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X-ray backlighting for the National Ignition Facility „invited …

O. L. Landen,a) D. R. Farley, S. G. Glendinning, L. M. Logory, P. M. Bell,
J. A. Koch, F. D. Lee, D. K. Bradley, D. H. Kalantar, C. A. Back, and R. E. Turner
Lawrence Livermore National Laboratory, P.O. Box 5508, Livermore, California 94551

~Presented on 20 June 2000!

X-ray backlighting is a powerful tool for diagnosing a large variety of high-density phenomena.
Traditional area backlighting techniques used at Nova and Omega cannot be extended efficiently to
National Ignition Facility scale. New, more efficient backlighting sources and techniques are
required and have begun to show promising results. These include a backlit-pinhole point-projection
technique, pinhole and slit arrays, distributed polychromatic sources, and picket-fence backlighters.
In parallel, there have been developments in improving the data signal-to-noise and, hence, quality
by switching from film to charge-coupled-device-based recording media and by removing the
fixed-pattern noise of microchannel-plate-based cameras. ©2001 American Institute of Physics.
@DOI: 10.1063/1.1315641#
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I. INTRODUCTION

X-ray backlighting refers to the technique of radiograp
ing transient phenomena in high-density materials. It i
powerful method of measuring hydrodynamic evolution o
material subject to external pressures, such as those cre
by x-ray1–6 or laser ablation.7–9 When the backlighter is ei
ther monochromatic or spectrally resolved by the imag
instrument, information on the opacity or equation of state
a material can also be gleaned.10–19 Transient, picosecond
to-nanosecond-duration x-ray backlighter sources ema
from plasmas created by the interaction of high-intensity
ser beams with foils.20–29Imaging is usually provided by on
of three methods:

~1! Pinholes30–36 @for two-dimensional ~2D! imaging# or
slits4,35,37@for one-dimensional~1D! imaging# are placed
between the backlit sample and detector.

~2! A point source of x rays is created that casts a shadow
the sample at the detector.22,23,38–40

~3! X-ray optics such as curved mirrors35,41–44and Fresnel
lenses45 cast a backlit image at the detector.

The intrinsic spatial resolution depends on a combination
the detector resolution and the pinhole diameter, po
source size, or quality of the figure of the opti
respectively.30,35 The effective resolution, however, as lim
ited by data noise, can be worse. Noise arises from ins
cient photons collected per resolution element~shot noise!,
or spatial nonuniformities in the instrument response.

In the first section of this article, ‘‘Imaging Tech
niques,’’ we review the strengths and weaknesses of the
two backlighting geometries, especially in the context of e
trapolating to National Ignition Facility~NIF! scale. Because
the third backlighting method, utilizing x-ray optics, is inhe
ently expensive and calibration intensive, it has not been a
to accommodate the wide variety of high-energy-density
inertial confinement fusion~ICF! experiments demandin

a!Electronic mail: landen1@llnl.gov
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timely, quantitative backlighting at arbitrary photon energ
Hence, we will not further discuss this third option, b
rather endeavor to show how improvements in the first t
techniques can make them at least as valuable for the
tional Ignition Facility as they have been at Nova a
Omega. For example, we propose variants on these b
lighting geometries that should improve the backlighter e
ciency for some current experiments by factors of up to 1
Recent results from Nova and Omega with the new te
niques are also presented as proof of principle.

In the second section, ‘‘Backlighter Sources,’’ we di
cuss how the backlighter source efficiency can be increa
by using spatially distributed, broader-bandwidth sourc
Supporting results from Nova are also presented. In the t
section, ‘‘Detectors,’’ we discuss the choice of detector, p
ticularly with respect to the data signal-to-noise ratio~SNR!.
We present recent results showing significant improveme
in data SNR by switching from film to a charge-couple
device~CCD! as the final recording medium and by correc
ing postshot for fixed pattern noise on framing camera d
We conclude by discussing the experiments we have plan
at Omega for further validating these new backlighting co
cepts, which will be essential for NIF.

