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Structure of High Velocity Radiative Shocks from optically Thin to Thick
B. Albertazzi', M. Koenig!, F. Lefevre!, D. Opportus!, G. Rigon!, Y. Sakawa?, T. Sano?
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SUMMARY

Initially, we planned to study different aspects of a
strong radiative shock and its interaction with a solid
obstacle by changing the propagation medium density
to modify its optical thickness, in order to complete data
from a previous GEKKO experiment. Unfortunately we
could not achieve the same laser intensity, so we
decided to study the impact of 20 and 3 interaction on
the propagation of a radiative shock. This is particularly
useful to determine the amount of energy losses in
several physical mechanisms such as hot electron
generation. Our data indicates that a 40% losses is
observed when using 2w light compared to 3w. This
shows that it is better to use 3w for Inertial Confinement
Fusion conception.
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FIG. Typical data obtained during the experiment for 2@ and
3o which track the position of the shock for both cases. As
one can see, huge difference exists between both cases, which
gives a difference of 40% in energy,
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K. Takahashi®, K. Koba®, T. Ogawa¥, R. Shiiba®, S. J. Tanaka?, S. Isayama®, S. Matsukiyo’, K. Sakai’, K. Tomita®,
R. Yamazaki?, T. lizuka?, D. Kita?, R. Tanigo?, R. Tsuchihashi?, T. Sano?,Y. Sakawa?

1) Sorbonne University, France, 2) Institute of Laser Engineering, Osaka University, Japan 3) Department of Physical
Sciences, Aoyama Gakuin University, Japan. 4) Faculty of Engineering, University of Toyama, Japan. 5) Faculty of
Engineering Sciences, Kyushu University, Japan. 6) Interdisciplinary Graduate School of Engineering Sciences, Kyushu
University, Japan. 7) National Institute for Fusion Science, Japan. 8) Division of Quantum Science and Engineering,
Hokkaido University, Japan.

SUMMARY

We study the generation and propagation of energetic
ions ahead of a shock front. These ions interact with
and heat the upstream medium, and may drive plasma
micro-instabilities, significantly affecting the shock
structure and its precursor. The experiments aim to
characterise the precursor region forming ahead of a
laser-driven piston in a magnetised plasma, with the
magnetic field aligned with the piston propagation.
Particle-in-cell and magnetohydrodynamic simulations
support the interpretation of the data, which show a
long-lived population of energetic ions.

Thomson scattering measurements of ion features, as
illustrated in the figure, indicate energetic particles
extending up to 2 cm from the target, consistent with
continuous injection from the shock..
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FIG. (a) 3D view of the experimental setup showing the
magnetic field generating coil. (b) Schematic of the
experiment and (c) Thomson scattering data that indicates the

existence of accelerated 1on component near the shock front.
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Verification of Magnetic Reconnection Rate and Fast Energy Conversion Mechanism
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Space plasma shock experiment using light gas plasma
S. Matsukiyo!, S. Isayama!, T. Morita!, T. Takezaki?, T. Sano’, A. Kis*, I. Lemperger*, N. K. Dwivedi’, M. lizawa®, M.
Edamoto’, R. Yamazaki8, S. J. Tanaka®, K. Sakai®, Y. Kuramitsu!?, N. Ozaki!?, K. Takahashi!, D. Aramaki', T. Yoshida!,
H. Yoshitoshi!, K. Nakahara', K. Koba!, T. Ogawa!, Y. Maenosono!, Y. Muramoto', Y. Kanesada!, F. Ishizaki?, H.

Kuwabara?, T. Matsuzawa?, J. Matsuyama?, H. Kondo?®, Y. Toyoda!!, Y. Suzuki'', M. Hanano!!, Y. Sakawa’
1) Kyushu Univ., 2) Univ. Toyama, 3) ILE, Osaka Univ., 4) HUN-REN, 5) Indian Inst. Info. Tech. Vadodara, 6) Tech. Univ. Braunschweig,
7) Seijo Univ., 8) Aoyama Gakuin Univ., 9) NIFS, 10) Grad. Sch. Eng., Osaka Univ. , 11) Grad. Sch. Sci., Osaka Univ.

SUMMARY

We have conducted long-term measurements of
collisionless shock propagating in a helium gas
plasma. A carbon target placed in a chamber filled
with gas at a pressure of 5 Torr is irradiated with a
laser to generate a shock in the gas plasma (Figs.(a)-
(b)). A well-developed supercritical —quasi-
perpendicular shock with My, = 4.3 is reproduced
and resolved its spatiotemporal ion-scale structures.
An additional ion population, distinct from the main
one, exhibiting features indicative of a reflected ions
within the transition region is identified via Thomson
scattering measurement (Fig.f). Two-dimensional
self-emission gated optical imager (GOI) revealed
ion-scale ripples along the shock front (Fig.c), while
streaked self-emission imaging captured intrinsic
temporal oscillations on the ion-gyro timescale
(Fig.d). The observed temporal behavior is
inconsistent with classical self-reformation and is
more consistent with the “breathing” mode which is
observed in space under the high ion beta conditions.

Experimental setup

(a) I IZ_} (b)
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10 20

FIG. (a-b) Experimental settings. (¢) GOI and (d) streak of
self-emission, (e-f) Thomson scat. measurement electron and

ion feature (g-1) Spatial profiles of Ne, Te, and flow velocity.
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Experimental verification of the formation conditions for collisionless electrostatic shock
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Photoionized laboratory plasmas of astrophysical relevance
D. Riley!, S. Chaurasia!, N. Rathee!-F.P. Keenan!, T. Sano? and T. Pikuz?,
1) Queen’s University Belfast,UK 2) ILE, University of Osaka, Japan

SUMMARY

The Gekko XII laser system was used to generate a
photoionization dominated plasma under conditions
relevant to some astrophysical plasmas. On one side of
a pre-filled gas-cell target, a Hohlraum type target was
heated with up to 400 J of laser energy. This generated
a quasi-Planckian x-ray source with radiation
temperature of ~ 90 eV that ionised the ~110 mbar Ar
gas sample. One the other side, a Ag foil was heated
with 200 J, creating an intense source of L-shell Ag
radiation in the 3-4 keV region. This latter source,
induced K-[] and K-[] emission following inner-shell
photoionization. Analysis of the emission spectrum
provide a benchmark case for codes such as CLOUDY
that are used for the modelling of astrophysical systems.
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FIG. Raw K-a emission spectra for an Ar plasma with and
without pre-heating by the holhraum x-rays. We see that
higher ion stages start to dominate for the pre-heated case.
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Study on propagation process of intense coherent electromagnetic waves

in magnetized plasmas
Masanori Iwamoto!
1) Kobe University

SUMMARY
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SUMMARY Electric field lon distribution @CR39
We aim to develop a new diagnostic tool to _(r-component) Forward . |
reconstruct electromagnetic fields from ion ) problem

radiography data obtained with CR-39 detectors,

s \

P - R

which provide both ion positions and velocities. ;

While supervised machine learning is a promising — =
approach, the lack of ground-truth fields in S @
experiments remains a fundamental challenge. e

To overcome this limitation, we construct synthetic 1 @igiiji
datasgts using numerical §|niulat|on§, in which /- / o ol PP
prescribed electromagnetic field profiles are used ig e -a§”§:i§|§:

to compute ion trajectories and generate ion ' @2@ |

radiographs. o e P = -
This year, we significantly accelerated the forward

calculations, enabling the generation of large-
scale training datasets from multiple simulations
and time slices. As a result, we achieved accurate

) o Top: electromagnetic field distribution obtained from hydrodynamic simulations
reconstruction of electromagnetic field structures, under the assumption that the electric field is proportional to the pressure

dem()nstrating the feasibility of data-driven field gradient(left). Ion pit distribution on CR-39 detectors computed by solving the

forward problem (right).Bottom: schematic illustration of electric field
reconstruction using a machine-learning-based approach trained with synthetic
data.

inference in laboratory plasma experiments.
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Numerical Investigation of Weibel Instabilities in Collisionless Shock Foot Region
Y. Ohira!, K.F.F. Law?, S. Fujioka?
1) University of Tokyo, Japan, 2) Institute of Laser Engineering, University of Osaka, Japan

