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Directly driven ablative Rayleigh–Taylor (R–T) instability of modulated CH targets was studied using the face-

on X-ray radiography on the Shen-Guang II device. We obtained temporal evolution images of the R–T instability

perturbation. The R–T instability growth factor has been obtained by using the methods of fast Fourier transform

and seeking difference of light intensity between the peak and the valley of the targets. Through comparing with the

the theoretical simulation, we found that the experimental data had a good agreement with the theoretical simulation

results before 1.8 ns, and was lower than the theoretical simulation results after that.
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1. Introduction

As is well known, the hydrodynamic interface in-

stabilities, such as the Rayleigh–Taylor (R–T) insta-

bility, play an important role in inertial confinement

fusion (ICF).[1−4] In ICF implosions, initial pertur-

bations on the target surface will grow primarily due

to the R–T instability, resulting finally in fuel pusher

mixing, which degrades the implosion performance.

To limit the mixing within an acceptable level, pro-

found understandings of the R–T instability are nec-

essary. The R–T instability can be generally divided

into linear-growth and nonlinear-growth regimes. The

initial perturbation amplitude in most ICF targets is

much smaller than that of the perturbation wave, so

early in its development, the perturbation grows in

the linear-growth regime with an exponential trend

until the perturbation amplitude grows to 10% of that

of the perturbation wave,[5] then the R–T Instability

comes into the nonlinear-growth regime, in which the

perturbation amplitude grows slowly with a trend to

saturate. So the perturbation growth in the linear-

growth regime makes a major contribution to the R–

T instability amplitude.[6,7] The growth rate is ex-

pected to be an important physical parameter, which

describes the growth of the R–T instability. But be-

cause of the nonuniformity of laser, the instability am-

plitude is hard to measure, and then is commonly ob-

tained by simulations. In practice, the growth factor

is often used instead of the growth rate to describe the

growth process of the R–T instability.

The experimental studies of the Rayleigh–Taylor

instability mainly focus on two aspects, the sophis-

ticated diagnostic technology and the targets. The

former relies mainly on the optimization of diagnos-

tic instruments and experimental conditions, includ-

ing the progress of the imaging system and the devel-

opment of different diagnostic types of targets.[8] For

example, the spherical bent crystal imaging technol-

ogy can be used to obtain three-dimensional images,

U.S. Naval Research Laboratory has done a series of

experiments in this way.[9−11] The use of VISAR (ve-

locity interferometer system for any reflector) system

to measure the spall development of the R–T insta-

bility provides a new way to carry out experimental

studies.[12,13] In the research of experimental contents,

different kinds of experiments carried out depend on

the the different stages of R–T instability growth. The

linear-growth stage is the main stage of the R–T in-

stability growth, and has been intensively studied. In

ICF, the nonlinear-growth R–T instability may affect

the mixing of hot spot materials, even leads to ignition

failure. However, due to the limitations of diagnostic

techniques, the numerical simulation is the main re-

search tool used to study the nonlinear-growth stage

and the turbulent stage.[14,15] In this paper, we use
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the single-mode modulation target to study the linear-

growth stage of the R–T hydrodynamic instability.

The experiment was divided into two parts.

Firstly, we obtained the R–T instability images of Al

targets irradiated by 4.7 keV X-ray in 120 ps inter-

val, which was recorded by CCD, this part of work

has been reported in 2010.[16] Secondly, we obtained

the time-resolved image of CH targets irradiated by

1–2 keV X-ray in 2.4 ns. In this paper, we describe

the second part of work.

2. Design of experiment and data

processing results

The schematic view of the experimental setup is

shown in Fig. 1. The targets were made of CH with

a density of 1.02 g/cm3 and a thickness of 20 µm,

the perturbation wavelength was designed into two

periods, 27 µm and 75 µm, and the initial pertur-

bation amplitude was about 1–2 µm. As for the

drive beam, we used the ninth laser from the Shen-

Guang II device smoothed by an LA plate, the trape-

zoidal wave, the energy was 800 J, the wavelength

was 0.35 µm (frequency-tripled), the spot size was

800 µm×800 µm, and because of the optical arrange-

ment, the ninth laser irradiated the CH targets at 45◦

in 2.2 ns. Four beams of the Shen-Guang II device ir-

radiated at a Cu target to generate the 1–2 keV back-

lighting with the energy of 260 J/beam and the spot

size of 500 µm in 2 ns, the full width at half maxi-

mum (FWHM) of the pulse was 2.4 ns measured with

an oscilloscope. The temporal evolution image of the

R–T instability of CH was obtained by using an X-ray

streak camera with the face-on diagnostic method. We

defined time zero (t = 0) as the time of half maximum

of the ninth laser (main laser).

