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Abstract  
/ 

The evolution of the Rayleigh-Taylor (RT) instability in a compressible 
medium was investigated both at an accelerating embedded interface and at 
the ablation front in a new series of experiments on Nova. The x-ray drive 
generated in a hohlraum ablatively accelerated a planar target consisting of a 
doped plastic pusher which was in some cases backed by a higher density 
titanium payload. Both target types were diagnosed by face-on and side-on 
radiography. Experiments have been done with a variety of wavelengths and 
initial amplitudes. In the case where the perturbed RT-unstable embedded 
interface is isolated from the ablation front, short wavelength perturbations 
are observed to grow strongly. When the perturbation is at the ablation front, 
the short wavelengths are observed to be severely stabilized. W s  work was 
performed under the auspices of the U. S. Department of Energy by the 
Lawrence Livermore National Laboratory under Contract No. W-7405-ENG- 
48. 
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We are surrounded with examples of the Rayleigh-TaylorCh68 (RT) 
instability every day. One need go no further than the kitchen sink to 
assemble a closed jar partially filled with colored water topped off with 
mineral oil (lower density). When the jar is quickly turned over, one has a 
heavy fluid "sitting on top of" a lighter fluid. The RT- or fluid interchange 
instability is the mechanism by which the interface evolves, causing "spikes" 
of the higher density fluid to penetrate the lower density fluid and "bubbles" 
of the lower density fluid to rise through the heavier layer. Occurrences of 
this interface instability are ubiquitous in nature. By turning one's eye to the 
sky, this situation can be observed in the evolution of the contrails of a 
jetliner, with spikes of the heavier water vapor falling through the less dense 
atmosphere. Astrophysics is replete with examples of the RT instability, and 
its shock analog, the Richtmyer-MeshkovE60 (RM) instability. A good 
example is the occurrence of strong RT-driven mix in the evolution of 
Supernova 1987A.Mug*,He94 On a more "down-to-earth" front, the RT 
instability is considered the bife noire of inertial confinement fusionHa89 
(ICF). As an ICF capsule is ablatively imploded, first the ablation front is RT 
unstable during the acceleration, followed by the pusher-fuel interface during 
deceleration and stagnation. Strong RT growth can severely degrade capsule 
performance. In ICF, a clear distinction has been drawn between classical 
versus ablative RT evolution. Stabilization effects due to ablation and also 
density gradients have been posited and studied theoretically and 
numerically. With little exaggeration one could say that the fate of ICF 
depends critically on the notion of ablative stabilization. We present here the 
first direct experimental verification of ablative stabilization by comparing the 
RT evolution of a classical interface with that at the ablation front under 
similar conditions. Strong stabilization of the short wavelength 
perturbations is observed at the ablation front, whereas the shortest 
wavelength perturbations grow the most at the classical interface. 

more detail elsewhere.Re95 A 750 pm diameter planar package is mounted 
across a diagnostic hole on a 3 mm long, 1.6 mm diameter gold cylindrical 
hohlraum. Eight of the 10 Nova laser beams are used at h=0.351 pm to 
generate a 3.3 ns low-adiabat, shaped drive, as shown in Fig. 2a. Two 3 ns 
square beams at h=0.528 pm are delayed by 2 IS relative to the drive and 
focused onto either an iron (for the classical interface experiments) or 

The experimental configuration is shown in Fig. 1 and is described in 
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molybdenum (for the ablation front experiments) backlighter disk to generate 
6.7 keV He-a x-rays from Fe or 2.6 keV L-band x-rays from Mo to back- 
illuminate the accelerating planar foil. Random phase plates with 5 mm 
diameter hexagonal elements are inserted as the last optic in the two 
backlighter lasers to generate a smooth 700 pm diameter x-ray spot. On each 
laser shot, two-dimensional gated x-ray images were obtained with a new 
flexible gated x-ray pinhole camera.BU95 Four gated pinhole images are 
obtained for each strip on the MCP, and the interstrip delay was set to 700 ps. 
For the classical interface experiments, half of the pinholes on each strip were 
filtered with 12.5 pm of Fe to eliminate any possible higher energy backlighter 
x-rays such as from He-p and Hey transitions in Fe. No significant difference 
was observed in images analyzed with or without the Fe filter. For the 
ablation front experiments, a 1 pm Ag filter was used over half the pinholes. 