SUMMARY

As a continuation of our previous study on plasma Bicla

instabilities in the collisionless shock foot region [1], Growth

we performed preliminary 2D full PIC simulations Bl region

toward extending the computation to a larger simulation || &

domain. In this study, the heated plasma state obtained 2 0.081

from our earlier simulations was used as a model for the =

initial conditions of the new runs, characterized by the r‘% el

electron temperature, ion temperature, and temperature =

anisotropy resulting from the Buneman and ion two- o B

stream instabilities. The simulation results show a

.. . 0.02 A

significant growth of out-of-plane magnetic field energy

during t=2000-6000 (normalized by electron plasma 0.00 . | | | | | | |
frequency), potentially consistent with the development 0 1000 2000 3000 4000 5000 6000 7000 8000
of the Weibel instability driven by the temperature t/wﬁel

anisotropy. However, further extension of the |} .
simulation box size is needed to fully capture the long- || FIG. Time evolution of the out-of-plane magnetic field
term evolution of the Weibel instability and its impact || energy density (in arbitrary units). A rapid growth of
on the shock structure. magnetic field energy is observed between t=2000 and t=6000,
[1] K.F.F. Law, S. Fujioka and Y. Ohira, The subsequently saturates and shows a gradual increase at later
Astrophysical Journal, vol. 982, 101 (2025) times.
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Simulation analysis for studying dynamics of fusion burning
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SUN#:/IAB ‘; o s pmn A xtended trial to give the criteria for C/O detonation
Iai%ﬂéﬁi CE J: hj: j/l/ 6 3{’{2& hi N b= ‘H‘ b—*% Fﬁﬁ = Multi-cell scales appear: A (C-burn), 4, (O-burn)
(Z BRI NVR L « IREE DBRET T Tl Z 2B E B L e

THY., FEEMZ LD OEFENSREA L T
BRIRBEDS B ARSI LISBER 23 100%123005 <,
BATICHBITDEFRORBELTHER (/T 3
YF VD) OEUEERITTT 20 0BmHNTF LT, i

Multi-cells observed in terrestrial detonation
(H,-NO,/N,0,). but understanding is immature
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FIG.1 Simulation result on C/O detonation to explain the
mechanism of the previous paper (Joubert, et al., 2008) shows
Multi-cells observed in terrestrial detonation
(H2-NO2/N204).
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Proton Fast Ignition Integrated Experiment
A. Morace'?, S. Singh?, Y. Arikawa!, S. Agarwal?, D. Singappuli3, S. Jelinek?, L. Juha2, D. Molloy*, S. Fujioka!, A.

Yogo!

1) Insitute of Laser Engineering, Osaka University, 2) Institute of Physics, Czech Academy of Science, 3) CELIA,

University of Bordeaux, 4) Queen’s University of Belfast.

SUMMARY

Proton Fast Ignition is an intriguing, yet under-
investigated approach to Inertial Confinement Fusion,
which found renewed interest after the outstanding NIF
ignition results. In this work we conducted a fully
integrated Proton Fast Ignition experiment at GXII-
LFEX, Institute of Laser Engineering.

The goal of this research is to provide information on
the vulnerabilities and feasibility of the approach.
Preliminary results show that there is a strong
dependence on the proton beam generation, in particular
proton number and max proton energy, from the delay
between GXII and LFEX. This suggests that in the
current experiment there was a strong influence of the
GXII unconverted light on proton beam generation.
Future experiments will need to take this factor into
account.

8 MeV protons max energy

~4 MeV protons max energy

~3.6 MeV protons max energy

FIG. Thomso Parabola results showing that the maximum
proton energy and proton energy depends inversely on the
GXII-LFEX delay. This suggests influence of the unconverted
GXII light, likely pre-expanding the proton generation foil.
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Towards Real HyperVelocelmpact using Shock Produced by Laser Plasma. Application to debris protection,
planetary defense and soil hydration by impacts.
L. Berthe!, M. Weber?, M. Harmand!,R. Sevestre?, T.Sano*, D.Loison3, A. Benuzzi-Mounaix?, E.Lescoute’, D. Hebert’
1) Lab. PIMM — Paris - France 2) Lab. LULI — Palaiseau - France 3) Lab. IPR- Rennes - France 4)ILE — U. Osaka Japan

5) CEA — Cesta

SUMMARY . The 2025A1-021 beamtime

achieved all objectives for the High Velocity
Impact/Shock analogy (up to 70 km/s): pressure
loading characterization, Equation of State
measurements of impacted materials (Al, C,
S102), momentum-transfer measurements using
a Dballistic pendulum and crater analysis.

Visar + Hydro Simulation PDV + Pendulum

LY
1 : ]
- .
z . i
2 .

Pressure Profile an

Pendulum data show the coupling parameter Bl [ TN Crater
decreases with IAVT for 20/3® harmonics (2.5 ns io | | .
pulse, EDM3/ALl targets), with values an order of ol A ? N
magnitude higher than previous "o 25 6 7s 107 15 0 e o s L
LULI2000/GCLT results. Impacted surfaces [| ~  oewomspmvassmm

exhibit ablation imprints beyond the crater, ||
linked to residual lo laser radiation. Craters || giG. On the left, Pressure loading (up to 70 GPa)

reached depths >800 um, indicating velocities | characterization coupling Velocity Measurements using
>10 km/s. More experiments will isolate ® || VISAR. On the right, Coupling parameter as fonction of Laser

contributions to coupling parameter. Parameters and crater profile up to 800 um of depth indicating
equivalent HVI > 10 Km/s




Studies of Equation of State of cubic Boron Nitride and Amorphous Carbon in extreme conditions
K. Batani!, D. Batani?, D. Mancelli?>, Hanna Marchenko!, Agnieszka Zaras-Szydtowska! , W. Kang?, Toshimori
Sekine*, Norimasa Ozaki*, Keisuke Shigemori®

1) Insitute of Plasma Physics and Laser Microfusion, Poland, 2) University of Bordeaux, France, 3) Peking University,
China, 4) Graduate School of Engineering, Osaka University, Japan 5) ILE, Osaka, Japan

SUMMARY

We aimed at studying the equation of state (EOS) of
boron compounds (boron nitride) in extreme conditions.
These data are essential as input for theoretical
calculations and to validate the EOS tables used in
hydrodynamic codes. We used the GEKKO laser
operating at 3w and 2m with square pulse shape
changing intensity in the range 103W/cm?-1014W/cm?,
We were operating in two scenarios — single and double
shock mode. The double shock was driven using two
laser pulses delayed by 4.5 ns. This experiment will
allow to define Equation of State data along the
principial Hugoniot but also to get data points for off
Hugoniot states, using VISAR and SOP diagnostic.

We have also performed similar studies for aluminium
silicate, which has implication in mineral science and
geoscience.

323 px =5.68 ns l‘

Qz (100 um)
587 px=10.32 ns

720 px= 12.66 ns
Vgy = 14.33 km/s 786 px=13.82 ns

20 ns

FIG. (#49190, the first shock driven laser pulse at 3w, t=2.5
ns, E~76 J, the second shock driven by laser pulse at 3,
1=2.5 ns, E~352 J ). Delay between the two pulses was 4.5 ns
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Investigation of Electron Acceleration from Low-beta Magnetic Reconnection using Short-Pulse Laser-

Driven Capacitor-Coil Targets
Y. Zhang', R. Omura?, R. Akematsu?, K. F. F. Law?, B. K. Russell!, G. Pomraning', K. Orr', K. Kimura?, M. F. Syahbana?, Y.

Karaki?, H. Matsubara?, R. Yamada?, J. Dun?, R. Takizawa?, Y. Arikawa?, T. Pikuz?, Y. Fukuda?, L. Gao?, H. Ji*3, S. Fujioka?
1) Princeton University, USA, 2) The University of Osaka, Japan, 3) Princeton Plasma Physics Laboratory, USA,
4) Kansai Photon Science Institute, Japan

SUMMARY

We conducted a successful experimental campaign with
the support of the ILE team, achieving initial particle
acceleration measurements in capacitor—coil targets.
Experiments were performed with both one-coil and
double-coil under different separation configurations.
No clear trend is observed in the electron energy spectra
when comparing different targets. This is likely because
the magnetic reconnection electron acceleration level
(estimated to be ~10 keV) is below the diagnostic
detection threshold (~100 keV). Comparing
measurements from ports 56 and 57, we observe
energetic electrons from port 57 that are likely produced
by target normal sheath acceleration (TNSA) due to
short-pulse laser interaction with the backplate. This
work provides an initial exploration of particle
acceleration in short-pulse-driven capacitor—coil targets
and lays the groundwork for future studies of magnetic
reconnection and associated particle acceleration.

