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Experimental investigation on electron scale magnetic reconnection with high-power laser
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SUMMARY

We have investigated magnetic reconnection driven
by electron dynamics. In FY 2020, we used a structured
target in Fig. (a) and applied a gradient magnetic field
in Fig. (b). We irradiated the target with GEKKO XII
HIPER laser. As shown in Fig. (¢), the transverse global
structures and local parameters are observed with
optical imaging and collective Thomson scattering
(CTS), respectively. Figure (d) shows the image of self-
emission. The collimated flow due to the targetq
structure is observed. We compared the results with and
without the external magnetic field. In addition to this,
we obtained two components of velocity via CTS. We
have been analyzing the CTS spectra and the dynamics
of both electron and ion will be revealed.

(a) IZ
y X

CTS (parallel
(c)

FIG. (a) Schematic image of the target. The plasma is
collimated along the x axis. (b) Magnetic field configuration.
The white arrow show the direction of magnetic field. (¢)

Experimental setup. (d) Self-emission image.
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Magnetic Reconnection in self-generated magnetic fields and its dependence on a guide-field
T. Morital, S. Matsuo!, T. Kojima!, S. Isayama!, Y. Arikawa?, T. Takezaki?, R. Yamazaki*, K. Sugiyama?*, K. Aihara*,
S. Egashira®, O. Kuramoto?, Y. Matsumoto?, K. Sakai?, Y. Sakawa?
1) Kyushu University, Japan, 2) Osaka University, Japan, 3) Toyama University, Japan,
4) Aoyama gakuin University, Japan

SUMMARY
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Experimental Study of Shock Reformation using a High Power Laser
S. Matsukiyo!, T. Morita!, S. Isayama!, M. Iwamoto!, T. Takezaki?, Y. Kuramitsu’, R. Yamazaki*, S. J. Tanaka*, K.
Tomita>, T. Sano®, T. Nagano!, S. Furukawa!, H. Luo!, S. Matsuo!, T. Kojima', M. Edamoto!, T. Oguchi?, T. Minami?, K.
Sakai’, T. Hihara3, T. Nishimoto?, A. Iwasaki?, K. Himeno?, T. Tomoya?, K. Sugiyama*, K. Aihara* Y. Sato*, S. Egashira®,
M. Ohta¥, Y. Nakagawa®, H. Ishihara®, O. Kuramoto®, Y. Matsumoto®, N. Ozaki?, Y. Sakawa®
1) Kyushu University, Japan, 2) University of Toyvama, Japan, 3) Osaka University, 4) Aoyama Gakuin University,
5) Hokkaido University, 6) Institute of Laser Engineering, Osaka University, Japan

SUMMARY

The self-reformation of a collisionless shock is believed
to be responsible for an energy dissipation including
wave generation as well as particle acceleration at a
collisionless shock. A high power laser experiment was
conducted to empirically demonstrate the shock
reformation. An ambient magnetic field is necessary to
be applied in wide region of space to magnetize the
surrounding gas plasma in which a forward and a
reverse magnetized shock pair is created through the
laser-target-gas interactions. The maximum ambient
magnetic field of 4-5.4T was successfully applied by
using a Helmholtz coil (FIG.A and FIG.B). The
physical parameters of the created shock were measured
by streaked self-emission optical pyrometer (SOP:
FIG.C), self-emission gated optical image intensifier,
Thomson scattering measurement, and B-dot coil.
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FIG. A) The holder of magnetic coil and a number of light
paths. B) Photo of the magnetic coil system after electric
insulating treatment. C) Measured self-emission intensity

obtained from the SOP measurement.
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Collisionless shock ion acceleration using LFEX
Y. Sakawa!, H. Ishihara?, O. Kuramoto?, M. Ohta?, S. Egashira?, Y. Matsumoto?, T. Pikuz?, T. Minami*, K. Sakai*,
T. Nishimoto*, T. Taguchi*, K. Iwasaki*, M. Fukuda*, M. Yamamoto*, H. Tomita*, Y. Kuramitsu*, A. Morace!, Y. Abe!,
Y. Arikawa!, S. Fujioka!, T. Sano!, T. Morita’, S. Kanasaki®, T. Asai®, Y. Fukuda’
1) Institute of Laser Engineering, Osaka University, 2) Graduate School of Science, Osaka University,
3) Institute for Open and Transdisciplinary Research Initiatives, Osaka University,

4) Graduate School of Engineering, Osaka University, 5) Kyushu University, 6) Kobe University,
7) Kansai Photon Science Institute, National Institutes for Quantum and Radiological Science and Technology

SUMMARY

Collisionless shocks are ubiquitous in the universe and
believed to be sources of cosmic-rays. High-intensity
laser experiments are conducted to understand
elementary physics of particle acceleration by an
electrostatic collisionless shock. A near-critical density
plasma is generated by irradiating one of the Gekko XII
laser beams (1.3 ns, I; <3 x10'" W/cm?) on a rea-side
of 1-um thick CgH,Cl foil. After 2.5 ns delay, three
beams of LFEX laser (1.5 ps, I} < 5.8 x10'® W/cm?)
drives an electrostatic collisionless shock. The shock
potential reflects the upstream ions and acceleration
occurs. The accelerated ions and electrons are detected
by Thomson parabola and electron spectrometer (ESM),
respectively. The shock potential is measured by a
proton back-lighter (PBL) method. Cl x-ray spectra are
obtained by crystal spectrometer.

