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Experiments have been developed using high powered laser facilities to study the response of
materials in the solid state under extreme pressures and strain rates. Details of the target and drive
development required for solid-state experiments and results from two separate experiments are
presented. In the first, thin foils were compressed to a peak pressure of 180 GPa and accelerated. A
pre-imposed modulation at the embedded Rayleigh—Taylor unstable interface was observed to
grow. The growth rates were fluid-like at early time, but suppressed at later time. This result is
suggestive of the theory of localized heating in shear bands, followed by conduction of the heat into
the bulk material, allowing for recovery of the bulk material strength. In the second experiment, the
response of Si was studied by dynamic x-ray diffraction. The crystal was observed to respond with
uni-axial compression at a peak pressure 11.5-13.5 GP&20@ American Institute of Physics.
[S1070-664X00)94505-1

I. INTRODUCTION Y(P,T)=Y [1+B(s+&)]"
The dynamics of material response to pressure loading KNP G}
depends on the pressure and strain rate. Processes may be X| 1+ IR st G—)(T—BOO) (1b)
o/ m s}

extremely slow, such as the movement of the tectonic plates

on the earth (10'7-10 **s™%),! or fast, such as the dy- _ _ _ .
namic response of materials under shock IoadinthereG is the shear moduluy;is the yield strengthg is the

(10°-10 s * or highei.? There are experimental techniques S@in, andz is the compression. The pressuRy and tem-

that allow us to access these different regimes. The diamorifature(T) derivatives ofG are represented bgp and Gy

anvil cell is an example for slow isotropic compressions uprespectlvely. This model is an elastic-perfectly plastic model.

to the 100 GP41 Mban range(limited by strength of the When a stre_ss is applied to a sample, it respor_lds elastically
press itself. For dynamic processes, there are Hopkinson bal!P t0 the point where the stress exceeds the yield stress. At
test facilities, gun facilities, and high-explosivelE) facili- that point, it yields to plastic flow. This formulation includes
ties. In these, the pressures are typicatly00 GPa, and only the enhancement of strength due to pressure and work hard-
moderate strain rates (13016 s 1) are accessed. The re- €NiNg(B), and softening due to temperature.

sponse of a metal under extreme pressur@00 GPa and In fact the material has a lattice structure is not taken
high-strain rate 10’ sY) is typically inferred by extrapo- into account in such an empirical description. When the solid

lation from experiments that are done at lower pressuregndergoes deformation at high pressure, stresses result in the

(<100 GPa and moderate strain rates X0'Y). generation and subsequent propagation of lattice
One model used to described material response undgislocations“. Solid-state plastic flow is caused by the rear-

shock loading is the Steinberg—Guinan constitutive mddel.fangement of the lattice structure by transport of these dislo-

This is a semiempirical strain-rate independent model for th&ations. _ _ _
shear stress and yield stress The number density of dislocations that are generated

and the speed with which they propagate depend on the rate
of the applied strain. The parameters defined in the constitu-
)(T—300)}, (13 tive materials modélare determined_ from experiments at
pressures below 100 GPa and strain rates on the order of
10°-10° s~ L. Application of the model is speculative at the
«paper BIL 5 Bull, Am. Phys. Sodd, 10 (1999, higher strain rates of 1o 1(?_ s~ 1 that may be achieved with
"Invited speaker. a laser driven shock experiment. As a result, it is important
dElectronic mail: kalantarl@lInl.gov to characterize the shock response of materials at high pres-
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sures and strain rates in order to evaluate the validity of a) Hohlraum target

