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INTRODUCTION

L. W. Coleman

The detailed diagnnsis of laser-target interaction experiments requires a variety of
diagnostics techniques and systems capahle of making mrasurements over a broad range of
physical paramrters with high spatial and temuoral resnlutions and which also conform to
some system design and operational constraints, These requircments, goa's and constryints
are summarized in Tahle 1. A wide range of physical parameters must be cevered and an.
vltimate goal in being able to accurately diagnose laser target interaction experiments,
is to be able to make hroad variety of measurements of physical parameters with a spatia)l
resolution of 1 .m and a temporal resolution of 1 ps and yot be able to caver the range of '
variables as indicated in Table [, As muck as pnssble, wo want to une multichannel diag-
nostic systems tn avoid the necessity of having to do repetitive shots and taking “sampled"
data that must then be put together to Form a complete data set. Another requirement re-
lates to interfacing dignnstics Lo computer aided data anuisition and analysis systems
for fast and accurate acquisition, analysis, and display of data to enhance efficiency and
interaction in the experimental program.  There are 2 largr number of types of measurements

that are made and analyzed nn laser fusion cxperimenis, creating a need for proficicncy in
using the capabilities provided by interfacing diagnostics directly into digital data ac-
quisition and analysis systems.
Yarious physica) regions, shown schematically in Fig, 1, must be diagnosed during

target irradiation experiments. The optical field from the Yaser arradiates the hollow

' glass microspherc target and creates plasma regions around the nutside of the target in

: ahich the absorption and transport of encrgy arvurd the target occurs.  The pasher, the

1 glass shell, is more dense, quite hot and is a copinus emitter of x-rays. In the exploding

j pusher mode of target operation, characteristic of eariy fasion larget exper.ments, the

i glass pusher heats up essentially uniformly, explodes and the anward exploding part of the
she ] compress»s the fuel in the center of the target. [In Lhe ablative pasher mode of

?operation. the contemporary trend in target experiments, the outside of the shell is ablat-

1 ed of f more gently and drives the inner and cntder part af the shell inward again;t the

1 fuel and compressing it at the center. Finally, there is tho care, tne compressed fuel

, region at the center of the target where the densities miy vary over asite 3 large range

i depending on the details of the experiment, the target, and the nature of the fuel mixture

1

|

i

|

in the center. 1In what follows we will try to approach the diajnastic prohlem from the
outside in, beginning with a brief discussion of the ways in which we charicterize the
driving or input function, the energy from the laser that irradiates the target. Next
some measurements that can be made to characterize the plasma atmosphere will be discussed,
Z then diagnostics that rerate to understanding the pnsher Smg’.sion phase and fioally some
! techniques for measuring the state of the campressed ~ore target will he reviewed.

) OPTICAL DIAGNOSTICS

An array camera (MicQuigg [1]) is used to characterize the laser spatial intensity dis-
' tribution on the target. It is very important when performing target experiments to know
‘ the spatial and temporal distributions of energy in the laser pulse that irradiales the
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L. W, Colenan 3

target. In ordes to measure the spatial distribution a portion of the incident laser beam
is directed Lo two pairs of mirrors, Ore of these pairs is closely spaced and of kngwn
reflectivities in order to provide a series of pulses of decreasing amplitude in a wnown
ratio to one another. These pulses in turn arrive at amnther pair of mirrors wedged in an
orthogona) plane and srparated by a suitahle distance so that the rchange in path length on
each subsequent reflection is sufficient to shift the effective plane of focus a known
amount in object space. This system is very carefully set up and calibrated so that the
two-dimensional arrav of images that appear on the film represent a series of images at
different intensitics that correspand to intensity distritytions in specific planes of the
mair beam shere a target can be plxced. Each column of images in this array, far example,
cansiste ~f 3 serves of time integrated Dictures at the same cquivalent ohject plane but
attengated e lative to each other hy the known factor.  The known intrnsity step between
pulses prayades autamatic calibration of the camery during the sranning and the evaluation
af the data (MacQuigg 31, fach row then represents a series of images al different
eguivaient Canes.  Bv anylyzing fmages in the row corresponding tn the target position
e spatinl profile of the eptical energy anr ident on the target can be determined,

In urder to measure the temporal hislery of the Yaser pulse hitting the larget, we use
a device knoan as an ultrafast streak camera (Korobkin {?]). The camera ts an apto-elec-
teonic devion in owhich the laser pulse lor other optical signal) to be measured is incident
o a slit {nn~insdly &5 .m hegh} which ‘s then imaynrd onta the photocathode of an image
convertrr tubr,  The plectrons emitted from the »1it shaped illuminated region of the

photncathnie gre accelerated and focussed and then swepl by means of a pair of deflection

C plates to which 3 suitable voltage pulse ic applied to produce a streaked image on Lhe

‘ pnospha” screen at the back of the tuhe.  That phasphor image is inten<ified by an image
intengifaer and then recicded on phetagraphac f1dm for anaiysac.  In this way the temporal
intensit ; versus time Bistor,; of the incident optical siynal 15 converted into a bright-
ness, 07 film exposure, versus position image at the hack of the carera, The time resolu-

i tion capahility of such cameras are in the 1 - 10 ps range with a tat.) recording time in

; the rangr of avout 0.5 - 7 psec. From combined streak camera, array campra, and calorim-

"eter {0zarski (3], Gunn [4]) data, which provides total pulse energv iccurately, a complete

, temporal and spatial distritwtion of the laser power incident on the tirget <an be deter-

f mined.

| In conducting experiments not only is it important to know the details of the incident

J pulse that hits the target but it is also important to be able to measure the properties

i of whatever light is scattered or reflected from the target in order to understand the

absorplion, the energy balance and the energy partitioning occurring in the experiments.