II. IMAGING TECHNIQUES

We first review the two standard backlighting techniqu
commonly known as area backlighting and point-project
backlighting. We explain why current area backlighting
impractical at the NIF scale, and why current poin
projection backlighting has not and will not become a ma
stay technique at any size facility. We then present a var
on the current point-projection technique, backlit pinho
backlighting, which combines the best features of both tra
tional techniques while providing a potentially more efficie
x-ray source for all future experiments. Methods for furth
increasing the photon-collection efficiency by using redu
dant imaging apertures are also discussed.
© 2001 American Institute of Physics
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A. Area backlighting

For area backlighting, imaging is provided by a pinho
or slit placed between the backlit sample and the detecto
shown in Fig. 1~a!. The backlighter source size by simp
geometry must be at least as large as the sample trans
dimensions. There are three principal advantages to this t
nique:

~1! The spatial resolution is determined by a fixed entity
pinhole or slit that can be easily pre-characterized a
can almost always be shielded or distanced sufficie
from the target and backlighter environment to avo
closure.

~2! Multiple images from slightly different lines of sight ca
be cast on a single detector using a single backligh
spot. If each image is gated at a separate time while
backlighter laser beam is on, then a sequence of ima
is obtained in time, typically, 16 for a wide variety o
experiments at Nova and Omega. Alternatively, those
images could be recorded on a static detector such
x-ray film or an x-ray CCD and then summed for im
proving the SNR. In this case, the temporal resolution
set by the backlighter x-ray duration.

~3! The cooling of the backlighter plasma due to energy l
out of the edges of the laser spot is mitigated by hav
a large spot.

We now consider how area backlighting scales fro
Nova and Omega to NIF. Consider an experiment seekin
backlight a sample driven by a given radiation temperat

FIG. 1. Schematic of backlighting configurations:~a! area backlighting,~b!
point projection backlighting using point targets, and~c! point projection
backlighting using pinholes.
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hohlraum environment. NIF will have'423 more power
than Nova or Omega, hence, NIF will be able to drive a 43
larger hohlraum to the same temperature. If the sampl
also scaled up by 43 in size and 423 in area, then the area
backlighter must also be scaled up by 423 in area. Assum-
ing for the moment a fixed-photon-energy backlighter, ke
ing the backlighter x-ray intensity fixed is equivalent
keeping the backlighter laser intensity fixed. Therefore,
der the current assumptions, the backlighter laser power m
be 423 larger. Stated differently, the fraction of laser pow
apportioned to backlighting would be fixed as we transiti
from Nova to NIF. Because we typically use 10%–20%
the beams at Nova for backlighting, we would require 10%
20% of the beams on NIF. However, this is overly optim
tic. First, because of the'43 longer drive durations possibl
with NIF for fixed hohlraum temperature, the samples a
likely to be thicker, hence, requiring higher-photon-ener
backlighting, which requires higher backlighter intensiti
and power. Second, for a given desired spatial and temp
resolution and number of collected photons per resolut
element, the required backlighter x-ray intensity is fixed on
if the imaging detector is kept at the same stand-off dista
as at Nova. This, in general, will not be possible when co
sidering how diagnostic damage and debris concerns sca
NIF.46 For example, for maintaining fixed debris and x-ra
fluence at the detector, the stand-off distance would
41.53 further at NIF. For the same number of collected ph
tons per resolution element, the required backlighter x-
and, hence, laser intensity would be 433 greater. Therefore
the combination of higher backlighter intensity and larg
area required for NIF experiments could easily set the ba
lighter power requirement greater than the total NIF pow
available.

