K a Cold-Target Imaging and Preheat Measurement
Using a Pinhole-Array X-Ray Spectrometer

Two-dimensional (2-D) monochromatic imaging of laser-im-continuum radiation is not monochromatic; rather, the photon
ploded targets®is useful for diagnosing target compressionenergy across the image (in the dispersion direction) varies
and stability. Here we present a simple method for suchver afinite interval. A single spectral line will show the image
imaging, using an array of about 300 pinholes placed in frordf only a narrow section of the target (in the dispersion
of a flat-crystal x-ray spectrometer. The main advantage of thdirection); however, the compressed core can be imaged by a
method (in addition to its simplicity) is the ability to simulta- spectral line of sufficient spectral width. In the direction of
neously obtain a large number of images over a wide range dispersion, the shift in the average photon energy between
photon energies. This is particularly useful for imaging theadjacent images is typically ~100 eV. The line of pinholes in a
emission region of a single spectral line from a doped targedirection perpendicular to that of the crystal dispersion is
where images around the wavelength of the line can be simulightly tilted, causing a small photon-energy shift (of the
taneously obtained and subtracted from the image at the linerder of ~10 eV) between two adjacent images in that direc-
Imaging a spectral line of a dopant can be useful for studyintgjon; thus, an array of 3010 pinholes can produce 300 images
mixing of target layerstHere we use the array to imagexK with energies spread over the range of, say, 4 to 7 keV. The
fluorescence from a titanium-doped target (excited by coradvantage due to the tilt in the vertical lines of pinholes can be
radiation) and thereby obtain an image of the cold layer atviewed in two ways: (a) for a given target location, adjacent
peak compressiofThis image can otherwise be obtained onlyimages correspond to slightly shifted photon energy, or (b) for
through backlighting. Using a flat crystal limits the field of a given spectral line, adjacent images correspond to slightly
view, but this limitation is shown not to be severe when imaginglifferent sections of the target. The properties of array imaging,
the compressed target core. On the other hand, the narrow field

of view translates into improved spectral resolution. We show Dispersion——>

that sufficient intensity can be obtained in monochromatic
imaging even without the gain in intensity when using a °© °© °© °© °© °©
focusing crystal. In addition, the array provides spectra of high
spectral resolution because of the reduction in the effective °© © © °© °© °©
source size. Finally, we show that, in addition to the core- 58um
pumped Kx emission, a secondd<emitting zone of a larger © © © ° © © ©
radius appears in the image. Thisr kkmission is pumped
during the laser-irradiation pulse, indicating preheat by supra- ° © ° ° ° © °
thermal electrons. 750um

E 10O [¢] o o [¢] o o]

Figure 75.23 shows the geometry of the pinhole array 811

placed in front of a crystal spectrometer. The dispersion direc-| ™ ~© ° ° ° ° ° °

tion indicated in Fig. 75.23 is determined by the orientation of gggs7

the array with respect to the crystal. Rays from the target

traversing different pinholes fall on the crystal at differentrigyre 75,23

angles; thus, different wavelengths are diffracted. The distana@e geometry of the pinhole array placed in front of the spectrometer. Each

between adjacent pinholes (7&®) is chosen so that adjacent of about 300 pinholes yields a narrow-band, 2-D image at a slightly shifted

images on the film are close but not overlapping. Rays frorﬂhoton energy. The 58m shift due to the tilt in the vertical direction yields

different parts ofthe target traversing the same pinhole also fagi] energy shift between adjacent images of ~6 to 10 eV in the range of 4 to
. . keV.

on the crystal at different angles; thus, the target image from
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in conjunction with the test results shown in Figs. 75.24 andvident. Both the Ti-i line and lines of A% (helium-like)
75.27, will be further discussed below. and TP (hydrogen-like) ions are marked. Thé%iHea line
and its dielectronic satellites reappear on neighboring images.

