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Steady state magnetized plasmas produced by the PISCES experiment are used to study plasma-wall interaction 

phenomena relevant to confinement devices such as tokamaks. An experimental investigation of the presheath region that 

extends from a wall surface into “simulated tokamak” edge plasmas aIong magnetic field lines is reported. Diagnostics 

especially developed for this work include a fast-scanning multiple Langmuir/Emissive/Mach probe system and a CID 

camera imaging system. Measurements of density, electron temperature, floating potential, space potential, and bulk plasma 

flow velocities have been obtained in plasmas with densities ranging from lo’* to 1013 cmb3, electron temperatures from 5 to 

15 eV. and axial magnetic fields of 0.2 to 1.4 kG. Plasma density profiles along the magnetic field typicaliy show a 

characteristic factor of 2 decrease towards the wall surface. A plasma potential variation in the near presheath zone of order 

0.5 T, is measured, consistent with the bulk plasma flow approaching the ion sound speed near the wall surface, as inferred 

from a simple “free fall” model. A Boltzmann model for the presheath density profile accuracy tracks the density profile 

measured both by the Mach probe and by spectroscopic means. Flow profiles are used as a consistency check on various 

magnetized Mach probe theories. Results suggest that cross-field transport of parallel momentum through viscosity is 

relatively u~mportant in PISCES plasmas and thus may be unimportant in tokamak boundary layer plasmas. Discharges with 

non-thermal electrons display axial profiles of space potential and floating potential which indicate a “hotter” electron 

distribution function near the wall surface, consistent with “colder” electrons being reflected by the presheath potential drop. 

1. Introduction 

A detailed underst~~ng of presheath physics is 
essential for assessing the impact of plasma-wall inter- 
actions in tokamak plasmas and for accurately di- 

agnosing the edge plasma region. Local wall erosion 
and redeposition rates depend on presheath electric 
fields and plasma flows which can sweep ionized impur- 
ities back to material surfaces. The inte~retation of 
data collected by an electric probe in such a flowing 
plasma relies on an accurate model of both the plasma 
presheath zone in which it is immersed and the small 
presheath zone that is induced by the probe surface 
itself. On a more basic level, the study of the presheath 
zone is a classic problem in plasma physics and is 
fundamental to the general understanding of edge 
plasmas in confinement experiments. 

The PISCES facility at UCLA [1,2] provides a means 
for studying plasma-wall interaction phenomena from 
both the materials and plasma physics points of view. 
We report in this paper on basic plasma physics experi- 

ments in PISCES aimed at diagnosing and understand- 
ing a magnetized presheath region of a “simulated 
tokamak” plasma-wall interaction zone. The goals of 
these experiments are threefold: (1) to characterize the 
presheath zone, providing a more accurate interpreta- 
tion of plasma-wall interaction experiments, (2) to as- 
semble an experimental data base to enable a test of 
various theoretical plasma physics models of the pre- 
sheath zone in “ tokamak-like” plasmas, and (3) to test 
the interpretation of electric probe diagnostics in a 
flowing plasma. This paper focuses primarily on pro- 
gress made in achieving the first goal. Work towards the 
latter two goals is ongoing and will be reported in 
future publications f3]. 

2. Experimental arrangement 

Details of PISCES operation and plasma source 
construction can be found in the references [1,2,4]. 
Steady-state magnetized plasmas with densities in the 
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range of 101’ to 1013 cme3 and electron temperatures of 
3 to 30 eV are readily achieved. A uniform axial mag- 
netic field constrains a 100 cm length plasma to a 
cylindrical shape of 6 to 10 cm in diameter. Similar to a 
tokamak edge plasma, the plasmas in PISCES exhibit 
fully “turbulent” dynamics, namely, broadband fluctua- 
tion spectra and cross-field particle diffusion coeffi- 
cients that are characteristic of the Bohm level. In 
standard operation, material samples are immersed in 
the plasma column for testing through a modified end 
plate, as shown in fig. 1. 