. ) <— backlighter foil
materials models such as the model of Steintwrgl3

x-ray heated cavity

Intense lasers have been used for high-pressure fluid hy- backlighter beam A
drodynamics experiments and equation of state experiments Nova drive beam
relevant to inertial confinement fusion and to laboratory as- ‘ ‘ )
trophysics. The laser provides a source of high energy den- Q b < ;3
sity that may be used to launch shocks that are up tdGFa %’\ / : -~ Q‘K /
for fluid experiments. With appropriate target and laser pulse ax's'f/\%(’_“: """"""" & ‘;f”\“
shape, materials may be compressed at more moderate pres- y . ‘. | N
sures(>100 GPa while remaining solid. This allows solid- é"/ %J f\ ' @ %
state experiments to be done in regimes of very high pressure _
and strain rate laser entrance hole laser heated cavity

. . . . x-ray drive
In this paper we describe the experimental technique for ChNE0:A package

performing solid-state experiments using an intense laser. b) Rayleigh-Taylor package
We present details of the target design, and drive character-
ization, along with calculations of the state of the material.
We show results from Rayleigh—TaylGRT) instability ex-

brominated plastic l 1 l l lx-ray drive

. . . . . . 20”m
periments using thin Al foils, and we also discuss dynamic Vi
diffraction experiments probing the lattice response of shock
compressed Si crystals. Al foil

FIG. 1. (a) Hohlraumtarget configuration showing the laser heated cavities,

II. ALUMINUM INSTABILITY EXPERIMENT the x-ray heated cavity, and the internal shields to block x-ray preheating of
] ] . ) the foil package(b) Cross section of a typical RT instability package con-
In a classical fluid model, when a light fluid acceleratessisting of a CHBr) ablator and modulated Al foil.

a heavier fluid, the interface is RT unstable. A mass modu-

lation at the embedded material interface is unstable, and can

grow under acceleration. In the solid state, however, thand the laser energy is absorbed by inverse bremsstrahlung.
strength of the material can counter the effect of the RTX-rays that are re-emitted from the wall pass through the
instability. The parameters that define whether a material ifioles in the internal shields to heat the centratay heategl
stable or unstable to instability growth in the solid state de-cavity and ablate material from the surface of the package.
pend on the wavelength and amplitude of the modulation, th@his launches a series of shocks to compress the package and
acceleration, foil thickness, and material properties, such aaccelerate it away from the hohlraum. The internal shields

yield stress, and shear modulus. shown in Fig. 1 prevent preheating of the package by hard
The effect of strength on instability growth in the plastic x-rays generated at the laser spots.
flow regime has been investigated by Bareesl? using Al The Al foil package consists of a 20m thick bromi-

plates that have a pre-imposed surface modulation. The Alated polystyrenéCH(Br)] ablator pressed in contact with
plates were driven with a shockless HE drive. Similar experithe Al foil [Fig. 1(b)]. We typically use Al-6061 foils that
ments were done by Lebedeval,®’ using Al and Ti plates. have been rolled and then machined to have a sinusoidal
We are conducting experiments on the Nova fserstudy  modulation and an average thickness of 18+20.
the plastic flow of metals at high-pressure and very high- A purely isentropic compression may be achieved with a
strain rates. Thin foils of Al are compressed by a factor ofpressure pulse that rises slowly so that a shock cannot form
1.5-2.0 with staged shocks reaching peak pressures of up te the material during the experiment. This is approximated
180 GPa. The Rayleigh—Taylor instability is the observabldan the laser experiment using two shocks. An 8.5 ns long
“probe” in this experiment, with departures from classical laser pulse shape is created by temporally staggering the
(liquid) behavior characterizing the material strength propereight drive beams so that they enter the hohlraum in pairs
ties at high pressure and compression. (Fig. 2). A total of ~14 kJ of 0.35um wavelength laser