Two arrays of the type shown in Fig. 75.23 were used tdhis is due to parallel rays emanating from different target
image targets imploded on the 60-beam OMEGA laser sys$ecations and traversing adjacent pinholes. Without the array,
tem./ In both cases, the target consisted of a polymer shethese two groups of lines would be part of a broad spectral
containing an embedded, titanium-doped layer. We show twieature representing emission from the whole target. The array
examples of such tests: In the first shot (a) an array pih®0- transmits rays from only two target slices.
diam pinholes (in 2%m-thick Pt foil) was used, and the
results are shown in Fig. 75.24 (this figure is used mostly to Individual lines yield monochromatic images of only a
illustrate the properties of array imaging). In the second shatection of the target (because rays from other target sections do
(b) an array of 25#m-diam pinholes (in 12.m-thick Pt foil)  not satisfy the Bragg diffraction condition for that line). On the
was used and the results are shown later in Fig. 75.27 (thisher hand, the continuum radiation gives rise to complete
figure is used mostly to illustrate the imaging of the coldtargetimages; however, these images are not monochromatic—
compressed shell throughaKine fluorescence). Except for the photon energy shifts across the image in the direction of
the pinhole size and foil thickness, the two arrays had the sandespersion (by ~100 eV). The energy shift between adjacent
geometry as in Fig. 75.23. images in the dispersion direction varies from ~80 eV (at
4 keV) to ~130 eV (at 5 keV). The tilt in the vertical direction
causes a photon-energy shift between two adjacent images that
varies from ~6 eV (at 4 keV) to ~10 eV (at 5 keV).

The narrow field of view for individual lines (in the direc-
tion of dispersion) can be remedied by replacing the flat crystal
with a curved crystal in the Rowland-circle geométAf
however, Fig. 75.24 shows that typical lines can be spectrally
wide enough for imaging the core even with a flat crystal. This
is seen simply in the fact that the lines are about as broad as the
target core (e.g., in the lowest image in the column marked

Titanium lines T T T “K a”). The width of the lines in this context refers to their
(keV): Ko 4.50 Hex 4.75 Ha 4.97 spectral width, transformed into a spatial width in the image.
E8952 This transformation is obtained by differentiating the Bragg
law for diffraction, from which the spatial extexx covered by
Figure 75.24 a single spectral line of widthE (in the direction of disper-

Part of the ~300 array-spectrometer images obtained with an array &fion) can be obtained. The resultis = (AE/E)L tan Og, in
50-um pinholes, from a titanium-coated target implosion [shot (a)]. Becaus¢ayms of the Bragg angi; and the target distance to the film

of the vertical tilt in the array (see Fig. 75.23), the target section imaged bgalong the relevant ray). The spatial width of theliae in the

a given spectral line shifts for successive images in that direction. Lines. . . . . o
(such as the Heline) from a different target location can reappear on a irection of dlspersmn Is ~130m. Part of it is due to the

