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Sunmary

To evainate ;uerfcrn-la‘nce 0. a sezond generation
Tandem Mirror Machine, an exte.sive instrumentation
system is being designed and installed as part of the
major device fahrication. Of rhese svatems, the di-
agnostic systens listed in Table 1 acquire data re-
lated t> plasma parameters. The gystems listed will
be rperational during the stavt-up puase of the THX
Uparade nachiae and provide beucn marks for future
pertornance data. In adlition 1o plasma diagnestic
tnstrumentation, machine parameter monitoriug SYsteas
wili be 1ustilied priar to wmachine operation. B5i-
nine parameters wili per-

nu'[anemxﬂ rac H'dl";" GE ma
21t eviluatian of plasma parameters sensitive ta

adchine conditious.

o Javernore

To support the above 1ustrumentation a Liming
system and & diagnestic-cahle plant svstem will be
installed prior tu machin perations. Caretful use
of the above systems w.} CmLE ACCUIALe CTOSS cor-
ralation of dats record the numerons data re-
corders. The following tes  utlines the implemen-
tacion details fur vash system mentisaed above,
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I1I. Diagnostic Timing System

The diagnostic timing system is housed in two
racks in the upstairs diagnostic room. All trigger
and clock signals for the diagnotic and machine par-
ameter instrumentation are generated with the high
resolution diagnostic timing system.® The diagnos-
tie timing system i3 coupled to the machine timing
system by a -500 millisecond trigger generated by the
macaine timing system. The machine trigger is regen-
erated and Jdistributed to five digital delavs which,
in tura, generate five high-resolution diagnostic
triggers. Details of the timing system are autlined
in an accompanying paper. Since all tne timing hard-
ware is nither CAMAC or Yim medules, expansion ar
modification ran he easily achieved.

1V, Secondary fmisston Detector
The secondarv emission detector system measures
the neutral-particle flux generated by charge ex-
change and escaping from various regions of chy

plasma.‘

Two arravs ol letectors will be installed Lo
measure the angnlar distribulion of charge-exchange
fluv. Data fraw the arravs will be used ty 1nves-
tigate the “slrshing” 1on dustribution in each plug
regin.  All detectors ised 1n this diaganstic have a
cvlindrical geometry with colluimating apertures that
Limtt rhe detectors field of view to 12°. Fifteen
dete rors will be mounted on an arc-shaped suppart
and view the east olug harrier (5-kG plasma’ region
trom 1 90-cm radius,  Six identical derectors will b
tacatet in the west plug.  Four similar discrete units
will b Tocated aroaed the central-cell midplane.
Tarse detectars will duor Jirectly at the cencral-cell
plasma 11d proviie 1nforwdation concerniny radial loss
SVmTel oY,

Sianals troa o1 drtectors are transported sver
attelded twisted nagr cahies that termnate inoa dis-
tribmtion o Lere individaa] hatteries 1 series
Wwith [0-¢2 resistors will provide detectar hias,

“he signal oauroess 1o sesistor 14 recorded By o1 tran-
sient recarier,  “he -able capacitance ind termination
resistor set tae wignai sandwidtio at gsbout 10 kHz.
Thns, vy altasing problea. shonld oceur when record-

1y, dats at Shoeie.

1. dedm dtteanuation Detectors

The gean 17 Conualion TEctor (RAD) svstom uses
secvadare waioston detoctors to measure shﬂ neutral
Dedn ourrent passing through the plasma, Using
fate taken wits anl without the prasence of a machine
piasma, 1Mpat power to the plasma and plasma line
density canobe estimated. Since the neatral beam
Hameter t6 abaut the same size as the plasma, an
arrav ot letostars om g neulral beam provides infore
mation on the plasna geometry,

The BAD wvstems ta b used on the TMX apgrade
will consist of geven individual detectors and two
arrays compased 10 24 Jetectors. [he two arrays will
be mounted in the piug tegions and provide data con-
cerning the S-kii plasma region. The seven single-
channel detectars provide central-cell plasma data.

The current signals from the secondary-emission
detectors ars amplified by high-gain transresistance
amplifiers located cloge to the sensars. The output
from the amplifiers is sent through shielded-twisted
pair ¢able to transient recorders in the diagnostic
area. The very high amplifier gains limit the over-
all system bandwidth to 8 kHz., Digitizing rates will
be set to 50 kliz using a standard clock frequency.

Y1, Thomson Scattering
Two Thomson scactering systems are used to de-
termine the electron temperature and density of the
plasma in the machine central cell and east plug bar-
rier region, The electron energy distribution ig de-
termined by measuring Che scattered spectrum of ruby=
1aser light as it pasgses through the plasma.’ From

the absolute level of the Doppler light returned to
the detectors the electron density is also estimated.

