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A podoidal array of Me lon loss probes previowsly used o messore DD fusion prodoct boss has
been upgraded to measure the bess of alpha particles from DT plasiwas in the Tokamak Fasion Test
Resctor (TFTE). The following improvemsnis to the system have bezn made in preparation for the
use of tritium in TFTR: {1} relocation of detectors to a neutron-shielded enclosure in the basement
o reduce newtmon-induced background sipnals; (2 replacement of Za5:Cw (F31) scintillators in the
probes with the Y40y, :Ce (P46} variety to minimize damage and assurs Hnearity at the fluxes
anticipated from DT plasmas; and (3) shielding of the fiber optic bundlzs which carry the light from
ik probes io the detectors to reduce pewtnon- and gamma-induced light within them. In addition fo
the abore praparstions, the probes have heen abzolutely calibrated for alpha particles by esing the
Van de Craaf aceelerator al Los Alamos Mational Laboratory. Alpha pariichs logses From DT plagsmas
have been observed, and bosses al the detector 90° bebow the midplane are consisient with first orbit

loss, & J90F Americen Instinge of Physics,

L. INTRODUCTION

PFroduction of DT plasmas in TFTR has began. Some of
ihe aims of the DT program are the measurement of alpha
particle confinement, the invesiigation of collective alphs in-
stabilities, a search for alpha heating, and the development of
alpha particle dizgonosdics, These topics all are relevant io
ITER and snbsequent machines. OF particular importance o
the design of ITER is the loss rate of alpha particles o the
walls. A koss rale of more than & few parcent of the prodec-
tson rate would cause damage to the flst wall. Therefore, it is
useful 0o measare the losses of slpha particles from TFTR
DT plasmes and o understand how those losses should scale
o ITER.

This paper describes the escaping alpha paricle dingmos-
tic on TFTR,'® concentrating on modifications made to pre-
parz the diagnostic for use inm DT plasmas. Saction 01 de-
siTibes the probes and detectors and how they were prepared
for DT operation, Sec. 1T describes the choice and charac-
teristics of pew scintillators chosen for the DT campaign,
Section [V describes shielding of the detectors from neugron
andl gamma radiation. Section V' dederibes effons o mind-
mize radiation-indweed light in the optical fiber bundles, Sec.
VI describes the method of calibrating the probes, and Sec,
VIl describes the data analysis procedure and some initial
BT resulis.

il. FROBES AND DETECTORS

Figure 1 shows the schematic layout of the TFTR sscap-
ing alpha diagnostic. There are four probes inside the
vacuum vessel jost owtside the limiter radivs which detect
escaping charged fusion products and other fast ions. The
probes and their protective graphite heat shiekds® are shown
in Fig. 2. The probes are located at 20°, 60°, 45, and 20°
below the outer midplans in TFTR, and the magnshc felds
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are comfigured soch that the ion grad-B drift is always down-
ward, toward thess probes. Figure 3 displays the principle of
operation of the probes: large gyroradiug lons which pess
throwgh the two collimating aperiures of the probe are dis-
porsed oote ibe planar sciplillator according to their gyrora-
diuzs and pitch angle. The 'irnl.g: af the li;hl: pmdu.md hr ihe
impact of the ions in the scintillator is carried, via lenses and

a coherent fiber optic bundle, to detectors in the TFTR test
cell basement. The detectors inclede ntensitied vidoscam-
eras and plsofomultiplics twbes which measune both the spa-
tinl pattern of the light and the total light from each probe,
The datectors do not count pulsss byl measurs the intznsity
af the light produced, since a high-power DD shot resalis in
~10F particles per second fo each defector.

