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Measurement of Feedthrough and Instability Growth
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We have performed the first radiation-driven implosions in a convergent geometry where feedthrough
of the Rayleigh-Taylor instability and Bell-Plesset growth are observed. A perturbation in a dodecagon
shape was machined on the outer surface of a cylindrical polystyrene shell. The shell was imploded
by radiation ablation in a hohlraum at the Nova laser. Growth of the perturbation was observed at the
inner surface of the shell via x-ray backlighter imaging. This method shows promise for the study of
instability growth and feedthrough in converging flows. [S0031-9007(97)03162-1]

PACS numbers: 52.50.Jm, 52.25.Nr, 52.35.Py, 52.70.La

The Rayleigh-Taylor (RT) instability is of great impor- experiment to allow diagnostic access and superior control
tance in inertial confinement fusion (ICF). The instability of the shell's inner surface during target fabrication. This
governs the maximum allowable convergence ratio an@gxperiment demonstrates that quantitative RT experiments
shell aspect ratio, which in turn governs the implosioncan be performed in cylindrical geometry and measures
hydrodynamic efficiency. For ICF, the RT instability oc- for the first time the phenomenon of feedthrough and
curs during two phases. The first is the ablative accelgrowth in a radiation-driven target.
eration phase where perturbations on the outer surface The experiment geometry is shown in Fig. 1. Eight
grow, seeded from either capsule surface nonuniformitie®.35 um wavelength, 2.5 kJ, 2.2 ns Nova [14] beams are
or laser beam hot spots. The second is the deceleratigrointed symmetrically about the cylinder. A low-adiabat
phase, where the pusher-fuel interface is unstable [1] andrive [5] is used for the main beams consisting of a low-
perturbations grow from initial inner-surface nonuniformi- power foot followed by a ramp to higher power, with
ties or feedthrough via shock and acoustic wave commua peak-to-foot ratio of about three. A separate beam of
nication from the outer surface [2,3]. Many experiments2 ns duration a0.53 um wavelength is used to irradiate
have measured RT growth during ablative acceleration im 2 mm diam silver disk to create an x-ray backlighter of
either direct [4] or indirect [5] drive and have verified the photon energy-3-3.6 keV.
predicted stabilizing effect of mass ablation and density The central00 wm long region of the cylinder has per-
gradients [6]. However, few experiments have examinedurbations machined on the outer surface in a dodecagon
the role of feedthrough and the deceleration phase. shape (fundamental mode number= 12), giving a peak-

Convergent effects are also important during all phasego-valley amplitude o® um. In the central region, the
During the ablative acceleration phase convergence intreshell wall is 45 um thick, with 260 um outer radius.
duces a different threshold for nonlinear effects due to & 4-um-thick, 160-um-long dichlorostyrenéCgHCl,)
decrease of perturbation wavelength in time [3] and thin
shell effects [7] as well as a change in perturbation ampli-

tude due to the combination of convergence and compres: backlighter disk
ibility [8]. Feedthrough is decreased because the pushe machined backlighter beam
shell thickens in time during convergence. Convergenc perturbetlione ,
effects are magnified during the deceleration phase [3,8- surface  pe 4 Be filter
10]. There is also the potential for accelerationless Bell- | foam |
Plesset growth due to convergence alone [11]. { _t

Few experiments to study convergent RT instability drive
have been performed [12] because of the difficulty in IT beams
diagnosis. Perturbations and mixing-layer widths are T
difficult to measure in spherical geometry due to the lack T:J:;e,:

of a direct line of sight, and to the errors associated with
Abel inversions in spherical geometry near the center apertures
While perturbation growth can be indirectly inferred from
time-dependent x-ray spectral line ratios in spherical

implosions [13], results depend on the details of difficult;s 1 view of the experimental geometry. The hohlraum

atomic physics and radiative transport calculations. Amhas a length 02750 wm, a diameter ofi600 xm, and a laser
indirectly driven cylindrical configuration is used in this entrance hole diameter a280 um.
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. - time-resolved X-ray
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belt is placed around the center of the cylindrical shellperturbation amplitude grows in time and the wavelength
flush with the shell’s inner surface. The belt serves as @ecreases as the radius decreases. According to calcula-
marker layer since it is opaque to the x-ray backlightertions the ablation front does not reach the marker layer
whereas the polystyrene cylinder is relatively transparenduring the implosion. Hence the existence of an observed
Although it is the marker layer which is most clearly ev- m = 12 feature is due to feedthrough of the initial pertur-
ident in the time-resolved pinhole camera diagnostic, abation to the marker layer. The tips of the dodecagon
late time the neighboring compressed polystyrene becomémve grown into spikes. An image of an unperturbed
somewhat opaue, according to calculations. While theylindrical implosion taken under identical conditions to a
marker layer has an initial density higher than the unchloperturbed implosion shows an absencenof= 12 pertur-
rinated polystyrenel(4 g/cm® versusl.0 g/cn?), calcu-  bations, demonstrating that the initial perturbations caused
lations show that expansion of the marker layer from x-the observed feedthrough.

