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Comparison of Drive-Seeded Modulations in Planar Foils for 0.35 and 0.58am Laser Drive
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Laser-speckle-seeded modulations in laser-driven targets have been observed with the Nova laser
using 0.53 and.35 wm drive. The0.35 um drive produced larger modulations (equivalenBi® um
rms surface finish) thaf.53 um drive 2.0 um rms). The laser intensity was10'> W/cn?, similar
to that suggested for directly driven ignition targets during the first several ns. LASNEX simulations
of this thermal smoothing effect in both the rms and spectrum agree with.38eum drive data, and
are about 15% lower than the measured results &ith pwm drive. [S0031-9007(98)05453-2]

PACS numbers: 52.58.Ns

Successful implosion of a capsule by ablating the sursecond beam of the Nova laser (also smoothed with a
face material (inertial confinement fusion or ICF) requiresrandom phase plate) incident on a uranium foil produced
efficient energy absorption into the material. An obviousthe thermal x-ray backlighter. We made the driven foils
solution is to directly illuminate a pellet surface with laser of polyethylene (CH, p = 0.95 g/cm?) 30 um thick,
light (or a particle beam). It has been recognized for somenounted across &50 um diameter hole in a Mylar
time that shorter wavelengths of laser light are more effiwasher, and protected from loiww x-ray flux from the
ciently absorbed [1,2], and most of the research into diredvacklighter by12 wm of Be. The foils had an initial
drive fusion is currently concentrated in UV laser wave-single-mode surface perturbaticf0(«m wavelength and
lengths, typically.35 wm (frequency tripled Nd glass) [3] 2 wm initial amplitude) molded into the plastic on the
or 0.25 um (such as KrF) [4]. The problem with direct driven side in order to calibrate the observed optical depth
drive ICF is the difficulty of achieving the required uni- modulation due to drive laser speckle to an equivalent
formity of illumination; spatially nonuniform laser light initial surface finish (Ref. [4]). We imaged the foils with a
leads to nonuniform ablation pressure, which produces gated pinhole camera [9] using an arrayl0fum pinholes
spatial modulation at the ablation surfagg). This sur-  which produced twelve radiographs of the foil at different
face is Rayleigh-Taylor unstable, and a modulation seedetimes, each with a duration of 100 ps. The uncertainty in
by nonuniform laser light grows just as one seeded bybsolute timing is about 200 ps. Because the two beams
an initial surface modulation [5]. It has been predictedwere opposed, it was not possible to view the foil exactly
[6] that laser nonuniformities will be smoothed by elec-face on. The angle between the foil motion and the pinhole
tron conduction (thermal smoothing) between the laser ddine of sight was 16 (no correction for this 4% distortion
position surfacdz,) and the ablation surface, roughly as was made).
exp(—Dk), wherek is the spatial wave number for a modu-
lation andD is z; — z,. However, theory [7] also indi-
cated thatD is less for short laser wavelengths than for Backighter target (uranium)

long; hence, the most efficient laser drive seeds the largest Laser beam for backlighter
modulations and requires the most uniformity. Our experi- .-__—-_-—

mental observations showed an increase in the modulations . Filter (B¢)
due to the drive when the laser wavelength is reduced. Support washer

We compared the modulations in areal density in a foil — A\ Modulated CHz foil,
driven with either @.35 um (blue) or a0.53 wm (green) thickness ~30 um

laser using one beam of the Nova laser. The drive beams Drive laser beam, i

were smoothed by random phase plates [8] (RPPs) which I~ 1013 W/ecm2 X .
produced a well characterized, static spatial distribution for )2

- . ) Gated pinhole
each color. We examined the modulations in each case at

camera

the shock transit time in order to eliminate the complication eoom
of Rayleigh-Taylor growth.
We performed our experiment in planar geometry Typical image (t=1.9 ns),

(Fig. 1) to use the technique of time and space resolved green drive

radiography to im_‘er variations in areal densit_y in a foil FIG. 1. Experimental configuration. The typical image shows
from the modulation of a uniform x-ray backlighter. A the50 um wavelength calibration mode running vertically.
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The images at = 1.9 * 0.2 ns represent the imprint  (a)
at the shock breakout timg. (There were five images
from two separate shots for tle35 um drive and four
images from two shots for th€.53 um drive within
200 ps of this time.) After this time, Rayleigh-Taylor
growth of the modulations is expected to dominate over
any further imprint. We chos800 wm square (in the
object plane) sections of each image for analysis. We
converted each frame to film exposure, removed the long
scale length backlighter structure by dividing out a second
order two-dimensional fit, removed the pure calibration
mode at50 wm with a numerical filter, and removed high-
frequency noise with a parametric Wiener filter [10]. The
negative of the natural logarithm of the result is equivalent
to optical depth(r), and because the opacity of the shock
heated material is nearly cold opacity (at the backlighter
peak hv of 1 keV), the optical depth is proportional to
areal density. The resulting square sections for two frames
are shown in Figs. 2(a) and 2(b), contrasting blue (a) and (b)
green (b) drive. The two-dimensional power spectra (with
mode zero at the center) were integrated for values of mode
number|m|, i.e.,

