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A sharp decrease in plasma density and temperature is expected at 
the plasma edge, as defined by the outermost rotating flux surface. 
Since the floating potential depends on the temperature and 
density, it is a natural measure to probe the location of this 
surface.

Six electrostatic probes are used to measure the time history 
of the plasma floating potential for mirror ratios 3,5 and 7. 
The average floating potential is measured as a function of 
radius and compared with theory.

The probes provide evidence in support of previous work 
suggesting that MCX suffers from a partially stabilized m = 2 
interchange mode

Overview

The signals from the probes are cross-correlated to provide an 
estimation of the rotation velocity in the plasma. This 
measurement is in good agreement with other diagnostic on MCX



Overview of MCX

MCX is a supersonic rotating magnetic mirror stabilized by velocity shear.
Rotation driven by ExB drift using a coaxial high voltage electrode.
The mirror ratio may be varied. For these measurements mirror ratios were 3, 5 and 7.
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Other Diagnostics 

Floating Langmuir Probes

The floating probes are located 
close to an internal array of B-dot
probes which measure fluctuations
in the axial magnetic field. This allows for 
a comparison between fluctuations in the 
floating potential and the axial magnetic 
field.Internal B-dot coils

The load voltage across the 
plasma is measured using a 
high impedance voltage 
divider between the central 
electrode and the vacuum 
vessel.

Voltage divider
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Motivation to Map Out The Plasma Boundary

• Compare with Numerical Calculations.
• Evaluate feasibility of future diagnostics - where is it safe to put a 

probe?
• Study Plasma-Wall interactions.
• Better understand plasma dynamics inside MCX.
• Check predictions of centrifugal confinement.
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Location of the LGFS for Different Mirror Ratios

Mirror Ratio 2 Mirror Ratio 8

Different mirror ratios change the radial extent of the plasma in the transition 
region. Because a large drop in plasma density and temperature is expected 
outside of the last good (rotating) flux surface (LGFS), the floating potential 
can be used to find the radial location of the LGFS.

LGFS
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Probe Placement

Two probes are mounted on the top of the MCX vessel in the “Transition regions” 
between the mirror throats and the center coils of the mirror.  The plasma in the central 
solenoid is too destructive to effectively sample with probes whereas the transition region 
plasma is mild enough to insert probes a few centimeters into the plasma. 

Four additional probes are mounted on the underside of the transition region. The probes 
are mounted in a square array. All six probe may be moved radially shot to shot.

The probe location is varied 
radially to map out the LGFS

4-probe array probe

“upper” electrostatic probes
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The 6 probes consist of a tungsten wire, protected by an alumina jacket. Each probe 
is isolated using a voltage divider with total a resistance of ~1MΩ. The probes draw 
very little current, providing a measurement of the floating potential.

Scope
Plasma

1MΩ .01MΩ

Vessel Wall Alumina

Tungsten Probe Tip

Probe Construction

The probes are made from relatively inexpensive materials and designed with replaceable tips to reduce downtime when 
the probe tips are damaged. This allows us to quickly and cheaply determine the destructiveness of the plasma at a given 
location before deploying more delicate diagnostics.
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2.54 cm

Bz

Plasma flow

1

2

3
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Because the probes are mounted in the transition region, probes 1 
and 3 contact different flux surfaces and give qualitative 
information about the electron temperature gradient. Probes 2 and 
4 are compared to measure the local flow speed of the plasma. 
The array is mounted using a rotatable flange and may also be 
moved radially shot to shot however the probes are fixed with 
respect to each other.

Probe 2

Flux Surface 1 Flux Surface 2

Configuration of the 4-probe array

time (s)
Floating 
Voltage

probe 1
probe 2

probe 4
probe 3Typical floating voltage traces for the 

4-probe array, with high frequencies 
filtered out.
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Floating Voltage
as measured by 
electrostatic probe
            (V)

Time (s)

Typical Voltage Trace

The MCX discharge begins at 2 ms 
and is terminated at 7 ms. 

