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Perturbation transfer from the front to rear surface of laser-irradiated targets
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We present experimental results on the perturbation transfer of laser irradiated planar foils. Perturbed poly-
styrene foils were irradiated directly by laser at intensity of B> W/cnm?. We measured perturbations on
the foils by side-on x-ray backlighting technique. Perturbations on the rear surface due to the rippled shock
front were observed just after the shock breakout. We also observed feedthrough of perturbations on the
laser-irradiated surface that grows due to the Rayleigh-Taylor instability.
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It is well known that hydrodynamic instabilities are cru- through perturbations were also clearly observed when the
cial for better understanding of inertial confinement fusionlaser-irradiated foils were accelerated. We calculated the per-
(ICF) targetd 1]. The hydrodynamic instabilities are also im- turbation amplitude due to the feed-in and the feed-through
portant in astrophysical plasmas, such as supernovae explby a simple model coupled with a one-dimensiofidD) hy-
sions[2]. The most crucial hydrodynamic instability in ICF drodynamic simulation code, which shows good agreement
targets is the Rayleigh-TayldRT) instability [3,4] that oc-  With the experimental results.
curs both on the laser-irradiated surface and the rear surface. The experiments we describe here were carried out on the
Perturbations on the laser-irradiated surface of the ICF tatGEKKO XIl laser system at the Institute of Laser Engineer-
gets grow due to the RT instability when the target shelling, Osaka University11]. Targets with initial perturbations
accelerates inward. On the other hand, perturbations on théere directly irradiated by laser. Since it is very important to
rear surface grow due to the RT instability when the targetiradiate the targets with a spatially uniform laser, we em-
shell decelerates after the reflecting shock wave reaches tii¢oyed partially coherent lightPCL) [12] as the driving la-
rear surface. The Richtmyer-Meshk¢RM) instability [5] ~ Ser. We furthermore employed random phase plpt&$ to
that is one variety of the RT instability also takes place wherfet a smoother irradiation pattern. The nonuniformity of the
the shock wave passes through interfaces of the laselaser beam was approximately 2.4% from a smooth enve-
irradiated surface and the rear surface, which should be @pe. The pulse duration of the PCL was 2.3 ns in full width
possible seed of the RT instability. Since the criteria of theat half maximum. The rise time and the decay time of the
ignition of the ICF targets is determined by the perturbationg?ulse were 50 ps and 150 ps, respectively. The laser energy
of the compressed central fughe hot sparkat around the 0f each PCL beam was approximately 350 &§2Two PCL
maximum compression, it is important to understand the pePeams were focused on the target with a spot diameter of
turbation transfer from front to rear side of the main fuel. ~600 um. The incident angle of each laser beam was 37.4
However, to date, most investigations of the hydrodynamigieg. The intensity on the target wax @0 W/cnv.
instability have been focused on the laser-irradiated surface The irradiated targets were polystyref€H) foils (p
except for a few experimen{§—8|. =1.056 g/cm). The thickness of the foil was 1@:m or

When an ICF target is irradiated by a laser pulse, a shocRS um. We imposed perturbations on one side of the foil
passes through the shell target. If the laser-irradiated surfasgith thermal press technique. The perturbation wavelengths
is perturbed, or if spatial nonuniformity are imposed on thewere 60 and 100um with the initial peak-to-valley ampli-
laser pulse, the shock front should be ripp|€l The rear tudes of 6 and 10um, respectively, which is 10% of the
surface is deformed due to the passage of the rippled shoglerturbation wavelength. For the side-on x-ray backlighting
front [10], which is called “feed-in.” The source of the measurements, we restricted the target width to
feed-in of the rear surface perturbation is both from the time200—-250 um to avoid the effect of the target bowing and
difference of the shock breakout between the crest and thether issues.
trough of the ripped shock front and from the pressure per- We employed an x-ray framing camepdFC) in side-on
turbation just behind the rippled shock front, which is veryx-ray backlighting geometry to obtain two-dimensional im-
similar to the RM instability described above. On the otherages of the perturbation on the foils. Copg€u) backlight
hand, perturbation is transferred from the laser-irradiated sutargets were irradiated by a beam of the PCL with laser in-
face to the rear surface due mainly to the communicatiotiensity of ~4x 10 W/cn?. Beryllium foils of 10um
through the sound wave that propagate back and forth, whicthickness was located between the perturbed CH foils and
occur when the target is accelerated. This phenomena ike backlight target to prevent the CH foil from heating with
called “feed-through.” soft x rays from the backlight target. The backlit perturba-

