X-Ray Radiographic System Used to Measure the Evolution of
Broadband Imprint in Laser-Driven Planar Targets

In an inertial confinement fusion (ICF) implosion, the target iseffects that occur in the imprinting experiments. A caveat for
hydrodynamically unstable, and, as a result, mass modulatiotfsese experiments is that imprinting is not directly measured;
in the target (either existing or created) can grow to be largather, some unstable RT growth is needed to amplify the
enough to disrupt the implosion, thereby reducing its thermgperturbations to detectable levels.
nuclear yield! In direct-drive ICF, the nonuniformities in the
drive laser can create mass modulations in the target by a It should also be noted that the hydrodynamic instabilities
process called laser imprinting. As the target accelerates, thesteidied here exist primarily at the ablation surface, the point
mass modulations can grow exponentially, creating large pewhere the steep temperature front meets the overdense material
turbations in the target shell. Understanding and controllingproduced by the shock. Perturbations in the target result from
laser imprinting are critical to the successful design of a highboth mass modulations (ripples on the ablation surface) and
gain ICF target. The primary method of studying imprinting isdensity modulations produced in the bulk of the target. The
through-foil x-ray radiography of laser-accelerated targetdatter are created primarily by the propagation of nonuniform
where the growth of these mass modulations can be observedhocks. Radiographic systems are sensitive to the density—
Planar targets are used because they are easily diagnosed tnickness product (optical depth) of the target and, as such,
are a reasonable approximation to the early portions of @annot distinguish between mass and density modulations.
spherical implosion. After about 1 ns of acceleration in these experiments, the
variations in optical depth produced by the nonuniform shocks
Our experiments use multiple laser beams to drive thbecome negligible, compared to those produced by the abla-
subject target and to produce x rays on another taffjaése  tion-front amplitude. At this point, it is reasonable to ascribe
x rays are filtered and imaged after they traverse the drivemost of the measured optical depth to the amplitude of the
target. Modulations in these images are related to the opticpérturbation at the ablation surfate.
depth (or density—thickness product) of the target. By properly
interpreting these images, the character of the imprinted fea- The backlighting source typically has multiple spectral
tures and their temporal evolution are studied. To accomplistomponents. As a result, simulations of the resultant optical
this, the instrumentation must be properly characterized. depth of the target are critical to interpreting the data. This
worked extremely well for experiments using two-dimen-
A direct measurement of the initial imprinted perturbationssional preimposed sinusoidal perturbatiéf$n contrast, the
is difficult because of their low amplitudes. Additional compli- features created by imprinting are three dimensional and
cations result from the propagation effects of nonunifornsignificantly more difficult to simulate. It is advantageous,
shock wave$:¢ Low-amplitude imprinting has been mea- therefore, to obtain experimentally a relationship between
sured directly using an XUV laser to probe target nonuniformeasured optical-depth modulations and the amplitude of
mities produced by a laser on very thin (~2 tov® siliconand  ablation-surface modulations. We simplify the latter process
aluminum target$.The present experiments use/2@-thick by establishing several reasonable assumptions about the de-
CH targets that closely resemble the target shells normalkgction system.
used on OMEGA spherical implosions. These experiments are
closely related to those that measure the growth of preimposed In the following sections, we discuss the radiographic
mass perturbatiorfsyhich were well simulated by hydrocodes, imaging system and methods to recover the target perturba-
providing confidence that both the energy coupling and amoutions from the radiographs. We present results of experiments
of unstable growth are well modeled for these experimentshat characterize the sensitivity, resolution, and noise of the
This provides a baseline calibration for various hydrodynamisystem. Using this information, we have formulated a Wiener
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filter that is designed to enhance the radiographic images. foils) were imaged by @im pinholes on a framing camera
essence, our analysis provides a way to distinguish signal frofittered with 6 um of aluminum. This yielded the highest

noise and to deconvolve the system resolution. sensitivity for an average photon energy of ~1.3 keV. The
framing camera produced eight images of ~80-ps duration,

