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SUMMARY
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095902 (2024)

1, L. E. Dresselhaus-Marais1, S. Irvine1, W. Chen2, J. Ren2, Y. K. Vohra3, 4, 5

1) Stanford University, USA, 2) University of Massachusetts Amherst, USA,
3) University of Alabama at Birmingham, USA, 4) ,  5) 
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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
ionization, and Landau levels. We are sure that our
results contribute to the high-energy-density plasma
fields in the future.

Megatesla ultra-high magnetic field generation driven by high-intensity laser implosion
H. Morita1, K. F. F. Law2, Z. Berkson2, I. Kunz2, Y. Abe2, R. Takizawa2, T. Tsuido2, 

H. Matsubara2,Y. Karaki2, D. K. Balsu2, M. Murakami2, and S. Fujioka2

1) Utsunomiya University, Japan, 2) Institute of Laser Engineering, Osaka University, Japan

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.

G ( 1) di h d
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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.

Ultrafast dynamics of critical density surfaces due to
relativistic radiation pressure sustained for multi-picoseconds

Sadaoki Kojima1 and Shinsuke Fujioka2

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

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.

FIG.1 

FIG.2 
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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.

[1]T. Wei, et al. Nuclear Phonics 2023,oral presentation.
[2]T. Wei, et al. C05-19a-VII-03 The 44th Annual Meeting of LSF.
[3] T. Wei, et al. Paper being submitted

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.

FIG. Picture of heavy water capsule target. Heavy water is
confirmed leaked from the capsule into vacuum as deuteron
source.
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SUMMARY

The "inverted-corona" fusion scheme has been
investigated as an alternative approach to ICF with
improved 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 m even with one-sided laser illumination.
Our previous experiments have demonstrated the
robustness of this scheme using near-monodirectional
nanosecond laser beams, as well as significant neutron
yield enhancement using the picosecond laser, LFEX.
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.
The measurement was partially successful and showed
several issues to be addressed to improve the spatial
resolution and signal-to-noise ratio. This will be our
main subject next year.

Development of short-pulsed point neutron sources using ultra-high intensity lasers 
Y. Abe1,2, R. Matsuura1, K. Iwasa1, T. Minami1, K. Oda1, S. Suzuki1, F. Nikaido1, 

T. Yasui1, Y. Ueyama1, H. Habara1,2, S. Fujioka2, and Y. Kuramitsu1,2, 
1) Graduate School of Engineering, Osaka University, Japan, 2) Institute of Laser Engineering, Osaka University, Japan

FIG. (a) PIC simulation results for the “inverted corona”
fusion driven by LFEX, (b1) setup for neutron radiography for
source size measurement, (b2) obtained shadow image of 5-
mm thick plastic and irons, (b3) line profile of the shadow.

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

(b) Neutron source size measurement
by neutron radiography

(b1)

(b2)

(b3)
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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 m was continuously injected
into a vacuum. The number of photons was observed to
be ~ 1 x 1013 photons/nm/sr/pulse at a peak wavelength
of 3.9 and 4.2 nm, which arises from n = 4 - n = 4
transitions, and 0.4 x 1013 photons/nm/sr/pulse at a peak
wavelength of 2.4 nm, which was attributed to n = 4 - n
= 5 transitions. The total number of photons emitted in
the 2.3 - 4.4 nm range was ~ 1 x 1013 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).