One could consider increasing the x-ray conversion e
ciency of area backlighters by switching to underdense v
ume emitters such as foams and gas-filled targets.47–49How-
ever, even for a predicted 303 increase in conversion
efficiency at NIF scale~from, say, 0.3%–10%! by switching
from foil to volume emitters, the required fraction of las
power apportioned to such an area backlighter could
reach 40% by the above scaling arguments.

B. Point-projection backlighting using point targets

In point-projection backlighting, a point source of x ray
casts a shadow of the sample of interest at the detector38 @see
Fig. 1~b!#. The principal advantage over area backlighting
that for a given x-ray photon energy and, hence given la
intensity I L , the power requirements are greatly reduced23

by the ratio of the point-source area to the sample area~often
factors of .1003!. The other main advantage is that th
detrimental long-range spatial structure from area ba
lighter nonuniformities are absent for an isotropically em
ting point source. Current techniques create a point sourc
firing a best-focus beam on thin wires or dot targets. Ho
ever, point-projection backlighting has been less widely u
up to now because area backlighter power requirements w
still reasonable at Nova scale, and because of the follow
disadvantages:
t to AIP copyright, see http://ojps.aip.org/rsio/rsicr.jsp
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FIG. 2. ~a! Gated backlit pinhole ra-
diographs at 4.7 keV of 50-mm-diam
tungsten wire. Pinhole diameter is 2
mm. ~b! Line-out across wire radio-
graph att51 ns ~solid line!, overplot-
ted with fit ~dashed line! convolving
50-mm-diam wire shadow with 21mm
full width at half maximum source
size.~c! Resolution vs time for 25-mm-
diam backlit pinhole~closed circles!
and 40-mm-diam pinhole ~open
circles!. Horizontal lines are predicted
resolution assuming no pinhole clo
sure.
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~1! The spatial resolution is determined by the hot emitt
plasma size, which expands in time, degrading reso
tion. To counteract this effect, experiments have eit
used a short~,200 ps! backlighter pulse and a stati
detector, or timed a gated detector to view the earl
unexpanded phase of the backlighter plasma. A rela
disadvantage is that x-ray conversion efficiency is low
early in time.50

~2! The small plasma-source size leads to more cooling
2D and three-dimensional~3D! expansion, reducing ef
ficiency ~i.e., edge effects are proportionately more im
portant!.

~3! Because there are no imaging elements between
sample and detector as in area backlighting, the ba
ground contribution from sample self-emission is i
creased by the ratio of the sample to resolution elem
area. This forces point-projection experiments to vi
either cold samples, image at very highhv, or image in
gated mode after the drive beams are off. Fortunat
many high-energy-density experiments are diagno
under these conditions. For opacity experiments,
backlighter must be spectrally brighter than the sam
of interest over a large range of wavelengths.

~4! Until a true single-line-of-sight x-ray framing camera
in routine use,51–54 multiple lines of sight are required
for each radiograph, translating to a separate point ba
lighter per frame.
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The combination of the area backlighter advantages
the multitude of point-projection backlighter disadvantag
has discouraged the routine use of point-projection imag
at facilities such as Nova. However, because area backli
ing does not scale well to NIF, we have revisited poin
projection backlighting in the following section with the aim
of mitigating or eliminating several disadvantages.

C. Point-projection backlighting using pinholes

A new point-projection x-ray radiography technique h
been developed that combines all the advantages in
ciency and flexibility of the previous methods. The techniq
uses pinholes to define the backlighter source size@see Fig.
1~c!#, thus allowing for arbitrary, long-duration backlightin
with minimal laser-power requirements. The energy los
from 2D and 3D expansion are mitigated because the o
mum plasma size is now set by the minimum laser spot s
rather than the fiber size~for NIF, a 300-mm-spot versus a
typical 10-mm-diam fiber!.