The arrangement for the presheath plasma profile 
measurements reported here is also shown in fig. 1. A 
test sample is inserted into the plasma and allowed to 
electrically “float”, drawing no net current from the 
plasma. A zone of plasma of approximately 10 X 10 X 10 
cm’ in front of the material test sample is investigated 
by three principal diagnostics: a fast-scanning pneu- 
mati~y driven probe; a stationary water-cooled Lan- 
gmuir probe; and a solid state CID (charge injected 
device) camera. Since the Debye length is typically 
much less than 100 pm, these three diagnostics record 
conditions in the qu~~eu~~ presheath plasma zone in 
front of the material sample. 

A pneumatic cylinder is used to drive a single or 
multiple probe tip across the plasma column and back 
(15 cm stroke) in less than 400 ms [5]. This enables a 
vertical profile to be taken in one “shot” and at the 
same time limits the total energy deposited on the probe 

“Fk 
End 

Fig. 1. Experimental arrangement for presheath experiments in 
the PISCES Plasma-Surface Interaction Facility. A PIG dis- 
charge is maintained between a hot La& cathode and a 
cylindrical anode. 10 cm diameter cylindrical plasmas of 100 
cm length are confined radially by a 0.2-1.4 kG axial magnetic 
field and guided onto a material test sample. A 10X 10X 10 
cm3 zone of plasma in contact with the material sample is 
investigated in detail by three diagnostics: a fast-scanning 

probe, a fixed Langmuir probe, and a CID camera. 

Fig. 2. Detail view of fast-scanning probe tip. The probe 
functions as a two-sided or Mach probe as well as an emissive 
probe. 1 mm diameter molybd~um wires collect particles on 
opposing sides of 4-hole alumina insulator. A loop of thoriated 
tungsten projects beyond the molybdenum wires, collecting 
plasma from both directions along the B-field. The loop is 
resistively heated into strong electron emission over a 1 to 2 s 
pulse. The probe tip is pneumatically driven across the plasma 

in 400 ms. 

to safe levels during the high density plasmas that can 
be achieved in PISCES (power fluxes > 400 W/cm2). A 
differentially-pumped sliding seal allows the probe to be 
positioned for a fast vertical scan at various axial dis- 
tances from the sample surface. By vertically scanning 
the plasma column through its centerline at uniformly 
spaced axial locations, a complete map of plasma 
parameters in the near presheath of the material sample 
can be assembled. 

A unique probe tip that functions simultaneously as 
a two-sided Langmuir probe (or “Mach probe”) and as 
an emissive probe was constructed for these and other 
experiments in PISCES. The probe tip simply consists 
of a 4.3 mm diameter 4-hole extruded alumina rod with 
a specially sculptured end (fig. 2). Two 1 nnn diameter 
molybdenum wires of approximately 2.5 mm of exposed 
length collect particles on opposing sides of an alumina 
separator. The 45O angle on the alumina allows the 
probe to be operated as a unidirectional probe or as a 
bidirectional probe, depending on its orientation with 
respect to the magnetic field. For the presheath mea- 
surements reported here, the probe was operated as a 
bidirectional or “Mach probe” with the “up-stream” 
probe facing towards the La& cathode along magnetic 
field lines and the “down-stream” probe facing the 
material test sample. Both probes were ~ntinuously 
biased in ion saturation at -140 volts. Ion saturation 
current data were numerically smoothed over a 10 ms 
time window to reduce “noise” due to density fluctua- 
tions (typically &z/n = 0.3 to 0.5). 
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A 0.25 mm diameter 1% thoriated tungsten wire loop 
was inserted into the remaining two holes of the aiumina 

and employed as a thermionic electron emitter. Typi- 
cally. the tungsten filament was preheated by an AC 

current for approximately 0.5 s before the probe ini- 

tiated its fast vertical scan. The filament was main- 
tained in a mode of strong electron emission (T> 

2000“ C) throughout the inward travel of the probe. 
Power was turned off to the filament on the return 
stroke and the entire probe assembly was allowed to 
cool between scans. The “floating” voltage of the fila- 

ment was recorded and interpreted as the local plasma 
potential in the case when the filament strongly emitted 
electrons and as the usual plasma floating potential in 

the case when the filament was turned off during a scan. 
A stationary, water-cooled Langmuir probe could also 
be inserted into the plasma stream and was typically 

used to cross-check data from the fast-scanning probe 
or to record a complete Langmuir characteristic at a 
fixed spatial position. 

