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Introduction 
This paper and the two which follow('i2) describe 
the current design status of the plasma diagnostic 
system for MFTF-B. tn this paper we describe the 
system requirement changes which have occurred as a 
result of the funded rescoping of the original MFTF 
facility into MFTF-B. We outline the diagnostic in
struments which are currently planned, and present an 
overview of the diagnostic system. 

TheffTF-8 Facility 
The rescoping of the single-cell mintam-B configura
tion of MFTF into the tandem mirror geometry of HFTF-B 
represents a significant scale-up in machine perform
ance, size, and complexity into which the plasma diag
nostics system must integrate and support.(3) This 
new facility is currently scheduled for completion by 
January 1SS5, and should permit operatfon with a O-T 
equivalent power gain Q = 1. 

The MFTF-B facility is shown schematically in Figure 
1. The original 18-m (59-ft) long by 11-m (35-ft) in 
diameter MFTF vacuum vessel will be incorporated as a 
portion of the new vacuum vessel, approximately 64 m 
(210-ft) long. The original HFTF Yin-Yang magnet set 
will be used as a portion of one of the two end-magnet 
sets used in the tandem mirror geometry. Each end-
magnet set also utilizes an auxiliary magnet (A-Cell), 
one of several configurations to produce an electro
static axial "plug" and "thermal barrier" regions, 
The major regions which define the machine operation 
are also shown 1n Figure 1: the center cell, which 
contains a simple radially-confined plasma where (in 
a reactor) the bulk of fusion reactions occur; the 
Yin-Yang region, where minimum-? coils provide MM) 
stability; the A-Cell region, where the "plug" and 
"barrier" regions are produced; and the end celt, 
where the escaping plasma is allowed to expand and 
contact the end domes. The axial profiles of mag
netic field strength, plasma density and plasma 
potential are shown in Figure 2, 

Figure 1. Machine Regions in MFTF-B 

Figure 2. Axial Profiles of Magnetic Field, 
Plasma Potential, and Density for A-Cell 
Thermal Barrier Operation of MFTF-B 

The MFTF-B experimental facilities have been designed 
to support a 30-second pulsed operation, occuring as 
frequently as every 5 minutes. This shot duration is 
sufficient for the plasma to reach steady-state equi
librium with the vessel walls. This requires the de
sign of new and additional neutral-beam assemblies for 
plasma start-up, build-up, and heating, as well as new 
assemblies to pump the barrier region. Finally, a new 
electron-cyc!<rron resonance heating (ECRH) system, 
capable of providing up to 1.6 MW of micnwave power 
at 26 and 56 GHz during the 30-second plasna duration, 
is being developed to create the "plug" ;,id "barrier" 
regions. The physical hardware and electiical noise 
introduced by these new sources significantly compli
cates the design and operation of plasma diagnostics 
in the Yin-Yang and A-Cell regions over that of KFTF. 

In addition to these new operational and physical 
constraints, other environmental constraints continue 
to exist which also existed in the MFTF-A experiment. 
These are detailed in subsequent papers, but include 
the following: 
i Neutron flux rates exceeding 1 0 1 0 N/cm^sec at 

energies up to 2.5 MeY. 
• High levels of x-ray radiation. 
• Activation of vessel components within the vault, 

which limits access time for maintenance and 
installation. 

I Radiative heat loads due to charge-exchange 
neutrals and radiation from the plasma. 

i Power loads from end-loss charged-partiele flux at the end domes. 

Tlmtf fSt*Bipn! iU' 
"'"c"^^'1!,!' 

of Pin Un.iW Simn Gov-.nr.mi. 
n^ oi Ihoii eirDlOynH. main any 

WJiMilY. m w n i or I IT IDI I ' I o' MSiimw nn« legal liability 3' MmMMiUIIHr" '"• ">» nauuey, 
camp i iwwiu o' u inlufc i i o 1 j<ir in loi nation, jppjfdtui, product, or O'OMS! aiiclnvd. 0' 
<ijjj'<.-wriii " J ! In U H wguki no! inlrhi/i priwii-ly cwwd r l jh t i RtVinct hflun to my ipecltic 
commtfCkll product, P'ocini, or «rylc& liy tutl i ! lame, irMonurk, tof-utttWtr, oi Oilwrwlio, doCi 
not neratwrlly comlilult a' imply iu m m ' K m t i i , leciiTiniefldttlcjri, "i (motlng by ih» United 
S u m G M U M M W I or «ny ». '«¥ m«'i»'. T " « wmtnc oo^loni DI ajihori nptnieg htrefn Ho not 
iw«M( l l y i t»MefMl l * t i f ( iwgMh» IMWJ S: j tMGcvH«wnl« iny w n w t r w w ' , MGtJ 

http://Gov-.nr.mi


i Strong magnetic fields, ranging from 60 kGauss 
interior to the vessel, to about 10O Gauss 
outside the vault wall. 

• A high-vacuum operating environment within the 
vessel, including a gettering system. 