4T8#

back target

main target

9#

filter

XSC
pin hole

Fig. 1. (colour online) Schematic diagram of experimen-

tal setup.

Raw streaked images obtained in the face-on ex-

periment are shown in Figs. 2(a) and 2(b). The spot

of the backlighting projected to the target is about

4–10 periods. The ninth laser is 0.49 ns earlier than

the backlighting.

2.4 ns

(a) (b)

Fig. 2. Raw streaked images with the periods of (a) 75 µm

and (b) 27 µm.

As is well known, the X-ray transmission formula

is[17]

I(t) = I0 exp
−µρlt, (1)

where I0 is the initial backlight intensity, µ is the mass

absorption factor, and ρ is the density. So we can get

σ(t) = µρη = ln(Iv(t)/Ip(t)), where σ is the optical

thickness, η is the amplitude of the modulated tar-

get, lv is the backlight intensity at the valley of the

target, and lp is the backlight intensity at the peak

of the target. To use the formula, we should assume

that the backlight intensity is uniform. Using the ob-

tained optical thickness, there are two ways to obtain

the information of the R–T instability. First, if the

density of the target over time can be measured, we

can get the amplitude of the R–T instability over time.

Second, through the fast Fourier transform (FFT) of

the optical thickness, different harmonic modes of the

R–T instability can be obtained.[18] Because of the dif-

ficulty of measuring the density, we choose the second

method to describe the growth of the R–T instability.

The backlight intensity distribution we used in ex-

periment is similar to Gaussian, not the uniform dis-

tribution, and the experimental data are mixed with

noise, so backlight fitting and smoothing data should

be done first before using the intensity of the X-ray.[10]

The optical thickness versus time is shown in Fig. 3.

The wavelength is 75 µm. The exponential fitting

shows that the R–T instability is in the linear-growth

regime. So we can have the following approximation:

σ = µρl = µρl0 e
γt ∆

= µρ0l0 e
γ̄t = σ0 e

γ̄t. (2)

For Fig. 2(a), we obain σ0 ∼ 0.0456 ± 0.00317,

γ̄75 ∼ 0.81526± 0.0276, for Fig. 2(b), σ0 ∼ 0.04818±
0.01122, γ̄27 ∼ 0.60869 ± 0.10845, σ0 remains almost
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unchanged, which shows that the approximation is ef-

fective. In experiment, the laser energy irradiated the

27 µm target (706 J) was lower than that irradiated

the 75 µm target (829 J), so γ̄27 < γ̄75 can be un-

derstand. Comparing with the work of Kilkenny et

al.,[18] we obtain a similar data fitting curve, which

shows that the data we obtained are indeed in the

linear-growth stage. But because our backlight time

is shorter than their time (∼ 5 ns), so we do not ob-

tain the data of the latter growth in the linear-growth

stage.
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Fig. 3. (colour online) Optical thickness (OPD) with time.

In addition, with the development of the R–T in-

stability, the perturbation on the interface grows more

and more irregular, which means that higher harmonic

modes will be obtained in the FFT of the optical thick-

ness.

Figure 4 shows the different harmonic modes ob-

tained in the FFT of the optical thickness of the 75 µm

target. we find that the Fourier series are mainly dis-

tributed in the first to the third orders, and the values

are small, so we can get the conclusion that in our

experiment, the R–T instability is still in the linear-

growth regime at 2.2 ns.
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Fig. 4. (colour online) Fourier transform of the optical

thickness

In the following, we will test whether our data

processing is reasonable or not by comparing our pro-

cessed experiment data with the simulation results

(Fig. 5). In experiment, 0.8 ns after the main laser,

the perturbation amplitude can be recorded clearly by

the streak camera, so we choose the 0.8 ns after the

main laser as the beginning of the data comparison.
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Fig. 5. Growth factor as a function of time for the 75 µm

target.

In Fig. 5, before 1.8 ns, the processing data are in

good agreement with the simulation results, between

1.8 ns and 2.3 ns, the experimental data are below

the simulation results, and the minimum is 78% of

the simulation result, so we consider that our data

processing has a practical value.

3. Conclusion

In summary, we have shown the measurements

of laser directly-driven Rayleigh–Taylor instability of

modulated CH targets in the linear-growth regime.

The optical thickness has been given by using the

methods of FFT and seeking the difference between

the peak and the valley of the image intensity. We also

showed the different harmonic modes of the optical

thickness, which illustrated that the R–T instability

was still in the linear-growth regime. The experimen-

tal results were compared with the theoretical simula-

tion, and a good agreement was obtained, this implies

that our experimental data processing method has a

practical value and can be applied to future Rayleigh–

Taylor data processing.
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