
+ o 7R BRI TAG B AL TR,

ARHFZETIL, &R EAAFsE %%w%%ﬁt
B2 DJ-KAREN-P L — % — 2 & O il |
B %&éﬂémﬁﬁmizw%~%ﬁ77x
~DIRELA XBCCDE 7+ b T 4T
£— KI{Z i@ﬁth«&%w%@%LtoﬁM
N X OART "L (5—12 keVOFEIK) |
%, ﬁﬁﬁV\JmZMZMJ&@?4/4<L55~
N IRV AV ey AV VDY =R Al de Wl i I
INENY T VT O T — X 2RSS LTz, A %ﬁﬁyﬁ7y7;xﬁ@amé7ﬁ%yﬁ7y%4y
NI MNVE=TOVT NIEOX =7y FOERE || ye— RFOEHL. A7 MRS, &OHEREC
JEIZLBEBZONDTD, 5% 7 FI v 7 a— || TERESHEXERALT MU, EERD gmmgﬁ
R, PICZ—RZEfIL, mEL—V—LERK || cEZ@RTAIE—2 0B TIN5,
EeBEEBEICLAMB O A FI 7 AKFNA T
b7 vt AOEOFER 72 Bifif 2 D 5,

41



Study on laser-driven repetitive ion acceleration using liquid jet targets
Y. Abel? R. Matsuural, K. Iwasal, T. Higashiguchi3, T. Morita3, Y. Oda*, M. Kume?, T. Niinuma3, S. Hirao?,
R. Kurihara?, Y. Koyanagi?, K. Sunaga®, A. Ogiwara3, H. Kobayashi2, T. Sugiura3, T. Soramoto3,
N. Tohara3, S. Fujioka?, and Y. Kuramitsu!-
1) Graduate School of Engineering, Osaka University, 2) Institute of Laser Engineering, Osaka University, 3) School of
Engineering, Utsunomiya University, 4) Faculty of Science and Engineering, Setsunan University

SUMMARY

Liquid jet targets are a promising approach to high
repetition quantum beam generation (x-rays, electrons,
neutrons, ions) with high-power lasers. The advantage
of liquid jet targets is the ability to supply a variety of
target elements in liquid without synchronizing laser
shot timing. We have developed a high-speed liquid jet
target system that sprays cylindrical water jets with
diameters of 30 — 500 um. This year, we have made
progress in pump system, stabilization of the entire
system that affects jet vibrations, and development of
advanced nozzles producing “C-shaped” jets. The C-
shaped jet will be applied for experiments on the
“inverted corona fusion” [1], which have been
investigated for the development of point neutron
sources for radiography driven by cylindrically
symmetric ion acceleration [1].

[1] Y. Abe et al., Appl. Phys. Lett. 111, 233506 (2017)

(@) (b)

(€)

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

FIG. (a) Schematics of the water jet target system, (b) C-
shaped nozzle for “inverted corona fusion” scheme, and (c)
expected plasma dynamics inside a C-shaped target.
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Development of gamma-ray polarimeter for high field science

Tae. Moon Jeoung?, Yasunobu. Arikawa?, Akifumi Yogo?, Yoshiaki Kato?,
1) ELI-Beamline, 2) Institute of Laser Engineering, Osaka University, Japan

SUMMARY

In ultra-high intense laser science, a direct generation
of polarized y-ray from highly relativistic electro
magnetic fields is one of the most frag ship topic. For
this study, a y-ray polarimeter is indispensable though
not yet developed. In this collaboration research we
have been developing a g-ray polarimeter by using
g+d->n+p reaction where direction of neutron and
proton generation is cos® of polarization of y-ray. In
previous study Dr. Arikawa demonstrated y-ray
polarimetry by putting D,O attached neutron-bubble
detector at polarized y-ray facility. In FY 2023 our team
studied conceptual designing for the ELI-Beamline
experiment. The result from the designing calculation
showed, more than 108 y-ray/s with polarized with
energies from 3 to 100 MeV can be measured which is
sufficient sensitivity and detection range for ELI-
Beamline.

FIG. Experimental demonstration on the y-ray polarimetory by
using neutron-generation-angular distribution via y+d->n+p.
The cosO function fitted with the neutron signal plot indicates
the evidence of y-ray is polarized. The data was taken by Dr
Arikawa at NEW SUBARU y-ray facility.




o — LERENEE K OB /Y S 2 L— 3 VR
Javier Honrubial, #f E|E H?2
1) v NV FLEXF, 2) KRKF L— 1 —FF 7807

SUMMARY

ZANREZEPREBT 2HEL kDAY P F L -
> U A BT 2 Mimax et icxt U< H A 5E %
To7, BEEAEKIZL—F—F T CEREI XN 3
Al TH o272 R KICHERS THEL W H
A EHT 20683 H 5, 5o EERILFEE T
X, A Voo & — & FIRE O T 2S5 E % 1000 km
PUTFTedareiicr—axz—LLTHF e b
B — LBINEE N U, RUKEERR RTRE e Z —
M E—LDEEEZHLC L, AXICRT X
QN a—OEMNZERE Loy = )V & 558
L—H =TT 25 Z LI k> THMeVD = %L
X—%fFo7 0 b E—ANERIRTAEREIND
ZEDHLMNI o T,