Plasma Description 
The new geometry and set of plasma conditions which HFTF-8 will produce also represents an increase in the range of measurements encompassed by the plasma diagnostics system. The major plasma parameters which correspond to the machine regions discussed previously are listed 1n Table I. MFTF 1s designed to operate in either of three different configurationat modes: the simple tandem, a two-component, and a (high-Q) thermal barrier mode. Table 1 lists the range of parameter values expected during operation over these three modes, with the nominal values corresponding to the thermal barrier mode shown in parenthesis. 

independently diagnosed. This requires a significant increase 1n the number of diagnostics over MFTF, or a toro1dal1y-symmetric machine Such as a Tokamak. Add1-tionally.the high electron tsmperatures which occur in the barri. and plug regions make Thomson Scattering methods for T f measurement impractical,and interpretation of standard interferometer data more difficult. 
Instrument Requirements and Diagnostic Set 

As indicated earlier, the new tandem mirror configu
ration for MFTF-B introduces an expanded set of meas
urement rer ' »ments beyond tr.it designed for MFTF. 
The addition of new "features" which need to be in
vestigated, such as the potential plug, barrier re
gion, and sloshing ion distribution, as well as the 
new range of plasma parameters produced in the ma
chine, required the original physics measurement re
quirements to be reviewed and redefined. To this end, 
an MFTF-THX joint physics working group has establish-

TABLE 1. RANGE OF PLASMA PARAMETERS EXPECTED FOR KFTF-B* 

PARAMETER 

V n.(xl0 1 3 cm" 3) 

plasma M 

CEHTER-CELL YIN-YANS BARRIER PLUG ENO FAN 
If £18.2 m) ( 8 - 20.0 m) (z ' 23.a m] (Z * 21.9 m) ( 2 - 3 2 m) 
0.1-20 ( 2) 0.2-30 ( 5) 0.1-3.5 (0.5) 0.1-3.5 (0.7) .005-1 

20-80 (54) 15-40 (40) 20 x 180 7 x 200 40 x 820 

V <E>e (ke*) 

T 1 t <E> 1 (keV) 

•plasma (kV) 

0.1-15 ( 9) 0.1-15 ( 9) 

.05-25 (15) 5-100 m 

(50) (60) 

.01-0.5 (0.2) .05-1.0 (.4) 

- 2 0 0 10-500 (30) 

- 6 0 - 6 0 

(20) (?8) 

.01-0.5 (0.3) -0.03 

.05-10 

nr (xlO 1 3 cm' 3 s) .01-20 ( 5) 

NOTES: 

005-5 ( 1) .1-5 ( 1) .1-5 ( 1) 

FUSION PLASMA 0EN5E, HOT IONS HOT ELECTRONS HOT ELECTRON DIFFUSE 

» For simple tandem, two-component (w/o barrier), thermal barrier operating modes. 
Nominal values for barrier mode shown in parenthesis 

I Non-circular cross section lists major and minor RADII 

The plasma parameters associated with the center cell 
region are similar to those of TFTR. In general, these 
parameters are expected to be constant over the axial 
extent of the center cell. As one approaches the Yin-
Yang region from the center cell, however, (termed the 
"transition region"), the plasma shape and type of in
stabilities change sufficiently to warrant additional 
diagnostics. The dense, hot plasma of the Yin-Yang 
region is unique to KFTF, as is the dense, hot elec
tron plasma associated with the barrier and plug 
regions. The high values of 13 (ratio of plasma to 
magnetic-field pressure) cause both an uncertainty in 
the exact position, as well as a movement during 
build-up, of the barrier and plug locations which must 
be accounted for in diagnostic access to the plasma. 
It is important to note that each of these regions are 
sufficiently unique that they must each in general be 

ed a set of general measurement requirements for 
HTF-B and a set of "instrument requirements" for spe
cific diagnostics to accomplish those measurements. 
The engineering group is chartered to design and fab
ricate these diagnostics, as a part of the "funded f'fTF 
project scope-of-work, integrating them into a system 
concept wherever possible 'to accrue positive cost-
savings, reliability, and machine interface bene
fits, k'e are currently within a conceptual design and 
costing phase of this effort. 
The measurement requirements for plasma diagnostics 
have been described in detail previously.!*J They 
are, briefly, to characterize the magnitude and dis
tribution of basic plasma parameters (n, T», Tj, 
fi(0), * j , measure power balance and Q (particle and 
photon flux, confinement, power input), measure plasma 
stability (Q-limits, KHD, microstability), and study 
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the plasm/machine interfaces (wall, fueling, impuri
ties, gas loads), and plasma build-up. 
As was the case for HFTF, the diagnostics and specif
ic Instruments to accomplish these measurements have 
been separated into a start-up set (SUS) and basic 
diagnostic set (80S), which reflect the measurement 
priority, development required, and available budget, 
The SUS diagnostics are required to be on-line for 
initial machine operation, and are intended to qual
itatively aid In machine start-up and make less-
quantitative measurements of plasma formation, ion 
confinement, thermal barrier performance, MHO in
stabilities, and microlnstablHties (see Tab*; ! ' ) . 
The SUS instruments will then be upgraded and expand
ed as necessary, and the 60S diagnostics Installed i n . 
phases to answer more detailed questions involving 
scaling issues, machine limits, plasma/wall -Inter
actions, plasma build-up, .provide more resolution 1n 
space, energy, wavelength, and so on. Table III lists 
the current diagnostic instruments contained in bot'h 
the SUS and BDS,along with the detector-type and meas
urement! s) provided by each diagnostic. The physical 
description and data handling are described in more 
detail in the accompanying papers. ' 