Development of regenerative liquid target for high-repetition rate laser-driven quantum beam sources
T. Higashiguchi1, T. Soramoto1, T. Morita1, Y. Abe2.3, and S. Fujioka3

1) School of Engineering, Utsunomiya University, 2) Graduate School of Engineering, Osaka University, 
3) Institute of Laser Engineering, Osaka University

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. Nishiuchi1, L. Chang1, N. Dover2, K. Kondo1, K. Kon1, H. Sasaki1, J. Koga1, M. Hata1, N. Iwata3, 
Y. Takagi3, K. Sugimoto4, 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.
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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 m. 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)

Study on laser-driven repetitive ion acceleration using liquid jet targets
Y. Abe1,2, R. Matsuura1, K. Iwasa1, T. Higashiguchi3, T. Morita3, Y. Oda4, M. Kume3, T. Niinuma3, S. Hirao3,

R. Kurihara3, Y. Koyanagi3, K. Sunaga3, A. Ogiwara3, H. Kobayashi3, T. Sugiura3, T. Soramoto3, 
N. Tohara3, S. Fujioka2, and Y. Kuramitsu1,2

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

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.

(a)

(c)

Laser

(b)
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SUMMARY

In ultra-high intense laser science, a direct generation
of polarized -ray from highly relativistic electro
magnetic fields is one of the most frag ship topic. For
this study, a -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 of polarization of -ray. In
previous study Dr. Arikawa demonstrated -ray
polarimetry by putting D2O attached neutron-bubble
detector at polarized -ray facility. In FY 2023 our team
studied conceptual designing for the ELI-Beamline
experiment. The result from the designing calculation
showed, more than 106 -ray/s with polarized with
energies from 3 to 100 MeV can be measured which is
sufficient sensitivity and detection range for ELI-
Beamline.

Development of gamma-ray polarimeter for high field science 
Tae. Moon Jeoung1, Yasunobu. Arikawa2, Akifumi Yogo2, Yoshiaki Kato2,

1) ELI-Beamline, 2) Institute of Laser Engineering, Osaka University, Japan 

FIG. Experimental demonstration on the -ray polarimetory by
using neutron-generation-angular distribution via +d n+p.
The function fitted with the neutron signal plot indicates
the evidence of -ray is polarized. The data was taken by Dr
Arikawa at NEW SUBARU -ray facility.
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Crystal phase identification and imaging of biominerals by terahertz spectroscopy
1 2 2 1,3 4 1 4

1) 2) 3)
4)

FIG. Absorption coefficient spectra of 3 wt.% DCPD, OCP,
HAp. The characteristic absorption peaks have been labeled
with black dash lines.
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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 SiO2-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 SiO2-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 SiO2-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.

Improvement on characteristics of Pr3+-doped glass scintillator for neutron detector
Takahiro Murata

Faculty of Advanced Science and Technology, Kumamoto University , Japan

FIG. PL and PLE spectra of Pr3+ in SiO2-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.
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This proposed project investigated cross-

luminescence (CL) from doped barium fluoride (BaF2)
crystals as a fast response scintillator. BaF2 has a fast
luminescence emission at 220nm and decay time of
about 600ps due to CL, which is 1/1000 that of the slow
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.
Eliminating it requires filtering that complicates the
experimental setup and therefore limits the use of BaF2
as a fast-response scintillator. This project aimed to
investigate the effect of doping on the suppression of
the slow STE emission, resulting to enhanced
applications of BaF2 as a fast-response scintillator
without the need to filter out its slow emission
component. BaF2 was doped with Yttrium (Y) ions.
Figure 1 shows the emission from a Y-doped BaF2 with
reduced STE when excited by = 50nm and 56nm.

Investigating cross luminescence in wide band gap barium fluoride crystals
M. Cadatal-Raduban1,2, L.V. Mui2, T. Shimizu2, N. Sarukura2 and K. Yamanoi2

1) Massey University, New Zealand, 2) Institute of Laser Engineering, Osaka University, Japan 

FIG. Luminescence emission from BaF2 and Y-doped BaF2
obtained by excitation with = 50nm and 56nm vacuum UV.
The slow STE emission is slightly reduced, providing exciting
prospects for Y-doped BaF2 as a fast-response scintillator.
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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.

