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Abstract

Flyer acceleration experiments are carried out using a KrF laser system with a pulse duration of 10—15 ns and an intensity
of ~1.0x 103 W/cm? Three-layered targetaluminum—polyimide—tantalujare used. First, an average velocity of
laser-driven tantalum flyers with a thickness of 4 and8is estimated. Then, in a collision of a flyer with a copper layer
attached to a diamond plate, we measure a transit time of a shock wave in the diamond. The impact velocity is estimated
based on the transit time and a numerical simulation. This numerical simulation also shows that the initial peak pressure
caused by the impact of agm-thick flyer is kept at 11 Mbar for 12—13m in thickness. Finally, whether this thickness

is enough for EOS measurements is discussed.

Keywords: Flyer acceleration; KrF laser; Long pulse duration; Pressure and thickness of isobaric zone

1. INTRODUCTION that is, a rarefaction wave generated at a free surieza
Recent development of high-power laser facilities leads u surfacg of thin flyers catches up the shock wave very soon.

to investigate the properties of materials at very high pres. hus it is necessary to accelerate a thick flyer efficiently to
. : high velocities.

sures above 10 Mbar. Equation of stdfeOS data at high )

pressure$~10 Mban have been derived for some materials Recently,_ we have s_hown that thrt_'-:e_ layered tarGRs ),

either by direct irradiatioriNg et al., 1985; Koeniget al,, which consist of aluminurAl), polyimide(P1), and tanta-

1995: Fuet al, 1995: Benuzzét al, 1996: Da Silvet al. lum (Ta) layers, and a laser system with a short wavelength

' . . and a long pulse duration are useful for accelerating a flyer
1997; Wakabayasfet al, 2000 or by indirect ways such as - o niiv (Tanakeet al, 2000: Kadonet al, 2000a; Ozaki
intense thermal soft X ray@Benuzziet al, 1996; Evans

et al, 1996: Caublet al, 1998 etal, 2002. In this paper, using a low intensity laser system

~1013 2 . . )
Also, ithas been indicated that a technique oflaser-drivercl)f 107 W/cm’, we accelerate a thick flyer to a high ve

colliding flyers can generate very high pressuges., Cau- locity of over 10 knys, where it is expected that a shock
gry g ynighp 9 pressure is more than 10 Mbar and that the thickness of an

bleet al., 1993, but there are few studies of EOS measure-; . .
.isobaric zone is enough to carry out EOS measurements.

ments using laser-driven flyers. The main reason is that it 'T%irst the average velocities of flyers with 4 angué thick

difficult to sustain high peak pressures for a large th|cknessare estimated. Then, in a collision of a#n-thick flyer with

. . a coppefCu) layer attached to a diamond plate, we measure
Address correspondence and reprint requests to: Toshihiko Kadonoa . f hock in the di d. The i
Earthquake Research Institute, University of Tokyo, 1-1-1 Yayoi, Bunkyo, transit time of a shock wave in the diamond. e Impact

