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ABSTRACT

The expansion rate dependence on pressure of the Electron
Diffusion Gauge (EDG) pure electron plasma resulting from
collisions with background neutral gas atoms is analyzed.
Expansion rate data is obtained for initially smaller plasmas
generated with a smaller filament (outer diameter 1/4 of the
wall diameter) installed in the EDG device, and the data is
compared with previous results for larger filament plasmas.
The measured expansion rate in the higher pressure regime
is found to be in agreement with the classical estimate
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Progress on the fabrication and installation of a standard on-
axis parallel temperature diagnostic and a phosphor-screen-
based density imaging diagnostic is also presented. The
imaging diagnostic includes a grounded grid between the
trap and the 3kV-biased phosphor screen to minimize az-
imuthal shearing of the plasma when large-amplitude m =1
diocotron modes are present. These diagnostics will help
clarify the behavior of the plasma during the background-
gas-induced expansion.
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SCHEMATIC OF THE EDG DEVICE
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EDG has diagnostics to measure (with a repeated hold-and-
dump cycle) the

1. Total charge in the trap (destructive measurement),

2. Line-integrated charge along an axial chord (destruc-
tive measurement),

3. Amplitude waveform of the m = 1 Diocotron mode
(non-destructive measurement).



PrLAasMA PARAMETERS

P = 1x10710-1x107° Torr
T = 1—4¢eV

B = 200 - 800 G

n(r = 0) ~ 107 /cm3

Lplasma = 15 cm

we/2m = .56 -2.2GHz

te = 1.7-.45ns

Wy 27 = 180 - 720 kHz

Ly = 14-5.6 us

VT = 4-8x 10" cm/s
Whounce/2m = 2.8 -5.6 MHz
wy/2m ~ 30 MHz

Ny, ~ 3 x 107 /cm

Woo /2T = 27 - 107 kHz

Ven, = .06 — 1500 /s
teoll = b6/ ms—-17s

oL = .03-.2mm

AD = 2-5mm

Reolt. hole = 1.6 mm
Rp(t=0) = 1.27 cm (large fil.) and .95 cm (sm. fil.)
RW = 254 cm

Po = -147V

¢p1asma ~ -15V



THEORETICAL PROFILE

Due to collisions between plasma electrons and background
neutral atoms,

Fluid Theory predicts expanding Quasi-Equilibrium Profiles.
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For isothermal electrons [Davidson and Moore 1996]:

. ed(r,t) — ed(t) 2 Ne?
n(r,t) = n(t) exp { T "2 (1 + W) } :

subject to

— = 1 :
dt (re) m(v2, + w2.) i Ny e?



DENSITY PROFILE EvOoLUTION IN EDG
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e Quasi-equilibrium profiles fit the data well.

e (ollisions with background neutral atoms break the
conservation of canonical angular momentum and al-
low expansion of the electron column.



EXPANSION RATE SCALING WITH
PRESSURE (LARGE FILAMENT, 610 G)
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® 5% loss time rate
¢ 2% loss time rate
Theory + Offset

Expansion Rate (cm?/s)

A I TR 1 11 O WA

100 10° 10% 107 10° 10°% 0.0001

Helium Pressure (Torr)

e The plasma’s expansion rate should scale linearly with
pressure for plasmas expanding in quasi-equilibrium.

e This scaling is readily seen from the equation for the

expansion rate, Em%) SiNCe Ve, X P and wee > Ve,

e The measured expansion rate is likely dominated by
asymmetry-induced transport at lower pressures, but
shows linear behavior at higher pressures where the
expansion rate is larger.



e The linear dependence with pressure is also exhibited
at B = 300 G for pressures above 3 x 10~7 Torr.

e The theoretical expansion rate computed for 7' =1.5
eV agrees with the expansion rates measured before
2% of the total plasma charge is lost.

e Since the plasma is expected to heat as it expands,
different profiles used in the expansion rate computa-
tion have somewhat different temperatures.



EXPANSION RATE SCALING WITH

PRESSURE (SMALL FILAMENT, 600 G)

Measured d<r>/dt (cm?/s)
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e The linear dependence with pressure is also exhibited

by plasmas formed with the small filament (.25 inch
radius).

e This data indicates that plasma-wall interactions have

negligible impact on the expansion rate scaling mea-
sured.



EXPANSION RATE SCALING WITH

PRESSURE (SMALL FILAMENT, 300 G)

Measured d<r>/dt (cm?/s)

100.0F ——— L N 7
= o < 2% charge los 3
B O < 5% charge loss ]
- Theoretical curve, T=1eV .
- Theoretical curve, T=2eV 4
Th. Curve + .35 cni/s offset, T=1eV

10.05| —-—--- Th. Curve + .35 cni/s offset, T=2eV .
B g%’ 1
L E _
L %/ |
L 5 ig/g _
1.0 =k -
- g8 :
: -E*E’EEQ = :

0.1 . ... .. LA e

108 10~/ 106

Helium Pressure (Torr)

e The small filament data agree with the large filament

data better at B=300G than at B=600G, due to the
faster, more measurable expansion of the plasma.

e [he small filament data have line densities and tem-

peratures very similar to those of the large filament
data, and the absolute expansion rates measured at
the same magnetic field are close.



