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Heat Transport Studies are Vital to 
Plasma Control and Fusion Development

¥ Transport can be treated classically

¥ binary collisions

¥ random walks across Þeld lines

¥ Classically, heating a plasma should reduce collisions

¥ improved conÞnement 

¥ fusion accomplished

¥ High performance plasmas feature large pressure gradients (density and/or 
temperature) 

¥ formation of instabilities and turbulence

¥ anomalous transport far outstrips classical predictions
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LAPD Laboratory Provides Excellent Access 
to this Area of Research

¥ Physics access clearly deÞnes the problem

¥ smoothly varying density proÞle singles out the temperature gradient

¥ removal of magnetic Þeld topological complications (straight Þeld 
lines)

¥ proper statistics (thousands of shots)

¥ parameter control (easily varied heat input, magnetic Þeld, species)

¥ Plasma access allows for complete measurements

¥ full radial and axial proÞles may be taken (ports available throughout 
the device)

¥ Langmuir and magnetic ßux probes survive plasma contact
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Overview of the experimental device
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The  Large Plasma Device (LAPD)
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LAPDÕs Length is Vital to Axial Transport Study

* Slide Content by Steve Vincena



Standard LAPD Discharge Provides 
Multiple Plasma Environments

DC State
- Down state between 
shots

Afterglow
- Discharge current at zero (no heating)
- Temperature and density exhibit near exponential decay early
- SigniÞcant density maintained > 100 ms

Discharge
- Current ramp up to 
ßat-top
- Adjustable time 
length, typically 
~ 10 ms



Cross Sectional View Illustrates Small Scale of Turbulent 
Transport Region 

Vacuum Vessel

Probe Drive

‣ Lanthanum 
Hexaboride (LaB6) 
crystal

‣ Emission at 
~ 1800 oC

‣ > 200 mA

‣ 3 mm diameter 
(~ 1 px on 
image)

‣ Positioned at end 
opposite the main 
cathode

‣ Not at exactly 
machine center

Cathode

70 cm
100 cm

Electron Beam
Location



Cross Sectional View Illustrates Small Scale of Turbulent 
Transport Region 

Vacuum Vessel

Probe Drive

Cathode

70 cm

- Very small area of 
interest

- Planar area 
   ~ 3x3 cm

- Extended radial 
proÞle ~ 6 cm 
from beam center

Electron Beam
Location



Considerable Space Yet to be Covered in Axial ProÞle

e- Beam

- Beam electrons are thermalized within one meter of emission2

- Minimum emission current ~ 200 mA

- Maximum emission to be determined soon (1 A?)

- Electron energy ~ 19 V to prevent additional ionization in helium

Cathode/Anode Measurement Locations

1 m
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Heated Filament Sharply Constructed in Space

(A
.U

.)
Electron Temperature ( z = 5 m )



Electron Beam Modulation is not Responsible
 for Observed waves

(A)

- Beam discharge 
displays unavoidable 
decay in time

- Beam power 
spectra show no 
signiÞcant oscillation 

- Magnetic Þeld 
dependence in beam 
current; to be 
examined further

- Future work will 
increase beam 
output
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Low Frequency Modes Set Classical Behavior

¥ Drift AlfvŽn Wave?

¥ Need to identify 
modes

¥ fci = 912 kHz

¥ Sharp onset of 
broadband 
turbulence at 
t ~ 9 ms



Broadband Turbulence Appears Much Sooner at Higher 
Magnetic Field Values

¥ Solid region of 
broadband 
turbulence 
appears at 
t ~ 3.5 ms

¥ Frequency shifts 
may be due 
entirely to B, 
without β 
dependence 



Lower Magnetic Field Values Display Strong Coherent Modes

- Case at 900 G demonstrates 
clear broadband feature

Bo = 900 G

Bo = 1400 G

- Case at 1400 G 
demonstrates broadband 
behavior earlier in the 
discharge



Correlations Suggest the Presence of a Previously Observed 
Rotating Mode4 and Probe Interference

dset16_cor15_two.swf
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Suppressed Axial Flow Seen in Temperature Gradient Region 

ßowpro_zoom.swf

Axial Flow
ProÞles
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Temperature Fluctuations Feature Positive Going Asymmetries 
Similar to Those Found in LAPD Density Gradient Experiments

Beam Center

r = 1 cm

Electron Temperature ( a.u., z = 5.12 m ) - Observed 
radially away from 
the beam center

- Indicates 
expulsion of high 
temperature 
Þlaments?

- Need to apply 
analysis 
techniques of 
Òdensity gradient 
driven blobsÓ
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Future Work

¥ Consider fractional diffusion models

¥ Improved triple probe development and application

¥ Heat ßux probe development

¥ Theoretical models for mode evolution
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Supplementary Information 1

¥ Beam thermalization length given by (from classical model by A. T. 
Burke)

vb = Elect ron Velocit y

V = Elect ron Potent ial

L b =
vbV 1.5

11.6 ! 10−6ne ln(! )

= 3 ! 1011 V 2

ne
= 54.3 cm



Langmuir Probes Provide Local Measurements Useful in Equilibrium
Determination and Turbulence Study 

I

V

Ion Saturation

Current

Electron Saturation

Current

Linear

Region

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

¥Electron thermal speeds much greater than ion 
thermal speeds

¥Electric potential develops between probe 
surface and plasma, leads to a sheath region

¥Sheath area may be solved from complicated 
PoissonÕs equation; usually sufficient to 
approximate it as the probe surface area
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¥Sweeping the voltage across a probe allows for all parameters to be measured 
(sweep frequency must be greater than phenomena frequency)

Supplementary Information 2