neighboring image. pinhole size (5@m), but most of it is due to the spectral width
of the Ka line (a larger pinhole size increases the field of view
in the direction of dispersion but reduces the spatial resolution
Properties of Array Imaging in both directions). Deconvolving the pinhole broadening from
In shot (a) a CH polymer shell of 8¢ inner diameter and  the total width shows that the spectral width of the line is ~5 eV
13.7um thickness was doped with titanium at 7% by atormand that the spatial width would be ~12@ when using a very
number, overcoated by 13i8n-thick undoped CH. The fill small pinhole. Thus, a flat crystal can yield 2-@ Kionochro-
gas was 10 atm deuterium. The laser pulse was a 1-ns flat pulsatic images of only the core; however, there is no limitation
(to within £5%) with 0.1-ns rise and fall times and 29.8 kJ ofon the field of view in the direction perpendicular to that of the
energy. Figure 75.24 shows part of the array images obtainedspersion. Furthermore, because the pinholes tilt in the verti-
with a Ge(111) diffracting crystal. The dispersion direction iscal direction, the position of a given spectral line shifts across
horizontal—a tilt in the images in the vertical direction isthe target image for successive images in that direction, as is
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clearly evident in Fig. 75.24; thus, the combination of succepinholes limit the effective source size and thus improve
sive images in the vertical direction delineates the total emispectral resolution. For example, the fine-structure splitting of
sion region of the line. This works particularly well for the K the Ha line of titanium is clearly seen in Fig. 75.24, indicating
line since its linewidth (~5 eV) is about the same as the averageresolution higher than 500. Without the pinhole array the
energy shift between successive images in the vertical direvshole target would radiate the line and the spectral resolution
tion (~6 eV). In higher-performing implosions the shell tem-would be less than 100. In Fig. 75.25 the lineout in the direction
perature would be higher so that savhshell electrons would  of dispersion shows that a high-resolution spectrum can be
be ionized; in that case, thetine would be broader due to the obtained from a large source for lines that are much stronger
overlapping of shifted lines from various charge states, and ththan the continuum. In that case, the images formed by the
field of view would then broaden. Also, in such implosions thecontinuum can be subtracted and the net line emission ob-
compressed core is smaller and would thus require a small@ined. In general, the lineout can be recorded as a function of
field of view. target position (perpendicular to the direction of dispersion).
To facilitate the continuum-image subtraction, the lineout in
The TF% and T1* lines in Fig. 75.24 are seen to be emittedFig. 75.25 was chosen to avoid the core emissions. To further
from the target periphery, i.e., the hot laser-absorption regioinillustrate the high spectral resolution, we compare (in
On the other hand, theddine is emitted by the cold part of the Fig. 75.26) part of the spectrum of Fig. 75.25 with that ob-
Ti-doped layer following the photoionization iéfshell elec- tained simultaneously by an identical spectrometer where the
trons. The source of this radiation can be either the coronginhole array has been replaced by g&®wide slit. In the
emission during the laser irradiation or the core radiatiomatter spectrum, the lines are considerably broadened due to
during peak compression. Theiine emission in Fig. 75.24 the source size (~0.8 mm). They are further affected by the
is seen to come from a layer inside the hot corona region: ttepatial distribution of target emission; because of the limb
diameter of the coronal rings is ~90M, whereas the length effect, the spectral lines appear on film as partly overlapping
of the Ko emission region perpendicular to the dispersiorrings, giving rise to spurious splits in the spectrum. An
direction is only ~75Qum, and it peaks near its extremities. 0.8-mm source size corresponds in the present arrangement
Thus, the radiation from the laser-heated corona pumps théthout the array to a spectral resoluti&A\E of ~130,
fluorescence of i in the cold shell underneath the coronalwhereas the pinhole-array spectrum in Fig. 75.26 shows a
region. An additional peak can be seen at the target centspectral resolutioB/AE higher than ~500.
indicating the possible &emission pumped by core radiation.
This pointis discussed in more detail in the next section, where , : , : , :
the results of shot (b) clearly indicaterluorescence pumped " Titanium spectrum
primarily by core radiation. 5

- Hea -

An important advantage of this device is the ability to
reliably subtract the continuum images off a spectral line from
the image on the line, thus obtaining the image of the region
emitting that line. This is further discussed in conjunction with
Fig. 75.27, where the cold shell is imaged through its K
fluorescence. Additionally, the core spectrum can be easily |
separated from the coronal emission and plotted over a wide 0 | | | | | | | |
spectral range with good spectral resolution. Additional useful 43 44 45 46 47 48 49 50
information in Fig. 75.24 is the absence of target cores in the
spectral range of ~4.5 to 4.7 keV and above ~4.9 keV due toFses4
absorption of core radiation in the cold titanium layer. This

Film density
N w ESN

=

Photon energy (keV)

. . . . . . Figure 75.25
absorpt!on is due to titaniums22p apsorptlon lines and Lineout of Fig. 75.24 in the direction of dispersion (avoiding the cores),
absorption above the K edge, respectivefy. showing that a high-resolution spectrum from a large source can be obtained

by using a pinhole-array spectrometer. For lines that are much stronger than
The array spectrometer can be altema'[ive|y used for achiethe continuum, the images (that are due to the continuum) can be subtracted

ing high spectral resolution: in the case of a Iarge emittingway- The line at ~4.8 keV is the Ti tldéine (from a different target loca-

. . . 1on) transmitted though an adjacent pinhole.
source (such as emission prior to peak compression) the
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(b)

tion period (lasting about ~1 n$);-during the shell coasting
when no radiation is emitted (lasting about 0.8 ns); tanad
during peak compression, or stagnation (lasting about 0.2 ns).

