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Radiative shocks as star progenitors
Y. Benkadoum!, B. Albertazzi!, G. Rigon!, Y. Sakawa?, A. Dearling?, F. Lefevre!, M. Koenig!

1 LULI, CNRS, CEA, Ecole Polytechnique, UPMC, Univ Paris 06: Sorbonne Universités, Institut Polytechnique de Paris, F-91128 Palaiseau cedex, France

2 Institute of Laser Engineering, Osaka University, Suita, Osaka 565-0871, Japan

SUMMARY

The interaction of strong RS with structures and

inhomogeneities of the ISM 1s a central problem in
astrophysics. We performed a study on the effects of
radiation when a RS interacts with an object mimicking
a dense clump in the ISM.
The goal of the experiment was to study first the
interaction of a radiative shock (RS) as a function of the
density ratio between the obstacle and the shock (factor
of 1000), second the modification of the RS structure
with respect to the initial gas density. In the transverse
direction to the propagation of the radiative shock, we
implemented a large array of visible diagnostics to
measure as much as possible variables. Both studies
were successful, as shown in figure 1. For next
experiment, we will combine RS and external magnetic
field to be closer to the astrophysics conditions.

8 3

Obstacle ablation in microns

"| 2DFLASH data’ o«

. Experimentalf|
L data®
<R
3
LN ¥ 30-eV-model$
2 :

Laser signal

Front-shockf

6 8 10 2 14 16

Timein ns '

Fig. 1. On the left, an example of a comparison

between the obstacle ablation due to radiation of the shock
for a 150 mbar of xenon (green crosses), data from a 2D
FLASH simulation (black squares) and our theoretical
model
temperatures. Right picture is a typical example of result
given by the streak camera of the shadowgraphy diagnostic.

curves) for different shock

(dotted colored
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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. Yamazaki?, S. J. Tanaka’, 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. Sato3, J. Shiota’, K. Obayashi®, Y. Kidokoro?, S. Suzuki?, S. Yakura’, 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

Long time evolution (> 100 ns) of a collisionless
shock propagating in a magnetized nitrogen gas plasma
i1s 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
~140 ns when a pulse duration is 5.2 ns and laser
energy is 5.6 kJ (3.42E13 W/cm?). We could also
capture shock propagation up to ~230 ns by making the
size of magnetic coil large so that the field of view of
optical measurements i1s expanded. We further observed
that global profile of a shock after t > 100 ns varies
depending on the laser energy. A collimated clump of
the leading edge of the shock is seen for 3 beam shots.
A blunt shock is formed for 6 beam shots. Spatial
oscillation of shock surface is seen for 12 beam shots.

Experimental setup

TSion (perp) i
strea

%m framing
m

streak 2

self-emission
FOV

TS ion (para)
HIPER

TS probe

Snapshot of self-emission att = 110 ns

3 beams 1.3ns 6 beams 2.6ns 12 beams 5.2ns

z [mm]

6 -3 0 3 6 9121518 6 -3 0 3. 6 9121518 6 -3 0 3 6 9 121518
x [mm] x [mm] x [mm]

FIG. The upper panels show experimental setup. The lower

panels denote GOI images of self-emission at t = 110 ns for

different laser energy (same intensity): (left) 1.4 kJ, (middle)

2.8 kJ, (right) 5.6 kJ, respectively.
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Demonstration of ultra-high intensity LFEX with Hyperbolic Plasma Mirror for generation of

Relativistic Electromagnetic Shock and near-relativistic ion beams
Morace!, Y. Arikawa?, Y. Sakawa!, H. Chen?, R. Wilson?, P. McKenna?, R. Gray?,
1) Institute of Laser Engineering , Japan, 2) Lawrence Livermore National Laboratory,US 3) University of Strathclyde,

UK

SUMMARY

Achieving extreme laser intensities (I>5x10%° W/cm?)
on a kJ-class, picosecond laser system would open a
new regime in laser plasma interaction, with
applications to experimental astrophysics, 1on-based
Fast Ignition research and for the development of > 100
MeV/nucleon ion sources.