27
P(m) = jo (17 (ml, )P a6 . 1)

where P is the power spectruni is the Fourier trans-
form of 7, |m| is the magnitude of the mode number
(300 wm/wavelength inum), andg is the angle in Fourier
space. When the Fourier transform is converted from
Cartesian to polar coordinates, modes with— 0.5 <
m = m + 0.5 are taken to be mode:. The azimuthal
integrals of the two-dimensional power spectra, averaged
over all the frames, is shown on the left-hand axis in Fig. 3.
It is preferable to make measurements of an imprint before
nonlinear saturation effects complicate the interpretation of
the Call_bratlon mode. We _estlmate the onset of nonline IG. 2. Numerically processed radiographs of foils at shock
saturation to occur according to Haan [11] when the ampreakout with (a)0.35 wm light and (b) 0.53 wm, both at
plitude of the total modulation is greater than one-tenth of = 1.8 + 0.2 ns.” The images ar800 um X 300 um; the
the wavelength. The conversion of optical depth modugray scales are the same. The darker regions represent less
lation to spatial modulation may be estimated from theareal density (bubbles).
known (cold) opacity of the foil and the calculated density
att, (2.8 g/cm’). Thus the 0.26 optical depth modulation
for the 50 um calibration mode is about 1,8m and, for 2 X 103> W/cn? for the green drive). The drive laser
the blue drive imprint between modes 4 and 8, 0.35 in optiat 1.06 um was either frequency doubled or tripled to
cal depth is 2.5um, for a total modulation of 3.1 (added in produce the green or blue drive. We did not put additional
quadrature). Therefore we infer that around/®® (mode  bandwidth on the Nova laser (the pulse is transform limited
6) the modulation is still linear. In addition, nonlinear ef- with an inherent bandwidth of abow X 10™* THz),
fects are predicted [12] to become important when the amso the illumination patterns are fixed in time with a
plitude of the second harmonic is approximately 0.3 timesiormalized standard deviatiowr(I)/(I), wherel is the
the amplitude of the fundamental. The amplitudes for thentensity] of 1.0 in both cases. The characteristic speckle
fundamental and second harmonic wérg6 + 0.03 and  size of a laser beam with a circular near field illuminating
0.04 = 0.01 for a ratio of 0.15 (reduced from 0.25 by in- an RPP is given by.44f A, where f is the f number
strument blurring), so again we conclude the calibratiorof the focal lens and\ is the laser wavelength. The
wavelength is not significantly affected by saturation. green beam was apertured fg11 and smoothed with
The laser pulse shape for these experiments was an RPP, giving a characteristic speckle size of i
2 ns ramp from about X 10'2to 1.5 X 10'> W/cn? (to  and a spot size of 1 mm. The blue beam was apertured
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T l I s equivalent surface finish as the surface modulation which
- 035 um drive imprint g would have produced the same modulation in optical depth
—&— 0.53 pm drive imprint = as the imprint produced. This may be determined from the
0.01 === 0.53 um drive 2 . .
& 50 um calibration mode by
g ER (ke Ky, 1)
€ ‘n T § nOD X vy
& \ . 5 Sk ky) = X 2 um, 2
? _‘}:\ 16 % neqs( X y) 7]01)(0,27T/50, t) M ( )
£ o001 Y 4 5 . . . .
a T > g where 7.¢ is the equivalent surface finish amplitude,
\ &4 nob (ky, ky, t) is the measured modulation in optical depth
R l E at a given time and spatial frequeney,p (0,27 /50, 1) is
\ & the measured modulation in optical depth of the /&t
0.0001 L1 1 000t calibration mode, and Zm is the initial amplitude of the
40 5 60 70 | MoC _ : p .
Mode number (300 jm square) 50 uwm calibration mode. This establishes the equivalence

