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Hypothesis

Presence of proton beam is
source of “free energy”
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Transfer energy from beam to
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Numerical Problem Set Up

N Velocity space

Configuration space Thermal plasma
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* Fully electromagnetic 1D3V PIC code: Maxwell egns + Lorentz force

* Slab model with periodic BC

* Initial value problem (introduce beam at t=0)

* Thermal plasma is Maxwellian, optional: anisotropy, drift

* Beam is set up as a Maxwellian distribution, ring or slowing down
distribution — sampling problem. Anisotropy optional.

* Beam set up with velocity parallel and perp to B field

* Particle interaction via collective effects ONLY
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Electrostatic Case - Perpendicular Propagation Il

Dispersion relation
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Electrostatic Case - Perpendicular Propagation
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Test our Hypothesis
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Klimontovich Reactivity for ES Case
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Enormous increase in reactivity due to the beam driven collective effects
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Beam Orbit Samples FRC Volume

_ 8w’ Plasma pressure

B2 Magnetic pressure

Onion Skin Model

Beta=10%

» Study each onion layer separately Beta=30%

» Moving radially inward, increases beta
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Beta=10 % -- Open field line Case
B

Dispersion diagram [FFT(B,)]
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Beta=70 % -- Core
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Beta=30 % -- SOL (“impact par. of NPA)
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Proton (Beam) Energy Spectrum

Experiment - NPA Simulation — Beta=30%
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Experimental observation and simulation show scattering of beam
proton to higher than injected energy
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Deuteron (Thermal) Energy Spectrum
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Experimental observation and simulation show energetic
tail in the deuteron distribution
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Summary

» Introduced hypothesis for enhanced neutron observed experimentally
» ES used for an analytical benchmark

» Studied three different regimes => each generating enhanced
neutrons

» Concentrate on a regime near the impact parameter of the NPA
» ~10x increase in neutron yield compares well to experiment

» Despite the presence of possible robust u-instabilities,
FRC plasma remains robust and undestroyed.
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Future Work

& Study beam anisotropy
& Field and density inhomogeneity
€ DC steady state beam injection and modulation

€ 1D3V longer runs (Perform at NERSC)

€ 2D3V simulation to relax angle of propagation (Perform at NERSC)
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Dominant fast ion collisional process differs inside
and outside separatrix

0 20 40 60 80
" InFRC, 7, < 1, = slowing down distribution

" InSOL, 1, > 7, = df/dv > 0 =» beam-driven modes
" Fast ions sample both regions of plasma
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