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Long time evolution of magnetized plasma shock generated by high power laser
S. Matsukiyo!, S. Isayama!, T. Morita!, T. Takezaki?, R. Yamazaki3, S. J. Tanaka3, Y. Kuramitsu*, K. Tomita’®, T. Sano®, R.
Higashi!, K. Takahashi!, K. Oshida!, G. Nakayama', Y. Maezono!, Y. Muramoto!, K. Kanesada!, T. Oguchi?, H.
Matsuyama?, M. Shigeta?, Y. Sato?, J. Shiota3, K. Obayashi?, Y. Kidokoro?, S. Suzuki?, S. Yakura3, T. Minami#, K. Sakai*,
P. Yiming?, S. Egashira®, K. Maeda®, Y. Suzuki®, M. Hanano®, Y. Sakawa®
1)  Kyushu University, 2) University of Toyama, 3) Aoyama Gakuin University, 4) Osaka University,
5) Hokkaido University, 6) Institute of Laser Engineering, Osaka University

SUMMARY Experimental setup

Long time evolution (> 100 ns) of a collisionless
shock propagating in a magnetized nitrogen gas plasma
is formed by irradiating an aluminum target plate
surrounded by 5 Torr nitrogen gas with Gekko XII laser. |
We used a number of laser conditions with different :
pulse duration and laser energy to search preferential
conditions for long time driving of a supercritical shock

(M, > 3). We could drive a supercritical shock up to Snapshot of self-emissionat t = 110 ns

~140 ns when a pulse duration is 5.2 ns and laser 9 3 beams 1.3ns 6 beams 2.6ns 12 beams 5.2ns
energy is 5.6 kJ (3.42E13 W/cm?). We could also || s

capture shock propagation up to ~230 ns by making the g z

size of magnetic coil large so that the field of view of || ™ ;

optical measurements is expanded. We further observed B S T W R R TITEY
that global profile of a shock after t > 100 ns varies || ____________ xfmm Xfmm xlmm]
depending on the laser energy. A collimated clump of || FIG. The upper panels show experimental setup. The lower
the leading edge of the shock is seen for 3 beam shots. panels denote GOI images of self-emission at t = 110 ns for
A blunt shock is formed for 6 beam shots. Spatial || gifferent laser energy (same intensity): (left) 1.4 kJ, (middle)
oscillation of shock surface is seen for 12 beam shots. 2.8 kI, (right) 5.6 kJ, respectively.
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Experimental investigation on the magnetic reconnections driven by electron dynamics
N. Bolouki!, K. Sakai?, T. Minami?, Y. Abe?, F. Nikaido?, T. Taguchi?, K. Himeno?, S. Suzuki?, R. Matsuura?,

K. Kuramoto?, T. Yasui?, T. Tanaka?, Y. Sakai?, T. Pikuz?, N. Ozaki?, Y. Sakawa?, M. Hanano?, S. Fujioka?, Y. Arikawa?,
A. Morace?, W. Y. Woon3, C. M. Chu?, C. S. Jao?, Y. L. Liu*, Y. Fukuda®, T. Hayakawa>, M. Kanasaki®, T. Morita’,
Y. Muramoto’, T. Moritaka®, H. S. Kumar®, N. Ohnishi®, Y. Okada'®, G. Gregori'?, and Y. Kuramitsu?

1) Masaryk University, Czech Republic, 2) Osaka University, Japan, 3) National Central University, Taiwan, 4) National
Cheng Kung University, Taiwan, 5) KPSI QST, Japan, 6) Kobe University, Japan, 7) Kyushu University, Japan, 8) NIFS,
Japan, 9) Tohoku University, Japan, 10) University of Oxford, UK

SUMMARY '

We have been experimentally investigating the
magnetic reconnections driven by electron dynamics.
So far, we have reported formation of cusp and
plasmoid, which propagates at the Alfven velocity
defined by electron mass with global imaging of plasma
structures. Using local diagnostics, we also clarified the
pure electron outflows, magnetic field inversion, and i
whistler waves. The final piece to complete the === === oo oo s oo s e e e s mm o m e
experimental investigation of the magnetic reconnection
in electron scale is the imaging of the global magnetic
structure. The objective of this research is to establish

FIG. (a) Mechanical drawing of the experimental setup. Three
GXII beams (green) irradiate the Al planer target to produce a
fast directional plasma flow, and one GXII beam from the top
magnetic field reconstruction using ion radiography also irradiates the Al slab target on the bottom to create two-
using large-area suspended graphene (LSG), solid-state || Plasma interaction. LFEX laser (red) irradiates an LSG target
nuclear track detectors (SSNTD), and artificial with defocused intensity. The accelerated ions are detected
with SSNTD. (b) Ion radiograph at 10 ns from GXII laser

intelligence. We show here the preliminary results WAL o 2 )
irradiation (partial image) shows wave-like structures.