Comparison of Shots for Port: ESM56 i Comparison of Shots for Port: ESM57

dN/dE (num/MeV)

Energy (MeV)

ESM view
from port 57

\

ESM view
from port 56

FIG. Electron energy spectrometer measurements for different
target geometries, including single-coil and double-coil targets
with separations of 300, 600, and 900 um, as well as two void
shots with significantly lower laser energy. (a) Electron energy
distribution measured from port 56, normal to the front plate. (b)
Electron energy distribution measured from port 57, normal to

the back plate.
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Thomson Scattering and Interferometry Measurements to Characterize Magnetically Driven Reconnection

at Low Beta Using Capacitor Coil Targets Powered by Short-Pulse Lasers
Y. Zhang', R. Omura?, R. Akematsu?, K. F. F. Law?, B. K. Russell!, G. Pomraning', K. Orr', K. Kimura?, M. F. Syahbana?, Y.

Karaki?, H. Matsubara?, R. Yamada?, J. Dun? R. Takizawa?, Y. Arikawa?, T. Pikuz?, Y. Fukuda?, L. Gao?, H. Ji*3, S. Fujioka?
d
1) Princeton University, USA, 2) The University of Osaka, Japan, 3) Princeton Plasma Physics Laboratory, USA,
4) Kansai Photon Science Institute, Japan

SUMMARY

We conducted a successful experimental campaign with
the support of the ILE team, achieving high-quality
interferometry measurements of capacitor—coil targets.
We performed experiments with both no-coil and
double-coil configurations. These measurements
provide direct evidence that plasma loading in laser-
driven capacitor—coil targets arises from two distinct
mechanisms: plasma generated in the coil itself and
plasma supplied by expansion from the laser interaction
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0.8 -06 04 02 0 02 04 06 08 10
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region. These results, together with proton radiography  — T —m——

measurements from a separate campaign, have led to a .

manuscript currently under review at Applied Physics 1: \ \ o

Letters. They provide quantitative constraints on plasma || . .: %\\\\\\\\
loading and density distributions in capacitor—coil : \\ §\Q & : . Z
targets, which are essential for the interpretation and s X v

modeling of magnetized high-energy-density plasma e 1 N
experiments. easas 0 0asna0s 0aas05a2 0 o2 08 as 0 O

FIG. Interferometry measurements for different target geometries at multiple times. (a—c) show a no-coil target at t = 1.0 ns. (d—f) and (g—i) show coil targets at t
= 1.0 ns and t = 3.1 ns after laser irradiation. Panels (a, d, g) are reference interferograms before the shot, (b, e, h) are during the shot, and (c, f, 1) are the inferred
line-integrated electron density maps. Density is reconstructed only where clear fringes are present; regions without reliable fringe information are masked (white
areas), resulting in a smaller reconstruction area. Red dashed lines indicate the original target position.



Characterization of magnetic field generation by short-pulse-powered capacitor-coil targets

using the LFEX lasers
Y. Zhang', R. Omura?, R. Akematsu?, K. F. F. Law?, B. K. Russell', G. Pomraning', K. Orr!, K. Kimura?, M. F. Syahbana?, Y.

Karaki?, H. Matsubara?, R. Yamada?, J. Dun?, R. Takizawa?, Y. Arikawa?, T. Pikuz?, Y. Fukuda?, L. Gao?, H. Ji'3, S. Fujioka?
1) Princeton University, USA, 2) The University of Osaka, Japan, 3) Princeton Plasma Physics Laboratory, USA,
4) Kansai Photon Science Institute, Japan

SUMMARY

We conducted a successful experimental campaign with
the support of the ILE team, achieving high-quality
proton radiography measurements of capacitor—coil
targets. Radiography was performed in both face-on and
side-on configurations; the face-on geometry produced
clear magnetic deflection signals near the coil, while the
side-on configuration, though less effective, provides
guidance for improved implementation in future
experiments. Synthetic radiography using PlasmaPy,
based on Biot—Savart modeling of the coil geometry,
reproduces the observed deflection patterns. By
comparing simulations with experiment, the coil current
is inferred to be 29 =5 kA. These results, together with
interferometry measurements from a separate campaign,
have led to a manuscript currently under review at
Applied Physics Letters. This work paves the way for
future studies of magnetic reconnection using short-
pulse-driven capacitor—coil targets.

0.8

0.4

-0.6

0.8 -0.8

AT T T -1.0
-1.0 -08 -0.6 -04 -02 0 02 04 06 08 1.0 -1.0 -0.8 -0.6 -04 -02 0 02 04 06 08 10

FIG. Face-on Proton radiography of the capacitor--coil target.
(a) Proton radiograph obtained with 6.2 £ 0.5 MeV protons at
t = 0.59 ns. The color scale is not absolutely calibrated and
qualitatively represents the proton flux, with darker regions
indicating higher proton deposition. The coordinate axes are
referenced to the target plane. (b) Synthetic proton radiograph
calculated assuming a 29 kA current in each coil. (c) Overlay
of the synthetic radiograph on the experimental image. Dashed
lines indicate the deflection contour derived from the synthetic
proton radiograph shown in (b).

31



~ IV F VIR A AEXER IR I X DB Em OB E R L A T 7 ADfiE
/NG FEBL
1) &R ZHUTHFIE IS (OST)  BIP ¢ &1 FLHA0F 980T (KPSI)

SUMMARY

To interaction chamber

This study investigates the effect of pulse duration on O
relativistic electron (RE) acceleration by high-intensity ==
lasers. In recent kilojoule-class PW laser facilities, G+
multi-picosecond relativistic laser irradiation is possible.
Using the LFEX laser, we observed the generation of
super-ponderomotive relativistic electrons (SP-REs).
Particle-in-cell (PIC) simulations revealed that self-
generated electrostatic and magnetic fields are essential
for SP-RE generation, with energy amplification
occurring through the loop-injected direct acceleration
(LIDA) mechanism. The experiment aims to verify the
sudden growth of self-generated magnetic fields and the LEGEND | Alignment iis
synchronization between SP-RE generation and plasma et ] potaraton s
expansion. Additionally, RE energy distribution will be Syt ins —
measured under different pulse conditions using :
temporally stacked LFEX laser pulses. The time-
resolved observation will be conducted using the
polarization-gating frequency-resolved optical gating
(PG-FROG) technique.

OIS Y

Camera

Camera

Beam splitter l SF-11 glass

[ N e——

Compensator UJ Achromatic lens

o Aspheric lens

—+——  Mixed-pol.
S-pol.
P-pol.

Beam sampler

E’ Polarizer m Half-wave plate U Grating

FIG. Schematic of single-shot polarization-gate frequency-
resolved optical gating (PG-FROG). The single-shot FROG
variant is based on the fact that the temporal delay can be
mapped onto the spatial transverse position.
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Ultra-high intensity focusing of LFEX by a post compressor
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SUMMARY
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KeV resonance spectroscopy of cryogenic samples using laser-driven neutrons
Z.Lan', Y. Arikawa!, T. Wei?, Anton Tremsin®,A. Morace!, T. Hayakawa?, H. Sato*, T. Kamiyama*, M. Koizumi°,
Y. Abel, S. Fujioka!, R. Kodama' & A. Yogo!

1) Institute of Laser Engineering, Osaka University, Japan, 2) Kansai Institute for Photon Science, National Institutes for
Quantum Science and Technology, Japan, 3) University of California at Berkeley, US, 4) Faculty of Engineering,
Hokkaido University, Japan, 5) Integrated Support Center for Nuclear Nonproliferation and Nuclear Security, Japan
Atomic Energy Agency, Japan, 6) Graduate School of Engineering, Osaka University, Japan.