Experimental Configuration each occurring at different times. The distance between the
Unperturbed (smooth surface), pia-thick CH (p =  target and the pinhole array was 2.5 cm, and the distance

1.05 g/cmd) targets were irradiated ax210" W/cn? in 3-ns  between the pinhole array and the framing camera was 35 cm,
square pulses by five overlapping UV beams (see Fig. 76.33esulting in a magnification of ~14. The use of optical fiducial
The targets were backlit with x rays produced by a uraniumpulses coupled with an electronic monitor of the framing-
backlighter, located 9 mm away from the driven target andamera output produced a frame-timing precision of about
irradiated at ~Ix 104 W/cn? (using 12 additional beams). 70 ps. The framing-camera output is captured on Kodak T-Max
Xrays transmitted through the target andia3thick Al blast 3200 film, which is then digitized with a Perkin—Elmer PDS
shield (located at the center between the backlighter and driveicrodensitometer with a 20m-square scanning aperture.

Five drive beams Figure 76.34 shows a block diagram of the entire detection
X-ray | = 2 x 1014 W/cm? system, which comprises four major parts: gun8pinhole,
fégmg% Pinhole the framing camera with a microchannel plate (MCP) and
phosphor plate, the film, and the digitization process. At each

stage of the measurement, noise is added to the signal, and the
signal plus noise are convolved with the point spread function
(PSF) of each component of the system. In the frequency
domain, the spectra of both the signal and the noise are
/ multiplied by a modulation transfer function (MTF) of that
subset of the imaging system.

shield

Backlighter Backl!ghter
beams foil . . . .
8418 In radiography, x rays with a nominally wide spectrum are
attenuated exponentially by the target being probed. In addi-
Figure 76.33 tion to the target, there are filters and imaging devices that

Experimental configuration. Five overlapped beams drive are0cH  affect the transmission of x rays to the detector. Figure 76.35
foil. An additional 12 beams produce x rays from a uranium backlighterfoil(thick line) shows a backlighter uranium spectrum used for
X rays traverse the target and are imaged by a pinhole array on a frami%aging? The spectral response function of the imaging sys-

camera. tem (Fig. 76.35, thin line) includes the transmission of
Y —_—_—__—_——
:® 8-um : :®Framing camera{ :® Film : :@ Digitizing :
' . pinhole : : 15(r), Dga(r) : : O4(r) | : O4(r) :
R——1—X) FA—® P Measurement|
! Lol 1 1 I
Do) | o T T § T T : - Del)
Noise — ! '
[Noise . PSF|' || PSF| [Noise], | PSF| [ Noise], | PSF| [ Noise],
| Ri()[i  1|Ry(r) 11| Ra(r) 1 Ry(r) |
| [
" |MTE[ o |MTE 1| MTF 1| MTF :
M) M) 1| My(f) | My() !
E9064 TS T T T T T T TS TS T T T T T T T oS m s
Figure 76.34

Block diagram of the experimental detection system. This system comprises four major pgus: @inidsle, the framing camera, the film, and the digitization.
At each stage of the measurement, noise is added to the signal, and the signal with noise are convolved withe g F5bH(r), andDgs(r) are the optical
depth modulations in the target, in the framing camera’s output, and as measured, resge@t)uslthe light intensity in the framing camera’s outiiu(r)
andOy(r) are the optical density of the film, before and after digitization, respectively.
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aluminum filters and mass absorption rate of a gold photocath- I5(r,t) ~J’dEJ’dr’

ode on the microchannel plate (MCP) in the framing camera. , ,
Figure 76.36 shows the spectrum used for imaging, absorbed *Ruz(r =" Ext) fai (B DHau(E) Soe (1, E11)
and converted into electrons by the MCP. It is obtained by ><exp[—_[g0 dz pc (Ert) p(r',z',t)]

multiplying the two curves in Fig. 76.35 together, taking the

attenuation of 2Qum CH into account. The output of the XEXP[—HCH(E,t)pau (t)f(r',t)]. (2)
framing camera is proportional to the convolution of the x-ray

