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Polarization Effects in Ultra—high intensity laser thin target interactions

Koga James, PiPN i+
BAvE & B e T
BT B — LAREIER iR R AR S L —

(1) FAEK:

The goal of this research is to determine the mechanisms by which the polarization of
ultra-high intensity lasers interacting with ultrathin solid targets is modified. Experiments
have shown that this occurs, however, the processes by which this occurs is not clear. We will
perform 2D and 3D particle-in-cell (PIC) simulations of the interaction to determine the cause

of the polarization change seen in experiments.

(2) FARE-ER:

We performed 2D PIC simulations using the code EPOCH [1,2] of the interaction of an
ultra-high intensity laser pulse with parameters comparable to the J-KAREN-P laser. During
our investigation we have found that the ionization process of the heavy atoms of the target is
an 1mportant process towards determining the laser-target interaction. Due to the
computationally intensive nature of the ionization processes we have run 2D PIC simulations

including both field

Pseudocolor

lonization and electron Vo decheroae
4,000e+13

impact ionization. Figure 1 | 5 ooces13

—0.000

shows the electric field and
2.000e+1310
electron density of a gold .;mem

Max: 1.871e+14
Min: -1.238e+14

target of thickness 25 nm | ...

Var: Derived@Number_Density/Electron
Unifs: 1/mA3

tilted 45 degrees with respect sk

s |

,—!.QDE';HS
direction at the time of the -o4s9as07
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laser peak intensity in

vacuum of 2.5x1021 W/cm?

-104

where the laser wavelength is

800 nm, the focal spot size is

1.5 microns (FWHM), the ° Y xrorsm 2 2
pulse width is 45 fs (FWHM). Figure 1 Laser-target interaction at laser peak intensity.

The target is ionized and | The laser is propagating from the left to the right.

parts of the laser pulse have

been reflected from and propagated through the target.
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@) SROFIAPE:

In the next steps we will confirm the validity of the ionization models used in the

simulation and perform 3D simulations of the target interaction to compare with the
experimental results.

References
[1] T. D. Arber et al. ‘Contemporary particle-in-cell approach to laser-plasma modeling’

Plasma Physics & Controlled Fusion, 57 (2015) 113001.
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Sensitivity Analysis of Broad Spectrum of Low-Frequency Energetic Particle
Driven Magnetohydrodynamics Instabilities Observed in the Low Magnetic
Shear q ~ 1 Tokamak Plasmas.

Adulsiriswad Panith
N AT SRR
BRI v AT DFEBRES 77 A~Bigy I al—ya vy I—7

(1) FAEK:

This study investigates the stability of energetic particle-(EP)-driven MHD modes
observed in low magnetic shear g = 1 plasmas. Such configurations are observed in hybrid
scenarios (g, = 1) and low magnetic shear baseline scenarios (g, < 1), offering potential
benefits to tokamak plasma operations. In the hybrid scenario, high plasma beta (), good
confinement, nearly stationary current density profiles, and soft MHD activity (sawtooth-free)
plasmas have been experimentally demonstrated[1]. In contrast to the soft MHD activities
observed in the hybrid scenario, a periodic plasma relaxation caused by magnetic reconnection
at q=1 surface known as sawtooth instabilities can increase energy and particle transports for
the baseline scenario. However, at the benign level, it can be useful for removing an impurity
accumulated in the core region. The numerical study reveals that the sawtooth relaxation
can weakly affect the high-energy particle confinement in the core region when the on-axis
safety factor (q,) is slightly below 1[2]. However, in both baseline and hybrid scenarios, when
the safety factor of the low magnetic shear region approaches unity (|g — 1| ~ 0), new classes
of low-frequency MHD modes can become unstable. Examples include a long-lived mode [3]
and their EP-driven counterparts, long-lasting energetic particle mode (EPM)[4], and low-
frequency Alfvén eigenmodes (AEs)[5]. Unlike internal kink and fishbone modes, these modes
often exhibit higher m=n harmonics. Experimental observations report that these modes can
enhance energetic particle loss and flatten plasma toroidal rotation.

Such a low magnetic shear g ~ 1 configuration has also been reported in the JT-60SA
baseline scenario[6]. The main actuator for the non-inductive current and rotation controls
in the JT-60SA is the negative-ion source-based neutral beam (N-NB) system. These N-NBs
can generate enough high-energy particles that can destabilize MHD modes. Previously, the
stability of AEs in the inductive scenario of JT-60SA has been investigated using CASTOR-K.
It is shown that the damping mechanisms (bulk ion Landau damping) are sufficient to stabilize
AEs in JT-60SA[7]; however, CASTOR-K does not include energetic-particles mode (EPM) like
fishbone modes and long-lasting EPMs. In this study, these EPMs are addressed as low-
frequency EPMs (LFEPMs). Since the beneficial operation ranges of both the hybrid scenario
and the low magnetic shear baseline scenario are localized within the proximity of the =1
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surface, the understanding of the properties of these LFEPMs and their consequences on the
plasma performance is indispensable for controlling the high-performance fusion plasmas. The
focus of this study will be on the sensitivity of these LFEPMs on the q profile in the proximity
of the q=1 surface.

2) FIARE-HR:

To study the sensitivity of these LFEPMs in JT-60SA-like plasma, we employ MEGA, a nonlinear
MHD-EP hybrid code. This code will be used to investigate the sensitivity of the q profile in terms of both
linear and nonlinear dynamics. Five low magnetic shear MHD equilibria are prepared with q¢=0.972,
0.992, 1.00, 1.006, and 1.016 (Figure 1a). Only off-axis co-N-NB is available in JT-60SA; therefore, only
off-axis EP pressure profile and co-passing EPs are considered in our simulation.