ray preheat reduces the density to below the unchlori- In the perturbed image, a contour is identified at the
nated polystyrene during the ablative acceleration phas&ner and outer edges of the marker layer at th&)%
[This expansion can be seen in Fig. 4(a) as an increasexposure level and the Fourier coefficieatsandb,, are

in the calculated distance between the inside and oudetermined. The contour is expressedré®) = %(10 +

side of the marker layer.] Thus the outer marker layery’ (a,, cosmé + b,, sinmg). The result is shown in
polystyrene interface is expected to be Rayleigh-TayloFig. 3 for the Fourier amplitudg/a2, + b2 (um) for the
stable. A 60 mg/cm® microcellular polystyrene foam outer edge as a function of mode numbarfor ¢ =

with cell size ~2-3 um is placed inside the shell to 2.11 ns. The fundamental mode 12 amplitude has grown
provide a back pressure as the cylinder implodes. Ofrom an initial value of 3.5 td0 um, a factor of 2.9 com-
each end of the cylinder, 400 um diam circular aper- pared to its initial value. The perturbations are observed to
ture is placed concentric with the cylinder axis. Theseconserve mode number during the implosion, despite the
apertures provide a centering fiducial for each frame ombservation that one side of the target has imploded closer
the pinhole camera. The cylinder is viewed along itsto the center than the other side. (This is due to a com-
axis with a time-resolved gated x-ray pinhole cameréination of power imbalance and target nonuniformity.)
(GXI) [15]. A 4 X 4 pinhole array with pinhole diame- Sources of error include the choice of center, contour level,
ters of~7 um allowed 16 images spacee5 ps apartto  and instrumental resolution and instrumental noise. There
be projected onto four microchannel plate strip lines withare also local maxima at modes 1, 4, and 8. The mode 4
a magnification of 12. maximum is due to the discrete number of drive beams,

Figure 2 shows twelve images of an implosion with thewhich provides an illumination asymmetry. The mode 8
initially perturbed surface as described. The times argnaximum is the result of coupling of the mode 4 drive
shown with respect to the start of the laser pulse. Theisymmetry to the mode 12 target perturbations.

The observed perturbation growth is consistent with es-
timates made from the modified Takabe relation J6}
JVkg/(1 + kL) — Bkv,, wherevy is the growth rate of
an ablation-surface perturbation with wave numkeun-
der an acceleratiog, in the presence of a density-gradient
scale lengtiL, and ablation velocity, = m/pmax, Where
pmax 1S the maximum mass density near the ablation
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FIG. 2. A sequence of gated x-ray images of the cylindricalFIG. 3. Fourier amplitudes as a function of mode number
backlit implosion. Emission appears on center at 2.30 ns, whetaken from a contour of the outer edge of the marker layer
the shock wave converges at the origin. at 2.11 ns.
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front and m is the mass ablation rate. The coefficient12 amplitude, since errors in the choice of center can shift
B is an adjustable parametef).5-4 [5]. The expression the modal amplitude by-1 mode.
exp( [ y dt) is numerically integrated usingyADES [16], The instability measured at the outer edge of the marker
a one-dimensional radiation-hydrodynamic code, to obtaitayer should also cause feedthrough to the inside edge of
the growth rate during the acceleration. Assuming that théne marker layer. At = 2.30 ns, the Fourier analysis of
perturbation amplitude at the marker layer is equal to thehe outer edge gives &l.5 um amplitude, and for the
amplitude at the ablation front reduced by the feedthrouglnner edge, @ um m = 12 amplitude, or an attenuation of
factor e *2" whereAr is the distance between the abla- .18, Usingk = 0.12 um~! and a marker layer thickness
tion front and marker layer, the ablation front amplitude isfrom the simulations o7 wm, results in an attenuation
inferred from the measured amplitude at the marker layepf . —*Ar = (.14, consistent with the measurement.
simply by multiplying by e*4”. From the simulations,  For¢ > 2 ns, the outer marker layer interface deceler-
Ar ~9 um, k ~ 0.087 um ', resulting in a reciprocal ates and is Rayleigh-Taylor stable. The mode 12 ampli-
feedthrough factor of 2.2.  The observed growth factor igyde grows from~10 um to ~18 um. This is due to
matched using a value @ ~ 0.7, . Bell-Plesset instability, which includes a purely geometri-
_The coefficientiy/2 which represents the average radiuscy| effect. The growth can be estimated by considering a
is plotted as a function of time in Fig. 4(a) for the inner comnressible fluid without acceleration or almost equiva-
and outer edges of the marker layer, along with th%ntly, a low Atwood number interfacét ~ 0.15). The
convergence ratio of the outer edge of the marker |ayeramp|itude in cylindrical geometry varies asl/pr [11].
The implosion trajectory is consistent with a 190-eV ging values ofp andr in the center of the marker layer
peak brightness temperature input into a calculation with 0 15 simulation and normalizing the amplitude
HYADES. A measured non-Planckian spectral profile typi- h ltant arowth is olotted in
cal of gold hohlraum emission which includés-shell to 10 um at 2.11 ES’ the resu = 9 P
gold emission components [5] is used. In Fig. 4(b) Fig. 4(b). From: = 2.0 ns tor = 2.3 ns (convergence

