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The Z-Beamlet laser backlighter system at Sandia National Laboratories, which will be operational
in 2001, will create a point or area source of highmoderatgenergy x rays behind Zaccelerator

[R. B. Spielmaret al, Phys. Plasmas, 2105(1998] -driven target. In the former case with2 kJ

in up to four pulses oK 2 ns total duration in a 20 ns interval, aneB0% of the 2 energy in a
~50-um-diam focal spot, the resulting 4 x 101 W/cn? irradiances will generate=8.950, 8.999

keV (zinc Hex, etc) x rays. This high-energy source, as either a single point or four separate spots,
will be used directly for four-frame point-projection x-ray imaging, and will attain spatial
resolutions and signal-to-noise levels significantly better than presently possiBlesimg existing
methods. In combination with &1 cm field of view, the technique will be well suited to the large,
relatively opaque objects characteristic Dfexperiments. This addition is anticipated to have a
major impact upon the basic physics spinch implosions, and therefore, possibly the ultimate
x-ray powers and hohlraurfvacuum or dynamicradiation temperatures that may be attainable.
Furthermore, in combination with a slightly defocused point source and a medium-energy
grazing-incidence microscope, Z-Beamlet may allow various inertial confinement fusion and
high-energy-density physics experiments to be studied at even higher spatial resolution and
signal-to-noise levels. €001 American Institute of Physic§DOI: 10.1063/1.1315645

I. INTRODUCTION ing >4x10%Wi/cn? irradiances will generate=8.950,

To date, all x-ray imaging diagnostics on the 8.999 keV x rays(zinc Hex, etc., radiation® Cpnversely,
acceleratdr? at Sandia National Laboratories have reliedth€ large-area source of lower x-ray energy will be used for
upon direct self-emission from the accelerator-driven target@sorption spectroscopyor backlighting of a small target
For certain experiments, such as time-resolved pinhole imimaged with a single, “close-in” pinhole(Because of the
aging of stagnating wire array implosions at low x-ray ener-finite spot size, existing pinhole-based imaging deviceZ on
gies, this is quite sufficient; e.g., Ref. 1. However, althoughwill not necessarily become any more flexible or useful.
this approach is quite convenient and simple, it does limit ~ With Z-Beamlet in the point-area mode, high-energy
one to studies within a restricted temporal window, x-raypoint-projection radiography—the simplest possible x-ray
energy range, and signal-to-noise level. To this end,Zhe imaging technique—would appear to be well suited t@
facility is presently being upgraded with the addition of asince the objects of interest are generally quite large and
high-power laser, the Z-Beamlet laser backlighter systenopaque. Indeed, this radiography diagnostic is anticipated to
(Z-Beamle},*® which will be operational in 2001. This laser have a major impact upon the basic physicszginch im-
will be used primarily as a point-area, high-energy x-ray il- plosions, and therefore, possibly the ultimate x-ray powers
lumination sourcéx rays created from laser—plasma interac-and hohlraum(vacuum or dynamicradiation temperatures
tions with a metallic foil,® but will also have the capability that may be attainable. However, this imaging technique also
of generating x rays over a larger1-mm-dian) area, albeit has considerable merit for smaller-scai@inch investiga-
at moderate 1-3 keV energies. With the laser tightly focusedions. For example, a particularly small-point x-ray source
as either a single point or four separate spots onto a backreated from arx-pinch plasma has recently contributed to
lighter foil, and pulsed at appropriate times, the device wouldhe physics of exploding wire cores iB-accelerator-like
serve as a very high-energy, four-frame, point-projection imtargets® In this vein, for the envisaged experiments requir-
aging system. In terms of photon energy, Wit kJ in up t0  jng spatial resolution and signal-to-noise levels higher than
four pulses of<2 ns total duration in a 20 ns interval, and possible with the smallest, pinhole-apertured Z-Beamlet
>80% of the 2» energy in a~50-um-diam spot, the result-  hoint source, there appears to be at least one “x-ray optics”
solution. That is, a medium-energy grazing-incidence micro-
dElectronic mail: grbenne@sandia.gov scope, in the Kirkpatrick—Bae#KB) configuratior? effi-
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ciently backlit by a slightly defocused Z-Beamlet point (6) Ability to point the laser focus along a line perpendicular
source. Although as a trade off the field of view would be  to, and 0.03—1 m from, the-pinch axis.
considerably smaller, as appropriate for higher resolution
and larger magnification, such a device would be requiredil. POINT-PROJECTION IMAGING FUNDAMENTALS
for various inertial confinement fusiolCF) and high-
energy-density physicéHEDP) experiments.