FIG. == OEMICHRE Loy = V2B &ERE L —
P—TMET 5 Z L2 Lo THMeVD =R /L F—Z FFO
7a b E—AREETERSIND Z ERH LN
ol

45




F ) WG R & o 72k o — B4R o Y B 5T
Guskov Sergey Yurevich, #f £ H?2
1) > T FFT 07— « LNT TYYEHIERT, 2) KIRAF: L— P —F 5T

SUMMARY

(S F a—ThEER] OFPRICES X, S
T o —TH RO ENNEZFHETHZ LIk,
7'v e ARSI AR IR E NS, D
7 2 b ORKIEX, T/ Fa—7 OELRITHL
KIE L. M OE SICIIFEEIERELR W L3
Mo TG, AR TIE, F/ Fa—T%58)/
SR OFEMZe SR L a2 L —3 3 U & T
2NA A IR el 1T o 70, AR T K
INCF ) Fa—TNICHREINTZKFEFY—F v B
N, Ia bhre—»abt L TEWEAMHZE > T
H e FHHINAZEN VI 2L —2a b
NE7poTm,

FIG. 7/ Fa—7NICREINTKEXY—7 v B,
7u R E—AE L TEWHEEAMEEZEF - TINE « HH S
NAZENTIaL—rarmbAbntror-,

46




~ A 7 NT VIR X D EAR X R E ) B O PRR & B YR
Sergey Bulanov!, #f LJE H?2
1) ML iyt L — o —E g i (ELN), 2) ARA S L— 7 —FLZir 58P

SUMMARY

R Ar— LD~ A 7 aNT ILNEIZ TR
SENDHEXTRN T T A~ OB A fEAE T 5 L4t
K\%%%%@ﬁﬁTTFi7m/x&~wf
Schwingertiz[REE | (ZVEHT 5 B4Rk & FIEE
& T DR IR SR G O & 2 O BRIy 72
MR 21T o 72, FFIC, N7V OAEREST
WBEAEA R Z L72EL L0 b HRRERS, LT
JEFfESI2A o O LR A &R Z L,
KL LT, BHEEfEcEoNL =L —L D) —
M FR S i OV B = R L — %%ofﬂﬁ?é &
Womole, AR T IO, lic1Ionm
/T%otﬂ7w®ﬁﬁfﬁﬁ®%4xi%/
A— MVEREIZETIHE L, £ORFOTa kO
EEIXEEREEDOR 3 0 HfEICETIEfS D Z
NN o T,

FIG. WHIHIZ1 27 Thom T )LD KIEMGRED
YA KT ) A—MVRREIZETIAE L, FDRO 7 0
N DOBERIIEREEDOR 3 0 TiFIZE CEMIh b Z
NN T,

a7




L ——EREf 12 LA TEREN RS RO

STV

AR, AI{E2, 3B S

Lan Zechen?, Wei Tianyun?

1) 4 7R EHHTTFIEREHE 2) AP L— AV — Bl

SUMMARY

6L U3 A43.7 X 10104 D H- el A CLeHF I BAREE 5
HEHERGF E L TmBN TS, FBAIFET,
— B DOFEA TN EL R BB A S,
KB ZRIERL D AN B TR OF AL )N
FBELEEZSZOND, FxlTEm=RLF—FH
BRO2WHMEAIZ L A IEARELAZIRERZ L T\ 5, £
T, 2O DRI ED X D
IRGREICRT LT, ED XD BLE 5 2 DO
MR RRET LTz, E£7-. LFEXZ VW= EBRr o rT§E
PEIZOW TR LT,

Intermediate states

ExcitationA
Neutron sl : i
1—:—.\Isomer

7_

176Lu

Qp= 1192.8 keV
Qec106.2 keV

i Deexcitation
I

\ Ground state

FIG. B VX —FHBROI RS CTAER ST
HHPE T2 KD TR RS LUD IR AR EE D A T = X I
OWEEX, FEECIRAE) & O IEHME R ELIZ L > TT
AV~ —IZER LT T3 TR 0 8 CRAREE -5,

48




L— W —BkEh A A IR BT 2 BlEs - SEBROAFSE
Bhuvanesh Ramakrishnal, ;H‘J: EHZ
1) g FIAN— RTFAS, 2) ARA S L— P AT

SUMMARY

ALLFERFZE O B, 2 TSR W7 7 —
7y MEGEERRE L, 7R (B 2 1XTNSA) KV
HIE T - —~ 2 A D B NIEEAE 2 P - 52
BRFI 208 U CHEEE - TRIB9 5 &3, 208 =
W2 2R A 2 2 ich D, ARl Fil-7
MG FRAITRBE L~ A 27 a2 ZVHEMNA) &
20T, MNAIZEBWTIE, a4y R RLEE
Dtz 71 N EROEDICRESTHZ & T, A
WL —P =X =2 L, RO
ZBITH LY BEEICENZXLX—D 7 e f
E—AEAERTHZENTE D, AXITRT LD
(2. MNATTIZTINSA & tbB & L — Y —5RE R
BWTEERIZCEWINE AT y—< A RT 2 &
LY OYIEEoW

