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 Rayleigh–Taylor (RT) instability is one of the major concerns in inertial 

confinement fusion (ICF) because it amplifies target modulations in both acceleration and 

deceleration phases of implosion, which leads to shell disruption and performance 

degradation of imploding targets. This article reviews experimental results of the RT 

growth experiments performed on OMEGA laser system, where targets were driven 

directly with laser light. RT instability was studied in the linear and nonlinear regimes. 

The experiments were performed in acceleration phase, using planar and spherical 

targets, and in deceleration phase of spherical implosions, using spherical shells. Initial 

target modulations consisted of 2-D pre-imposed modulations, and 2-D and 3-D 

modulations imprinted on targets by the non-uniformities in laser drive. In planar 

geometry, the nonlinear regime was studied using 3-D modulations with broadband 

spectra near nonlinear saturation levels. In acceleration-phase, the measured modulation 

Fourier spectra and nonlinear growth velocities are in good agreement with those 

predicted by Haan’s model [Haan S W 1989 Phys. Rev. A  39  5812]. In a real-space 

analysis, the bubble merger was quantified by a self-similar evolution of bubble size 
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distributions  [Oron D et al 2001 Phys. Plasmas 8 , 2883]. The 3-D, inner-surface 

modulations were measured to grow throughout the deceleration phase of spherical 

implosions. RT growth rates are very sensitive to the drive conditions, therefore they can 

be used to test and validate drive physics in hydrodynamic codes used to design ICF 

implosions. Measured growth rates of pre-imposed 2-D target modulations below 

nonlinear saturation levels were used to validate non-local thermal electron transport 

model in laser-driven experiments. 

 

I. INTRODUCTION    

 Rayleigh–Taylor (RT) instability  [1,2] is of critical importance in inertial 

confinement fusion (ICF) [3]  and astrophysics [4]. In ICF, the RT instability leads to 

shell disruption and performance degradation of spherically imploding targets [3]. In the 

linear regime of classical RT instability [3,5] small initial modulations grow 

exponentially in time with the growth rate γ = (Akg)0.5, where k is the modulation wave 

number, g is the target acceleration, A  is the Atwood number defined as 

( ) ( ),h l h lA ρ ρ ρ ρ= − +  where ρh and ρl are the densities of heavy and light fluids, 

respectively. Most ICF-related cases involve ablative drive, in which the growth rate γ = 

α (kg)0.5 – βkVa is stabilized by the ablation term βkVa, where Va is the ablation 

velocity and α and β are constants [6,7]. The growth rates of linear RT instability have 

been measured in both classical [5] and ablative regimes [8-12]. The indication of 

nonlinearity in RT growth in real space is that the modulations develop into bubbles 

(penetration of the lighter fluid into the heavier) and spikes (penetration of the heavier 

fluid into the lighter) [13]. In Fourier space, this is equivalent to the harmonics generation 
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of initial fundamental spatial modes. As the classical RT instability further progresses, 

the two fluids mix in turbulent regime [14-17]. In the case of ablative RT instability, 

growing modulations preserve bubble-spike shapes at the unstable interface. This allows 

quantitative measurements of the RT modulations in both real and Fourier space with x-

ray radiography.  

 There are two modeling approaches for nonlinear RT instability: a modal one [18-

20] that describes the evolution in Fourier space, and a bubble competition and merger 

approach that describes instability in real space [17,21-24]. In Fourier space, Haan’s 

model [18] predicts that the spectral amplitudes of 3-D, broadband modulations grow 

exponentially with the RT growth rates of γ (k) until they reach the saturation levels 

[18,25] Sk = 2/Lk2 (L is the size of the analysis box), after which they grow linearly in 

time with the saturation velocities [18,26] Vs(k) = Skγ (k). The short-wavelength modes 

grow initially most rapidly and quickly saturate at levels Sk, while very long-wavelength 

modes grow more slowly. As a result, the mid-wavelength modes have the largest growth 

factors, producing a peak in the spectrum. As the evolution continues, this peak moves to 

longer wavelengths. Haan’s model applies in the weakly nonlinear regime for broadband 

modulation amplitudes around the saturation levels [25].  

