Line emission tomography for CDX-U using filtered diodes
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Electron density and temperature in the CDX-U low aspect ratio tokamak are too low to allow
observation of fast magnetohydrodynamic activity using soft x-ray continuum emission. However,
spectroscopic measurements show that extreme ultravidle/) line emission of intrinsic
impurities is bright enough to observe such activity. In addition, a fast monitoring system for local
temperature changes in the plasma core is required for planned auxiliary heating experiments. We
present a spectrally resolved tomographic system for fast imagingwf28—np, 2p—nd (n=3),

Cv 1s?~1s2p and Cvi 1s—2p XUV transitions. Using this emission, we can study both core and
edge MHD activity, while the & to CvV intensity ratio can indicate local changes in electron
temperature. To achieve maximal throughput together with the needed spectral resolution, we use
arrays of surface barrier diodes filtered with bandpass elemental filters. Msauge filtergZr, Pd,

and Ag, we achieve both good discrimination between the above charge states and large
transmission at the wavelengths of interest. Preliminary results obtained from CDX-U are presented.
© 1997 American Institute of PhysidsS0034-67487)67401-8

I. INTRODUCTION computed using MISTand assuming .,=200 and 400 eV,
Neo=10" cm ™3 nc(r)=0.025 Ng(r), a=25 cm, and

Research on the CDX-U tokamak at Princeton Plasmanomalous diffusive radial transport with=4000 cnf/s.
Physics LaboratoryPPPL) investigates the physics and op- The present work describes a dual line emission tomog-
erational limits of low aspect ratio tokamak dischar§és. raphy system for CDX-U, using surface barrier diodes
Typical CDX-U parameters areR~35 cm, a~23 cm, (SBDsg and M edge absorption filters to discriminate be-
k~1.5,Bro~1 kG, 1 ,~60-70 kA, and 12—16 ms duration tween the %°-1s2p and Is—2p C transitions at 33.7 and
(Fig. ). Due mostly to low toroidal field, the plasma density 40.5 A. Because of its limited energy resolution, the system
and temperature are relatively loN,,~0.5-0.7 1&* cm™3, is meant primarily for MHD studies. Interestingly, recent
To~150 eV with aluminum vessel, but is expected to rise topreliminary results indicate that signal spectral purity might
Teo~200 eV with a stainless vacuum vessel upgrade, and upe good enough to estimate impurity transport levels.
to T¢~400 eV with planned fast wave auxiliary heating.

At the above plasma temperatures and densities, the soft
X-ray continuum emission is t.oo weak tp .enablle measurey - /c vi EILTERED DIODE ARRAYS
ment of magnetohydrodynamidMHD) activity with good
spatial and temporal resolution; especially away from the  Tomographic reconstruction of energy-integrated soft
plasma core. However, both our computations and measurg-ray emissivity is a well established diagnostic technique in
ments show that extreme ultravioleXUV) resonance line tokamaks. In several soft x-ray imaging experiments, emis-
emission of intrinsic impurity ions is bright enough to permit sion from different charge states of injected or intrinsic im-
observation of MHD fluctuations. Therefore, by simulta- purity ions has been discriminated usikigr L edge absorp-
neously recording line emission from several charge stateon filters>® In a companion article, we show that by using
along many chords, MHD activity from core to the edge cansynthetic multilayer mirrors as dispersive elements and pho-
be investigated using conventional tomographic techniquegodiodes as detectors, it is possible to build tomographic ar-
In addition, such a system can be used to monitor auxiliaryays for the 33.7 and 46.A C transitions having=1 A
power deposition, based on changes in position and width apectral resolutiof.
the impurity ion emission shells. However, in order to obtain the large photon flux re-