06! 1.75 ps ' (a)
5 2.5 ps
Thomson parabola x-ray
. spectrometer
™ ESM
— Radi J
2.0 2o ; (b) adlo GXll
“%1'5' | lonization
E 1.0f 4.0ps beam
%0-5' I I T —
0.0 :
|
0.2 (C) 4.0ps |
0 | LFEX PBL beam
£0.1} | ]
R I Y
o | e L (d)
0 i
50 100 150 200

FIG. (a-c) 2D PIC simulation of collisionless shock ion
acceleration. Temporal evolution of (a) proton density, (b)
electrostatic potential, and (¢) proton phase-space. (d) Top

view of the experimental setup.
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Full Particle Simulation for Gekko XII Collisionless Shock Experiment
S. Matsukiyo!, Y. Sakawa?
1) Kyushu University, Japan, 2) Institute of Laser Engineering, Osaka University, Japan

SUMMARY

With the Gekko XII experiment on magnetized
collisionless shock in mind, a one-dimensional PIC
(particle-in-cell) code was developed. The interaction
between an ambient magnetized gas plasma and a laser
ablated target plasma was simulated. In a homogeneous
gas plasma magnetized with 6T ambient magnetic field
a target plasma having a finite bulk velocity is injected
for a finite time duration corresponding to 1.3ns which
is the temporal width of the main laser pulse. A spatio-
temporal evolution of electron density is shown in the
left panel of FIG.1. The initial target position is at X=0.
The target plasma gyrates back and propagate in the
region of X<0 after t~25ns. After t~20ns, a shock is
formed in the gas plasma and propagates toward
positive X direction. The overshoot is recognized as a
red peak which shows the signature of the self-
reformation. This is also confirmed from the left panels
which are the snap shots of the electron density profile
taken at every 8ns after t=20ns. These features are
expected to be observed by the Gekko XII experiment.

t [ns]

FIG.1 Left) Spatio-temporal variation of electron density.
Right) Snap shots of the electron density profile taken at every
&ns after t=20ns.
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Study of turbulent wakefield acceleration in laboratory astrophysics by 2D particle-in-cell simulations
Yao-Li Liu', Shogo Isayama?, Minami Takumi®, Sakai Kentaro®, Han-Wei Chen!, Shih-Hung Chen!,
Alessio Morace?, Yasuhiro Kuramitsu?
1) National Central University, Taiwan, 2) Kyushu University, Japan, 3) Osaka University, Japan

SUMMARY

Recently, wakefield acceleration has been
considered as a candidate to address the
accelerating mechanism of cosmic rays, where
relativistic ~ particles are  nonthermally
accelerated with the wakefield induced by
intense light waves in the extreme astrophysical
conditions. We employed 2D particle-in-cell
simulations to investigate the turbulent
wakefield generated by an intense laser based on
the parameters of LFEX laser facility. We found
that the laser is modulated to the filaments due
to the near-critical density plasma resulting in

the similar filament distributions of both
electron and 1on. Moreover, the filament
distributions give the similar nonthermal

distributions for both electron and ion even if the
laser 1s relativistic to an electron but non-
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FIG. (a) The laser field; (b) the turbulent wakefield; (c) the

electron density; (d) the ion density.

relativistic to a proton
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Exploring the shock phase transition pathway of quartz-coesite-stishovite using GEKKO XII system

Wenge Yang!, Toshimori Sekine'?, Norimasa Ozaki>», Tsubasa Tobase!, Ho Kwang Mao!, Kento Katagiri?,
Bihan Wang!, Chuanlong Lin!
1) HPSTAR, 2) Osaka University

SUMMARY

Si02 is one of most abundant minerals in the deep
mantle of Earth and thus understanding its behavior
under gigapascal pressures are important. Due to the
diffusion speed and limited compression duration, so far
no one has realized the phase transition quartz-coesite
in S102 by shock compression although both static
compression and thermodynamics shows the transition
sequence quartz-coesite-stishovite. In the FY 2020
campaign, we performed a series of shock-compression
experiments on coesite to measure its Hugoniot at
pressures from 150 GPa to 1,000 GPa, and found that
the coesite should melt under shock at around 180 GPa.
In the next experiments, we would like to introduce our
heating stage to preheat the coesite sample, which
would lead coesite to exhibit a different transition
pathway to Stishovite and liquid.
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FIG. (A) Typical VISAR image recording shock wave
velocity of Coesite. (B) The Hugoniot relationship of coesite
at pressures up to 1,000 GPa obtained in this work.
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Extension of Hugoniot measurements for single crystals of synthetic denser polymorphs of Mg,Si0,

T. Okuchi!, Y. Umeda?, N. Ozaki*#, N. Purevjav>, T. Sano?, T. Sekine®, R. Kodama3-*

1) Institute for Integrated Radiation and Nuclear Science, Kyoto University, Kumatori, Osaka, Japan,

2) Institute for Planetary Materials, Okayama University, Misasa, Tottori, Japan, 3) Graduate School of Engineering, Osaka University, Suita, Osaka, Japan,
4) Institute of Laser Engineering, Osaka University, Suita, Osaka, Japan, 5) University of Bayreuth, Germany,

6) Center for High Pressure Science &Technology Advanced Research, China

SUMMARY

Dense Hydrous Magnesium Silicate Phase E (DHMS:
MgSi;H,,0,5) and antigorite (Mg.Si,H;O,5) were
shock-compressed using GEKKO-XII laser system for
obtaining their equation-of-state datasets (principal
Hugoniot; Fig. 1). For the former species synthesized at
high pressure and temperature conditions, two shots
were conducted in a preliminary manner to optimize the
related technical parameters such as crystal synthesis
procedures and measurement conditions. On the other
hand, for the latter species prepared from natural
mineral samples, we successfully acquired the Hugoniot
datasets at 300 to 1000 GPa pressure range, which is
much higher than those obtained before. Thus the

pressure scaling up to 1000 GPa has been achieved (Fig.