In this paper, we describe the experiments about théions on the target were imaged by two pinholes with a
feed-in and the feed-through of laser-irradiated targets. W&0-um diameter onto gold photocathodes of the XFC. The
observed the feed-in perturbation due to the rippled shockliameter of the pinholes was 1@m. The magnification of
front breakout at the rear surface of the target. The feedthe XFC was 30. Temporal resolution of the XFC was
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FIG. 2. Schematic mechanism of the feed-in on the rear surface
of the laser-irradiated targets.
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of the perturbation of the laser-irradiated surface. This im-
FIG. 1. Examples of the side-on backlit images from the x-rayplies that the phase of the perturbation was inverted between
framing camera afa) 0.81 ns,(b) 1.31 ns for the 16zm target,(c) 1.11 ns and 2.16 ns.
1.11 ns, andd) 2.16 ns for 252m-thick target. Now let us calculate the feed-in amplitude of the rear
surface perturbation. When laser irradiates a corrugated tar-
et surface, a rippled shock launches in accordance with the
urface corrugation. The rippled shock propagates in the tar-
aet with damped oscillatiof9] due to the pressure perturba-
tion behind the shock front. The rippled shock front creates
perturbations on the rear surface during its transit at the rear
surface because the timing of the transit differs due to its

efaction tail for the backlit x ray is-30%, the observed edge spatial perturbation, that is, the crest of rippled shock front
for the rear surface is almost the rarefaction tail. reaches the rear surface earlier than the trough of the shock

Figure 1 shows examples of the experimental image§r_°nt- Thu.s at the same time, the pressure 'perturbation' be-
from the XFC for 60pm perturbation wavelength targets. hind the rippled shock front generates velocity perturbation.
Fig. 1(a) and Xb) are the images for the 1Gm-thick target ~Figure 2 represents the_ relation _of the rippled shock frqnt
at 0.81 ns and at 1.31 ns, respectively. The observation tinfscillation and the feed-in. There is no pressure perturbation
ings shown in Fig. 1 is the time after the half maximum of behind the shock front immediately after the laser irradiation.
the rise time of the laser pulse. With the streaked sidelightDue to the shock convergence, however, the pressure in-
ing, we measured the time at which the shock breaks the re&reases at the vicinity of the trough of the shock front. Since
surface and time at which the rarefaction reaches the frorthe local velocity of the shock front near the trough is faster
surface to be~0.9 ns and~1.34 ns, respectively, for than that of the crest due to its pressure perturbation, the
25-um thick target[8]. The shock velocity and the rarefac- shock front is flattened. The pressure perturbation becomes
tion velocity are (3.40.4)x10° cm/s and (2.50.3) maximum when the shock front becomes flat. The pressure
X 10P cm/s, respectively. In Fig. (), it is seen that small perturbation becomes zero again when the inverted shock
perturbations arise at the rear surface. In the case of thgas the maximum amplitude. When the crest of the shock
16-um thick target, the shock breakout time and the rarefacfront reaches the rear surface, the rear surface starts to move
tion breakout time are expected to be 0.57 ns and 0.86 ngs a rarefaction tail, thereby creating a perturbation at the
respectively. Thus at 0.81 ns for the An-thick target, the  rear surface. The amplitude of the rear surface perturbation
shock front has already passed the rear surface, but the targgtreases until the trough of the shock front reaches the rear
is not accelerated because the rarefaction front has n@{,rface. When the pressure at the shock trough is higher than
reached the laser-irradiated surface yet. Thus the rear surfagey; ot the shock crest, the rarefaction tail of the trough has
is in the feed-in regime. Figure(ld) is the image at 1.31 NS pighar velocity than that of the crest. Therefore the rarefac-