A number of measurements, similar to the types made on the incident beam, are made. A

; multiple array camera, a calorimeter, and a streak camera p-avide spatial and tempora}

details of the reflected light. A spectrcgraph (time integrated or time resolved) can be

used to study the spectral properties of the reflected light. In addition, arrays of

! photodiodes and plasma calorimeters are placed iniernal tp the target chamber to meas'ire

the angular distribution and amounts of scattered light and of the plasma blow off {rom

the target. These types of measurements are essential for detailed studies to understand

| the partitioning of the encrgy and the efficiency of coupling of the laser beam to targets

L.in.a variety of target interaction exper iments.._The data from these.measurements, :ugexhe:,J
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with the results of the m:asurements on the light back-reflected through the lenses that

focus the laser pulses onto the target then provide a detailed energy halance picture for ,
a given experiment. A number of x-ray diagnostics instruments, which will be discussed
later, are also placed at various positions around the tar jnt bolh within and outside of

the target chamher.

tn some experimental situations, a so-called box caln-imeter is used to make very iccu-
rate measurements of the Yight absorplion. In this case, the calorimeter t “< been devised
to surround the tarqget as completely as possible and ‘atercept the nearly total! amount of
1.06 \m light scaltcred during the irradistion. A transparent shield hlocks ions, x-rays

and taerget debris from the calorimecter absorber. Light reflected back Lhrough the centrance
aperture or transmitind around or through the target and ait a hole in the back of the N
calorimeter is recallimated and mrasured in separate calorimpters. This technique while l
praviding accurate measurements suffers Lhe drawback of completely suyrrounding the targnt

and eliminates the use of many olher possible diagnostics vn a given cxperiment, It fis
therefore not used all the time but is used in cases where the highest possible accuracy

mpasurements are requircd for absorption studies [Manes [5Y).
ULTRAVIOLET PROBING

ln qrder to understand awore of the details of the prergy abhsorplion and transport in
, laser target interaction experiments, in addition to the cnergy balence and input pulse
+ characterization measurements described earlier, it is alsn necessary to understand some
" of the details ef the electron density distribution in the plasma atmosphere surrounding
| the target where the Yight s absorbed and encrgy transport occurs (Fstabrook [6]). One

]) placma atmosphere and

" way to oo this is to probe through the low density (- lO’lo/cm

‘ measure the electron density distribution in that plasma via interfrrometry. The charac-

rlerislics of the electron density distrihution together with the kxnowledge of the charac-

. teristics of the input pulse can provide important information in describing and under-

" standing the processns of absorption &nd Lransport that are takirg place. The critical

I density for the 1.06 ,m heating pulse, vhere absorptiun occurs, is 10?l electrons per
cubic centimeter. In order to keep the refractive turning angle of the probe pulse to a

;small enough value that reasonable collecting and viowing nptics can accept the rays prob-

ing up to that critical density, it is necessary to minimize the ratio of the probing

pulse wavelength to the heating pulse wavelength and te keep the size of the plasma small
(Attwood [7]). In our experiments we have chosen to use the fourth narmonic of the necdym-
{ ium laser pulse that heats the target as the probing pulse. The spatial resolution of the

interferometer used to measure the electron densities must be sufficently high to resolve
"small spatial scale Yengins in the density distribution. Furthermore the probing pulse
duration should be as short as possible compared to the heating pulse duration in order to
}ohtain a "flash-stop action" photograph to freeze the motion of the eleciron demsity dis-
itribution that is characterized by an expansion velocity of = 0.1 um psec at times of
interest when the interferograms are taken.

In an arrangement that is used at the Livermore Janus Jaser facility to obtain the

i short fourth harmonic diagnostic pulse used in ultraviolet plasma probing experiments, half i

[o(_;he_gutput of the Janus _laser oscillator_jis selected to be amplified .in an.auxi]]aryL,___J
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L. W. Coleman 5
H amplifier chain wh{le the remainder of the oscillator pulse is amplified by the main laser
and used tp irradiate the target. The diagnostic pulse, after amplification, is then suit-
ably conditioned and converted in a sequence of two crystals into the fourth harmonic
. {2660 R) of the neodymium light. The pulse is shortened at this point by the frequency
conversion process to about 15 ps in duration as compared to the 30 ps duration of the 0s-
cillator pulse and thos of the 1.06 ,.m heating pulse that irradiates the target. The 15
ps ultraviolet probing pulse passes through an adjustable tir> delay path so that the time
of arrival of the diagnostic probe pulse at the target ran be varied relative to the main
heating pulse allowing interferoorams to he obtained at different times during the interac-

T tion process. The reasan for choosing this probe pulse generation technique is to maintain

very proecise synchroaism botaeen the heating pulse and the diagmostic pulse. Since these
pulses are 30 ps and 5 ps respectively, prerise synchronizatinn hetween them is required
Cinoorder Lo make adiusmets on meaningful time scales for changing the probing time rela-

tive to the heating pulse. A 'micgraphic intorferometer is used to obtain the e.ectron

deng ity distribation data {Mtwood (7)). The fourth harmonic probe pulse is split into
.ohjoct and refercnce beams, senl through a path equalrzing arm, and propogated through the
target chamber onto the holographic plate hehind an appropriate interference filter,
| Double exposure halpgrams are made in order 1o ohtain an interferogram which shows the
" line integral of electron density profiles at the time at which the exposure is made.
Holayraphic interferometry was chosen because of its rolative simplicity, stability, the
fa L that very high guality optiry) compenents are notl required, and, of yeeat importance,
. precise focussing of the interferometer is not necessary since Lhe correct focus can be
“obtained 1n the reconstruclion process Lo eliminate spurious fringes in the interferogram.

. Results of measurements of this kiad on 40 .m diameter hollow glass microsphere targets

13t aboul \0M H/;n? irradiations were ihe first to direcily show and verify the theoret-

ically predicted offert of eleclron density profile steepening in the corona plasma produc-
ed at s “ficient!y high intensities by the poniermotive force of the incident laser pulse
- (Attwoud [8]). Dersity scale lengths shorter than 1.6 :m near critical density have been
i )

jobserved as shown in Fig. 2. An interferogram taken at the peax of the 30 pser target
iheaLing palse is shown on the left and the Abal inverted axial electron density profile is
Eshown on the right. This result provides experimental support of theories for absorption
cand transport prozessas hased on the existence of the mo'ified prafile. Without the meas-
urement capability providing 1 .m spstial resolution and 15 ps temporal resalutyon, direct
measurement of this process would not have been possihle. Interferometric measurements
have also been made on thin planar plastic targets. [n these cases Lhe electron deasity
distribution is much less uniform and there is evidence of a density cavity in the center
:of the plasma distribution. There is also evidence of small scale rippling near the cr-iti-
cal density surface and a blurring of the outer fringes gives an indication that the blow-
l'off velocity or the fringe motion velocity due to the changing density profile distribution
| 'is occuring faster in th's case than it was on the microsphere targets. These observations
| of the contouring of the surface and the existence of structure on the critical density
surface are imporitant observations in providing experimentai verification of models that
have been used to calculate the characteristics of resonant absorption during laser irradi-
ation processes {Es*abreok [9]). J

.._..The_existence and magnitudes of the magnetic ficlds generated_in iaser produced plasmas _