spectral intensity incident on a target, its attenuation factor, arld this equation, x rays propagate along the target normal,
the PSF's of the pinholBy(r,E,t) and the framing camera which is oriented along the axis. The coordinate is the
Ry(r,E,t), including filters, wherd= represents x-ray energy. position vector perpendicular to that axigy ,t) is the output
Assuming that no saturation occurs in these devices, the outgatensity of the framing camer®&; 4(r,E;t) is a point spread
intensity of the framing camera incident on the film is function of a pinhole and framing cameras, which is, in
general, a function of the x-ray ener@y fy (Et) is the
aluminum filter transmissiona,(E) is the mass absorption

1000.0¢ T . )
S ; Uranium spectrum .rate of the.gold photocathpde (m the MCP); Sagt(r,E.,t)
© [ is a backlighter spectral intensity. The target density and
> 100.0¢ System thickness are(r,z,t) andzy(t), respectively. The target density
8 i spectral response and the amplitude of the target thickness modulation at the
o | ablation surface arp,,(t) andé(r,t). The mass absorption
S5 10.0¢ X
= i rate of the CH target igc(Et).
[ L
é 1.0f The film converts the incident light intenslgfr t) into the
%) : film optical densityO5(r,t) according to its sensitivity [dD
0_1' L Iog(H)]. curve W. Convolving that with the PSF of the film
0 2 4 6 Rs(r) yields
Energy (keV)
E9172
Oy(r 1)
Figure 76.35 t47/2
L.Jranlum spe.ctrum (thick solid line) and instrumental response (thin solid :Idr'Ra(r - r')WHggma’t_Uz dt'|2(r',t')%, (2)
line) as functions of x-ray energy.
g 100 ————— where1 = 80 ps is a time resolution of the framing camera.
; [ ] During film digitization, the optical densit®5(r,t) is con-
S 8ol ] volved with the PSR,(r) of the 20um-square aperture in the
5 I densitometer to give the digitized or measured optical density
a L
L 60F ]
b I ! ! I
I Oy(r,t) = fdr'Ra(r =) O5(r"). ©)
o 40+ -
£ I
T ool ] The measured optical density of the filgy(r ,t), is converted
g [ ] to intensity using the inverse film sensitiviy 1. The mea-
& ol AR VA sured optical deptBs(r,t) of the target is obtained by taking
0 2 4 6 the natural logarithm of that intensity-converted image:
Energy (keV)
E9183 Ds(1,1) = In[low—l[o4(r,t)]} 4)
Figure 76.36 SV T '

X-ray spectrum propagated through @r8-Al blast shield, a 2@m CH
target, and a @i Al filter on the MCP, then absorbed and converted into

The primary objective of this experiment is to recover the
electrons by the MCP.

amplitude of the perturbation at the ablation surface using the
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measured optical depth modulations. To do this rigorouslyhrough the following equation:

requires significant effort. Several aspects of the imaging

system enable assu.mptions., h.owever, that greatly simplify the o (r,t) = L (1 1) exp[—D&(r,t)] . (9)

analysis of the radiographic images: (1) As a result of Al

filters, arelatively narrow bandE = 200 eV) of x rays around

1.3 keV is used for radiography. The effect of the spectralext, assuming th@gy(r,t) andDgy(r ,t) are small, we expand

component of uraniuv-band emission around 3.5 keV (seein Taylor series the exponential functions in Eqgs. (5) and (9)

Fig. 76.36) on system sensitivity and resolution was measureohd retain only zeroth and first orders in these expansions. We

and calculated to be insignificant. (2) The backlighter specthen have

trum and filter transmission remain constant in time during the

measurement. (3) The backli_ghtgr is produ<_:ed by 12 bea_ms D&(r,t) D_[dr'Rlz(r ‘r',t)Dgo(f"t)- (10)

that have phase plates, resulting in a very uniform and predict-

able backlighter shape. (4) There is little heating of the solid

part of the target (the mass absorption coeffigiatconstant  Here we used the fact that the point spread fun&josr t) is

in time). (5) The amplitudes of growing imprinted features arenormalizedfdr Rlz(r,t) =1. The T-MAX 3200 film has a

large enough that the propagation of a nonuniform shockonstant MTF up to a spatial frequency ~50rthe highest

contributes little to the total optical depth of the tafg@iven  spatial frequency considered in our measurements, so the PSF

these assumptions, Eq. (1) becomes of the film is set to be &(r) function. Since we use only the
“linear” part of theD log(H) curve, the modulations in mea-