An image intensified CID camera was used during 
these experiments to record line-integrated brightness 
profiles of H, (6563 A) emission as well as to record a 
picture of the experimental arrangement on video tape 
for later reference (fig. 1). Since the mean free paths of 
both atomic and molecular hydrogen in PISCES plas- 
mas are typically much larger than the plasma radius, a 
relatively uniform hydrogen neutral density can be 
maintained within the diagnosed presheath region. In 
non-hydrogen discharges this was accomplished by 
“bleeding in” trace amounts of hydrogen into the feed 

gas. Under these conditions, the variation in H, emis- 
sivity along a given magnetic field line was expected to 
track the local electron density variation in the pre- 
sheath as long as the electron temperature was constant. 

In order to obtain the local H, emissivity as a 
function of both plasma radius and distance along 
magnetic field lines, video images were digitized and an 
Abel inversion was performed on the cylindrically sym- 
metric brightness data. Profiles of H, emissivity were 
then compared to density profiles measured indepen- 
dently by the fast-scanning probe. This was used as a 
cross-check on the probe data to assure that the inser- 
tion of the probe did not significantly perturb the 

presheath plasma profiles. 

3. Results 

Fig. 3 shows a typical mapping of plasma density 
and potential in the presheath plasma zone from a 

a) Density Contours 
(3x10 r ’ cm 3 per contour) 

Maximum = 4.4 x 10 ’ 2cm- 3 

b) Plasma Potential Contours 
(4 volts per contour) 

Maximum = 33 volts Minimum z -12 volts 

-t--_-Magnetic Field - 

Fig. 3. Contour plots of density and potential from the fast- 

scanning probe. Density profiles exhibit almost a factor of 2 

decrease upon approaching the material sample surface along 

magnetic field lines. The vertical (x) density asymmetry is 

interpreted as an “artifact” due to a strong azimuthal E X B 

rotation. The potential profile exhihits large radial E-fields and 

records a near presheath potential variation of approximately 

O.Sq along the central axis. 

series of fast probe scans. These data were obtained in a 
helium discharge with the following parameters: helium 
fill pressure (measured near the material sample) P,, = 
4 x lo--” Torr; electron temperature on axis r, = 12 eV; 
and axial magnetic field B = 1.4 kG. The density was 
estimated by simply averaging the ion saturation cur- 
rents collected on the upstream and downstream facing 
probes and assuming that the electron temperature had 
a spatially uniform value of 12 eV. This technique 
effectively treats the two probes as one larger probe. 
The electron temperature was measured by momentarily 
inserting a water-cooled Langmuir probe at an axial 
positions of r‘ = 4 cm. Since the vertical electron tem- 
perature profile is not unfolded from the data in fig. 3. 
the density variation in the vertical direction should not 
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be taken as completely accurate. However, in this dis- 
charge the electron temperature is found to be very 
nearly constant along the magnetic field. Consequently, 
the relative variation in density along the z-axis in fig. 
3(a) is reliable. Note that there is nearly a factor of two 
drop in the density over an 8 cm distance along mag- 
netic field lines that intercept the material sample. 

Plasma potential contours shown in fig. 3(b) were 
deduced from the potential acquired by the tungsten 
filament in strong electron emission. Vertical plasma 
potential profiles exhibit a minimum on the central axis 
of the plasma column (x = 0). The steepest gradients in 
potential occur in the vertical direction radial electric 
fields on the order of 12 V/cm are estimated from this 
potential variation. In the axial direction, there is evi- 
dence of a weaker potential variation along field lines 
intercepted by the material sample. This is the pre- 
sheath electric field induced by the presence of the 
material sample. A potential variation on the axis of 
approximately 6 V occurs over a distance of 8 cm, 
consistent with the expected order of magnitude for the 
presheath potential variation of 0.5q. 