A description of high-energy, four-frame, point-
projection imaging with Z-Beamlet, and how it will be

The modulation transfer function MTFY(, which conve-
niently describes the resolution performance of many imag-
ing systems over the entire object plane spatial frequency
: : . range, G<f<, is a suitable tool for understanding
implemented or;Z, forms the Ibuflk of this ar"ucle.. H.(glwever,K _Beamlet point-projection imaging. For any near-
Some comments on a singie-frame, grazing-incicence iffraction-limited application, low-energy point-projectien

Imager cogpl_ed _to a four-frame detec_tor are also given. Du?adiography or otherwise, an accurate MTF description gen-
to space limitations though, no details of large-area back-

liaht licati b i ¢ dillumi erally includes diffraction effects directly. However, for
\ghter appiica |on$e.g., apbsorption Spectroscopy and Iflumi= ., o.¢ o sufficiently high photon energy this is not strictly
nation of close-in, single pinholgsre discussed. Instead,

. %n)ecessary, in which case a completely “geometric” analysis
. . - ften suffices. Indeed, for the point-projection radiography
golgnt srz:thc:a. B(rafiore th?t, fr1i0\t/vever, a brief description of thesetups envisaged for the Z-Beamlet Z-accelerator system, a

-beamiet laser Is appropriate. geometric description appears to be sufficiently accurate for
any of the planned experiment applications. To this end, this

Il. Z-BEAMLET section begins with the geometric MTF describing any point-

With some specific changes to suit the Sandia ICFProjéction imaging system assumed to have negligible dif-
HEDP mission, Z-Beamlet is essentially the National |gni_fractlon, and then applies it to specific setups designed for
tion Facility (NIF) prototype laséf which operated at Law- experiments. Diffraction effects for relevant configuration
rence Livermore National LaboratofyLNL ) during 1095~ concludes the discussion. . o . _
1998. When complete in 2001, Z-Beamlet will be the second For an object.plane with a sinusoidal intensity of spatial
largest ICF/HEDP laser facility in the U.S., and as a back{réauencyf, described by
lighter it will have several state-of-the-art featufészor ex- Tonjecl f.X) = 2 1+ cog 2mfx)], 1)
ample, to focus>80% of the 2v light into a final spot diam-
eter of ~50 um, after propagating a 75 m distance to #he the geometric result of point projection at the image plane is
chamber, a 39-actuator deformable mirror will be used. With
this adaptive optic located at the front end, the wave front
will be corrected at an instant just prior to a full shot, and a

near-diffraction-limited focus will be obtained at the trans-,, ..o .am =(U+V)/U (M=1) is the system magnification,

port spatial filter(TSP. Any aberrations beyond this region U andV are the point-source-to-target and target-to-image-
are expected to be small, and a good TSP focus should I’eSLHFane distances is the beam spot radius, and

in a tight focal spot on the backlighter foil. Although this
system was part of Beamlet at LLNL, the focal-point re-
quirements for Z-Beamlet are somewhat more stringent. In-
deed, it is notable that the 50-um-diam focal spot is only
~6X larger than the & diffraction limit. That is, if the final
lens was truly diffraction limited, then the first zero contour
in irradiance(the first zero of the first-order Bessel function shown in Fig. 1, wherdJ=V=1 m and the “instrument”

of the first king would occur at a-4 um radius. In terms of ollection solid angle\Q is AQ=0.49< 109 sr. These are

some specific additions and deletions to the original BeamIeE]e distances, and therefore magnification, at which most of

