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HTX PLASMA DIAGNOSTICS SYSTEM* 
W, R1ce, E. 6. Hooper, and C. A. Brooksby 
Lawrence Liver-more National Laboratory 

Livermore, CA 94550 

Abstract 

The Microwave Tokamak Experiment (MTX) is designed 
to be a high pulsed-power ECRH plasma heating 
experiment. The tokamak Is the Alcator-C machine which 
has been moved to LLNL from MIT. This tokamak operates 
at a high-field (9T) and Is characterized by high 
densities, typically 1 - 5 x 1 0 M cm-' and electron 
temperatures > 1 keV. The ECH heating source is a free-
electron laser (FEL) which provides 10 GW peak power 
at 250 GHz with a 50 ns pulse width and a 5 kHz rep 
rate. Due to the high-power pulsed FEL heating, the 
diagnostics system has a unique set of requirements. It 
Is necessary to measure the fast transient plasma 
heating effects while, at the same time, protecting 
diagnostics from large levels of stray microwave power. 

In this paper, a general overview of the MTX platma 
diagnostics system Is given. This Includes a 
description of the MTX machine configuration and the 
overall facility layout. The data acquisition system 
and techniques for diagnostic signal transmission are 
also discussed. 

In addition, the diagnostic instruments planned for 
both an Initial ohmlc-heating set and a second FEL-
heating set are described. The expected range of 
plasma parameters along with the planned plasma 
measurements will be reviewed. 

*Work performed under the auspices of the U.S. 
Department of Energy by the Lawrence Liverraore National 
Laboratory under contract number W-7405-ENG-48. 

Introduction 

When the Alcator-C machine was moved from MIT to 
LLNL In May 1987, only a few diagnostic Instruments 
(e.g. magnetic loous, soft x-ray and bolometers) came 
to LLNL. Most of the major diagnostics were kept at 
HIT for use on future experiments. Therefore, we are 
constructing several new diagnostics and a new data 
acquisition system for HTX. The diagnostic set for MTX 
will be Installed In two phases starting with an 
"initial set" composed of basic diagnostics for use 
during start-up ohmlc heating operation and a more 
advanced "heating set" which will be implemented when 
the FEL heating system becomes operational. 

The first set of diagnostics will allow Initial 
checkout of the tokamak and will enable comparison of 
ohmlc heating operation with past Alcator-C results at 
MIT. Critical startup measurements are plasma current, 
poloidal beta, density, electron temperature, and 
Impurities. The startup phase will also provide an 
opportunity to checkout the integrity of the diagnostic 
subsystems such as grounding, shielding, and data 
acquisition. 

The long-term goals of the MTX project are to 
understand the tokamak physics Involved In high-power, 
pulsed electron cyclotron heating. Thus, the purpose 
of the FEL heating set of diagnostics is to provide 
more detailed information on electron temperature, 
conflnament scaling, transport scaling, KHD control and 
profile shaping. 

In this paper we will d1s-uss the near and long term 
plans for diagnostic Instruments as we'l as the overall 
MTX facility and the data acquisition system. Related 
papers on the FIR Interferometer support structure [1] 
and the MTX facility grounding [Z] are presented 
elsewhere In ^ g ^ c g d ^ ^ ^ K m 

MIX Facility Overview 

A general layout of the HTX experimental facility 
and a cutaway,of the machine are shown In Figure 1. 
The MTX vault Is 45'x42' with 1' thick concrete walls 
24' high. Three legs support the vacuum vessel such 
that the machine center line is at an elevation of 10 
feet. The control and diagnostics room for the 
experiment 1s located on the second floor just north of 
the vault area. Terminals, desktop computers and CAMAC 
hardware will be located 1n this area with the main 
data acquisition VAX computers located in an office 
building about 1000* from the experimental area. 

Figure 1. Layout of the Microwave Tokamak Experiment 
(HTX) 

From the cutaway view of the tokamak in Figure 1, 
one can see the key features of the machine. The 
vacuum vessel is 40 cm 1n diameter and 1s constructed 
from sections of stainless-steel belows. The toroidal 
field Is produced by a set of closely packed copper 
Bitter plates while ohmic heating is produced by an 
a1r-core copper transformer. The entire vacuum vessel 
and magnet set is enclosed within a dewar of liquid 
nitrogen to provide magnet cooling between shots. In 
order to minimize toroidal B-field ripple, the 
diagnostic port width between toroidal field coils is 
very narrow. There are six ports each on the top, 
bottom and side of the machine for a total of 18 ports. 
The view through each port projected onto the plasma is 
shown in Figure 2. Note that there is no access to the 
Inner edge of the plasma and that the vertical views 
are obstructed by two or three strengthening ribs. 
Because of the United port access, we have a 
requirement that diagnostics be made as compact as 
possible to share port space and flexible enough to 
move to other ports as experiments change. 