In Fig. 2~a!, we show gated, 4.7 keV x-ray point projec
tion radiographs of a 50mm vertical wire created by a backli
25 mm pinhole. Line-outs@Fig. 2~b!# across the wire show
that the expected 1D resolution of 21mm is maintained for
several nanoseconds@Fig. 2~c!#. The backlighter laser powe
was only 0.2 TW, representing 203 less power than used b
typical Nova area backlighters. The required backlighter
t to AIP copyright, see http://ojps.aip.org/rsio/rsicr.jsp
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630 Rev. Sci. Instrum., Vol. 72, No. 1, January 2001 Landen et al.
ser power could have been further reduced, only limited
either the minimum achievable spot size or, as in this ca
the conservative tolerance given to beam alignment~6200
mm!. The technique has also been used recently to im
imploding foamballs and shells used for quantifying symm
try in NIF-scale hohlraums. A comparison of such gated d
recorded on film from backlit-pinhole backlighting vers
traditional area backlighting is shown in Fig. 3. Clearly, t
image SNR and uniformity is superior in the case of t
backlit pinhole. In addition, it is interesting to note that wh
the backlit image of the 3 mm shell in Fig. 3 used only tw
3.5-ns-duration Omega backlighting beams totaling 0.15
in power, an area backlighting image would have required
TW, 33 greater than all the laser power available from t
Omega laser at that pulse length.

The new issue brought to the fore by backlit pinholes
the possibility of pinhole closure due to pinhole substr
ablation by the backlighter x rays produced at a distancp.
From Fig. 1~c!, ensuring an adequate backlighter field
view r at the sample a distanceq from the pinhole requires
that p,q(s/r ), wheres is the backlighter source size. Be
causeq is limited by beam travel ands should be minimized
to reduce laser power requirements, this sets a maxim
value for p and, hence, a minimum value for the x-ray fl
ence at the pinhole, which, assuming an intens
independent x-ray conversion efficiency, is'I Lts2/p2. The
current experience at Nova and Omega is that 25 and 50mm
pinholes do not close appreciably during 4 ns of 4.7 k
irradiation from plasmas created by a 0.15 TW, 400-mm-
diam laser spot atp5500mm. Scaling to NIF, withsmin

5250mm, qmax55 cm, and assuming a required field-o
view r'5 mm setspNIF52.5 mm. Hence, for the same du
ration backlighter pulse length and the same x-ray fluenc
the pinhole, the backlighter power at NIF could be increa
by ;253 ~i.e., to 4 TW! levels without increased risk o

FIG. 3. Gated backlit pinhole radiograph of 3-mm-diam Ge-doped pla
shell. Pinhole diameter is 50mm. Inset for comparison purposes is gat
radiograph from 500-mm-diam Ge-doped plastic shell obtained using a
backlighter and 15mm pinholes.
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closure. For smaller pinholes, the effects of closure can
mitigated by limiting the duration of the backlighter x ray
by tamping the pinholes with low-Z materials, or by allowing
for some closure during the experiment.

We note that the 643 increase in backlighter intensity i
entirely consistent with the 41.53 larger stand-off distance
that will be required for NIF diagnostics. The 253 power
increase is also consistent with the idea that only a sing
TW NIF beam per frame will be required when using back
pinholes, at least for the mid-keV backlighting range.

III. PINHOLE AND SLIT ARRAYS

For NIF, the assumption so far has been that the num
of photons per resolution element can be maintained fixe
a more distant detector by increasing the backlighter la
intensity and, hence, x-ray intensity. However, increasing
ser intensity can lead to overdriven plasmas, which su
from reduced absorption due to parametric laser–plasma
stabilities, reduced x-ray conversion efficiency at the pho
energy of interest, and production of unwanted, high
energy penetrating photons.