Due to the anode/cathode geometry which is used 
to form the PISCES plasma {see fig. l), a strong radial 
electric field is always present. The radial electric field 
in PISCES plasmas appears to adjust itself for a given 
axial magnetic field so as to maintain azimuthal E X B 
rotation speeds that are from 0.1 to 1.0 times the ion 
sound speed. Such strong azimuthal rotation velocities 
are believed to contribute to the plasma turbulence and 
Bohm-like cross-field transport fluxes observed in 
PISCES. However, this azimuthal velocity profile also 
complicates the interpretation of any Langmuir probe 
measurements which are not made on the central axis of 
rotation, Indeed, the vertical density asymmetry shown 
in fig. 3(a) can be simply attributed to a data interpreta- 
tion problem stemming from the effect of the ~muthal 
E x B rotation. In these plasmas the E x B azimuthal 
flow was directed into the top half of fig. 3(a) and out 
the bottom half. Referring to fig. 2, one can see that the 
“sculptured” probe tip was oriented in such a way as to 
face into this flow during the upper half of its vertical 
scan and away from the flow during the bottom half of 
its scan. As a result, a relatively higher ion saturation 
flux could be collected while the probe was in the upper 
half of the scan. The true vertical density profile is 
therefore better represented by an average of the upper 
and lower half values of fig. 3(a). In any event, the 
remainder of this paper focuses on axial profiles along 
x = 0 where the effect of this E x B rotation on data 
interpretation is expected to be minimal. 

Ion saturation currents recorded on the upstream 

5 

0 

Fig. 4. A comparison of density profiles along the central axis 
from three diagnostics. Three density profiles are inferred from 
the Mach probe assuming no plasma flow: density from the 
upstream facing probe, density from the downstream facing 
probe, and an average of these. For comparison, a density 
profile was computed from the Boltzmann law using the mea- 
sured potential profile and electron temperature. This profile is 
shown, normalized to the average density from the Mach probe 
at z = 8 cm. A density profile inferred from the local Ii, 
emissivity is also plotted with a similar normalization. The 
consistency in these profiles lends confidence to the experi- 
ment and shows that the probe did not perturb the plasma 
profiles in which it measured. The magnitude of density error 

bars are suggested by the scatter in these data. 

facing probe were found to typically exceed those re- 
corded on the downstream facing probe by a factor of 
two or more, suggesting the presence of a strong parallel 
plasma flow directed towards the material sample. Even 
with the Mach probe rotated 180” with respect to the 
magnetic field, the same ratio of upstream facing to 
downstream facing flux was obtained indicating that 
this ratio was not simply due to a difference in probe 
collection areas. Nevertheless, rather than attempt to 
account for a parallel plasma flow in computing the 
local density, an equivalent “no flow” plasma density 
was computed from standard planar probe theory. In 
this way, the data could be displayed independent of 
the errors that might be introduced by trying to model 
the effect of the flow, 

“ Densities” deduced from the Mach probe are 
plotted versus axial position in fig. 4. Also plotted in 
fig. 4 are an H, emissivity profile inferred from the CID 
camera, and a plasma density profile inferred from a 
Boltzmann law, n(x) = no exp{(@(x) - @s)/T,), using 
the measured values of the plasma potential and elec- 
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tron temperature. Since the latter two profiles do not 
yield an absolute value for the plasma density, they are 
both normalized to the “average” density profile ob- 
mined from the Mach probe at an axial position of 8 
cm. Helium plasma conditions for this data set were: 
P,,=2X10-3 Torr, T,=8 eV, and B=0.8 kc. A 
hydrogen partial pressure of PH, = 4 x 1O’-5 Torr was 
added in order to allow H, profiles to be recorded in 
this plasma. 