For the linear simulation results, the n < 7 LFEPMs are linearly unstable with a comparable linear
growth rate when the low magnetic shear region is sufficiently close to 1. The n < 7 linear growth rates
for the g9 = 1 equilibrium are shown in Figure 1b as a black solid line. In the same equilibrium, the real
frequency scales approximately linearly with toroidal mode number up for the n < 6 modes (Figure 1c¢).
This linear scaling can be understood from the passing EP resonance condition (f = nfg — Lfg). When
q = 1, toroidal and poloidal orbit frequencies are approximately equal; therefore, the resonance condition is
reduced to f = n|fy — fg| (Red, yellow, cyan, and blue solid lines shown in Figure 1b). A slight
deviation from the q=1 surface leads to a significant suppression of the high-n spectrum of LFEPMs. The
stronger sensitivity of the high-n mode on the q profile is explained in terms of the linear resonance width
and resonance detuning. Deviation from the g=1 surface leads to resonance detuning of the m=n modes but
the linear resonance width decreases with toroidal mode number (n). The suppression of high-n mode is
stronger for the q¢g < 1 equilibria. This asymmetry can be explained by the EP drift orbit. If co-passing

EPs are replaced by counter-passing EPs, the suppression of high-n mode is stronger for qo > 1 equilibria.
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Figure 1: Sensitivity analysis of the broad spectrum of the linearly unstable low-frequency
EPMs driven by co-passing EPs on q profile: (a) scanned low magnetic shear q profile, (b)
spectrum of linear growth rate, and (c) normalized real frequency.

During the nonlinear phase, we observe the transition from the n > 1 LFEPMs to the
core-localized m/n=1/1 mode (Figure 2). The spatial profile of this m/n=1/1 mode resembles a
quasi-interchange mode. There are two candidates for the transition mechanism: (1) MHD
nonlinearity and (2) quasi-linear profile modification of EP. Firstly, we compare the
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simulation results from the nonlinear and linearized MHD equations. The EP nonlinearity
is retained in both cases. The transition from the n > 1 LFEPMs to the m/n=1/1 mode can
be observed only in the nonlinear MHD model. Secondly, we reinitiate the simulation using
the redistributed bulk plasma pressure profile, density profile, and EP distribution. The
growth rate of the m/n=1/1 mode is enhanced but still lower than the n > 1 LFEPMs. These
two results collectively suggest that both quasilinear profile modification and MHD
nonlinearity are responsible for the excitation of the m/n=1/1 mode. For the n > 1 LFEPMs,
MHD nonlinearity channels energy away from the n > 1 LFEPMs to the n=0 and 1 modes.

x10-8 s x1073
87@ /N 12 wat=2s2 b wWat=818
4 n=
6 T\
£ 4 31\ 2
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21 ; 1 \.
" ﬂ:6 T N\
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Figure 2: Radial MHD velocity profile of n < 8 LFEPMs during (a) linear and (b)
nonlinear phases.
Q) SEROFAFRE:

Our study focuses on the excitation mechanism of a broad spectrum of LFEPMs and the
nonlinear excitation of the m/m=1/1 mode, rather than their consequences. Potential outcomes
include the redistribution of EPs and the formation of a persistent m/n=1/1 core deformation.
We plan to concentrate on the latter, specifically the nonlinear excitation of the m/n=1/1 mode
in a low magnetic shear equilibrium (g=1), which resembles the helical core observed
experimentally in hybrid scenarios. Experimental and numerical studies suggest that a
helical core is a three-dimensional equilibrium state that can be induced by pellet injection,
external magnetic perturbations, or the ideally unstable m/n=1/1 mode. Especially for the
helical core formed from the ideally unstable m/n=1/1 mode, our findings indicate that the

helical core might also be nonlinearly excited by n>1 LFEPMs.
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Laser Induced Breakdown of Air with Ultrashort Laser Pulses

Koga James
B REIET R B — ARERIEE SR SR e s L — T

Eaicp)a

(1) FAEK:
When ultrashort laser pulses of sufficient power propagate in air, they can produce plasma
filaments. These filaments can be used to detect a variety of elements in the air from their
spectral signature. We perform numerical simulations of these types of pulses to determine

the temperature and density of such filaments.

(2) FARE-ER:

To simulate the propagation of ultrashort pulses in air we use our previously developed
code to study air breakdown [1]. This code solves the non-linear Schrédinger equation which
describes the propagation of the laser pulse including the nonlinear index of refraction, group
velocity dispersion, optical field and collisional ionization [1]. Absorbing boundary conditions
are implemented in the code [2]. The resulting tridiagonal matrices from the finite differencing
of the equations are solved using the package PaScal_ TDMA [3,4]. The routines have been
modified for complex arguments. The whole code has been modified for the use of GPU’s. Figure

1 shows a 2D slice of a

preliminary

simulation after the
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0.4674
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It can be seen that the

Figure 1 Simulation of laser

pulse (red) propagating

approximately 2.8 cm in air and generating plasma (green). The

laser pulse has self-focused.

laser pulse (green) has self-focused [5] and generated plasma (green).

@) SROFIAPE:

Improvements in the simulation boundary conditions and longer propagation of the laser

pulse will be performed. From the temperature and density of the plasma we will attempt to




simulate the spectra that would be generated.
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