This experiment represents the first attempt at
increasing the LFEX laser intensity using Ellipsoidal
Plasma Mirrors provided by co-investigators at the
University of Strathclyde.

Experimental results show that high intensity was
achieved but no ions were generated due to LFEX
uncompressed light irradiating the mirror and target
before the main pulse.

We nevertheless generated ultra-relativistic electrons
from (expanded) 1 um Al foil, indicating that high
LFEX intensity was achieved with the Ellipsoidal
Plasma Mirror.

(a) (b)

Focusing plasma
mirror

Laser from OAP ......... o ,
o ‘.\ ' ”,' ib

. ‘ J B
....M B

(a) Schematic of the Ellipsoidal Plasma Mirror used in the
experiment, (b) EPM and RCF stack mounted on the LFEX
Laser right after shot (c) Ultra-relativistic electrons obtained in
two shots and recorded on the Radio-Chromic Film stack.

- 12 -



RAKBIRIZ I, 5305 IR OIS & KPS & O LR
AR QL2 w2, BEARERRR?, (LR T2, AAVEME—3, ARERES, sLHBE—BR2, BRILFAMLS, 220552,
EEE A MRS, JEHEEANS, ERERERE, HEEBRER, O KARTERR, SPTESS!, $HAREE, KAwE! LEp
Fhf2, JTEAMREE2, FIHBEAR?, SRR, JEEFIEYE?, PRIV, AN, EAEREERS, ROh3, KRR,
R, BT RIS, ATASERS, AEThEs, TR, NOfaERT, U7, EHS2HT, & HEERERS,
Pan Yiming 8, RPHE LY, MEMFEITY, KPS, AIHET0, SFnE—?2
1) EFIIFEASF, 2) KIRKS, 3) MK, 4) T, 5) BB,
2) 6) FHRASE, 7) FHIIKFE, 8) AT, 9) % LEXNT, 9) ILITEASF

SUMMARY a 0@%

XalZ Al¥ — 47 > MIEOEXTE L —W — % B3

y [mm]

HILTHAT 7 L—va v I X0 E Y S |

SRR DR EY 2% E L, BEHO 77 X< ﬁ>»¢r— ;
DE DR ET R ORIR 2R+ 5. Al —T v Ji My, ="
FOERICWADRDH Y, Al T X<Eibd 5 (Xb). g £:

Bz E AT 7T X< JiHE 2 SR E B2 D REH]
& D FHAFE B2 X e (0-5 ns), d (60-65 ns), e (140-
145 ns) TH DH. Ke-e TIHIENL AN TTZ
A<M D L H 2|z L TWd . Z O iZB-dot
FHANC & 2 8 O RgSs DIRFRIZA L & EHAI L TW 5.
Z—7y B ORA ORNLIZ K D EB B O 5 L

DIFENR, W DIFRFER OB WD SILT2. | s o e e
a ZOT Yy N7 v AIENBGXI L —Y —Z B L,
A7 7 A~ btvay ROMAFERZEHIT 5. b FEEHREC
. AlZ—7 > FORBRIEIZBAND Y, AT 7 XA~k
T 5.

y [mm]

- 13 -




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. Woon?, 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
whistler waves. The final piece to complete the
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
magnetic field reconstruction using ion radiography
using large-area suspended graphene (LSG), solid-state
nuclear track detectors (SSNTD), and artificial
intelligence. We show here the preliminary results
demonstrating the waves in the laser-produced plasma.