2). Furthermore, it has been suggested that there is a
rapid density change at 150 to 440 GPa pressure range.
In the future, we will conduct more experiments under
finely controlled laser conditions to acquire the
Hugoniot datasets in the pressure region where the rapid
density change of antigorite was observed.
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Fig. 2
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Fig. 1 The antigorite sample and the experimental setup
Fig. 2 The relation between particle velocity and shock velocity of antigorite
Fig. 3 The relation between density and pressure of antigorite
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[1] H. Li et al., High Energy Density Phys. 36, 100773 (2020).
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Laser-driven three-dimensional magnetic reconnection by converging magnetized plasma
K.F.F. Law!, J. Dun?, Y.Abe2, A. Morace?, Y. Arikawa2, M. Takemura?, S. Guo?, T. Ozaki3, B. Zhu?, Ph. Korneev*, J.J.
Santos>, S. Fujioka?, Y. Ohira!, and M. Hoshino!
1) University of Tokyo, Japan, 2) Institute of Laser Engineering, Osaka University, Japan, 3) National Institute for Fusion
Science, Japan, 4) National Research Nuclear University MEPhI, Russia, 5) CELIA, France

SUMMARY

Electron energy spectrum {along reconnection flow axis}

Reconnection case(LFEX#4218)
Control caselL FEX#4221) 1

Magnetic reconnection, the process of magnetic field
geometry rearrangement that result in energy
conversion to ions and electrons in plasma, was studied 10"
by LFEX laser. A pair of magnetized plasma are
produced by inner-surface irradiation of LFEX laser on
a micro-coil target, providing the magnetic reconnection
geometry.

In this experiment, the reconnection magnetic field is
measured as 3 kT (preliminary value), by probing
proton beam generated by one of the LFEX beam. Also, 10
the magnetic reconnection case and magnetic field
generation without reconnection case are compared

d*N/dEdS tarbitrary units;
=

directly. Electron spectra along the magnetic 1072 '

reconnection outflow direction were measured, while a o e o

significant energization was observed, as shown in the | |f--mmmmmmmmm -

figure. FIG. The plot of electron energy spectra in magnetic
The observation of particle energization by magnetic || reconnection case and control case without magnetic

reconnection in laboratory provide reconnection, at direction of expected magnetic reconnection

flow. A significant energization is observed.
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SUMMARY
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[1] Y. Abe et al., JETP (2018), [2] K. Law, Y. Abe et al., PRE
(2020), [3] M. Ehret, Y. Abe et al., submitted to PRE

PIC + MC simuilation

Experiment (L4046)

B Experimental setup

RCF stack

-
M

]
1 (Top)

PIC + Monte Carlo (MC) simulation

+ The spatial profile of the B-field was scaled up to the real target size with
fixed B-field strength

+ B-field strength of each pixel was reduced by factor 10 (multiplied 0.1)

= Praton frajectary was calculated with MC code

FIG. Bk Z W= b A XG0k, v—3 —g
WHIPE S BHER BEROARIC LY, 58517 bAoA XL
Wam A3 5 (£TF) . EEBR T — 2L DORh45y

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

SUMMARY

NIFS
4
We proposed a novel idea to produce a collimated .
Al I eciron

charged particle beam with a pulsed-magnetic field
generated by relativistic picosecond lasers. Compared .

with the magnetic fields generated by nanosecgnd lase{s = :E;-ti‘eld With B field  Without B field
due to return current, a kilo-tesla level magnetic field is '
generated with higher energy conversion efficiency due
to hot electron flow current. The divergences of both
electron and proton beams are suppressed by the
simultaneously-generated strong magnetic fields. The
divergence of proton beams in our experiments has
been reduced by half compared with that generated with
the conventional target normal sheath acceleration
mechanism. These results provide some new
opportunities for developing laser-driven magnetic || X e @
fields and laser-driven energetic particle applications. FIG. (a) The schematic of the experiments. (b) Proton pattern
of 4.8 MeV on RCF. (c¢) The 2D B field strength distribution
around the coil. 1-kT strong B field is generated with a laser
energy of 334.3 J. (d) Comparison of the proton divergence
with B field (red) and without B filed (green).

Z (mm)
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The efficient generation of relativistic electron ion by using
fundamental and second harmonics mixed LFEX beam
Y.Arikawa, K. Tsubakimoto, K. Nanjo, A. Nakao, S. Asano, A. Morace, R. Takizawa, M. Takemura, Y. Abe, H. Morita, J.
Kawanaka, S. Fujioka, M. Nakai, H. Shiraga, LFEX-group, R. Kodama, “Hu Zhanggui, (ILE, Osaka, A Tianjin University of
Technolgy, Institute of Functinal Crystals)

SUMMARY

Second harmonics of LFEX was generated for four
beams. An energy grater than 200 J of second
harmonics was generated which is the highest value in
this laser  specification. Four  pices of
100mmx100mmx0.5mm uncoated LBO crystal was
installed to LFEX system as shown in FIGI1, and 1
kJ/10 ps fundamental laser was injected. A high
efficient frequency conversion for a ultra high intensity
laser was realized. A spatial distribution of the
conversion efficiency was measured and up to 70-80%
conversion at a spatial peak value was resulted. A
numerical simulation showed a good agreement with
the experimental results.

A wave front after the LBO crystal was not optimized
in this experiment and it is needed to be improved in the
next experiment so that we will realize an very efficient
electron generation by a fundamental and second
harmonics mixed LFEX.