SUMMARY

We advances laser-driven neutron resonance
spectroscopy  from  proof-of-principle  toward
quantitative line-shape analysis under cryogenic
conditions. In this year’s LFEX experiments, we carried
out neutron imaging at a 3 m beamline and resonance
measurements at a 2 m beamline, introducing ultra-cold
resonance samples down to about 3 K. Despite
experimental challenges, clear resonance structures
were obtained, indicating reduced Doppler broadening
and improved sensitivity to intrinsic resonance line
shapes. Scientifically, this opens a route not only to
higher-resolution spectroscopy but also to studies of
low-temperature lattice dynamics and solid-state effects
beyond the conventional free-gas regime. The broader
impact is the development of a compact, pulsed neutron
platform  for  isotope-selective,  non-destructive
diagnostics relevant to nuclear data, materials science,
and extreme-condition measurements.
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Energy bunching and acceleration enhancement of laser-driven proton and alpha particle beams using

helical coil targets with tube
C. Lacoste!?2 , M. Huault! , H. Larreur! , K. Aliane! , P. Nicolai! , D. Batani! , E. d’Humiéres! , P. Antici?,
D. Raffestin! , A. Morace? and M. Bardon!
1) CELIA (university of Bordeaux-CNRS-CEA), France, 2) INRS-EMT, Canada 3) ILE, Osaka University, Japan

SUMMARY

Recent experiments conducted on the LFEX laser
facility in Osaka demonstrate the outstanding potential
of helical targets for high-energy proton acceleration.
For the first time, these targets were operated in a
high-energy (1200 J) and high intensity (10" W/cm?)
regime, enabling the ejection of large charge densities
and the generation of coil currents reaching several
tens of kA. This resulted in a significant increase of the
proton cutoff energy from 33 to 50 MeV, alongside the
emergence of spectral bunching around 30 MeV.
Notably, beam fluence was enhanced by an order of
magnitude due to  sub-degree  collimation.
Furthermore, new coil geometries optimized for
carbon ions vyielded cutoff energies up to 200 MeV
with pronounced bunching at 100 MeV. These results
open promising pathways toward isochoric proton
heating, fast ignition schemes for ICF, and advanced
hadron therapy applications.

p+ spectra - LFEX experiment (2025)
g - T T T I T T T

[ TNSA - shot 6194 |
10" |=——HC a- shot 6196 |

10" |-

dN/dE/sr

1011 L

1010
0

FIG. Measured proton spectra with (red curve) and without
(black curve) helical target. A 15um aluminum foil is used in
both cases to interact with the LFEX laser beam.
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Characterization of LFEX laser-generated fast electrons via modeling angular-dependent bremsstrahlung

measurements
H. Sawadal, S. Fujioka?, T. Mackawa?, H. Matsubara?

1) University of Nevada Reno, USA, 2) Institute of Laser Engineering, University of Osaka, Japan

SUMMARY

Understanding the energy spectrum, divergence angle,
and laser-to-electron conversion efficiency is crucial for
advancing fast ignition in laser fusion research. This
project aims to characterize fast electrons generated by
the kilojoule-class, short-pulse LFEX laser through
angular-dependent bremsstrahlung measurements. To
compare with measurements obtained in a collaborative
experiment, we performed 2D hybrid particle-in-cell
simulations using LSP. Simulated bremsstrahlung
spectrometer signals, including the spectrometer
response function, are presented in the figure. The
relative intensities among the spectrometers do not
represent the trends observed in the measurements. This
result indicates that accurately reproducing angular
dependent bremsstrahlung radiation requires three-
dimensional simulations that properly model the
spectrometer viewing directions. In parallel, alternative
Monte Carlo modeling approaches incorporating
mathematical optimization and machine learning are on-

going.

Hybrid Particle-in-cell simulation

up to 100 keV photons (cuch7b)

Fast electron
beam

-0.2 -0.1 0 0.1 0.2

FIG. (Left) Photon distribution in a copper foil with a plastic
backing layer from a two-dimensional hybrid particle-in-cell
simulation (Right) Simulated bremsstrahlung spectrometer
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e
o
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signals for three viewing directions.
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Online reading of photostimulable phosphors for integrated detection of high energy radiation
S. Miyamoto, H. Matsubara, N. Tanaka, K. F. F. Law, R. Takizawa, J. Dun, X. Han, Y. Karaki,
and S. Fujioka
Institute of Laser Engineering, The University of Osaka
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Investigation of low-density foams targets as advanced proton sources driven by relativistic laser pulses
D.Batani', G.Malka', K.Batani?, H.Larreur', Ph.Nicolai!, D.Raffestin!, J.Commenge', D.Molloy?,
Dong Ao*, S.Pikuz?, Wei Kang’,Bing Liu#, A.Morace®
1) Univ Bordeaux, France, 2) IPPLM Warsaw, Poland 3) HB11 Energy, Australia,
4) ENN, China 5) PKU Beijing, China 6) ILE Univ. Osaka, Japan

SUMMARY

The goal of this experimental campaign was to confirm
and extend some of the results of the experiment
conducted on LFEX in 2024. We irradiated plastic
foams from different manufactures and different
densities (from 2 to 8 mg/cc).

In agreement with the findings of the previous
campaign, we observed that using very low density
foams the maximum proton energy (cut-off) was
reduced but the total number of protons increased,
especially in the low energy range (S 5 MeV). In
comparison, irradiated thin plastic foils provided higher
cut-of energies and lower total yields. Cut off energy
was reduced from ~ 40 MeV with foils to about half
with low density foams. At higher densities ~8 mg/cc
the effect disappeared (low cut-off and low yield). Even
with foams, proton acceleration resulted to be normal to
the rear target surface (as we checked by rotating the
target in one shot) as for TNSA acceleration. Results
are now being analyzed and an article is in preparation.

8_TP53_1447-foam-[Phosphor].gel (26%)
30x5 cm (6000x1000); 16-bit (inverting LUT); 11M8

1013 4

10%

.
1
|

Nbr.p+/MeV.Sr

- 5.0 7.5 10.0 12.5 15.0 17.5 20.0
Energy [MeV]

FIG. Up) Thomson parabola traces for shot #4 [6208] at 1091
J using a Chinese foam of density 2 mg/cc, Bottom) the
deconvoluted spectrum (number of protons per MeV and solid
angle)
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Focusing and light-ion acceleration through multi-picosecond pulse shaping
R. Simpson!, D. P. Higginson!, A. Morace?, Y. Arikawa?, A. Kemp!, D. Mariscal!, T. Mukai?,
P. Samimy?, A. Yogo?, R. Yamada®
1) Lawrence Livermore National Laboratory, Livermore, California, USA, 2) Institute of Laser Engineering, Osaka
University, Japan, 3) University of California San Diego, San Diego, California, USA

SUMMARY B 15ps A 6ps @ 3ps — -1%0.5 ——BestFit
45
Multi-picosecond laser pulse shaping effects on proton < 40
acceleration and focusing were investigated at LFEX. T 35
Three configurations of the four laser beamlets were 5
tested: all four aligned in time (1.5 ps duration, intensity E -
~1el9 W/cm?), a pulse train (6 ps, ~2.5¢18 W/cm?), and S
an intermediate case (3 ps, ~5¢19 W/cm?). The beams s i
were incident on a thin curved target to observe protons e
accelerated via target normal sheath acceleration g 0
(TNSA). While proton acceleration was reduced at & 5

lower intensities (i.e., longer pulse duration) the 0

reduction was weaker than expected via, I, TNSA ANyl RANHENED
ponderomotive scaling. Simulations support this trend Peak Laser Intensity (W/cmz2)

and suggest flatter multi-pulse shapes outperform
equivalent Gaussian pulses. This work improves
understanding of laser-plasma coupling, electron
generation, and ion focusing for fast ignition. Broader
impacts include strengthening predictive modeling for
inertial fusion energy applications.