One alternative to increasing laser intensity is to coll
more photons by creating redundant images. If the sampl
be backlit is nonrepeating~such as an implosion!, one can
use a pinhole array to produce several nonoverlapping
ages that later can be summed36 electronically to improve the
SNR. If the sample to be backlit has a repeating pattern~such
as a single-mode Rayleigh–Taylor-type experiment!, then
one can constructively add images directly onto the dete
by an appropriate choice of pinhole or slit array separati
For example, Fig. 4 shows that if the pinhole or slit sepa
tion is set atM /(M61) of the wavelength of the feature o
interest, where the1~2! is for area~point-projection! back-
lighting, respectively, then the signal can be increased b
factor of n, wheren is the number of slits or pinholes. On
must ensure that any sample motion or bowing does
appreciably change the magnification or wavelength, resp
tively. Consider imaging withn slits. A change in relative
sample to pinhole distanceDu/u equates to a relative mag
nification changeDM /M which in turn leads to a relative
wavelength dephasingDl/l5@n/(M61)#(DM /M ), which
is less important at higher magnification. If the maximu
dephasingDl/l must be kept to below, say, 5%@equivalent

ic

FIG. 4. Example of use of pinhole array to increase throughput when b
lighting samples with repeating features. A similar scheme exists in p
projection mode.
t to AIP copyright, see http://ojps.aip.org/rsio/rsicr.jsp
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631Rev. Sci. Instrum., Vol. 72, No. 1, January 2001 Plasma diagnostics
to 0.3 rad dephasing, with cos~0.3! being 5% different from
unity#, then for a typical NIF magnification ofM5203 and
n510, DM /M must be kept below 10%. For a pinhole
sample distance of, say, 3–5 cm, this corresponds to limi
sample motion to a very reasonable 3–5 mm~of order the
transverse dimensions of NIF samples!. Bowing over a ra-
diusR will lead to a dephasingDl/l5n2l/8R, which is less
important for shorter wavelengths. Applying the sameDl/
l55% threshold leads to a minimum bowing radiusR
51 cm for n510 andl'40 mm.

The use of even short slits~,300 mm long! rather than
pinholes for imaging 2D sample features~such as planar
interfaces4 and ridge modulations2! is recommended when
photons are scarce, because a factor of 103 increase in col-
lection efficiency is easily realized with minimal rotationa
tolerance requirements on the slit. We note that the slits
be used either in the traditional manner with area backlig
ers or to provide line-projection backlighting. In the case
area backlighters, the slits provide further averaging over
fixed, backlighter, medium-scale spatial nonuniformities.

IV. BACKLIGHTER SOURCES

Besides increasing the collected photon flux, one
work at increasing the emitted backlighter photon flux.
second alternative to increasing incident laser intensity a
means of increasing backlighter photon flux is to create
tributed or spectrally broader sources.

A. Distributed, polychromatic backlighters

Facilities with many beams~@10! such as Omega an
NIF are ideally suited for creating distributed backlight
sources. Figure 5~a! shows an example of a configuratio
using stacked foils. This scheme has the advantage of
viding more photons without the above-mentioned proble
associated with driving just one foil. In particular, the use
multiple foils allows flexibility in setting the optimum lase
intensity for producing a given photon energy sour
Clearly, the flux at the detector will be optimized if there
no reabsorption as the radiation passes through interve
foils, a particular concern for commonly used resonance
radiation. Because the vast majority of backlighter expe
ments do not require monochromatic sources~just spectrally
well-understood sources!, one possibility is to make each fo
of a slightly different element, stacked in such a way th
each intervening foil is transparent to the characteristic
diation of the previous foils.

The example shown in Fig. 5~a! is for K-shell emitters,
where foil thicknesses need only be as thin as 10mm. The
backlighter concept of irradiating a thin foil from both sid
has already been demonstrated.55 The multiple foil scheme
should also work for more opaqueL- @see Figs. 5~b! and
5~c!# or M-shell emitters,27 by switching to micron-thick
coatings on low-Z substrates. Besides providing higher x-r
fluxes when necessary, these backlighter schemes shou
useful for point-projection spectroscopy studies of interfa
hydrodynamics and for opacity studies. For the latter,
polychromaticM-shell backlighter may be the solution fo
creating spectrally brighter backlighters, which need not
Downloaded 30 Mar 2001 to 134.253.26.8. Redistribution subjec
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spectrally continuous, over a range of photon energies be
;4 keV.

