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Observations of temperature rise during electron cyclotron heating 
application in Proto-MPEX

The Prototype Material Plasma Exposure eXperiment (Proto-MPEX) at ORNL 
utilizes a variety of power systems to generate and deliver a high heat flux 
plasma (~1 MW/m2 for these discharges) onto the surface of material targets.  
In the experiments described here, up to 120 kW of 13.56 MHz “helicon” waves 
are combined with ~20 kW of 28 GHz microwaves to produce deuterium plasma 
discharges.  The 28 GHz waves are launched in a region of the device where 
the magnetic field is axially varying near ~0.8 T, resulting in the presence of a 
2nd harmonic electron cyclotron heating (ECH) resonance layer that transects 
the plasma column.  The electron density and temperature profiles are 
measured using a Thomson scattering (TS) diagnostic, and indicate that the 
electron density is radially peaked.  In the core of the plasma column the 
electron density is higher than the cut-off density (0.9x1019 m-3) for ECH waves 
to propagate and O-X-B mode conversion into electron Bernstien waves (EBW) 
is expected.  TS measurements indicate electron temperature increases during 
28 GHz wave application, rising from ~5 eV to ~20 eV as the neutral deuterium 
pressure is reduced below 1 mTorr .
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• The role of the electron density gradient in the 
edge of Proto-MPEX needs to be explored.

• Synergistic effects of ICH + ECH should be 
examined.

• Repeat experiments with the reflector and sub-
reflector for more uniform 28 GHz power 
application.

• Explore favorable coupling at other coil currents.
• Verify that heating results hold at higher power 

levels of 28 GHz.

Future Work

Special thanks to the Proto-MPEX team:  C. Josh Beers, Jeff Bryan, Ian Campbell, 
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Proto-MPEX configuration for 28 GHz launch
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Strong n0 reduction during plasma discharges used to demonstrate Te rise during the 
application of 28 GHz power to RF helicon discharges in Proto-MPEX. Summary

100 kW Helicon discharges 100 kW Helicon + 20 kW 28 GHz discharges

Modeling shows 28 GHz absorption off-
axis, improving with reduced n0

• Proto-MPEX is a linear plasma device, whose 
mission is to provide experimental demonstration of 
the light-ion plasma source concept that will be 
utilized in MPEX.  

• Detailed modeling has been utilized to predict a 
region in the Proto-MPEX operation space, where 
ECH/EBW experiments would be favorable.  

• The evolution of electron density and temperature in 
Proto-MPEX has been documented at various axial 
locations during helicon-mode baseline discharges.  
• These discharges exhibit strong “plasma pumping” effects, 

which act to remove neutral gas from the central chamber 
at a rate of ~ 20 Torr*L/s in addition to the measured 7.5 
Torr*L/s of D2 turbo-molecular pumping.  

• Experiments have been performed where 70 ms long 
pulses of 28 GHz (20 kW) have been injected into 
100 kW helicon-mode plasma discharges at 3 
different neutral gas pressures.  

• The initial (~10-20 ms) unsteady stage is associated with 
2nd harmonic ECH plasma production at large radii in the 
central chamber, and is commensurate with an 
additional ~5 Torr*L/s of resultant plasma pumping of 
neutral gas from the chamber.  

• The steady stage of 28 GHz power is associated in 
these experiments with a period of O-X-B mode 
conversion and EBW heating of the helicon produced 
plasma.  

• TS measurements show that the electron 
temperature ~quadruples (at r=+2 cm above axis), 
consistent with modeling predictions of the location 
of EBW power absorption.  

• Copies of this poster are available online:
– http://sprott.physics.wisc.edu/biewer/APS2017poster.pdf

• Or, write your name and email address below:

Reprints

Guided by modeling, 28 GHz launcher angled at -30 degrees to local B-field for 
optimized O-X-B mode conversion.

2nd, 3rd, 4th harmonic Doppler 
broadened resonances
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Plasma from helicon 
source enters C.C. with 
high Te, modest ne, 
encounters residual 
neutral gas and ionizes 
it:  “plasma pumping”.

Resulting plasma 
downstream has 
higher ne, but lower 
Te (energy was 
spent ionizing 
neutrals).

Low Te plasma 
column on target 
recombines to 
source neutrals at 
target.

At constant input power, ne and Te are 
relatively constant.  Hence Da line emission is 
a good proxy for the on-axis neutral density, 
n0, as evidenced by linear correspondence 
with wall-measured neutral pressure.
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3 sample 
discharges

Proto-MPEX is fueled by an initial gas puff (29 Torr*L/s) from 3.85 
to 4.1 sec to enable plasma start-up, then the gas flow is reduced 
to 10 Torr*L/s, matching the measured D2 turbo-pumping rate.

“Plasma Pumping:”  Ionization of neutral gas by the helicon source 
plasma reduces the neutral pressure in some regions of the machine 
and increases it at the target.
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TS measurement times

TS measured profiles of ne and Te for the “medium” 
pressure case for Helicon Only and Helicon + 28 GHz
power discharges:  (Overdense for ECH propagation)

Central Chamber Target Chamber

IR Camera measured heat footprint on the target plate.
Vertical TS profile at target region indicated.
Upper ECH lobe maps back to large radius, outside C.C. 
TS region

Overdense threshold
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During 28 GHz application there are observed to be 
two phases of behavior:
1) An initial “unsteady phase”:  ECH
2) Followed by a “steady phase”:  EBW

Transition pressures from “ECH” to “EBW”

During the “steady” (or EBW) phase [boxed 
region] the SXR-diode measured signal 
increases as the neutral pressure drops.

SX
R

 d
io

de
 s

ig
na

l

Wall measured, P0 (mTorr)

28 GHz power application results in additional observed 
“plasma pumping,” i.e. neutral ionization in central chamber, 
especially during the “unsteady” (or ECH) phase.

Transition time from 
“ECH” to “EBW”Application time of 

28 GHz power

Collisional damping 
dominates

Below this neutral pressure collisional damping at the 
edge of the plasma column is reduced, allowing for 

core absorption, shown below.

Magnet coil current of 
these experiments.

Electron pressure is 
observed to peak above-
axis on the launcher-side 

of the plasma column.

S.J. Diem, et al., in preparation.
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