EXPANSION RATE SCALING WITH

MAGNETIC FIELD (P = 107° TORR,

LARGE FILAMENT DATA)

Expansion Rate (cm?/sec)
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Data taken with the large filament indicates that the

expansion rate scales as B=22x.1 iy the higher
pressure regime.

The dotted line indicating B~! scaling, measured
where asymmetry-induced expansion is dominant, is
clearly not consistent with the data.

The dashed line indicates the theoretical B~ scaling,
and is not inconsistent with the available data.



EXPANSION RATE SCALING WITH
MAGNETIC FIELD (P = 107" TORR,

SMALL FILAMENT DATA)
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e Data taken with the small filament at pressures where

asymmetry-induced expansion is dominant indicates
that the expansion rate scales as B—1.7

e AB 1D scaling was observed on EDG in this regime
with the large filament.



EXPANSION RATE SCALING RESULTS

e The observations show that the plasma’s expansion
rate behaves consistently with the predictions of the
theoretical model even for different ratios of plasma
radius to wall radius.

e We have verified a linear dependence of plasma ex-
pansion on background neutral pressure for plasma
profiles, not just for central density decay.

e The expansion rate dependence on magnetic field in
EDG changes with the dominant mechanism for plasma
expansion.

e [he agreement between the data and the theory at
higher pressures suggests that temperature gradients
(which could occur at higher pressures) might not be
that important to the plasma dynamics.



ELECTROSTATIC POTENTIAL ENERGY AT
LOWER PRESSURES (LARGE FILAMENT)
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e The electrostatic potential energy of the column de-
creases as the plasma expands.

e Collisions with helium atoms in the EDG range of tem-
peratures ( < 4 eV) are too elastic to accept any of
this energy.



INFERRED PARALLEL TEMPERATURE AT
LOWER PRESSURES (LARGE FILAMENT)

Temperature (eV)
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e The electron temperatures inferred from fitting the
density profile suggest that energy is leaving the plasma.

e Energy balance indicates that inelastic collisions with
trace background gases must be the sink for the de-
creasing electrostatic energy.



ON-AXx1s TEMPERATURE DIAGNOSTIC
DATA (SMALL FILAMENT)
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(a) B=600G, P=1 x 10~ Torr
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(b) B=300G, P=1 x 10~° Torr

e Sample data indicate that the plasma temperature in-
creases with time while the plasma is expanding (be-
fore it loses roughly 5% of it's particles).

e The measured paralleltemperature evolution at B=600G,
P=1 x 10=° Torr is contrary to the inferred perpen-
dicular temperature evolution determined previously.



COMPARISON OF MEASURED
TEMPERATURE AND INFERRED

TEMPERATURE
1.0- - o -
- AA A %%

< 0.8- :
3 88
|
— 0.6 ® &
o] L
9 L
qu 0-4f o -
C L
= I & 6o

0.2r - 300G data, 1e-6 Torr -

0 07 .~ 600G data, 1.5e-6 Torr

0.0 0.5 1.0 1.5

Measured T, (eV)

e It is important to note that 1’| is the perpendicular
temperature inferred from the profile data, and 7} is
the parallel temperature measured by slowly ramping
down the hold cylinder bias voltage.

e This data was taken for the small filament, and the
fitting is to a function that is the integral of the the-
oretical profile over the area of the collimating hole.



e Data taken with the large filament exhibit the charac-
teristic shape of the expansion rate data, suggesting
that the diocotron mode evolution is related to the
plasma’s expansion.

e The diamonds and inverted triangles represent data
taken while stimulating resistive-wall growth of the
mode to prolong the mode lifetime, allowing greater
sensitivity to changes in the background pressure.



PHOSPHOR-SCREEN-TYPE DENSITY
DIAGNOSTIC

e An aluminum-coated, P43 phosphor screen is installed
in the machine to produce an image of the entire,
axially integrated plasma.

e A copper grid is affixed to the last, grounded trap
electrode to give a more radially uniform accelerating
electric field.

e The electrode biasing circuitry is upgraded so it can
dump the plasma in less than an m = 1 diocotron
mode period.



DENSITY DIAGNOSTIC IMAGES

(c) Trapped for 1/2s.  (d) Trapped for 1 s.

e A 10-bit Pulnix CCD camera is used to record the
plasma images for analysis. The above images were
taken before installation of the image intensifier, at a
5kV screen bias and at relatively high filament heating
and bias voltages.



RESEARCH PLANS

Measure the evolution of the plasma density profile
and the diocotron mode amplitude to determine the
relationship between the two.

. Observe any correlation between the diocotron mode
evolution and the background gas pressure in the re-
gion of asymmetry-induced expansion.

. Determine how strongly the diocotron mode evolution
depends on the initial plasma temperature.

. Compare the temperature and density profile evolu-
tion to determine how the expansion is affected by
the changing temperature and if there are non-elastic
collisions with minority background gas molecules.



SUMMARY

e The theoretical prediction of the density profiles of
pure electron plasmas confined in Malmberg-Penning
traps is in good agreement with measurements.

e The plasmas’ expansion rate dependence on back-
ground gas pressure is in good agreement with the-
oretical predictions at pressures above ~ 3 x 1077
Torr for plasmas formed with both large and small
filaments.

e The new density and temperature diagnostics will be
used to observe and interpret the interaction between
the expansion of the plasma and the growth or damp-
ing of the diocotron mode.