Two types of target were investigated. The embedded interface targets 
consisted of a 35 pm thick CH(Br) ablator (Csoh7Br3, p=1.26 g/cm3) backed by 
a 15 pm thick Ti payload. Sinusoidal ripples were placed at the CH(Br)-Ti 
interface corresponding to (on separate shots) wavelengths of h=20,50, and 
100 pm and amplitudes of qo= 0.5,1.0, and 2.0 pn. The targets were made by 
machining the sinusoidal groves into copper disks, which were then sputter 
coated with Ti, whose back side was polished flat. The Cu mandrel was aad- 
etched away, and the 35 pm CH(Br) was hot-pressed onto the rippled Ti 
surface. The ablation front experiments used thicker (50-60 pm) CH(Br) foils 
with no Ti payload, and had the ripples molded onto the ablation front side. 

elsewhere.Re95 In brief, the hohlraum radiation temperature was 
characterized (I) by doing shock trajectory measurements in calibrated wedged 
"witness-plate" targets of A1 mounted on the hohlraum wall, and (2) by 
making foil trajectory measurements in side-on geometry. Such foil 
trajectory experiments were conducted for each type of target (embedded 
interface and ablation front), and the result for the CH(Br)-Ti composite foil is 
shown in Fig. 2b, along with the result from a 1D radiation-hydrodynamics 
code HYADESLa9*. The trajectory results for the ablation front foils can be 
found in refs. Re92, Re95. 

In Fig. 3 we show sample raw images that illustrate the essence of this 
investigation. Across the top row are images taken early in time, at 2.5 ns, of 
(a) the h=20 pm perturbation and (b) the h=50 pm perturbation at the 

The drive used is illustrated in Fig. 2a,b and is discussed extensively 
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embedded interface, and (c) a side-by-side h=20 pm and h=50 pm perturbation 
at the same ablation front of a single foil. Figures 3d-f show results from the 
same accelerated foils only late in time (4.5 ns). The perturbation initial 
amplitudes in all cases here were qo=l pm. Strong growth of the short 
wavelength perturbation at the embedded interface is clearly observed, 
evidenced by the distinct contrast in the image. This is in marked contrast to 
the ablation front experiment, where growth is only observed for the h=50 pm 
perturbation, with no contrast evident from the h=20 pm perturbation, even 
though both perturbations experience identical drive conditions and had the 
same initial amplitude. Note, the drive for both the embedded interface 
experiments and the ablation front experiments was identical. Qualitatively, 
we can conclude from the raw data alone that there is a striking difference 
between growth at a classical interface versus at the ablation front. 

In Fig. 4a we show the growth factor for the fundamental mode of 
fn(exposure) = -6lp.dz for the embedded interface experiments. The h=20 p m  
perturbation clearly exhibits the highest growth factor, -12, compared to a 
growth factor of approximately 2.5 for h=50 pm at the same time, and 5 1.5 for 
h=100 pm for the embedded interface perturbation. The corresponding values 
for the ablation-front experiment are GF=20 for the h=50 pm perturbation and 
GF 5 2 for the h=20 pm ripple. Note that at the classical interface, the growth 
at h=20pm is a factor of -5 hi_pher than that at h=50pm at the same time, 
whereas for the ablation front experiment, the growth at h=20pm is more 
than a factor of 5 lower than that at h=50pm. 

physically intuitive model of Alon ef aZ.,A195 using the 1D code HYADESh92 
to generate the gross foil hydrodynamics. The ID simulations reproduce the 
foil trajectory very well, as shown in Fig. 2b. For simplicity, we assume that 
the exponential growth due to the Rayleigh-Taylor instability dominates the 
growth due to the Richtmyer-Meshkov instability which is linear in time. 
Hence, we concentrate on modeling the perturbation growth only after the 
foil starts to accelerate as a unit at t=tl=2.9 IIS. We assume that the RT growth 
remains in the linear regime until its spatial amplitude exceeds 10% of its 
wavelength. The perturbation spatial amplitude at the start of our 
calculation, t=tl, is estimated by 

We compare the classical RT evolution of the embedded interface with the 



where GFexp(tl) is the experimental growth factor at the moment the foil 
starts to accelerate, q,(p) is the initial perturbation amplitude at t=O, po is the 
initial density of the Ti, and p(t1) is the density of the Ti at the interface at t=tl. 
Note, the ratio p(tl)/po represents the Ti compression at t=tl. We calculate 
the GF during the linear RT regime by 

h-d t GF(t) = e , 

where jydt represents the classical RT e-foldings from time ti to t. We 
assume a growth rate, ‘y, given by 

= [Akg/(l+kL)]”* *fc, (3) 

where A = (p1-p2)/(p1+p2) represents the Atwood number at the CH(Br)-Ti 
interface [l=Ti, 2=CH(Br)], k=2ldh is the perturbation wavenumber, g is the 
acceleration of the interface, and L=p/Vp is the density gradient scale length. 
Note that this form has the correct limiting behavior as L 
factor, fc, is due to the finite thickness of the Ti foil. This correction is given 

