International symposium
Topical problems Nonlinear Wave Physics

Confinement of high energy density plasma
produced by the interaction between high
intensity laser and structured medium

Y. Kishimoto?

D. Kawahitol!, R. Matusi?, T. Okiharal, K. Fukami3,
K. Sakaguchi?, and Y. Fukuda®

lGraduate School of Energy Science , Kyoto university
2|nstitute of Advanced Energy, Kyoto university

3Graduate School of Engineering, Kyoto University

“Kansai Photon Science Institute,

National institute for Quantum Radiation and Technology,

Acknowledgements : A. Ishizawa (Kyoto Univ.), N. Iwata(Osaka Univ.)



Contents

e Motivation

High energy density plasma, a high pressure hot matter state, which
is confined during inertia time and not usually in equilibrium state

— Effort in extending the “confined” state of high energy density plasma,
which will widen the class of application

o Structured medium consisting of plural different materials and/or
mediums contacting each other across boundary layer

cf J. Fuck, Lab1, July 23, 2017,
A boundary layer between expanding plasma and background gas

An assembly with sub-um size using 3D cluster and/or rod incorporated
with ambient gas or magnetic field

cf Y. Fukuda et al., Lab1, July 23, 2017

Self-organization and structure formation leading to a confinement
exceeding inertia time

e Summary



Self-organization in in high beta fusion device General fusion
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Confinement time in fusion device

MTF: Magnetized Target Fusion
General fusion

3 =30-40 %
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New function in cluster and rod assembly, a structured
medium, irradiated by high power laser

Fukuda et al, PRL 2009
Nakamura et al., PRL 2010

e A self-organization and
structure formation
between magnetic vortex

o and electric sheath

e A structure using a freedom of surface,
which is a boundary layer between
expanding plasma and vacuum

cf J. Fuck, Lab1, July 23, 2017

Boundary layer between expanding plasma
and background gas



New function in cluster and rod assembly
irradiated by high power laser

3D cluster

Kishmoto et al.
PoP 9, 589 (2002)

C,=\ZT,/M

gas/solid

electron

ion

Tajima, Kishmoto, Downer,
Phys. Plasmas 6, 3759 (1999)
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Radiation damping from clustered medium

N. Iwata, H. Nagatomo et al., PoP 23, 063115 (2016)

(i) plasma (a;=200, t=70.1 fs)

(i) plasma (a,=200) (ii) cluster medium (a,=200)
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compared with uniform
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A role of ambient gas : sustain of high pressure state

solvent / solute
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Background gas, as a solvent, replaced by magnetic field
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How to extract self-organization characteristics in high
energy density plasma produced by high power laser

Structured target
with ambient medium

. Laser period and power :

. Specific surface area:
(maximize the interaction)

. Confinement time :
(~ disassembling time )

Interaction and
disassembling

Self-organization

eld
s
ircuit L,
Tiaser (Elaser and / laser )
S
S, =——
o 4
V1/3 I [ / ] time-scale of
T e ~ —— "~ — Tmacro ™ A~ nonlinear process
macro CS CS CS

l

A condition for Tonacro > TN
self-organization :

. Find key parameter to extract the self-organization characteristics
of plasma, which is the internal degree of freedom.



Study of “magnetic turbulence” and “reconnection”

using Au rod medium

B =B,x% B=8,: Laser B-field >> B,
: X-mode

A

Laser provide large impact
to the medium in short time

scale while Au core wiill
survive

ion density: 6.0x1022 cm3 (n=n,,,,/4) Magnetic turbulence

laser intensity: 1.0x10%* W/cm? (a,=22.3)
1.0x10%2 W/cm? (a,=70.6)
pulse width : 40 fsec

External magnetic field : B,=10kT

Magnetic field generation in the order of kT - A
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Extended Particle-based Integrated Code (EPIC3D)

Y. Kishimoto and T. Masaki, J. Plasma Phys.72 (2006) 971
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Radiation friction
by the nonlinear |
Compton scattering

/ Hard photon

radiation loss

Important for

> 1022 W/cm?

N. Iwata et al., to be published
in Proc. 15" APR Symposium
(2014)
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lonization dynamics in Au rod plasma

Available after publication



Double tearing mode and abrupt reconnection

. . - Takeji et al. NF 42, 5 (2002)
6.104 6.108 6.112

Ishii, Azumi, Kishimoto, PRL 89, 205002 (2002)
Janvier, Kishimoto, J.Q. Li, PRL (2011)

Structure driven nonlinear instability leading “Petschek type reconnection”



Dynamics of magnetic island and reconnection
Origin of magnetic field generation and particle acceleration

G. Gregori et al, Generation of scaled protogalactic seed magnetic fields in laser-

produced shock waves, nature 481, 480 (2012)

J. Meinecke et al, Turbulent amplification of magnetic fields in
laboratory laser-produced shock waves, nature physics 10, 520 (2014)
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Fabrication of structured medium : silicon micro wire arrays

By Profs. Sakaguchi and Fukami (Kyoto University)

e Design of rod assembly

e Introduction of MacEtch
(metal assisted chemical etching)

Au30nm
V'
Si
HF
H202
Si o

Available after publication
e Chemical reaction formula
H,0, + 2H* & 2H,0 + 2h*
Si + 4h* + 6HF > SiF. % + 6H*



Summarx

o We have investigated the characteristics of plasma produced by the interaction
between high power laser and structured medium.
cf. rods using heavy element (Au) immersed in a strong magnetic field.

o Inthe system, the background coherent magnetic field is randomized leading to
“magnetic turbulence” with a well defined power-law spectrum convected with
plasma flows.

Generation of plasma flows with magnetic turbulence
—> generation of “turbulence wind”

e The reconnection plays a role to accelerate (thermalize) high density heavy ions
and also to emit various kinds of electromagnetic radiation including Alfven waves.

o The complex plasma state consisting of multiply charged high-Z ions, high
energy relativize electrons and strong electromagnetic radiations, non-
equilibrium extreme radiation plasma, can be an attractive plathome in
exploring various physics of high energy density state.

e Formation of Z-pinch results from the formation of circuit
3-dimension ?