Iistrnction for Bpwy < ples, e e
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[ will be important in developing an understanding of their effects on absorption and trans-

| port processes within the plasma {(Kruer | 10]). By probing through the plasma with the
' Yinearly polarized 2660 A probe pulse, the angle of Faraday rotation of that plane of
‘ palarization due to fields can be measured. This data, together with the interferomtric
| information on the size and density distribution of the plasma allows the magnitude of the
i magnetic field to be caleulated. Magnetic field measurements have been made at Livermore
and at other laboratorics conducting laser fusion and laser plasma interaclion research,
recently producing 3 range of results with the highest fields approaching one meqagauss
[ under certain experimental conditions {Stamper [11]). The role of these fields in the
| laser target interaction and energy transport processes are not yet 1ully urderstood.
A-RAY MEASUREMENTS
Laser irradiated targets are copious x-ray emitters and diagnostics of these x-rays can
provide detailed infcrmation in helping lo understand and describe lhe procrsses occurring
during the interaction and subsequent performance ~f the target. A typica) time integrated
x-ray spertirym obtained from a glass microballoon target irradiated with § ncodymium glass
laser covers lhe range from sub-keV o several tens of kilovolts. A portion of a typical
time integrated spectrum {up to 10 keV} is shown in Fig. 3. X-ray spectral data is obtain-
ed on a single shot with a number of differcnt instruments all of which ace gbsalutaly zal-
ibrated as indicated at the bottom of Fig. 3. X-ray fluences of 1016 - ]0” keV/xeV
in the few keV range of the spectrum are cmitted in contemporary experiments on glass
microshel) largets. A variety of crystals are used for x-ray spectroscopy. These range
from the lead myristate used at very low energies with moderate to low resolutlice to high
t resolution quartz crystals which can be used over a range of Bragg angles for energies as
high as 10 keV. A creat deal of the x-ray encrgy from target irradiation experiments re-
sides ir a portion of the spectrum below 1 - 2 keV. [n order to understand fully the ener-
gy balance and energy partitioning il is necessary ‘o measure the x-rays in that region of
the spectrum, For Lhis reason we have developed and begun to use detector systems, to

diagnose the sub-keV spectral region {SVivinsky 112)). Basically, they are multichannel

i instruments, which provide spectral windows tﬁrough the use of grazing incidence reflection
| to provide a high energy spectral cutoff, and transmission filters to provide the low ener-
gy cutoff to give fairly well-defined spectral channels or through the use of appropriate
transmission filters alone. Spectral windows with widths of 200 - 300 eV in the X 0.2 -
1.0 keV range are obtained by these techniques. The fast windowless x-ray diodes used in
these instruments have a respunse time of less than 100 ps. When coupled +o suitably fast
oscilloscopes, this combination can provide overall instrumental time resolution in the

150 psec range.

The higher energy portion of the x-ray spectrum above 2.5 - 3 keV is measured by a sil-
icon pin diode array using K-edge transmission filter spectral definition {UCRL-50021-74
[133}. This is a technique that s being used for x-rays in the energy range of a few to
abeut 10 keV in present experiments and provides sufficiently well defined channels to
plot an accurate representation of the spectrum so long as the spectrum is falling with

energy. This monotonic decrease is an important consideration in using the K-edge filter

| technique for obtaining good energy discrimination and accurate definition of the _energy

Touttuetos b prs s plosi e tora
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windows covered by the different channels. As we progress to higher energy experiments us-
ing the larger laser facilities now coming on line, for example Shiva, we anticipate that
the high energy x-ray spectrum may increase and that we will have difficulties with channel

_definition, and with interference and shielding of detectors. A filter fluorescer measure-

ment technique, has been designed and is now being implemented for use on these systems.
This is basically a system that wil) provide well-defined channels by using fluorescer
foils together with suitable transmission filters in order to provide high energy x-ray
spectrat channels, and at the same time allowing effective separaticn from the target and
shielding of the photomulitpliers or diodes,

The x-r3y diagnostic technigues and systems reviewed to this point have al) been basic-
ally for time inlegrated measurements. MNow technigues that are used for making time re-
solved measurcments on a picosecend Lime scale will be reviewed. An ulirafast x-ray streak
camera has been developed for use in diagnosing laser plasma interaction experiments
(McConaghy [14]). The basic cencept of operation of this camera is very much the same as
for the optical streak camera as discussed earlier. The main difference is that a suitable
x-ray transmissive vacuum window (° 25 wm Be) and an x-ray sensitive photocathnde (- 100 ;‘
Ay) have been suhbstituted on the image converter tube. The time resolution of this camera
is 15 ps, somewhat less than the optical camera because of the larger energy spread of the
cathode photnelectrons in the x-ray case.

{n one mode of use of this x-ray streak camera an array aof K-edge filters is placed
acrass the input photocathode slit sn that the slreak record canlaias Lime resolved inform-
ation in a variety of x-ray spectral bins as determined by the particular sets of K-edge
filters nd prefiltering that are chosen {Attwood [15]). Several of the filters are used
with multiple Lhicknesses to obtain intensity calibratice information on the streax record.

© From the relative x-ray intensity as a function of time in the var ous spectral channels,

time derendent temperature informatinon can ba obtained. Fig. 4 shows an example of such
time resolved x-riy streak camera data. Data of this kind is valvable in studying the
encrgy absnrption, healing, and transpert processes occurring in plasma interaction exper-
iments.

Time-resolved x-ray emission histories measured with the x-ray streak camera can pro-
vide basic data on laser implosions of glass micrasphere targets (Attwood {15]). The rela-
tive x-ray intensity plotted as a function of time for & particular energy channel in the
multi-x-ray energy channel streak record shows a doublie-humped structure that can be ex-
plained in terms of the operation of these exploding pusher targets. Fig. 5 shows examples

i of time resolved x-ray emission histories for three different implosion experiments. The

laser pulse incident on the target quickly heats the glsss shell of the microballoon, its
temperature rises and it begins tu emit x-rays as indicated by an initial rise of the x-ray
signal. At some point in this process, the shell explodes, its temperatur2 and density
drops, tke x-ray emission drops, and therc is a dip in the x-ray temporal nistory. Then
the imvard explodino part of the shell compresses the enclosed CT gas fuel, and eventually
stagnates the center. The kinetic energy is converted into thermal erergy at stagnatio:
and a second burst of x-rays is emitted as evidenced by a second pear in the x-ray temporal

of the shell, and the second peak, which corresponds to the stagnation of the imploded
target_shell at the center, can be interpreted as an implosion time. _For the two ideatical ]

It s g P e e
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! profile. The temporal difference between the first peak, which corresponds to the heating !
|
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' exper iments in Fig. 5 the x-ray signatures are the sam: whereas for the lower power, lower |

. was mentioned earlier, a significant part of the x-ray emission in these types of experi-

performance shot a significant change in the profile and "implosion time” is evident. Data |
of this kind has provided important information for comparing ind developing-code catcula~
tions of target performan:e. i