A number of important points are illustrated in fig. 
4. Since the emissive probe measures the plasma poten- 
tial by effectively cancelling the net random electron 
flux to the probe, bulk plasma flow velocities on the 
order of the ion sound speed should not influence this 
measurement. Consequently, the density profile inferred 
from the Boltzmann law can be taken as the true 
presheath plasma density variation. The “average” den- 
sity from the Mach probe fits the Boltzmann density 
profile very well, somewhat justifying the ad hoc tech- 
nique of averaging the upstream and downstream ion 
saturation currents. Normalization of the Boltzmann 
density profile to the upstream “density” or down- 
stream “density” profiles do not yield such a good fit. 

The H, emissivity profile also tracks the “average” 
density from the Mach probe. Again, normalization of 
the H, emissivity profile to the up-stream “density” or 
down-stream “density” profiles only yields a poorer fit. 
The H, emissivity profile was recorded without any 
probes inserted into the plasma. Thus, it indicates that 
the presheath plasma density profiles are not signifi- 
cantly perturbed by the insertion of the fast probe. 

Finally, these experiments point out that caution 
should be exercised in deducing the local plasma den- 
sity from a directional Langmuir probe in the presence 
of a plasma flow. Without information from the down- 
stream facing probe, one could easily overestimate 
plasma densities by 50% or more, by incorrectly assum- 
ing that the plasma flow speed is zero. 

3.2. Presheath plasma flows 

A number of models have been considered in an 
attempt to predict plasma flow velocities from mag- 
netized Mach probe measurements [6-91. Fig. 5 shows 
Mach number profiles computed from three different 
models considered by Stangeby [7], Harbour and Pro- 
udfoot (61, and Hutchinson [S] using the probe data that 
was shown in fig. 4. Positive Mach numbers refer to 
parallel plasma Bow velocities directed towards the 
material sample. Also shown in fig. 5 are Mach num- 
bers based on a “free fall” velocity of ions accelerated 
by the presheath potential drop. These “free fall” pro- 

.._ 

0.5 

0 

normalization 

IMaterial Samolef 2 (em) 

+-Magnetic Field Direction - 

Fig. 5. Comparison of Mach number profiles deduced from 
three models. The ratio of upstream facing flux to downstream 
facing flux was used to compute parallel flow speeds Cram 
three Mach probe models. For comparison, the “free fall” 
velocity of ions accelerated by the presheath potential variation 
is also plotted. The initial velocity of this “free fall” is chosen 
to coincide with each of the three models at z = 8 cm. The 
Stangeby model [7] is found to fit the velocity profile data best 
and suggests that viscosity does not play a significant role in 

these discharges [9]. 

files were derived from the simple conse~ation of en- 
ergy formula, 

(1) 

using the measured values for the presheath potential 
profile. The initial velocities for each “free fall”, M,, 
were chosen to coincide with the velocities predicted 
from each of the three models at z = 8 cm. 

Although eq. (1) is not rigorousiy correct, it predicts 
the maximum change in plasma Bow velocity for a 
given potential drop within the presheath region (as- 
suming ion pressure effects are negligible). Effects such 
as ionization, charge exchange, cross-field particle 
transport, and viscosity only serve to reduce this flow 
speed by effectively adding drag. Fig. 5 shows that, 
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independent of the initial velocity of the flow at z = 8 

cm, the “free fall” Mach number approaches 1 near the 
material sample surface. This is consistent with the 
Bohm criterion at the wall surface and justifies the use 
of a “free fall” model to approximate the plasma flow 

profile since the introduction of any appreciable drag 
effects would not allow the flow to achieve Mach 1 at 
the wall. 