In order to perform such a solid-state experiment, theenergy is deposited into the hohlraum. This generates an
sample must be compressed nearly isentropically such thatray drive pressure that launches the two shocks to com-
the final temperature is below the material melt temperaturepress and accelerate the foil away from the side of the hohl-
This is achieved in the Nova hydrodynamics experimentsaum.
using an x-ray drive created in a cylindrical gold hohlraum.  We have characterized the x-ray drive in the central cav-
The target geometry is shown in Fig. 1. The hohlraifiy. ity of the hohlraum using the Dante diagno$tmd side-on
1(a)] is cylindrically symmetric, 3.44 mm in diameter, and foil trajectories. The Dante diagnostic is an array of abso-
5.75 mm long. The hydrodynamics package is mounted ofutely calibrated filtered x-ray detectors. This provided a
the side of the hohlraum at the midplane. measurement of the radiation temperature as a function of

Eight Nova beams enter the hohlraum through the lasetime. We have also performed simulations of the drive inside
entrance holes and are incident on the inner wall of the twdhe hohlraum to establish a detailed model for the drive his-
laser heated cavities of the target. The high-intensity lasetory.
ionizes the surface of thdohlraumwall to create a plasma, The peak portion and the late time decay of the drive

Downloaded 16 Dec 2004 to 132.239.191.82. Redistribution subject to AIP license or copyright, see http://pop.aip.org/pop/copyright.jsp



Phys. Plasmas, Vol. 7, No. 5, May 2000 Solid-state experiments at high pressure and strain rates 2001

B ety 140 &
b Laser power 1120 o £
S 4r g L Z 5y
E E T 7 4100 & =
= E E 1 22
& 3¢ ¥ i Jdgo 88 £
3 g TS ] gD &
e 2f : J60 > 2
. n ] < 2
2 : ! J40 3§ b)
§ 4 F ~ Position = 3
420 = £
ot el g 3
10 15 20 g
Time (ns) =1
0'0'5—....|....|....|....|..
FIG. 2. Laser pulse shape used for the Al RT experiment. The resulting 0.0 01 02 0.3 0.4
x-ray drive temperature and simulated foil trajectory are shown overlaid. Position on target (mm)

FIG. 4. (a) Sample x-ray radiograph of an Al foil with 50 and 20m
wavelength perturbations. This is shown as modulation in optical depth for

e o he 4.3 keV - Li f optical depth modulation.
are verified with side-on foil trajectory measurements of an¢ 43 keV probe x-raysb) Lineout of optical depth modulation

Al foil. The back surface of the Al foil moves-140 um

after 18 ns. The drive history and calculated trajectory ofcorresponds to an isentropic compression, the solid curve

the rear(free) surface of the foil are shown overlaid in Fig. 2. represents the principle Hugoniot, and the dot—dashed curve
The conditions in the Al foil are calculated at the em- corresponds to the melt curve.

bedded interface with the one-dimensiofiD) simulations

using the radiation-hydrodynamics code LASNEXThe  |1I. INSTABILITY GROWTH EXPERIMENTS

calculated temperature and pressure at the embedded As the foil i lerated . d si idal mod
ablator—Al interface are shown in Fig. 3. Two shocks are S the Toil 1S accelerated, preimposed sinusoidal modu-

created, the first at a pressure of 20-30 GPa and the secohaciic’r]S of wavelengths 10, 20, and mn and i”‘“a.' amplli_—
at a pressure of 180 GR4.8 Mba, as shown in Fig. G). tude 0.5um grow due to the Rayleigh—Taylor instability.
. This perturbation growth is diagnosed using x-rays generated

The Atwood number is about 0.13 from 6 to 13 ns, and ther}) " dditional b N hich incident with
it increases to 0.2. The time scale of this experiment is shor y two additional beams on INova which are incident with a
4 ns square pulse on a separate Sc backlighter foil with a

and the longitudinal strain rate is abouk 10’ s 1. The slow | 0.7 diarh focal Spot & ; ¢
decay of the hohlraum x-ray drive maintains the high pres-arge ared0.7 mm diam focal spot to generate lec-rays a