Tokyo 113-0032, Japan. E-mail: kadono@etri.u-tokyo.ac.jp velocity is estimated based on the transit time and a numer-
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ical simulation. This numerical simulation also indicateslayer (Ta) is accelerated as a flyer. The thicknesses of the
that the initial peak pressure caused by the impact of &a layer were 4 and &m. By the numerical simulation
4-um-thick flyer is kept at 11 Mbar for 12-1@m in thick-  of flyer acceleration described in Kadoabal. (20003, the
ness. Finally, whether this thickness is enough for EOShickness of the PI layer was determined to maximize the
measurements is discussed. velocity of flyers and was set to be @0n. The thickness of
the Al layer was 2um. The thickness of each layer was
measured by a contact surface profiler and the accuracy was
2. EXPERIMENT +0.0025um. The description of the TLT is found in Tanaka
We used a high-power KrF laser system, Super-ASHURAegt al. (2000 and Kadoncet al. (20003 in detail.
at the Electrotechnical Laboratof@wadanocet al.,, 1989, The observation system used in our experiments is shown
1993 and carried out flyer acceleration experiments byin Figure 2. A probe laser beam produced by Véf@ioher-
laser irradiation. The wavelength of the laser beam want whose maximum intensity was 5 W operating at 532 nm
~249 nm and the beam energy was set to be 60—-80 J per ome&s linearly focused by a cylindrical lens with a focal length
beam. The laser intensity wasl.0x 10 W/cm?. f of 15 mm and passed through an image fiber with a diam-
Figure 1a shows a typical temporal pulse shape, whicleter of 1.2 mm and a length of 3 m, which was a fiber-optic
was measured using a biplanar photo tube. The pulse durédundle, into a vacuum chambéfFig. 2g. In the chamber,
tion was 10-15 ns at full width at half maximufBWHM).  the laser beam passed through two lenses with a different
When a laser intensity has a temporally short duration ofocal length L1( f =12 mm) and L2( f =15 mm) to a target
rises rapidly to its maximum, there will be a strong shockrear surfacéFig. 2b. The length of the beam focused on the
generated in the target and the entropy may increase esurface was about 40@m. The light reflecting from the
tremely to the extent that the flyer will be vaporized. Hence target surface was collected by L2, then reflected by a half
in order to reduce the entropy and temperature increase imirror, and was collimated by L@f = 12 mm). One end of
the flyer, along pulse beam with gradually increasing inten-another image fiber with the same effective diameter and
sity is expected to be suitable. length was mounted in the focus of L3 and the image was
Figure 1b shows a typical spatial beam pattehe inten-  transferred to the outside of the chamber. The light radiating
sity distribution. This was taken from a fluorescence image from the other end of the image fiber is finally imaged on the
which was generated when the KrF laser beam irradiated a
glass plate. The focal spot diameter of the beam390um
at FWHM.

. . . Cylindrical lens
One laser beam perpendicularly irradiated a target sur- (a) . (fZ15mm) Verdi (Max. 5W)
face and ablated the Al and PI layers of TLT and the rear Image fiper Shutter
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G C ] Fig. 2. Schematic experimental setu@) A probe laser beam is linearly
2 02 L ] . . Lo
5 < 4 focused by a cylindrical lens and passes through an image fiber into a
c 0 L \ \ . LA vacuum chambetb) In the vacuum chamber, the probe laser beam passes
- 200 -100 0 100 200 through two lenses, L1 and L2, to a target surface. The light reflecting from
Distance (um) the target surface is collected by L2, then reflects by a half mirror, and is

collimated by L3. One end of another image fiber is mounted in the focus
Fig. 1. (a) Typical temporal beam profile andb) spatial beam pattern in  of L3 and the image is transferred to the outside of the chamber. The light
the experiments. The pulse duration is 10—-15 ns at FWHM. The focal spotadiating from the other end of the image fiber is finally imaged on the
diameter of beam is-300 um at FWHM. entrance slit of a streak camera.
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entrance slit of a streak camera C5¢8@mamatsu Photon- erated by the collision of the flyer. Thus the time of flight
ics). It should be noted that we used an interferometer whicltan be obtained and an average velocity is estimated.
was put just before the streak camera to set a line imaging

ORVIS, which is recently applied in laser experimefks-
donoet al., 2000h; hence the reflected probe light showed

a fringe pattern.

3.2. Results and discussion

Figure 4 shows a streak camera image in the case of the

All experiments were performed under an ambient prescollision of a Ta flyer with a thickness of @m with the

sure less than 0.1 Torr.

