PREPRINYT UCRL- 78433

L Cong- %N OE- -4 ]
Lawrence Livermore Laboratory

i ZONE PLATE CODED IMAGING OF LASER COMPRESSED TARGETS

N. M. Ceglio and E. V. George, MIT
K. M. Brooks, K. R. Manes, L. W. Coleman, and H. G. Ahlstrom

September, 1976

This paper was prepared for presentation at the American Physical Society,
1976 Annual Meeting of the Division of Plasma Physics, November 15-19, 1976 :
San Francisco, CA i

|

This is a preprint of a paper intended for publication in a journal or proceedings. Since changes may be made ,
before publication, this preprint is made available with the understanding that it will not be cited or reproduced i
without the permission of the author.




ZONE PLATE CODED IMAGING OF LASER COMPRESSED TARGETS*

M. M. Ceglio and E. V. George, MIT
K. M. Brooks, K. R. Manes, L. W. Coleman, and H. ¢ Ahlstrom
Lawrence Livermore Laboratory, University of Ca. forria
Livermore, California 94550

H
B
e
3
g

Abstract

The first successful demonstration of high resolution, tomographic imaging of
a laboratory plasma using coded imaging techniques is reported. ZPCI has been used
to image the x-ray emission from laser compressed DT filled mic-oballoons. The
zone plate camera viewed an x-ray spectral window extending fror below 2 kev to
above 6 kev. It exhibited a resolution ~ 8 um, a magnification_“actor ~ 13, and
subtended a radiation collection solid angle at the target ~ 10 sr. X-ray images
using ZPCI were compared with those taken using a grazing incideri.e reflection x-ray
microscope. The agreement was excellent. In addition, the zone plate camera pro-
duced tomographic images. The nominal tomographic resolution was ~ 75 um. This
allowed three dimensional viewing of target emission from a single shot in planar
"slices". In addition to its tomographic capability, the great advantage of the
coded imaging technique 1ies in its applicability to hard (> 10 kev) x-ray and
charged particle imaging. Experiments involving coded imaging of the suprathermal
x-ray and high energy alpha particle emission from laser compressed microballoon

targets are discussed,

Introduction

Coded imaging techniques have been used in astronomyl’> 2 and nuclear medicine3:*
for imaging short wavelength radiations not easily focused using conventional re-
flection, refraction or diffraction techniques. The appropriateness of a particu-
lar coded imaging technique, Zone Plate Coded Imaging (ZPCI}, for x-ray and charged
particle imaging of laser produced plasmas was recently suggested.3 This paper
reports the first successful application of ZPCI to high resolution (~ 8 um),
tomographic (v 74 um tomographic resolution) imaging of the x-ray emission from
laser compressed targets. In addition, experiments involving Zone Plate Coded
Imaging of the suprathermal x-ray and high energy alpha particle emission from laser
compressed microspheres are proposed and discussed.

X-ray Imaging {2 - 6 kev):

The experiments reported here were conducted using the Cyclops® laser-target
irradiation facility at Lawrence Livermore Laboratory. The targets used were deu-
terium-tritium filled glass microballoons?, typically 100 um in diameter. The tar-
get was compressed by simultaneous, two sided irradiation by an intense neodymium
laser pulse. X-ray emission from the compressed target was imaged using ZPCI, and
the images compared with those of a well established diagnostic - the grazing
incidence reflection x-ray microscope.3
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The theory and details of laboratory implementation of the ZPCI technique
are discussed elsewhere.3 12 The zone plate camera used in these experiments
had a coded aperture of 100 zones with a smallest zone width ar = 5.3 um. The
zone plate material was go]d, 1.4 um thick. Details for zone plate fabrication
are provided elsewhere.l3® The camera had a planar resolution of 8 um, and a
tomographic resolution of approximately 74 um. It vjewed the plasma in an x-ray
spectral window extending from below 2 A to above 6 i. The long wavelength re-
cording was limited by a 125 um thick Be filter, while the short wavelength limit
wasSet in this experiment by the rapid decay of x-ray emission in this spectral
Eegion. The imaging geometry was characterized by the following parameters:

2/s = 16 (+ 10%); S| = 1 cm (+ 10%); solid angle subtended by coded aperture
= 1.}5 x 1072 sy, The parameters S1» Sp are the source to zone plate and zone
plate to coded image (shadowgraph) dis%ances respectively.