FIG. Maximum energy of TNSA protons recorded using
radiochromic film (RCF) located normal to the target, as a
function of the incident laser intensity. The different pulse
durations are described in the legend. The solid curve show
the best fit to the data, 1°2, and the dashed curve represents the
ponderomotive scaling, 19,
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Study of “Investigation of Laser-Plasma Instabilities in long plasmas and ICF laser intensities” by
G. Cristoforetti!, Keisuke Shigemori2, L.A. Gizzi!, P. Koester!, E. Hume!, D. Batani®, P. Nicolai®, Chiharu Nakatsuji,
Shun Horimoto?, Norimasa Ozaki®,
1) Istituto Nazionale di Ottica-CNR, Pisa, Italy, 2) Institute of Laser Engineering, Osaka University, Osaka, Japan,
3) Université Bordeaux, CNRS, CEA, CELIA, Talence, France,
4) Graduate School of Engineering, Osaka University, Osaka, Japan

SUMMARY Shot 70

In the experimental campaign the energy, spectrum and
the temporal evolution of the back-scattered light
originating from parametric instabilities during the
interaction of the main beams with a plasma created by
the heating beams was characterized for a set of delays
between the heating beams and the interaction beams.
The energy spectrum of hot electrons originating from
parametric instabilities was also characterized. In
addition to the standard thick (50um) targets, thin
targets (2-5um thickness) were employed in order to
achieve a long density scale length plasma closer to ICF
conditions. Preliminary results indicate that the amount
of back-scattered SRS (Stimulated Raman Scattering)

was found to increase with decreasing target thickness
(longer density scale length) FIG. Spectrally and time-resolved back-scattered llght from the

interaction of the laser beams with a 50um thick plastic target at a
delay of 300ps delay between the heating beams and the
interaction beams showing signatures of TPD and SRS.

450 500 550 600 650 700 750
Wavelength (nm
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Enhancement of X-ray Thomson Scattering Capability for Probing Astronomical-like and Fusion Plasmas
M. Koenig' (PI), S. Fujioka? (Co-PI), Y. Karaki®, M. Syahbana?®, T. Pikuz?, J. Dun?, F. Perez', F. Delahaye Lerma®, G. Gregori®, B. Albertazzi',
K. F. F. Law?, R. Takizawa?, H. Matsubara?, R. Akematsu?®, R. Oomura3, K. Kimura?

! Ecole Polytechnique, LULI; 2 Univ. of Osaka, ILE; * Univ. of Osaka, Dept. of Physics; * Observatoire de Paris, Sorbonne Univ.;
> Univ. of Oxford, Dept. of Physics.

SUMMARY

During this period, research focused on the
computational  design  for  integrating = X-ray
polycapillary (PCP) optics into the GEKKO-XII
chamber. Due to customs delays, efforts shifted to
rigorous HEART ray-tracing simulations to validate the
diagnostic geometry. These simulations revealed critical
constraints: the PCP’s physical footprint forces the
HAPG crystal approximately 1000 mm from the Target
Chamber Center, requiring it to operate at a 4th-order
diffraction to resolve the quasi-parallel beam. Analysis
proved that severe signal attenuation from this 1000
mm standoff, internal PCP transmission losses, and low
4th-order reflectivity completely negates the optic's
theoretical solid-angle advantage. Consequently, the
architecture was redesigned. Omitting the PCP allows a
simplified spectrometer to be positioned closer to the
plasma, prioritizing absolute photon collection for
future campaigns.

GEKKO-XII
(. llimator
i Pl 1000 mm
asgg

Scattered x-ray

LFEX X-ray probe \ /

GEKKO-XII Poiycapmary'

OW/,- Imaging plate
22

Curved HAPG crystal
I (4, odrer diffraction)

—’Dispcrsion axis

FIG. Experimental setup for the proposed XRTS-Polycapillary
diagnostic, demonstrating the ~1000 mm TCC-to-crystal
clearance constraint.
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Realization of fusion ignition with multi-scale shock wave control - Optimization of ultra-high pressure
shock wave generation and propagation by controlling laser-plasma interactions -
AREHW!, AR, KZHEN, REBEE, &HEAE,
R, PsinfE?, W EER?, RIRIUHE?, RERRSC, BERIEN, RAGER!
1) RIRKRF L—F—F 258
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L-shell opacity measurement for astrophysical applications
F. Perez?, J. Dun'2, F. Delahaye?, T. Pikuz 4, M. Koenig?, S. Le Pape*, B. Albertazzi 4, P. Renaudin?, C. Blancard >,
L. Jacquet>, R. Takizawa !, Y. Karaki'?, H. Matsubara!-?>, M. Syahbana!-?, Y. Akematsu!?, R. Omura'?, X. Wu!-,
S. Fujioka'-®
1) Institute of Laser Engineering, Osaka University, Osaka, Japan, 2) Graduate School of Science, Osaka University,
Osaka, Japan, 3) LUX, Observatoire de Paris, Paris, France, 4) Laboratoire LULI, Ecole Polytechnique, CNRS, Paris,
France, 5) Département de Physique Théorique et Appliquée, CEA/DAM [le-de-France, Paris, France, 6) National
Institute for Fusion Science, Gifu, Japan

SUMMARY

In this experimental campaign, we have
demonstrated that the laser-heated hohlraum system
achieves a time-resolved, temporally averaged radiation
temperature of approximately 80 eV, which is sufficient
to produce the calcium ionization states of interest.
Additionally, three-channel time-resolved radiation
intensity measurements were performed to characterize
the temporal evolution of the radiation field within the
hohlraum. To facilitate plasma opacity analysis, we

acquired multiple datasets comprising backlighting,
self-emission, and sample absorption spectra. However,
extracting the transmission spectrum remains highly
challenging due to substantial background signals and
systematic uncertainties. Ongoing efforts are focused on
refining the background subtraction and error mitigation
protocols to reliably isolate the experimental
transmission spectra.
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FIG. (a) Experiment layout. 6 GEKKO beams are used to
drive the hohlraum, and 3 additional GEKKO beams are used
for drive the backlighter. (b) Calibrated spectrum. All the data
are processed by the background removal code. The intensity
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Investigation of early-stage hydrodynamic perturbations and evolution via x-ray phase contrast imaging in

laser-driven planar targets
X. Zhao!, Y. Wang!, B. Fisher!, D. Kosimov!, L. Antonelli', A. Morace?, Y. Sakawa?, D. Manceni?, D. Batani?, Y. Dai*, X.
Yuan*, H. Gu’, J. Zhang?*, and N. Woolsey!
1) York Plasma Institute, University of York, Heslington, York, United Kingdom
2) Institute of Laser Engineering, Osaka University, Suita, Osaka, Japan
3) Université de Bordeaux, CNRS, CEA, CELIA, France
4) Key Laboratory for Laser Plasmas (MoE) and School of Physics and Astronomy, SJTU, Shanghai, China
5) Beijing National Laboratory for Condensed Matter Physics, IOP, CAS, Beijing, China

SUMMARY

The experiment used LFEX to irradiate a ~15 pum
copper wire on a CH substrate, generating a point-like
X-ray source for phase-contrast imaging of laser-driven
density perturbations and shocks. In parallel, a Gekko
beam irradiated a Mo target for face-on radiography. A
major limitation was the high background level which
severely degraded the imaging and signal to noise ratio.
This background originated from fast electrons and as
confirmed later, high-energy protons. These charged
particles saturated the IP detector, significantly
degrading performance. The X-ray streak was not
usable for face-on radiography due to alignment issues
at port 53. Additionally, the high-magnification target
alignment camera’s field of view did not cover the
LFEX target. Future experiments will develop dedicated
diagnostic suite for X-ray imaging at Gekko & LFEX.

(a)

P53 (Streak)

FIG. (a) Setup of the experiment. (b) X-ray imaging of of the
gold gird. The resolution is limited by the laser pointing and
high background levels created by charged particle .
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Development of an XFEL platform for high-power laser-irradiated nanowire arrays
H. Sawada!, D. Tanaka?, and K. Shigemori?
1) University of Nevada Reno, USA, 2) Institute of Laser Engineering, Osaka University, Japan

SUMMARY

This project investigates energy transfer in high-
intensity, short-pulse laser interactions with nanowire
arrays for the creation of hot dense plasmas, with
relevance to both fundamental physics and applications.
Nanowire arrays made of Cu or Ni were fabricated with
wire diameters ranging from 60 to 400 nm, filling
factors from 13% to 40%, and lengths of up to 13 pum.
Using the SACLA X-ray free electron laser (XFEL), we
investigated their static X-ray transmittance, the effect
of a pre-pulse on spatial modifications of the nanowires,
and the time evolution of laser-irradiated nanowire
arrays  using  ultrafast, time-resolved  X-ray
shadowgraphy. The X-ray shadowgraph images shown
in the figure indicate that the nanowire array structure is
preserved for several picoseconds after laser irradiation.
These findings provide an important stepping stone
toward a deeper understanding of energy transfer in
nanostructured materials.