LBO crystals
Four of 100mmx100mmx0.5mm

Fne
Pulg

100%

50%

. ‘ beam4
Energy

monitor 0%

FIG1.(Top) Experimental setup. FIG2. (Left bottom) Color
image of the second harmonics beam patterns for four beams.
FIG3. (Right bottom) Spatial profile of the frequency
conversion efficiency. Beam2 was blocked by energy monitor
beam 4 was not fired in the shot.
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[1] A. Sunahara et al., Plasma Fusion Res. 3 (2008) 043.
[2] C. John et al., High Energy Density Phys. 37, 100845 (2020).
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Fast learning by high intensity, high repetition rate laser systems

SUMMARY

Intense laser-plasma physics and in particular the field of
laser-ion acceleration, suffer from lack of consistency
and reproducibility due to the uniqueness of the
experiments, the different type of laser systems utilized
and the relative lack of data.

The goal of this work is to build a data-driven surrogate
model of laser-ion acceleration in order to create a
model actually consistent with the experimental data.

In order to do so, we performed a data intensive
experiment on Vega-3 laser at CLPU in Salamanca-Spain
where we varied the key laser parameters: pulse
duration, energy and spot size.

The data collected will be fed to a machine learning
routine to derive a consistent surrogate model of laser
ion acceleration with predictive capability.

20210215 - HWHM = 6.0 microns - Al target 3um -
aximum proton energy (ToF) versus Vega 3 pulse duration

25
@ positive chirp
<EL) :1825i047 J @ negative chirp
20 1
&2 a9
@3 ”‘;
2—. 15 214386 &
=3 ; J
g 5 BEAILR SR P
=10 g . —
€3] , o8
b5
&0
5 4
0 T T T T
0 200 400 600 800 1000
7, [fs]

Fig. 1: Example of a dataset obtained for fixed pulse
energy, spot size and target thickness while varying
the pulse duration from 30 to 600 fs. It appears clear
the non linear dependence of the accelerated ion
energy to the pulse duration, in direct contrast to
most existing scaling laws.
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Two-dimensional and two-directional parameter measurements with laser Thomson scattering
T. Morita!, S. Matsuo!, T. Kojima!, R. Yamazaki?, S. Matsukiyo!, N. Yamamoto!, Y. Sakawa?
Kyushu University, Japan, 2) Aoyama gakuin University, Japan, 3) Osaka University, Japan
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Compressible Richtmyer-Meshkov instability in a density gradient
T. Sano!, K. Ishigure' and F. Cobos-Campos?
1) Institute of Laser Engineering, Osaka University, Suita, Osaka 565-0871, Japan, 2) ETSI Industriales, Instituto de
Investigaciones Energéticas and CYTEMA, Universidad de Castilla-La Mancha, 13071 Ciudad Real, Spain.

SUMMARY

We have investigated the effects of a smooth
transition layer at the contact discontinuity on the
growth of the Richtmyer-Meshkov instability (RMI) by
hydrodynamic numerical simulations, and we derived
an empirical condition for the suppression of the
instability. The transition layer has little influence on
the RMI when the thickness L is narrower than the
wavelength of an interface modulation A. However, if
the transition layer becomes broader than A, the
perturbed velocity associated with the RMI is reduced
considerably. The suppression condition is interpreted
as the cases in which the shock transit time through the
transition layer is longer than the sound crossing time of
the modulation wavelength. The fluctuation kinetic
energy decreases as L™P with p = 2.5, which indicates
that the growth velocity of the RMI decreases in
proportion to L™P/? by the presence of the transition
layer. This feature is found to be quite universal and

appeared in a wide range of shock-interface interactions.
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FIG. Dependence of the integrated kinetic energy measured at
the nonlinear regime on the thickness of the transition layer L.
Various parameter runs are plotted with different marks. The
gray thick curve is the fitted function of all the data, which are

proportional to [1 + (qL/A)p]~! with ¢ = 2.11 and p = 2.46.
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Developing a photon scattering model in non-thermal high energy density plasmas in PICLS code
Y. Sentoku!, T.Sano!, E.d’Humires?
1) Institute of Laser Engineering, Osaka University, Japan, 2) University of Bordeaux, France

SUMMARY

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

incident photon

FIG. A schematic view of Compton scattering. A high energy
electron collides with an incident photon and up-shifts the
photon energy via the scattering.
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Theoretical study on particle acceleration in high energy density plasmas created by kJ class
ultraintense lasers
N. Iwatal2, A. J. Kemp?, S. C. Wilks?, and Y. Sentoku!
1) Institute of Laser Engineering, Osaka University, Japan, 2) Institute for Advanced Co-Creation Studies,
Osaka University, Japan, 3) Lawrence Livermore National Laboratory, USA

SUMMARY

Kilojoule-class relativistic lasers, having tens of um
spot sizes and over-picosecond pulse durations, realize
efficient electron and ion accelerations that exceed the
theories for femtosecond short pulse lasers. For such an
efficient acceleration, confining laser-accelerated fast
electrons in the spot area for a long time is important.
We here studied electron motions in a foil plasma
irradiated by a kJ laser using 2D particle-in-cell (PIC)
simulations. The fast electrons show a random walk
laterally in the large spot as Fig. (a). The escaping
velocity of fast electrons from the spot then becomes
slower, and the electrons accumulate in the spot to
about ten-times higher density than the critical density
n. as Fig. (b) which contributes to boost the ion
acceleration. The finding is important to understand the
mechanism of particle acceleration by kJ lasers, and
also to applications using high energy density plasmas,
such as energetic ion beam and intense x-ray sources.