FIG. ~A 7w/ AWM H0 (MNA) TIETNSA & bb~
HeE L —Y =R ERIEEIC B WD TR BRI & W I )
T A=< AL RT I EN Dot

49




Efficient neutron generation from a deuterated foam target irradiated by a PW laser

T. Lastovicka!, R. Laxmi Singh!, V. Tikhonchuk!, S. Weber!

1) ELI Beamlines Facility, The Extreme Light Infrastructure ERIC, 25241 Dolni Brezany, Czech Republic

SUMMARY

Based on previous experiments with Gekko, a very narrow
peak is expected of fusion neutrons at around 600 ns time in the
MANDALA neutron spectrometer at the top of the non-fusion-
related background. For the LFEX laser, due to the asymmetry of
the setup, the fusion neutron peak should move to values above
600 ms and it should broaden. No such peak is observed in
reference shots with deuterated foils nor shots with deuterated
nano-wire arrays.

In shots with the novel deuterated aerogel foams produced by
General Atomics, there is little sign of a peak in approximately
the correct position, see Figure. However, this tiny peak does not
consistently appear in all shots and is at the level of random
fluctuations. Unfortunately, the aerogel's density was about an
order of magnitude lower than requested; hence, a strong fusion
signal is not expected to appear.

The neutron diagnostics, which relied on Timepix detectors,
experienced freezing during each shot due to the strong
electromagnetic pulse (EMP). As a result, no relevant data was
collected. Despite being unsuccessful, this setback helped us
understand the EMP issue in Timepix electronics and find a
solution, albeit this is outside the scope of the experiment
conducted at Osaka University.

FIG. MANDALA neutron signal spectra for deuterated
aerogel targets produced at General Atomics. Arrows mark a
small peak that was attributed to a random noise.
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Revisit of the ablation scaling with high power laser irradiation
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Temperature measurement of highly compressed plasma for validation of
hydrodynamic simulation code
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Investigation of advanced laser-driven proton sources produced in interaction of relativistic laser pulse
with low density foams and application to the study of proton-boron fusion

Dimitri BATANI!, Olga ROSMEJ?, Katarzyna BATANI3, Marine HUAULT', Howel LARREUR!, Diluka SINGAPPULI!, Didier RAFFESTIN!, Philippe
NICOLALI!, Daniel MOLLOY*, Guido GIUNTELLI, Tatiana PIKUZ>, Wigen NAZAROV®, Natalya BORISENKO’, Artem MARTYNENKO?, Takehito
HAYAKAWAS, Akifumi YOGO?, Yuji FUKUDAZ?, Zechen LANS, Yasunobu ARIKAWA?, Sergey PIKUZS, Alessio MORACE®

1) Univ. Bordeaux, France 2) GSI Darmstadt, Germany 3) IPPLM Warsaw, Poland 4) Queen’s Univ. Belfast, UK 5) Institute of Laser Engineering, Osaka
University, Japan 6) HB11 Energy Australia 7) Lebedev Inst. Moscow, Russia 8) KPSI Kyoto, Japan

SUMMARY

The proposed experiment had two correlated goals:

1) Study proton acceleration in laser-produced plasmas
using low density target materials (foams), and 2) Use
the improved proton source for generating a-particles
from hydrogen-boron fusion reactions. We focused the
LFEX laser varying the density and composition of foams
and the laser energy and measured proton emission with
Thomson parabolas and RCF, and a-particle generation
with CR39. For comparison we shot on 6 um plastic foils
(used in several samples as support of foams). The
experiment has been done in February 2024 hence results
are not available yet, in particular concerning and o.-
particle generation because CR39 needs a long time to be
fully analyzed. However, we obtained very interesting
results on proton emission using the 6 um foils and
undercritical foams. With plastic foils we observed a
departure from the typical shape of spectra of protons
accelerated by TNSA. With undercritical foams we
observed a very strong emission of collimated protons at
low energies (which are optimal for a-particle generation
from hydrogen-boron fusion reactions)

Up) Radiochromic film stack showing collimated proton emission from
an undercritical foam target (3 mg/cm?)