The Thomson scattering systems consist of numer-
aus subaystems.k 4 single-pulse ruby laser pro-
vides the light source for a1 single temporal mrasure-
ment during the plasma cycle. The lazer beam trans-
port and laser input arm contain the optics necessary
to transport the laser into the plasma. A laser beam
dump ohsorbs the laser enerpy after it passes through
the plasma and provides the mechunism neces- sary to
piniwize hack-scatteved laser light, A view tubde
collects the Noppler-broadened light scattered hy
plasma electrons and delivers it to a distribution
box. The distributien hox disrrinutes tha scattered
light associated with a unique plasma volame ta tha
input of a polychromator. Ten saectral outputs of
the polychromator are conpled into a bank of the
photomultiplier tubes by fiher aptics bundles. The
tube output signals are transperted to a remate data
monitor and recording system. Alsa, located in the
didgnostic rram is the 11ser timing svstem and aufo-
calidration contral electranics. The calibration
sources are located in the distrihution box and ea-
ablz periadic calibration ! the fetection svstem.

The central-cel! and east-plag vicwing angles
are 497 and 650 from beam orrnoponal, T Jdis-
trinution box designs permit each svatem Lo momitor
three radial pnsitions perpeaticalar to fue machine
center line.

Vil.Diamagnet1c Loops
This system mHJEGF;;-fHF_ETﬁ:HS“Janu;wpllsm
from which estimates of fon temperarure and Jeasits
van be malde.  Fourteen, Faradiw snielted, single-turn
toops will cirele the plasas at «irrous points Hf -
terest. Kach plug centains three (sila: sae posi-
tioned avar the pluy atdplane noint and ane each at
the 1nrer and nuter 1o-

Dopmnis.  The rematniag
eight cnils are positrmeld aloyy the central cel

with s1% souls east and two aiis west 00 the machine
nidplaae,

The signal induced i vach op s transported
to the diagnastic recoriing are1 by shielded=twisted
pur cables. Tie plasma sipnils are enhanceld be sun-
traction of the maznetic current ripple compouents
using m:itichannel ripple rediction amplifiers
Using Hogowski loops Uy moantar the individual magne
currents, a signal very cluse ta the ripple compon-
ents in various loops 1% generated.  Putting hoth
signals through 4 Jitference amplitier produces the
entanced plasma signals. Data recording 1s achieved
using 50-kllz transmit ezordars.

yrer. Rad

The rf prahe system is used to measure clectro-
magnetic field emissions from the canfined plasma.
Uging frequency and amplitude measurements obtained
from numerous probes, the plasma confinement insta-
bilities can he evaluated.

Initial systems mplementation consists of four
probes, each containing numerous elepents. In the
central-call region 2 probe containing six smalt
electrostaric antennas and two magnetic loops will be
used. 1In the east plug two probe positions are
available to study emissions in the 5-kG piasma
region, One probe with five antennas and one probe
with thrae orthogonal magnetic loops will he used in
this region. The east plug (L0-kG plasma region)
will be studied using two access positious and a
five~tip antenna probe. The west-plug 5-kG point
will be studied hy a praobe that can be inserted
through either of two access ports.

Signals from the probes are taken to the diag-
nostic arca over 100 meters of coax cable, The long
cable runs limit system bandwidth to about 10 MHz.
The signal processing rlectronics employs various rf
amplifiers, filters, envelope detectors, and hetero-
dyne detectors. The 20-channel electronic acquisi-
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tion hardware is a combination of high-speed and 1o
speed digitizers. Dats acquisition rates will vary
from 50 MHz to 5 kHz depending on experimental re-
quirements, The diagnostic timing system assures the
phase stability of the recorded data.

X, Fa on Gaages

This Jiagnostic monitors pressure changes during
plasma cycles, in various regions of the varuus vess
on time scales short compared to plasma duration.
Three nude Bavard-Alpert gauges, housed in magnet-
fcally shelded enclosures, are mounted on the vacuum
vessel. One unit is mounted on sach of the machine
end fans. A third umie is mounted on the machine
ceatrai ¢ell. tauge contrals and signal pro- cessing
electronics are located n che machine vault near each
unit,  The electronics sapparts all the funcrions
normally pewuled by standard pauge contral elec-

tronizs, {onl aassing, over pressure Shutdown, and
emission regulation).  The cullecrer enrrenat, which
15 vroportions} Lo pressare, 18 ampli- fied using a
wite dvaamic ranee operatiomal aapltiier. In orde
to cover the three decades of dvname range, a
trghand low-vange analogue output 1s provided. By
nawaliv changiag the enission current, the range of
ta¢ instrument .an he made to cover any three decades
within a 407 g 1R e, pressure window,
X, M ometer

e mi-rowave system will be used
Sy medsure piosme bine densities in various regions
at orne TMX=Upgrale machine. line densitv is calcu-
tated {rom the phase shift induced 1n a 140-~(Hz
aL rowrve neam Lhat has passed through the plasma.