3. AVERAGE FLYER VELOCITY

3.1. Target setup

An accelerated flyer collided with a transparent quartz plate
which was put at a separation distance of 100 and a

plastic tape with a thickness of 50m was set as a step on
half of the quartz platé¢Fig. 33. The separation distance
and the thickness of the tape were measured using a cont
height gauge and the accuracy wa3um. The time of flyer

start can be determined by observing the time when th
intensity of the reflected probe light begins to change. Als
the arrival time of the flyer at the quartz plate or the stepI
surface is known by observing a luminous visible light gen-

Laser beam

Al (2 pmt)

Polyimide
(90 umt)

4\ Ta (4 and 8 umt)
CK Quartz plate

Plastic

Object lens
tape (L2)
(b) Laser beam
Target
Ta (4 umt)
Cu (20 umt)
Diamond Pt coat (0.2 umt)
(50 pmt)
Object lens
(L2)

Fig. 3. Target setup. The laser irradiates the three-layered tatgefl-
Ta) and ablates the Al and Pl layefs) The rear laye(Ta) is accelerated as

e

quartz plate. The input laser energy was 66.4 J. Time pro-
ceeds from top to bottom. The time and space scales are
indicated in the figure. Unfortunately, the ORVIS did not
effectively work in the experiments described here, because
the reflectivity of flyer surfaces significantly decreased and
the fringes disappear for the duration of the flight.

When flyers vaporize, they are converted into a rapidly
éxpanding vapor cloud and the density profile deforms rap-
idly during flight(Schmalz & Meyer-ter-Vehn, 1985There-
fore, if the flyers vaporize, the features of the impact flash
are expected to be quite different from those in the cases of

act

condensed state flyers as seen in the previous stieligs
Kadonoet al., 2000a. For example, the duration of the
impact flash at the quartz plate is expected to become much
onger. Figure 4 shows that the features of the impact flash
ook similar to those seen in the previous studies: The im-
pact flash is lasting less than 10 ns. Hence, we believe that
the Ta flyers are in a condensed state. However, as described
in Tanakaet al. (2000, the Ta flyers could be in a liquid
state. Since we had not measured the Ta layer temperature in
this experiment, itis difficult to discuss further details of the
Ta phase state. The detailed study of the Ta state should be
measured thoroughly in the near future.

In Figure 4, atfirst the fringes are parallel to the time axis.
When the shock wave arrives at the rear surface of the TLT,
the intensity of the reflected probe light decreases. We can
therefore know the time of shock-wave arrivals at the rear
surface of targets, which corresponds to the time when the
flyers start.

From Figure 4 the flyer planarity can be observed. Though
it seems that the planarity is better than that in the previous

Im ns

50 um

a flyer and collides with a transparent quartz plate, which is put at aFig. 4. Astreak cameraimage in the case of the collision of a Ta flyer with

separation distance of 1@0n, and a plastic tape with a thickness of/o®
is set as a step on half of the quartz pléabe The Ta flyer collides with a Cu
layer with a thickness of 2m attaching to a diamond plate with B0n.
Between the Cu layer and the diamond, a thin Pt layer of®nds coated.
On the rear surface of the diamond plate, a Pt layer ofdnds also coated

on the half part of the surface.
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athickness of &m with the quartz plate. Input laser energy is 66.4 J. Time
proceeds from top to bottom. The time and space scales are indicated.
When the shock wave arrives at the rear surface of the target, the intensity
of the reflected probe light decreases. The impact flash at the surface of the
quartz plate is observed on the right-hand side. On the left-hand side, a
plastic tape is set as a step, but the impact flash is very weak.
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study using a KrF laser system, in which the flyers have &SESAME library, we substitute a mixed material of two
conical shapéKadonoet al,, 20003, this is not enough for plastics, teflon and parylend;-for which there are EOS data
accurate EOS measurements. We should further improvia the SESAME library. The mixture ratio is determined to
the spatial beam pattern. satisfy the condition that the bulk density, the averaged