Down) X-ray spectra from Cl-dopant and S-impurities within the foam
obtained with FSSR spectrometer
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Characterization of LFEX laser-generated fast electrons via modeling angular-dependent bremsstrahlung

measurements
H. Sawada!, S. Fujioka?, T. Maekawa?, H. Matsubara?
1) University of Nevada Reno, USA, 2) Institute of Laser Engineering, Osaka University, Japan

SUMMARY

This project aims to characterize the properties of fast
electrons generated by the kilo-joule class, high-energy,
short-pulse LFEX laser. Understanding the energy
spectrum, divergence angle, and conversion efficiency
of electrons from laser to electron form is crucial for
electron-based fast ignition. Our focus has been on
deducing a fast electron energy spectrum by modeling
high-energy bremsstrahlung spectra. Specifically, we
have employed both a heuristic method and deep
learning for the reconstruction of the measured
spectrum, even with arbitrary spectral intensities. The
spectral results obtained from these methods are
consistent with each other. We found that the deep
learning approach is faster and more broadly applicable
than the heuristic method for analyzing our measured
bremsstrahlung signals.

FIG. The X-ray spectra estimated by the heuristic method and
deep learning are in good agreement, and the obtained spectra
can be approximated with the Maxwell-Boltzmann
distribution with 0.147 MeV of slope temperature.
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Development of dual x-ray and proton radiography for a direct drive fast ignition cone-sphere target
H. Sawadal, S. Fujioka?, K. Matsuo?, H. Nagatomo?
1) University of Nevada Reno, USA, 2) Institute of Laser Engineering, Osaka University, Japan,3) Ex-Fusion, Japan

SUMMARY

This project aims to enhance modeling capabilities for
dual X-ray and Proton radiography of laser-driven fast-
ignition  targets. We use the 2D radiation
hydrodynamics code PINOCO for simulating target
compression. Our method involves calculating electric
fields from pressure gradients, then using a Monte
Carlo code, PHITS, to simulate proton beam deflection
by these fields. This year, we completed the field
calculations. We have also tested proton beam
deflection using known electric fields, such as those
from point and cylindrical surface charges. Next year,
we will simulate proton radiography using our
calculated fields and compare these simulations with
experimental measurements.

(@)

(b) (c)

FIG. (a) A PHITS simulation geometry. A beam of 3.0 MeV
protons is injected through a cylinder containing electric fields
pointing outward. (b) A proton dose at Z=10 cm when no field

is applied. (c¢) A proton dose with the electric fields on.
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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 continue our study of the characterization of the
compressible stage of the instability. We have carried
out an exhaustive comparison between compressible
linear theory, hydrodynamic simulations, vortex sheet
model, and classical RMI experiments, and very good
agreement has been obtained in the cases whose initial
ripple amplitude is small enough to lead linear growth.
It is shown that incompressible non-linear models
should consider the compressible effects happened
during the linear transient phase to provide accurate
predictions 1n later stages of the instability. An
estimation of the duration of this linear transient phase
1s also given.

[1] F. Cobos Campos, and J. G. Wouchuk, Phys. Rev. E 96, 013102 (2017).

[2] C. Matsuoka and N. Nishihara, Phys. Rev. E 73, 026304 (2006).

[3] T. Sano, S. Inutsuka and S. M. Miyama, ApJL 506, L57 (1998).

[4] G. Dimonte, C. E. Frerking, M. Schneider, and B. Remington, Phys. Plasmas 3,
614 (1996).

[5] R. L. Holmes, G. Dimonte, Bruce Fryxell, M. L. Gittings, J. W. Grove, M.
Schneider, D. H. Sharp, A. L. Velikovich, R. P. Weaver, and Q. Zhang, J. Fluid | [~ == == = e T T

Mech. 389, 55 (1999). FIG. Contact surface ripple evolution and t1 estimation.
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Magnetic Reconnection Driven by Capacitor Coils at Low Plasma Beta
H. Ji!2, S. Fujioka’, L. Gao?, A. Chien!, E. Blackman*, T. Sano?, Y. Sakawa?®, Y. Kuramitsu®, K. Sakai?, T. Morita’, K.F.
Law?, J. Hernardez?, R. Takizawa?, J. Dun?, Y. Wang?, T. Tsuido?, X. Han?, Y. Rakai?, H. Matsubara?, R. Yamada?

1) Princeton University, USA, 2) Princeton Plasma Physics Laboratory, USA, 3) Osaka University, Japan, 4) Rochester
University, USA

SUMMARY

Magnetic reconnection is ubiquitous in space
and astrophysical plasmas, rapidly converting magnetic
field energy into plasma particles. As part of this
collaborative program, we have had personnel
exchanges between two sides during the past year to
collaborate on magnetic reconnection experiment using
capacitor coils. Dr. Lan Gao visited Osaka University
and gave a research seminar with in-depth discussion.
In return, Prof. K. Sakai visited Princeton University
and participated experiments in-person at Rochester.
We collaboratively developed a new experimental
campaign proposal titled “Study of Particle
Acceleration Mechanisms 1n  Magnetically Driven
Reconnection at Low Beta Using Capacitor Coil
Targets Powered by Short-Pulse Lasers”, using the
short-pulse LFEX laser at ILE to drive reconnection in
the extended parameters, and have been accepted for
FY2024.

FIG. Proposed experimental platform to drive reconnection
using short-pulse LFEX lasers.