Of special usefulness for CDX-U would be to obtain quired for measurement of fast MHD activity from the low
emissivity contours for @1, Cv, and Cvi ions. High reso- density CDX-U plasma, one has to trade-off spectral resolu-
lution spectroscopy indicates that although molybdenum limtion for throughput and use filtered photodiodes directly
iters are used, C and O are the most abundant CDX-U imviewing the plasma. Spectral resolution of a channel is then
purities, with their 2—np, 2p—nd (n=3), 1s°>~1s2p and limited by the typical absorption filter bandpass of a few tens
1s—2p transitions, respectively, largely dominating the XUV of A, and the contributions of adjacent impurity lines must
spectrum. In addition, both experimérind computations be either substracted using a matrix of filter/detector chan-
show that in the above temperature range &xd Cvi ions  nels, or suppressed. Since the dominant impurities in CDX-U
sample most of the plasma volume. This is exemplified inare O and C, of main concern are the relatively strongiO
Fig. 2, which presents their radial emissivity distributionsand Oviil resonance transitions at 21.6 and 19 A, respec-
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Carbon and oxygen He- and H-likes4 2p line emission
has been previously separated usidgand L absorption ¢ 40 80 120 1,-30‘"-?00
edges of F, Ti, Fe, and Cr filters and detected with SBDs. wavelength (A)
However, using such filters discrimination between O and C
lines is not very effective, and simultaneous measurementsG. 3. Transmission oM-edge filters used to separate/QCv, and Cvi
of all four lines shown in Fig. 3 is needed even if one desires™'SSIoN:
to measure only the C emission. Also, the transmission of

these filters at the € and Cvi wavelengths is quite low ag filter transmits well both & and Cvi transitions, while
(<4%). . ) the Pd filter transmits mainly the Cline at 40.5 A, having
Here we show that by using the absorption edge of 4 rejection factor of~8 for the Cvi line at 33.7 A. In addi-
Ag and Pd filters instead, one can effectively suppress thgon, poth filters offer strong attenuation for\@ and Owii
short and long wavelength oxygen emission, and simultazesonance transitions around 21.6 and 19 A, and very good
neously obtain large transmission at the C wavelengths Wh”?ejection forn>100 A.
efficiently discriminating between the He-like and H-like C To observe Q/1 emission from the plasma edge we find
lines; therefore, only two simultaneous measurements arg, fijters effective. As illustrated also in Fig. 3, Zr has good
needed to unfold the € and Cvi contributions. The dis-  {ansmission in the 120—160 A band where intenser2p,
crimination properties of such filters are illustrated in Fig. 3’2p—nd Owi transitions lie, while attenuating the shorter
where the transmission of 2.5 kA Ag and Pd foils is P|0ttedwavelength transitions of C and O.
versus wavelengttithe curves include also a 200 A gold A central problem with this low resolution system is to
layer on the SBD used for detectidhAs seen in Fig. 3, the 55sess the spectral purity of the signal. For example, with
installation of stainless steel vessel in CDX-U, Fe lines
around 90 A might slightly contaminate the C signal. A
E (photons/cms) simple way to estimate the level of contamination is to place
~ thin, carbon containing filters in front of the bandpass Ag and
Pd filters. A 1um paryleneN filter for example, will attenu-
ate the Cv and Cvi signals by about two orders of magni-
tude, while transmitting most of the radiation in the 44—95 A

610"
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510" | CV200eV
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41 range.

310" | The layout of a filtered diode €/C vi tomography array
B is presented in Fig. 4. Detectors are 0.8 cm diam SBDs
510" L manufactured by Ortec and have 200 A gold contacts. The
array consists of two columns of 18 filter/diode channels,

110" having 2.5 cm interchannel spacing. Spatial resolutios&f
______ - cm at the plasma midplane is achieved using collimators of

~20 cm length and 0.8 cm width positioneeb cm behind

0 5 10 15 20 25 L. )
the limiter radius. The flat walled CDX-U vacuum vessel
r (em) permits having parallel lines of sight, which is advantageous
FIG. 2. Cv 1s?—1s2p and Cvi 1s—2p emissivity profiles computed using 10T t0m09raph'9 reconStrU_Cnon- Since Sllght _beam diver-
MIST. gence is not an issue for this system, to maximize throughput
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FIG. 4. Front and cross sectional view of the filtered diode array.