sure until about 10 ns. During the experiment, the interfacef"3 keV. Two-dlmen5|ona_l images of the x-ray transmission
accelerates to a velocity of about #n/ns at 20 ns. In these f[hrough the modul_ated foil are regorded using a gatgd x-ray
simulations, the material temperature at the interface Sta)}gnage_;_ (';X:])lqug‘fj'”% 56 pm pinholes a(; d12 ftlme_s
below the melt temperature, which we calculate by the Lin-Tagnimcation. p fo 15 Images are recoraed on four In-
demann law as described in Ref. 11 dependently timed microchannel plate striplines on each la-

ser shot using a 230 ps wide gate pulse. A typical image is
Tm=Tmoexp(2a(1—1/5)} y2Yo~n-13, (2)  shown in Fig. 4, displayed in optical depth of the foil. A
lineout of the modulation in optical depffrig. 4(b)] is ana-
where T, is the melt temperature at constant volunyeis  lyzed to extract the Fourier amplitude at the modulation
the volume compression of the sampiejs the Gruneisen  wavelength. This is then normalized to the initial contrast in
gamma, andh is the coefficient of volume dependenceyf optical depth, thereby effectively removing the instrument
as defined by Steinberg al? resolution from the measurement. Note that the instrument
This drive is calculated to keep the foil very near themodulation transfer function is about 0.6 at X2for
conditions of an isentropic compression throughout the exA=20um.
periment. In Fig. 8) we show the internal energy at the Al The measured growth factors for the three perturbation
interface plotted as a function of densitompressiopnfrom  wavelengths are shown in Fig. 5. Each point represents the
t=0 tot=15ns. The dotted curve labeled “isentrope” here results from up to four images on a single stripline of the

a) b)
0-6:....,|...,........._2-0 10—~y T 2
osfF B . F i ]
o n = 8 Hi t - .
> E 415 g 2 : uaonie ] FIG. 3. (a) Pressure and temperature history at the em-
o 04t ] ] 8 3 sl ] bedded interface for a shocked Al foil. The melt tem-
2 o3f T . Jios @ | Mo ] perature calculated by the Lindemann melt law is over-
g 3 \ W ] z 9 4L laid. (b) Internal energy trajectory calculated for the
£ i T 405 8 £ _F ] embedded Al interface. This is shown with the melt
0.1 fet pa S = g2 E Intemal energy curve, shock hugoniot, and an isentrope.
3 - T, ] = F ]
00bisst a1 ™5, 100 0 & N EPETET SPEr EP
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Time (ns) Normalized density
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a) A=50 ym b) A=20 ym ¢} A=10 ym
25_ R B IS B AL 25"I"I""I""I"' 40:"""""" T
20¢ it 20F _.-" q 30 E FIG. 5. Measured perturbation amplitude shown plotted
g 15 1 sk 3 E _ as growth factors above the initial pre-imposed ampli-
8 3 K ] [ 20f 3 tude for the Al RT instability experiment$a) 50 um
§ 10k b 1 1ob fuid % 3 E _ modulation, (b) 20 um modulation, and(c) 10 um
8 : é ] b A ] 10 E modulation. Each shot is represented by a different
50 7 3 5L 3 E E symbol, and data at two different wavelengths from the
8 ] 27 Npength ] : . E same shot are shown with the same symbol.
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gated microchannel plate. The error bars represent the statispectively. At a shock pressure of 180 GPa, the Al foil is
tical error in the mean for the collection of images. In casesompressed by about a factor of 1.7—1.8, at which point the
where there were only one or two images, the error bayield strength is 3.3 GPa, enhanced by more than a factor of
represents the amplitude of the noise of neighboring mode$0 over the nominal valueX,. The applied stres@ressurg

in Fourier space relative to that of the pre-imposed singleexceeds the yield strength by more than an order of magni-

mode. tude, putting the foil into the plastic flow regime and allow-
Overlaid on the graphs, we have plotted the simulatedng for instability growth in the solid state.
growth factors using both a fluid modéle., no material Estimates can be made as to whether the modulation on