(a) (b)
Laser spot
80 —
=15 -
E "'; Accumu- t=3.3ps
s 40 = lation 3.0ps
s |z g
= 9 c
2 0 :
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FIG. 2D PIC simulation for the continuous irradiation of a
laser with amplitude a, = 1.4 and spot radius w ((a) w = 35 um,
(b) w=21pum) onto a 5 pm-thick, 100 n, foil plasma. (a) Fast
electron trajectories exhibiting a random walk in the lateral
direction. (b) Fast electron density accumulated in the foil.
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Effects of electron irradiation on the THz emission of GaAs epilayers grown via molecular beam epitaxy
R. Andig!, C. E. A. Tan!, E. J. C. Solibet!, A. Delos Reyes!, G. Catindig!, E, Pricto!, K. C. Gonzales!, M. J. F. Empizo3, V.

Samson?, N. Sarukura’ and A. Salvador!
1) National Institute of Physics, University of the Philippines Diliman, Diliman, Quezon City 1101, Philippines
2) Philippine Nuclear Research Institute, Diliman, Quezon City 1101, Philippines
3) Institute of Laser Engineering, Osaka University, 2-6 Yamadaoka, Suita, Osaka 565-0871, Japan

SUMMARY . .
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Gallium arsenide (GaAs) is a functional material that af i~ at i
D . - S o
can serve as a base for devices in high-energy and high- : e , B
flux environments. These devices are constantly - T T e
exposed to reaction by-products and ionizing particles 0 preer gty ot it 0 Armreaomrnpearess
- Before irradiation Before irradiation
which can lead to altered properties that may result in i R e i < DR O, R, DO s 5

device deterioration or even sudden failure. In this
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regard, we investigate the effects of electron radiation af

on the terahertz (THz) emission properties of GaAs on
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Si epilayers fabricated via molecular beam epitaxy. _
Four low-temperature grown GaAs/Si epilayers were of
irradiated with 100 kGy electron radiation. The THz
time-domain spectra show no significant difference in
THz intensity and frequency bandwidth before and after
irradiation of all samples. Using 100 kGy as a baseline,
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After irradiation
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. oL .. , FIG. 1: THz waveforms and THz FFT spectra (inset) of (a)
further investigations using increased dosage will be || GiAs on Si (100), (b) GaAs on Si (111), (c) GaAs on off-axis
conducted to determine how electron radiation affects || Si (100) tilted 4° toward (111) plane during growth, and (d)
the THz properties of GaAs/Si epilayers. GaAs on SI-GaAs samples before and after electron
irradiation.
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Terahertz emission characteristics of zinc oxide-based photoconductive antenna devices
A. E. De LosReyes!, V. C. Agulto?, M. J. F. Empizo?, J. P. Afalla3, V. K. P. Mag-usara®, M. Nakajima?, M. Yoshimura?,
M. Tani%, N. Sarukura?, and E. S. Estacio!
1) University of the Philippines Diliman, Diliman, Quezon City 1101, Philippines, 2) Osaka University, Suita, Osaka 565-0871,
Japan, 3) University of Tsukuba, Tsukuba, Ibaraki 305-8573, Japan 4) University of Fukui, Fukui, Fukui 910-8507, Japan

SUMMARY

The terahertz (THz) band, which is comprised of the
0.1-10 THz frequencies of the electromagnetic spectrum
has found important applications in medical imaging,
security, and environmental sensing. However,
integration of THz technology has been primarily
restricted in the laboratory setting owing to the lack of
strong THz radiation sources, among other factors.

Photoconductive antenna (PCA) devices are key
components as emitters/detectors of THz time-domain
spectroscopy (THz-TDS) setups. Due to its high electric
breakdown, zinc oxide (ZnO) is a promising emitter of
THz radiation as it permits the application of large bias
voltages leading to more intense THz radiation. In this
work, the properties of ZnO films were investigated.
These information are crucial for parametric studies and
design considerations of ZnO PCA devices for THz
applications.

2.80 rrrmrrmrrrrs R — R P :

® Without UV illumination
®  With UV illumination

2.74 f

Refractive index

2.72 f

FIG 1. Refractive indices of bulk ZnO single crystal with and
without UV illumination at different THz frequencies. The
refractive indices were obtained via THz transmission

spectroscopy.
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FIG. Photoluminescence excitation-emission matrix of

LCG:Pr** glass.
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Optimizing Praseodymium and Cerium co-doping in APLF glasses for improved neutron scintillator

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

SUMMARY

The optical properties of 20Al(PO;);—80LiF
(APLF80) glass co-doped with praseodymium (Pr’")
and cerium (Ce**) ions were evaluated by
photoluminescence spectroscopies. By co-doping the
APLF80 glass host with Pr3* and Ce* ions
(APLF80+PrCe), the luminescence decay time of the
263-nm allowed electric dipole 5d—>4f transition of
singly-doped APLF80+Pr under optical excitation is
improved.  Experimental results suggest that
APLF80+PrCe has an interesting emission process with
radiative and non-radiative energy transfers. Non-
radiative energy transfer leads to Pr’" luminescence
quenching, resulting to faster decay times, especially at
high Ce**-doping concentrations. Our results present
exciting prospects for improved down-scattered-neutron
detection in fast-ignition laser fusion as the scintillation
decay times from both Pr**- and Ce**-doped APLF
glasses are significantly faster than conventional glass
scintillators.

