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This document was prepared as an account of work sponsored by an agency of 
the United States Government. Neither the United Slates Government nor the 
University of California nor any of their employees, makes any warranty, ex
press or implied, or assumes any legal liability or responsibility for the ac
curacy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned 
rights. Reference herein to any specific commercial products, process, or sen ice 
by trade name, trademark, manufacturer, or otherwise, does not necessarily 
constitute or imply its endorsement, recommendation, or favoring by the I 'nited 
States Government or the University of California. The views and opinions of 
authors expressed herein do not necessarily stale or reflect those or the United 
States Government thereof, and shall not be used for advertising or product en
dorsement purposes. 
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ABSTRACT 
The Tandem Mirror Experiment-Upgrage (TMX-U) has a large and complex 

system of Baird Alpert, magnetron, and Penning gauges, in addition to mass 
spectrometers (RGA), all of which measure neutral pressures in the many 
internal regions of TMX-U. These pressure measurements are used as part of 
the confinement'physics data base as well as for management of the TMX-U 
vacuum system. Dynamic pressures are modeled by a coupled-volumes simulation 
code, which includes wall reflux, getter pumping, and plasma pumping. 
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INTRODUCTION 
Data acquired from the Baird Alpert, magnetron, and Penning gauges and 

the RGA mass spectrometers are processed and stored in the TMX-U physics data 
base at three separate rates (from once every ten minutes to once every 200 ys 
during a plasma shot). In general, the magnetically shielded and unshielded 
Baird Alpert gauges have worked well in up to 3 kG magnetic fields. In 
contrast to the Baird Alpert gauges, the Penning and magnetron gauges are much 
more difficult to operate successfully. Neutral pressure measurements within 
30 cm of the plasma are routinely measured by the unshielded Baird Alpert 
gauges with a 20% accuracy at a large number of locations along the TMX-U 
central-cell plug plasma. 

To evaluate the data gathered from the above gauges, we have developed a 
coupled-volumes computer code to simulate the complexities of the gas dynamics 
in TMX-U. The code has 61 coupled volumes that include the ability to 
calculate plasma pumping, wall reflux, and getter pumping. We also use the 
code to calculate the axial and radial pressure variations, and to predict the 
pressures in regions where there are no measurements. By using the RGA's, we 
found that the species present in the neutral gas between the first wall and 
the plasma are H 2, HD, and D 2 in varying ratios. We are attempting to 
connect this large body of pressure data to more direct spectroscopic 
measurements of neutral density in the plasma in order to develop halo 
shielding models. 

I. PRESSURE MEASUREMENT 
We measure pressure (neutral density) in many of the regions of the TMX-U 

vacuum vessel using 23-unshielded and 5-magnetically-shielded Baird Alpert 
gauges. The basic gauge system is described in Ref. 1, and the complexities 
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of the THX-U vessel regions are described in Ref. 2. The electronics system 
and data acquisition system are described in Ref. 3. The new capabilities of 
this gauge system result from the successful operation of the following three 
gauge types between the first wall and the plasma during a shot: 

1. Unshielded Baird Alpert gauges in B fields of up to 3 kG, 
2. Magnetron-type cold-cathode gauges (ELB), 

3. Penning-type cold-cathode gauges (EnB). 
Figure 1 shows the locations of all gauges in the TMX-U vessel including th? 
.new gauges. 

II. UNSHIELDED BAIRD ALPERT GAUGES 
Our experiments indicate that unshielded Baird Alpert gauges can operate 

reliably in up to 3-kG magnetic fields. The gauge is aligned so that the 
collector, the filament, and the local TMX-U B field are colinear plasma with 
B perpendicular to the axis of the filament and collector. In this 
orientation, we achieve a sensitivity that is %20% low in a 3-kG field. 
This use of Baird Alpert gauges in strong magnetic fields is discussed in 
detail in Ref. 4. These gauges are located just inside the first or warm wall 
and do not view the plasma directly. 

Figure 2 is an isometric drawing of the first or warm wall of TMX-U 
showing the location of the gauges and the complexity of the warm-wall shape. 
In Fig. 3, the relationship of each gauge to the warm wall and the plasma is 
shown; note that the central-cell gauges are all about 30 cm from the plasma 
edge as determined by the limiters. 