57



Development of an XFEL platform for high-power laser-irradiated nanowire arrays
H. Sawada!, K. Shigemori?, D. Tanaka?
1) University of Nevada Reno, USA, 2) Institute of Laser Engineering, Osaka University, Japan

SUMMARY

This project investigates energy transfer from high-
intensity, short-pulse lasers to nanowire targets. We
explored how laser irradiation on nanowire arrays, with
diameters of a few hundred nanometers and lengths of
2-10 microns, enhances laser absorption, thereby
creating an ultra-high-energy density state unachievable
by other means. We conducted a pump-probe
experiment using the SACLA X-ray Free Electron
Laser (XFEL). The laser-target interaction generates
fast electrons, which heat and ionize the target. This
heating is observed as variations in X-ray transmission
using XFEL imaging for different types of nanowire
arrays. We measured escaping electrons, characteristic
X-rays, and  monochromatic = images. These
measurements provide information on the electron
properties essential for interpreting the XFEL images.

FIG. A schematic of the pump-probe experiment at SACLA.
A high-power femtosecond was irradiated onto nanowire
arrays with various lengths and wire densities. A collimated
X-ray pulse then produced 2D transmission images of the

target.
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Study of intense laser driven isochoric heating by utilizing XFEL
Y. Sentoku!, H. Sawada2, N. Iwata!, and T. Sano!
1) Institute of Laser Engineering, Osaka Univ.,2) University of Nevada, Reno

SUMMARY

We demonstrate femtosecond time-resolved 2D
imaging of fast electron transport in a solid copper foil
using the SACLA XFEL. An unfocused collimated x-
ray beam produced transmission images with sub-
micron and ~10 fs resolutions. The XFEL beam, tuned
to its photon energy slightly above the Cu K-edge,
enabled 2D imaging of transmission changes induced
by electron isochoric heating. Time-resolved
measurements obtained by varying the time delay
between the x-ray probe and the optical laser show that
the signature of the electron-heated region expands at
~25% of the speed of light in a picosecond duration.
Time-integrated Cu Ka images support the electron
energy and propagation distance observed with the
transmission imaging. The x-ray near-edge transmission
imaging with a tunable XFEL beam could be broadly [}---=-=mmmmmmmmmm oo
applicable for imaging isochorically heated targets by || FIG. X-ray images of a 10 um thick Cu foil, which was heated
laser-driven relativistic electrons, energetic protons, or || by a short pulse laser with energy 0.8 J, at (a) 8.92 keV and
an intense x-ray beam. (b) 9.05 keV.
H. Sawada et al., Rev. Sci. Instrum. 94, 033511 (2023)

62




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

Kilojoule-class petawatt lasers with relativistic
intensities can generate energetic electrons and ions
with high efficiencies in multi-picosecond interaction
with a thin foil plasma. Ion acceleration by the kJ lasers
(Fig. 1 (a)) has been studied for applications such as
heating source and diagnostics for dense plasma. We
study the physics leading to high efficiency ion
acceleration. We have theoretically predicted that the
large spot size of the kJ lasers is a key to obtain the high
efficiency through a confinement and accumulation of
fast electrons in the spot area as Figgz 1 & by a |{

stochastic process. We executed a laser experiment || F|G, | (a) Laser-driven ion acceleration using a thin foil
using the ARC laser to confirm the theory. We will || taroet. Fast electron accumulation in the spot is predicted for
compare the obtained data with the theory and the || kjjaser irradiation with the laser spot much larger than the foil
cprrespf)nding particle-in-cell and  hydrodynamic || thickness. (b) 2D particle-in-cell simulation. A 50 um spot
simulations. laser with the intensity 3x10'® W/cm? is irradiated from the
left side of the foil. Fast electrons accelerated by the laser light
are accumulated to about 10 7, in the spot area.
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Developing a photon scattering model in non-thermal high energy density plasmas in PICLS code
Y. Sentoku!, N.Iwata!, E.d’Humires?
1) Institute of Laser Engineering, Osaka University, Japan, 2) University of Bordeaux, France

SUMMARY

The possibility of achieving a pair beaming in the
Breit-Wheeler (BW) electron/positron pair creation
process is investigated in this paper. We examine the
effect of the BW differential cross section on the pair’s
angular and energy distributions. Although this study is
relevant for laser induced intense gamma-ray source
collision experiments, we apply this pair beaming effect
in an astrophysical context, in particular for active
galactic nuclei (AGN).

FIG. Schematic picture of the rotating BH accretion disk axis
along with the emission from the inner ADAF and outer SAD.
The ADAF emits in the gamma-ray range and the SAD in the
UV and x-ray range (rg is the Schwarzschild radius).
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Theoretical and simulation research for efficient generation of intense laser-driven high-energy photon and
positron beams
FEAREE!, T 22
1) Yukawa Institute for Theoretical Physics, Kyoto University, Japan, 2) Institute of Laser Engineering, Osaka University, Japan

SUMMARY
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Development of broadband antireflection structure in THz region
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Crystal phase identification and imaging of biominerals by terahertz spectroscopy
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Improvement on characteristics of Pr3*-doped glass scintillator for neutron detector
Takahiro Murata
Faculty of Advanced Science and Technology, Kumamoto University , Japan

SUMMARY

The aim of this collaborative research is to develop a
glass scintillator material for high performance neutron
beam measurements that combines fast response and
high light output.