—— 1Pr0Ce : 18.9 ns
1Pr0.1Ce : 13.0 ns
1Pr0.2Ce : 9.1 ns
1Pr0.5Ce : 3.7 ns
1Pr1Ce: 1.3 ns
—— 1Pr2Ce : 0.4 ns

Infénsify (érb. ur‘l‘i‘t)
o
T

FIG. Co-doped APLF80+PrCe has a fast luminescence decay
time for its 263-nm Pr** emission due to non-radiative energy
transfer from Pr’* to Ce** and luminescence quenching

especially at high Ce** concentrations.
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Femtosecond pulsed laser deposition and characterization of CeO, thin films
J. De Mesal, A. Rillera!, M. J. Empizo?, R. Sarmago!, N. Sarukura?, and W. Garcia!
1) National Institute of Physics, University of Philippines Diliman, Diliman, Quezon City 1101, Philippines
2) Institute of Laser Engineering, Osaka University, 2-6 Yamadaoka, Suita, Osaka 565-0871, Japan

SUMMARY

We have successfully deposited cerium (IV) oxide
(CeO,) films on silicon (Si) substrates using our
femtosecond pulsed laser deposition (fs-PLD) setup.
This setup was equipped with a Ti:sapphire laser system
with a pulse energy of 8 nJ and repetition rate of 80
MHz. Depositing with oxygen (O,) background gas
results in a stoichiometric film with an amorphous
structure. Post-heat treatment in a static air environment
improves the film crystallinity but can likewise alter the
film stoichiometry. Further investigations on the effects
of different deposition parameters on the film properties
are then expected in the future toward the design and
development of photocatalytic converters based on fs-
PLD-grown CeQO, thin films.

Viewing

- Ce0; (JCPDS 34-0394)
Ce, 03 (JCPDS 23-1048)
- Si (JCPDS 01-0791)

Intensity [a.u.]

i, (400)
[ (111) (200) (220) @1y @2 | (331) (420)]

Lol Lo 1. L L
30 40 50 60 70 80

26 [degree]

FIG 1. (a) Schematic diagram of the fs-PLD setup used to
deposit the (b) CeO, thin film. After post-annealing in air, the
(c) CeO, thin film exhibits an (d) XRD spectra with peaks
corresponding to cubic fluorite CeO.,.
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Vertically aligned zinc oxide-polymer composites as optical materials with improved UV luminescence
R.V. Sarmago'?, N. Sarukura', M.J.F. Empizo!, V.C. Agulto!, K.A. Salazar?
1) Institute of Laser Engineering, Osaka University, Japan, 2) National Institute of Physics, University of the Philippines
Diliman, Philippines

SUMMARY

We developed metal oxide-polymer nanocomposites
consisting of vertically aligned zinc oxide (ZnO)
nanorods and different polymer films. The
photoluminescence properties of the nanocomposites
were investigated under different excitation power
densities. We observed the amplification of the
ultraviolet (UV) emission of the ZnO nanorods after
incorporating a polymer layer on top. The results
suggest that the excitation threshold for amplified
spontaneous emission is reduced by the presence of the
polymer film, which can be explained by an enhanced
optical confinement. As a result, the ZnO-polymer
nanocomposites exhibit sharp and intense UV emission.
In this regard, the ZnO-polymer nanocomposites could
be developed as low-threshold UV light sources that
can be used in different applications, e.g., biomedical
imaging, displays, and optical data storage.

ZnO-PODA
— 023 Wiem
- = 018 Wiem'
eee 0,43 Wi

Intensity (arb. unit)

[
“5 PR T e
380 M0 400 420

N NPT YRR PP IPTTTITIT: b
700 300 400 500 600 700 300 400 500 600 700

Wavelength (nm)

FIG. Scanning electron micrographs (a, b, c¢) and
photoluminescence spectra (d, e, f) of ZnO nanorods without
polymer, with polyvinylpyrrolidone (PVP), and with
polydiallyldimethylammonium chloride (PDDA),
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Investigations of hydrogen adsorption on gallium nitride surfaces: A density functional theory study
MJF Empizo!, JS Gueriba!, N Sarukura', DB Putungan? and AB Santos-Putungan?
D Institute of Laser Engineering, Osaka University, Japan
2 Institute of Mathematical Sciences and Physics, University of the Philippines Los Barios, Philippines

SUMMARY

with N and Ga
principles

GaN (001) polar surfaces

terminations were studied using first
calculations. For both terminations, less average H
adsorption energy was observed as the H coverage
increases with 1 ML having the least average adsorption
energy. It was also found that the N-terminated GaN
(100) surface is the more stable compared to the Ga-
terminated surface. H adsorption was found to be
stronger at 0.25 ML coverage for the N-terminated
surface, and the N-terminated surface appears to
interact strongly with hydrogen with stable adsorption
energy even at full H coverage. The changes in the
average adsorption energy is more dramatic implying
that the N-terminated surface is more sensitive to H
adsorption and that it is more interesting in the

investigations of H and GaN (001) interactions.

Average adsorption energy of different
termination of GaN

FIG. 1 (a) Optimized configuration of the N-terminated GaN

(100) surface with 0.25 ML adsorbed H and (b) average
adsorption energies of adsorbed H at different coverages on

both Ga- and N-terminated GaN (001) surfaces.
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Radiation-assisted ZnO nanostructure fabrication and its optical properties
Girlie Eunice P. Lopez!, Vallerie Ann Samson!, Cheri Dingle!, Jordan F. Madrid! and Neil Raymund D. Guillermo!,
Keito Shinohara?, Melvin John Empizo?, and Nobuhiko Sarukura?
1) Philippine Nuclear Research Institute, Commonwealth Avenue, Diliman, Quezon City, Philippines
2) Institute of Laser Engineering, Osaka University, Japan