] S ) -
]:?;Stﬁg:]’c Z_tﬁel?:ﬂectr \;vtlgl (Izr)]c":\lé%?ti(ola 32?;2?61 oIeEchoP e the initial Z images will be obtained. From the MTF analyti-
q y-tripiing cry y P cal form[Eg. (3)] a number of interesting points arise, some

to transport the beam a 75 m distance to Zhaccelerator . . . :
building; (3) a new master oscillator; an@d) removal of the phyglcally ObVIOU.S anq others nd) A negr-umtary magni-
' ! fication (V<U) implies that the spatial resolution ap-

booster amplifiers. To meet the primary and functional re- e L ; . .
) ) : L proaches infinity (also minimal diffractive degradation
quirements, Z-Beamlet will have the following criteria:

would exis}; this would be quite impractical, however, since
(1) >2 kJ of 0.527um light in a four-pulse picket fence of the detector could be destroyegd) Similarly, it is evident

~ 1
Iimage(fax)z 2 J 2

M

2mfx
1+MTF(f)co

o [(27@fV ) M-—1
MTF(f)=sind —— —a|=sind 2«f al. (3)

M U M
(Equation(3) can be readily derived, but due to space limi-
tations the details are omitted-or example, aZ-relevant
point-projection radiography system ok2magnification is

<2 ns total duration over a 20 ns interval. that M =2, while not as effective as near-unitary magnifica-

(2) Picket pulse of 0.2—0.5 ns controllable duration. tion, is at least preferable to, sayl,= 10 (this neglects con-

(3) >80% of energy in a 5@:m-diam spotimplies an irra-  sideration of the finite detector resolution and diffraction dif-
diance of>4x 10'Wi/cn?). ferences (c) As the beam spot radiwsapproaches zero, the

(4) Ability to insert a phase plate for a smooth, large-areaspatial resolution tends to infinityfd) There is no depen-
(~1 mm diam focal spot. dence onJ andV, thus providingM anda remain constant

(5) Ability to create four-point foci, of few mm separation, any setup can be, say, increased to a larger scale to suit
using a wedged or diffractive optic. experimental constraints; e.g., detector damage. As a result,
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FIG. 2. Geometric modulation transfer functipM TF(f)] for the 2<x mag-

U=1m V=1m nification point-projection radiography setup of Fig.(solid line), except

with the assumption that the point source appears circular t ttaeget

FIG. 1. Standard Z-Beamlet setup foik2magnification point-projection  (e.g., the laser spot has been enlarged and arb@iam pinhole is placed
imaging; i.e.,U=V=1 m. With >80% of the 2 laser light focused into a  close to the sourge Also shown(dashed ling is the response when the
50-um-diam spot, 9-12 keV x rays will create a shadow image of themagnification is increased to X0 Note the effective resolution has been
Z-accelerator target at the detector plane. The effective instrument collectioreduced, although the larger magnification does at least allow one to better
solid angleAQ is AQ=0.49x10 °sr. To maximize laser—plasma cou- couple the imaging performance to a detector of lesser resolving power; i.e.,
pling, the backlighter foil normal will be<30° from the laser line, and not a gated microchannel plat®CP). Also note, that MTF{) has repeating,
45° as showr(0° being normal incidenge Note the irradiance difference regular zeros, and that when MTIO0 a phase reversal occurs when
between a normally illuminated foil and 30° is0.87. mapping from the object to the image plane.

however, diffraction effects will increase and the imageas one may expect has an entirely different form of the MTF.

brightness will reduce, and visa versa if the system is scaleth this regard, since any even, periodic 1/f) function can

for a reduction inU andV. be constructed from an infinite number of cosine Fourier
As an example of the geometric MTF, the Fig. 1 case ofcomponents, it is intuitive that the new MTF will not act as

a 50.um-diam focal spotd=25um) and 2< magnification, an overall multiplier. Instead, each Fourier component will

implying MTF(f) =sinc(wfa), is shown(solid line) in Fig.  have a unique, individual MTF. For example,