A quartz plale bearing the inorganic scintillator (see Sac,
Il below} mounts at the end of each probe fwbe, and =
covered by a tantalum end cap, which reduces the fiux of x
rays o the scintiliator, The scintillator bolder is electrically
izolated froom the vessel, and s iemperaiire is measured by
a tharmocoupke. The 907, 60°, and 45° probes are fixed in
poaition wilh iheir aperiares ~ 1.2 em funber ot in minor
radius than the Hmiter The limiter surface is essentially a
circle canderéd on the midp'la.n: at R=2.606 m, with a ra-
dius of 0,98 m. The 90% and 607 probes have one lens within
their prabe stems bo relay the image of the scintillator to the
fiber bundle outside the wacuum. The 457 detector has three
lensss to relay the image, since its probe shatt is loager. The
20° (“ mbdplane™ )probe™ ™ contains two internal lenses and a
fiber optic bundls ingide the probe shaft fo transmit the im-
age of the scintillator o the wacuum window,

Clatside the wacuum window of each probe, |5 mounted a
S0 50 cobereat quarte fiber optic lindle measering 1.2 em
#1.2 cm, These bundles pass through the test cell floos oi-
rectly under the machine, with the minimum possilble length
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FIG. T, Oxervigw of the Lavedil af the TFTR ceéaping shpha particle &ap-
eosiie, ghowing the locations of 1he peincipsl composests al the syslem

of fiber exposed o the neutron flux near the tokamak. Even
with only —1.5 m expesed, thers was still significam
neuiron-induced background light in the fiber during DD
plasmas, and shizlding was placed arcund it before the DT
campaign (see Se, V). The fibers are rogted through the
Z=m-thick Hoor, and travel & m forther down, into a neatron-
shickled enclosure al the test ¢ell basement Aoor level where
the detectors are located (see Sec. TV

The deteciors are mounted on & 91 cox91 cm oplical
table inside & light tight box within the neutron shieldimg
enclosure. All detectors in this system confain inberfenence
filters, which pass only a band of wavelengths centered at
550 nm, with a full width st half maximum (FPWHM) of 70
nm. This passband comesponds moughly to the scintillator
emiszion curve, althoogh the latter has maximum intensity at
333 nm. Figure 4 depicis tha detector layout. The fouor fiber
uptic bundles from the four probes in the vessel are clamped
together in & mouent at the left side of the box, Two ITT
FASTT intensified videocameras view the four her bundles
'I:|:|r I:En.rrl.ip!ill:crﬁ. The l=fbmcss hl:lmxp'liuzr reflects F%: of
the light Insident on it fo the main camess, The second beam-
splitter reflecis aboot 5% o the sccomdary camera, which is
uzually adjusted to capture signals ihat would oflerwise be
tox bright on the main camera. The second camera also
serves as a backup in cass the main camera should fail dar-
ing & campaign. The gain voliage and the gate pulse duration

FiG. 1. Aview af the foee escaping alpha partice jaobes inslde the vocues
vessel. Three of ihe peobes are profecied foom plasma heat fow by the
water-mooled graphile disks seen in the phote. The actus] probe tips ae
directly bertath 8e ceoular cover at She cender of fhe disks. The fourth
prizhe (o the rght] ki a ylindneal eachos compesiie gheath arousd ji,

for ihe misyochanpsl plate inlensifier in coch amen can be
controdled  from  the TFTR control room  through  the
CICADA compuier system and associated CAMAC modules
in the test cell basement, The vides signals from the cameras
are transmitied direcily to the control room through fiber
optic links. In the control moem, the video signals from the
cameras are taped and digitized,

Beyond the two beam splitters for the cameras is an f/'2
focosing Yems, which images the ends of the fiber uptic
buandles, through a beam splitter, onio four phodomuliiplier
tuhes. These are referred to as “waveform photomultiplies™
since their owtputs are recorded in the TFTR waveform da-
inhase. Each tube receives light from one bandle. Ideally, if
ihe cnly light in the fiber bandles came from fusion products