The atiril microwave syslem containg antennas

1 the east and west S-kC paunt, the east plug 10-k4
poiat, and 1 tne qackiae central coll. Wavepmdes,
Trovothe vICLus unteanas s the machine, run through
the
cral coom racks, aatarned within these racks 3re
U soarces, receivers md data acouisition hardware .
Tour dounle-down | mversion alcrovave recatver
svstens Wl e anstalied prior to the first plasma
erverinents, - A digital-logic phase comparator
zeneriates four analsg phase signals chat are sampled

shaeldioe wall and (o the farst laoe, gonth con-

e CAMAC Urgnsient data recorder. fata from chis
recarfer is fransferred ro the data-hase computer
swet gttty raatated lipiral cables.

nd-loss Analyzer

T tour eni-ioss analyzers used on the Tandem
Mieror Experimenl (TMXD will be used on TMX Upgrade.
“nese sensors prodide intormation on the end-loss

arcreat spectriam, the on temperature, nleg potential.
avd rne central-cell confinement product.’ The
Jetector 15 a retarding-grid electrostatic energy
analyzer.  Tne entrance aperture {s a low-transmission
metal mesh that attensates the voi-loss flux to use-
ahle levels,  fehiad the mesh is 1 positive, higl-
valtage swept-ioo repeller gtid and segative-biased
seeondarv-rlectron suppression grid. At the rear of
the detector 1s a current collecting plate.

Signals from the current collectars and control
electronics are passed to the diagnastic recording
area using shielded-twisted pair cable. Because the
collector current measurements must be referenced to
machine ground, differential amplifiers are required
for each detector. The output of the amplifiers are
recorded with 50-Hz data digitizers.

The high volrage for the swept grid is generated
by a high-voltage amplifier driven by a gatemble
function pensratar. Cable capacitance and amplifier
output limits voltage siew rates to 4 x 10” V/sec
or less. Also che maximum peak voltage presently
obtainable is tess than 2 kV. Fach sweep voltage is
monitored using a high-voltage divider, line driver
and transient recorders.

On the THX Upgrade two detectors will be located
in each of the end-fan tanks, A rigidly-mounted unit

in eech fan tank is centrally located to provide in=

formation about the central plasma. Also in edch and~

fan tank is a moveable unit. HRadial scans across the

narrow width of the end-fan plasmas will provide data

concerning plasma propertics a3 a [unccion of radius.
XI1. Extreme Ultraviolet Systom

The extreme ultraviolet d1agnostic system util-
izes an absolutely calibrated, 0,4-m, normal-inci-
dence, grating monochromator to examine the intensily
of impurity radiation in the wavelength range 300 A
to 1200 K. The instrument spatially resolves
twenty-two radinl positions with a vime resolution of
1 to 2 msec.” From line radiation medsurements,
quanti=- ties related to pover halance and impurity
density can he deduced. 1In particular, nitrogen
density changes can be momitored and passibly reveat
dynamic vacuwm leaks. Also 1ajectian of tmpurities
can pro= vide wseful “ata voncerning diffusion and
transport rates within the TY( plasma.

During the 1mitial phase of machine operaty 4
single 22-channel auit will he anstatied,  Tws moaat-
ing fixtures have been provid
plasma, Viewparts have hern assignes

{ Loy viewlng the

these =0t~

ing fixterés can be ased at both 9-i pornts, barn
1n-kG points, and o central-cel! pasition.

Duriag a machine cvole, pulses feom ctoip-
current collectors, |
channel plate, are amplitied, shaped, and traasatied
to scalers Iccated a1 the reoaote diagnostic poam.
Signal transport 1s over twenty-tws RG-174 shielded
cables. In the dragnostic area earh scaler count 13
passed directlv 1nto a CAMAC dnal-purt memorv, A
degk~top computer 1s 11erfaced inf 1 Lie syaten to
pravide local data reductioo, Nty s alse acquired
by the larger data Sawe computer ~vstem.

ated behind a2 chaveon microe-

XE(r. Laagm:tr Prob ‘ 1.11:;_(1‘1\

This diagnastic orovides satormation con vratuy

the nature of the evi-fan olasms at the end-wall
terfice region.  tad loss Jurrent dasbradiaty ms are

determined using an arrav of act cgrrent calieciors
and Faraday cops.  Informatiso ohtapaed using Cwse
detectors #ill sapplement data obrained with the end-
loss analycers.