The x-ray streak camera just described is useful in the x-ray spectral range from about
1 keV to 20 or more keV. The low energy cutoff is determined by the thin beryllium vacuum
window used to seal the image converter tube and provide the photncathode substrate. As i
i
ments resides in the region below 1 xeV. A modification of the x-ray streak camera design !
which will allow us to significantly reduce .he spectral threshald of the x-ray streak <am-
era involves remnving the beryllium vacuum window from the streak camera stit and replacing
it with a very thin carbon substrate which will support the Au phntocathode. This window

| will not withstand atmospheric pressure difference so the design of the camera system be-

I_mi_c_:ros_copes,__offetr potential for somewhat higher resolution with the advantage of having

{ comas physically morc complex requiring pumping on both sides of the slit and careful con-

trol of operating conditions. ln order to climinate the higher energy x-+ays and to be able
to accurately measure the low energy portion of the spectrum, grazing incidence reflectors
are used to direct the Tow energy x-rays of interest to the phatocathode. Combinations of
mirror materiadls and angles and transmission filters make simuitaneous recarding in scveral

'

i

i

]

i

|

|
sub-keV chaanels passible. This capability greatly enhances our abilities for high time
resolulion measurements over a very broad range of the x-ray speclrum, down to the 100 eV

range.

X-RAY IMAGING l

To this point the discussion of x-ray diagnostics have related to dityn.sing the low |

density plasma corona and the hot imploding glass shell of the target. The emphasis has .

been on spectral measurements and on time resolved measurements but there bhas been no imag- i

ing used to determine the spatjal distribution of the x-ray emission from the Larget. X-ray:
imaging plays a very important rnle because it allows us to look at symmetries, evidence of i
compression, and to learn more about target dynamics and distributions of temperatures. Our !
geal is to be able to image x-rays with 1 ;m spatial resolution and 1 ps temporal resolution !
for the purposes just described, |
Pinhole cameras are very coavenient instruments to use for x-ray imaging (Campbell [16]),
They have been used widely for this purpose, they are qood survey instruments, alignment is
not a particular difficulty and the lechnique can provide resolution of a few microns with
a few micron pinhcles placed close to the target. X-ray microsropes based on graviag inci-
dence reflection from appropriately curved surfaces offer advantages of high resolution at
relatively large object distances to avoid problems from damage, especially in high energy
experiments {Boyle [171). The Kirkpatrick-Baez microscopes which are based on double re-
flections from orthogenal cylindrical mirrors, have so-far been the work horse of the x-ray
imaging work at Livermore (Seward [18]). Fig. 6 is a schematic of a 4-channel Kirkpatrick-
Baez x-ray microscope. They use a four channe) configuration to obtain x-ray images in
four different spectral bands in the I-4 keV range with a spatial resolution of about 5 um,

Axi-symmetric microscopes comprised of hyperboloid-eilipsoid combinations, known as Wolter
—

Bt o e e phoie 6 e
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" tuch higher solid angle for collection of x-rays by atcut a factor of a thousand as compared

with the Kirkpatrick -Bac2 microscope {Beyle [17]). This is important in applications where
very high sensitivity and throughput is required. Another x-ray high resolution imaging
technique is the use of zone plate cameras consisting of coded apertyre microstructures in
the form of Fresnel zong plates {Ceqlin [19]), The technique of Fresne! zone plate coded
aperture imaging is indicated -chematically in Fig. 7. They are used in the shadowgraph
mode and are particularly valuable for wavelengtis shorter than those accessihle by graring
tncidence reflection microscopes. Newer techniques based on advanced zore plate structures
and perhaps phase plate structures affer promise for efficient x-ray beam manipulation and
focussing. Crystals can also b2 used in a mode tn provide some cnergy selective imaging
capabilities, which when combinud with suitahle probing sources. can result in effective
systems for prnbing tarqets to measure depsity distributinns, configurations, and perhaps
dynamics.

An example of the type of data ahlained from x-ruy imaging §s a set of ll.e integrated
imagus which show the effects on target implosion of focussing aeomet~; and timing of the

*incident laser pulses. Analysis of such data provide, a means of optimizing the irradfation

conditians for mast uniform heating and implosion,

In the zone plate coded maging techniuuwe radiation fram the source passes through a
Fresned zone plate coded aperture, and produces a shadowgraph of the zone plate on & suit-
able F11m plane. In order for this technique to werk, sharp, crisp shadows must be cast by
carh “source point™ in the object. This means that the technique can be used for any kind
of snurce emission or radiatinn for which a suitable cuded aperture, that is, one that fs
comprised af 31 ~rnately opaaue and transparent zones for the particular radiation to be
imayed, can he built, Furthesmore, the requirement that sharp shadows be cast means that
diffraction cannol he tolerated in this application. For the case of x-rays, that require-
ment places limitations an the x-ray wavelength relative to the sirze of the rones. Once

the shadowgraph has been formed, ‘the first step of this twn-step pracess) in which each
) “po’ t" in the sou re has created & unique shadow, sn that the conbinpd source has praduced

4« tr’bation of averlagping shadaw patterns on the film plane, a <yitable “yser car be
usen o renonstract Lthat coded image {Lhe second step) to provide a real image of the orig-
inal source distribution. In addition to having the capability of providing high spatial
vesolution, which is determined by the geometry of the system and the characterislics of
the zone plate, the image is also tomographic. That is, the three dimensional characteris-
tics of the source can be recovered by reconstructing images in different planes and record-
ing them separately. This provides a distinct advantage over techniques in which the thkree
dimensionality of the source distribution is not directly recoverable. The zonc plate
technigue has been used to image thermal and supra-thermal x-rays from target irradiation
experiments, {Ceglio (19]) and also to image alpha particles from the thermonuclear burn in
the center nf the compressea target (Ceglio {[20]). A spatial resolution of 3 um has been
realized with this technique using a 100 zone free standing 5 .m thick Au zone plate with a
S tm zonc width. Details of the second application will be discussed further on.