A Mach number profile deduced from the measured 
flux ratio and the Stangeby model [7] compares most 
favorably with the “free fall” velocity profile. The 
Harbour and Proudfoot [6] and Hutchinson [8] models 
predict much lower flow speeds everywhere and seem to 
suffer from the problem of not achieving a Mach 1 flow 
near the material sample surface. This is particularly 
true of the Hutchinson model and may indicate that 
cross-field parallel momentum transfer due to ion 
viscosity is relatively unimportant in these discharges 

(91. 
To be consistent in the analysis of Mach probe data, 

one needs to account for the local flow velocity in 

determining the local plasma density. Fig. 6 plots the 
density profile data displayed in fig. 4, corrected for the 
plasma flows inferred from each of the three models. 
All three models predict lower plasma densities near the 
material sample than is inferred from the Boltzmann 
law. However, this may simply be a consequence of the 
downstream facing probe collecting less particles as its 
flwc tube becomes interrupted by the sample surface. 
Since the density profile is found to be predicted equally 
well by all three models, no further information about 
the applicability of these models for the analysis of 
PISCES plasmas is obtained. 

3.3. Non-MaxwelIian electron effects 

The power input to PISCES discharges originates 
from “primary electrons” injected from the hot La& 
cathode. Under some conditions, the plasma-cathode 
sheath potential drop can be as high as 150 V. If at the 
same time the plasma density is low, thermalization of 

these high energy electrons becomes poor and the elec- 
tron distribution function displays a non-thermal high 

energy component. From analysis of Langmuir probe 
characteristics, it is found that these non-thermal elec- 
tron distribution functions can be accurately described 
by a two temperature distribution model. In this case, 
the presheath density profile is coupled to the potential 
profile through a modified Boltzmann law. 

n(x)=nT’” exp{(@(x)-@O)/y’d} 

+np exp{(@(x) - @0)/r,““‘}. (2) 

1 Boltzmsnn Law 1 
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Fig. 6. Density profiles computed from three Mach probe 
models, including a correction for plasma flow. For compari- 
son, density profiles computed from a Boltzmann law are 
overlaid. These profiles are normalized at z = 8 cm. All models 
predict a lower density at the material sample surface than 

predicted by the Boltzmann law. This may be a consequence. of 

the Mach probe’s flux tube interfering with the material surface. 

The effect of a presheath potential drop of 0.5 to 0.7 
times the bulk or “cold” electron temperature is to 
reduce the density of the cold electron component near 
the wall to approximately half its value far from the 
wall surface. On the other hand, the hot component is 
relatively unaffected by the potential change and main- 

tains a nearly constant density up to the sheath edge at 
the wall surface. Thus, even in these non-Maxwellian 
discharges, analysis of density profiles using an isother- 
mal Boltzmann law (section 3.1) is still approximately 
valid. However, the effective temperature of the elec- 
trons near the wall surface can be “hotter” than the 
electrons farther upstream. 

Data plotted in fig. 7 shows evidence of a “hotter” 
electron population near the material sample surface. 
These data were obtained from the same discharge that 
was displayed in fig. 3. Langmuir probe characteristics 
taken at z = 4 cm indicated a “hot” electron density 
fraction of approximately 10% of the bulk with an 
effective temperature of 30 eV (“cold” component tem- 
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Fig. 7. Plasma potential and floating potential profiles showing 
non-Maxwellian electron effects. Local electron temperatures 
computed from the difference in space and floating potentials 
indicates a “hotter” electron population near the material 
sample surface in some discharges. The “cold” electron popu- 
lation is reflected by the presheath potential drop while the 
“hot” population is able to reach the sheath edge at the sample 

surface. 

perature was 12 eV). In a plasma with Maxwellian 
electrons at temperature T, and cold ions ( Ti X= Tc), the 
space potential (@) and floating potential (V,) are 
simply related by 

T,=a(@- Q), (3) 

where a takes into account the ratio of ion sound speed 
to electron thermal speed as well as secondary electron 
emission effects (also geometry effects when the ion 
Larmor radius is larger than the probe wire diameter as 
in the case of the emissive probe). For illustration, an 
electron temperature profile deduced from eq. (3) is also 
plotted in fig. 7. In order to avoid choosing a value for 
u, the profile is normalized to the electron temperature 
(“cold” component) inferred by the Langmuir probe at 
z = 4 cm. This figure clearly shows that the efectron 
population near the material surface is more energetic, 
causing a depression in the local floating potential 
relative to the space potential. Of course under these 
circumstances, T, is not properly deduced from eq. (3) 
and one must work with the actual local distribution 

function to determine its energy content. 