The PLE spectra of Pr3* in SiO,-based type (a) and
type (b) glasses shifted to a longer wavelength
compared with that in APLF80 glass. The PL spectral
intensity of Pr3* in SiO,-based type (a) and type (b)
glasses increased at shorter wavelengths than at longer
wavelengths, and the profile changed to a broad band
with a shoulder. In the type (a) glass sample, the peaks
of both PL and PLE were shifted to the higher energy
side, and the FWHM was wider than in the type (b)
glass sample. We plan to measure the fluorescence
lifetime of Pr3* in SiO,-based glasses and evaluate their
scintillation properties.

The high-performance neutron glass scintillator to be
developed in this collaborative research will be a
fundamental technology that will support a safe and
secure society.

FIG. PL and PLE spectra of Pr* in SiO,-based glasses of type
(a) and type (b) compared to (c) APLF80 glass: excited at (a)
245 nm, (b) 242 nm, and (c) 227 nm; monitored at (a) 294 nm,
(b) 280 nm, and (c) 273 nm.




Investigating cross luminescence in wide band gap barium fluoride crystals
M. Cadatal-Raduban?, L.VV. Mui?, T. Shimizu?, N. Sarukura? and K. Yamanoi?
1) Massey University, New Zealand, 2) Institute of Laser Engineering, Osaka University, Japan

SUMMARY

This  proposed project investigated — cross- PL spectra of BaF, and Y-doped BaF, under VUV excitation
luminescence (CL) from doped barium fluoride (BaF,) 1200
crystals as a fast response scintillator. BaF, has a fast
luminescence emission at 220nm and decay time of 1000 BaF2 Ex-50nm
about 600ps due to CL, which is 1/1000 that of the slow —BaF2 Ex=56nm

800 Y-doped BaF2 Ex=50nm
—Y-doped BaF2 Ex=56nm

component called self-trapped exciton emission (STE).
The STE at 350nm with a decay time of 620ns and five
times higher light yield co-exists alongside this fast CL
emission. The presence of this dominant slow STE
luminescence causes pileup that limits the response time.

600

Intensity (arb.units)

400

Eliminating it requires filtering that complicates the 200 )
experimental setup and therefore limits the use of BaF,
- - - - - 0
as a faSt-reSponse SCIntI“a'[OI’ ThIS prOJeCt almed to 200 240 280 320 360 400 440 480 520 560 600 o640 680 720
investigate the effect of doping on the suppression of Wavelength (nm)

the slow STE emission, resulting to enhanced

applications of BaF, as a fast-response SCINtIAtOr | f-mme oo oo
without the need to filter out its slow emission || FIG. Luminescence emission from BaF, and Y-doped BaF,

component. BaF, was doped with Yttrium (Y) ions. || obtained by excitation with A = 50nm and 56nm vacuum UV.
Figure 1 shows the emission from a Y-doped BaF, with || The slow STE emission is slightly reduced, providing exciting
reduced STE when excited by 4 = 50nm and 56nm. prospects for Y-doped BaF, as a fast-response scintillator.
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Electronic properties of Co and Ni co-doping on ZnO: A Density Functional Theory Study
Christian Loer Llemit!2, Efraem Larenio?, Keito Shinohara®, Melvin John Empizo3, Kohei Yamanoi2, Nobuhiko Sarukura3,
Roland Sarmago! and Alexandra Santos-Putungan?

1 National Institute of Physics, University of the Philippines Diliman, Philippines
2 Institute of Mathematical Sciences and Physics, University of the Philippines Los Ban os, Philippines
3 Institute of Laser Engineering, Osaka University, Japan

SUMMARY

In this work, we investigated the role of cobalt and
nickel doping on the electronic properties of wurtzite
ZnO using first principles calculations. We consider
single doping and double doping where one and two Zn
atoms are replaced. For the double doping, the Co-Co,
Ni-Ni, and Co-Ni co-doping configurations were
explored at different separation distance and magnetic
configuration. Through total energy calculations, the
two dopants prefer to be near with each other. It was
found out that Co-Co doping assumes a stable
ferromagnetic order while Ni-Ni and Co-Ni doping
assumes an antiferromagnetic order. These findings are
of great importance in designing next-generation
spintronic devices.