X ' 'ratio of 1.7 to 2.7 for the marker layer), there is little

the time-dependent modal amplitudes of the= 4 and growth, because the effect of compressibility offsets the

m = 12 modes for the outer edge of the marker layer o :
i . effect of convergence; i.ep increases as decreases.
are shown as a function of time. The quadrature su - T .
rom¢ = 2.3 ns tot = 2.7 ns (convergence ratio 2.7 to

vai +bi + ai, + b, + ai, + b}, represents the mode 3.5), the marker layer behaves incompressiplyis con-
stant asr decreases and significant growth occurs with

[y

250 , ' , , , -4 the modal amplitude varying as'1/r. During expan-
_(2. _____ 135 sion (r > 2.7 ng), the marker layer is compressed by an
200 T i 8 outward-going shock, the density increases, and the per-
E 150 F 13 3 turbation amplitude decreases. These results imply that
- : measured r ;o {25 convergence and compressibility strongly affect perturba-
gwof ° :s:;‘:;d inner 1, 8 tion growth during the deceleration and stagnation phase.
= e p— HYADES :°“‘e' i B The ablation front amplitude has become nonlinear in
: inner "5 315 ° this experiment. The threshold occurs nominally Ad ~
3

b L 0.1, where A is the perturbation amplitude, although in
0 05 1 15 2 25

time (ne) simulati_ons it depends both on .the initial amplitude and
shell thickness [7]. From 2D simulations witlASNEX
25 o , T . ' . [17], the departure from linearity occursrat- 1.7 ns. At
] that time, exp/ vy dt) = 5.1, or 80% of the growth if it was
=2 ; 3311 1213 linear during the entire experiment. Thus nonlinearity is
H 15 vpr not a dominant effect in this experiment. The perturbation
§ was initialized in its linear regimed /A = 0.026). Attime
£ 10 t = 2.11 ns,A/A = 0.18, above the nominal threshold for
g 5 linearity. Without convergence, the mode 12 would have
remained in the linear regimei/A = 10/136 = 0.07).
0 o5 1 5 Observation of a large mode 8 amplitudes um im-

time (ns) ) plies that the mode 12 has become nonlinear and cou-
pled to the mode 4, which is still in the linear regime.

15,5 ), e, e s g v s e ecsion of th rowt e due 0 i she .
i _ _ /
compared to the trajectories fromrerADES calculation. The fects is/(1 — )/[1 + o coth(kh)], where o = p/p’,

convergence ratio of the outer marker layer edge is als@ IS the mass density anilis the shell thickness [18].
shown. (b) The Fourier modal amp“tudeé&i + bi and From the S|mu|at|0ng§h > 2, o < 005, resultlng ina 2%
Jai + b2, + a2, + b2, + a2, + b2, as a function of time. bound on the reduction in growth rate due to thin shell ef-
The valuel/pr Is superposed. fects. The effect of feedthrough at later time dominates the
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