Figure 4 shows a typical data record from 5-shielded and 1-unshielded 
(WCP) Baird Alpert gauges. The WCP gauge is located near the gas box on the 
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west side of the TMX-U central cell about 30 cm from the plasma. The pressure 
drops are due to the increasing size of the plasma radius until it "seals" the 
plasma to the gas-box limiter preventing escape of neutral gas. The ratio of 
the pressure near the plasma (WCP) to the pressure at the outer edge of the 
central-cell (FCCS1) is 20 or 30. 

III. MAGNETRON GAUGES 
Commercially available magnetron-type gauges were packaged for TMX-U to 

prevent plasma reduced signals from appearing in the gauge. The housing is a 
Faraday shield with an 80-mesh screen and step baffle. Figure 5 shows all the 
components disassembled. Three of these gauges were mounted near the plasma 
in TMX-U and used the TMX-U B field to operate the gauge. The B field 
strength was 3 to 5 kG and was on for 2 s. The gauges were able to ignite and 
measure pressure. Figure 6 shows the pressure measured by a magnetron gauge 
and nearby Baird Alpert gauge during plasma operation. The magnetron gauge is 
noisy and does not track fast pressure changes nearly as well as the Baird 
Alpert gauge. The magnetron-gauge conductance-time control was 1 ms and 
should not have affected the gauge response. We also experienced difficulty 
with magnetron gauge igniting and mode changing when we used different bias 
voltages. We find an approximate calibration of 0.2 to 1 A/Torr for these 
gauges. Currently, we are attempting to increase our use of this gauge type. 

IV. PENNING GAUGES 
We use a commercially available 1 Torr 1/s ion pump as a Penning gauge. 

This gauge was intended for the Mirror Fusion Test Facility (MFTF-B) 
operation. The sensitivity of this gauge is ~ 10 A/Torr [5], which is better 
than the magnetron gauge, but we have had difficulty getting these gauges to 
turn on in the TMX-U B field. At present, we have only preliminary data from 
these gauges. 
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V. MASS SPECTROMETERS 
We use three magnetically shielded commercial RGA mass spectrometers to 

obtain species as a function of time from very slow rates to 1 ms during a 
plasma shot. Figures 1, 2, and 3 show the location of these units and their 
design is discussed in Ref. 3. Figure 7 shows the H 2 partial pressure as a 
function of time in each end plug, in addition to the H„, HD, and D^ 
partial pressures in the central cell during a plasma shot, where the walls 
have already desorbed most of their H ? inventory. 

VI. PLASMA NEUTRAL DENSITY 
We are attempting to install in the short term a new diagnostic that 

measures neutral density inside the plasma as a functin" i ? radius and time. 
This technique, which involves observation of the H or D Balhmer alpha lines, 
is discussed by Allen in these proceedings [6]. 

VII. CONCLUSIONS 
We are finding that Baird Alpert gauges are by far the most effective 

diagnostic gauge system for fusion plasma-pressure measurements. We are 
continuing to develop the potential of the magnetron and Penning gauge types, 
and are attempting to generate reliable, easy to use diagnostic methods for 
measuring neutral atomic densities inside the plasma. 
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Figure Captions 

Figure 1. The TMX-U vacuum vessel regions with all gauge locations 
shown. The new unshielded high-field Baird Alpert gauges are labeled 
WCP, ECP, ETP, WTP, CCE, and CCW. 

Figure 2. Isometric drawing of the TMX-U first or warm wall showing the 
location of all the gauges used for fast-pressure measurements. 

Figure 3. Cross-section view showing the relationship of the TMX-U 
plasma to the first wall and the gauges. 

Figure 4. Pressure during TMX-U plasma operation in six regions. The 
WCP is 30 cm from the plasma near the gas box in the central cell. Note 
pressure drop results from sealing and unsealing at plasma to gas box 
limiter. 

Figure 5. The TMX-U magnetron gauge with housing to prevent plasma 
induced signals in the gauge. 

Figure 6. Overlay of the pressure measured by a magnetron gauge and a 
nearby Baird Alpert gauge during plasma operation of TMX-U. 

Figure 7. The TMX-U RGA diagnostic shows H~ partial pressure in each 
plug and H~, HD, and D-2 partial pressure in the central cell from 
20 ms before to 200 ms after a shot. 
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