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Abstract 
In this paper we discuss use of the Livermore x-ray streak camera to temporally record 

x-ray pinhole images of laser compressed targets. Use Is made of specially fabricated 
composite x-ray pinholes which are near diffraction limited for 6 A x-rays, but easily 
aligned with a He-Ne laser of 6328 A wavelength. With a 6 pm x-ray pinhole, the overall 
system can be aliened to 5 pm accuracy and provides Implosion characteristics with space-
time resolutions of approximately 6 urn and 15 psec. Acceptable criteria for pinhole align­
ment, requisite x-ray flux, and filter characteristics are discussed. Implosion character­
istics are presented from our present experiments with 68 urn diameter glass mlcroshell 
targets and 0.̂ 5 terawatt, 70 psec Nd laser pulses. Pinal Implosion velocities in excess 
of 3 x 10i cm/sec are evident. 

Introduction 
Experiments designed to study laser driven Implosians of glass microshells are underway 

in several laboratories around the world. Tho ultimate goal of these experiments is to 
drive the encapsulated deuterium-tritium fuel to a sufficiently high density and tempera­
ture that the resultant thermonuclear reaction produces a net energy gain *» 2. In prelim­
inary experiments it has been shown that modest compressions are achieved 3 ( and that the resulting neutrons are of a thermonuclear origin *. It is important that these early 
experiments be understood in sufficient detail that future experiments can be accurately 
designed. Because of the high densities and temperatures involved, x-ray emission from 
the compressed target provides a primary source of data regarding dynamics of the implosion 
process. A typical Implosion experiment involves an approximately 100 micron Initial diam­
eter target which implodes to a fraction of its initial size on a time scale of roughly 
100 picoseconds. The x-ray data must therefore be resolved spatially to microns and tem­
porally to several picoseconds in order to provide direct data describing the heating and 
implosion processes. However, diagnostics available to date have not had the capability of 
simultaneously providing the required space-time resolutions. Time integrated x-ray Imag­
ing studies provide spatially resolved photographs showing target compression 3, 5. spa­
tially integrated streok camera studies provide temporally resolved x-ray spectral signals 
interpretable in terms of implosion times D» '. In this paper we report the first tempor­
ally resolved x-ray images of laser compressed targets with sufficient resolution to contin­
uously follow the implosion process. The resultant space-time characteristics provide 
directly observable implosion velocities, and aa such provide direct, detailed data of the 
type required for meaningful comparison with numerical simulations. 

Imafle Formation and Detection 
In a companion paper " we discussed use of our 15 picosecond x-ray streak camera to re­

cord spectrally and temporally resolved x-ray emission from laser compressed targets. Here 
we discuss the extension of that work to time resolved pinhole photography °. A schematic 
diagram of the general concept appears In Figure 1. An x-ray pinhole is used to image the 
target, with its own x-ray emission, on the slit of the streak camera. The one dimensional 
image seen by the slit-shaped cathode is then streaked in time, giving a space-time history 
of the target implosion. The imaging system must be chosen such that a spatially well re­
solved, accurately aligned x-ray Image illuminates the photocathode. In addition, the im­
age must be of detectable intensity. 

As indicated above, x-ray pinholes are used In tho work reported here, primarily because 
they combine ease of construction and large magnification with reasonable spatial resolu­
tion. It Is well known that x-ray pinhole cameras can provide spatial resolutions In the 
micron range when properly designed with respect to geometrical and diffractive effects. 
For given wavelength A and object distance p, the optimum pinhole diameter d, for a large 
magnification camera, Is given by 9-15 

* 1.6 V *P (1) 
For 2 keV x-rays (\ ̂  6 8) and an object distance p of 1 cm, the optimum pinhole diam­
eter is approximately *t urn. For smaller pinhole diameters ohtalnable spatial resolution 
* Work performed under the auspices of the the United States Energy Research and 
Development Administration under contract No. W-7405-Eng-48. 
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50X pinhole camtra 

Figure 1. Schematic diagram showing the laser irradiated target, a 50x 
pinhole camera, and a simplified representation of the x-ray 
streak camara. Note that a vertical target displacement of 
one radius from the ideal position renders the image tangential 
to the silt shaped cathode, and therefore undetectable. 

is seriously degraded by diffraction. For larger pinholes, spatial resolution is essen­
tially given by the pinhole diameter. In the viork presented here, a 6 urn diameter x-ray 
pinhole is employed. 