N , o _ , sured optical deptDs(r t) are linearly related to the optical
I2(r.1) Imv(r,t)jdr RlZ(r ' )exp[ DEO(r t)] ©®) depth modulation in the targBtz(r t):

where the modulation in a target optical de rt) is _ , . ,
S|mp|y g P mh)( ) DES(r't) —Idl’ Rsys(r -r )DEO(r ,t), (11)

_&(r,t)

D whereRs {r) is the PSF of the entire system. It is the con-
50(r,t) = e
CH

volution of PSF’s of the pinhole, the framing camera, and
the digitizing aperture of the densitometer. In frequency
and the spectrally weighed attenuation length of the tagget  space, the system MTF is the product of the MTF's of each of
is given as these components.

) (6)

In summary, we have used approximations of the system
performance to find a straightforward relationship between the
measured optical depth and the modulation of the ablation
lenr,t) is the slowly varying envelope of the backlighter.  surface. As opposed to requiring detailed computer simula-

tions to interpret experimental results, we find, for a class of

At this point, the target optical depth can be obtained fronexperiments, a direct relationship between the measurement
the measured optical depth by rigorously working backwar@nd target perturbations. Equation (11) has been derived by
through each stage, compensating for noise and system @&ssuming that modulations of the target optical depth are small
sponse (PSF) at each stage. However, if the modulation in tikempared to unity. Since Eq. (11) is a linear approximation, it

Ach=1/[Hon (L3 keV) pay | ()

target optical densit(r.t) is small, does not treat the generation of harmonics and coupling of
modes produced by system nonlinearities. We have simulated
Dfo(r,t) <<1 (8)  these nonlinearities for modulation amplitudes greater than

those measured routinely in our experiments and found that
(which is the case in all our experiments), the entire imagingonlinear effects were negligible compared to system noise.
system may be considered linear. This greatly simplifies the
relation between the measured optical depth and the targgystem Sensitivity
optical depth. We introduce a new variable, the optical depth Once the modulation in target optical depth is obtained (see
modulation in the output of the framing camddgy(r,t), above), the perturbation amplitude in the target can be found,
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provided various criteria are met. Variations in optical depttdata assuming the system MTF as a two-Gaussian furi&ion:
are produced by changes in either the target density or target
thickness. Apparent changes in optical depth can also result
from changes in the x-ray spectrum or in the attenuation
coefficient of the target material. We performed several experi-
ments to characterize the system performance.

Mgys(f) = 0.955 exp{ ~[14.2(um) f]z]

+0.045 exp{ ~[248.3(um) f]z} . (13)

System sensitivity is defined by the spectrally weighted The MTF is essentially the product of the responses of three
x-ray attenuation lengthc. This length is inversely propor- system components: the pinhole camera, thgr@@igitizing
tional to the mass absorption coefficient and the target densigperture, and the framing camera. The former two are straight-
[see Eq. (7)]. In practice\cy can be constructed using the forward calculations based on geometry and spectral energy.
target compressioi€,, calculated by the 1-D hydrocode The MTF of the framing camera was determined by measuring
LILAC,? and the attenuation length of the undriven taiget  the camera response to a J&@-wide slit (placed 1 mm in

front of the camera) backlit by x rays [see Fig. 76.39(a)]. This
Ay = A_x (12) image of the slit was digitized with a/Bn scanning aperture.
Co The slit width and its proximity to a camera were sufficient to
neglect any diffraction effects. The dashed line in Fig. 76.39(b)

This relation can be used as long as the driven target mairepresents the light intensity incident on the slit. The thin solid
tains a cold value of its mass absorption coefficient. Typically,
during our experiments the target temperature is far below the

