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ONR funds relevant PPD research from multiple codes (30, 31, 33, 35)
NRL is a Navy Working Capital Fund activity: stabilized rates - total cost recovery
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Pasteur’s Quadrant research: Basic & applied research toward Navy/Marine Corps goals
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Steve Obenschain (Head), Laser Plasma Branch
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SIA_IQ_I;\)ISES material studies MODELING,
BEAM PHYSICS SIMULATION, &
DIAGNOSTICS

PIC simulation of species separation
In plasma opening switch

PULSED POWER PHYSICS IS AN ENABLING TECHNOLOGY - USED TO
DEVELOP HIGH-POWER PARTICLE BEAMS & RADIATION SOURCES \2fD
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Joe Schumer (Head), Pulsed Power Physics Branch



LASER-PLASMA SCIENCE: MILITARY & COMMERCIAL USES OF HIGH-INTENSITY h
g, g,

LASER OPTICS, PARTICLE-RADIATION SOURCES, & DIRECTED ENERGY

LABOR
' NRL PPD

Plasmas for High Intensity Lasers & Optics (ONR) ~ Secondary Beams from Ultra-Intense
Lasers-Plasma Interactions (DOE)
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Joe Penano (Head), Beam Physics Branch
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350 sq. ft. ISO 4 cleanroom
« 20TW 5Hz high energy laser upgrade | 4%

(50 TW by Winter 2018) |
* 0.5TW 1kHz repetition rate laser
e Tunable OPA

- Currently: 1.1-2.6um

- Upgrade: 200nm-15um (2018)
« Laser-driven electron and ion
accelerators

Dual-Chirp OPA design* 1.4 um

~35fs S+l Tunable ® o5 U(r)n8
. .0 um

Stretcher S o

0.56 um

" R ed
~250ps, positively cirp Ultrashort laser pulses
generated at several

KTFL Ti:S

USPL Laser

1.9 um

wavelengths
*Patent disclosure filed Joe Penano (Head), Beam Physics Branch
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Near-Earth Plasma Environment: Taming a Wild Plasma Domain:
215t Century Plasma Frontier Near-Earth Plasma System Challenges
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» Geospace dominance gives 21st century world leadership « Many unknowns: Multi-scale processes in multi-species plasma
* Economy, internet, medicine, etc. exploit near-earth space » Subject to multiple drivers: uncertain boundary/initial conditions

* Human activity in space is rising  Lack ability to model critical regions where wave-particle

- Indispensable to national security: Space Force Interactions are critical
- ~1/3 of Division research budget in Space Plasma Physics * Space-time ambiguity & lack of repeatability in measurement
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Theory & Modeling

- Strong and Weak Turbulence
Kinetic Effects & Inhomogeneities

- Wave-in-Cell Model
- Bayesian Method

- Coupling atmospheric, ionospheric,
and magnetospheric models

Modeling of :
Laboratory Space Plasma In-_Sltu_
Experiments Turbulence Investigation
- Dynamics of - Bayesian Analysis of
Compressed Plasmas Evidence Space Data
- Chorus Emissions of Turbulence - Compressed Plasmain
\ - Bayesian Analysis in Chorus Dipolarization Fronts
A\ of Lab Data - Controlled
\ experiments from

ground-based

OF AN INTEGRATED APPROACH IN GEOPLASMA PHYSICS

NRL PPD

Strategic Vision Going Forward:
Plasma 2020

Understand the nature of external forcings that
drive the geoplasma system

Develop new modeling architectures to address
large swaths of geospace where wave-particle
Interactions play crucial roles

Exploit plasma properties to mine free energy from
space for applications: e.g., control satellite-
damaging trapped energetic particle populations

Create realistic space conditions in ground facilities
for detailed characterization of space plasma
processes to aid space data analysis
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COMPLEMENTING THEORY, MODELING, AND IN SITU MEASUREMENTS WITH LABORATORY EXPERIMENTS

Investigations of
Fundamental Topics in
Space Plasma Physics
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GROUND-BASED SPACE PLASMA PHYSICS

NRL PPD

Space Hardware
Development, Testing,
and Deployment

Collaboratively investigate the underlying physics of space plasmas under controlled, reproducible, scaled laboratory conditions
and provide a realistic testbed for the development and pre-flight testing of space diagnostics and hardware.