for 16-um-thick target. At 1.31 ns for the 16m-thick tar- tion tail at the trough catches up and overcomes that of the
get, the rarefaction front has already reached the laser

irradiated surface, so the rear surface is in the feed-throu ?']rest at a certain time.
) ; ’ - 9 The time difference of the shock breakout between the
regime. It is observed that the perturbations on the rear sur-

face have the same phase as the perturbations on the Ias(éﬁ—ast and the trough 65/ vs, Whereas is the pea_lk-to-valley
shock amplitude andsis the mean shock velocity. The crest

irradiated surface for both cases. Figurés) and Xd) are X X ' i
the images for the 2%m-thick targets at 1.11 ns and 2.16 of the rarefaction tail moves at a velocity until the trough

ns, respectively. At 1.11 ns for the 26m-thick target, the Of the shock front reaches the rear surface, wherss the
rear surface is in the feed-in regime. The rear surface pertuf@refaction tail velocity at the crest. The rarefaction tail of
bation in Fig. 1c) shows that the phase was reversed fromthe trough starts to move with velocity gfav,, wherea is

the initial perturbation of the laser-irradiated surface. At 2.16the ratio of the pressure at the trough of the shock front to the
ns in Fig. 1d), the rear surface is in the feed-through regime.pressure at the crest of the shock front. The peak-to-valley
The phase of the rear surface perturbation is the same as themplitude of the rear surface is given by

~90 ps. The photocathode of the XFC was gtidi). We
obtained two snapshots for each laser shot. The interval
the two snapshots was 500 ps. The x-ray energy of the C
backlight was 1.1-1.6 keVL( band. Since the width of the
target and the rarefaction tail of the CH were 2p0n and
~0.1 g/cni, the areal density of the rarefaction tail was
~20 glcnt. As the corresponding transmission at the rar-
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~3 at aroundd/A=~0.4. Substituting the pressure ratio

. . i ) 7 into Eqg. (1), we obtained the calculated feed-in amplitude.
p"tUde‘. Negative amplitude means that t.he ripple s inver(bH. Figgr((a 11 shows the measured amplitude of theprear sur-
Normalized pressure perturbation of the rippled shock front. Negaf ce perturbation(circles and the calculated perturbation
tive amplitude means that the pressure at the crest of the shock fron"f1

is smaller than the pressure at the trough of the shock front. amplitude_from Eq(1) (ines for_ the 25um-thick target.
The remaining two parameters in Ed), v,,vs, are calcu-

lated from the 1D hydrodynamic codeesTA [15]. We ex-

FIG. 3. (a) Rippled shock amplitude normalized by initial am-

v (iSJFAt ( _ is<m<0) perimentally validated these parameters at the same time by
v Vs the side-on x-ray backlighting measurements with x-ray
a= v @ streak camerd8]. The feed-in perturbation starts to grow
asv—r+(1— \/E)U,At (At>0), when the crest of the shock front reaches the rear surface.
S