Ti Hea It is clearly seen that the2f Heq line is emitted during the
%?31?1%?21 laser irradiation; more precisely, the streak record shows that

it is emitted toward the end of the laser pulse, when the
burnthrough of the polymer overcoat has reached the doped
layer. On the other hand, theaKine is emitted during peak
compression. This is entirely consistent with the conclusions
drawn from the spatial patterns of these lines. In addition to the
0 L L L Ka line, the spectrum at peak compression also shows strong
4.65 4.70 4.75 4.80 4.70 4.75 4.80 4.85 absorption above the K edge. This is absorption of core
Photon energy (keV) radiation by the cold shell around the core and is precisely the
source of photoionization leading taaKfluorescencé: this
observation provides an additional indication that thdiKe
Comparison of the Ti Heline manifold obtained simultaneously with and !S pumped by core radiation at peak Compress.lon' The drop of
without the pinhole array. The lgdine (1P-1stransition in T#%) is well intensity above th& edge can be used to estimate the areal
resolved from its low-energy satellites when using the array. Without thélensity pAr) of the doped layer at peak compression and from
array the lines are considerably broadened by the ~0.8-mm source size. here the totgbAr of the compressed shell. It should be pointed
out that there is very little change in theshell absorption at
a given energy wheM- or L-shell electrons are ionizéd.In
Imaging the Cold Shell with Ka Fluorescence this case, however, the transmitted intensity abovK thege

In shot (b), an empty CD polymer shell of 888+ inner is too weak to determine the areal density, and only a lower
diameter and 5.9#m thickness was coated with an 1um-  limit of the pAr can be obtained. Assuming transmission of
thick layer of CH doped with titanium at 2% by atom number]ess than ~10% at the edge, the areal density of the doped
overcoated by 13.®m-thick undoped CH. The laser pulse layer is pAr > 22 mg/cm. The total areal density of the
shape was the same as in shot (a), and its energy was 27.1dampressed shell (that includes the undoped mandrel) can be

estimatel aspAr > 32&6) mg/cn?.

Figure 75.27 shows part of the array images from target shot
(b) obtained with a PET(002) diffracting crystal. The laser-
irradiation uniformity in this shot was deficient, leading to a
nonuniform implosion. We chose to display a section of the
array images where theddine image is centered on the target
core (second image from left). Forimages above and below thi
image the Kr line moves off target center toward the left and
right, respectively. The %#* lines (indicative of hot plasma)
are seen to be emitted from the periphery of the target. On th
other hand, a ring of emission at the wavelength of theaTi K
line (indicative of a cold plasma) is seen to be emitted aroun
the compressed core. This is evident when comparing the '
emission around the core in the second image from left to thatssss
in the other images. The nonsphericity of the &mission
pattern is discussed below. The spatial features of these lines
indicate that the Ti He line is emitted during the laser- Figure 75.27
irradiation time, whereas thedKline is emitted around peak  part of the array images from target shot (b). TR&Tlines are seen to be
compression and is pumped by core radiation. These conclémitted from the periphery of the target. On the other hand, a ring of emission
sions are consistent with the streaked spectra obtained for shathe wavelength of Ti Kline is seen to be emitted around the compressed
(b). Figure 75.28 shows lineouts of streaked spectra at thre@"e: The Kr line is excited by core rad-iation, and its image delineates the
different times of the implosiorn;— during the laser-irradia- cold shell at peak compression (see Fig. 75.28).

Film density

E8825

Figure 75.26

Ti-Ka Ti-Hea

| |
4.5 4.6 4.7
Photon energy (keV)
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Figure 75.27 indicates that thexinewidth is insufficient  the overall shape and dimensions of the intensity ring. Alterna-
for imaging the full extent of the cold shell in the dispersiortive off-Ka profiles could be chosen by moving above and
direction. Since no limitation of field of view applies to the below the Kx image in Fig. 75.27 (sufficiently for thed
perpendicular direction, thedKimage is elliptically shaped. emission to disappear); however, the closeness of peak inten-
The vertical profile of the i emission shows the true dimen- sity of the two profiles in Fig. 75.29(a) indicates that the
sion of the cold shell. By combining successive images in thehoice adopted here is adequate. The nonuniformity of the
vertical direction, we can obtain at least a qualitative view ofmplosion seen in the images of Fig. 75.27 is also evident in
the 2-D image of the cold shell. As mentioned above, in futur€ig. 75.29(b). Figure 75.29(a) also shows Emission at a
high-performance implosions a single image may be sufficient300um radius. This delineates the position of the cold shell
for obtaining the 2-D image of the cold shell. during the laser pulse, when it is pumped by radiation and