. - Washer
values that could change the mass absorption coefficient. |

We measured the attenuation lenggtin undriven 25sm (@  25umCH, = J
CH, (0 =0.92 g/cm) targets using backlighter beams only. At

the position of the experimental target, a thin strip o G#s
mounted so that the radiographic system could view x rays
that both miss and traverse the target, as shown on the image
taken at some time during the 3-ns backlighter pulse [see
Fig. 76.37(a)]. The calculated attenuation length for this mate-
rial was 11.5um, and we measured 16n+1 ym from the
difference in optical depth in these two regions [lines A and B
in Fig. 76.37(b)]. This value was constant for the ~1-mm 8 ' ' ' '
backlighter spot and did not vary over the duration of the 3-ns - 1
backlighter pulse. We also radiographed undrivepu20cH 6 WWW _|
(p = 1.05 g/cmd) targets that had preimposed, low-amplitude
(0.5 um) sinusoidal modulations with wavelengths of 60 and
30 um. Using these modulations as control referentgsas
measured to be Jm+2 yum. These experiments showed that
both backlighter spectrum and filter transmission remained 2
constant in time during the measurements.

Optical depth
N
2
|

System Resolution 0 I | | I
The resolution of the system was characterized by measur- 0 50_ 10_0 150 200 250
ing its response to a sharp, opaque edge (machined platinum).__ Distance in target planguf)

Its image is shown in Fig. 76.38(a). The dashed line in

Fig. 76.38(b) represents the light intensity incident on thé&igure 76.37

edge, the thin solid line is the measured light intensity propa(a) Image of the undriven strip target; (b) lineouts of the measured optical
gated through the system (and averaged in the direction par&Fpth (shown by lines A and B). Images through both the CH and open areas

. S . . llow th tical depth to b d.
IeItotheedge),andthethlcksolldIlne|sthef|tt0exper|mentaai owThe opfical depth fo be meastre
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line is the measured light intensity propagated through thand microchannel plates. This scattering resulted in areduction
system (and averaged in the direction parallel to the slit), anof the MCP resolution up to about 20% at low spatial frequen-
the thick solid line is the fit to experimental data assuming theies < 5 mm. In our experiments, the phosphor plate was not
framing camera MTF as a two-Gaussian function: aluminized. We saw, however, no significant reduction of the
MTF at low spatial frequencies due to such scattering because
of much lower levels of irradiation, compared with above-

_ 2
MZ(f) =1.05 exp[—[103.8(pm)f] } mentioned experiments.

2
-0. —{95. . 14 . . .
0.05 exp{ [95 B(Hm)f] ] (14) Figure 76.41 shows the various MTF’s discussed above.

The thin solid line is the MTF of the entire system as deter-
The measured MTF of the framing camera is shown imined by its edge response. The dotted line is the system MTF
Fig. 76.40. This MTF is similar to that measured in othercalculated as the product of the MTF’s of th@r8-pinhole
experiments performed at LLNE12and NRI13 with alumi-  (dot-dashed line), the framing camera (dashed line), and the
nized phosphor plates, which have reduced the long-scal20-um digitizing aperture (thick solid line). These MTF's
length scattering of photons and electrons between the phosplamsumed a system magnification of ~14. It can be seen that for

(@)

Pl edge
150 T T (?) T T 3.0 T T T T T T T T T T T

I I 1 m

a =

= c N |
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= >
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Figure 76.38 Figure 76.39