B. Picket-fence backlighters

Long-pulse ~.500 ps! laser backlighters have bee
found to be more efficient than shorter-pulse backlighters
photon energies,10 keV.21,50 This is generally attributed to
better laser coupling56–58 in the longer-scale-length plasma
that are allowed to develop with a longer pulse. Coupli
this fact with the desire to operate at peak laser power w
out approaching peak-laser-fluence damage concerns
gests a picket-fence backlighter approach. Figure 6~a! shows
an example of a streaked x-ray spectrum from a Nova 1-T
2v picket-fence laser beam irradiating a Zn disk at
31015W/cm2. The first 500 ps picket produces a monochr
matic He-like emission line at 9 keV. The second and th
pulses at 4 ns intervals interact with a pre-expanded volu
of Zn ions to produce a broadband x-ray source, with up
33 more brightness and efficiency when integrated over
8.5 to 9.5 keV spectral range@see Fig. 6~b!#.

V. DETECTORS

Until recently, x-ray film was used for short-pulse bac
lighting. Framing cameras based on microchannel pla

FIG. 5. ~a! Schematic of polychromatic backlighting configuration fo
K-shell emitters. Each foil is transparent to its own He-like resonance
radiation and to line radiation of foils behind it.~b! Schematic forL-shell
emitters.~c! Example of characteristic resonanceL-shell line radiation from
two neighboring elements (Z542 and 45! in the Periodic Table.
t to AIP copyright, see http://ojps.aip.org/rsio/rsicr.jsp
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FIG. 6. ~a! Streaked spectrum from
picket-fence backlighter. Backlighte
was created by three'1 TW, 500 ps,
2v pulses separated by 4 ns and fo
cused to 331015 W/cm2 on a single
spot on Zn foil. Spectrum is centere
around the 9 keV He-like resonanc
line of Zn. The weaker interleaved
streaked spectrum occurring'1 ns
earlier is from a second lower intensit
beam.~b! Running spectral integral of
x-ray output for each picket in arbi-
trary units.
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~MCPs! ~Refs. 59–61! equipped with film recording media
were used for long-pulse backlighting or to reduce ba
ground levels during short-pulse backlighting.40 In Table I,
the SNR contribution from these detectors and their sub
ments~where measured! is tabulated for a pixel size at th
detector plane of 100mm. This SNR has been verified to b
almost independent of the signal level or detector gain; i
not associated with shot noise, which should not be a c
cern for a well-designed experiment. The representative
mm pixel size has been chosen to be large compared to
spatial resolution of the detectors but small compared to
dimensions of the detector. The SNR increases roughly
early with pixel size between the size range of detector re
lution and detector dimensions. Table I shows that x-ray fi
provides a factor of;2 better SNR, at a level very similar t
the optical film. However, it is clear from these small valu
of the SNR that the useful spatial resolution for 2D imag
recorded on both static and gated detectors has been lim
by noise62,63 rather than by the better intrinsic resolutio
@30–40 mm for MCPs ~Refs. 64–66! versus,5 mm for
film#.

A. Removal of film random noise

To reduce random noise levels, the x-ray film used
static backlighting has been gradually replaced by x-
charge-coupled-device detectors. Similarly, the optical fi
used as recording medium for MCP-based framing cam
has been replaced by optical CCDs.67 While the SNR for

TABLE I. SNR at 100mm scale for various detectors and subelements, w
and without flatfielding, in the absence of shot noise. For CCD, a sig
approaching the MCP saturation level of 20 000 counts is assumed.