 In real space, bubble competition models predict that smaller bubbles (with 

smaller nonlinear velocities) are taken over by larger bubbles (with higher nonlinear 

velocities) through bubble competition and the bubble merger processes [17,21-24]. As a 

result, the average size of the modulations shifts to longer wavelengths as the 

modulations grow. The real-space models predict that the bubble sizes and amplitudes 

evolve with a self-similar behavior in an advanced nonlinear regime [24,27,28]. The self-
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similar behavior predicts that the distribution function ( )f λ λ  of the bubble size 

normalized to the average bubble size λ λ  is constant as the modulation average size 

and average amplitude grow [24,27-29]. This article reviews results of Rayleigh-Taylor 

experiments performed over several years on the OMEGA Laser System [30]. A variety 

of experiments, in both acceleration-phase and deceleration-phase, with planar and 

spherical targets, with 2-D sinusoidal and 3-D broadband modulations are described in 

this article. Growth of the 3-D, broadband modulations has been presented in nonlinear 

regime, while the growth of 2-D sinusoidal modulations has been measured in linear 

regime to test and validate fundamental physics in hydrodynamic simulations. The 

experiments were performed with targets accelerated directly with laser light and 

therefore related to direct-drive ICF. 

In this article, Sec. II describes the acceleration-phase RT growth measurements 

performed in planar targets. Section III describes the acceleration-phase RT growth 

measurements performed in spherically convergent targets. Section IV describes results 

of deceleration-phase RT growth measurements performed in spherical implosions. 

Section V describes the linear-growth RT measurements performed for hydro-code 

validation. Conclusions are presented in Sec. VI. 

 

II.   ACCELERATION-PHASE RAYLIGH-TAYLOR GROWTH IN 

PLANAR GEOMERTY  

 Figure 1 shows a schematic of acceleration-phase RT growth experiments in 

planar geometry [26,28]. In the experiments, initially smooth, 1-mm-diam CH targets 

with thicknesses ranging up to 50 µm were driven with 12-ns square pulse at laser 
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intensities of ~5 × 1013 W/cm2 with several overlapped laser beams on the OMEGA [30]. 

The modulation growth was measured with through-foil, x-ray radiography [29]. X-rays 

created in the backlighter foil driven with additional laser beams, penetrate the foil and 

create modulation images on a framing camera with a temporal resolution of ~80 ps and a 

spatial resolution of ~10 µm to be captured at different times in each shot [29]. The initial 

target modulations, used for these measurements, were imprinted by laser-beam 

nonuniformities. Figure 2 shows examples of the measured images [26] for a shot with a 

50-µm-thick target driven by a 12-ns square pulse shape at 4, 6 and 10 ns. As the 

modulations grow, the average bubble size shifts to longer wavelengths, big bubbles 

become bigger, and small bubbles disappear, as is evident from the images in Fig. 2. Two 

to three generations of bubbles change in these images, allowing clear observations of the 

bubble competition and merger processes. Fourier amplitude evolution of areal-density 

modulations is shown in Fig. 3(a). The spectral shapes are very similar to Haan’s model 

predictions [19]. As the evolution continues, the spectral peak moves to longer 

wavelengths. Comparison of the measured nonlinear velocities Vs(k) with those predicted 

by Haan’s model [26] is shown in Fig. 3(b). Excellent agreement between the 

experiments and the model was observed [26]. It is remarkable that a simple model 

predicts such complicated phenomenon as the nonlinear growth of the RT instability so 

accurately in terms of the spectral shapes and nonlinear velocities. 