SUMMARY
Zinc oxide (ZnO) 1is a rather interesting Irradiated ZnO (N, purged)
material for radiation dosimetry and detection. Its 05
) . ) ) —20 kGy
luminescent property is due to its electronic and 40 KGy
crystalline structure which i1s known to be strongly 60 kGy
influenced by the preparation method and the presence 80 kGy

of impurities. Among all the techniques available, the —unirradiated ZnO
radiation method is not widely studied. The motivation
for the use of radiation to prepare nanostructures of
Zn0O 1is because it is a low-cost and environmentally
friendly technique for the synthesis of metal or
semiconductor nanostructures and the synthesis can be
conducted at ambient pressure and temperature.
Following entirely the procedure of Hu et al.,
(2005) did not produce a white powder nor a colloidal 0.1
solution after gamma irradiation, contrary to their
observations, which signifies the absence of ZnO. The ||-mmmmmmmmm oo oo

difference in the result might be related to the metal FIG 1. In the present result, the UV-Vis absorbance distinct from the

precursor used in the experiment. Experiments to presence of ZnO around 340-370 nm is absent from all samples. The
peak at ~270 nm may be due to other zinc complex formed in the

solution upon reaction with the radiolytic species present after
irradiation.

improve the procedure are currently being explored and
performed.
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IR EEREN. 7 7 A XTI ADBA% & F DA

B 35
—Ff S JRav
FHET A
f=18 mm =19 mm J= 50 mm Long-pass filter
SUMMARY (A) AR at 808 nm AR at 808 nm Nd-SMF AR at 1060 nm (> 1000 nm)
(.) V V (£ =40 mm) '!' S without AR
We constructed a CW fiber laser using a 40-mm-long i ' SN2 ﬂ g ~~ - t --------
Nd** heavily doped silica glass single-mode fiber (Nd- Fiber isolator M (wifiow AR) - M2 (AR ot 1060 tm) [ €W s
. . nm: T'=93% nm: 7= 90% outpu
SMF). Its core glass was fabricated by the zeolite 1060 nm: R=99.9% 1060 nm: R = 95%

method, and its Nd,O; doped density was measured as
1.25 wt.%. Nd-SMF also demonstrated laser oscillation.
The laser power reached 19.7 mW and its slope
efficiency and laser threshold were 14.6% and 22.0 mW,
respectively. Such a short single-mode fiber will help us
easily make a high repetition rate over GHz and a
compact oscillator with adequate saturable absorbers.
An Nd-SMF laser has the potential to achieve laser
miniaturization and high repetitive pulsed oscillation.

20

[ Slope efficiency : 14.6 %

| Laser oscillation threshold : 22.0 mW\,

-
9]
1

w4
1

(C)

0_-”| 1) i - V- i i + i i i L{

0 50 100 150
Absorbed pump power [mW]

Laser output power [mWV]
>
1

Work:
“Short-length CW laser of Nd** heavily doped single-mode silica

glass fiber fabricated by zeolite method”, Y. Yamasakia, T. || wrr~ ¢/ ax Do o -“““““-““““-“_““““““““-““T ---------
Hiraishi Y. Kagebayashia, K. Fujioka, Y. Fujimoto FIG. ((A) Experimental setup of Nd-SMF laser oscillation, (B)

Optics Communications, vol. 475 (2020) 126270, Fluo-rescent bez.lm profile image of Nd-SMF output, the .beam
quality factor is M?=1.0, (C) Input-output characteristics of
Nd-SMF laser)
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Lateral displacement effects on the optical transmission properties

of stacked metallic sub-wavelength slit-array systems
Y. Tokuda'2, K. Sakaguchi!, S. Watanabe', M. Nakajima?
1) Okayama Prefectural University, Japan, 2) Institute of Laser Engineering, Osaka University, Japan

SUMMARY

Metallic slit-array slabs act like dielectrics when the
incident wavelength is longer than the slit interval.
However, their stacked structures do not always exhibit
optical properties equivalent to conventional dielectric
multilayers. This work investigated the lateral
displacement dependence on the characteristics of the
Fabry—Perot-like waveguide resonance modes of two-
tier systems. Simulation studies clarified the behavior of
the resonance modes and the physical mechanism
underpinning the transmission disappearance by the
lateral displacement. Furthermore, we determined that
the critical frequency, f., above which the even-order
modes exhibit blue-shifts with increases in the air-gap
spacing, can be predicted using an equation including
the lateral displacement. The geometrically-tunable
optical characteristics are expected to promote the
future applications of artificial dielectrics operating in
low-frequency optical regions.

L i | %
I
w d
1.2 - - -
w350 um - / /
/ w360 um ; //
1.0 - 4 w =256 -pun =d2? 7
- e 7 w=200fm
N 08 - - - w= 150" um
= - - el -
= a - - W= 100 pm .
;{, 06 L= . e - o ,__ L= ‘—.__1;1;.--'50 pm
g - o e e e W= (K
: 0§ o9 e e
w04 B o
oo e f y =5 f
0.2 JRW (,.t
d=500 um T .fl-.]-l = fz(d 2”
0.0 '
0 50 100 150 200 250

Lateral Displacement / (pum)

FIG. A schematic illustration of the two-tier metallic slit-array
structure and the critical frequencies, f., shown for various slit
widths, w, as functions of the lateral displacement, /. The f,

can actually be found only in the region colored yellow-green.
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Tunable dual wavelength and narrow linewidth laser using a single solid-state gain medium in a double

Littman resonator
Pham Hong Minh!2, K. Yamanoi? and N. Sarukura?
1) Institute of Physics, VAST, 2) Institute of Laser Engineering, Osaka University, Japan

SUMMARY

A scheme for generating two tunable narrow linewidth
laser emissions simultaneously using a double Littman
resonator configuration with a single laser gain medium
and minimal optical components was proposed. The
scheme was tested in the UV region using a Ce:LiCAF
crystal as laser gain medium by solving the rate

(@)