FIG. 3. Back probe costalns swo apertures which disperss the fuskon product
inms acourding o pymoradies and pitch seglo ooio the scmtiflaior, & 3-um-
thick alumizum Soil over the st exchudes Bydrogenic loms with energies
below 300 ke and helfum jops with enecpies below 900 ke,
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striking the scintillator, these photemultiplier signals would
eirrespond b the rate of fusion product bess o each probe.
In practice, there 15 significant newtron and gamma-indisced
backgroand light in the fibers, plus some signal i the pho-
tomultipliers dse to the meviron and gamma flox within the
detector encloswee, —10% of the wstal. The detector enclo-
sure i5 in & location well shiglded against newtrons and gam-
mas already, and there is Litle fres space around the tubes
themselves, so the second noise level is imredocible, To di-
minizh the amount of signal coming from background light
in the Abker bundles, opaque masks have been positioned so
thal light coming only from aress of the scintillaiar which
can be struck by fast ions is admiited to the photomultipliers.
Even with this measking, the fraction of the photomualiiplber
signal which is due o fusion produocts is ususlly only 15%—
5% for high carrent discharges, The photomultiplier system
con still provide wvery wseful resulis on fluctuations in the
loss. In addition, measurement of ICRF il ion loss, which
can be performed in plasmas with wery low newtron rates, is
ensily dome with these photomuoliiplizrs without any need for
hackground sabimaction. The signals are simultanspusly re-
conded at two gains by both fast (wsnally 100 kHz) and slow
(sually 5 kHz) digitizers, and are plotied in the control room
affer pach shol. These signals provide o convenienl means for
cursory examination of a shol
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The fi2 leas also focuses lght onlo a set of wo plastic
Biler optic bundies, This set can be moved by command from
ihe coatrel room 1o intencepd ibe image of ane or anather pair
af detectors: elther the 907 and the 20°, o the 607 and 45°
unifs. These fibers and their positioner appear ai the exireme
rlght of Fig. 4. Each of these plastic flber bundles i com-
prised of 50 fiber optic ribbon cables, laid side by side, and
those 30 ribbons split the light berwesn ten photomultiplier
tubes, These signals are then able to give a rough profile of
ihe loss versas pitch angle, and can record changes that eocur
at higher frequencies than the videocamera can defect, up do
25 kHe These detectors are mfended o resolve changes in
the pitch amgle distribution of the boss dwe to MHD events,
They do, boweves, suffer from low signal-to-noise ratios,
since the lght is divided between tan photomultipiiers.

Drirectly adjacend to the four fiber bupdles coming from
the tokamak are the ends of four single plastic optical fibers,
which carry light from a light-emitting diods {LED), These
fiour lighis are alse viewed by the camerzs, and can be wsed
ta check for tme vanations of the camera responss during a
shot, With the present [TT camems, such variations are quite
small.

Immediately in from of the four fiber bundles 15 3 move-
able rack which conlains several neutral density filters and a
whila plate. The neutral densily filiers are arranged in three

Plasma d

L : wag
Downloaded 24 Dec 2001 to 198.35.6.98. Re'distribution subject to AIP license or copyright, see http://ojps.aip.org/rsio/rsicr.jsp



combinations nsefal under various TFTR operation condl-
tions. In these conditions, the signal from ane or two of thess
prabes is much larger than that from the athers. The filers
allow various combinations of the probes to be attennated by
factors of U0 cr 100, so that the sigmal from the dimmer
probes can be seen simulianeously. The white plate is used
for calibrations of the camera responses, when illuminated
by the calibration lamp {see below),

Tust above the cameras is an Oriel 200 W guanz-halogen
lamp used for calibrations. It serves, in conjunction with the
white plste, for whits field colibration of the cameras and
photomultipliers. It also can be used to illuminate the ends of
the fiber bundles to verify their position periodically in the
field of view of the cameras. Also wsed for calibration is &
green LED which is situsted nbove the photomultipliess.
This LED can be powered with a square wave of controllable
amplitude, providing 8 convenignt calibration and fanction-
ality test for all of the photomultipliess,

The signals from the two cameras, as noted above, are
iransmitied o the contral poom, and recordsd on YHS format
videolape. The images are alse ceplured by o video frame
prabber in on TBM PC compatible comguter, one computer
for each camera, and displayed on video monitors. The frame
grabbers are triggered by the CICADA compater, and digi-
time wp to 42 frames of data. After each shot, the data from
the reglons of the camera images which correspoead o the
fiber optic bundles is compresssd and stored on 2 lard disk.
The data capture software also allows review on the video
monitor of the most recent shat, and some rudimentary
analyses. It transfers data between shots to PPPL's central-
ized VAX computers for more detailed analysis and archival
slorape.