suprathermal electrons from the laser-heated material; this is

Using vertical lineouts in Fig. 75.27 we can obtain thefurther discussed in the following section. Figure 75.29(a)
dimensions of the cold shell in that direction. Figure 75.29(aghows higher ¢ intensity around+300 um than around
shows two such lineouts: (a) through the center of the secor@00um, again indicating nonuniformity. This nonuniformity
image from the left (“on &") and (b) an average of lineouts mirrors the nonuniformity during peak compression: the peak
through the centers of the neighboring images on each sidéthe Ka profile around-80um is higher than the peak around
(“off K a"). The peaks of the two profiles varied by about 10%-80 um. This is surely the result of the irradiation nonunifor-
(possibly due to fluctuations in pinhole sizes) and were nomnity as evident in Fig. 75.27: The coronal emission in the four
malized to the same height. The difference between these two
curves [shown in Fig. 75.29(b)] delineates a ring-shaped layer 2.0 - . - . - . -
of cold Ti-doped shell. Changing the relative intensity of the ()
two profiles in Fig. 75.29(a) within the 10% uncertainty
changes mostly the central minimum in Fig. 75.29(b), but not

(R

1.5

Off Ka

(continuum)
1.0

0.5

Intensity (arbitrary units)

OO 1 | 1 | 1 | 1
0-5 T T T T T T T

Intensity (arbitrary units)

| )
S 04
. P
@
1 _ Ti K-edge E 0.3
t, (coasting) 8
0 ) @
c
_1 1 1 1 % O.l
35 4.0 45 5.0 55 - 0.0
oot Photon energy (keV) —400 —200 0 200 400
Radial coordinatem)
Figure 75.28 E8937a

Spectra recorded by a streaked spectrograph at three times during the

implosion of shot (b). The #9* line emission occurs during the laser-pulse Figure 75.29

irradiation,t1, whereas th&-edge absorption and the concomitamt lihe (a) Lineouts through images of Fig. 75.27, in the vertical direction (perpen-
emission occur about ~1 ns after the end of the laser pulse, at the time of patikular to the direction of dispersion). The “oo’kcurve is through the center
compressiontz; to is a time during the intervening coasting. These resultsof the second image from the left; the “offrKcurve is an average of lineouts
confirm the conclusions from Fig. 75.27. Positive axis direction correspondthrough the centers of the two neighboring images on each side. (b) The
to downward direction in Fig. 75.27. difference between the two curves in (a) delineates the cold Ti-doped shell.
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images is more intense on the lower half of the target, correaust know the component of the total opacity (given by the
sponding to a higher intensity ofdK(the positive axis in tables)thatis related to photoionizatioieghell electrons. At
Figs. 75.29 and 75.30 corresponds to the downward directidghe K edge, this component is easily found from ikhedge

in Fig. 75.27). Figure 75.29(b) indicates, for the cold shell, gump in the opacity tables; for all higher photon energies we
ring of ~90umthickness and an average diameter of w80  make use of its known dependence on photon energy. Finally,
In a previous experimeftthe Ka from a similar Ti-doped the Ka emission is transported along straight cords in the
targetwas imaged in one dimension using a slitin front of a flatdirection of observation, and the resulting profile is convolved
crystal spectrometer. With one-dimensional (1-D) imaging, avith the instrumental broadening function (due to the pinhole’s
ring-shaped source results in a flat-topped profile, and only thinite size).

outer diameter of the ring can be reliably determined. The

FWHM of the Ko profile in Ref. 9 (~25@m) is similar to the Figure 75.30 compares the resulting igrofile with the
FWHM in Fig. 75.29(b); however, the array yields an actuameasured profile (from Fig. 75.29), normalized to the simu-
image of the ring of it emission (the profiles in Fig. 75.29 are lated profile. Two ring-shapeddemission zones are seen: an
slices through a 2-D image rather than 1-D images). Tdhe Kintense ring at a radius of ~g#h and a weaker ring at a radius
emission profile and thi€-edge absorption relate to the sameof ~300um. In the experiment (Fig. 75.27), only sections of
target region, namely, the cold doped layer; thus, the ringach ring are observed (along the vertical axis) because the
thickness from Fig. 75.29(b) and the areal density derived frororystal limits the field of view in the direction of dispersion.
theK-edge absorption can be used to estimate the shell densithe simulations show that the strong, inner ring is emitted
As noted above, the ablated part of the doped layer emits taeound peak compression and is pumped by outgoing core
Hea line of titanium, whereas the unablated doped layer emitsadiation; on the other hand, the weak, outer ring is emitted
the Ka line. The thickness of the doped layer (#80) found  during the laser-irradiation pulse and is pumped by ingoing
in Fig. 75.29(b) is larger than the actual thickness at peakoronal radiation. The nonuniformity in the measured image
compression because of the time integration. Also, the are@ligher intensity at positive radial distances) was discussed
density estimated above was only a lower limit; thus, a loweabove. Figure 75.30 shows that the position of the cold shell
limit for the density of the doped layer can be obtained byluring the laser pulse and during peak compression is in rough
dividing the estimategAr of that layer (22 mg/cR) by its  agreement with one-dimensional code predictions, in spite of
thickness (~9Qum) to yield p > 2 g/cn®. This low density the marked nonuniformity. It should be noted, however, that
(albeit only a lower limit) is to be expected in view of thethe inner, undoped shell is not detected by theekhission;
deficient symmetry of the laser irradiation in this experiment.