2. Also shown(dashed lingis the degradation effect of in- %

creasing the magr_liﬁf:ation fivefold to X0 releyant to(b). objecﬁf ==l1+2 2 sm(m-r/ )coin(27rfx)]>

Note that to maximize laser—plasma coupling, the back-

lighter foil will be <30° from the laser line, and not 45° as (4)

shown in Fig. 1(0° being normal incidenge Therefore, describes an input that is an even square-wave, periodic in

since the analysis so far assumes the point source is circulaff  and the resulting image plane responsetpu is

it is clear that the effective elliptical emitter will have a dif-

ferent MTF response. Also, the irradiance will be reduced by (fx)= {1+ 2

~0.87 from the normal laser irradiation geometry assumed limag

in the calculation of the>4x 10'*W/cn? irradiance men-

tioned earlier; i.e., an irradiance of3.5x10"W/cn?. , M-1

However, to improve spatial resolution beyond that limited XSIH{ (

by the 50um-diam laser spot, 10—2bm-diam pinholes will

routinely be used close to the backlighter foil, as discussed ®)

shortly. Hence, it is reasonable to assume that the effectivilote for this more physically obtainable situation, that when

source, as viewed by the detector plane, will generally be=2 the nth Fourier MTF component becomes

quite circular. For Fig. 2, which assumes a circular/g@-  sinc(hwfa). Thus, whenfa=1,2,3,4,..., the resolution &t

diam source, one could imagine the laser to be slightly debecomes zero; just like thexzmagnification case of Fig. 2.

focused and then apertured along the horizontal line of sighis an example, with I=a=25um the MTF would cross

by a 50 um pinhole. In practice, though, there would be noits first zero atf=40mm !, and the object plane would

reason to do this. Anyway, both thex2and 10 curves of correspond to opaque bars 1261 in width, each separated

Fig. 2 show repeating, regular zer@st fa=1,2,3,4,..., for by 12.5um.

2X magnification, and a fair amount of the useful spatial An object that is even simpler in practice, and one which

frequency with MTF<0. This behavior indicates that the is particularly straight forward to model the diffraction prop-

image plane sinusoidal pattern hasraghase shift from the erties of, is the knife edge. Figure 3 shows the geometric

input; i.e., phase reversal. response of the 2 system described in Fig. 2 and the dif-
In terms of this example and the analysis so far, it isfraction pattern of a single, infinitely small 9 keV point

clear that while the sinusoidal object plaiteg. (1)] is math-  source. Although the diffraction pattern of only a single

ematically very useful, it is in fact rather difficult to obtain in point source is shown, it is in fact quite simple to understand

practice. In comparison, a square-wave input from a series dhe total effect of the 5Qsm-diam source. For instance, the

equally spaced opaque bars, is quite trivial to construct, busrea can be considered as an infinite nhumber of uniformly

S|n(n1-r/2)

cos{n(27-rfx)]].
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FIG. 3. Geometric knife_-edgg response of the stter_n described i_n I_:ig. Hybrid streak/framing camera
2, and the corresponding diffraction pattern resulting from an infinitely (c) % and gated, 4-channel \ M

small point source of 9 keV radiation. From the latter, it is clear that the  MCPdetector
diffraction distribution from the 5Qsm-diam source, which would be an 77T .\
infinite number of point emitters uniformly distributed over the laser spot ]
area, would not add significant width to the geometric response. For a setup
FIG. 4. In the simplest point-projection imaging configurati@h a four-
ost picket-fence pulse would allow four separate regionsbfaget to be

with, say, a 10um sourceU=0.1111 m, and/=1 m for 10X magnifica-
maged at different gated times. The irradiance in this case <a8Gf laser

tion, i.e., fixedV but higher magnification, the effects of diffraction are less,
as indicated by Eq6). Therefore, the geometric response, a spread over 9

angle, would be>3.5x 10" W/cn?. Alternatively (b), with either a wedged
or diffractive optic in the final optic assembly, four spatially separated