(a)

1.4 mm

-~
v

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
also irradiates the Al slab target on the bottom to create two-
plasma interaction. LFEX laser (red) irradiates an LSG target
with defocused intensity. The accelerated ions are detected
with SSNTD. (b) Ion radiograph at 10 ns from GXII laser
irradiation (partial image) shows wave-like structures.
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Particle acceleration via magnetic reconnection using coil target
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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 (OST), 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).
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(b)
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Ion energy

FIG. Raw data of TPS (a) without and (b) with the ablation
laser. a, i1s 1.6 and 2.0 for (a) and (b), respectively. The target
1s a foil of C¢H,Cl with a thickness of 1 um. Whereas signals
from protons and carbon ions appear when the drive laser
alone 1s 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

<1073 Time developent of electric energy density

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 | TN

with return protons, in the case without return protons, 0 500 1000 1500 5000 2500
the plasma instabilities following the Buneman Time (1)

instability take a longer time to grow and have not yet "
shown saturation within the simulation time. This result | |f--mmmmmmm oo e
showed the change in plasma instability when the || FIG. Time development of electric energy density in PIC

impulsive nature of reflected protons from shock region, || simulation. The black color represents the simulation with

which is observed by recent space observation, being || only reflected protons, and the red color represents the case

taken into account. 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. Maeckawa?, T. Tsuido?,
K. F. F. Law?, M. Takemura?, S. Guo?, B. Zhu?

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

SUMMARY

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;

(1) guiding material: N1 and surrounding material: CH
(2) guiding material: CH and surrounding material: Ni
(3) CH mono-material

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
numerical simulation[1]. In addition, the result
indicating laser focusing effect by the guiding cone
under the high contrast condition was observed.

[1] T. Johzaki et al., Phys. Plasmas 29, (2022) 112707.
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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. Takizawa3, Y. Sakawa’, 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.

Reconnection
plane

il currents

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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Laser driven polarized neutron generation and proof of principle of high magnetic field

measurement

Y. Arikawa!, A. Morace!, A. Yogo!, Z. Lan!, T. Wei!, S. Matsumoto!, K. Miyanishi?, T. Sato3, T. Hayakawa*
1) Institute of Laser Engineering, Osaka University, 2) Graduate School of Engineering Science, 3) Research Center for Nuclear Physics,
Osaka University, 4) National Institutes for Quantum Science and Technology, Kansai Photon Science Institute

Summary

This study is aiming for exploring a new concept of
neutron diffractometry by laser driven strong magnetic
field. Neutron diffracts by a divergence of magnetic field
toward two directions dependent on neutron polarizations.
Then neutron beam 1is split into two polarized neutron
beams as described in Figl. Neutron diffraction angle is
dependent on the neutron velocity and dB/dx X L. Since
high power laser can generate extremely large dB/dx,
neutron diffraction is able to be observable when a well
point source and low energy neutron probe is prepared.
Unfortunately, 2022’s experiment planed at 2022-August
was postponed to 2022-Dec, but it was re-postponed to
2023-Sept due to LFEX machine trouble.

Polarized neutron

Magnetic filed divergent é é

é M

Figure 1 Neutron diffractometry schematics

In spite of the machine trouble, we had developed a low energy
neutron beam profiler, which consists of Li-6 glass scintillator
thin plate attached to the CCD surface. Since CCD has an issue
for EM pulse noise generated by LFEX, the scinti-CCD is
powered by a battery and entire system is enclosed in a metal EM
pulse shield chamber. The system was tested at ride-along with
shot of other LFEX shots and we confirmed it is capable to
measure low energy neutrons at LFEX shot. Figure 2 is a photo
of the scintillator CCD system.