U.S.NAVAL NAVY HAS NEEDS IN LOW TEMPERATURE PLASMAS FOR ADVANCED

RESEARC

L ABORATORY ELECTRONICS, SENSORS, MATERIAL PROCESSING, & BIOPHYSICS

NRL PPD

Ultra Low Temperature Plasma Processing (Low pressure) Atmospheric Pressure Plasma (APP) Sources

« Description  Goals of NRL program
» Plasma production driven by electron beam instead of « Reduce size, weight, power and cost of APP systems

traditional RF power « Increase plasma volume, treatment area , and uniformity
* Plasma electron temperature (<1 eV) and ion energy
(<5 eV) is substantially lower than in conventional discharges ° APProaches
* Replace conventional HV power supplies with low voltage

power supplies and novel power delivery approaches

* Increase plasma volume with minimal increase in power
using gas flow management

 Desirable features

* Low ion energy minimizes damage to the workpiece

» lon species densities are proportional to neutral gas
densities, simplifying process control o
« Target application
« Applications not compatible with vacuum environment
(aerodynamics, combustion, water treatment, wound

« Target applications
« Atomic layer etch (enabling technology for future electronics)

« Atomic layer deposition (ALD) healing)
« Atomic layer processing (e.g., graphene) « Applications requiring low cost and modest precision
« Functionalization of easily damaged materials (Functionalization/treatment of polymers, fabric treatment)

« Enhanced UV reflectance in future space telescope mirrors

Magnetic field

plasma Sheh‘

graphe“e

Slotted anode Substrate holder
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Inertial confinement fusion science
« Laser plasma instabilities
* Hydro instabilities (RM/RT)
* Role of kinetic effects

High yield fusion for NNSA applications & energy (overcome “fusion fatigue”)
» |FE (opportunity for US leadership)
« Alternatives to IDI —
— direct drive — suppression of LPI by large bandwidth (with UR/LLE)
 SRRS, excimers
— pulsed power MHD — Z-pinches (with Sandia)

Atomic physics and dense plasma spectroscopy & MHD
» time and space resolved spectroscopy with high spectral resolution (1-D to 2-D)
* hybrid code development combining MHD, PIC, detailed atomic state ionization kinetics among the particles, and energy transport
« plasma transport mechanisms, such as the Nernst effect
» Xx-ray Thomson scattering for locally probing high density plasmas.

Pulsed power, high power beams, HPM
» decreased size, increasing power density makes plasma formation/control more important
» Understanding, control, & hybrid modeling of pulsed power plasmas (power flow, diodes, z-pinches)
* Nonlinear physics — inductive acceleration of particles to high energies (warm x-ray sources)
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New USPL regimes

« plasma optics (lenses, fibers, etc)

« New challenges/opportunities with high average power USPLs

* Plasmas created in laser-water interactions

« High power microwave sources & interactions with plasmas (DE, Counter-DE)

“Geoplasma physics” — space plasmas
* lonosphere, Radiation belts, space weather
« Space situation awareness (probes)
» Wave-particle interaction physics
« Impacts on communications, precision navigation & tracking, sensing

Low Temperature & Atmospheric plasmas
« Advanced electronics — ALE/ALD
« Advanced materials processing & functionalization: graphene, biosensors ...
* Non-equilibrium plasma chemistry: fuel production, waste remediation, material processing
* Plasma biology / medicine — sterilization, decontamination

Plasma physics issues in emerging hypersonic R&D
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