strength (dashed curye and the constitutive material the Al package grows or not, based on a steady-state stability
strength model described by Steinbexgal. (solid curve. boundary analysis. Lebedet al® provide an expression de-
These simulations are fully two-dimensional, including anyfining stability boundary as a function of both the amplitude
nonlinear hydrodynamic growth. Values of the model param-and the wavelength of the modulation

eters used wer¥,=0.29GPa,G,=27.6 GPa,$=125, and _ (= 27HIVEN)

n=0.10. The data show variation from shot to shot, but a ¢ 7c(Drucken[1—0.86e ]

trend emerges. At about 15-16 ns, the growth factors are N\ 2

consistent with fluid growth. However, at later tim@go—22 X [l—e(z”H"@”]z—()\—) ] 3
ns), the perturbations generally have not grown as much as *

we calculate using the fluid models. This suggests that therehereH is the thickness of the sample

may be a time-dependent saturation or stabilization mecha-

nism affecting the instability growth. Simulations of the fluid ~ M==47G/pg, 4)
growth of shorter wavelength modes characteristic of the iniig the cut-off wavelength for a semi-infinite sample from
tial surface finish indicate negligible coupling to the preim- \jijes4 and

posed mode, and that growth from fine-scale surface finish
modes does not lead to the reduced growth at late time for
A=10 and 20um. We conjecture that the saturation or sta-

bilization is due to a time-dependent material strength effect,
as is discussed below. is the wavelength independent critical amplitude threshold

for instability growth from Druckef® Note thatp is the den-
IV. STRENGTH STABILIZATION sity, andg is the acceleration. For a given set of conditions

(Y, G, H, g p), wavelengths\ are predicted to be stable if
The initial values for yield strength and shear modulus;< 5, in this model.

for bulk Al-6061 areY,=0.29 GPa ands,=27.6 GPa, re-

¢ pg

06 H———tom—de b b L xraysource
_ 3 - diffracted x-rays
g 05 4 -
3 1 -
4§ 04 3 I~ lattice e
2 3 - structure Bragg
2 03 J i
£ 3 o
& 3 E
w® 02 + -
£ . -
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E o shock propagatlon
00 I — —F
0 20 40 60 80 100
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FIG. 6. Stability boundary calculated Al RT instability experiment calcu- FIG. 7. lllustration of dynamic x-ray diffraction being applied to probe
lated with average conditions at 8—12 ns. lattice compression of a shocked sample.
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Hohlraum recovery of strength, this scenario offers a qualitative expla-
nation for the RT growth history. Results from the experi-
ments presented here are qualitatively similar to those of HE
driven Al plate experiments of Rayevskst all’ There,
when the plate experiences shock loading, the perturbation
growth is nearly fluid-like at early times, but appears to satu-
rate later.

Bragg
diffraction

Laue
diffraction

Ta pinhole

Shielding V. DYNAMIC X-RAY DIFFRACTION

In order to develop a full understanding of a solid-state
experiment such as the RT instability experiment described
above, details of the response of the lattice are required.
When the solid undergoes deformation at high pressure,
stresses that occur at a lattice level result in the generation

_ _ _ _ and subsequent propagation of dislocatfremd localized
FIG. 8. Diagram of theHohlraum target configuration for dynamic x-ray . . .
diffraction measurements. shear t_)andgf Plastic material flow is the reqrranggment of
the lattice structure by transport of these dislocations. The
number density of dislocations that are generated and the

For average conditions at 8—12 ns, the stability curvespeed with which they propagate depend on the rate of the
predicted by Eq(3) is shown in Fig. 6. The initial perturba- applied strain.
tion amplitudes are 0.7um, but under shock compression The technique of Bragg x-ray diffraction is being devel-
these reduce to about 0.36n. For wavelength& <25 um,  oped as a microscopic lattice diagnostic for laser driven
the perturbations are predicted to be stabilized. Longer wavesolid-state experimentS~??This technique provides a time-
lengths are predicted to grow. Stablization of perturbationsesolved measurement of the 2d lattice spacing. Here, x-rays
with A<25 um assumes there is no growth throughout.of wavelength scattered from the atoms in the lattice con-
However, we observe growth that appears fluid-like at earlystructively interfere when the incident angle with respect to
times for all wavelengths, but appears to stagnate at latthe lattice plane satisfies the Bragg condition
times forA<20 um. .