Li-6 glass scintillator (low energy
neutron sensitive),

plastic scintillator (fast neutron sensitive)

Figure 2. A scintillator plates attached CCD camera for
measuring neutron diffraction at LFEX. The system was tested at
15-cm away from target at LFEX shot and was demonstrated.
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Laser-driven Cold/Thermal Neutron: Activation and Radiography Applications
Seyed Reza Mirfayzi,* Tianyun Wei,! Takehito Hayakawa,'? Yasunobu Arikawa,’ Yuki Abe,’3
Maiko Nakanishi,’ Zechen Lan,! Takato Mori,! Kunioki Mima,’ Shinsuke Fujioka,’ Masakatsu Murakami,’ Mitsuo Nakai,'
Hiroaki Nishimura,’> Satyabrata Kar,® and Ryosuke Kodama', and Akifumi Yogo,’
'ILE, Osaka University, °QST, 3Graduate School of Engineering, Osaka University, Tokamak Energy Ltd, UK,
SFukui University of Technology, °Queen’s University Belfast, UK,

SUMMARY

The thermal neutrons are powerful probes to inspect
water or high-pressure hydrogen gas because of their
large scattering cross-sections with protons. Laser-
driven neutron source, which is able to simultaneously
emit different types of radiations such as x rays, can be
used for neutron and x-ray radiography in the same
laser shot. In this paper, we report the demonstration of
non-destructive inspection for H2O contained within a
stainless steel pipe using a laser-driven thermal neutron
source, where water and stainless containers are
detected by neutrons and x rays, respectively. The
simulation result indicates that this method can also
provide the capability to measure the hydrogen density
in high-pressure hydrogen gas in metal containers.

T. Wei et al., AIP Advances 12, 045220 (2022);
doi: 10.1063/5.0088997
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(Left) A radiography experimental setup.

(Right) (a) Picture of the radiography samples of the stainless
steel pipes, of which one is full with H20 and the other is
opened in a vacuum chamber. The Dy plate and IP are placed
under the two pipes. (b) Measured neutron radiograph. (d) X-
ray image. (d) Transmittance for neutron (red) and x ray (blue)
along the horizontal position obtained from the images of (c)
and (d).

- 33 -




Bright laser-driven x-rays and neutron source in liquid micro-cluster target via strong shock waves
Krishnamurthy Manchikanti,’ Seyed Reza Mirfayzi,? Tianyun Wei,? Alessio Morace,? Yasunobu Arikawa,’ Zechen Lan,’
Kohei Yamanoi,? Kunioki Mima,?> Ryosuke Kodama,? and Akifumi Yogo,?

ITata Institute of Technology, India, *Tokamak Energy Ltd, UK, 3ILE, Osaka University

SUMMARY

Here, we report an in-direct method which
can obtain quasi-mono energetic deuteron beam
easily in experiments. The experiments
are conducted at ILE, Osaka University.

A primary target (Al) 1s focused by LFEX laser,

electrons and protons are accelerated from it. A
secondary target (heavy water capsule) is set at
the normal direction after the primary target.

By optimizing the experiment conditions such
as the distance of the 2 targets and the size of the
heavy water capsule, deuterons over 10MeV
with energy width less than 1MeV can be
accelerated from the capsule.
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>
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2x10"0

The photo (a) and the picture (b) of a secondary target (heavy
water capsule). (c)A setup of indirect laser shot experiment.
(d) The energy spectra of mono-energetic deuterons for
different diameter of the heavy water capsule.
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Tailoring of Relativistic Laser-Plasma Interactions in Multi-Pico-Second Time Scale
S. Fujioka', T. Tsuido', T. Maekawa', J. =Y. Dun', R. Takizawa', K. F. F. Law’, Y. Sentoku’, N. lwata', A.
Yogo', A. Morace', Y. Arikawa', H. Morita?, T. Johzaki®