D. Tanaka et al., J. Appl. Phys. 137, 125901 (2025)

Ratwo (-)

FIG. X-ray shadowgraph images and corresponding line
profiles of a dense nanowire array recorded at the time delays
of (a) 5.0, (b) 10, and (c) 50 ps.
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Theoretical study of efficiency of laser proton acceleration with kJ/PW laser light

Emmanuel d’Humieres!) , Natsumi Iwata?-, Yasuhiko Sentoku?
1) University of Bordeaux, 2) ILE, The University of Osaka

N, accelerated, E=1000 |

leld

SUMMARY .

We focused on the proton acceleration mechanism so
called Target Normal Sheath Acceleration (TNSA).
First, we examined the dependencies on laser irradiation
for the energy and number density of electrons in
previous research papers, obtaining scaling laws for the Eu
energy spectrum and cut-off energy of protons TTT cmeiem
accelerated by TNSA. Subsequently, using these scaling gt SO QT MR L R

laws, we created a Python program to compute an "
empirical scaling of energies and yields for both fast ) ::
electrons and MeV protons for different laser § 6 3
parameters. Using the scaling laws and analytical . &
models, we has mapped the fast electron temperature, 4 50
electron yields, proton yields, and proton cut-off energy 2 k 25

across a broad range of laser parameters. The maps and N IS

trends obtained in this study provide practical guidance | |-mmmmmmmmmm oo oo
for the design of future experiments, including TNSA- || Fig. Calculation of the developed model. Accelerated proton
driven proton sources and applications in p—B fusion or || yield N, (above) and proton cut-off energy (below) as a
radioisotope production. function of laser spot radius and pulse duration for laser

energy of 1000 J.

Pulse duration (ps)

Pulse duration (ps)

95



Theoretical study of efficient hole-boring of kJ/PW laser light in inhomogeneous plasmas

Alexey Arefiev!) , Natsumi Iwata?, Yasuhiko Sentoku?
1) University of California, San Diego, 2) ILE, The University of Osaka

SUMMARY

We conducted a theoretical study on the propagation
of relativistic laser light in inhomogeneous plasmas
where the density increases exponentially. Using one-
dimensional PIC simulations, we found that when the
pulse front velocity equals to the velocity of the ions
accelerated at the front, the mode transitions from the
relativistic transparency mode to the hole-boring mode.
We modeled the structure of the pulse front and derived
a theoretical expression for the group velocity in the
relativistic transparency mode. We also succeeded in
formulating the density at which the mode transition
occurs.

Transition velocity

L _ 2}’
PR
1.0
ap = 100 : group velocity
0.8 oy '
- simulation+
: . transition
vf ++
= 0.4 * i
Vi !
—~0.196 P
0.2 § -
. on velocity, ]
0.1 1 ‘Tk 10 100
nC

Fig. 1D-PIC simulation of relativistic laser pulse propagation
in inhomogeneous plasmas. When the pulse front velocity gets
close to the ion velocity at the pulse front, the transition from
the relativistic transparency to the hole-boring mode.
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Development of Dual X-ray and Proton Radiography for a Direct Drive Fast Ignition Cone-Sphere Target
H. Sawada!, 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 develop a modeling capability for
dual X-ray and proton radiography of laser-driven fast-
ignition targets conducted on the Gekko-XII laser.
Simultaneous X-ray and proton measurements provide
information on plasma density, as well as field strength
and structure, which are critical for understanding
magnetized plasmas for inertial fusion and laboratory
astrophysics.

In this year, modeling of a cone-ball target was
developed using the Monte Carlo code, PHITS. As
shown in Fig.1, the experimental and simulated proton
image of a cold target is in good agreement. For driven
targets, electric fields calculated from results of the two-
dimensional radiation hydrodynamics code PINOCO
has been implemented in PHITS. However, the current
simulated images do not reproduce features observed in
the experiment. Improvements to PHITS simulations,
including the effects of magnetic fields and proton
stopping and scattering in plasmas, are planned for the
next year of the project.
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FIG.1 Comparison of (a) measured and (b) simulated proton
images of a cold cone-ball target. (c) PHITS simulation

geometry (d) A simulated proton image for a driven target.
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Optimization of the implosion laser pulse for a solid target via machine learning
F. Wu!, W. Sun' and S. Fujioka?
1) Shanghai Jiao Tong University, China, 2) Institute of Laser Engineering, Osaka University, Japan

SUMMARY

Based on the results of previous optimizations, the
core task of this phase is to reduce the peak laser
power to less than 500 TW. This goal has been
successfully accomplished and the laser waveform has
been further optimized from the actual working
process of the laser.

However, this new waveform uses lower total energy
(517kJ) and higher peak density (506g/cm3) than
before. Moreover, since there is still room for
improvement in the one-dimensional simulation of this
scheme the expected effect of this scheme is better

than all the previously discussed schemes.

logplg/cc]

Power(Tw)
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FIG. 1 Implosion trajectory, laser pulse and density map of the
solid target. It is shown that more than 500g/cc density can be
achieved with the help of machine learning optimization.
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Characterization of the initial linear transient phase in Richtmyer-Meshkov Instability
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 558-85835, Japan, 3) Instituto de Investigaciones Energéticas, EIIA,
and CYTEMA, Universidad de Castilla-La Mancha, 45071 Toledo, Spain.

SUMMARY

The linear planar Richtmyer—Meshkov instability is
governed by fully compressible dynamics at early times,
when acoustic waves reverberate between the shocks
and a corrugated material interface, and by an
effectively incompressible flow at late times, when the
interface grows at a constant velocity determined by a
frozen vorticity and entropy distribution. The exact
linear compressible theory developed by Wouchuk-
Nishihara [1] provides a closed-form expression for this
asymptotic growth rate for arbitrary pre-shock
parameters in ideal gas. However, a quantitative and
analytically tractable definition of the duration of the
initial compressible startup phase is still lacking. In the
first year of this ILE Collaborative Research, we
formulate such a definition directly within the exact
compressible theory, and we derive simple estimates of
the corresponding startup time that depend only on
shock and material parameters.

[1]J. G. Wouchuk and K. Nishihara, Phys. Plasmas 3, 3761 (1996).
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FIG. Definition of the end of the initial transient phase based
on the convergence of the wvelocity evolution with its
asymptotic regime.
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Kinetic modeling of alpha particle energy transfer and transport in burning plasmas

D. Higginson!, N. Iwata?, N. Okuda’, and Y. Sentoku?
1) Lawrence Livermore National Laboratory, USA, 2) Institute of Laser Engineering, The University of Osaka,
3) Graduate School of Science, The University of Osaka

SUMMARY

. 5
Understanding the energy transfer and transport 10°F f"“ = 700 keV

physics in burning plasmas is important for plasma
physics and fusion science. In this study, we
investigated energy transport among charged particles
in deuterium-tritium (DT) plasmas based on kinetic
descriptions. We performed a Monte-Carlo calculation 10'f
of binary collisions to simulate the temporal evolution 1 07 102 103
of the energy distribution of plasma particles during Energy [keV]
energy transfer from seed alpha particles. As seen in Fig.
1, in addition to the bulk plasma heating from the initial
3 keV distribution, a non-thermal tail component
appears in the energy distribution of D ions. We found a
threshold energy & for the appearance of the non-
thermal distribution due to alpha-ion collisions. Since
the fusion cross section depends on the relative energy
of the ions, such understanding of energy distribution
evolution is important for estimating the fusion burn
rate.
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FIG. 1 Monte-Carlo calculation of binary collisions in a
uniform DT plasma of mass density 200 g/cc. Seed alpha
particles with density of 1 % of the total ion density are
distributed at an initial energy of 3.5 MeV. The gray dashed
line indicates the initial distribution of DT ions. The figure
shows a snapshot at t = 1 ps. The vertical dashed lines
present the theoretically-obtained threshold energies for the
appearance of non-thermal distributions for D and T ions.
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Characterization of atmospheric-pressure plasmas induced by laser irradiation at liquid surfaces
A.N. Delfino!, J. E. Hernandez, 112, M. Wada!, H. N. Yoshikawa!
1) Doshisha University, Japan, 2) Resonac Hard Disk Corporation, Japan