we use entrance slits elongated in the toroidal direction. Such
evanescent collimators are simply realized using several
plates having slots of increasing length, and stacked at inter-
vals chosen in such a way as to eliminate crosstalk between
channels. 200 1(nA)
An interesting option for a filtered diode system would
be to use glass capillary arrays for collimation; this would
enable designing extremely compact arrays=@5x2.5 cm
cross section(Although using capillary arrays may degrade
collimation by multiple reflections, it is easy to show that for
A<50 A decollimation is insignificant for channel aspect ra-
tio >0.02) Throughput with capillary arrays is however
lower, a.nd for th.e CDX-U device we therefore prefer theFIG. 6. Emission of G/ and Cvi from CDX-U core and edge emission of
conventional collimator. O vi obtained using collimated surface barrier diodes filtered with 2.5 kA Ag
Using the emissivity data in Fig. 2, the expected diodeand 4 kA zr, respectively.
currents are in the range from several tens to several hundred
NA, requiring a transimpedance gg|n71‘{2)/A for recovery.  measured detectors are eliminated, and better then 1% accu-
To achieve this gain together with good bandwidth a”dracy in relative calibration is possible.
signal-to-noise ratio, we use the simple ac coupled preamp-
lifier depicted in Fig. 5. Peak-to-peak noise level is about 1.5
nA for a bandwidth of~80 kHz. Following this preamplifier !ll. PRELIMINARY RESULTS FROM CDX-U
with a differential CAMAC conditioning amplifier, the level
of pick up during CDX-U discharges is comparable to the

elecgorlg n0|se|'lbeve'l. f the diodefil binati ._emission, using two filtered and collimated photodiodes
clative callbration of the diode/filter combinations Is viewing the CDX-U plasma along its major radius at the

performed using a dual beam So.ft x-ray calibration SOurC(?nidplane, and 20 cm above it; the edge line-of-sight does not
operated at &, wavelength. By using in the reference beamcross the bulk plasma. A double filter wheel in front of the

an a_bsquFe_XUV-loo di(_)d(EUDT manufacturex any uncer- midplane diodea 0.5 cn? area Ortec diode of the type used
tainties arising from an imperfectly known calibration spec-;

q diff : £ th ; r the array$ enables various combinations of filters to be
trum and different spectral responses of the reference arﬁaced in the beam line. The diode viewing the edge plasma

is a 1 cnt active area XUV-100 diode, and it is filtered with
a fixed 4 kA Zr foil for Ovi emission.

Figure 6 presents traces of the diode signals and of the
plasma current and density. As seen, when filtered with 2.5
kA Ag the midplane diode clearly shows sawtoothing activ-
ity from the plasma core. To establish this is indeed énd
Cvi emission, we placed in front of the Ag filter an addi-
tional paryleneN foil, 1-um-thick. The signal decreased
practically to the noise level, indicating that very good dis-
crimination of C emission is obtained. The labeling of the

= o 5y edge signal as @I emission is based on measurements per-
) formed using a multilayer mirror devideas well as on
FIG. 5. Low noise, high gain, and bandwidth preamplifier used with filteredMIST computations, which indicate that in CDX-U condi-
SBDs. tions the Ovi shell should peak around~=20 cm.
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Prior to array construction, we tested the possibility of
usingM edge absorption filters to isolateMg C vi, and Ovi
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The comparison of the €, Cvi signals from the core V. SUMMARY
and the Ovi signals from the edge, reveals many other in- . L .
teresting features. One notices for example, that before the V€ USe strong XUV resonance lines of intrinsic impurity
plasma current peak the edge is relatively quiet, despite quit@"'S Instead of soft x-ray continuum emission for observa-

pronounced sawtoothing. Density signal is also smooth, intion of fast MHD phenomena because of the relatively low

dicating the oscillations in C emission are an almost purd/€nsity and temperature of CDX-U plasma. To investigate

core temperature effect. Closer to the current peak inverteP{IHr']D _activity an((jj rf Ipower depo?‘ﬂ?” d using t_omogr:npr]ic
sawtoothing behavior becomes apparent at the edge. UsiﬁﬁC niques, we develop arrays of diodes equipped t
sawtooth period scaling from Ref. 9 and full neoclassicalque filters, which can discriminate between emission from

corrections for plasma resistivity, we calculate that the opLi- He-, and H-like charge states of O and C. Preliminary

served sawtooth period in CDX-U is consistent with a |argeresults obtained from CDX-U using such detection channels

inversion radiusy ;~7—9 cm, in good agreement with results show that rich physical information can be obtained using
of magnetic reconstruction of flux surfaces. this approach.
After the current peak, one observes a higher frequency
mode starting to grow at the edgenagnetic data indicates
this is most likely an=1/m=2 modé. As this mode grows, ACKNOWLEDGMENTS
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