TIME RESOLVED X-RAY IMAGING

The x-ray imaging discussed up until now has been time integrated, in other word,, the _
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‘image recorded 15 integrated over the total duration of the x-ray output for a given exper-

iment, It §5 very smportant 1o be able to do time resolved x-ray imaging to further under-
stand the interaction and implosion processes. One technique tha' has been develeped for
time resolved x-ray imaging uses the uitrafast x-ray streak camera discussed earlier in con-
Junction with an x-ray pinhole camera (Attwood [21). The technique 3s shown Sthemotically
in Fig. B. Thr pinhole camera has hign magnification [50%) in nrder to compensate for the
spatial resolution liuitation (% 100 .m) of the streak camera and <till provide high resaly-
tion imagina 0 the target, The image of the target ts carefully aligred onto the streak
camera piott athode in sych a way that the target diameter is ptaced on the photocathade
stit.  As the target 33 drradisted 1t beging to emil x<rays and the rrsylting Slrrak camera
record wil) then show the x-ray emission position across the diameter of the target as a
function of timr, In this way, s.nce the x-rays be‘ng detrcted in these exper iments are

~ predominately those that come from the glass of the hot target wall, information on the

implosiorn dynamics and the smplosion time is ohtainrd by the dirert ohservatton nf the x-ray

. emission position with time from the streak record. A particular difficulty with ‘mp) ment-

ing this technique is the very precise alignment that ‘s required in ensure that the data

~ obtained is correctly interpretable as just descrihed.  As can be seen by fnspectinn of

Fig. B, a misaligment of the target image on Lhe sYit by onn targrl radius will completedy
remove the image from the streak camerd s1it photagathode and no signal will be recorded.
That means that since Lhe ¢ampressed size of the targel may be nn the arder of 10.m, or sn,
that the alignment accuracy at the pinhole must be done tn a micron loyel, An acrurate opli--
cal technique has heen developed in order to accomplisn this alignaent (Attwnod [21], i
Attwood [22]). In order ta oblain a high resolution x ray inaye, the size of the x.ray !
pinhale that images the tirget onta Lhe stregk camera must be kept very <mally the diameter
of the pinhole ued is about 5 .m. Such » small pinhnle p.aduces severe Arffraction gt !
longer optical wavelengths sa that optical alignment to the yecuracy required would bocome
for all practica: purposes impossible. In order to soive this prohlem a dichruic pinhale {
is used (Attwood [721). The x-ray pinhole, the small high resnlution x-riyy imaging pinhole,
is laser drilled in a piecc of glass doped with a high-2 clement, either tungsten or tanta-
Tum. This glass is an effective x-ray absorber but it ig optically transparent. A thin
(1?7 um thick) piece of gold with a 175 . m diameter pinhole in it ‘4 Incated relative tn the

turgsten glass sn that the laser dril'ed pinnple is concentric with the 125 m pinhnle in
the gold. The result is a romposite system that provides a 175 .m oplical pinholer Tor the
alignment and a concentric & . x-ray pinhale that provides the high resolution x-ray imag-
ing. The technigue has been used to effect system aligamen® .o a few micrnn accurac; by
centering the target in diffraction rings produced by apertures in the HeNe laser alignment
system (Attwood [21}). Time resolved x-ray imaging data has been obtained with tinis tech-
nique on glass microsphere targets irradiated from iwo sides at the Janus laser facility,
The space-time resolution in the images is 6 .m and 15 psec, res,~ctively. Fig. 9 ¥s an
example of time resolved pinhole data obtained on a target experiment in which a glass
microsphere target was irradiated simu)taneously by pulses from two sides (the lefl and the
right in the figures). The left hand photo is the actual streak record and the right hand l
figure shows the x-ray isoemission contours. Fram enalysis of the x-ray streak recards, ’

implosiun veloc ity profiles can he abtained. Velocities of 2 - 3 x 107 cm/sec have been
measured directly for 70 ;:m initial diameter targets. This type of data is very important
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L 4n order to coMary ~ith the code calculstions of 1arget performance snd has provided 1
impartant experizental inpul parametlers for target design calculatrors. !
The next step in the develcpment of the time resolved imaging technigque of course would
Lbe the ahility to obtain sequences of full, lime resolved, two dimensinnal ‘mages instead
“of being limited to cne dimension of spatia) imaging because of the slit<shaped nature of o
! streak ¢amera photeCathnde.  Work 1§ underwdy on the development of a technique capable of
"providing ultrafast two dimensinnal frames (Kalidjian [23]). This device makes heavy vse
Cof the technology developed for opto-electrontc image converler based ullr.fast strean cama
cras with <ame madificationd in the basic aperation to allow stationary frames to Le “tain.
"eod. Testing «ith a 'abaratory demountable prototype tube has demmnstrated reconsiructed
framrs each with a tntal time duration of ahout 175 ps compriced of 2 tor o- P 10 -« 15
I;u,.v-r tme resalution eleronts.  fr addition to thhs very high time resalt,tion 1t ix alsn
j tmportant that the spatial resalutfon in the image is Quita high, better than ¢ m. Thig
‘Ddramnlrr is very important for meeling the requiresent for very high spatis) recalytion
‘ih.t.sr)nry. The present status of thiy development i+ that two framing campera tubes & e pres-
gonl.ly in fabracation, one with a visihle photocathade thal can be used in canfunction with
a short pulae vicible Yaser and other optical signyle, tn «tuty shart pylce nprcatinn and
to rahihrate the aperation of the dovice.  The spcand Litie, with o t-ray phntncathode, -5
for apphirathrons ta target diagrost cs, We anticipate being hle 1o refine the aprratina

[ of Wt drerces ta achicye framn times in the sub 100 picosscnnd mange. .

)

CORE DIAGNOSTICS 1
)
}

Me now wish o turn 19 g distursion af seme of the techninues used to mrasure to charac-
teristics of the mpladet care and the rompressed Tue! 1o Sawes fysian targets,  The Linds
LOf targets wrogre considering and wori ing «1th hasicyl'y rang <t af thin waldie) qlass micra-
Sephere targets falled wath deytertum-tritium gas,  As 3 targel is heated and o mpresaed an
indiratar of target pes forrance ts progided By the therman el @0 wp g * o products from the
pfue . Koutrons, alpha patticles, an protans can be delected 12 anaiyzed th detereine
I

lsomo af the parameters arhieved duriry the comprossinn gnd neating nf the &
l A varicty of techniques have been used for measur «=n the y @) Fror fysian target imple- |
sion exper iments (Tarseld [24]).  The nomber of neutrons, alphy picticies, ar tn <omn rases
protons, are usually meacured by flunr-pholamultiplier camhindlinons stin<ae ! ryc lage detec-
tor systems. The advantage of thiy xiad of detector system < tna* »t provides syfficiont
time resolution to provide time-of-flight separation for uns~».guous $.971) adentifacation, |
ano hich sensitivities can be obtiined. Tor example, the time af flight sf-arathron nf the
14-MeV neutrons relative to the x-rays producfd from the target provites a canvenient iden-
tification of the neutron signal, Absnlute calinration of this kind n* neutron drtector is
often difficalt and in particular, acturate nédsurements in a high background of x-rays or
other interfering sigr:ls can make accu-cte yield determinations quite diffizult, For thty
reasan we have begun to rely on nuclear activaticn as the main technique for measuring
neutron yields. The principle activation scheme used in our experimenrts is basen on Lhe

k| : .