FIG. Band Structure for double-doped ZnO: (a) Co-Co doped,
(b) Ni-Ni doped, and (c) Co-Ni doped Zno. Orange (blue) for
spin up (down) bands.
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SUMMARY (a)

Yellow laser systems have been studied extensively for
many applications such as acne treatment and scientific
research. We present here a demonstration of a yellow

fiber laser using a single-mode double-clad structured
200 —P—P—————————————————————————

Dy3*-doped waterproof fluoro-aluminate glass fiber _ o nuom
(Dy3*:SM-DC-WPFGF). The experimental setup of b 2 p .o P
Dy3*:SM-DC-WPFGF yellow laser is shown in Fig. 1(a). §150 [ = Wn _.:!Af
Figure 1(b) shows the input/output characteristics which = i w25 . o
depends on transmittance of output coupler. The output 2100 i _.-' .*"‘
coupler with the highest power and efficiency was C, with = e

a maximum output power of 169.2 mW and a slope 0 _.-' o 0‘.... o*1
efficiency of 33.6%. In summary, yellow laser power over g %0 s oe*

100 mW was obtained using a single-mode, double-clad = ,::::3"
Dy3*:SM-DC-WPFGF. For the future, the power will be T Pl

L L L
100 200 300 400 500 600

increased by polarization coupling or fiber power Absorbed power [mW]

combining technology. T e e e e e e e
Fig.1 (a)Experimental setup of Dy3* :SM-DC-WPFGF yellow

laser. (b)Input/output characteristics which depends on
transmittance of output coupler.
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[1] Y. Orii et al., Opt. Express 31, 14705 (2023).
(Editors' Pickim sCiz2 )
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266nmiE RSN AR, FEA LT E—A T e T 7 AL
X, 266nmYEHI A7 WEBSWIARED H D,
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Chem Lett, vol 15, pp 180-186, 2024) . FHHEIERIE
TSR d oD B dR P O RS SR EEL (O Phys Chem C,
vol 127, pp 14005-14012, 2023) 72 & D T % BH
LT,

91




HL2ZRAMEII S B 1T 2 UM B O JE TR E
MR (5501, EHA Buk?
1) DL THEFFALENASF, 2) KA L— S —FF 22507

SUMMARY

AT, I EREGEEE ICHW B S
HEE D B2 IR AR R fEIk I B 1T D IR &
HETDHHDTHD,

AAERE L. WE1064.2 nmPDNA:YAG L — % — D
BRI R OES Bl E CORITREZNET D &
E BT, B S &N YAG L —F — LA b
FEKTPYE NT A N v 7 3HESRIC X 52124.2 nm 7R
ShL—F =S ONFE ALY, AfF=F
VYL —HP—DORIREETH D, 193.4 nmDEZE
L —— N B RAE ST, RIC, TDOEZEEE
S —H—Z2 AW TSBOFE R D 7 U X LI NS
L. TOJEITA S L0 IEIrRofIE L=,

JEPTR N1 X105F CTEEEN D A7) X A& W
TRBRDOERZITV, FRAMRIE E I T oW E R
EEARGEELT- & 2 A, 2X1040EE T —E LT,

TIBDIRT — X, BN O Ht
BIOFHICE T A LN TE D, F-. L awk
EOBEZENRL —F — KL 5T — X BSGE21T
9 Z & T, RHOWPERHEKICE T IR oEn
RIEFREE 725,

o : Apex angle n

FIG. 1 (@) 7'V X A EEIC X 2 HIE O
(b) SEBR DAL
(c) EZB4E 4k L — W — IR A DR

(c)

92




Development on the optical image transfer by using a
multimode fiber

Tomoya. Nakamurat, Yasubnou. Arikawa?,
1) SANKEN Osaka university, Japan, 2) Institute of laser engineering Osaka university, JAPAN
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Development of Transparent Ceramics for Optical Materials with High-Effective-Atomic Numbers and
Their Energy Transfer
IR, LK SR, BRIFUINZS?
1) HILKF, 2) KK b— S — R 7P
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Plasmoid generation by an interaction between a high-intensity laser and structured medium
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1) KSR AZ K FAK N T FITEFL, 2) K 2857 K F 3 7515 — B P EE #4757 (NITEP),
3) KB 287K F B AL (OCAMI)
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[1] C. Matsuoka and K. Nishihara, Nonlinear
interaction of two non-uniform vortex sheets and large
vorticity ~ amplification in  Richtmyer-Meshkov
instability, Phys. Plasmas, 30, 062304 (2023).
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[1] M. Ota et al., Nature Physics 18, 1436-1440 (2022). || v =v X 7 a v A,

2] B—DO., HASIMRFEEE, HH33 & 2 5.
67-73. (2024)
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Space propulsion by EUV ablation and its application to the space debris trajectory transfer
K. Mori!, K. Nakai!, N. Miyake!, N. Tanaka?, J. E. Hernandez?, S. Fujioka?>
1) Osaka Metropolitan University, Sakai, Osaka 599-8531 Japan, 2) Institute of Laser Engineering, Osaka University,
Suita, Osaka 565-0871 Japan, 3) National Institute for Fusion Science, Toki, Gifu, 509-5202 Japan