SUMMARY

The present project aims to elucidate the optodynamics
of liquid surfaces, with particular emphasis on the
modification of interfacial properties via radicals and
ions generated in the vicinity of the surface.
Atmospheric-pressure  plasmas are induced by
nanosecond laser pulses irradiating the surfaces of
water and NaCl aqueous solutions. The laser beam, with
a wavelength of 1064 nm, is focused onto a liquid
surface area on the order of mm? to generate the plasma.
The chemical composition of the resulting plasmas is
analyzed by optical emission spectroscopy. The decay
time constants of identified species are estimated by
monitoring the temporal evolution of the spectra. These
results provide a basis for ongoing research on the
effects of laser irradiation on the interfacial dynamics of
droplets, which occur on comparable time scales.
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FIG. Temporal evolution of emission spectrum for laser-
induced plasmas at the surface of deionized water.
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Generation and application of high energy density plasma by interaction
between high intensity laser and structured medium
-Generation of high intensity high order harmonics-
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Crystal phase identification and imaging of biominerals by terahertz spectroscopy
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Exploring zinc oxide thin films for the detection of high-energy radiation
M.C. Raduban!, Y. Akabe?, N. Sarukura?, K. Yamanoi?
1) Unitec Institute of Technology, New Zealand, 2) Institute of Laser Engineering, Osaka University, Japan

SUMMARY

Ultrafast luminescence below 100 ps is critical for
time-of-flight systems and high-speed photonic
applications. However, materials such as barium
fluoride (BaF:) and bulk zinc oxide (ZnO) typically
exhibit undesirable slow emission components in the
nanosecond to microsecond range. In this work,
undoped ZnO films with thicknesses of 2.2-5.7 pum
were deposited on soda-lime glass substrates without
buffer layers using hybrid pulsed reactive magnetron
sputtering in the medium-frequency (MF) regime,
assisted by electron cyclotron wave resonance plasma.
The films demonstrate strong ultraviolet emission,
ultrafast decay, and significantly suppressed defect-
related visible luminescence. Notably, the 4.7 um
thickness film achieved an exceptional 12.8 ps decay at
room temperature. These properties are attributed to
enhanced plasma conditions that improve crystallinity
and reduce defects. The results highlight the potential of
Zn0O films for advanced time-resolved detection and
imaging technologies.
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FIG. Ultrafast decay time of the 380-nm UV luminescence
from MF-deposited film with a decay time of about 12.8 ps
compared to bulk ZnO with a decay time of about 181.3 ps.
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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 for high-performance neutron beam
measurements combining fast response and high light
output.

We have investigated new glass compositions based
on modified APLF80 glass. The PL and PLE spectra of
representative Pr’*-doped glasses are shown in the
figure. Compared to APLF80 glass, the PL and PLE
spectral profiles of all samples were nearly identical.
However, the PLE profiles were slightly broadened and
the PL peaks shifted to longer wavelengths. We plan to
measure  fluorescence lifetimes and  evaluate
scintillation properties of Pr3*-doped glasses with new
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compositions. 200 210 220 230 240 250 260 270 280 290 300 310 320 330
The glass scintillator developed through this Wavelength (nm)

collaboration will serve as a fundamental technology |f------mmmmmmmm oo

supporting a safe and secure society. FIG. PL and PLE spectra of Pr3* in lithium fluorophosphate

glasses of type (a) and type (b) compared to (¢) APLF80 glass:

excited at (a) 229 nm, (b) 227 nm, and (c) 227 nm; monitored at

(a) 273 nm, (b) 274 nm, and (c) 273 nm.
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High pressure effects in wide band gap fluoride crystals
M.C. Raduban!, N. SarukuraZ, K. Yamanoi2, T. Shimizu?
1) Unitec Institute of Technology, New Zealand, 2) Institute of Laser Engineering, Osaka University, Japan

SUMMARY

This project investigates the luminescence properties
of fluoride crystal scintillators such as cerium-doped
lithium calcium aluminum fluoride (Ce:LiCAF) under
high-pressure conditions. Scintillators are essential for
detecting high-energy radiation in applications such as
PET, X-ray imaging, and security systems, where high

luminescence intensity and fast decay times are required.

Although Ce:LiCAF offers high neutron sensitivity and
short fluorescence lifetime, its low luminescence
intensity limits performance. To address this, the study
explores whether applying high pressure can enhance
emission properties through structural phase transitions.
Using a diamond anvil cell, pressures up to ~10 GPa
were applied, and X-ray diffraction confirmed a phase
transition from hexagonal to monoclinic structure
around 7.8 GPa. Luminescence measurements showed a
pressure-induced shift in emission wavelength, although
intensity changes remain inconclusive. Future work will
focus on lifetime measurements and understanding the
emission shift mechanism.

~ i Luminescence
- 1 T
| 1 Spectrometer '’

Irradiated X-ray
20 keV

FIG. Schematic diagram of the experimental setup used to
investigate the effect of high pressure on the structural and

luminescence properties of Ce:LiCAF crystal. XRD
measurement i1s performed to confirm structural phase
transition of the Ce:LiCAF crystal. Luminescence

measurement is performed to investigate the effect of high
pressure application on the emission intensity and emission
wavelength of Ce:LiCAF crystal.
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Reevaluation of Ceramic Product Distribution in East Asia through Imaging Spectroscopy Analysis
G. Miyabara! and T. Shimizu-?
1) Graduate School of Humanities, The University of Osaka, Japan, 2) Institute of Laser Engineering, Osaka University, Japan

SUMMARY This project uses imaging spectroscopy to
reevaluate East Asian ceramic distribution (17th—18th
centuries), moving beyond typological and limited
compositional analysis. The goal is to connect pigment
production/distribution and consumer color preferences
(specifically the red overglaze enamel) with ceramic
distribution.

Samples will be analyzed from key consumption sites like
the Jesuit House, Parian, Cebu, the Philippines, and
production centers such as Arita Uchiyama and
Jingdezhen. The red overglaze enamel's history is
complex: initially imported from Chittagong to Nagasaki,
domestic production began in Okayama (early 18th
century). In Jingdezhen, it replaced expensive cobalt in
underglaze blue, dominating the international market and
prompting Arita's imitations.

This year, Raman spectroscopy analyzed the red overglaze FIG 1. Red Pigment Sample from Cebu City.

enamel from Cebu-excavated porcelain. This data will be FIG 2-4. The red pigment variation across different production
integrated with the broader imaging spectroscopy dataset sites and time periods. (The collection at the Arita Town
to validate provenance tracing models. Historical and Folk Museum.)
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Cycle-dependent degradation of second-harmonic generation characteristics in CsLiBsO1o associated with

reabsorption of water impurities
Y. Mori! and M. Yoshimura?
1) Graduate School of Engineering, The University of Osaka, 2) Institute of Laser Engineering, The University of Osaka

SUMMARY

We investigated the effects of reabsorption of water
impurities on the 266-nm deep-ultraviolet light
generation characteristics of CsLiBsO1o (CLBO) crystal
and found that repeated reabsorption and desorption
cycles of water impurities lead to degradation of DUV
output. Raman spectroscopy revealed that heat
treatment at 150 °C after reabsorption induces the
diffusion of H:0 molecules, which were initially
localized at the crystal surface, into the crystal interior,
suggesting the formation of defect precursors during
this process. In addition, based on numerical
simulations of DUV light generation, we considered
that defect accumulation associated with these cycles
contributes to increased UV absorption and subsequent
output degradation. These results indicate that
suppressing water reabsorption is essential for
achieving stable operation of CLBO-based high-power
DUV laser sources.
Opt. Mater. Express, Vol. 16, pp. 733-743 (2026).
https://doi.org/10.1364/OME.591839

FIG. Depth-dependent Raman spectral intensity distribution of
H>O-related OH stretching bands induced by heat treatment:
(a) 0 h, (b) 3 h, (c) 1 day, (d) 4 days, and (e) 6 days.
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Prediction of physical properties of SrxCal-xF2 mixed crystal
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Optimization and testing of neutron spectroscopic imaging at a laser driven neutron source

Anton Tremsin!, Z. Lan?, Y. Arikawa?, T. Wei?,,A. Morace?, T. Hayakawa’, R. Kodama? & A. Yogo?
1) University of California at Berkeley, US, 2) Institute of Laser Engineering, Osaka University, Japan, 3) Kansai Institute
for Photon Science, National Institutes for Quantum Science and Technology, Japan.