The floating voltage displays sudden spikes indicative of an 
instability in the MCX plasma. This instability is believed to be a 
partially stabilized m=2 interchange that results in a sudden drop in 
plasma resistivity, leading to a reduction in rotation and centrifugal 
confinement.
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Effect of Mirror Ratio on Density

At low mirror ratio the plasma is centrifugally 
confined in the transition region. This makes it vital to 
understand the radial extent of the plasma for different 
mirror ratios if delicate internal diagnostics are to be 
used. 

Measurements of the plasma density in the transition region 
and the central solenoid using interferometers. 



Average Floating Potential as a Function of 
Radius and Mirror Ratio
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The floating voltage is time 
averaged over the last 3 ms of 
the MCX discharge to allow 
the plasma to settle after 
initial formation. Each data 
point is the average of 4 shots.

The floating potential measurements indicate that for a mirror ratio of 3 the LGFS is scraping the 
vacuum vessel wall, and moves radially inward with increasing mirror ratio.  The rapid increase in 
the magnitude of the floating potential for MR 3 supports the conclusion that for low mirror 
ratio the plasma is centrifugally confined in the transition region. The measurements 
demonstrate a sharp change in floating potential with radius, but the transitions do not agree 
with the the predicted locations of the LGFS.
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Predicted location
 of the LGFS
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Anti-correlation of Probe Signal with 
Total Plasma Voltage.

The floating voltage seen by the probes is anti-correlated 
with the MCX voltage, consistent with the transport of 
hot plasma from the core to the LGFS by an interchange 
instability.

Voltage across the MCX
 vessel

Floating probe voltage

Time (s)

3 kV

Volts V
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Voltage Probe 2

Voltage Probe 1

Correlation Between Probes and Instabilities

When the MCX voltage 
crashes, both probes see
an abrupt increase in the magnitude
of the floating potential, indicating 
that the instability affects the 
plasma symmetrically.
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Cross-Correlation of the Probe Signal to Measure Rotation Velocity 
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Velocity measured
by the 4 probe array

Velocity measured between 
the 4probe array and the 
upper probe

Velocities are measured by cross-correlating 
signals between the different electrostatic 
probes. Here velocities were measured 
using the cross-correlation between two 
probes in the 4-probe array and compared 
with the velocities derived from the cross-
correlation between the upper probe and 
one probe of the 4-probe array. 

On average the two signals are in good 
agreement with each other, demonstrating 
that the 4 probe array can measure rotation 
velocities up to 40 Km/s. 

These data were obtained over all three 
mirror ratios. In general agreement in the 
measured velocities was better for high 
mirror ratio.

m/s
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100 µs

probe 1
probe 2

probe 4
probe 3

plasma 
voltage 
(kV)

plasma voltage, high 
frequency components 
removed for clarity

Greater time 
resolution revealed 
the onset of large 
oscillations in the 
floating potential 
simultaneous with 
the plasma voltage 
crashes.  

The observations are 
consistent with the 
theory that the 
voltage crash is the 
result of an m = 2 
interchange mode 
that is only partially 
stabilized by the 
shear flow profile.

4-probe array supports interchange 
hypothesis for voltage crash



10000 20000 30000 40000

10000

20000

30000

40000

50000

60000

70000

17

Comparison of probe array with internal 
magnetic probes for velocity measurements

m/s

The internal magnetic and electrostatic probes measure 
different values for the plasma velocity. This is expected as the 
two sets of probes are at slightly different axial locations. 

The appearance of two linear relationships between the 
velocities remains a mystery. This trend is consistent for mirror 
ratios 3,5 and 7.

Velocity Measured by 
internal magnetic probes

Velocity Measured by 
electrostatic probes
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Conclusions

The measurement of the floating potential has experimentally determined the radial 
location of the MCX plasma. These results to not agree with the theoretical prediction for 
the radial location of the LGSF. These results have already been useful in the placement of 
more delicate diagnostics.

Fluctuations in the floating potential are correlated with fluctuation in the MCX load 
voltage and axial magnetic field. These measurement further support the conclusion that 
the velocity shear in MCX only partially stabilizes the lowest mode number interchanges.

Results