lll. SCINTILLATORS FOR DT OPERATION

All of the probes in the TFTR escaping alpha diagnostic
1=e seintillators comprised of powdered inorganic phosphors
deposited onfo quarte plates 25X2.5 cm. During the 1992
campaign, that phosphor was Zn5:Cu (P31). This material is
bright, emits at 530 nm, does not lose lamincusity anfil well
ahowe 100 *C, and is commonly used in oscillescope display
fwhes. However, testing of P31 with alpha particles at the Los
Alnmas Matiosal Laboratory Van de Graaf accebarator indi-
cated that s response would saturafe at fAoxes below of af
those anticipated from DT plasmas,” sbout 107 @em *57%
The same tests indicated thai fts response would diminish
significantly with alphn particle fluence. Por thess reasons,
an alternate phosphor was sought

Several candidate scintillator materials were chossn
from specifications for possibde replacements for P31, These
were WoALD-:Ce (P46l YVO0R|W]Dy (GTE Sylvania
Eﬂl‘pﬂl‘ﬂl‘iﬂﬁa ﬂ:EiEmﬂnr 2370, and Y.'I{MPGB'}FOH:C: (Im-
aging & Sensing Technology Corporstion™" designator
PXAT). The criteria for evaluation of these scintillator mabe-
rials were that their responss to alpha particles be linear be-
vood the expected range of alpha particle fhux, that the an-
ticipated fluences would not cause sigmificant loss of
brightness (damage to the scintillator material), that the Hglst
decay after axcitation in 10 us or less, that the emitted Light
be in the wavelengih band of maximum sensitivicy of the
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videncameras and photomuliipliers (430400 nm), and that
ihe emission not be reduced by temperatures up bo 100 °C,

All of the scintiliators chosen for testing satisfied the
emission wavelength requirement. The [emparaturne rasponse
of the scintillators was measured by placing ibem on a hot
plate and expesing them to 4.5 MeV alpha panicles from a
M30m source.' This test showed that the respanse of PXET
declines raopidly wbove 70 °C, making it an undesimble
choice, The manufacturer’s specification indicaied that the
2370 phosphor respomse to ultraviolet light incresses slightly
with temperaurs, up to 250 *C. A similar varlation in lami-
pousily under bombardment by o pariicles was assumed. The
response of P46 diminishes above 130 °C, falling linearly to
15% at 300 "C.

The lincarity, time response, and effect of fluence vpon
brighiness ware evaluated for the P46 and 2370 at the LANL
Van de Graaf sccelerator.” The 2370 phosphor was found to
have 100 long & fime constant, ~3) us. Lo contrast, P44 has
n very shor time comstant, —0.16 ps,"™* was linar far
above the range anticipated for DT alpha Aux, and proved 1o
be extremely resistant to damage. The major drawback of
P46 is that it is, for 3.5 MeV alpha particles, ~30 tmes less
luminous than P31, This lower luminowsity had later reper-
cussions in the signal-lo-nodse ratio, given the infensity of
neatron-induced light in the fiber optics (see Section V).

The scintillators for the T campalgn were fabricated by
the Imaging & Sensing Technology Corporation” wsing the
P44 phosphor. The quarlz plate was first coafed with 200-
nm-thick layer of aluminum before coating with P46, The
alumirum coating aids in dzsipating the accomulated charge
on the scindillator, and also serves fo reflect emitked light
beck towand the detection optics. The P40 coaling was de-
posited as o powdes with average graln size of a few mi-
croms. The tofal thickness was 1.7 mglem”, which is just
enough to stop 2.5 M=V alpha particles when incident at 77
from the mormal, This thickness was chosen in order to mini-
mize the light prodeced by neutrons and gamma rays in the
scintilintor. Results from DT shots ghow that anly at the wery
highest mewtron rates obtalned to date (23 10'* nfs) is there
any background light from seulrons and gnmmas siriking the
ecintillator wigible above that produced by the optical fibers.
The phasphor thickness is not sufficient to fully sop the DD
fusiom products, 1 MeV tritons and 3 MeV protons, reducing
the detection efficiency for thess particles somewhat.