It is evident upon inspection of Figure 1 that a vertical displacement of one target 
radius from the opti;-':m position renders the image tangential to the streak camera silt 
and therefore unphotographable. Considering that we are interested In So - 10G um diameter 
targets* and that these implode to a fraction of their Initial radius, severe requirements 
on alignment accuracy are Imposed, typically of several microns. The difficulty that thl3 
generates resides In the fact that the x-ray pinholes are chosen to be near diffraction 
limited at 6 A, and a sufficiently intense alignment source does not exist at that wave­
length. Instead we seek to use a convenient visible alignment technique employing a CW 
He-He laser at 6328 A. For the given geometry and near optimum x-ray pinhole dlnmeter, 
this factor of 1000 difference In wavelength causes severe diffraction and essentially 
renders the visible alignment source useless. A solution to this apparent conflict is to 
construct composite pinholes !° which appear small to x-ray wavelengths, but large to vis­
ible wavelengths. The use of x-ray absorbing, visibly transparent glass r-> construct such 
pinholes is discussed in the following section. An alignment scheme, accurate to approxi­
mately 5 um, is also presented. 

In addition to image formation and alignment, there is also the significant question of 
x-ray intensity within the image vis-a-vls detection limits. A conservative estimate of 
detectaoility can be made on the basis of previous streak records without imaging and use 
of a simple model of spatially uniform but time dependent x-ray emission 1 7 . With such an 
emission model one easily shows, that for a large magnification pinhole camera, the x-ray 
intensity at the streak camera silt is reduced, with respect to the unlmaged case, by an 
intensity loss factor, 

e - c£) 2 (2) 
where d is the pinhole diameter and D is the target diameter. We now use this model to 
estimate x-ray flux levels at two times: an early heating phase before significant target 
compression, and a later peak compression period when the target diameter is at its small­
est value. According to reference 6 (Fig. 8 and accompanying text) the low energy channel 
for a half terawatt experiment shows pre-compression flux levels a factor of 100 above 
detection limits, while peak conpresslon levels are nearly a factor of 1000 above such 
limits. Considering a pinhole diameter d-fi um, an initial target diameter Di of 60 um, one 
expects pre-compresslon flux levels to be reduced with imaging (see Fq. <?) by a factor of 
100, rendering them just barely detectable in these experiments. At later times, near 
peak compression, the final target diameter Df Is expected to be approximately 8 um, 
giving a loss factor 6 of only two. Jlnce flux levels are relatively high and losses are 
minimal, we conclude that the period of peak compression is easily recorded with our x-ray 
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atreak camera, .T 6 vm pinhole, nnd a half tcrnw.V '- of laser energy en a £0 ur. diancter glaan 
shell target. 

Pinhole Design and Allgnr.ent 
An mentioned In the previous section, the crucial feature of those experiments is pin-

hole-target alignment. With 60 up diameter targets compressed to a fraction of their ini­
tial also, alit:nn:i*nt accuracies of several nlcron:i tire required to fceor the x-ray Image 
centered on the alit cathode of the streak car.cra. With pinhole alscs chosen to be near 
diffraction United for 6 A x-rays, it in evident that composite pinholes *•»» 1̂  arc re­
quired to permit alr.ple alignment, with a 6?28 A* He-He laner. Such pinholes appear appro­
priately small at x-ray wavelengths, but considerably larger and not overly diffracting 
for the visible alignment source. A typical composite pinhole la shown In Figure 2. 

(n) (b) (c) 

Kirure 2. A typical composite pinhole is nounted on the end of a 16 gauge 
hypodermic needle, as shown In (o). A 125 nicron dlanotor hclc 
Is mechanically drilled In a 12 nicron thick cold foil, and then 
covered with a thin (5-10 micron thiol:) layer of x-ray absorbing, 
visibly- transparent glass. A smaller (3-10 micron) x-ray pinhole 
is then laser drilled concentrically with the larger hole nc 
shown in (b). A ncanning electron microscope picture of the laser 
drilled hole Jo shown in (c). Composite pinholes have been fcrr.erf 
with both tungsten phoophat.. and tantalur. silicate glasses. 

It Is fabricated by firnt mounting a 12 urn thick geld foil on the end of a 16 gaug* hype* 
dermic needle, no seen in Figure 2 (a). A 125 uci diameter hole Is r.echanlcally drilled 1M 
the gold foil and then the entire ĝ  Id fell is covered in this case with a 9 ur. chief: dlyi; 
of 66X by weight tungsten phosphite glass *". This glass has an x-ray absorptanee cf 10 
in the spectral region of interest, and a visible transmlctance of 131. A 7 UD diameter 
holt? is then laser drilled concentrically with th*. larger 125 urn diameter hole, as shown 
Ir. Figi're 2 <b). A closeup view of the x-ray pinhole, taken with a scanning electron 
microscope, is ahown Sn Figure 2 (c). Pinholes in the 3-10 un diameter range have been 
constructed in the tungsten phosphate glaso and also In 20 un thick tantalum silicate gJ.aso 
-°. The latter exhibits higher x-ruy absorptance and higher visible transnlttancc than the 
tungsten gliisa, but has a higher melting point and is therefore more difficult to work with. 
High concentration lead glasses have not been used because lead has an K-cdgc at 2.U9 kcV 
and th'in allows x-ray leakage, or insufficient absorptancc In that spectral region. Tung­
sten TX%& tantalum have their respective tt-odges at 1.81 and J.7'I keV. 