Electronic properties of Co and Ni co-doping on ZnO: A Density Functional Theory Study 
Christian Loer Llemit1,2, Efraem Larenio2, Keito Shinohara3, Melvin John Empizo3, Kohei Yamanoi3, Nobuhiko Sarukura3, 

Roland Sarmago1 and Alexandra Santos-Putungan2

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 

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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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
Dy3+-doped waterproof fluoro-aluminate glass fiber
(Dy3+:SM-DC-WPFGF). The experimental setup of
Dy3+:SM-DC-WPFGF yellow laser is shown in Fig. 1(a).
Figure 1(b) shows the input/output characteristics which
depends on transmittance of output coupler. The output
coupler with the highest power and efficiency was C, with
a maximum output power of 169.2 mW and a slope
efficiency of 33.6%. In summary, yellow laser power over
100 mW was obtained using a single-mode, double-clad
Dy3+:SM-DC-WPFGF. For the future, the power will be
increased by polarization coupling or fiber power
combining technology.

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).
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J Phys Chem Lett, vol 14, pp 4394-4402,
2023

t J Phys
Chem Lett, vol 15, pp 180-186, 2024

J Phys Chem C,
vol 127, pp 14005-14012, 2023
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FIG. (a)
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H. Takahashi, Y. Hosokawa, H. Y.
Yoshikawa et al., J Phys Chem Lett, vol 14, pp 4394-4402,
2023
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Development on the optical image transfer by using a 
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Tomoya. Nakamura1, Yasubnou. Arikawa2, 
1) SANKEN Osaka university, Japan, 2) Institute of laser engineering Osaka university, JAPAN
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FIG. Optical properties and elastic wave propagation
properties for LN and Mg:LN samples.
(a) Transmittance, (b) Optical absorption coefficient,
(c) Longitudinal wave velocity, (d) Longitudinal wave
attenuation coefficient.
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vorticity amplification in Richtmyer-Meshkov
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This research revealed impulse and momentum
coupling coefficients Cm 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 to compare
Cm with previous studies. The impulse attained 156

for Al target and showed similar results for Ti
and SUS304. The maximum momentum coupling
coefficient of Al target was . 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 ,
the normalizing parameter, towards lower side
compared to previous studies with conventional laser
(Fig. 1) suggesting potential feasibility of space
propulsion by short-wavelength radiation.

Space propulsion by EUV ablation and its application to the space debris trajectory transfer
K. Mori1, K. Nakai1, N. Miyake1, N. Tanaka2, J. E. Hernandez2, S. Fujioka2,3

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

FIG. 1 Momentum coupling coefficients for ultraviolet laser at
(C. Phipps et al., J. Appl. Phys., 64, 1083, 1988)

and that for extreme ultraviolet radiation at
obtained in this study.

108



109



SUMMARY

GaN

GaN

Ga VGa O ON O
Oint GaN

> ON
> VGa > Oint Fig. 1a

Fig. 1b
Fig. 1c, 1d

GaN
1 1 2 3

1) 2) 3) 

FIG. 1 (a) (b) (c)
(d)

1.2 1021 cm-3
1mm

110



111



SUMMARY

IV
1μm

CNT FIG
CNT IV

CNT
740℃ CNT

CNT CNT
715℃ CNT

10 IV IV

CNT

, (2024.03)

1, 1

1) 

FIG. CNT [1]

112



SUMMARY

1, 2, 2, 3, 4, 4, 5 , 6 , 7, 3

1) Center for Materials Under Extreme Environments (CMUXE), School of Nuclear Engineering, Purdue University, 
USA, 2) ,  3) , 4) , 5) , 6) 6) QST
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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 is 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 5x109 W/cm2 laser intensity, as
shown in the left side of Fig. 1. The deposition
conditions are at 5x10-6 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.

Pulsed laser deposition of tin on silicon substrates using nanosecond laser
M. Wada1, J.E. Hernandez2, N. Tanaka2, and S. Fujioka2

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

FIG. 1. (Left) Pulsed laser deposition schematic (Right)
Deposited tin image on silicon samples mounted on an
aluminum disk holder.
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