Initial Observations from Electron Heat
Transport Studies in the LAPD

David C. Pacelroy A. Carter, Jim Magg§eorge Morales

Presented October 52005
PSTKoung Plasma k&icist Seminar

The Center br Multiscale Plasma Dynamics (CMPD)

This work funded ly: The Basic Plasma Science Facility (BaPSF)



Outline

¥ Motivation

¥

¥

¥

¥

Experimental Setup

General Plasma Behar in the Pesence of the Eleatn Beam
New Plysics

¥ Onset of Boadbandurbulence

¥ Axial Flav Response

¥ Temperatue Intermittency

Progress Summar

FutureWork



HeatTransport Studies ahtal to
Plasma Control and Fusion Development

¥ Transparcan be gatedcassically
¥ binaty collisions
¥ random walks a@ss Peld lines

¥ Classicallyeating a plasma showduce collisions

¥ Improved conPnement 1 1. | 1
ey | -
T3/ 2

¥ fusion accomplished

¥ High pedrmance plasmasatue larg@ pessu gadients (density and/ol
tempeatue)

¥ formation of instabilities and turbulence

¥ anomaloudranspott far outstrips classical pdictions




LAPD Laboratory Provides ExcelleAtcess
to thisArea of Research

¥ Plysics acceslearly debPnes theplem
¥ smoothly vatying density pyPle singles out the temperatigradient

¥ removal of magnetic Peld topological complications (straight belc
lines)

¥ proper statistics (thousands of shots)
¥ parameter contol (easy varied heat inputhagnetic bel&dpecies)
¥ Plasma accesswalidbr complete measuanents

¥ full radial and axial pbles mg be talen (potrts available thoughout
the device)

¥ Langnair and magnetic [3ux pbes suwive plasma contact
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LAPDQ@ Length isvital to Axial Transport Study

The Large Plasma Device (LAPD)

20.7m overall
17.5m solenoid
16.6m experimental plasma
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Standard LAPD Dischge Provides
Multiple Plasma Environments

DC State *
- Down state betveen
shots e

Discharge

- Current ramp up to
[3at-top :
- Adjustable time (

length typicaly :
~10 ms :

o i R s .| e ik
Afterglow -5 0 5 T‘lmeH:{Jrns) 15 20 25

- Discharge cuent at zeo (no heating)
- Temperatue and density exhibit near exponential dgeearly
- Signibcant density maintained > 100 ms



Cross Sectionaliew lllustrates Small Scale durbulent
Transport Region

» Lanthalulm Electon Beam
Hexaboride (LaB Location

crystal

» Emission at
~ 1800°C

» >200 mA

» 3 mm diametel Probe Drive
(~1pxon
Image)

» Positioned at end Cathode
opposite the mair
cathode

» Not at exactly N VacuunMessel

machine center

70 cm
100 cm



Cross Sectionaliew lllustrates Small Scale durbulent
Transport Region

-Very small aga of Election Beam
Interest Location
- Planar aga
~ 3X3 cm
Probe Drive

- Extended radial
proble ~ 6 cm
from beam center Cathode

N

e e
70 cm

Vacuun\essel



Considerable Spadéet to be Covered IAxial Proble

1m
@ o © & 9 L 2
¢
\ \
Cathode/Anode Measuement Locations e Beam

- Beam electns ae thermalized within one meter of emisston
- Minimum emission cuent ~ 200 mA

- Maximum emission to be determined soon A?)

- Election energy ~ 19V to prevent adlitional ionization in helium
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Heated Filament Sharply Constructed in Space

Y Position (cm)

ElectonTemperatue (z=5m)
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Electron Beam Modulation is not Responsible
for Observed waves

- Beam discharge
displgs unaoidable

. 0200~ ~ 7 T T T T T T T T T T T T T T !
decy in time - Beam Current (A) :
0,15 1,8 kG N

- Beam paver i H tg ]

spectra shwv no 0.10
signibcant oscillation

_ 0,05
- Magnetic peld :
dependence In beany o4
current;to be }
examined futher  _,45F

0
- Future work will Time (ms)
Increase beam

output
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Low Frequency Modes Set Classical Behavior

¥ Drift AlfvZnWave?
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BroadbandlurbulenceAppears Much Sooner at Higher
Magnetic Fieldvalues

¥ Solid egion of

broadband In{lfft{Te)l’) B, = 1400 G
turbulence
appears at
t~3.5ms .
¥ Frequency shift,
may be due o
entirely to B, G
without B E

dependence




- Case at 900 G demonstrates

Lower Magnetic Field/alues Display Strong Coherent Modes

clear bioadbanddature
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Correlations Suggest the Presence of a Previously Observec
Rotating Modé and Probe Interference

Te, Isat Correlation Time = 0.0631 ms
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Suppressefxial Flow Seen infemperature Gradient Region
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Temperature Fluctuations Feature Positive GAisgmmetries
Similar toThose Found in LAPD Density Gradient Experiments
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1,399
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ElectonTemperatue (a.u.z =5.12 m)

Beam Center

r=1cm

0 2 4 6 e 10 12

Time (ms)

- Obsened
radialyy avay from
the beam center

- Indicates
expulsion of high
temperatue
blaments?

- Need to gpply
anaysis
techniques of
Odensity gradien
driven blobsO
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FutureWork

¥ Consider fractional diffusion models
¥ Improved triple probe deelopment and pplication
¥ Heat Bux pobe deelopment

¥ Theoretical modelsdr mode evolution
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Supplementary Information 1

¥ Beam thermalization length givby (from classical modeip®A.T.
Burke)

L, = VoV - = Electron Veocit
b T 116! 10-6n.In(!) v = y

V= Electron Potential
2

V
31 1011n— = 54.3cm
e



Supplementary Information 2

Electron Saturation

Current |
A

Linear
Region

A

lon Saturation
Current

¥Current-Voltage probe characteristic relates to
electron temperature and density

) OG) ||($(+,!# 0 \/é"(+’!#+&#(/
$ N .% O$ Y0 / ] l*$,&

¥Electron thermal speeds much greater than ion
thermal speeds &
%s ! —=%,
&g
¥Electric potential develops between probe
surface and plasma, leads to a sheath region

¥Sheath area may be solved from complicated
PoissonOsquation; usually sufficient to
approximate it as the probe surface area

¥Sweeping the voltage across a probe allows for all parameters to be measured
(sweep frequency must be greater than phenomena frequency)