A plan view of the first floor of the MTX facility 
1s shown 1n Figure 3. Port locations for the initial 
set of diagnostics are labeled. The concrete trenches 
shown inside the vault are 1 ft deep by 3 ft wide 
and are used for cable and fiber optic trays. One of 
the trenches 1s also reserved for hollow dielectric 
waveguide used by the FIR Interferometer and ECE 
diagnostics. Two smaller rooms to the north of the 
main vault are used for diagnostic equipment which 
requires frequent access for maintenance such as the 
FIR laser, ECE detectors and Thomson Scattering 
receiving electronics. 
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Figure 2. MTX port access projected onto plasma. 

Figure 3. Plan view of MTX facility. 

HTX Plasma Description 

The diagnostic system 1s being designed to cover 
basically three ranges of plasma parameters: 1.) ohmlc 
heating operation during the checkout phase; ^.Slower-
hybrid heating/current drive experiments to 

Investigate forming a target olasma (tall) for FEL 
current-drive experiments; 3.) FEL heating/current-
drive experiments. Listed in table 1 are the FEL 
parameters and the plasma parameters which are 
expected to cover these different modes of operation 
[3,4]. 

During initial operation, deuterium gas Injection 
will be used to fuel the plasma, with pellet injection 
planned for later experiments. 
Table I. FEL and Plasma Parameters 

FEL Parameter Nominal 

Frequency (GHz) 
Average power (MVI) 
Peak power (GW) 
Pulse width (ns) 
Repetition rate (kHz) 

250 
2 
8 
50 
5 

Plasma Parameter Numlnal Range 

Minor radius (cm) 
Major radius (cm) 
B t (T) 

16.5 
64 
9 

10-17 
58-71 
6-10 

lp(kA) 400 200-600 
n e (xlO'« cm-') 4 0.5-10 
T e (keV) 2 1-3 
T, (keV) 1.2 1-1.8 
shot length (s) 
confinement time (ms) 
q 

0.5 
20 
3 

0.2-0.6 
5-40 
2-10 

Environmental conditions on HTX are quite severe and 
must be considered in the diagnostic design. In 
addition to the usual concerns of X-rays, neutrons, and 
stray magnetic fields, HTX will have extremely high 
pulsed microwave power to protect against. These 
conditions are summarized In Table 2. 

Table 2. HTX Environmental Characteristics 

Base vacuum 
Neutron flux 
X-Ray flux (unshielded at lm) 
Stray magnetic field 
dB/dt 
Microwave level (open port) 

Estimated Level 

1 x 10-8 jorr 
1 x 10 1 J n/s 
15 Rem/shot 
.05 - 5 KG 
10 -1000 kG/sec 
100 kW/cm* peak, 
25 W/cm2 average 

In order to better quantify the level of microwave 
leakage from the vacuum vessel, the tokamak cavity Q 
was measured using a 20 watt 140 GHz source [5]. From 
the results of these measurements the 0 is estfmated to 
be 30,000, The Q was found to be quite independent of 
the nuicber of ports open, indicating that skin losses 
dominate. The power emitted from any given port is 
expected to be In the range of 100 kW/cm1 peak or ZS 
W/cm1 average. Techniques such as lossy dielectrics, 
meshes, and dlchrolc plates are being evaluated to 
protect diagnostics from microwave radiation. 

In general, the neutron and x-ray flux 1s not too 
severe. If trouble spots occur, small amounts of 
localized shielding can be used. The changing magnetic 
field flux can be quite a problem for conducting 
loops located close to the machine. We have adopted a 
policy that all loops in the vault greater than a few 
square meters will be broken. On sensitive structures 
close to the machine, such as the FIR optical tables, 
we will use dielectric materials wherever possible. 



Diagnostic Instruments 

Table 3 contains a list of the diagnostics In the 
Initial set and heating set, the plasma parameters to 
be measured, and brief comments on the present design. 
Several of the diagnostics listed involve cooperative 
efforts with other laboratories Including: FIR 
Interferoraeter/polaMmeter -- T. Peebles, N. Luhman, 
UCLA; advanced ultra-fast ECE for measuring the time 
history of the distribution function following the 50 
ns FEL pulses — D. Boyd and R. ElHs, U. of Maryland; 
fast response soft x-ray and neutron detectors — 
H. Maeda, JAERI (Japan); Thomson scattering and visible 
bremsstrahlung designs -- J. Barter and R. Horton, TRW. 

The number of spatial channels and time resolution 
of each instrument can be conveniently viewed using the 
plot In figure 4. Here the vertical axis represents 
radial position and the horizontal axis represents time 
resolution. Thus the temporal resolution of the 
diagnostic set can be compared with some of the 
characteristics times for various events. Only the 
initial diagnostic set is plotted. 
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Figure 4. Spatial and temporal 
diagnostics. 
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Table 3. MTX Diagnostic Instruments 

Initial Set Diagnostics 
FIR Interferometer 

Electron Cyclotron Emiivion 

Magnetic Loops 

EUV SPREAD Spectrometer 

Soft X-Ray Array 

Llmlter X-Ray 

Visible Bremsstrahlung 

Bolometers 

Plasma Camera (Ha) 