As described before, a plastic tape was set as a step, whietomic number, and the averaged atomic mass of the mixed
was on the left-hand side of the quartz plate in this casematerial are equal to those of PI. The value of a parameter
However, the impact flash was very weak at the top of therelating to the laser—vapor interaction is set to be the same as
step. Consequently, the impact flash can be seen only on thtbat in Kadoncet al.(2000g, and temporal beam shape used
right. in the calculation is a natural cubic spline function which

Figure 5 shows the time of flight of Ta flyers in two cases fits the beam shape shown in Figure 1a.
of (@) 4 um and(b) 8 um in thickness. The horizontal axisis  In Figure 5, we plot the curves obtained by the numerical
the distance from the original position of the flyers. The simulations with some laser input energies. We can see that
times of flyer start and arrival are determined from thethe experimental data exist around the curve with 80 J and
temporal intensity profiles along the positions of the fringes that the difference between the experimental data and the
where the spatial intensity distribution is averaged over theaumerical ones is not large. The numerical simulations al-
width of each fringe. most reproduce the experimental results.

We can derive an average velocity between the initial It can be seen that the curve with 20 J fou#-thick
position of the flyers and the quartz plate surface, which idlyers is near to that with 20 J for &zm-thick flyers in the
defined as the separation distari@é®0 um) divided by the  previous caséKadonoet al., 2000a. This is because, in our
time of flight. We obtain 12.4% 1.11 kmys (74.8 J and  case, the pulse duration and the spot diameter are slightly
13.24+1.00 kirys(66.4 J for 4-um-thick flyersand 9.24  shorter and, as a result, the acceleration is rapid.

0.73 kmys(70.2 ) and 7.93t 0.54 knys(66.4 J for 8-um- We can obtain the velocity profiles by the simulations.
thick flyers. The 4um-thick Ta flyers are accelerated to Figure 6 shows them as a function of distafes@id curves.
velocities of over 10 knfs. The oscillation of velocity can be seen, which is thought to

We have performed a simulation of laser ablation andoe caused by the wave reverberation between the flyer and
flyer acceleratiofTanakaet al, 2000; Kadon@t al,, 2000a; the laser beam absorption point. The mechanism of the os-
Ozaki et al,, 200)). Here, we also carry out a simulation cillation is described by Tanalet al. (2000 in detail. This
using the same code and compare the numerical results wifigure shows that 4- and @m-thick flyers are accelerated
the experimental ones. In this code, we quote EOS data frono a final velocity of 16 and 11 kifs at a distance of 100m
the SESAME library(1990 for Al and Marsh(1980 and  with an input laser energy of 80 J, respectively. These final
Kinslow (1970 for Ta. Since there are no data for Pl in the velocities with 80 J are about twice of those with 20 J:

When the input energy is four times, the final velocity
is about twice. Also, this figure indicates that when a

20 T T T
L 10J ]
L 20J 40J ] 20
15 - 80J . L (@) 4 'm T T ]
: 3 H 80J 1
10 - . E
oy _ e 748J _ ]
@ St 0 66.4J ]
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= 104 /20J 40J h §/ E
15 80J 3 >
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10 —_ >
] >
5 e 702J
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4] AT N YT M
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Distance (um) o S S S S
0 50 100 150 200
Fig. 5. The time of flight of flyers in two cases &) 4 um and(b) 8 um Distance (le)