6 Cu(n, 2n)n?Cu reaction with 14-MeV neutrons. 62(:\1 decays by positror emission with
‘a nearly 10-minute half-1ife. The 10-minute half allows ample time to ~etrieve a copper
[sample from the target chamber and the positron uecay allows coincidence counting of the

S
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“rtwo 511 keV annihilation gamma rays to realize loa background counting. A copper disk is

¢ placed in proximity to the target and after the experiment it s retrieved and transported

to thecoun.ing system. It is placed between a pair of sodium 10dide crystals and coinci-
dence counts In a standard nuclear counting system are recorded for a known time fallowing
the experiment. Trom the total number of coincidence counts recorded and the system cali-
bration which has bren determined on separate experiments at an acceleratnr, an value af

the targel neutron yield accurate to about 10X §s ohtained, This technique is parti_ularly
attractive hecause, for example, the t"JCu{n, ?n)67CU rraction has a threshald at about

11 wV and is insensitive to nther radiations so that the activity ohtained is due only to
the 14.MeV neutrons. Other actization deteclion schemes, for cxample, Pb and O are also
used. In orrder ) extend the throshald tor neatron activation detection to a leve) of about
104 ncistrons we have used 3 1rad activatinn scheme, By placing the detector very close

to the target high nensitivity can S ohtained. Because of the chort half-life, 0.8 sec,
the counting of the artivated P is done in pluce. A diosane detector (dinxane is a liguid
scintillator material) which depends on an np cross section in oxygen, has also heen built
and ofiers advantaoges similar 1o the lead counter. However as the basic technigue for yield
diagnostics, for sufficiently high eld, {* 108) we continue to rely on the copper be-
cause of the minimal background proalem inharent in coincidenre counting technigues and
because of the lack nf ather radiation interference peohlen«.

In addition to measuring the total yirld in targetl experiments anotier extremely impar-
tant parameter is the 1on temperature nf the rcacting fuel. In one technique a target is
used in which the denterium fuel alsn contains 3”,,_ Because of the differences in the
temperature dependence nf the reactina cross section for Lhe DD reaction [(which produces
3 MeV pratens) as comparcd tn the the Djne reaction (which produces 14,7 MeY protons),
measuring the ratio of the protons produced by the DD fusion reaction as compared to the
D“He fusion reaction p-avides an estimate of the temperature of the rearting furd),  The
ratia * { thase cross sections is a fairly strong function of temperature. Experiments with
this technigue bave been done succeesfully anid bave succerded in measuring ion temperatures
in the range of 6 - 8 keV (Slivinsky [24]).

Because a lascr fusinn target is an excellent spatial and temporal point source it is
possible to perform time of flight spectral measurcments in order to obtain energy spreads
and therefore temperatures of the reacting ions in the fuel. The particles emitt * from
the target have an energy spread characteristic of the temperature in the reacting fuel
because of the reacting ion velocity distribution. This will he true as long as the target
is "thin" to the emitted radiation, After a suitable flight path this spread in energy re-
sults in a measurable spread in arrival times at a detector. Knowing the detector . response,
the energy spread can be obtained from the time 5pread.of the signal and the corresponding
ion temperature of the reacting fuel can then be determined.

Alpha particle time-of-flight measurements have been made at Livermore and elsewhere.
These were the first acasurements which confined the thermonuclear nature of the reactions
occurring in the compressed core of a laser irradiated target {Slivin.xy [26]). Because of
the lower energy and velocity of the DT alpha particles as compared to the neutrons, an
alpha particle spectrometer can be shorter and more sensitive than a 14-MeV neutron spec-
trometer with the same resolution. Tt can be used at lower yields, greater than about 5 x
105, and sufficiently low density targets ({_IQ'_lg/cn]?). _We have implemented a

Tetee o ot et Pl we e
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" neutron time of f)ight specirometer or the Argus facility. Using a neutron flight path of
45 m {Lerche (?7]). Neutron time of flight data obtained on Argus experiments thal produced
about & 108 neutroans have measured reaction temperatures in the range 4 - 8 kev. Fig. 10
shows an example of Argus neutron time of flight spectral data. The error bars are deter.
mined by the numher of neutrons detectea in each resolution interval.The distribution in
neatron energy around the mean energy of 14 MeV has a FWIEd of = 400 keV for this data. In
_order to increase the _aargy resolution of a time »f flight spectrameter it is necessary to
improve the Lime response of the detector or incredse the flight path to 'ncreasc the time
spread for & 9iven energy spread, or hoth.,  The neutron time of flight spectrometer recent],
huilt 4t the Shiva facility at Livermars is capable of nigher rasnlytion because of a longer
- flight path. The flight path for the Shiva system fs 125 m as compared to the 45 m on Argus
The same typr of drtnctors are used.  The ultimate resolition of the Shiva System, given a
sufficient numtire of negtrons from the target, 1 x JO”. is 25 keV.
fnothrr yory omportint diaqrastic an targetl exper iments is ta be ahle to measure the
{ : spatial distrabutian of the thermonaclear reaction products 1n order to determine informa-
tian aboul the spe (drasity) and symmetry of the compressed fuel in the target, The alpha
" particles havn  tuan imaged with a pinholo camera {Slivincky [28)), [arlier, the technigque
of sonec plate re o f ‘maging was discucsnd with reference Lo 1ts applicatinng to x-ry,
Thie technaque hais also been used tn image the alpha particle emission from the compressed
burning D1 €40l a3 target {Ceglin (203}, The emitted 1'pha particies cast shadows through
a b oam thick, W0 yone Aa Fresnel zwe plate,  The recording mediygm, ia this rage as in the

pinhiole cane, o 3 cellulose nitrate pnlymer Lrack detectee, It s very important tn have

sufficrert discreminitron 5o that the olher emissions from the target do not produce an

Wmage 1n the re onding modiom which can be confused with that produced by the alpha part:-

cles, A filter foil of 0.3 mil beryllium s used in front of the recording medium.  Die-

crainalion e cimeats have heen perfarmed which show that this arrangement is <uficient
ty ensgre that tee dev. '~ed a0 on tie cellulone aitrate oS e aaly to the 17phg part -
Cees The alpha particies depnsit energy and profule damage tracks in the oo llnloese nitrvate,

Wirn the 6 .m thark cellulose nitrate is properdy etched with sudnm hygroxde, the alpha

particle damage tracks produce pinholes completely through the film,  Other radrations do
not produce pintiales of that type and therefore the resulting pattern of pinhales is due to
the alpha partictes. In arder to reconstrurt the zone plate alpha particle 'mage the cellu-

latve nitrate {311n is contact printed hrounh a suitable rilter onto photographic emalsion

to transform the pinhole array to @ photagraphic deasity distribution which '3 then used as