One possible explanation for this behavior is that the foil A =2dXsin(6). ©6)
is responding nearly fluid-like due to thermal softening inThe x-rays are diffracted at an anglérelative to the lattice
localized shear regions, and then it regains strength as th@anes (Fig. 7).
heat conducts into the bulk material. This model is described When the lattice undergoes a deformation due to shock
by Grady and Asay® As the energy stored in shear stress incompression, the lattice compresses, so the lattice spacing
the lattice dissipates in narrow regiofghear bands large  decreases. The Bragg diffraction condition is then met
numbers of dislocations may be generated and the bulkt a different angle determined by the new lattice spacing
sample may deform plastically. Grady and Asay have meaas illustrated schematically in Fig. 7. The shift in diffrac-
sured the size and spacing of shear bands observed in Aibn angle is recorded as a spatial shift in the diffraction
shock loading experiments at strain rates up tbst®. The  signal.
thermal conduction time is on the order of 10 ns, consistent  Since the x-rays that are typically used for Bragg diffrac-
with the time scale over which we observe recovery of thetion are multi-keV, the depth in the crystal that can be
strength in the RT instability experiments. probed may be tens of microns. If there is a range of densi-

Although there is no explicit model to predict the re- ties and corresponding lattice spacings within this depth of
sponse of a foil with shear band softening and subsequenihe surface, we record a Bragg diffracted signal from the

Backlighter foil

Laser beam

a) 130 kbar Unshocked lattice b) 320 kbar

1.05
30
= 1 - T
R b ;
2 o) . FIG. 9. Time-resolved x-ray diffraction data re-
© 095 - : :
g ’ # Relaxation e corded from shock compressed($11) at pres-
8 m sures of(a) 13 GPa andb) 32 GPa.
g 090 4 0 i
3 Shocked lattice

0.85 T T T T T T T 14 T T T T 1 T T T

2.0 -1.0 0.0 1.0 2.0 -1.0 0.0 1.0
Time (ns rel. shock breakout) Time (ns rel. shock breakout)
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0.05 backlighter source is self filtered by the foil itself to provide
a nearly mono-energetic backlighter spectrum.
The backlighter foil is located close to the crystal so that

Unshocked lattice Released lattice

'§ . the crystal subtends an angle of up to about 25° to the x-ray
5 000 {—51 ‘ source, allowing for a range of Bragg diffraction angles. The
§ i x-rays diffracted from the crystal are recorded with an x-ray
E - /v streak camera. This camera is located with the photocathode
S gl Hae slicursor only 12 cm from the target to collect nearly a 15° range of
g - diffraction angles from the target. A film holder is located in

o

front of the streak camera. It records a time-integrated record
i of the diffracted x-rays to complement the streak record. A

-0.10 ; | ; : ; l ; second film holder was located on the opposite side to record
0.0 2.0 4.0 6.0 8.0 the x-rays diffracted from the orthogonal lattice plaf@gt0)
Time (ns) lattice planesin the case of the Si100) shock experiments.