 The real-space analysis of these experiments was based on evolution distributions 

of the bubble sizes and amplitudes along with the evolution of average bubble size and 

amplitude [28]. Figure 4 shows an example of the measured image with bubble edges 

superimposed on top of it. The evolution of the distributions of bubble sizes λ 
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[corresponding to images in Figs. 2(a) and 2(b)] is shown in Fig. 5(a). As modulations 

grow, the number of bubbles decreases while their average size and amplitude increase 

and the distributions become broader. The measured distributions of bubble sizes were 

fitted with the normal distributions from which average sizes 〈λ〉 were determined. Figure 

5(b) shows the normalized distributions as functions of normalized bubble size λ λ . 

Bubble size distributions are in the self-similar regime because the normalized 

distributions do not change in time. The dashed line in Fig. 6(b) represents the fit to the 

experimental data using the normal distribution. The dotted and dot–dashed lines in Fig. 

5(b) are the distributions predicted from the 2-D and 3-D models, respectively (presented 

in Ref. 27). The 3-D model prediction is in better agreement with the experimental 

results, as expected. In these experiments, the measured bubble-front amplitude grows as 

hb ~ 0.04 gt2, as expected in a self-similar regime, where g is the foil acceleration, t is the 

time.  

 

III.  ACCELERATION-PHASE RAYLIGH-TAYLOR GROWTH IN 

SPHERICAL GEOMERTY  

Figure 6 shows a schematic of the target and experimental setup for spherical RT 

experiments in acceleration phase [31,32]. Initially smooth, 860-µm-diam, 20- and 24-

µm-thick CH shells were imploded on OMEGA [30]. The shells had 400- and 600-µm-

diam openings shielded with a gold cone to prevent the laser light from entering the inner 

part of the spherical target. The opening made it possible for diagnostic x rays from the 

backlighter to radiograph one wall of the shell. The spherical targets were driven with 54 

overlapped laser beams. The 54-beam drive had the same uniformity as 60-beam 
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implosions except in the region of measurements, opposite to the shield. The backlighter 

x rays were produced using an additional six OMEGA beams. Experiments were 

performed with 3-ns square laser pulses at peak laser intensity of ~2 × 1014 W/cm2. The 

modulation growth was measured with through-foil x-ray radiography [31] with the same 

spatial and temporal resolution as in planar-target experiments described in the previous 

Section. The initial target modulations used for RT growth measurements were imprinted 

by laser-intensity non-uniformities. 

 An example of measured modulation image is shown in Fig. 7(a) for the 

experiment with a 24-µm-thick CH shell. The central 200-µm-sq parts of the images were 

used to measure modulation growth and compare it with predictions of the 2-D 

hydrocode DRACO [32]. Figure 7(b) shows an example of a 2-D simulation showing 

shell-mass-density position and modulations (Ref. 32). The effects of the experimental 

spatial and temporal resolutions were included in simulations. In the simulations, the rms 

modulation grows ~40x from the start of the acceleration phase at 1 ns to the end of the 

measurements at 2.5 ns. Figure 8 compares the measured and simulated rms of areal-

density modulations in these experiments. The rms areal-density amplitude grew strongly 

in the experiment and reached the level of ~1 mg/cm2 at 2.5 ns, comparable to the shell’s 

areal density at that time, significantly compromising the shell’s integrity. The outer-shell 

convergence ratio at this time was ~2.2. Growth measurements were limited to ~2.5 ns 

because, at later times, the emission from the imploding target core dominated the 

backlighter emission, compromising the measurements. The measured and simulated 

modulation growths were in reasonable agreement. The DRACO predictions of the drive 

[33] and RT growth of 2-D pre-imposed modulations were also validated in planar-target 
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experiments [34,35] at a laser intensity of ∼2 × 1014 W/cm2, the same intensity used in 

current experiments. 

Experiments with planar targets, described in previous Section, showed that the 

average size of modulations shifts to longer wavelengths as the modulations grew in a 

nonlinear regime [25,26]. Smaller bubbles were absorbed by larger bubbles through 

bubble competition and bubble merger processes [28]. The modulation images taken at 

different times resembled themselves only up to the time when new generations of 

bubbles were created through bubble merger [28]. In convergent geometry, it was 

expected that the bubble merger processes became faster, compared to planar geometry, 

because the convergence moved bubbles closer to each other. In this case the modulation 

images may lose their resemblance faster in spherical geometry that in planar geometry. 