demonstrating the waves in the laser-produced plasma.
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Ion acceleration using collisionless shocks produced in nonequilibrium plasmas
Y. Fukuda! and Y. Sakawa?
1) Kansai Photon Science Institute (KPSI), National Institutes for Quantum Science and Technology (QST), Japan,
2) Institute of Laser Engineering, Osaka University, Japan

SUMMARY

We have investigated collisionless shock ion
acceleration (CSA) using a high-intensity ps-pulse laser
system with a modest normalized vector potential [1].
In a near-critical density plasma that consists of multi-
component ion species CgH-,Cl, only protons are
accelerated, which is clear evidence of CSA and agrees
with the prediction by 2D PIC calculations. In a near-
critical density multi-component proton and C¢"-ion
plasma, it might be possible to control accelerated ions
actively  (proton-only or proton and C%*-ion
acceleration) by changing the drive-laser intensity in
CSA. This work illustrates how laboratory studies of
ion acceleration at collisionless shocks can be an
important tool to under- stand some of the collisionless
physics associated with space and astrophysical shocks.

[1] Y. Sakawa et al., submitted to Phys. Rev. Lett.
(2023).

Proton

Ton energy

FIG. Raw data of TPS (a) without and (b) with the ablation
laser. a; is 1.6 and 2.0 for (a) and (b), respectively. The target
1s a foil of CgH,Cl with a thickness of 1 um. Whereas signals
from protons and carbon ions appear when the drive laser
alone is used, whilst only a proton signal is detected when the
ablation laser is used.
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Investigation of plasma instabilities in the collisionless shock foot region
Y. Ohira!, K.F.F. Law?, S. Fujioka?
1) University of Tokyo, Japan, 2) Institute of Laser Engineering, Osaka University

SUMMARY

This research studied the evolution of plasma
instabilities in collisionless plasma modeling the foot
region in a collisionless shock by performing two-
dimensional full PIC simulations. We modified the
initial momentum distribution of the protons in a
uniform proton-electron plasma to investigate the effect
of the return protons from the shock region on the
plasma instabilities evolution. As shown in the figure,
the electric energy density developed before 500 o,
as the signature of the initial electron heating by
Buneman instability. Compared to the simulation case
with return protons, in the case without return protons,
the plasma instabilities following the Buneman
instability take a longer time to grow and have not yet
shown saturation within the simulation time. This result
showed the change in plasma instability when the
impulsive nature of reflected protons from shock region,
which is observed by recent space observation, being

taken into account.

x10~3 Time developent of electric energy density

NS
[9,]
T

N

Electric field density (arb. unit)
-

ot
v,

0 500 1000 1500 2000 2500
. -1
Time (wpe)

FIG. Time development of electric energy density in PIC
simulation. The black color represents the simulation with
only reflected protons, and the red color represents the case
with both reflected and return protons.
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Development of electron beam control scheme using kilo-tesla-class self-generated-resistive magnetic fields
T. Johzaki!?, S. Fujioka?, K. Yoshitake!, H. Nagatomo?, R. Takizawa?, J.-Y. Dun?, H. Morita?3, T. Maekawa?, T. Tsuido?,
K. F. F. Law?, M. TakemuraZ, S. Guo?, B. Zhu?

1) Hiroshima University, Japan, 2) Osaka University, Japan, 3) Utsunomiya University

SUMMARY e - T

In the present research, taking advantage of kJ-class
multi-picoseconds LFEX laser, we aimed to ||
demonstrate the guiding scheme of relativistic electron
beam using the resistive magnetic field generated
around the material interface by the beam current. . . .

We conducted experiments for 3 types of target; I [Wiem’]

(1) guiding material: N1 and surrounding material: CH

s esnsr whALImewE Wl wrmm ¥ SLA weYrARRAAsTAeRY

.. . . 1 Target(1) Target(2) Target(3)
(2) guiding matenal: CH and surrounding material: Ni #4763 4.4X10%W/em? #4767 43X101 W/em? __ #4753 51x10%W/em?
(3) CH mono_materlal _— — et lavae | PP T L. & i T Aot lawas |

In the experiments we used plasma mirrors, which
resulted in high contrast ratio but also reduced the laser
intensity. As the results, the beam guiding was observed ||
for case (2), which agrees with the guiding performance ||
predicted for the low intensity case in the preceding

e e e e e e e e e e e e e e e e

numerical simulation[1]. In addition, the result || Symmary of resistive guiding experiments: (a) numerically
indicating laser focusing effect by the guiding cone || predicted intensity dependence of electron guiding efficiency
under the high contrast condition was observed. for three different targets, (b) schematic view of a target and
(¢) experimentally observed spatial profiles of Cu Ka