Typical ZPCI results are shown in Figures 1 and 2. The data in Figures 1
and 2 are organized in the following way. The coded image of the x-ray source
distribution is presented in (a); (b) is a two dimensional isodensity contour
map of the image reconstructed from (2); (c) is a quasi-three dimensional repre-
sentation of the microdensitometer data of (b); the vertical scale of (c) repre-~
sents image density. The figures are scaled in image dimensions. The magnifi-
cation factor for the data of Figure 1 is 12.8 and for Figure 2 is 13.4. In the
experiment recorded in Figure 1 the laser energy on target was 33 joules in a
pulse of 46 psec (FWHM) and significant target compression was achieved. There
is excellent agreeinent between Figure 1 and x-ray microscope images of the same
shot.1? Figure 2 shows image data for a low energy (5 joules in 53 psec) laser
shot in which no target compression occurred. The x-ray flux from this poorly
irradiated target was insufficient to yield x-ray microscope images. Figure 2 is,
thereby, a direct illustration of the (S/N} and sensitivity advanta?e of the zone
plate camera due to its large solid angle for radiation collection.!

Tomographic data from the low energy (no compression) shot are presented in
Figure 3. Showm are isodensity contour maps for reconstructed images viewed in
three separate reconstruction planes. Figure 3{a) is representative of the source
plane at the geometrical center of the plasma shell, Figure 3 (b} is an image of
the source plane a distance 37 um behind (viewed from the zone plate camera) the
central plane, and Figure 3(c) is an image of the source plane, a distance 74 um
behind the central plane.l5 Due to the relatively large value of the tomographic
resolution limit (i.e., &4 = 74 um) in this experiment, the amount of significant
physical information which can be extracted from the data of Figure 3 is small.
One should note, however, the migration of the region of peak density in the con-
tour pattern on the left. 1In Figure 3(a) the peak density region is approximately
23 um above the equatorial plane of the plasma shell, it migrates down toward the
equatorial plane as we view rear sections of the plasma shell until in Figure 3{c)
it is only 4 um above the equatorial plane.

X-ray Imaging 7 8 - 20 kev):

The x-ray emission spectrum from laser compressed microspheres is known to ex-
hibit a high energy tail (= 10-88 kev). Typical x-ray emission spectra from exper-
iments conducted using the (a) Janus and (b) Argus laser irradiation facilities are
shown in Figures 4(a) and 4{h).15 The targets were deuterium-tritium filled glass

microballoons.
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Suprathermal x-ray emission can be imaged using ZPCI techniques. Free
standing zone plates adequate for such imaging experiments have recently been fab-
ricated.!!» 13 Zone plate characteristics and imaging capabilities for zone plates
of 100 and 240 zones are listed in Table I. Long wavelength recording will be
limited by a 25 um thick Mo filter, while the short wavelength 1imit will be set by
transmission of source radiation through the solid zones of the cuded aperture
during image encoding., Figure 5 shows plots of the fractional transmission versus
x-ray wavelength for the 25 ym Mo foil and the %.0 ym thick gold zones.!? Figures
6(a) and 6(b) show the x-ray spectra transmitted through the 25 um Mo foil. It is
clear from Figures 5, 6(a) and 6(b) that x-rays below 8 kev do not make significant
contribution to the coded image because of strong attenuation by the Mo foil. On
the other hand, x-rays of energy above 20 kev yield coded images of very poor con-
trast so that they cannot make significant contributions to the reconstructed imagesid!?

a-Particle Imaging:

High resolution imaging of the region of thermonuclear burn in a laser com-
pressed target is a high priority goal of the laser fusion program at Lawrence
Livermore Laboratory. Attempts at imaging the a-particle emissicn from compressed
deuterium-tritium targets are complicated by the low a-pcrticle flux ( on the order
of 5 x 108 a's per shot using the Argus facility) and the relatively high background
radiation flux (typically 5 joules of x-ray and 35 joules of heavy ion ?silicon.
oxygen) emission per shot using the Argus facility).

a-particle emission from laser compressed targets can be imaged using ZPCI
techniques. Zone plates to be used in such experiments should be free standing and
have a thickness 2 5 um. Zone plates should not be substrate supported becaise
scattering of the a's in the substrate material can cause blurring of the coced
image and impair resolution.!® Although scattering of the a's in the substrite
material is small, the displacement of the scattered a's in the coded image is am-
plified by the large (<10 cm) values of s, {distance from zone plate to coded image).
A zone plate thickness 2 § um (gold) is refuired to stop the 3.5 Mev a's.'? Zone
plate characteristics and a-particle imaqing capabilities for free standing struc-
tures of 100 and 240 zones are listed in Table I.