thick as a function of the distance from the rear surface of targets. The time

0 is corresponding to the time of flyer starts. The solid curves show theFig. 6. The velocity profiles in two cases &) 4 um and(b) 8 um thick
acceleration profiles obtained by the numerical simulations in various laseobtained by numerical simulations in various laser energies, 10, 20, 40,
energies, 10, 20, 40, and 80 J. and 80 J.
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thickness is half with the same energy, the final velocity isFig. 3b also changes. Thus we can know the time it takes
~4/2 times. for shock waves to pass through the diamond plate. From
It should be noted that the line-ORVIS should be im-this transit time, we estimate the impact velocity and the
proved in order to discuss these velocity profiles obtainegressure of an isobaric zone using another one-dimensional
by the simulation. The intensity of reflected probe light in numerical code. This is a hydrodynamic Eulerian code de-
the optical system was slightly low. Hence it should becomeveloped for hypervelocity impacts and shock wave attenu-
high enough to observe the acceleration profiles of flyers. ation (Mitani, 2001, in which the Hugoniot EOS, density,
and the Griineisen parameter for Ta and Cu are quoted from
Marsh (1980 and Kinslow (1970, and for diamond these
are from Pavlovski{1971).
A similar flyer acceleration experiment with TLT has been  The thickness of the Ta flyer wasm, and the initial
carried out using a glass laser system with a similar intensitgeparation distance between the Ta flyer and the Cu layer
of ~1.6x 103 W/cm? a laser energy of 20 J, a wavelength was 105xm. The Cu and diamond thicknesses were deter-
of 1053 nm, and a pulse duration of 1 (iBanakaet al,  mined to be adequate for our observation system: If they are
2000. The Ta flyers with a thickness of 4 or/8m were  too thin, the accuracy becomes not good. Using the numer-
accelerated to 2—4 kys, which is rather lower than our ical code, the thicknesses were set to beu®® for the Cu
results, though the laser intensity is comparable. Also, antayer and 5Qum for the diamond plate. The thickness of the
other flyer acceleration experiment with TLT has been carPt layers was 0.2m.
ried out using a glass laser system with a higher intensity of The Pt and Cu layers were deposited onto the diamond
7 X 10" W/cm? a laser energy of 308 2 J, a wavelength  plate using an RF magnetron sputtering deposition system at
of 527 nm, and a pulse duration of 2 ns. The velocity of TaNTT Advanced Technology Corporation. The thicknesses
flyers with 5 um achieves 12-13 kyfs (Fujimoto et al,  of the Cu and Pt layers were measured using the contact
1999. In spite of the lower intensity, we observe similar surface profiler and the accuracy wa8.0025um. Also the
flyer velocities. Thus, it is confirmed that the laser systemthickness of the diamond plate was measured using a laser
with the short laser wavelength and the long pulse duratiogurface profiler and the accuracy w&$.5 um.
are useful for accelerating a flyer efficiently. Very high ab-
sorption rates at short laser wavelengths and long pulse
duration(Garban-Labaunet al., 1982; Trainoet al, 1983;  4.2. Shock-wave transit time in diamond
Cottetet al, 1984; Fabbreet al,, 1984, 1985, 1986; Faral
et al, 1990 are expected to result in a higher velocity of
flyers using the relatively lower intensity laser system.

3.3. Comparison with the previous results

Figure 7a shows a streak image in the case of a flyer impact
on the Cu layer attached to the diamond plate. The input
laser energy was 61.0 J. The Pt layer is coated on the right-
hand side and the boundary is indicated with a bold arrow. It

4. ISOBARIC ZONE CAUSED can be seen that the intensity of the reflected probe light on
BY FLYER IMPACT the left-hand side decreases first and then that on the right-
hand side does. Figure 7b shows the temporal intensity pro-

4.1. Target setup files of the nearest fringes to the boundéndicated by the

narrow arrow$, where the spatial intensity distributions are

A Ta flyer collided with a Cu layer attached to a diamond averaged over the width of each fringe. The intensity of the

plate(Fig. 3b. By the collision of the Ta fiyer with the Cu eflected light on the left starts decreasing 258.10 ns

layer, shock waves are generated and propagate into the Jfore that on the right does. Thus we obtain 2.53 ns as the
flyer and the Cu layer. When the shock wave in the Ta flyertransit time of the shock wave in the diamond plate.