. , of the rms modulation (due to the laser imprint) to an ini-
FIG. 3. Imprinted power spectra from radiographs for bluea| gyrface rms in microns. For the blue drive this equiva-
and green drive, shown in (optical deptimode (left axis),

also, laser power spectra (right axis). Most of the laser powelent surface finish is$.3 =+ 0;2 pm at the time of S’,hOCk
does not appear in the measured |mpr|nt breakout and for the green it?s0 = 0.2 mm. We simu-
lated the imprint with two-dimensional LASNEX, using
) o a 300 um profile of the RPP smoothed beam. LASNEX
to f/15.6 and smoothed with an RPP giving the samepregicted 2.8 and 1.zm equivalent surface finish for the
spot size and a speckle size of 4Bn. (Had the same e and green drive. We attribute this increased imprint-
Jf number been used for both drives, the blue drive woulgng of nonuniformities with blue drive as opposed to green

have smaller characteristic speckles, which would undergg, he caused by the reduced distafigbetween the mean
more thermal smoothing, thus reducing the observed blugser deposition position and the ablation front for blue

imprint.) Both RPPs had hexagonal phase plate elementgyive. Our LASNEX simulations predict that the differ-
with the elements 2 mm across for the blue drive and 3 mMnance petweed for green toD for blue drive varies be-
across for the green. The (circular) laser spot producegyeen 2,m at 0.1 ns and 5@m at 2 ns.

round speckles, and the speckle pattern is isotropic for the ¢ s also useful to define an imprint efficiency for a given
two dimensions perpendicular to the foil motion. The two-qriye temporal history and material as the ratio of the im-
dimensional power spectra of the laser speckle patte”FTinted equivalent surface in microns to the laser modu-
and the imprint are thus azimuthally symmetric, S0 mOSition in intensity. This imprint efficiency as a function
of the information is contained in an azimuthal integral ¢ spatial wavelength is shown in Fig. 4. We simulated
of the power spectrum. The azimuthal integrals of theyyre modes of sinusoidal laser modulation in LASNEX,
power spectra of the speckle patterns (calculated in gng the derived imprint efficiencies for these modes are
similar fashion to the integrals @f), averaged over several 550 shown in Fig. 4. In order to compare the data with

300 um square regions, are plotted on the right-hand axigne pure modes simulated in LASNEX, the data (measured

in Fig. 3. The power spectra for the two drive colors werejnnrint and measured laser modulation) were multiplied
essentially identical. Note that the theoretical spectral limit

for the power spectrum jsA, or mode 52 for the green and
mode 55 for the blue.

12

In comparing the blue to green seeding, we were con- " I I o Data, b,ule
cerned that the increased efficiency (higher ablation pres- 2 1| ¢ % A Daageen
sure) of the blue drive might affect the growth during £ --- LASNEX, green (no MTF)

) - . ~ e LASNEX, blue (MTF)

the shock transitt;, = 1.9 ns), resulting in a measurement 5 8- \§:\ --- LASNEX, green (MTF)
which was dominated by different hydrodynamics of the E N g “ N
two drive colors rather than the seeding. We simulatedthe § °f ] s N \W\ T
experiment with one-dimensional LASNEX [13] and pre- 3 - Z%@k .
dicted the same shock transit time for the two drive colors & *F % i “?l TT 1
at the measured irradiances. In addition, we examined the £ L } \;\, e i
growth of the surface calibration modes, and found the  § : s 1%
same growth factor within experimental err@r¢ *= 0.5 ok | | | 2 S]
(blue) and2.7 = 0.4 (green). We concluded that the 0 5 10 15 20
higher efficiency of the blue drive was compensated for Mode number (300 um square)

by the higher'intensity of the green drive. o FIG. 4. Imprint efficiency for 0.35 and.53 um drive, as
The foil driven by the blue laser shows significantly measured and as predicted by LASNEX with and without
more structure than the green. It is useful to define arnstrument modulation transfer function.

1906



VOLUME 80, NUMBER 9 PHYSICAL REVIEW LETTERS 2 MRcH 1998

by a Hanning window before taking Fourier transforms to(0.35 um) drive and to 2.Qum initial surface finish for

avoid introducing artificial power from boundary disconti- green (0.53um) drive. LASNEX gave a predicted value

nuities in the data. The fundamental mode at 308 is  for the equivalent surface finish which was slightly lower

then lost. The data show a peak in imprint efficiency neathan that observed. The imprint efficiency spectrum was

mode 4 for the blue drive, and appear to still be increasindound to decrease at shorter wavelengths in both cases due

at the lowest mode measured for the green drive. Itis poge thermal smoothing.

sible to introduce an artificial peak in the imprint efficiency  This work was performed under the auspices of the U.S.

if the instrument is incapable of resolving modulations atDOE by the Lawrence Livermore National Laboratory

higher modes. The modulation transfer function (MTF)under Contract No. W-7405-ENG-48.
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