This effect was observed experimentally by comparing modulation evolution in planar 

and spherical cases. More discussion of these observations can be found in Ref. 32.  

 

IV.  DECELERATION-PHASE RAYLIGH-TAYLOR GROWTH IN 

SPHERICAL GEOMERTY  

 In deceleration phase of spherical implosions, when the hot and less dense inner 

gas is slowing the cold and dense shell down, inner-shell modulations grow due to 

deceleration-phase RT instability [3]. Unlike the acceleration-phase RT instability, where 

the outer-surface modulation growth is stabilized by mass ablation, the deceleration-

phase RT instability is classical (for drive conditions at OMEGA), with no ablative 

stabilization for these targets. In the linear regime of the classical RT instability, the 

modulation amplitude δr1 for mode with a wavelength of λ [λ = kR, where k is a 
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modulation wave number and R(t) is the radius, or position of the unstable surface] grows 

exponentially in time [3]:  

 

 !r1 = !r0exp A ! R( )gt 2
!

"
#

$

%
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where A  is the Atwood number, δr0 is the initial perturbation amplitude, g is the 

deceleration, and t is time. The characteristic of the classical RT instability is the rapid 

growth of short-scale perturbation that quickly enters the highly nonlinear regime causing 

shell density perturbations δρ in addition to shell amplitude perturbations δr and 

shell−fuel mix. The growth of longer-wavelength perturbations can be modified by the 

presence of mix because the mix increases the core pressure by supplying additional 

material into the core. As a result, the deceleration g increases and the Atwood number A  

decreases, modifying the shell trajectory and the modulation growth.  

The other factor contributing to perturbation growth is Bell−Plesset (BP) 

convergent effects. As the shell converges from radius R0 (with thickness d0 and density 

ρ0) to radius R1 (with thickness d1 and density ρ1), the shell modulation δr1 grows due to 

BP effects [36] as ( ) ( )2 2
1 0 0 0 1 1 0 1 0 .r r R R r d dδ δ ρ ρ δ= =  The shell modulation due to 

BP growth is proportional to shell thickness: δr ~ d. Note that the modulation growth of 

shell integrity, δ[ρd]/ρd, does not explicitly include BP effects {δ[ρd]/ρd due to BP 

effects is constant because δ(ρd) ~ (ρd)}; however, the convergent effects constantly 

modify the RT instability, which is responsible for the modulation growth. 

In spherical implosions near peak compression, external backlighting becomes 

less efficient for measurements of modulation growth because hot-core self-emission is 
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often much stronger than external backlighting. This core emission can be used as a 

backlighter to probe the outer, colder shell. The modulation evolution measurements 

were based on differential imaging of shells with diagnostic titanium-doped layers [37-

39]. Figure 9 shows experimental configuration including a pinhole array that produced 

images on a framing camera. The images were captured at different times below (with Ti 

filter) and above (using Fe filter) the titanium K-edge. Core images at photon energies 

below the K edge (not absorbed by the shell) provided the spatial shape of the 

backlighter, while core images at photon energies above the K edge (highly absorbed by 

the shell’s titanium) contained information about the structure of shell-areal-density 

modulations in the titanium-doped layer. The modulations in the cold, or absorbing, part 

of the shell areal density δ[ρd](r,t) at time t (r is the spatial coordinate) are proportional 

to the modulation in the logarithm of the ratio of intensities of the two images at photon 

energies above (highly absorbing by the shell) and below (weakly absorbing by the shell) 

the titanium K edge [37-40]. 