arrives at the free surfacthe rear of the Ta flygra rarefac-
tion wave is generated. The rarefaction wave catches up the

shock front in the Cu layer and the pressure at the shoclf 3. |mpact velocity, shock pressure, and

front begins to decrease. The shock front passes through the  thickness of the isobaric zone

interface between the Cu layer and the diamond and finally

arrives at the rear surface of the diamond plate. Between thidere we estimate the impact velocity of Ta flyers and the
Cu layer and the diamond plate a thin platingRt) layer  pressure and thickness of an isobaric zone by the numerical
was coated. Also a thin Pt layer was coated on half of thesimulation. In Figure 8, the calculated initial peak pressure
other side surface of the diamond plate. When a shock wavand transit time of shock waves in the diamond plate are
arrives at the interface between the Cu layer and the diashown as a function of impact velocity. The simulations are
mond plate, we observe the change of the intensity of th@erformed at several different velocities with an interval of
probe light reflecting from the Pt layer at the interfdom 1 km/s. The result in Figure 7 that the transit time in the
the left in Fig. 3B. Then, when it arrives at the free surface diamond plate is 2.53 ns corresponds to an impact velocity
of the diamond plate, the intensity of the probe light reflect-of ~14 km/s and an initial peak pressure-efL1 Mbar. This

ing from the Pt layer on the free surfa¢en the right in  is consistent with the numerical results in Figure 6a. Thus
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Fig. 9. The pressure at the shock front against the distance from the impact
point obtained by a numerical simulation. The impact velocity is set to be
14 km/s. It can be seen that the thickness of the isobaric zone is 32m13
where the initial peak pressure is kept constant at 11 Mbar.

Intensity (arbitrary unit)

to the Cu layer and the diamond, respectively. It can be seen

0 5 10 15 that the thickness of the isobaric zone is 12418, where
Time (ns) the initial peak pressure is kept constant at 11 Mbar.

Fig. 7. (a) Astreak image obtained in the experiment of the flyer impact on Thus it I.S expgcted that .the present flyer technique pro-

a Cu layer attached to a diamond plate. The right-hand side of the freglj'ces an isobaric Zor?e with a pressure Of 11 Mbar and a

surface of the diamond plate is coated. It can be seen that the intensity of tHfiickness of 12—13:m in the case of a collision of a laser-

reflected probe light on the left-hand side decreases first and then thelriven flyer with a thickness of 4m at 14 kny's.

intensity on the right-hand side doé€b) The temporal intensity profiles of

the reflected probe light. The intensity of the reflected light on the left starts

decreasing 2.53 ns before that on the right does. 4.4. Possibility of EOS measurements

In general, in EOS measurements using the impedance

matching method the shock-wave velocities in the steps of a
we obtain another indication that aydn-thick flyer is ac-  standard and unknown material are often measured. The
celerated over 10 kfs. shock-wave velocity and the pressure should be constant in

Figure 9 shows the calculated pressure at shock fronhe steps. In the previous laser experiments in which EOS at

against the distance from the impact pdthe surface ofthe 10 Mpar was investigated by the impedance matching
Cu laye) obtained using the numerical code for shock-wavemethod, the step thicknesses are set to be abopti OFu
attenuation. The impact velocity is set to be 14/exThe et al, 1995; Koeniget al, 1995; Benuzzét al, 1996; Evans
distances from O to 2@m and from 20 to 7um correspond et a1, 1996; Wakabayaslet al, 2000. Hence, as one of the
necessary conditions for EOS measurements® Mbar
in laser experiments, we should satisfy the condition that
the initial peak pressure is kept constant for a thickness of
at least 10um. In Figure 9, the peak pressure is kept at
11 Mbar for the thickness of 12—138m. This suggests that

3 -

§ g EOS measurements at high pressures-@D Mbar using

Y 2. laser-driven flyers are possible.