After the shock front entirely reaches the rear surface, the
amplitude decreases and turns to have the negative value as
where At is the time after the trough of the shock front shown in Fig. 4. This is because the pressure of the crest of
reaches the rear surface. Whenis negative, the phase of the shock front is smaller than the pressure at the trough of
the rear surface perturbation is inverted. the shock front. Since the rarefaction front reaches the laser-
Two parameters in Eq1), ag,«, were obtained from the irradiated surface at around 1.2 ns, the feed-in regime is from
rippled shock experimen{®,14]. In these experiments, the 0.7 to 1.2 ns.
amplitudes of the rippled shock froat were analyzed from Next we discuss the feed-through of perturbations of the
optical streaked image of the shock front by the time differ-laser-irradiated surface. The feed-through is thought to be an
ence of the shock arrival timing between the crest and th@appearance of spatially decaying perturbation on the rear sur-
trough of the shock front. The plot of the rippled shock am-face. Thus, when the perturbation amplitude is much less
plitude is shown in Fig. @) [14]. The amplitude of rippled than the perturbation wavelength, the rear surface amplitude
shock front shows damped oscillation. The rippled shocks given bya,=a; exp(—kD), wherek is the wave number of
amplitude @) divided by the initial perturbation amplitude the perturbation, anb is the target thickness. In order to test
appears as a unique function of the shock propagation depthis simple feed-through model, we calculated the feed-
divided by the perturbation wavelengthl/§). The shock through amplitude from the amplitude on the laser-irradiated
front is flattened atl/\ ~0.75. We also obtained the pressure surface. The calculated feed-through amplitude from the ob-
perturbation from the perturbation of the rear surface emisserved amplitude on the laser-irradiated surface is shown in
sion measured with the optical streak camera. Since the olf=ig. 4. Since both sides of the target is deformed due to the
served energy ban@.1-4.1 eV of the optical streak camera RT growth, it is very difficult to determine the target thick-
was much lower than the photon energy that gives the maxiress from the experimental images. Instead, we employed
mum emissivity of blackbody with the simulated temperaturethe calculated target thickne¢®) from the 1D simulation
of =5 eV, the observed signal intensity at the shock front iSLESTA, and experimental amplitude on the laser-irradiated
approximately proportional to the temperature. Since thesurface &;). For the 25um-thick target, the rarefaction
density behind the shock wave is expected to be almost unieaches the laser-irradiated surface at 1.2 ns. Thus the feed-
form, we may obtain the pressure perturbation from the temthrough regime is after 1.2 ns for 2bm target. The calcu-
perature perturbation via the relatiafP/P=6T/T. Figure lated feed-through amplitude is in good agreement with the
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experimental amplitude in the late time-@ ns). However, In conclusion, we have presented the experimental inves-
there is a significant difference between the calculated antigation of the perturbation transfer from the front surface to
plitude and the experimental amplitude in the earlier timethe rear surface in laser-irradiated targets. We observed two
This is because the perturbations on the laser-irradiated sutiypes of perturbation transfers: feed-in and feed-through. We
face are not sufficiently transferred via the sound wave in thealculated the feed-in amplitude by a simple model coupled
earlier timing. Since the sound speed in the accelerated foil igith the 1D simulation. The feed-in amplitude from the ex-
calculated to be~2x10° cm/s, the transit time of sound periments shows good agreement with the model calculation.
wave is~500 ps for the calculated thickness of the foil We also observed feed-through of the perturbation on the
(=10 um) after the acceleration. Also, the pressure perturiaser-irradiated surface, which increases the RT instability.
bation still remains in the vicinity of the_ rear surface. There-The feed-through perturbation amplitude was exponentially
fore, the calculated feed-through amplitude must be overesgguced from the amplitude on the laser-irradiated surface as

timated. Note that the perturbations on the laser-irradiated fynction of the target thickness and the perturbation wave-
surface do not turn into strongly nonlinear growth regime SQength.

that a two-dimensional effect should be ruled out. We also

observed the feed-through perturbations for theuh6-thick The authors gratefully acknowledge the Institute of Laser
targets. But the feed-through perturbations for theud®- Engineering, Osaka University. The authors also acknowl-
targets were unclear because the perturbations on the las@dge fruitful discussion with Professor K. Nishihara. One of
irradiated surface rapidly transform into bubble-spike structhe authorgK.S.) has been supported by the Japan Society

ture due to its large acceleration. for Promotion of Scienc€JSPS.
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