Figure 10 shows measured core images below (upper raw of images) and above 

(lower raw of images) titanium K-edge. The central images near 2.0 ns correspond to 

time of peak emission (that happen at peak compression) [40]. Peak neutron production 

was measured ~100 ps earlier than peak emission. Simultaneously, the spectral evolution 

of core emission was captured on an x-ray streak camera [40]. The relative areal-density 

modulations δ[ρd]/ρd in the titanium-doped layers, a measure of the shell integrity, have 

been obtained by normalizing the framing camera images of areal-density modulations 

δ[ρd](r,t) to the average areal density [ρd](t) measured with the streak camera. Figure 11 

presents images of measured areal-density modulations δ[ρd](r,t) for the same shot as in 

Fig. 10, around peak compression [38]. The average titanium areal density [ρd](t) is not 
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an accurate measure of compression in the layer because the amount of titanium atoms 

and ions available for absorption can be modified by the rapidly changing core radiation 

and the increasing temperature in the shell around peak compression. The shell integrity 

δ[ρd]/ρd is better measure since it is not affected by these effects. 

Figure 12 shows the modulation growth inferred for two shots with 20-µm-thick 

shells and 4 atm of D3He fill around peak compression [40]. The σrms of the relative 

areal-density modulations δ[ρd]/ρd grows by a factor of ~10 during the ~200 ps around 

peak compression. The modulation levels are ~20% at peak neutron production (~1.9 ns) 

and ~50% at peak compression (~2.0 ns). The shell areal density [ρd] grows by a factor 

of 1.5 for the same period [40] due to the growth of both the density ρ and the thickness 

d; therefore, the shell modulations (δr ~d) should grow by up to a factor of 1.5 due to BP 

convergent effects [40]. The BP effects do not contribute directly to the growth of shell 

integrity, δ[ρd]/ρd; therefore, the measured growth of relative areal-density modulation 

should be entirely due to the RT instability [40]. 

 
 

V.  LINEAR-GROWTH RAYLIGH-TAYLOR MEASUREMENTS FOR 

CODE VALDATION 

 RT growth in linear regime is very sensitive to the drive conditions. Most ICF-

related cases involve ablative drive, in which the growth rate γ = α (kg)0.5 – βkVa is 

stabilized by the ablation term βkVa, where Va is the ablation velocity and α and β are 

constants [6,7]. By measuring the growth rates at several different spatial wavelengths, 

ablation velocity and acceleration can be inferred. Both acceleration of ablation velocity 

depend on physics of laser absorption; electron transport; and preheat due to x-rays, non-



12 

local and hot electrons. Therefore linear growth rate measurements can be used to test 

and validate crucial physics in hydrodynamic codes used to design ICF implosions. 

 In the linear-growth experiments [34,35], planar, 20-µm-thick CH targets were 

accelerated with various square pulses on the OMEGA Laser System [30] in drive 

intensity range from ~0.2 × 1015  to ~1.5 × 1015 W/cm2. The target acceleration was 

measured using side-on radiography with a streak camera, while RT growth of pre-

imposed 2-D modulations was measured with through-foil, x-ray radiography [34]. 

Figure 13 shows examples of the target trajectory measured with streak camera [Fig. 

13(a)] and the image of 2-D modulations measured with x-ray radiography with the 

framing camera [35]. A primary goal of these experiments was to test local model for 

electron-thermal transport, used in hydro-code DRACO [33]. RT experiments at laser 

intensities below ~5 × 1014 W/cm2 demonstrated very good agreement with simulations 

based on this model. Figure 14 shows RT-growth results with a 1.6-ns square drive at a 

laser intensity of ~5 × 1014 W/cm2. Modulation growth at 60-, 30-, and 20-µm 

wavelengths agree well with simulations using the local model for electron-thermal 

transport based on the time-dependent flux limiter [34] shown in Fig. 6(c). There is a 

slight deviation of the predicted growth from the measured at the 20-µm wavelength, 

suggesting that the RT-growth stabilization starts to be observed at a drive intensity of ~5 

× 1014 W/cm2. 