Detector element Raw SNR SNR after flatfield

X-ray film ~DEF!a 18
Optical film ~T3200! 17
MCP1T3200 8 12
CCD 10 000
MCP1CCD 9 .50

aDEF5direct exposure film.
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film is characteristically a constant,64 the absolute value o
the CCD noise is characteristically a constant, as determ
by the dark noise level. For a typical 9-mm-pixel optical
CCD in use at Omega, the random dark noise is 20 cou
compared to an optimized exposure level~i.e., approaching
MCP saturation! of 20 000 counts. Averaged over a 100mm
spatial scale, the CCD SNR is, hence,;10 000, a.5003
improvement over the film SNR~see Table I!. Even at a few
percent of maximum exposure level, the CCD SNR is still
order of magnitude greater than for film. Adding prompt da
viewing and analysis capabilities and at least as good a
namic range to the SNR advantage, we see CCDs as cle
desirable for replacing film in all future backlighting exper
ments.

B. Removal of MCP fixed-pattern noise

In Table I, we note that the SNR for MCP-based fil
data are smaller than the film SNR on its own. We ha
recently discovered that this additional noise source
photon-rich MCP-based framing camera data is repeat
on spatial scales as small as 20mm @see Fig. 7~a!#. This noise

FIG. 7. ~a! and~b! are two successive film images of a 2 mm32 mm section
of a uniformly x-ray illuminated microchannel plate~MCP! run in dc mode.
The MCP is operated at low gain~,100! to minimize the contribution of
shot noise. The two images show a repeatable structure down to a 20mm
scale.

al
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FIG. 8. ~a! CCD image of a uniformly
illuminated section of MCP run at low
gain in pulsed mode.~b! CCD image
~a! divided by the second uniformly il-
luminated image.~c! Line-out across
image ~a!. ~d! Line-out across flat-
fielded image~b!, demonstrating 53
improvement in SNR.
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can be removed on any data by dividing, pixel by pixel, b
uniformly illuminated test image~i.e., by flatfielding63,68!.
An example of the improvement in uniformity before an
after flatfielding is shown in Fig. 8. The noise is associa
with nonuniformities in phosphors produced at Lawren
Livermore National Laboratory~LLNL !. The improvement
in the SNR accomplished so far through such flatfielding
also given in Table I for both film and CCD as the recordi
medium.

In summary, the combination of flatfielding MCP-bas
data and switching to CCD as recording medium can
crease the SNR by close to an order of magnitude. We
ticipate that this will improve gated backlighting data qual
for a wide variety of experiments at Omega and NIF. Mo
over, the recent retro-trend of using static x-ray CCDs
avoid gated-detector fixed-pattern noise can now be rever
Clearly, static detection has limitations; it is not applicable
those experiments where the time-integrated noise f
sample self-emission and target background emission
ceeds the backlit image exposure level. The discovery
how to provide high-SNR gated imaging also paves the w
for long-pulse, point-projection, backlit-pinhole backlightin
to perhaps become the backlighting method of choice
NIF.

VI. SUMMARY

X-ray backlighting is a powerful tool for diagnosing
large variety of high-energy–high-density phenomena. T
ditional area backlighting techniques used at Nova a
Omega cannot be extended efficiently to NIF scale. N
more efficient backlighting sources and techniques are
Downloaded 30 Mar 2001 to 134.253.26.8. Redistribution subjec
d
e

s

-
n-

-
o
d.

m
x-
of
y

r

-
d
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e-

quired and have begun to show promising results. These
clude a backlit-pinhole point-projection technique, pinho
and slit arrays, distributed polychromatic sources, a
picket-fence backlighters. In parallel, there have been de
opments in improving the data SNR and, hence, quality
switching from film to CCD-based recording media and
removing the fixed-pattern noise of MCP-based cameras

Some of these new backlighting concepts have alre
been validated at the Omega facility. We have demonstra
the backlit-pinhole concept69 for pinholes as small as 5mm,
and quantified the improvements in flux available from d
tributed polychromatic sources.70
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