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

SUMMARY

Multi-picosecond laser-plasma interactions reveal
different characteristics from those of sub-pico-second
lasers. This study performed experiments using a high-
contrast LFEX laser with a plasma mirror. Measuments
were compared between coincidental irradiation of
LFEX laser pulses of 1.5 ps full width at half maximum
and stacked pulses of 1.5 ps with a 1.5 ps of delay
between pulses, namely 6.0 ps (actuarily 5.2 ps). The
energy distribution of fast electrons generated by laser-
plasma interaction was measured using an electron
spectrometer and a hard X-ray spectrometer. The target
material was a flat plate of copper oleate, and the
propagation of fast electrons was visualized by imaging
Cu-Ka emission from its side using a monochrome x-ray
camera. Plasma heating due to laser-plasma interaction
was detected using a multi-pinhole camera and a
Fresnel zone plate. The data are currently being
analyzed, but by extending the pulse width while
keeping the total energy constant, the average energy of
the fast electrons increases, and the divergence angle
widens. The temperature at the plasma surface tends to
remain unchanged.
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Trajectories of fast electrons accelerated by 1.5 ps (a) and 5.2
ps (b) laser pulses. The deeper electron propagation was
found in the 1.5ps case. Electron temperature distribution of
plasma surface produced with 1.5 ps (c) and 5.2 ps (d) pulses.
The difference in the temperature is relatively small.
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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).

0.09

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

SUMMARY

-
o
w
™

We show spatiotemporally resolved characterization

ik

o
[N
T

of a solid copper foil heated by optical laser-driven
relativistic electrons by using femtosecond x-ray free
electron laser (XFEL) pulses. 2D x-ray transmission
imaging enabled visualization of the electron
propagation within the solid foil and inference of an
electron temperature range from x-ray images obtained
by varying XFEL’s photon energies near the Cu K-edge.
The temporal evolution of the measured electron-

impacted area agrees with simulated charge states rather 107 102 1625 10% el

than electron temperatures, suggesting that the ion density x charge state, n - Z (cm™)

propagating relativistic electrons primarily 1onize the || eeeeemem

solid target by electron impact ionization without [ FIG. The electron temperature and density space for
raising the temperature through collisions. Our results || isochorically heated non-equilibrium matter (a constant ion
demonstrate the creation of non-equilibrium Fermi density and cold ion temperature). The warm dense matter
degenerate plasmas by ionizing a solid metal foil with (| regime is loosely defined in the range of T ~1 and ® ~ 1. The
laser-driven relativistic electrons. trajectories in red and purple lines represent the PIC
simulations at different radial distances up to ~1.4 ps.
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3
Electron temperature (Kelvin)

Electron temperature, Te (eV)

Result had been published as DOI: 10.1063/5.0130953
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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 photon emission
physics from a relativistic laser light which propagates
in near critical density plasmas. Several radiation
processes are discussed, e.g., bremsstrahlung,
synchrotron, and radiative decay. We identify the
dominant process would be the synchrotron emission
when the laser intensity exceeds 1022 W/cm2. Copious
gamma-rays could be a source of linear Breit-Wheeler
pair productions. We discuss about how to implement
the BW model in the radiation transport module.

Radiation energy (erg/cm)

10— Self-focusing 10}" 10° 10" 102 10% 104 105 108 107 10¢
@ Tam | T
8 150
— 100 6 " -
=2 1 E?’:ﬁ <@ synchrotron 1
- 100
(ZJ_ 5 4
electron density 31—
10% v e BRI -
_.8|® o 2 | @2
E 6 “ ge X1
- et 25 g0
0 1 1 ey I 1 1 L 1 §1'
12@ magnetic f:hannel A 5’2 """"
g 6 v'l'], | i ig o 4— R
=4 Il -0 —
= 2 " g Zl— bremsstrahlung o ]
0 il I 1 1 | 1 1 | . | i
5 10 15 20 25 30 35 40 45 -6 -4 -2 0 2 4 6
X (um) logwE(keV) x cos@