 Figure 15 shows RT-growth results using the 1-ns square drive with modulations 

at 60-, 30-, and 20-µm wavelengths at the drive intensity of ~1 × 1015 W/cm2. The 60-

µm-wavelength modulations grow faster than the 30-µm perturbations, while the 20-µm-

wavelength perturbations are completely stabilized [35]. The simulation predictions 
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based on the local model show faster growth at shorter wavelengths compared to longer 

wavelengths. The measured stabilization of the short-wavelength modulations is 

consistent with an increased stabilizing term in the dispersion relation. Because the 

ablation velocity is inversely proportional to the density at the unstable ablation surface, 

the experimental data suggest that the ablation surface has been preheated. These 

experiments demonstrate that standard simulations based on a local model of electron 

thermal transport, break down at peak intensities of ignition designs (although they work 

well at lower intensities). Preheat by nonlocal electrons and hot electrons was suggested 

to explain the experiments [34,35].  

 Previous experiments demonstrated that nonlocal electron-thermal transport 

enhances the effect of ablative stabilization of the RT growth with green lasers 

[8,9,41,42]. The nonlocal effects become important in IR- and green-laser drives at 

relatively low intensities [42] of ~1 × 1014 W/cm2, while in UV-laser drives they become 

important at higher intensities [33-35] of ~1 × 1015 W/cm2. The direct-drive-ignition 

designs on the NIF use 351-nm UV-laser light at a peak intensity of ~1 × 1015 W/cm2; 

therefore, an understanding of nonlocal effects on RT growth is critical to direct-drive 

ignition [34]. The standard, or local, models of electron transport [43] predict steep 

gradients of temperature and density near the ablation surface. The nonlocal electrons 

with energies >10 keV, from the tail of thermal distribution, can penetrate further into the 

target and cause more preheating than local models, increasing the density scale length 

and reducing the density at the ablation surface [44-47]. Nonlocal models [45-47] predict 

significant ablation-front heating when the plasma corona temperature exceeds ~3 keV. 
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VI.  CONCLUSIONS 

 This article reviewed experimental results of the Rayleigh-Taylor (RT) growth 

experiments performed on OMEGA laser system over recent decade. The experiments 

were performed in acceleration phase, using planar and spherical targets, and in 

deceleration phase of spherical implosions, using spherical shells. In planar geometry, the 

nonlinear regime was studied using 3-D modulations with broadband spectra near 

nonlinear saturation levels. In acceleration-phase, the measured modulation Fourier 

spectra and nonlinear growth velocities are in good agreement with those predicted by 

Haan’s model. In a real-space analysis, the bubble merger was quantified by a self-

similar evolution of bubble size distributions. The 3-D, inner-surface modulations were 

measured to grow throughout the deceleration phase of spherical implosions. Measured 

growth rates of pre-imposed 2-D target modulations in planar targets were used to test 

and validate non-local thermal electron transport model in laser-driven experiments.  
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FIGURE CAPTIONS 

FIG. 1. Experimental configuration for planar Rayleigh–Taylor instability experiment 

includes CH drive foil, a backlighter foil used to produce x-rays for x-radiography, a 

pinhole array that produces images on a framing camera [25]. The images are captured at 

different times to measure temporal evolution of Rayleigh–Taylor modulations. 

 

FIG. 2. X-ray radiographs of the 3-D broadband modulations measured at 4, 6, and 10 ns 

[images (a), (b), and (c), respectively]. The bubble merger is evident in the images [26]. 

 

FIG. 3. (a) Evolution of the azimuthally averaged, areal-density modulation Fourier 

amplitudes as a function of spatial frequency for shots with 50-µm-thick targets driven by 

a 12-ns laser pulse at an intensity of ~5 × 1013 W/cm2 from Ref. 26. The dashed line is 

Haan’s saturation level Sk = 2/Lk2 (L = 333 µm is the analysis-box size) multiplied by 

the calculated target density in order to be converted to areal density. The spectral shapes 

of the measured modulations are similar to those predicted by Haan’s model. 

(b) Saturation velocities of target modulations measured at spatial frequencies of 8, 17, 

33, and 50 mm–1, corresponding to spatial wavelengths of 120, 60, 30, and 20 µm from 

Ref. 26. The dashed line is Haan’s saturation velocity Vs(k) = Skγ (k). The measured 

nonlinear velocities are in excellent agreement with Haan’s model predictions. 