e e o e ontro sel” V1. DRIVE SCALING OF Si (1.11)
Silicon at ambient pressure is a diamond cubic lattice.
The 2D spacing for th€111) lattice planes is 6.27 A. The
corresponding range of angles. In other words, we record Bragg angle for V Hg x-rays at 2.38 A is 22.3°. We re-
measure of the fraction of the material that is compressed atorded the diffracted signal from th{&11) lattice planes at a
each density. In the absence of phase transitions, this techange of drive pressures from 13 to 32 Gpa, above the Hugo-
nigue can provide a measurement of the shock wavaiot Elastic Limit (HEL) for Si (111), which is 5.4 GPa.
profile Figure 9 shows the time-resolved diffraction signal recorded
Previously, dynamic x-ray diffraction has been done onfrom the free surface of Si111) shock compressed to 13
laser driven LiF and Si crystaf§:?* Additional experiments GPa[Fig. 9a)] and 32 GPdFig. 9b)]. These streaks are
have been done with KCI and LiF shock compressed with amabeled to indicate compression as a function of time.
impactor on a powder gun facili§?:?* We have done experi- The streak records show a diffraction peak correspond-
ments to study shock compressed single crystal Si as a wagg to the nominalluncompressedattice spacing until the
to develop the technique for our laser experiments, with theéime the shock reaches the free surface, at which point the
eventual goal of characterizing the lattice response of therystal is fully compressed and the static diffraction peak
shocked Al samples used for RT instability experiments. disappears. An additional diffraction peak corresponding to
Up to eight beams of Nova are incident in the cylindrical the compressed lattice is also visible. At shock breakout, the
gold hohlraum target shown in Fig.(d to generate a lattice releases, and the diffraction pattern shows an interme-
Planckian soft x-ray drive. A Si crystal sample is mounteddiate compression due to the dynamics of the release and a
over the hole in the side of the hohlraum at the midplanereturn to the initial lattice spacing. For the lower pressure
The crystal is K2 mm in size and 4Qum thick. It was cut  case, the lattice is maintained for a long time following the
for different experiments with §111) or (100) orientation. release, though at a lattice spacing slightly larger than the
A 4 ns square laser pulse shape is used to drive a singlaitial spacing, presumably due to thermal expansion. How-
shock in the Si. Two additional beams of Nova are used tever, for the higher-pressure case, the diffracted signal be-
generate the x-ray source for Bragg diffraction. These beamsomes more diffuse at late time following the shock break-
are pointed onto a thitb um) V or Fe foil that was masked out, indicating the crystal structure may be lost.
with a Ta pinhole aperturé-ig. 8) to provide a smal(100 We are able to reproduce many of the features in the
um) source of K-shell line emission. The emission from thisdiffraction pattern using the LASNEX hydrodynamics code.

a) Streaked Bragg b) Streaked Laue
Static Bragg Static Laue Static Bragg Static Laue
J Streaked Bragg \ Streaked Laue
R sl | FIG. 11. Time-integrated and time-resolved
g 1.00 » P i data showing simultaneous diffraction from
o T— v g T (400) and (040 lattice planes in Si shocked
£ ) along the(400) direction at 11.5-13.5 GP#a)
‘:i) 0:96 shows the static Bragg and Laue and streaked
® . w ‘ Bragg d|ﬁ(acted signals from one shoth)
£ 092 | | shows static Bragg and Laue and streaked Laue
5 diffracted signals from a separate shot.
0.88 : - r :
2.0 5.0 2.0 5.0 8.0
Time (ns) Time (ns)
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This is illustrated in Fig. 10, where we show a plot of the laser. By introducing internal shielding in tiéohlraumtar-
longitudinal elastic strain, displayed as a function of time forget to prevent x-ray preheat and by shaping the laser pulse to
the case of S{111) shocked to a peak pressure of 13 GPa.generate a sequence of shocks, a metal foil may be com-
Diffraction from the unshocked and shocked lattice arepressed nearly isentropically. An RT instability experiment
shown, as well as the appearance of intermediate compregras conducted using thin Al foils with a pre-imposed modu-
sion as the material releases. This simulation also shows lation at the unstable embedded interface. Measured growth
diffraction peak due to the elastic precursor wave, which weaates are suggestive of a model of shock-induced localized
do not observe in the experiment. Such a simulation does ndteating in shear bands, followed by conduction of the heat to
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