FIG. The electron temperature and density space for
isochorically heated non-equilibrium matter (a constant ion
density and cold ion temperature). The warm dense matter
regime is loosely defined in the range of I' ~1 and ® ~ 1. The
trajectories in red and purple lines represent the PIC
simulations at different radial distances up to ~1.4 ps.
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Theoretical study on particle acceleration in high energy density plasmas
created by kJ class ultraintense lasers
N. Iwatal?, A. J. Kemp?, S. C. Wilks?, and Y. Sentoku!
1) Institute of Laser Engineering, Osaka Univ., 2) Institute for Advanced Co-Creation Studies, Osaka Univ.,
3) Lawrence Livermore National Laboratory, USA

SUMMARY

Kilojoule-class petawatt lasers, having relativistic
intensities and picosecond (ps) pulse durations, can
generate MeV ion beams with a high energy conversion
efficiency from laser to ions, typically about several
percent. We here study the underlying physics leading
to such an efficient ion acceleration from a thin foil
plasma theoretically and numerically using particle-in-
cell (PIC) simulations. The large spot size of the kJ
lasers is a key to confine fast electrons in the spot area
by a stochastic process. Due to the confinement effect,
both the number and the average energy of fast
electrons increase temporally in the expanding foil
plasma under a continuous laser light irradiation on a
several ps time scale, resulting a highly-efficient ion
acceleration. This study can be a basis for kJ laser
applications such as high flux ion beam generation for
plasma diagnostics, medical applications, and plasma
heating for laser fusion.

(t=4.0 ps)

(a) Laser field (b) Sheath E-field E, (c) Azimuthal B-field B,

150_5” : | "Random Lk
b -scattering |
i field for fast
= po - e'ecu ons "':11
£o Isize : By
= 3 ¥ Mo
j i '2Gbar :— p ;) ' 20
7 —— . — 2 . { U
300 0 300
X [um] X [um]
Initial foil position (Thickness 2.5 um)
FIG. 1 2D particle-in-cell simulation for a kJ laser-driven

target-normal-sheath-acceleration of ions. A 100 um spot laser
with the intensity 3x10'¥W/cm? irradiated continuously onto a
2.5 um-thick solid density foil plasma. (a) Laser field energy
density, (b) sheath electric field, and (c¢) azimuthal magnetic
field. In this spatio-temporal scale, stochastic behavior of fast
electrons is important in determining the ion dynamics.
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Development of broadband antireﬂection structure in THz region
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Smith-Purcell radiation emitted from a femtosecond electron bunch
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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. Empizo?, Karl Cedric P. Gonzales!, Ivan 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

0.9

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 045 r— , ,

) ) ) i (b) LT-GaAs/Si(111) =
epilayers. GaAs epilayers were first grown with varying p —— 200Gy irradiated
thicknesses and growth temperatures on Si (100) and T '
(111) wafers. Afterwards, the MBE-grown GaAs/Si _ ik ik |

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

0.6

0.3

THz signal (nA)

T

(a) LT-GaAs/Si(100)

-—— - - -

0.63+0.01 nA ]

LB |

w— Non-irradiated
w— 200-kGy-irradiated |

Time (ps)

- ——

250

Time (ps)

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.

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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Optical image transfer by using a multimode fiber

T. Nakamura!, Y. Arikawa?, T. Hayakawa?
1) SANKEN, Osaka university, 2) Institute of Laser Engineering, Osaka University,

Summary

Multimode fibers are usually used as “non optical
imaging” device because a transmitted light profile is
speckle pattern like figure 2. (b). In the reality, an image is
converted transferred via a lot of modes in the multi mode
fiber. The pattern is independent for every input potions of
the multi mode fiber. If point spread functions for all
points in the input are measured, the optical image can be (a) Test injected pattern image  (b)Multimode speckle
reconstructed. (TEM 11 mode from a fiber) pattern

If this method would be successful, it can be applied
laser fusion plasma experiment such as ultra high
resolution imaging detector at very close position from the

plasma. Multimode fiber 100um core NA 0.22 62 cm
Single mode fiber (¢)Reconstructed image (not
G50nm (0| \ - Q a well reconstructed due to issues
o - in the experimental setup).
point input Interferometry

100pointx100point scan

Figure 2. First testing results of the multimode fiber imaging (not
succeeded yet).(a) is test injection pattern from MM fiber input.
(b) is output image from MM fiber by (a). (¢) is reconstructed
image which is not succeeded but single bright spot is seen.