SUMMARY

This year, we demonstrated neutron imaging with a
laser-driven neutron source using Anton Tremsin’s
MCP/Timepix energy-resolved detector[1], which
combines a 512 x 512 pixel readout with high spatial
and time-of-flight capability. In only three laser shots,
we successfully observed the transmission shadow of an
indium sample cut into the letter “N” and,
simultaneously, the shadow of a cadmium mask
covering half of the detector window. These results
verify that LDNS can provide spatially resolved neutron
transmission signals above the intense prompt

background and support the feasibility of energy- -—-=Cd In(“N” cut) t=0.2 mm
resolved neutron imaging in harsh laser-plasma - = = In Cd(half of detector) t = 0.5 mm
environments. Scientifically, this is an important step

from proof-of-principle neutron detection toward EIMTIRGEORITG R

spectroscopic imaging, with broader impacts on =) E » . -

compact non-destructive testing, isotope-selective

imaging, and future pulsed neutron diagnostics. Trigger synchronized to the source samples

[1] A. S. Tremsin, J. V. Vallerga, O. H. W. Siegmund, |[* "~ """~ T T
Nucl. Instrum. Meth. A. 949. 162768 (2020). FIG.1 Neutron radiography using Laser-driven neuron source
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Application of Plasmonic Optical Tweezers in Photofixation of Nanobead Assemblies.

T. Shoji!

1) Kanagawa University, Japan
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Fig. (a) A SEM image of gold nanocubes, and (b) a
fluorescence micrograph during plasmonic optical trapping of
polystyrene nanospheres.
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Development of Tritium Recovery Method by Laser Irradiation
Y. Hatano!, K. Kobayashi?, K. Yamanoi?, N. Sarukura?
1) Tohoku University, Japan, 2) University of Toyama, Japan, 3) Institute of Laser Engineering, Osaka University, Japan

SUMMARY

Nuclear industries generate wastewater contaminated
with trittum (T); consequently, developing techniques to

recover T from HTO molecules is of critical importance.

Akagi et al. previously demonstrated the selective
dissociation of the OD bond in HDO molecules (where
D represents deuterium) [1]. In this approach, the OD
stretching vibration is preferentially excited via near-
infrared (NIR) laser irradiation. Then, the excited OD
bond is selectively dissociated using an ultraviolet (UV)
laser. This method achieved a selectivity higher than 12.
A similar strategy may enable the selective dissociation
of the OT bond in HTO. To conduct dissociation
experiments with T, the experimental setup was
constructed within a radiation-controlled area. A
tunable laser generates an NIR beam to excite the OT
vibrational state, while a Nd:YAG laser is utilized for
UV irradiation. Initial testing focused on the UV light
absorption under simultaneous NIR laser irradiation.

[1] H. Akagi et al., J. Chem. Phys. 123 (2005) 184305.

Tunable laser

< Cell
Nd:YAG >

Nd:YAG 1w: 1064 nm, 2w: 532 nm, 4w: 266 nm,

FIG. Schematics of experimental setup developed for tritium
recovery using laser-induced photodissociation.
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FIG. Representative data for lac dye and cochineal.

Top left: Laccaic acid A and extracted lac dye

Top right: Carminic acid and extracted cochineal dye

Bottom left: Visible reflection spectra of lac dye (blue line) and cochineal (red line)
Bottom right: Second-derivative spectra of lac dye (blue) and cochineal (red)
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SUMMARY

This study aims to advance numerical modeling by
developing a code capable of analyzing the physics
associated with the first wall of the fusion reactor. We
conducted the 2D simulation of extreme ultraviolet
(EUV) light sources for semiconductor lithography.

Here, to compare the EUV emission characteristics for
wavelengths of 1.06 um and 2 pum, we conducted
Star2D simulations with 5 x10!° W/cm? and 100, 200,
300 um laser spots, 5, 10, 15 ns pulse durations, and
initial density scales of 100, 200, 300 um, respectively.
Compared to the case without the initial plasma, cases
with initial plasma scale lengths show increases in the
radiation emission. On the contrary, the EUV spectral
purity shows decreases with the initial scale lengths
compared to that without it. Consequently, the
dependence of initial scale lengths on CE is weak. The
CE with a 2um laser increases about 1.5 x compared to
the EUV conversion efficiency (CE) with a 1.06um
because of the high spectral purity of the 2um laser.
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FIG. Comparing the 1.06um and 2pum wavelength lasers, the 2
um laser cases show about 1.5 to 2.0 x higher EUV CE. This
comparison shows that the dependence of initial scale-length
conditions on EUV CE is weak.(a)-(c) lum, (d)-(f) 2um

lasers.

137




BT - JRFEIEHIRNIR LEDYGJR O 72 O O FeS FRMBR LS 3 AR O E L & SRR A
YRE B!, TR E?
1) PEFELMNTAEWIIEDT, 2) KKK F: b— =R T

SUMMARY

TR GIE, B R BT, AEMES. WYsEs.
BSOSO BEDOSELR ST A I TWVWS —

FC, @R - JREE O AR e e R o /R e e Fe¥* 4T, (1G) — A, (¢S) transition

WERE & 72> TS, £ ZTARBIZE T, JET 12 ' ek 12 PR e

D& LT, BFiTIZFe & W 7o R 6 e e ek Lo} 10 T Feroes, - 95 mm

O) & 2 e : . § —— Fe3.0%:LPS, ex = 295 nm
Fﬂq?—? % géj?ﬂ_j‘ L/ fr & N2 (SIIN N > — o] = 0.8 40.8  Excitation spectra

T EERID T, MmN E B/ D T2 OITI, = R a1 o

BB 72 2 A7 NS A R~ || oo 04

MBI D, € 2T, B & L TLu,Si,0, % &
L. HifbdhDOF I X OFCRME 2 FEm L 72,
(Fe, Lu,,),S1,0, (x = 0.002, 0.005, 0.01, 0.03) Hiff

=
S}

L o ddbdibaenal

0.0 KT S S e
400 500 600 700 800 900

mAEBHRL, 74 PV Ry BURARHEARST K IR

WETGE L& Z A, 2 TORE T840 nmiT#H 1z

Fe* 4T, —SA BRI KT D 7 0 — RARFESEDE | |ommmmmmmemmmemmmem oo emmm e
BINT, FIG. I (Fe, Lu,,),Si,0, (x = 0.002, 0.005, 0.01, 0.03) P

74 MRy AGBNEREE (B, LR E : 840
nm) BILORHEART ML (FH, EEE : 295 nm)

138



N T FrEZERTE 573V A L—Y — DO PERE D
SR —H. 4EE BT, ARG, LA FA

KA L P BB
SUMMARY
3. Deorbitin_ci‘ _____ Debris _
- : " \ & Intense lasery¥_ O PR
l%gﬁg L—H =0 LWEHO A REMEE LT, 2. Acquisition
FHT 7 ) OBRBEOFGIZET B IFHTEE EM || cround base <§L\%@
L7z, IEFOFHBEREOIME LR 2 EIX, v Spaceborne

FERICBWTERARTHT 7V EEZ s ST
EEZANTWD, TORMBRFINLETE LT, #E
ML —Y—Z2RH L, THT 7V ORmIT 7
L—yaryaEZ L, TORNTHEEZER I FIG. 1 o
L2 EaE LT, ’ V<209
AEFEDOHETII L —F =2y 7 EFHT 7 "l
U DR 2 8 T SRR G O AR e 3 R 21T -

= | XS
KT ORR L LTI, B A L, o \\_/)

T2 AW COFFERERIL, FHERIEES ~DIR
FLTRR L CHRMER 7T — 2 L 720 | [AEE4 D21429 FIG. 2
EMHOBPRIZE=®R L7, vy SRR
FIG. 1 FHT 7 U OFENG L—H —MREHZ L H8E2E
W 21T 9 £ TOBEEX,

FIG. 2 BT ROV AL —H—IZ X5 FHT 7 U OBl
I L KRB ~D% T O,

139



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