(a) Image of the edge target (Pt strip). (b) The dashed line represents the ligh} Image of the slit target, installed in front of the MCP. (b) The dashed line
intensity incident on the edge. The thin solid line is the measured lightepresents the light intensity incident on the slit, the thin solid line is the
intensity propagated through the system (and averaged in the directioneasured light intensity propagated through the system (and averaged in the
parallel to the edge), and the thick solid line is the fit to experimental datalirection parallel to the slit), and the thick solid line is the fit to experimental
assuming the system MTF to be a two-Gaussian function. data, assuming the framing-camera MTF to be a two-Gaussian function.
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spatial frequencies below 70 miithe measured system MTF zation. It is possible to determine the origin of noise based on
is in reasonable agreement with the aggregate response of tteespectrum since, in frequency space, the signal and noise
individual components. So in the analysis of target nonuniforat each stage are multiplied by the MTF of that portion of
mity evolution (discussed in tWgiener Filtering section), we the system.
analyzed the signal only at frequencies below 70-fam
Figure 76.42 depicts the azimuthally averaged Fourier
System Noise amplitudes of the optical depth for two square regions with
Using radiographs of strip targets [see Fig. 76.37(a)], th&50-um width, through and around the strip. At high frequen-
system noise was characterized. Since the strip targets waries (>100 mmt), the averaged noise is nearly constant,
uniform with very smooth surfaces, all nonuniformity mea-indicative of the noise from film and digitization. At lower
sured in the radiographs of these targets is noise. The primaspatial frequencies the noise amplitude depends on the MTF'’s
noise sources in this system are photon statistical noise of the pinhole camera and MCP. This suggests that the domi-
backlighter x rays, noise in the microchannel (MCP) andant noise source is the photon statistics of the backlighter
phosphor plates, film noise, and noise produced during digiti rays. In optical-depth space, the noise amplitude is inversely
proportional to the square root of the number of photons. There

1.0 oot is more noise in the region of the strip with few x-ray photons
0.8 than in the region out of the strip.
This relationship between noise levels and the photon flux
TR ] can be explained by the following consideratioiy; #ndl, are
E the average x-ray intensities in and out of the strip regions,
0.4r ] respectively, then noise rms amplitudes in these regions are
I ~ /11 and+/1 », assuming a monochromatic x-ray spectrum.
0.2- ] Since the signal’s optical depth is the natural logarithm of its
I intensity, the variation of a signal from its averaged value in
00 1 1 1 L 1 ! 1 L . ] -
0 10 20 30 40 50 terms of the optical depth will be proportionalt/1; and
e Spatial frequency (mmd) ]/ﬁz aftera serles expansion of the logarithm, retaining only
the first term. It is assumed that the number of x-ray photons
: per pixel is greater than 1, which is necessary to justify such an
Figure 76.40 _ analysis. The fact that there is more noise in the optical depth
Resolution of the framing camera. . . . .
in the attenuated strip region with fewer x-ray photons (rms
1.0 =~ T T T T T T 0015 T T T T T T T
A ~ i _ ]
08l N o - X-ray photon noise -
- \ N So i . il
uw 0.6 N \\ - £% 0.010- In a “strip ]
[ L . N Qo L i
E 0 4 | .‘\~ N . % E r “ He1) 1
) RN T i Out of “strip ]
0.2] NN 23 i i
2+ . . - S o | _
C N ~X. =S 0.005_ -
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ial f ™
Figure 76.41 E8571 Spatial frequency (mm)

Resolution of the system. The thin solid line is the measured MTF of the entire

system. The dotted line is the system MTF calculated as the product of th&gure 76.42
MTF’s of the 8um pinhole (dot-dashed line), the framing camera (dashedystem noise. The measured noise level for two portions of a radiograph
line), and the 2Q:m digitizing aperture (thick solid line).

through and around the 28n-CHy strip target.
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amplitude ~1/+/11) than in the region out of the strip (rms where |Cre(f)| and|Cim(f)| are real and imaginary parts of the
amplitude ~1/+/1 5 ) supports the suggestion of the photon-measured signal with noise. Due to the statistical nature of the

statistical nature of the noise. noise spectrum, the signal that is less than twice the noise
amplitude can be treated in three primary manners: (a) rejected
Wiener Filtering (i.e., set to 0), (b) considered to be uniformly distributed

Using the measured system sensitivity, resolution, antletween zero and twice the noise level, or (c) set equal to twice
noise, we recovered the imprinted perturbations from théhe noise level. These options are used to provide the uncer-
radiographic images. A broad spectrum of imprinted featuresinties of the measured signal. At higher spatial frequencies
has been generated by laser nonuniformities with spatial fr¢>70 mn1) the detector response is falling rapidly, so the
quencies up to 430 mrh These initial imprinted nonuni- signal-to-noise level is greatly reduced and the error bars
formities in our experiments come from the nonuniformities inare larger.
drive-laser beams used with distributed phase plates (D¥P’s).