The vl&lble alignment scheme used In conjunction with composite pinholes Is shown In 
Figure 3. A He-He laser, spatial filter, focusing lens and pellicle combine to provide the 
visible alignment beam. They are oriented in a way that the llGht appears to originate 
symmetrically from the center of the streak camera cathode. The pellicle Is 505 reflective, 
•=nj transmissive at 6328 R, and 99S transmitting for x-rays of interest. The focal length 
of the lens is chosen to produce a focal region waist midway between pinhole and target. 
By appropriate clipping of the beam at the focusing lens, a set of Airy rings *° modulate 
the waist pattern. The second dark rln^ is set approximately at 125 un to allow accurate 
alignment of the large (125 um) hole of the composite pinhole. The x-ray pinhole is now 
centered in the optical alignment pattern, within a concentricity error of 2 or 3 nicrons 
for the composite pinholes. The transmitted Interference pattern, now somewhat affected by 
pinhole diffraction, propogates on to the target plane one centimeter away. The target is 
then moved to a central position as ahown In the successive photographs of Figure i». With 
the cathode slit, pinhole, and tBrget in alignment, the system is ready for target irradia­
tion and compression experiments. 
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Tariff"- :tf,tcnn>?»!L itch*?-*' #»pleylm* i $Si?-!!v Jti,i«-s*» t» (Viv.ipld 
Sons, SB;4 a a** of Alrjf Hn£«. !*-9*.fc *h«* «£.$»&;; li<? |-tnh^ir 
s»J the \ar*!*s i r e ftnr.tcres Jr. ih* vlitttl* <{*.STraur".ion *,«'•»* 

dlfft-tvctlen ^evtern dff.i«plbcd in ?£j^trc J. Thtf sweeps tv<-
photographs shov *Sv8- t»l*£$-t i*fti«c e.«ty<ed to rt eo»U'3l jrosHlftn 
ithfflr* i t *1U to properls sS^r,e4 with froth th* |v!fsHoW tm*i 
K»riiy 3t;-*tttte es*ft«*& cathode. 

Spaeft«Tlc.eii Se#tjttllfln ffSiifirttKa 

Rc.auU.3 tpttalncd Utrlnc recent £a])toption ftxtMrMf&Wr.*} wtth l.tvertsor*-*;* -Jfi&tt« ifta«.»r ff*cii-
_ 17 *fi"*J arc presented in Figur-wi 5 - 7 far throw nearly Identical targets . Th<?,-.<? OK-
pcrlfconfco Involved the irradlatifm and co=y>r»ss3ien of tjfpSeiitls £8 Rlcreii dlfise-t^t-, 0.*; 
nleron thick DT f i l led p.lnas olero.ihen.-.. tfaintj clHpseSUsl fcewsinr: a l r rors (;in«0.i9},th* 
laser delivered approximately 0.*i5 Tfc In u topical 70 pace, tkfe-Rldcd irradiation cxpert-
merit. X-ray iwaslor, and rtltorlnR *erc? obtained with a 6 nieron d!fi«cter tantalum pinhole* 
and a 525 micron thick bcrylllun f i l t e r , respectively. The apriee-URje iKploaicn dMer.icn 
presented in Figure:* 5-7 aho* isodenolty f!ltj contours o b t a i n s directly ?**»« tlw renpociIve 

l iV 
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t s t r e a k r e c e n t . The taiv.0-*. had :i 
wall thlffkn«:i:i of O.ljh microns , 
;i PT f ! U <*:" 1.0? rap/cc , acid upon 
i r rad l .v . Ion i rcduc*d 1 x 10* 
rwutpot.s . Two s!d«*d ln:*r<-"- ' r r a -
iJI.l"!cr. cvii.* loii 'd r !* 1«.:-.' and 

Hlfctirc V. Isodonolty contours obtained d i r e c t l v frets x-ray p inhole / s treak 
record. The target hid a wall thlokncas or 0.57 ralerona* a PT 
f i l l of 1.82 Bg /cc , and ufon Irradiat ion produced 2 x 1 0 5 neutrons. 
S ing le s ided target Irradiat ion cons is ted of a 16.9J pulae of 
approxlnatcly 70 pace PWHM. 
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Isometric presentation of the space-time tscdcnsliy contours 
for the Implosion of target B-iJlO, Figure 6. Low Intensity 
x-ray emission at the early time periphery, and Intense emission 
at the later time compressed core, ar«* easily Identified. 