Intensity (arb.units)
o o o -
S o ) o

e
N

o

equations extended to multiple wavelengths of a system 20100
. 290.00 . 30
of two homogeneously broadened singlet states. Our E e e i
. . gt 289.700 S
results show that a wide tuning range of about 37 nm, (omy moon T, 5 Tme®

from 278 to 315 nm with a peak emission at around
288.500 nm, is possible. By using a grating inside the
resonator, a very narrow linewidth of about 2 pm for
both emission wavelengths could be achieved. The
tuning range of the Ce:LiCAF laser in combination with
the very narrow linewidth fits perfectly the o
requirements for measuring the concentration of Wavelength () Wavelngth ()

pollutant O3 and SO2 gases in the atmosphere using || F[G. Three-dimensional spectral and temporal profiles of the
DIAL, where no other existing laser system could || two emission wavelengths from a double Littman resonator.
achieve. Spectral profile of the two emission wavelengths. The
linewidth of both emissions 1s 2 pm.

Intensity (photons
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SUMMARY
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SUMMARY
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SUMMARY
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1) S. A. Payne, et al.,J. Opt. Soc. Am. B, 8, 726 (1991).

2) D. Jiang, et al., Cryst. Eng. Comm.,17, 7398 (2015).

3) P. R. Ehrmann and J. H. Campbell, J. Am. Ceram. Soc. 85, 1061 (2002).
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Numerical modeling of plasma facing materials
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NMR spectroscopy on the HD probe in the temperature region of 1~10 K and development of a solid

HD thin layer target (Final report)

M.Utsuro!, M. Nakai?, H. Kohri!, T. Ohta3, T. Konno*, A. Igashira’, and M. Fujiwara!

1) Research Center for Nuclear Phys., Osaka Univ., Japan, 2) Institute of Laser Eng., Osaka Univ., Japan,
3) Univ. of Tokyo Hospital, Japan, 4) Grad. School of Sci., Osaka Univ., Japan, 5) Fac. Law, Meiji Gakuin Uniyv., Japan

SUMMARY

It has been theorized that the parallel polarization of D and T would facilitate
full participation in the process and significantly alter the reaction rate in the
fusion process, instead of the process by only 2/3 of all possible spin alignments
that occur during the collision of the D and T nuclei. A test experiment for
developing a polarized DT laser fusion concept was proposed in which a
ferromagnetic complex with a high internal magnetic field was used to polarize
tritium nuclei on physisorbed DT molecules with an internal S-decay heat load in
a DT target. Similar heteronucleic hydrogen deuteride (HD) was used to test the
proposed concept instead of typical DT-based experiments. The Prussian blue
ferromagnetic analogue Ni;[Fe(CN)], (7=24.9 K) with a high internal magnetic
field of 270 kOe at 4.2 K was used in the experiments. The stepwise NMR
analysis of the ferromagnetic complex-mediated adsorption of HD onto activated
carbon pellets at 10 K was conducted using a multilocular probe cell and the
simplified single-tube probe cell. The resulting 'H NMR spectra compared with
the 1F NMR spectra for reference on the KelF probe cell wall indicated that our
preparations for the present approach were completed and the way we worked
will lead us to a higher polarization at the target temperature mentioned above.

Experiments to develop a thin solid hydrogen target were also carried out.

% F NMR of KelF cell wall &

TH NMR of natural white TH NMR of adsorbed HD on

50 rubber in multilocular cell  pellets in single tube cell
T T T

401

30t

20f

10F

NMR peak intensity (height x width)

0 60 120 180
Elapsed time after refrigerator started (min) _

FIG. NMR peak intensities of the

HD probe (blue points) compared to
the references (purple and pink ones)
show the effect of the complex. Left
ends are at room temp.. Midway
drops at about 90 min show effects of
the influx of room-temp HD gas.
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Development of Sub-Teraheltz TDS Polarimetry for Cosmic microwave

Bacground Observation system
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Table 1/ VT

Types of LD Multi-mode (MM) | Single-mode (SM)
i Average power 500 pW 33 pW
Optical pulse ;
Pulse width 17 ns 4ns
APD Rece_n-'ed Area 0.2 mm 0.5 mm
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[1] H. Kawahara, K. Fujioka, and H. Furuse, Jpn. J.
Appl. Phys. 59, 112004 (2020).
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Decay instabilities of whistler waves in solar wind plasmas
T. Sano, Y. Tatsumi, M. Hata, Y. Sentoku
Institute of Laser Engineering, Osaka University, Japan
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Basic technology research of nano-processing data acquisition toward CPS laser processing
A. Narazaki!
1) National Institute of Advanced Industrial Science and Technology —(AIST)

SUMMARY

In the CPS for laser processing, it is assumed that a
large amount of data in the physical space will be
learned using machine learning. In this case, the
acquisition of a large amount of experimental data in
the physical space i1s a prerequisite. In the past, data
acquisition has been attempted using a single-beam
processing system capable of parameter sweeping. On
the other hand, by using parameter-swept single-shot
processing scheme, high accuracy and high speed of
machine learning can be achieved. In this study, we
introduced interference pattern processing equipment
into the laser-induced transfer (LIDT) method, and
succeeded in the simultaneous deposition of
periodically arranged nanodots. This enabled us to
perform a single-shot parameter sweep in combination
with a filter whose optical properties change in the
plane.

(a)

Laser beams

Glass substrate
Donor film 1]

Receiver film

Glass substrate

(@) Scheme of LIDT with interference pattern, (b) SEM
images of Au nanodots deposited by LIDT with interference
pattern[1].

[1]1Y. Nakata et al., Int. J. Extrem. Manuf. 2 (2020) 025101.
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