Fast Ion Gauge & RGA 

Thomson Scattering 

FEL Heating Set Diagnost ics 
FIR Polarlroetry 

T1rae-of-Fl1ght 

Neutron Detector 

RF, Langmulr Probes 

Infrared Camera 

CO, Scattering 

Microwave Detectors 

Measurement 

T e(D 
I t V- loop, MHD, Beta-p 

Impurities 

T , sawteeth, q surface 

Electron tail, llmlter flux 

2 e * f N T plasma position 

Energy confinement 

Plasma pos1t1ont symmetry, Ha 

Gas pressure, gas Impurities 

n e(r), T e(r) 

Current profile 

Edge physics 

Llmiter temperature 

ECE penetration, 
parametric Instabilities 

Transmission, scattering, 
reflection of FEL beam 

X-ray yt ) 
Fast soft x-ray array T e (r . t ) 

Fast ECE Ur,t) 

Comments 
14 channel design 

Michelson interferometer, LN calibration 

58 loops on Alcator 

100 - 1100 K range 

16 channel MIT PIN diode array 

single detector 

12 channel high speed avalanche photodlodes 

16 channel HIT array 

fast (.5 ms) or slow (16 m$) resolution 

requires magnetic shield 

single pulse ruby, radial scans possible 

expand Dn interferometer 

instrument developed on TMX-U 

single channel detector 

located on FEL port 

square-law and heterodyne detectors 

pulse height analysis, or fast diode 

JAERI Instrument 

Univ. of Maryland Instrument 



Control/Diagnostics Room 

Figure 5. HTX diagnostic data acquisition system 

Data Acquisition 

An overview of the networked data acquisition 
system is shown in Figure 5 [6]. The computer facility 
for data acquisition and processing 1s located In a 
building removed from the experimental area and 
consists of a VAX 8200, 8600 and a mlcroVAX. Direct 
communication to CAHAC crates via a serial highway 
fiber optic link can be achieved through the 8200. 
Communication to remote terminals and local desktop 
computers will be made through a local area network. 

Some of the simpler diagnostics, which require 
minimal Intershot processing, will be acquired directly 
by the VAX using the MDS software package obtained from 
HIT [7]. Diagnostics which have more complex control 
or data processing requirements will use a local 
desktop computer located 1n the control/diagnostics 
room. We plan to use HP series 200 and 300 computers 
which are available from past experiments, although 
other desktops such as IBM, Apple, and Sun Workstations 
can be accommodated. This use of desktop computers 
significantly Improves the intershot processing 
capability In terms of speed and flexibility. 

The general philosophy for transmitting signals from 
diagnostic Instrument Into CAHAC and then acquiring the 
data from CAMAC 1s to use fiber optic links wherever 
possible. The HTX vacuum vessel can rise up to 2 kV 
during disruptions and as a result it is considered 
unsafe to bring cables from the vessel up to the 
diagnostics room during operation unless several kV of 
Isolation Is provided. 

There are two preferred methods for achieving 
excellent Isolation and noise immunity; the first Is to 
locate the CAHAC crate Inside the vault area and 
acquire data via a fiber optic serial highway from 
either a desktop computer or the VAX mainframe; the 
second method 1s to use an analog fiber optic link to 
transmit the signal to the diagnostics room where It Is 
digitized and acquired. The second method has the 
advantage that the raw analog waveform can be viewed 
directly o.. a scope In the diagnostics room for debug 
and testing. 

Summary and Status 

A diagnostics system consisting of an initial basic 
set and an FEL heating set has been designed for HTX. 
Special effort has gone Into grounding, shielding, and 
evaluating environmental factors 1n order to ensure 
quality data. At the present time, the HTX facility 
consisting of vault walls, cable trays, AC power, 
ground system and the control/diagnostic room 1s near 
completion. We are now concentrating on the design and 
fabrication of the Initial "basic" diagnostic 
Instruments in preparation for ohtnlc discharge testing 
In July 1988. 

References 

[1] C. A. Brookoby, B. W. Rice, U, A. Peebles, 
"Design of a FIR Diagnostic Support Structure", 
12th Symposium on Fusion Engineering, Honterey, CA, 
Oct, 1987. 

[2] H. H. Bell, B. W. Rice, D. £, Petersen, 
C. H. Herrera, "HTX Facility and Machine Grounding 
Plan", 12th Symposium on Fusion Engineering, 
Monterey, Ca, Oct, 1987. 

[3] K.I. Thomassen, ed., "Free-Electron Laser 
Experiments in Alcator-C", LLNL-Prop-0C202, July 
1986. 

[4] R. R, Parker, et al., "Progress in Tokamak Research 
at HIT", Nuclear Fusion 25, 1127 (1985). 

[5] R. Horton, TRW, unpublished report. 

[6] T. A. Casper, D. N. Butner, M. D. Brown, W. H. 
Heyer, J. H. Holler, LLNL unpublished report. 

[7] T. W. Fredlan, J. a. Stlllerman, "HDS/HIT High High 
Speed Data Acquisition and Analysis Software 
System", Sixth Topical Conference on Hiph 
Temperatue Plasma Diagnostics, Hilton Head, South 
Carolfna, March 9-13, 1986. 