Single mode fiber

Figure 1 Multimode fiber imaging setup
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Improvement on characteristics of Pr3*-doped glass scintillator for neutron detector
Takahiro Murata
Faculty of Advanced Science and Technology, Kumamoto University , Japan

SUMMARY

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

This year, we developed a high Li ion-containing
glass, LCG, 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.
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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

The luminescence from BaF, contains a very fast and
a slow component. The fast component is cross-
luminescence (CL). The decay time of CL is 600 ps,
which 1s 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
sapphire anvil. X-rays of 20 keV was used as excitation
source. Figure 1 shows the relationship between
pressures and lattice constants of BaF,. The crystal
phase was changed at 3 GPa from cubic to

orthorhombic and CL was shifted to longer wavelength.
[1] M. Cadatal-Raduban et al J. Chem Phys 154, 124707 (2021).

lattice constant (A)

10
=—®= cubic (calculation)
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FIG. Change in lattice constant under high pressure. The

crystal phase changed from cubic to orthorhombic at 3 GPa
pressure. This indicates a change in the electronic structure

and consequently a shift in the emission wavelength.
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SUMMARY

We successfully demonstrated a pulse laser with a
fundamental repetition rate of 1 GHz in passively Q-
switched mode-locked oscillation by using Yb-Mg-
doped silica glass fiber (YbMgSGF). The YbMgSGF
core glass, fabricated by the zeolite method, showed a
Yb203 content of 5.46 wt%. To the best of our
knowledge, our laser is the first silica-glass-based, Yb-
doped fiber laser operating at a fundamental repetition
rate of gigahertz. The laser cavity was constructed by a
102-mm-long YbMgSGF as a laser medium and a
semiconductor saturable- absorber mirror as a mode-
locker. The laser output power reached 5.93 mW, and
its slope efficiency and lasing threshold power were
3.6% and 5.3 mW, respectively. The peak wavelength
of the oscillation was 1039 nm. We also discuss the
conditions to transition from Q-switched mode-locked
operation to continuous-wave mode- locked operation.
The proposed fiber laser can serve as a seed laser for a
master oscillator power amplifier for a high-power,
high-efficiency pulsed fiber laser source.

Dichroic mirror

Lens 976 nm: T=96.6% Lens
(f= 11 mm) 1030 nm: R=99.1% (f= 11 mm)
) L=102 mm i
—
[ 976-nm LD | I _:ﬁ _______ #- TeC
Bomn : Yb-Mg fiber
1
1
1

I

I
oRam : Qutput mirror

! 976 nm: T=97%

B 1030 nm: R=90%

I 1
1 Laser output

Fig. 2. Schematic diagram of experimental setup. LD, laser diode; SESAM, semiconductor saturable-absorber mirror; TEC, thermoelectric cooler; f, focal length; L, cavity length;
T, transmittance; R, reflectance.

Long-pass filter
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Fig. 3. Absorption (blue) and fluorescence (black, dotted line) spectra of Yb-Mg-doped silica glass and laser oscillation spectrum (black, solid line) and Gaussian fit (red) in
Mg—co-doped Yb-doped silica glass fiber when the output power is 5.13 mW: (a) wavelength range between 950 and 1150 nm; (b) wavelength range between 1025 and 1075 nm.

Fig. 2. Schematic diagram of experimental setup.