“hrs tem tequires arstaliation of 11 Farvlay

cupa and 13 current cullocta » in

and-tan tguk
of the THX machine. Xaun Faradav cup s enclose!d
a grounded chamber with 3 jnnnole entrance apert
Located between the entrance averture and cup is an
electron suppressor plate with a larper pinhnle. The
electron suppressor plates for ali detectors are can-
nected together and then biased negatively with a
high-voltage supply. To collect jons the detectar
cup is also biased negatively with a magnitude less
than that of the suppression plate. Beas for each
cup is achieved using maltilple high-vnltage bias
capacitors and a single high-voltage supply. Detec-
tar cup signats are coupled out thraugh a hizh-
voltage blncring capacitor ane passed through anti-
aliasing filters prior to ampiification and digital
recording. Digital sampling rates for these detectors
will be set at 30 kHz for initial measurements.

The net current collectors are small disk elec-
trodes that are flush with, but isolated from, the
machine wall. The detectors are connected to the
machine wall by a lav-value resistar in arder o keep
the electrode clnse to machine ground potential.
Monitoring the potent:al developed across the resis-
tor determines the net plasma current incident on the
electrode, Because of the low signal levels and
machine ground reference these signals are amplified
by differential amplifiers and then passed through
2.5 Kz low-pass filters prior to recording, Digital
recording rates for this system are set at 5 kiz,

X1V, X-Ray Diagnostics
The x=-ray detection system will measure the
electron Bremsstrahlung spectrum emitted fram the
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plasma, From these spectral measurements estimates
of the electron temperatuce in TMY-upgrade can be
generated. Bremsstrahlung measurements will be made
using solid-state detectors and pulse-height analysis
electronics.

Mechanical shielding, collimating and filter
hardware is being built to monitor five areas of the
machine. Quly three systems will be instrymented and
operational during the fall of 1981. One plug region
<.l contain a spectrometer capable of measuring
Bremsstrahlung from electrons with energies in the
range of 300 to 1500 eV. The east and west plug
thermal barrier will each contain spectrometers cap-
able of measuring S0-%eV Bremgstrahlang.

The lower enmergy spectrometer utilizes a liguid
ditrogen-caoled lithium-drifced silicon detector and
avsaciated low-noise preamplifier. The output of the
detscter 15 amplified and semt to the remote diagnos-
tic area using triax cable. In the diagnostic room
the signal is digitized by a a/D converter located in
a CAMAC crate. The digital sigaal out of the 4/D con-
werter 1s stored in a histogramming memory using a
CAMAC data router, Data from each shot may be ac-
cesscd and stored by either a local dask-top computer
or the main data acquisition computer. The system
arrangement is tdeatical for the two thermal barrier
Spefromelers excepl germanium detectors are used to
darvamaodate the hicher energy spectrum,

Using the ahove equipment, energy spectra should
he sbrainable with sample times as shart as teo
atfliseconds.  Thus, ap to 40 time resolved spectra
cauld be avatlable Juring ane plasma cyele. Using
tandem A'D converters the data rate could be incre-
ased and bSetler Lime vesolution achioved,

X7, Machine Parameters
A marhine !n.)nl[;_!ty'i[et:\—Ji-ﬁ be installed.
Samersus maltichannel CAYAC transient difitizers will
99 ased 1o monitor sipnals from: 1) seventeer magnet-
1¢ -urrent sensars; 2) two cach, stream-gnn voltage
an! current sensars; 1) t@enty-four neutrai-beam acel
wnltage and corrent sources; 4) eight slow vacuum

gauges; and §) four input gas-manifold pressure
transducers, The magnet currents, and neutral-beam
data recorders will be triggered at zero time and ac-
quire data at a 5-kWz rate, The recorder allocated
for the gas injection monitaring will be triggered
just prior to zero time and the sample rate will be
set to cover the full pressure eyele that could
approach one secand. The recurdar monitoring the
stream guns will ke triggered just prior to zero time
and sample at a 100-kilz rate. The eight-gauge vac-
uum-condition monitsring system will continually mon-
itor the machine gas pressure using Bayard-Alpert
gauges located within the maciiine vessel. A BCD out-
put is provided by the electronics unit associated
with each gauge. The eighe BCD oncputs are
periodically stored in a CAMAC dual-port memory using
8 specially designed digital data multiplerer. Data
acquisition rates are controlled by a dedicated
programmable clock. Periodically, the data stored in
the 32-K dual-port memorv is archived by the TMX
computer system.

A desk~top computer, whicn presents a status
menu, monitors the getter status, After the menu is
manually updated, the data is transferred to a
dual-port memory where it is available to the MY
data acquisition computer. [n a [ike masner other
machine status information is entered into the
facility data base.
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