SUMMARY

This research revealed impulse and momentum
coupling coefficients C,, for intense pulsed extreme
ultraviolet (EUV) ablation of metal targets; Al, Ti, and
SUS304. Experiments were conducted at six energy
fluences ranging from 16.1 to 157 mJ/cm? to compare
C,, with previous studies. The impulse attained 156
nN - s for Al target and showed similar results for Ti
and SUS304. The maximum momentum coupling
coefficient of Al target was 1.56 x 107> N/W. This
may be attributed to the fact that Al has the highest
photon absorption among the three materials showing
noticeable ablation characteristics of EUV’s strong Z
dependence. Our results pushed the threshold of I1/+/7,
the normalizing parameter, towards lower side
compared to previous studies with conventional 1aSer | f---=-m=mmm oo oo oo
(Fig. 1) suggesting potential feasibility of space || FIG. 1 Momentum coupling coefficients for ultraviolet laser at
propulsion by short-wavelength radiation. A =248 nm (C. Phipps et al., J. Appl. Phys., 64, 1083, 1988)
and that for extreme ultraviolet radiation at A = 10 — 20 nm
obtained in this study.
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SUMMARY
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BT I EMPFAET D, FxIZZTNETIZ, "4
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D2 20 40 60 80
[1] H. Ogino et al., Appl. Phys. Lett. 101 (2012) 191901 20/ de
[2] Y. Iwasa, H. Ogino ef al., J. Mater. Sci.: Mater. Electron. 30 (2019) g.

16827-16832 .
FIG. & R 2 2L S ¥ T2 o
Ca,AlCuSO;DXRD/ N4 —

800°C

Intensity / a.u.

114



~r

- Bag)/ By MO —FEHERR T

PEHZRZ « RERSLRE

(ZAMPFEE D5 HE)

IFL®HI

@Y/ EBEDISAICIZRmETS T ~ v 8EL (SERS: Surface-
Enhanced Raman Scattering) IZ& 2BEREDNLDHT. XX~
TYTILRE— R —MEn CEEBELEMASZ<EFEL. 20
HETERISEENBELRPIR T —~ & h > TW5E, {EkniEEIL,
CE2BTTEREDR LT Y 7TEREVY T 774 —EFLE—
LINTICE B by T8I FERICKRIENDG, TN EINTRRE
PaAX b, Yy b TACRICEDZEMOHEN., ATy R
DRI EDHERDLH S, —HT. FF—FBROEMmICL —

NEA—VLIDTEBEZHEL. €BF/ Ky NS oERE BT,
SEE, LIDT7RERICETE2EHOXEZHRT 5702, £
LT Ly RR—=FZBWETS -V EREBEZEBRT 5,
E T EI

EEOBKZXKILIC/RT, RFOERT8S MDD 7 = L L —
Y —(At~240fs) DR A > T 4 > 7% Emrad/h TR EL S B D, B
KT 4N R—BEBBIE-E—LIZEFICITTb LTSN, #F5T
Ly R R—=FEFTICHDE (K2) , E—LIF4fAFRD—IK
ICEEE L 7-DOE(EBE MBI TF) THEIL, 4ARDIREHT K%
2—4y hETCFHEED, L XEIES, =300mm, f, = 40mm,
THAEIFe=167°TH Y. TH/Xx—FHIZA=3.6umTH %,
IIEBEIEEZRTF v > N—KNIZEEE L 72 (P < 1.3kPa),

X1 F¥/8% — > +LIDTO % EHE X

(2 EEREE
BE
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Laser Material Processing and Applications (LMPA) (2023) .
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Development of Sub-grid scale Model of Stellar Thermal Convection with New
Turbulence Theory and Deep Learning
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Pulsed laser deposition of tin on silicon substrates using nanosecond laser
M. Wada!, J.E. Hernandez?, N. Tanaka?, and S. Fujioka?
1) Graduate School of Science and Engineering, Doshisha University, Kyotanabe, Kyoto, 610-0321 Japan,
2) Institute of Laser Engineering, 2-6 Yamada-oka, Suita, Osaka, 565-0871, Japan

SUMMARY

Pulsed laser deposition is used to mimic the
phenomenon of tin debris contamination in extreme
ultraviolet lithography (EUVL) scanner systems. A
nanosecond pulsed laser of 1064 nm wavelength, 5 ns
pulse width 1s used to fabricate tin coated silicon
samples using pulsed laser deposition for the future use
in evaluating the performance of extreme ultraviolet
light-assisted cleaning device in ILE, Osaka University.
Experiments are performed in Doshisha University. The
laser light is focused on the lens, creating a 1 mm spot
diameter on a 10 mm cylindrical tin target
corresponding to a 5x10° W/cm? laser intensity, as
shown 1n the left side of Fig. 1. The deposition
conditions are at 5x10¢ Torr at 20000 laser shots at 10
Hz repetition rate. The right side of Fig.1 shows the
deposited tin on the silicon samples. The tin coated
samples will be analyzed by a scanning electron
microscope. Investigation of varying laser shots will be
performed in this fiscal year.

FIG. 1. (Left) Pulsed laser deposition schematic (Right)
Deposited tin image on silicon samples mounted on an
aluminum disk holder.
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Source: 40 nm thick Au film

Source: 50 nm thick Pt film
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