Fig. 3. Absorption (blue) and fluorescence (black, dotted line) spectra of Yb—Mg-doped
silica glass and laser oscillation spectrum (black, solid line) and Gaussian fit (red) in Mg—co-
doped Yb-doped silica glass fiber when the output power is 5.13 mW: (a) wavelength range
between 950 and 1150 nm; (b) wavelength range between 1025 and 1075 nm.
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Zn0O Synthesis (via Spray Pyrolysis) and Optical Characterization for

Radiation Detection
V. A. Samson!, M. J. F. Empizo?, N. Sarukura?
1) Philippine Nuclear Research Institute, Philippine, 2) 2Institute of Laser Engineering, Osaka University, Japan

SUMMARY

Thin film deposition is crucial in fabricating ZnObased
devices such as radiation detectors, photovoltaic solar
cells, piezoelectric generators, etc. One efficient and
cost-effective way to deposit ZnO thin film is through
the spray pyrolysis method. In this study, ZnO thin
films were deposited in glass substrates via spray
pyrolysis at varying zinc acetate precursor
concentrations and substrate temperatures. The
structural, optical, and photoluminescence properties of
the films were investigated via XRD, SEM, UV/Vis,
and photoluminescence spectroscopy.

Zn0O with wurtzite structure was successfully deposited
in glass substrate via spray pyrolysis method. ZnO
crystals have preferential growth in (100) and (110)
planes. In spectroscopy, five emission bands were
observed in the PL spectra of the samples namely: UV,
violet, blue-green, green, and yellow-orange emissions.

BO0
0.10M 300°C
700 —0.15M 300°C
[ =—0.20M J00°C}

G600

200 300 400 500 600 TVOO 8OO0 SO0 1000
wavelength (nm)

FIG. PL Spectroscopy of ZnO. UV emission is near-band
edge emission of ZnO. Green emission (500-nm) is possible
surface defects in the nanocrystalline particles of ZnO
nanomaterials.
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PL spectroscopy of ex-situ regrown AlGaN layers for enhancement mode GaN-based MIS-HEMTs
Joel T. Asubar!, Shogo Maeda!, Ali Baratov!, Masaki Ishiguro!, Toi Nezu!, Takahiro Igarashi!, Kishi Sekiyama!,
Keito Shinohara?, Melvin John F. Empizo?, Akio Yamamoto!, and Nobuhiko Sarukura®
1) University of Fukui, Japan, 2) Institute of Laser Engineering, Osaka University, Japan

SUMMARY

In this work, we compare the structural, optical and
electrical properties of our proposed recessed-gate with
regrown barrier GaN-based metal-insulator-
semiconductor high-electron-mobility transistor (MIS-
HEMTs) (see Figure 1a) with those of conventional
recessed-gate GaN-based MIS-HEMTs (Figure 1b).
We have previously reported record combination of
drain current and threshold voltage from our proposed
device. To shed light on the possible mechanism of this
excellent performance, we performed
photoluminescence spectroscopy on our regrown
AlGaN/GaN and commercially available AlGaN/GaN
heterostructures. We found highly reduced yellow
luminescence (YL) intensity around 2.1 to 2.2 eV in
regrown AlGaN/GaN layers (Figure 1c¢), evidencing
the possible reduced point defects, leading to high
positive threshold voltage and high current for the
corresponding device.

“2DEG

substrate
(b)

Energy (eV)
v

10°

2

PL intensity (arb. unit)

10! - L
300 400 500 600 700 800 900
Wavelength (nm)

FIG. 1. Schematic illustration of (a) proposed recessed-gate
with regrown barrier GaN-based MIS-HEMT and (b)
conventional recessed-gate GaN-based MIS-HEMT. (c) PL
spectra of regrown AlGaN/GaN and commercial AlGaN/GaN.
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Nonlinear interaction in multi-layer fluid interfaces with density stratification
Chihiro Matsuoka!-?>
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
(OCAM]I), 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 1s 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.
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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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Radiation MHD simulations of accretion disks (2022B2-009HIROSE)
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Decay instabilities of whistler waves in solar wind plasmas
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Development of a sub-grid scale model for a stellar convective transport
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