)

!

the coded image for reconstruction with a Yaser. The resolulion af the first order recon- ',

structed image is about 10 ;.m. The measured total extent of the alpha particle -nission !

region is about 20 ;m. This data is unambiguous in providing o« clear representation that !

the scurce of OT alpha particle emission is from the central region of the compressed target:
An impryvement in the zono plate shadow casting technijue has been the realization and

I
the demonstration that the images can be reconstructed in higher order {Gur {29)). Tne data]

discussed above were reconstructed in the first order with a resolution of about 10 :m. By '
reconstructing in a higher order, for cxample the third order, higher resglution in the im- |
«ge is realized. The principal difficulty to he overcome ir mplementing high order recon-

; struction is that the signal to noise ratio cecreases at higher orders and it has heen nec-

o , 2ssery to exper imentally develop the appropriate optica) technigues to obtain sufficiently |
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S'high signal to noise ratio images in the higher orders. The same alpha particle data dis-
cussed above that was reconstructed in first order with 10 .m resnlution has also been re-
constructed in third order with a resolution of 3 .m and shows some image structure not
evident in the first order image. Fig. 11 summarizes an alpha particle imaging resalt and
shows the isoemission contours for the first urder {10 .m resolution) image at the lawer
left and the third order (3 .m resolution) alpha particle image of the compressed target at
the lower right, The diameter of the alpha particle emission region measured from the third
reconstructed image is about 20 wm. Since the original target diamcter was 86 um, this re-
sult corresponds to & volume compression of about 80. This technique for compression meas-
urement does not rely on the interpretation of the origin of x-rays as is necessary in eval-

vating x-ray pinhole or mirrusiupe images in terms of fue) compression. The highor order
reconstruction is most useful if the vavelength of the radiation being imaged is short

enough that diffraction effects have not slready limited the resnlution available in the
shadowgraph. This does not puse a limitation for the alpha particle images. Howpver for
x-ray applications the diffraction effects can limit the improvement accessible hy higher

order reconstruction.

Mast of tie experiments that have been discussed up until now have been done with so-
called exploding pusher targnts, As discussed earlier, with this type of target a short
taser pulse un.formly heats a thin glass shell target which then explodes. The inward
exploding part, trives against the fue) compressing it. This type of performance, although
valuable for the early stages of laser fusion target implesion research, must be altered
toward experiments with ablatively driven targets capahle of compressing the fuel to higher
densities. Tuese types of targets are scalable to the Yevels of periormance that are nec-
essary to beqin to study the achievement of conditions of thermonuclear performance that
can lead to possible Lreakeven conditions for laser fusion {Huckolls [30]). In beginning
to experimeatally study the performance of targets f this type we ealer a regime where
yiclds and temperatures will he lower than with cu  -nt explading pusher targets. In fact
yields will be low enough initially that some of t+ techniques already discussed for diag-
nosing the state of the compressed fuel it the core af the target cannot be appliad. As
higher densitics are achieves the alpha particle and charged particle diagnostics cannot be
used because the alpha particles will no longer escape the target and other charged parti-
cles start to suffer significant scattering and encrgy loss in passing through the dense
target walls. Among other tethniques that have been studied and mplemented for diagnosing
this kind of experiment {S the possibility of seeding the OT fuel with a suitable materia®
which can emit characteristic x-rays whose properties can be measured to determine informa
tion about the state of the compressed core {Yaakobi [31]). With a suitable spectrograph
the x-ray spectral lines from neon, for example, can be studied and f-om the broadening and
shape of these lines information on the temperature and density in the core can be deduced.

1t is also pessible Lo eblain images with the radiation emitted by a materia) doprd in-
1o the fuel. {Slivinsky [32]). Argon, for example, can be doped intp the fue) and usin§
the 3.1 keV line emission, a suitably placed quartz crystal can transfer the width of the
emitting argon region onto a suitable film plane. The technigue can provide a resolution
of the order of 10 ;m nresently. Tnis leve) of resolution is sufficient to be able to ob-
tain a value far compressed density to within a factor of two fo about a 10 um core size,
;Alth_ouAgh‘_this technigue has not yet been demonstrated in an actual implosion experiment, _
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‘preliminary experiments are underway to test the system and the survivabilty of the compon-
ents in the environment of target experiments.

Another technigue that is being develaped for use as a density diagnostic is radiochem-
istry (Mayer [33]). [In this technique the 14-MeV neutraons generated by the reaction of the
DT fuel pass through the glass wall of the target. The glass contains ahaut 25X composition
of 285\'. The 14-McV neutrons produce 28A1 by the ““Si(n, p)ZBAI reaction. The
ZBM decays with a half-life of 2,24 minutrs emitting a gamma ray and a beta particle.

By conducting an implosion experiment and then su\'tah\by collecting and counting a3 known
amount, the target debris, the number of ?aAl atoms that were produced can be determined.
With an indrpendent measurement of neutron yield, then information can be obtained about
(;-r)p. the densaty thic ness product of the compressed glass shell at the instant of neutron
production. From this infornation calcuialion can provide information on the density times
the radius product, the !.r)F of the compressed fuel. A number of oxperiments have been
conducted to cvaluate this technique, Calibration experiments using a 2°Na tracer tech-
nique have verified that as much as BO - 90% of the target material can be collected in
‘arge aspect ratia cylindrical collectors. A large volinne coincidence counting system has
been demonst: ot «d wilh a counting efficiency of 40% and a hackground of about 0.5 counts
per minute. This means that for a (.r)p of 10'2 grams per square centimeter and a neutron

" yield of 107. twenty beta-gamma coincidence counts can be obtained in a five minute inter-

I

val with a barkground in the 15 - 20% range. These values represent the current level of
capability for this radiochemistry technique. More complicated racdinchemical schemes can be
used for the diagnosis of very much more complex future targets. By suitahly seeding cach
of the materials used to make up a multi-shel) target, a varicty of neutron induced reac-
tions will allow measurement of the r's of the various shells by collecting the target
debris and caunting the decays of the various activations.