The RT instability has growth rates and saturation effects that The thin solid line in Fig. 76.43(a) shows the power per
depend upon spatial frequency. In addition, the resolution ahode of the noise. The thick solid line represents the power
the radiographic system begins to cut off spatial frequencigser mode of the image at ~2 ns. These two lines are almost the
above ~70 mm. As a result, the detected signal resides in @ame at high spatial frequencies > 80Thrauggesting that the
narrow range of spatial frequencies ~10 to 70fam

We analyzed 40@Qan-square sections of the radiographic 004 (@) I I I I
images of the target by converting them to measured optical
depth, compensating for the backlighter envelope using a 1
fourth-order, two-dimensional polynomial fit. The signal non-
uniformity is expressed as the power per mode in optical depth = 0.02| .
by Fourier transforming the resulting optical depth. §'
A Wiener filter was developed to recover the true signal -§
from the resulting image'®. If C(f) is the signal plus noise 3
measured by the syste®(f) = f) + N(f), then the restored 9 0.00=== —!
signalP(f) is g 004
)7 s
Msys |S(F)|" +|Navg(f) S

0.02

whereMgyis total system MT Na\,g(f)|2 is the average or
Wiener noise spectrum, ad&(f |2 is the measured signal
power spectrum. The average noise speci#\lgpg(f)|2 and

system MTF have been measured as described above; the only 0.00 ==
unknown is|S(f)|2, the measured signal power spectrum. In 0
this technique, the signal is compared to the measured noise Spatial frequency (mm)

spectrum, and only points that are greater than twice the ="

amplitude of that noise are considered first, i.e.,

Figure 76.43
5 (a) Power per mode of the noise (thin solid line) and power per mode of the
|S(f )|2 - |C(f )|2 _ |Nav (f)| ) signal plus noise of the driven foil image at 2 ns. (b) Power per mode of target
d modulations versus spatial frequency. This is calculated using a Wiener filter,
for (16) assuming MTFE= 1 (triangles), calculated by subtracting the noise power per
mode from the power per mode of the signal plus noise (lower solid line that
C.o(f) or [Ch(f)>2N ), agrees with triangles), and calculated using a Wiener filter, assuming a
re im avg
measured MTF (squares).
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noise dominates at these spatial frequencies in the 2-ns.

image. There is a significant level of signal at lower spatial
frequencies, however, which must be separated from noise.

The result of the Wiener filté? is shown in Fig. 76.43(b).

To demonstrate the effect of noise reduction, we set the MTF
=1 (i.e., noresolution compensation) in Eq. (15); this is shown
as the triangles in Fig. 76.43(b). The lower solid line shows the
data obtained by simply subtracting the noise power per 4
mode [the thin solid line in Fig. 76.43(a)] from the measured
power per mode of signal plus noise [the thick solid line in
Fig. 76.43(a)]. The agreement between these curves indicates
that the noise compensation portion of the Wiener filter be-

haves reasonably. The upper curve in Fig. 76.43(b) depicts thes.
result using the proper MTF and represents the fully processed6

data used as our experimental results.

7.

Conclusions

By properly characterizing our detection system, we have
simplified the complex relation between radiographic images
and the optical depth in the target. Using measured aspects of

the system, we have generated linear approximations of the®
system response that apply to our conditions. We measured the,

sensitivity and the resolution and demonstrated that they re-
main constant for the duration of the experiment. Using mea-

sured noise spectra, we have constructed a Wiener filter that ™
enables us to distinguish the signal from noise and to reconz1.

struct that signal by deconvolving system MTF. This technique
is routinely applied to the analysis of our experiments.
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