A better determination of the shell density can be obtained byg 4 ' ' ' ' ' ' '
(a) lowering the level of doping to avoid compléte=dge g - Model \ T
absorption and (b) time-gating the spectrometer to avoid smears 3 - -
ing due to time integration. g | Model -
o ode Experiment
. . g 2f x230 \Cxperment
Preheat Measurement Using Early Kr Emission = | . . |
L . ) L = / w_7 ;
In addition to Ko emission excited by core radiation at peak 2 4 [: Y Y / \
compression, K radiation is also emitted during the laser- @ \_\/\ vd \
irradiation pulse. The latter emission can be seen in Fig. 75.27= [ ) . Y . ) . 1

(secopd .image from.the left) and in Fig. 75.29 as a weak ring —9100 _360 200 —100 O 100 200 300 40
of emission at a radius of ~3@®n. To better understand the

origin of this emission, we simulate the transport through the _g,,,
target of radiation giving rise todkemission, both the primary
(or pumping) radiation and the secondary (or fluoresceat) K ~9ure 7530

- . Measured and simulated radial profile af Emission for target shot (b). The
radiation. We use profiles of target parameters calculated t?X P 9 (®)

. - ner ring of ~80um radius marks the position of the cold shell around the
the one-dimensional codeLAC to compute the transport of {ime of peak compression and is pumped by core radiation. The outer ring of
radiation of photon energy above the RHedge, flowing  ~300-um radius marks the position of the shell during the laser pulse and is
radia||y outward and inward. The radiation is derived from theumped by coronal radiation. The simulation includes only radiation trans-
OPLIB astrophysical opacity tabl"émsing the LTE approxi- port, and the required multiplication by a factor of 230 shows that the outer

mation. To calculate the pumping ofakfluorescence we ring is pumped by suprathermal electrons rather than by radiation.

Radial coordinateym)
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the behavior of that segment of the shell is most indicative ofields the image of the cold shell at peak compression without
target performance. using backlighting. Sufficient intensity has been shown to be
obtained with 254m pinholes and a flat, nonfocusing diffract-
Whereas the position of the outesrlémission ring is quite ing crystal. Additionally, high spectral resolution was shown to
well predicted by the code, its intensity is not: we musbe obtained with the array. This is particularly useful when
multiply its calculated intensity by ~230 to match the experi-measuring lines from the laser-interaction region, where the
ment. The only obvious explanation is that the outer ringof K size of the target limits the spectral resolution to ~100, whereas
emission is mostly excited not by radiation but by suprathermatith the array, the resolution can be five times higher. Finally,
electrons, which are not included in the simulations. Thigpreheatinthe amount of ~40 J was deduced froreidission
guestion can be asked: How does the assumption of LTE in tldeiring the laser pulse, which appears as an outer ring of
radiation-transport calculations affect these conclusions? First300um radius.
the LTE assumption affects mostly the intensity of the emission
rings rather than their position. Second, departures from LTECKNOWLEDGMENT
would be more severe in the outer ring (of lower density) and Thisworkwas supported by the U.S. Department of Energy (DOE) Office
would reduce the radiation available for pumping. Thus, th&f Inertial Confinement Fusion under Cooperative Agreement No. DE-FC03-

outer Ka ring would be even weaker with respect to the inne?28F19460, the University of Rochester, and the New York State Energ.y
. . . Research and Development Authority. The support of DOE does not consti-
Ka ring than with the LTE calculations.
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