[1] T. Johzaki et al., Phys. Plasmas 29, (2022) 112707. emission.
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Data Analysis of Low-Beta Reconnection Driven by Laser-Powered Capacitor Coils
H. Ji'2, S. Fujioka?, S. Zhang!, L. Gao?, A. Chien!, R. Takizawa?, Y. Sakawa3, T. Morita*

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

SUMMARY

Magnetic reconnection is ubiquitous in space
and astrophysical plasmas, rapidly converting magnetic
field energy into plasma particles. As part of this
collaborative program, we have published results from
our previous joint experiments to study particle
acceleration by magnetic reconnection at low-beta
driven by capacitor coils [A. Chien et al., “Non-thermal
electron  acceleration from  magnetically  drive
reconnection in a laboratory plasma”, Nature Physics
19, 254-262 (2023)]. Reconnection electric field is
identified to be responsible to generate the detected
energetic electrons. These results are highly relevant to
the observations of high-energy electrons throughout
the Universe. This work has also established a novel
platform to study various proposed mechanisms of
particle acceleration by magnetic reconnection, beyond
capabilities of the traditional experiments of magnetized
plasmas.

FIG. Experimental platform to detect energetic electrons by
reconnection driven magnetically via capacitor coils. Electric
current are induced by irradiated by lasers on the back plate
relative to the front plate while multiple channels of particle
spectrometers detect energized electrons from reconnection.
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Revisit of the ablation scaling with high power laser irradiation
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Dependence of Richtmyer-Meshkov Instability growth on gas compressibility
T. Sano!, C. Matsuoka?, and F. Cobos-Campos?
1) Institute of Laser Engineering, Osaka University, Suita, Osaka 565-0871, Japan, 2) Graduate School of Engineering,
Osaka City University, Sugimoto, Sumiyoshi, Osaka 558-85835, Japan, 3) ETSI Industriales, Instituto de Investigaciones
Energéticas and CYTEMA, Universidad de Castilla-La Mancha, 13071 Ciudad Real, Spain.

SUMMARY

We have continued the study of the dependence of
the growth velocity of Richtmyer-Meshkov Instability
(RMI) on the gas compressibility. Since an important
change in the behavior of the growth rate as a function
the ratio of the specific heats of the gases (we asume
ideal gas model) was observed [2021B2-018], we have
calculated the physical limits when y, or y; tend to
unity and infinity.

Especial attention requires the case when y, =y, = 1
because it would bring the possibility to characterize
new freeze-out, or at least low-growth, regimes for very
intense shocks as those used in Inertial Confinement
Fusion (ICF) configurations.

[1]J. G. Wouchuk, Phys. Rev. E 63, 056303 (2001).

FIG. Dependence of the linear asymptotic growth velocity
(v;?f ) as a function of the isentropic exponent of the gas of

the transmitted side, y,, for an incident shock Mach number
M; = 10. The rest of the pre-shock parameters are y, = 3
and a density ratio across the contact surface Ry = p1/p, =
1,5 (therefore a shock is reflected back). The dashed line
correspond to the physical limit when y, > 1 and the
coefficients d are calculated from Wouchuk-Nishihara model

[1].
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Radiation damage investigations on MBE-grown GaAs/Si epilayers
Roni Andig!, Craig Egan Allistair D. Tan!, Gerald Angelo R. Catindig!, Erick John Carlo D. Solibet!, Alexander E. de los Reyes!, Horace Andrew F. Husay!,
Elizabeth Ann P. Prieto?, Melvin John F. Empizo3, Karl Cedric P. Gonzales!, Tvan Cedrick M. Verona', Hannah R. Bardaloza', Vallerie Ann I. Samson*,
Giuseppe Filam O. Dean*, Nobuhiko Sarukura3, Armando S. Somintac!, Elmer S. Estacio!, and Arnel A. Salvador!-?
1) National Institute of Physics, University of the Philippines Diliman, Quezon City 1101, 2) Materials Science and Engineering Program, College of Science, University of the
Philippines Diliman, Quezon City 1101, Philippines 3) Institute of Laser Engineering, Osaka University,, 2-6 Yamadaoka, Suita, Osaka 565-0871, Japan, 4) Philippine Nuclear
Research Institute, Diliman, Quezon City 1101, Philippines