um, is a better approximation to reality than th& 2ystem. Note in the
10X case thatA ) =0.064x 10~ % sr, which is a~8x% reduction from the
2X system. several mm separatippoint sources would allow theametarget region to
be imaged at four different gate times. However, although this may be more
desirable, it would be obtained at the expense »fldser irradiance reduc-

distributed point sources generating the same diffraction pation to >0-85|3;< _1016_W/S3r}1z- ﬁ’” the OtthEFt;a_nﬂ;), a hy?fédfstreak/frfming
. e : sgamera would In principle allow one 10 obtaln tour gated frames o e same

te.m bL.It .at dl;placed po§|t|0n§ on the image plan,e' Thus’ : arget region using a single; 3.5x 10 W/cn? irradiance point source.
Fig. 3 it is evident that diffraction would not add significant
width to the geometric response. Likewise, for a1€ystem
with a 10.um-diam sourcelJ =0.1111m, and/=1 m (im-
plying AQ=0.064<10 °sr, an eight-fold reduction over point sources could be obtained by using either a wedged or
the 2x magnification configurationthe geometric response diffractive optic? and as a trade off the peak irradiance
for this fixedV/, higher magnification case, is an even betterwould be reduced by to >0.88x 10" W/cn?. Naturally,
approximation to reality. This is because the blur widththis four-fold reduction in irradiance would impact the avail-
added by diffraction would be even less than that of 2 able x-ray energies. There are, however, two methods to cir-
magnification, but the geometric spread, a0, would be ~ cumvent this problem, which would otherwise waste 75% of
larger. the laser energy. The first is to use the same wedged or

In relation to this, it can be shown that the distance bediffractive optic in the final optic assembly, but split and
tween the 1/4 intensity pointknife-edge locationand the delay a single laser pulse at the beginning of the amplifier
peak of the first cycléapproximately the point with a nor- chain. Thus, the square cross-section amplifier profile, split

malized intensity of 1.37 Ax, is into four equal, independent sections, would amplify each
pulse separately. Thereafter, each of the four spatially sepa-
Ax~1.2yAVI2M. ©®  rated points at the focal plane would only receive one pulse.

Thus, for the % and 10< setupsAx is 7.04 and 3.15um,  In which case, the irradiance would be3.5x 10'®W/cn? as
respectively. Therefore, in contrast to purely geometric confequired. The second possibility would use a hybrid streak/
siderations, this shows that there is an advantage to highiaming camera to capture four gated images from the same
magnification. Furthermore, unlike the geometric MTF, theretarget region, illuminated by a single point soufegg. 4(c)].
is a dependence ovi and, hence, also od for fixed M. Without a spatial multiplexing system and a wedged or dif-
fractive optic, this approach would transfer complexity from
the laser to the image plane detector, but it could be the
preferred option. Indeed, a hybrid streak/framing camera ap-
In the simplest point-projection radiography system onpears to be the appropriate detector choice for the KB micro-
Z, a four-post picket-fence pulse would allow four separatescope mentioned earlier and discussed shortly.
regions of a target to be imaged at different tifiesgy. 4(a)], For the very first point-projection imaging experiments,
with up to 20 ns from first to last frame. Using a laser irra-the overall configuration will initially be that of Fig.(d—
diation angle 0of<30° on the backlighter foil, the peak irra- four different target regions at different gate times—and the
diance would be>3.5x 10 W/cn?. In this case, images of detector will be a four-frame MCP with visible photographic
different target locations each at different times would haveilm. The circular active area of each channel will be of 18
rather limited value in most experiments. However,shene  mm diam, and the image plane wilkld m from theZ target.
target region could be imaged at different times by usingLikewise, at least for & magnification, the backlighter will
four spatially separated point sources, and the same detectoe 1 m behind the target. To protect from debris and high-
[Fig. 4(b)]. The required several-mm separation of the four-energy bremsstrahlung radiation, the detector will be placed