General Overview of System 
A general overview of the plasma diagnostic system is 
shown in Figure 3. In this paper, we only highlight 
the major features. The major system elements are: 1) 
the Individual "instruments" which provide the plasma 
interface to the detector element, along with Its sig
nal processing and local storage equipment; 2) the me
chanical and electrical support systems for the in
struments, which Include utilities, safety, structural 
support, mechanization, and so on; 3) the local con
trol and data acquisition system (LCOAS) which concen
trates and moves the local memory data into the SCDS 
memory, as well as providing monitor and control cap
ability for the. instruments, system timing, and "local 
control" capability(SCDS emulator) for testing and de
bug; 4) the data processing and display systen (DPOS), 
which provides both intershot processing and reduced 
display information regarding plasma characteristics, 
as well as operator Interface to the set-up and con
trol of the diagnostics themselves. 

The data acquisition and control system hardware will 
use CArWC-based equipment wherever possible. Operat
ing system software will be largely unchanged. As for 
MFTF, the low-level or noise-sensitive signal process
ing and data storage modules will be located within a 
screen-room enclosure located outside the vault, typi
cally about 120 (cable) feet from the detector. The 
less sensitive CAMAC monitor and control modules will 
be located outside the screen room. A fiber-optic 
link will provide an isolated data and control path 
to the diagnostic controller (typically 1 per diag
nostic) which is located in a separate control build
ing, along with the Supervisor Control and Diagnostics 
Systea (SCOS). All real-time control and readout of 
the diagnostic system will occur from this location. 

The shot scenario is Such that during a five minute 
shot cycle, approximately 5 MBytes of data (for SUS), 
which has been acquired during the shot, must be moved 
into SCOS memory, processed into meaningful informa
tion, displayed to operating and shot control person
nel, and permit set-up for the next shot. To accomp
lish these tasks within the five-minute cycle requires 
a good human interface, a reasonably fast display, and 
a display/control concept which is compatible with the 
rest of SCDS. The current proposed concept provides 
these features in a series of control/display sta
tions which are less sophisticated than the SCOS 
consoles, but provide similar capability and system 

compatibility. Each station would use an inexpensive 
touch-panel color console for control, in conjunction 
with a high-speed color display similar to SCDS. 

TABLE II, 
MEASUREMENTS PLANNED" FOR START-UP SET 0IAGK0ST1CS 

PLASM FORMATION: n e(r) Far-Infrared 
Interferometer (C,T,Y) 

- Microwave 
Interferometer (B,P,E) 

Neutral Beam 
Transmission (P) 

Ti Neutral Flux 
Spectrometer (Y,B) 

Plasma Current 
Sensors (CJ 

Te X-ftay Spectrometer 
(C, B, P) 

ION CONFINEMENT: peak Ion Spectrometer (E.) 
end loss Ion Spectrometer (E) 

Charge Particle F1ux(E) 
n e(r) Far-Infrared 

Interferometer (C) 

T1 ' Neutral Flux 
Spectrometer (Y) 

Plasma Current 
Sensors (C) 

THERMAL BARRIER 
PERFORMANCE: Te X-Ray Spectrometer 

(C B. P) 
FjlO.v) Neutral Flux 

Spectrometer (B) 

n e(z) 
Sloshing Ion Sensor(B) 
Microwave 

Interferometer 
(B, P) 

Impurities UV Spectrometer (B) 
Background Gas 
Pressure (B) 

MHD Instability B, B 

Micro- „ _ 
Instabilities «, B 

Plasma Current 
Sensors (C, T, Y) 

Electromagnetic 
Fluctuation (Y, P) 

' REGION NOTATION: CENTER (C), TRANSITION (T), 
YIN-YANG (Y), BARRIER (B), PLUG (P), END (E) 
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Figure 3. Overview of Plasma Diagnostic System [POS) for MFTF 
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- Summary and Status 
He hive described the major requirements, constraints, 
and conceptual designs for the NFTF-8 plasna diagnos
tic system. The proposed diagnostic system appears 
capable of meeting most system requirements for the 
SUS Instruments, and provides a design which can be 
expanded or upgraded at several levels to accomodate 
growth and introduction of the 6DS instruments. It 
also provides a broad capability of hardware and soft
ware standardization and compatibility which should 
positively impact system cost and reliability. 
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