B-410 
7/B/76 

Figure 9. Spatial profiles showing the im­
plosion of B-ftlO at various tines. This data 
Is obtained by examining various iso-temporal 
planes In Pig. 8. Emission from opposite 
sides of th^ imploding shell are observed to 
coalesce and finally form an Intense stagna­
tion region near the target center. 

M I O 
7/B/76 

/} 

/ \ center 

J \ - 20 *-m 

j . . . . 200 pi »• 

Tun* 
Figure 10. Temporal profiles of x-ray 
emission from the target center and from a 
position 20 microns to one side. The lat­
ter shows a double humped behavior as In­
tense x-ray emission passes this radial 
position once durinj Implosion and once dur 
ing post-compression disassembly. T M d 
data is obtained by examining lso-spatlal 
plane* in Figure 8. 
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plnhole/streak canera records. Shaded blocks In the lower right hand corner of each diagram 
display the approximate space-time resolutions of 6 microns and 15 picoseconds. 

The results presented In Figures 5 and 6 show two rather similar implosions, except that 
one Is somewhat more symmetric (Figure 5), while the other chows more pronounced details of 
target acceleration. Roth produced final implosion velocities 21* of approxlmatoly 3.fc*107 
cm/sec, aa 3ec-n in the Illustrations. Further details from these two-sided Irradlatltn 
experiments are presented In the- following paragraph. In the third experiment, dcscrit-'-J 
by Figure 7, target irradiation was purposely blocked on one 3ide so ay to observe devil Is 
of a single sided implosion experiment. This one tided irradiation exjeriiront Is very 
interesting in that it shows a hydrodynamlcally focused implosion at *h* target center, rir.d 
un asymmetric but two r.ided disassembly as the compressed core- c-'nsts for some dlBi:.nct* 
beyonu the target center. 

Taking target 6-410, Figure 6, as representative of t.ntse Implosion experiments we 
describe it further In Figures B - 10. Figure 6 shows an i3omotric presentation of the 
film density, which la proportional to x-ray intensity, as a function o»* space and time 
coordinates. Thi3 type of presentation is employed as It is somewhnt oasler to visual l::o 
the simultaneous space-tine compression In thi.i form. Taking planar .Mta of the da ".a In 
Figure 8 at discrete timer, and spatial positions we obtain tht* prof Ufa presented in Flfrures 
9 and 10. Figure 9 ch^ws spatial contours of x-ray emlcsl ->n at several discrete tines. At 
an early time the spatial profile shows two distinct emisstcn regions corresponding to the 
oppositely directed sides of the imploding shell. At a later time, bat before peak :on-
pressi-vi, the two regions grow significantly In Intensity and begin tr. coalesce. At a still 
later '...me the two regions have merged into a single, suapnatcl core of peak x-ray inten­
sity. Final target disassembly in the post-comprc3clon period is omitt»d for clarity, 

FiKurt* 10 shows x-ray temporal profiles for *he target center, und for a position 1'J 
micron? ^V? center. Note that the latter position displays a two humped behavior as peak 
raiiation passes that rndlnl position once during Imploclon and once during dlsasseraMy. 
N. • - that a properly weighted sum of the two temporal profiles In Figure £ could be used 
effectively to recor"truct the unimaged profiles presented in Reference 6, Further anal­
ysis of there results is underway, particularly with respect to removal of recording film 
(U1 vs. lor. E) characteristics. Experiments in other regl-ms of parameter space are sin.- in 
progress. 

Summitry 
Requirements for time resolved x-ray pinhole photography have been reviewed with ;:̂ rtî u-

lar emphasis on spatial resolution, pinhole alignment accuracy, and required emission lev­
els. Pertinent data regarding; the LIvermore 15 picosecond streak camera are reviewed. 
Special techniques employing composite, or dlchrolc» pinholes have been described which 
permit simple and accurate positioning of micron size x-ray pinholes. Results with s;art-
time resolutions of approximately 6 microns ana 1$ picoseconds are presented which clou-Hy 
.ihow the Implosion of laser irradiated 68 re.eron diameter rlass mlcroshell targets, i'hc'll 
acceleration, culminating In a final implosion velocity >'•' groritor than 5 x 1C' cta/ser, lr 
evident for both single and double sided irradiation experiments. 
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