SAND2015- 0633PE

Recent Studies of Low
Temperature Plasma

Boundaries
BenT. Yee (1118)

t‘

Sandia
National
Laboratories

Exceptional
service

in the
¥ U.S. DEPARTMENT OF I WA} D(}a{
Al v L,
ENERGY /I VA A"
Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia Corporation, a wholly owned subsidiary of Lockheed Martin
i?‘? terest Corporation, for the U.S. Department of Energy’s National Nuclear Security Administration under contract DE-AC04-94AL85000. SAND NO. 2011-XXXXP

national




Acknowledgements h) =,

= Mentors

= Ed Barnat (1118)

= Matt Hopkins (1118)
= Collaborators

= Scott Baalrud (U. of lowa)
= Brett Scheiner (U. of lowa)

= Department of Energy’s Office of Fusion Energy Science




Outline ) i

= |ntroduction to plasmas
= Basic plasma behavior at boundaries
= Contemporary topics in plasma sheaths

= New results in electron and structured sheaths




What is a plasma? ) i,

NASA/SDO (AIA), http://sdo.gsfc.nasa.gov/assets/img/browse/2010/08/19/20100819_003221_4096_0304.jpg.
Doug O’neill, “Lightning September 2014-2, ” http://www.flickr.com/photos/dougtvl/15079086839/.
D-Kuru/Wikimedia Commons “Arc lamp-arc 2 PNr0030”, https://commons.wikimedia.org/wiki/File:Arc_lamp-arc_2_PNr°0030.jpg




It’s an ionized gas ) .

= Electrically
- Q - Q conductive
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It exhibits collective behavior ) e,
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"Whistler radio palmer 2004-07-23 T035528" by drdan14. Licensed under CC BY-SA 3.0 via Wikimedia Commons - https://commons.wikimedia.org/wiki/File:Whistler_radio_palmer_2004-07-23_T035528.png
"Magnificent CME Erupts on the Sun - August 31" by NASA Goddard Space Flight Center. Licensed under CC BY 2.0 via Wikimedia Commons - https://commons.wikimedia.org/wiki/File:Magnificent_CME_Erupts_on_the_Sun_-_August_31.jpg




Eventually, a plasma meets walls ~ @.
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M. A. Lieberman and A. J. Lichtenberg, Principles of Plasma Discharges and Materials Processing, 2nd ed. Hoboken, NJ, USA: John Wiley & Sons, Inc., 2005.




Sheaths: they’re complicated ) .

= Electron-emitting surfaces

= Compensates for electrons leaving
= Multiple ion species

= Changes the Bohm criterion
= Collisions in the sheath

= Extend region of quasineutrality
= Scatters particles back into plasma

= Magnetic fields

= Electron-rich sheaths
- Structured sheaths
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S. D. Baalrud, N. Hershkowitz, and B. Longmier, Phys. Plasmas, vol. 14, no. 4, p. 042109, 2007.

S. D. Baalrud, B. Longmier, and N. Hershkowitz, Plasma Sources Sci. Technol., vol. 18, no. 3, p. 035002, Aug. 2009.



Reaching a better understanding

Simulation Experiment

= Short time scales " Longtime scales

= Small spatial scale = Large spatial scales
= Selectable physics = “Perfect” physics

= Low cost changes = Easy iteration

Simulations and experiments need to inform each other and play off each
other’s strengths.
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Aleph: HPC plasma simulations .

= Hybrid particle-in-cell and
direct simulation Monte
Carlo

= 1D-2D-3D with unstructured
mesh

= Variety of particle
interactions

= Massively parallel

P.S. Crozier, J.J. Boerner, T.P. Hughes, and M.M. Hopkins, “Arc Simulations using Aleph a DSMC/PIC code,” SAND2009-4930P



LCIF and plasma tomography ).

= Probe measurements

= Tedious

Perturbing
Electron Density

= Error-prone 3
= Limited spatial/temporal res. g
= Laser collision-induced g
fluorescence ETRECEEETE E]
= Fast (<1 us) x (mm)
= Detailed (< 100 um) 20 Electron Temperature

= Non-perturbing
= Accurate

E. V. Barnat and K. Frederickson, “Two-dimensional mapping of electron densities and temperatures using laser-collisional induced fluorescence,” Plasma Sources Sci. Technol., vol. 19, no. 5, p. 055015, Oct. 2010.




The setups

Experiment

‘Helium Plasma

Guard Ring

= Helium plasma
= Adjustable anode area

= LCIF along diameter
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Anode
_ . )
: Dielectric

= 2D, nearly full scale
= Same anode/cathode ratios




Transitions between sheath types

| Increasing anode size

Anode interface

X

N

Dielectric gap

\ N |
Ground _> e

plane Variable sized anode

= First simulations of transition between sheaths
= Found potential reason for absence of structured sheath
= Bridged conceptual gap between experiment and theory
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The sheath affects the bulk ) &5,

Increasing anode size 2>

= Bulk plasma
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Anode glows and spots ) 5.

Electron Sheath

= (Clear experimental evidence
of structured sheaths

= Sudden mode change
observed between glow and
spot

= |deally placed to examine
with simulation and
experiment




Future work

= Use ion LIF to develop charge density maps

= Employ unique simulation and diagnostic capabilities to
examine glow-to-spot dynamics

= Search for instabilities in the sheath
= |nvestigate anode spot oscillations
= Address the impact of ion and electron flow on sheaths

Further elucidate effects of sheath on bulk
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Questions )