IV. POINT-PROJECTION IMAGING WITH Z-BEAMLET
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inside a heavily shielded tungsten box fitted with electro-one possible “x-ray optics” option for reliably obtaining
magnetic fast-closingEMFC) valves. Protecting against de- high resolution with good collection efficiency, at lower en-
bris 1 m from thez pinch across an 18 mm aperture, is in factergy and over a smaller field of view. Before that and as an
quite a challenge. However, by using electromagnetic gumside, it is interesting to note that point-projection radiogra-
technology from another Sandia program, the detector bophy is, in fact, very efficient compared to, say, area backlit
presently has EMFC valves with shutters that approach a 250inhole imaging where the actual collection solid angle may
m/s velocity. Thus, with two shutters arriving from opposite be thesame This is because in the latter, the laser energy has
directions the closing time is~36 us, implying debris to be distributed over an area larger than the object being
speeds 028 km/s can be guarded against. To put this intoimaged; whereas, in the former the energy can be concen-
perspective, it is interesting to note 28 km/s is more tharirated into a small spot while still fully illuminating a large
double that of the fastest hypervelocity gas guns used iobject.

shock-wave physics applications. Even faster closing times

are expected if the valves can be cooled to increase electrical
conductivity, however, it is unlikely that the detector would V. HIGH-ENERGY GRAZING-INCIDENCE IMAGING

ever be placed closer than 0.8 m from the pinch. Indeed\,NITH Z-BEAMLET

since the X and 10< point-projection configurations dis- To obtain higher resolution than possible with point-
cussed earlier are essentially dominated by geometric optigsrojection imaging, it is clear that an x-ray optic imaging
(independent olU and V, but dependent upoM anda), device would have to use Z-Beamlet in either the point-
there would be little reason to reduvebelow 0.8 m, keep-  (~50 um diam) or area-sourcé~1 mm diam mode. How-

ing M fixed, to minimize diffraction. Conversely, an M  ever, because the imager could be required to study ICF
increase beyah 1 m toreduce the risk of debris damage, implosions, for example, where the capsule size, at least ini-
would be limited by theZ chamber wall and water insulator tially, is ~2 mm in diameter, it is already clear that pinhole
on the other side. The same restriction applies to thémaging would not be possible with even the 1 mm laser
backlighter-to-target distandé, at least for the & magnifi-  spot. Furthermore, high-resolution applications requiring
cation case ofJ=1m. high x-ray energies, and therefore, the afh laser spot,