Discrimination between a's and heavizr ions may be achieved using a thin
absorber foil in intimate2? contact with the recording film in the shadowgraph
plane. The absorber foil will selectively absorb the heavy ions (ion range ~1/22)
wnile allowing the a's to pass through with only a moderate energy decrease.

Close contact between the absorber foil and the recording film is necessary to
minimize the effects of a-particle scattering in the foil.

Discrimination between o' and x-rays can be achieved by selection of an
appropriate shadowgraph (coded image) recording medium. Photographic emulsions
are much more sensitive to a radiation than x-rays because of the higher specif-
ic energy deposition (erg/cm) for heavy charged particles in the photographic
medium. In addition, various thin sheet polymers (e.g.: cellulose nitrate) will
recorl a-particle tracks while remaining insensitive to x-rays.
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Conclusion

The viability of ZPCI techniques has heen demonstrated for high resolution

imaging of the moderate energy (2-6 kev) x-ray emission from laser compressed
targets. It is shown that these technique. can also be used to image the supra-
thermal {8-20 kev) x-ray amission and a-particle emission from such targets.
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Protection of the fiim surface can be accomplished by using a thin (1/8-1/4 mil)
Kapton film layer between the absorber foil and the recording film.
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Table 1

Catalogue of Zone Plate Characteristics and Imaging CapabilitieglO-!3

Characteristics
Type | Type 11
Capabilftfes P . 7
N 100 240
Ar 5.3 um 5.3 um
- - - - - - - - - - -
5 = 7.7 um = 7.7 um
ﬁ(a) = 75 um =31 um
:'\(b) = 38 um = 16 um
A(c) =19 um = 8 um
[o} -2 -2
%(a) 1.75 x 10=% sr 9.70 x 10-¢ sr
) 6.83 x 10°< sr 3.42 x 1072 sr
Rre) 2.49 x 107! sr 9.40 x 107! sr
R = 34 = 81
w*
aflux(c) =2 x 106 cm2 =2 x 105 cm=2
where N = tota) number of zones
ar = width of the outermost zone
t = zone plate thickness = 5 ym
s = planar resolution of zone plate camera
& = tomographic resolution of zone plate camera
o = solid angle for radiation collection
R = anticipated (S/N) enhancement factor for the

subscript (a) implies the assumption S,
(b) implies the assumption S
{c} implies the assumption S,

zone plate camera relative to an equivalent
pinhole camera

=1 cm $,>3$
= .5 cm 52»5.l
= .25 cm Sz>>1

*The calculation of the time integrated a-particle flux at the coded image plane assumes;
a total emission of 2 x 108 o particles and an image magnification factor of 10.
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Figure Captions

Figure 1. ZPCI data for a laser compressed target. The figure is scaled in image
imensions. The magnification factor is 12.8.

ia; Coded image

b) Isodensity contour map of the reconstructed image. The density contour
interval is .05.

{c) Quasi-three dimensional representation of the microdensitometer data of
(b). 1Image density,f¥, is represented vertically.

Fiqure 2. ZPCI data for a laser irradiated target exhibiting no compression. The
figure 1s scaled in image dimensions. The magnification factor is 13.4,

{a) Coded image

(b) Isndensity contour map of the reconstructed image. The density contour
interval is .1.

(c) Quasi-three dimensional representation of the microdensitometer data of
(b). Image density, 2, is represented vertically.

Figure 5. Torographic data for a laser irradiated target exhibiting nc compression.
Isodensity contour maps are shown. The density contour interval is .1 in all cases,
The figures are scaled in image dimensions. The magnification factor is 13.4.

(a) Reconstructed iTage of the source “plane” at the geometrical center of
the plasma shell.

(b) Reconstructed image of the source “olane a distance 37 um behind the
central plane.

{c) Reconstructed image of the source "plane" a distance 74 ym behind the
central plane.

Figyre 4. Typical x-ray emission spectra from experiments conducted using the
lag Janus and (b) Argus laser irradiation facilities are shown.

ure 5. Plotted ave curves of the fractional transmission versus x-ray wave-

Fi
TE%gth for the 25 um Mo foil (selid line) and the 5.0 um thick gold zones (broken
Tine).

Fiqure 6. Plotted are the transmitted x-ray spectra.through 25 um Mo foil for
typical shois on the {a) Janus and (b) Argus facilities.
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