V. DETECTOR SHIELDING

From 1988 to 1992, only one camera and a [ew photo-
multipliers were used to measure the light from these profes.
These detectors were located in a box withou! radiation
shielding 1 m below the ceiling of the test cell basement. A
samall bt oticeable amount of mdistion-isduced nokse could
s seen in the videpcamera images during high-power DI
chots. This noiss was enough that incressing it by 100 fimes
by going io DT plasmas would have had 2 serious effec
upon the quality of the data. In addition, abous 25% of the
signal from the photomultiplier fubes at that location was
determined 10 be from newtrons and gamma rays siriking in
the tubes, Multiglication of this noise by a fctor of 100,
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while reducing the actual signal level doe 1o the changs to
Pdé scimtillators, mesnt that the phoetomultipliers woald pirs-
duce ne nsefol data during DT operatbon.

CGiven these projections of what would happen if the
detectors remainsd in the same location, ihe possibility of
shielding was considercd. Measurements of the neatron flux
al the detectar location and in a nearby pre-existing sadiation
shielding enclosure showed that the flox of gammas apd wey-
trong ciuld be redueced by o factor of 30— 000 by moving the
detectars inta thal enclosure. That would assure that the de-
tecbors still provided wseful data, and the enclosure was suf-
ficiently close that the existing fiber oplic bundles oould
reach it In preparation for the DT campaign, the detectors
were moved o this radiation enclosure, which has walls
comprised of 20 om of barsted palvetkbylens and 20 om of
lznd. In the process of this move, a second videocamera and
the plastic fiber bundie/photomuliiplier aray were added. As
cables inta the enclosare were installed, care was aken to
aviid line-of-sight streaming paths froen the area directly be-
nesth ke tokamak to the interior of this enclosure. Dwuring
the same bme interval, many anosed holes in the test cell
fooe were plugged o redece the neutron fux in the bages
menl

Videocamera data from the highest peutron rate shods 1o
date shows no evidence of newiron or gamma ray induced
noise produced within the camers, The bevel of radiation-
induced background within the photomultipliers s -~ 10¢% of
the wial signal. Given that the total signal level i much
redoced, this fraction represents 3 much smaller absolate
background. The largest contribution to the background is
light generabed within the quarts fiber optic bundles by peu-
trons and gamma rave. (See Sec. ¥V below.)

V. SHIELDING OF THE FIBER OPTIC BUNDLES

Mo background light from the quartz fiber bundles hed
previously been observed. However, from the first few days
aof DIF plasmas in Jaly 1993, 8 became appar=nt that, by
switching o P46, the scintillator signal had diminished o the
point that the neutron and gamma background was compa-
cable in magnitude to it. Given that the background light
fram 14 MeV DT neatrons would probably be higher, per
mutbon, than for the 2.5 Me'V neutrons, thes fusther reducing
the signal-to-background ratio, it was decided thar shielding
of the fiber optic bundles near the tokamak was required,
Later, the ratio of background light per neutron ar 14 MeV
versis af 2.5 MeV was measured 1o be 15202,

The shielding for the fiber optic bundles needed to be
self-suppacting, compact, and fireproof. In addition, since it
physically adjoined the woroidal and poloidal field ocdls, i
could not contain large pieces of conducting material, such
a5 lead, as these would experience large eddy current forces
duaring disneptions. Furthermare, the shiekding had to be con-
strucied such that it could be installed by ans person working
in wvery tight quariess, as the ares where the fiber bandles ron
from the wessel to the floor is saly 1.5 m high and 1 m at it
widest. The design depicted in Fig. 5 was developed to sal-
isfy all thess constraints,

The shielding was built using semicircular blocks fabri-
cated for this purpose, The blocks were molded from lesd

LL] ey, Sci. Imsbrum., Vol. 66, Mo, 1, January 1985

FTE3. 5 A disgram skowieg the radiation shisldieg irsalled semund the fiber
optic bosdles directly heneath the rokamek.