In addition to detector enhancements such as a hybridould compound the problem much further. However, in
streak/framing camera for a single point source, 10u485-  addition to point-projection radiography, one of at least two
diam pinholes as mentioned earlier will be used to improveother imaging techniques that could image an object larger
spatial resolution beyond that possible with the/&@ laser  than the backlit illumination area is the approach based on
spot. (See Ref. 11 for related details concerning pinhole<curved crystald? Radiography systems of this type have
assisted point-projection radiography on NI the single  been very successful, particularly on the Nike Laser at the
point source case, a thick backlighter foil apertured by aNaval Research Laboratory, and a spherical concave quartz
nearby pinhole would be preferred over a fiber<d0 um  crystal has achieved 1.7 um resolution at 1.473 ke¥ Due
diameter, since it would better withstand multiple pulse irra-to a number of issues, however, it will not be possible to
diation over 20 ns. Furthermore, a fiber could exhibit somdield a high-resolution, and therefore, high-magnification,
radial expansion and, therefore, source broadening. To useurved crystal imager od other than aM ~1-2. In terms
fully couple the performance increase to the gated MCP deef a near-horizontal view from one of the main 12° diagnos-
tector, an appropriate increase in magnification beyord 2 tic lines of sight(LOS) approximately perpendicular to the
would be required; e.g., 20 magnification for a 1Qzm-  vertical pinch, the placement of a crystal behind the target
diam pinhole. Note again from E¢3) that the required mag- will be precluded by the disk-shape magnetically insulated
nification increase will partially offset the geometric resolu-transmission linef(MITLs), see Fig. 1 of Ref. L Likewise,
tion improvement incurred from the spot size reduction.an axial view will also be obstructed by the MITLs, although
However, it would reduce the small diffraction degradation,in either case appropriate modificationsz@ould overcome
as implied by Eq.(6). The most obvious disadvantage to these problems. On the other hand, an appropriately designed
improving resolution in this way is the reduction in the in- KB microscope could both be fielded @without requiring
strument collection solid angle(). For example, the 1@m  any changes to the power flow hardwased image an ob-
source relevant to the X0setup mentioned earlier has()  ject larger than the backlighter area, as required. For in-
=0.064x 10 % sr. Similarly, a 5um pinhole and 2& mag-  stance, a KB device could be located axially below e
nification (U=0.0526m andV=1m) has AQ=0.018 target and backlit from above. However, as with a curved
X 10" %sr. With a 2% reduction inAQ from 50 um (M crystal imager, a near-horizontal view in a 12° LOS would
=2) to 5um (M=20), it is apparent that there is a natural not be possible.
penalty in obtaining higher resolutiofNote, for temporally In terms of existing KB microscopes used in ICF appli-
streaked, one-dimensional imaging, where the spot needs tations, the numerical apertuiidA) has generally been “de-
be small in only one dimension, a pinslit could replace afined” by the full mirror area® Thus, the same mirror sur-
pinhole so that the effective brightness would be lajgar. face is used for all points of the object plane, and as a result,
less certain disadvantage, is the possibility thatanb pin-  the backlighter aredif a backlighter is usedis at least as
hole 53 mm from the pinch could “close” during the tens of large as the object being imaged. However, by using a suit-
ns that it would be bathed in “run-in” radiation during the ably located aperture stop behind an oversized KB mirror
pinch implosion. To this end, the following section describespair, it is possible to effectively employ a different mirror
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section for each object plane point. In addition to a likeli- prior to the event of interest. To this end, the requirement for
hood of improved spatial resolution performance, via a re-an x-ray optics solution to high resolution is apparent. Given
duction of off-axis geometric aberratioffsa correct stop that a single, close-in pinhole backlit with the 1 mm laser
location can beneficially change the direction that the illumi-spot would have insufficient field of view for the applications
nating rays appear to come from. Specifically, the stop locaef interest, this led to the consideration of two options that
tion can be adjusted until the rays effectively emerge from aould image an object larger than the Z-Beamlet focal spot.
backlighter area that is smaller than the target object, as rédowever, the first of these, a curved crystal imager, was
quired. Indeed, without going into detail, it would be discounted as only a low-magnification system could be
possible—using sufficiently long mirrors—to effectively il- fielded onZ without otherwise incurring power flow hard-
luminate a 2-mm-diam capsule with only a slightly defo- ware changes. Nevertheless, the importance and impact of
cused Z-Beamlet point source of, therefore, relatively highsuch systems when appropriately accommodated should not
x-ray energy. For example &300-um-diam spot, implying be forgotten. Conversely, a suitably designed KB microscope
a ~1x10*W/cn? irradiance, could generate copious quan-using a correctly located aperture stop could both be fielded
tities of 4.295, 4.316 keV scandium Hex rays. In regards on Z, andimage an object larger than the laser spot. For
to a suitable image plane detector for a single-frame KB ofxample, with sufficiently long mirrors it would be possible
this type, a hybrid streak/framing camera would be approprito illuminate a 2-mm-diam capsule using only a slightly de-

ate[Fig. 4(c)]. focused Z-Beamlet point source. Retaining a fairly small fo-
cal spot implies that relatively high x-ray energy can still be
VI. SUMMARY AND DISCUSSION generated, even though the peak irradiance is less than the 50

pum case. As with point-projection radiography, the ability
here to use a small laser spot for illuminating a large object,
allows high-energy x rays to be generated and at the same
time increases the effective collection efficiency.

In summary, the Z-Beamlet laser backlighter system
which will be operational in 2001, will be used primarily as
a high-energy point-projection x-radiography system for im-
aging Z-accelerator-driven targets. In combination with the
inhergntly Iarg.e~1.cm field .of view and>9 ke\( X-ray  AcKNOWLEDGMENTS
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