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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 500 2000 2500
Time( )

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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