shot and granales of baron frit, bonded by an epoxy. The wse
of lead shot in an insulating matrix provided the high gamma
shiclding power of the lead, while greatly reducing the eddy
cumrent forces that & solid bead brick of the same size would
experience, The hydrogen in the epoxy aed tbe boron frit
permitted thermalization snd absorption of the neutrons, The
top and bottom of each cast block contained interlocking
grocves so that, when stacked, they did not slide with respect
io one another. The blocks were assembled into two wpright
cylinders running from ihe floar under the wkamak 1o within
20 em of the vessel, with the fiber oplic bundles running up
the center of esxch, Where ihe fiber optic bundles ran along
the Aoor, the blocks were stacked to form a tunnel theoagh
which the bundles coubkd pass, &5 seen in Fig. 5. Additiosal
borsted polyethylene blocks were addead to the sides and top
of the sirecture, and the whole assembly was wrapped [n
Momex clath fo Areprood i

Benchitop tests with a PuBe neutron source and theoeti-
cul caloulations indicated that the newiron fux incident from
the =ide of the shielding blocks woald be atienuated by nbout
a factor of seven 1o ten, However, measuremenis of the back-
ground light produced by DD plasenas both befare and after
the ghielding installation showed that the light prodisced in
the fbers was reduced by about a factor of 2. Sircaming of
neutrons down the center of the shielding and the bsck of
shizlding around the first 200 em of fiber probably account for
the remaining radiation-iedaced Light,

¥l. ABEOLUTE CALIBRATION OF THE SYSTEM

The delecior system, in lts past configuralion, had been
calibrated for DD fusion products.® The new arrangement
hag now been absolutely callbrated for Buxes of 3.5 MeV
alpha particles.

The calibration is used to establish the absolobe semsitv-
ity of the main widcocamera in the system. Other detectors
can then be cross calibrated to that camera, It depends upon
a mobile extended light source, which is filiered 10 emit only
in the passband of the detector system. AL a specific bright-
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TABLE L Absclutn respoases of fhe fowr probes.
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ness (current) setling, this source was set in the place of the
scintillator of cach prabe. The main camera recorded the
hrightness at o designated gain and gate duration.

“The same light source arrangemsent was then taken to the
Los Alamos Natipnal Laborsiory Van de Graal accelerator
facility. A beam of 3.5 MeV alpha pariicles of a known cur-
rent was directed onto a P46 scintillator idantical 1o the ones
in TFTR, af the same angle of incidence. The resuliing light
was measured by a photomultiplier tube, Then, the illumi-
naied sarface of the light soarce was masked 1o an area com-
patable o the spot size of the alpha partickes om the scintil-
lator, With ihe Hght source positioned at the same distance
and angle from the phetomuliplier & the scintillator, ond set
at the same brightness as was used in the TFTR vacuum
wessel, the photomuliiplier owlput was recorded,

The shsolute responee of the camera at the gain wsed for

the in-vess=l calibration s then given by

R={Fgl oV T gl AV B L.
Here, [y is the number of 3.5 MeV alpha particles per
second striking the scindillator in the Van de Graaf setup, V,
is the woltage outpuat of the photomultiplier dae to alpha par-
ticles siriking the scintillater i the Yan de Graaf setop, ¥, is
the vollage owtput of the photomultiplier due fo the Tight
source when masked and placed in the Yan de Graaf setup, A
is the luminous ares, in em®, of the Hght source in the Van de
Granf setup when masked, B, is the video digitizer outpat,
in comnts, of the intensily messared by the camers when the
light source replaced the scintillstor on a given probe inside
the vacuom wessel, and T, is the gate width (exposare
tims) in millissconds of the camera during the in-vessel cali-
bration with the lght source. Fg is a facior which arises
hecause the lests on the Van de Graaf were performed with
3.5 MeV alpha particles, while the alphas that reach the scin-
tillator in some probes have passed through a 3-pm-thick
alumdeum foil in the aperfure of the probe which reduces
their snergy to 2.7 MeV, Thal reduction in energy chUSES &
single alpha to produce less light in those probes in the TFTR
vessel than an alpha accelerated by the Van de Ciraaf,
Fr=1.3 for the 90%, 60°, and 45° probss, which have the 3
g foil, and Fe=1 fior the 20° probe, which has no foil, The
response R is in units of aem™* 57" {digitizer count/ms) ™",
The R factors for each probe vary dus to differences in the
optics in each, They are listed in Table L