 

FIG. 4. An example of the measured image shows bubble edges (determined using 

watershed algorithm [28]) superimposed on top of it. 
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FIG. 5. (a) Examples of the measured bubble-size distributions in the images taken at 

4 and 6 ns [images in Figs. 2(a), and 2(b), respectively] with a 50-µm-thick target driven 

by a 12-ns laser pulse at an intensity of ~5 × 1013 W/cm2. (b) Bubble-size distributions, 

normalized to the total number of bubbles, as a function of the bubble size normalized to 

the averaged bubble size λ λ  for the same 4- and 6-ns images as in (a). The measured 

bubble distributions are in a self-similar regime because their normalized distributions do 

not change in time. The dashed line represents normal distribution fit to the data. 

Predictions of 3-D bubble competition model agree better with data than 2-D model [28]. 

 

FIG. 6. Experimental configuration for spherical Rayleigh-Taylor experiments in 

acceleration phase [31]. Spherical CH shells contain openings that allow diagnostic x 

rays from the backlighter to radiograph the shell. The gold cone serves as a shield from 

the laser light entering the inner part of the spherical target.   

 

FIG. 7. (a) Central 200-µm-sq parts of the images were used to analyze the growth of the 

3-D broadband modulations [32]. (b) An example of a 2-D DRACO simulation showing 

a shell mass-density contour in an experiment with a 24-µm-thick CH shell at 2.0 ns 

driven with a low-intensity, 3-ns square laser pulse at an intensity of ~2 × 1014 
W/cm2. 

 

FIG. 8. Evolution of the simulated (solid curve) and measured (circles) areal-density rms 

amplitude as a function of time in experiments [32] with 24-µm-thick CH shells driven 

with a 3-ns pulse at an intensity of ~2 × 1014 
W/cm2. 
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FIG. 9.  Experimental configuration for spherical Rayleigh-Taylor experiments in 

deceleration phase includes a pinhole array that produces images on a framing camera 

[38-40]. The images are captured at different times below (with Ti filter) and above 

(using Fe filter) the titanium K-edge to measure temporal evolution of Rayleigh–Taylor 

modulations around the time of peak compression using K-edge absorption of the 

titanium dopant in the CH shell [38]. 

 

FIG. 10.  Core images near peak compression at energies below (~4.8 keV, upper row of 

images) and above (~6.5 keV, lower row of images) the titanium K edge for a target with 

a 20-µm-thick shell filled with 4 atm of D3He gas taken at times 1.90, 1.95, 2.00, 2.05, 

2.10, and 2.15 ns [40]. 
 

FIG. 11.  Images of areal-density modulations for a target with a 20-µm-thick shell filled 

with 4 atm of D3He gas taken at times 1.90, 1.95, 2.00, 2.05, 2.10, and 2.15 ns [40]. 
 

FIG. 12.  The evolution of inner-shell relative areal-density modulation σrms as a function 

of time for two shots [shown by triangles and squares] with 20-µm-thick shells and 4 atm 

of D3He gas [40].  

 
FIG. 13. Examples of (a) a target-trajectory image measured with the streak camera [31] 

and (b) a Rayleigh–Taylor growth image of 60-µm wavelength, 2-D modulation 

measured with the faming camera [31] using a 3-ns square drive at a laser intensity of ~2 

× 1014 W/cm2. 
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FIG. 14. Optical-depth modulations versus time for a 1.6-ns square laser drive at an 

intensity of ~5 × 1014 W/cm2 with wavelengths of (a) 60 µm, (b) 30 µm, and (c) 20 µm. 

Results of 2-D DRACO simulations are shown by solid curves [32]. 

 

FIG. 15. Optical-depth modulations versus time for a 1-ns square laser drive at an 

intensity of ~1 × 1015 W/cm2 with wavelengths of (a) 60 µm, (b) 30 µm, and (c) 20 µm. 

Results of 2-D DRACO simulations are shown by solid curves [32]. 
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