SUMMARY

In summary, Tahle 2 shows the current status of the capability of laser fusion diagnos- J
tics. Optical and infrared streak cameras provide time resolution measurement capabiiity {
of less than 10 ps, while x-ray streak cameras provide 15 ps time resolution in the range |
of about 0.1 - 20 keV presently. Time integrated spatial resolutions of 1 .m are provided ;
with a variety of optical techniques. Ultraviolet holographic interferometry has measured |
electron densities above 1021 cm'3 with about 1 yim spatia) resolution and 15 ps temporal '
resolution. X-ray microscopes provide 3 .m time integrated resalution and the 15 psec time
resolution x-ray streak pinhole camera has 6 :.m spatia) resolution  Deve lopment o‘f an ul- g
trafast framing camera has thus far provided 50 um spatial resolution with 125 ps frame dur-
ation. The third order reconstruction of zone plate images has provided 3 um resolution for .
alpha particles. Finally, the new Shiva neutron spectrometer increases the energy resolu- :
tion capubility of that technique to 25 keV for 14-MeV neutrons. These compined capabili-
ties provide e unique set of diagnostics for the detailed measurement of the interaction of
laser 1ight with targets and the subsequent performance of those targets.
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Fiqure Captions

Schematic diagram of a laser heated hellow glass micrasphere target showing
characteristic regians to be diagnased and the correspanding ranges af electran
densities.

Holographic interferogram of laser irradiated hollow glass microsphere target
(left) showing eiectron density produced fringes. Abel inverted axial electron
density profile (right) shows steepened profile in the range 0.25 x 1021 to
aver 102 efcc,

Time integrated x-ray spectrum :n the sub-10 keV range from glass microsphere
target. A summary ot instruments used to measure various reginns of the spec-
trum is given at the bottom.

Time resolved (15 psec) x-ray emission from laser irradiated Au disk. The left
hand set of curves show x-ray streak camera recorded intensity profiles in var-
jous spectral regions determined by K-edge filters as indicated im the inset
tahle. Laser pulse length was 242 psec FWHM. The right hand set of curves are |
derived from Lhe data at the Jefi and show spectral shapes at different times. ]
The various times and the thermal and suprathermal temperaturcs deduced from
the slopes of the curves are given in the inset.

X-ray intensity profiles from three imploding glass microsphere target experi-
ments, The first intensity peak corresponds to the initial heating of the tar-
get pusher and the second peak is produced by stagnation of the imploded target
materia), The time between peaks is interpreted as an implosion time.
Schematic diagram of a four-channe) Kirkpatrick-Baez x-ray microscope. Rays
that are reflected from both cylindrical surfaces form an image at the film
plane a spatial resolution of about 5 ym i realized.

Concept of Fresnel zone plate coded aperture imaging. In the encoding step, \
emission from the source casts shadows of the zone plate to form the shadowgraph
which is recorded on suitable film. 1In the second step the image is decoded or
reconstructed by illuminating the shadowgraph with a suitable source to exploit
the diffracting properties of the shadowgraph.

Schematic representation of the Lime resolved x-ray pinhole imaging technique.
Space-time resolutions of 6 im and 15 psec have been achieved with this tech-

nique.

Result of a time resolved x-ray pinhole imaging measurement on a 69 um diameter
ho1low glass microsphere target implosion experiment. The target was irradiated
by simultaneous laser pulses from the left and the right. The left hand photo

is the actual streak camera record. The right hand figure is the isodensity

map. The dashed lines representing the target implosion velocity praofile and
subsequent oisassembly follow the peaks of x-ray emission intensity. ’
Example of neutron time of flight spectral data obtained on an experiment at

the Argus laser facility.

Alpha particle mage results obtained with the zone plate coded imaging tech-
nique. The lower Teft and lower right isodensity maps show the alpha particle
images with 10 um and 3 ym spati-’ resolution, respectively. i
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1ABLE 1

DIAGNOSTICS REQUIRTMENTS

10 g a0 o

1 evg 500 ke¥
1 am < Ax 1cm

<

1 eV € < 14 Moy
<
< 20 nsec

=
1 psec < at

Data obtained on a single shot basis

Compatible with computer aided data acquisition
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Table 2

CURRENT STATUS OF LASER FUSION DIAGNOSTICS

M = b psec {infra-red)
= 15 psec (x-ray)

= ) pyn {visible, ultra violet; time integrated over pulse duration)
= 3 m {x-ray; time integrated)

= 6 ym (x-ray; 15 psec time resolution}

50 im (125 psec, full frame})

3 ym {a particles, fons)

100 eV< hu<100 keV (time integrated)

170 eV hu<20 keV (15 psec time resolution)
10" i< n,< 102} en”? (=15 psec exposures)
alhy) =1 eV at 1 kev

AE = 25 keV for 14 MeV neutrons, 3.5 MeV alphas
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COMPOSITE X-RAY SPECTRUM, FROM FOUR INSTRUMENTS, FOR A GLASS
WMICRGSPHERE TARGET (140 um DIAMETER)IRRADIATED BY THE ARGUS
LASER WiTH A 535J, 187 ps GAUSSIAN PULSE

&

20-90-0777.1508

E17-.-'f'1'lrﬁ.'xrrﬁrr—rrl'i
/- Sub-keV spectrograph M
; E16 \ o 25 keV spectrograph
2
2 E16
x =
E . L pante j
$ E14
§
2
= E13
4
(§ 7-shooter
E12
4
=% [ | U R TP T R S P |
0 20 40 6.0 80 100
Photon energy, kel
Instrument Description Covarage
Dante Filter/retiector discrimination, 0.2-1.1 keV in 3 ch's
fast XRD
Sub-keV Lead myristate xtal diffraction, 0.32-1.0 keV, 10eV
spectrograph VUV fike., resolution
2-5 keV RAP xtal ditfraction, no-screen 1.442keV, 2-3eV
spectrograph film resoiution
Seven shootar Filter discrimination, PIN diode 2530keV in G chis

Fig. 3
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TIME-RESOLVED X-RAY EMISSION AND X-RAY SPECTRA OF Au-DISK [IS
Shot #37070712: 357 J/242 ps, 2.82 X 10"® W/cm?
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X-RAY TEMPORAL SIGNATURE AS A FUNCTION OF LASER POWER L3
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SIMPLE 4-CHANNEL X-RAY MICROSCOPE g
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ZONE PLATE CODED IMAGING (Technique:)
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L% TIME RESOLVED X-RAY PINHOLE PHOTOGRAPHY

X-ray streak tube

. . X-rays from
Laser D:chrmc target
. . pinhole
irradiated
target 4
’ Camera
De> ‘
b V""" Filter
X-ray Optical
emission trigger

50X pinhole camera



ASYMMETRIC TWO-SIDED TARGET IMPLOSION
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DT-NEUTRON ENERGY SPECTRUM &
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Image Reconstruction In Higher Order

Zone plate alpha imaging results:

Shot parameters

Power on target

Pulse width
D-T fill
Neutron yield
Bali diameter
Laser irrdiated
target
@ Coded image Q
. . i
~—
a1um
- e
7.4 um
Reconstructed image Reconstructed image
first order third order
6= 10 um §=3um
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Fig. 11
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