0. The reduction 

byUS7, Re92 

fc = (I-r)/[l+r*coth(kh)l , (4) 

where r=p2/p1 is the ratio of fluid densities (p2 c pl), and h is the layer 
thickness of the Ti foil. All of the parameters for Eq. 3 are time dependent, 
and taken from the ID simulations. Similar to the situation at t=tl, we 
estimate the perturbation spatial amplitude as a function of time by 

When q(t) 2 O.lh, we then switch smoothly to the asymptotic RT limit of 
terminal bubble veloaty, UB, given in ref. ( ) by 

UB = [2ghA/(1+A)]1’2 
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To ensure a smooth transition from the linear regime to this asymptotic limit 
in the nonlinear regime, we require that the bubble velocity vary smoothly 
across the transition time. We accomplish this by writing 

dq/dt = m, for ts t1  (7) 

where the scaling ratio fJt) is derived from Eq. 6 as 

The results of these calculations are shown by the smooth curves in Fig. 4a. 
We see that the RT growth at this compressible but classical interface is 
reproduced reasonably well by this simple model. 

a modified Takabe approach.Ta83 For the linear RT regime, we approximate 
the growth rate aswe94 

For the ablation-front growth, we adopt another intuitive model, namely, 

where k, g, and L are as defined above, p is an adjustable parameter here set to 
p=2, and va=(dm/dt)/p,, is the ablation velocity. The timedependent 
values of all the parameters in Eq. 9 are taken from the ZD hydrodynamics 
simulation. The correction for the finite layer thickness (Eq. 4) is small and is 
neglected. The observations show that the RT evolution did not significantly 
enter the nonlinear regime, so the analysis is restricted to linear regime only. 
We compare the calculated GFs with the observed growth after shock 
breakout, as shown by the smooth curves in Fig. 4b. Qualitatively, this simple 
model does a reasonable job of reproducing the features observed in the data. 

To make the comparison of ablation-front RT growth versus growth at the 
embedded interface, we use ratios. In Fig. 5 we show the ratio of GF at t=4 ns 
for each wavelength studied to the corresponding GF at h=100 pm, both for 
the classical interface and for the ablation front. For the ablation-front case, 
we have added values from a previous investigation using the same drive 
but a different diagnostic.Reg5 The smooth curves represent the 
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corresponding values for the calculations described above. The difference in 
the behavior of this ratio, GF(h) /GF(h=lOOpm), between the classical interface 
and the ablation front is indeed striking. For the classical interface, the 
h = 2 0 ~  perturbation grows a factor of 5 times larger than the X=50pm 
perturbation, and a factor of 10 times larger than the h = 1 0 0 p  perturbation, 
in agreement with the classical analysis. Whereas, for the ablation-front case, 
the growth peaks at h=50pm, and the growth at h=20pm is only a fraction of 
that observed at h=50p.m. The reason for this striking difference is the large 
ablation velocity in indirect-drive and the density gradient scalelength at the 
ablation front. For perturbation wavelengths shorter than about 30pm, the 
RT growth is strongly stabilized at the ablation front. To our knowledge, this 
is the first unambiguous experimental demonstration of the stabilizing effect 
on RT growth at an ablation front. This striking demonstration was realized 
by comparing growth at the ablation front directly to growth at an embedded 
interface, remote from the effects of ablation. 

Fi-Pure Cap tions: 

Fip re  1 : Experimental configuration 

Figure 2: (a) Typical total laser power, and corresponding radiation drive 
temperature. (b) The corresponding foil trajectory (experimental and 1D 
simulation) for the drive shown in (a), and the deduced interface acceleration 
profile, based on ID hydrodynamics simulations for the embedded interface. 

Figure 3: Images of the "raw" film density data. (a) Image of the h=20pm 
perturbation, embedded interface foil at 2.5 ns. (b) Same, only for the h=50pm 
perturbation. (c) Same, only for the ablation-front foil with h=20pm side-by- 
side with h=50pm on the same foil. (d-f) Show the same perturbations 
(h=20pm, h=50p ,  and h=20+50pm side-byside) at t=4.6 ns. 

F ipre  4: (a) Growth factor of the fundamental mode of contrast vs time for 
the h=20,50, and 100 pm perturbation at the embedded interface. (b) Same, 
only for growth at the ablation front. The solid curves in (a) correspond to 
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the result of a classical RT growth calculation, and in (b) to a calculation with 
the Takabe relation. 

Fipure 5. Ratios of GF at 4 ns at the various wavelengths vs GF at h=100~m 
for the embedded interface and ablation front. The smooth curves 
correspond to the calculations shown in Fig. 4. 
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