SUMMARY

Several reports have already examined the radiation
effects on GaAs and Si semiconductor materials.
However, little is known regarding the effects of
radiation on the THz properties as most investigations
focus on GaAs’ and Si’s electrical properties and solar
cell applications. In this regard, we performed radiation
damage investigations on MBE-grown GaAs/Si
epilayers. GaAs epilayers were first grown with varying
thicknesses and growth temperatures on Si (100) and
(111) wafers. Afterwards, the MBE-grown GaAs/Si
epilayers were irradiated with electrons with 100 to 200
kGy absorbed doses. Both non-irradiated and electron-
irradiated LT-GaAs/Si epilayers exhibit similar THz
peak-to-peak amplitudes, frequency bandwidths, and
dynamic ranges regardless of the Si substrate
orientation. Our results suggest that MBE-grown LT-
GaAs/Si epilayers are robust to electron radiation and
can be developed further for radiation-durable
applications.
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FIG. 1. THz time-domain spectra non-irradiated and electron-
irradiated MBE-grown GaAs epilayers grown on (a) Si (100)
and (b) Si (111) wafers.
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Improvement on characteristics of Pr’*-doped glass scintillator for neutron detector
Takahiro Murata
Faculty of Advanced Science and Technology, Kumamoto University , Japan

SUMMARY

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

This year, we developed a high Li ion-containing
glass, LCQG, as a new host material and investigated the
dependence of PL properties on Pr¥* concentration in
LCG:Pr** glass samples. The PL intensity increased
with increasing PrF; concentration up to 1 mol% and
then was almost the same at 1 mol% and 2 mol%. This
result indicates that the possibility of developing glass
scintillators with fast response and high light output by
optimizing the concentration of PrF,; between 1 and 2
mol% in LCG glass. 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.

PL intensity (a. u.)

& LS4 W et W

Wavelenght (nm)

&N ~\ ~ng

FIG.
PL spectra of LCG: xPrF; glass samples excited at 231 nm.
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Exploring fast ultraviolet cross-luminescence scintillation from barium fluoride crystal under high pressure
M. Cadatal-Raduban'2, L.V. Mui?, T. Shimizu?, N. Sarukura? and K. Yamanoi?
1) Massey University, New Zealand, 2) Institute of Laser Engineering, Osaka University, Japan

SUMMARY 10
The luminescence from BaF, contains a very fast and
a slow component. The fast component is cross- 9-
luminescence (CL). The decay time of CL is 600 ps,
which is 1/1000 that of the slow component called self-
trapped exciton emission. However, the CL wavelength
is in the vacuum ultraviolet region. Numerical
calculations predicted that the wavelength of CL can be
shifted to longer wavelength by controlling the band
gap energies through high pressure application to the
crystal [1]. In this research project, we observed
experimentally the pressure dependence of the shift in
the CL wavelength when pressure is applied to the BaF,
crystal. The luminescence and x-ray diffraction were
measured simultaneously under high pressure in a 0 > 4 6 8 0 12
sapphire anvil. X-rays of 20 keV was used as excitation Pressure (GPa)
source. Figure 1 shows the relationship between ||------mmmmmmmm oo
pressures and lattice constants of BaF,. The crystal || FIG. Change in lattice constant under high pressure. The
phase was changed at 3 GPa from cubic to || crystal phase changed from cubic to orthorhombic at 3 GPa
orthorhombic and CL was shifted to longer wavelength. pressure. This indicates a change in the electronic structure
[1] M. Cadatal-Raduban et al J. Chem Phys 154, 124707 (2021). and consequently a shift in the emission wavelength.

lattice constant (A)
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Nonlinear interaction in multi-layer fluid interfaces with density stratification
Chihiro Matsuokal!-?-3
1) Graduate School of Engineering, Osaka Metropolitan University, 2) Nambu Yoichiro Institute of Theoretical and
Experimental Physics (NITEP), Osaka Metropolitan University, 3) Osaka Central Advanced Mathematical Institute
(OCAMI), Osaka Metropolitan University

SUMMARY

Nonlinear interaction between two interfaces in the
incompressible multi-layer Richtmyer-Meshkov
instability (RMI) is investigated using the vortex sheet
model (VSM) theoretically and numerically. We
obtained the following results that

- when a strong vortex sheet approaches a weaker one
possessing an opposite sign to the former sheet, a
locally peaked vorticity of the opposite sign is induced
on the weaker sheet,

+ the interaction of the opposite-signed vorticity
induced on the weaker sheet with the stronger sheet
further amplifies the strength of the stronger sheet.
These results are applicable not only to plasma physics
but also to various areas, such as geophysical fluid
mechanics and marine engineering.

FIG. Temporal evolution of two interfaces in RMI, where time
passes from (a) to (c). Panel (d) is the magnification of the
boxed area of (¢). Blue (red) filled-in circles denote the largest
vorticity points with a negative (positive) sign, while open
circles denote the second largest vorticity points designated by
the same colors.
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