"The principal uncerixiatiea in the calibration are: the lu-
minousity of the scintillator whes exposed o a given 3.3
MeV alpha particle fux (=50%), the repeatability of the
output of the calibration light source {=25%), and variation

1=2,0 WA, R=2.52 m (¥73268]
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FED. 6. A pln af the dats from ihe 907 probe, sversged over i iierdad
frorn 3.4 %0 1.7 s during shot T3 268, showing $he camess hlack level, tie
background imduced by neutross sl gamea figs in fe guertz fber optic
brurdle; ead e signal Sus v cxaping lphe particles.

of the parlicles’ angle of incidence upon the scimtillator
{£15%), Together, these yleld about a G0% uncertainty in
the absolute calibration,

Changes in the absolute response can oocur dus to a
wide variety of factors, including the camera sensitivity, the
transmission of the guarte fiber bundies, vacuwm window,
and lenses, and the response of the scintillator 1o alphas. OF
these, the only one which can be measured with some con-
fidence is the camera response, This is done by uiilizing the
calibration lamp and the white plate 1o take daily checks of
the camera sensitivity, Owver several moaths of the DT mun,
this check shows the camera sesstivily varying +6% on 8
day-to-day hasis, but with po long term trend. The optical
fibers, lenses, and windows may be progressively darkening
due to their exposuare o DT newinons, Alsn, due to releass of
some orgnnic materials into the TFTR vacuum wessel in
1992, there is some residse oa the vacoum windows amd
lenses of the probes whose opacity may be changing with
time,

The absolute response of the probes was compared with
a code which simulates (be [sion sourcs rate of the plnsma,
the orhits of the fusion producis, and the detecior geometries,
This calculation s subject 10 uncsrtainties in the probe aper-
ture size amd acceplance (T20%) and in the nentron rute
{=7%), and varatlons in the modeled fusion reaction rate
and curreal profiles (£10%), For 0.6 MA shots, the model
predicts & signal in the 907 probe about 1.6 times the ob-
served signal, a difference which s within s wncertainties.

VII. DT RESLULTS

During & plasena shot, 42 videocamera images are cap-
turzd by a frame grabber in an IBM PC compatible com-
puter, Thereafter, they are compressed and transfered 1o the
central WAX compuber sysiem, There, the data can be ana-
Iyzed to determine the time history and magnitude of the
losses, as well as the plich angle and pyromdius distnbuo-

tions. Figure 6 depicts mw data from the 907 probe, averaged
over (he last 0.3 = of neutral beam injection of shot 73 268,
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which is the shat which has produced the highest DT neutron
rate as of this writing."” The black level of the camers, the
neutrgn backgrousd, and the alpha particle sigmal ane all
learly visible in this plol. A detniled analysis of this dats
indicates that the loss is of alpha particles at their himh en-
ergy, and at a pitch angle which corresponds &0 first orbit
loss.'"® Likewise. the absalute magnitude of the loss agrees
with compuber simulations of the discharge.

Wil SUMMARY

The escaping alphs diagnostic on TFTR has lseen madi-
fied in preparation for the DT campaign. Modifications ins
clsde: relocation of the detectors to 8 neutron shielded en-
clazare in the TFTR test cell basement, addition of 2 second
camera o the detectar system, replocement of the seintilla-
tors within the probes by P46, and rerouting amd shielding of
the fiber optic bundles near the tokamak fo minkmlze tels
cxposure 10 newiron and gamma radiation, thareby reducing
hackground Hght produced in the fibers. In addition, an ab-
soluie calibration of the probes for 3.5 MeV alpha particles
iz been phtained.

Data have besn taken with this diagnestic during the
imitial IT shots on TFTHE. Alpha particle losses have been
olisesrvied in all of the probes, The losses to the D07 detectar
are consistent with Grst orbit loss, Le., 0o anomakous losses
need be postulated,
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