“CMA diagram” for laser-plasma
Interaction
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Generation of Kilo-Tesla Field

« Strong B Field Available for Laser Exp.

« Method (Using GEKKO Laser in Osaka)

— Coil + Compression
— Capacitor Coll

Korneev+ 2015
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Kilo-Tesla Field

» “Strong” Field for Laser Plasma

—Defined as Cyclotron Freq. > Laser
Freq.
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Kilo-Tesla Field

» “Strong” Field for Laser Plasma

—Defined as Cyclotron Freq. > Laser
Freq.
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Laser along B Field Line

e Circularly Polarized R
Wave & L Wave

 Dispersion Relation for
R Wave (—)

« Propagation Region at
Lower Freq. = Whistler

Mode Bext > Bc
« NO CUTOFF!!




Overdense-Plasma Heating

« Whistler Wave
— No Critical Density (No Cutoff)
— Electron Cyclotron Resonance



Overdense-Plasma Heating

« Whistler Wave
— No Critical Density (No Cutoff)
— Electron Cyclotron Resonance

« Application to Inertial Confinement Fusion
— Compression + Heating
Kodama+ 2000

Fast Ignition (“Division of Labor™) Fujioka+ 2015
— Laser — Hot Electron 7—7 Core Heatmg
— Laser — Direct Heating? | _* -
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Overdense Plasma w/ B

 Laser can propagate in overdense
plasma, BUT ...

Transmission
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Overdense Plasma w/ B

 Laser can propagate in overdense
plasma, BUT ... it will be partly reflected
and absorbed by the plasma.
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Overdense Plasma w/ B

 Laser can propagate in overdense
plasma, BUT ... it will be partly reflected
and absorbed by the plasma.
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1D Problem Setup

« Whistler Wave + Thin Plasma Foll

» Key Parameters
—Plasma Density
—External Magnetic Field Strength
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Laser in Magnetized Plasma

 Various EM Wave Propagation (R, L, X,
and O Waves) — CMA Diagram (n vs. B)
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Bext/Bc
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CMA Diagram for LPI

« Enhancement of Energy Absorption by
— Cyclotron Resonance
— Parametric Instabilities (— Plasma Wave)
R Wave 1 | X Wave

Cyclotron Res.
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Overdense & Strong Field




Overdense & Strong Field
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Key Processes

High Intensity Whistler Wave + Strongly
Magnetized Plasma = ...

 Overdense Plasma + kT Field

1. Enhanced Absorption by Cyclotron
Resonance of Relativistic Electrons

2. Excitation of lon Acoustic Wave by
Brillouin Instability

 Underdense Plasma + kT Field

3. Efficient Electron Heating by Raman
Scattering




B Effects on “Absorption” Rate

Laser
! Daration o — | ° Weak B
) T <5%| ¢ — Little Interaction
o ‘ Only at Surface

 Around Resonant B
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Absorption Rate (Laser to Plasma)
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« Huge Enhancement of Energy Absorption at Critical Strength
« Wider Absorption Range as Laser Intensity Increases




Beyond Ponderomotive Scaling

 Electron Energy > Free-Electron
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Stimulated Brillouin Scattering

 Direct lon Heating by Parametric Decay
— Whistler -> Back-Scattered Whlstler + lon
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Selective lon Heating?

 lon and Electron Temperature Inferred
from the Peak of Energy Spectrum

' I . Peak Temp. for lon & Electron
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Summary

e |nteraction between Intense Laser and Dense
Plasma with Strong Magnetic Field

« Enhancement of

— Electron Heating by Cyclotron Resonance
and Parametric Instabilities (Stimulated
Raman Scattering)

— lon Heating (Brillouin Instability) and
Acceleration (TNSA)

« Application to Laser Fusion Plasma, Planetary
Plasma, and Astrophysical Plasma (around
Compact Stars?)