4. Discussion 5. Summary 

Throughout the analysis in this paper two critical A number of edge plasma diagnostics have been 

assumptions have been made about the operation of the developed to perform some basic plasma physics experi- 

fast scanning Mach probe, namely. (I) that the probe 
was large compared to the ion Larmor radius so that a 

planar probe theory could be applied and (2) that the 
perturbation length of the probe was short relative to 
the presheath scale length in the experiment. 

Since the magnetic field strength is relatively low in 
PISCES, it is recognized that the validity of the first 
assumption can become marginal even at low ion tem- 
peratures. As a result, helium discharges were chosen 
over hydrogen discharges so as to avoid molecular dis- 
sociation processes which can input energy to the ions. 

From Doppler broadening measurements of He” emis- 
sion, He+ ions are estimated to have temperatures br- 
tween 0.5 and 1.2 eV over a wide variety of discharge 

parameters [lo] (uncorrected for any additional broad- 
ening effects due to viewing a rotating plasma). At a 
magnetic field of 0.6 kG, 0.5 eV He+ ions (dominant 
species) have Larmor radii that are comparable to the 
Mach probe radius. For this reason, data shown in figs. 
3 and 7 were taken in 1.4 kG discharges while the 
remaining figures show data taken in 0.8 kG discharges. 
The presheath profiles recorded by the Mach probe 
were found to be nearly identical for both magnetic 
field strengths. The only notable difference between 
runs in 0.8 kG and 1.4 kG was that the upstream,’ 
downstream current ratio recorded nearest to the 
material sample was higher for the latter case. This 
suggests that the perturbation length of the Mach probe 
can become long enough to interfere with the material 
sample. 

Assuming a Bohm cross-field diffusion rate. the 

characteristic perturbation length of the Mach probe 
along the magnetic field (L = a2Cs/D) is estimated to 
be approximately 1 cm for 0.8 kG and 2 cm for 1.4 kG 
B-fields. A 1 cm perturbation length implies that the 
data shown in figs. 4-h are the result of “averaging” 
plasma parameters over a 1 to 2 cm axial extent. Since 
the presheath extends well beyond 8 cm and has a fairly 
linear profile, the effect of this spatial “averaging” 
should not impact the overall results obtained by the 
Mach probe. However, at distances of less than 2 cm 
away from the material sample surface, one expects that 
Mach probe data should record a profile that departs 
from the expected trend. Such a departure near the 
surface is suggested by the data in fig. 5 (Stangeby 
model predicting Mach number > 1) and fig. 6. 
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ments in the PISCES facility associated with the forma- 

tion of a magnetized presheath region near a wall 
surface. Presheath density, potential, and flow profiles 
have been deduced under a variety of plasma condi- 
tions. Some key observations that have been made from 
these experiments thus far include: 

(1) 

(2) 

(3) 

(4) 

Density profiles are found to exhibit a characteristic 
factor of 2 decrease along magnetic field lines that 
intercept a wall surface, consistent with the gener- 
ally accepted model for the presheath zone. 

Plasma potential variations of order 0.5T, are de- 
tected in the near presheath region, consistent with 
density profiles inferred from a Boltzmann law and 
cross-checked with both Mach probe measurements 
and H, emissivity profiles. 

Plasma flow velocities inferred from “free fall” 
acceleration of ions using the measured potential 
profiles are checked against models which predict 
flow velocities from Mach probe data. In all cases 
the “free fall” model yields flow velocities con- 
sistent with a Mach 1 boundary condition at the 
wall surface. However, Mach probe models differ in 
their predictions of the flow speed. The Stangeby 
model [7] is found to best fit presheath flow profiles 
in PISCES plasmas, suggesting that viscosity effects 
do not play a dominant role [9]. 
Presheath profiles with a non-Maxwellian electron 
population are investigated. Low energy electrons 
are reflected by the presheath potential drop leading 
to the detector of a “hotter” electron population at 
the sheath edge near the wall surface. 
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