3 =

[723

7] 3

o o 5. SUMMARY

o )

2z The flyer acceleration experiments with TLT are carried out

s using a KrF laser system with a long pulse duration of
10 15 20 10-15 ns and an intensity of1.0 X 10" W/cm? The

Impact Velocity (km/s) velocity of flyers is estimated by two methods and the pres-

sure and the thickness of the isobaric zone caused by the
Fig. 8. In the collision of the Ta flyer of 4um with the 20pm-thick Cu

o " impact of a flyer are calculated.
layer attached to the 5@m-thick diamond plate, the initial peak pressure First th locity of | dri fl . ti
and the transit time of the shock wave in the diamond are shown as a ' ''ou (€ average velocCity of laser-driven Tyers IS est-

function of impact velocity. The simulations are performed at different mateq-_ The Ta flyers 4 and 8m thick are accele.ra.-ted to
velocities with an interval of 1 kifs. velocities of~12 km/s and~8 km/s. Then, in a collision of
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a 4-um-thick Ta flyer with a Cu layer, we measure a transit  directlaser driven shock waves and applications to copper equa-
time of a shock wave in the diamond plate attached to the Cu tion of state measurements in the 10—40 Mbar pressure range.
layer. From this transit time and a numerical simulation for ~ Phys. Rev. (54, 2162-2165.
shock-wave attenuation, we estimate that the impact velo¢cAUBLE. R., PERRY, T.S., Bach, D.R., BupiL, K.S., HAMMEL,
ity is ~14 km/s. This simulation also indicates that the gfglﬁl‘i“]j"g’ ?(')VOVI:DG&LED’ %XIAQEN];} J"STCE’iti;ETRS[’:;’
::tlt::jl [li/let?akrpfgisfgii;arzsig(:rgzgiggp'?ﬁ;C;ngiriléfsr Isvléerpt & WooLSEY, N.C. (1998. Absplute equation-of-state data in
. . . : the 10—40 Mbaf1-4 TParegime.Phys. Rev. Let80, 1248—

10 um of the isobaric zone with-10 Mbar is comparable to 1251,
the thickness of the steps in the previous EOS measurement§ g, ¢, R, PuiLLion, D.W., Hoover, T.J., HoLmes, N.C., KiL-
at~10 Mbar by the impedance matching method. KENNY, J.D. & LEE, R.W. (1993. Demonstration of 0.75 Gbar

Thus it can be said that the present laser-driven flyer planar shocks in X-ray driven colliding foil®hys. Rev. Lett.
technique might be applied to EOS experiments. However, 70, 2102-2105.
before EOS measurements, we should develop some pointSoTteT, F., RomaIN, LP., FaBBro, R. & FaRrAL, B. (1984.
First the line-ORVIS should be improved, as commented. Ultrahigh-pressure laser-driven shock-wave experiments at
Second the time resolution should become good enough to 0-26xm wavelengthPhys. Rev. Letb2, 1884-1886.
directly observe the shock-wave velocity in the Cu layerPA Siva. L.B.. CELLIERS, P.. CoLLins, G.W., Bubi, K.S.,
using wedge or step targets. Third, since as shown in Fig- ?SLN@SALTAEE B}?’J‘Bf(’);rs'wl\'/i JIE’AI;I;:L’TEII{’ BN?"F??;TE’
ure 4, the flyer F"a.”a”ty .IS nqt Qnough for EOS measure- G. (1997). Absolute equation-of-state measurements on shocked
ments, the spatial intensity dlstrlbqtlon of the laser beams liquid deuterium up to 200 GP@ Mban). Phys. Rev. LetZ8,
should be flatter. We are developing a PZfhase zone 483—486.

plate to flatten the spatial intensity pattefMatsushima  Eyans, A.M., FreEMAN, N.J, GRAHAM, P, HORSFIELD, C.J.,
et al, 2007. ROTHMAN, S.D., THOMAS, B.R. & TYRRELL, A.J. (1996. Hugo-

As a future plan, we would like to investigate EOS of  niot EOS measurements at Mbar pressutaser Part. Beams
metals at 10 Mbar pressures. Shock-compressed metals re- 14, 113-123.
main in the solid state up to pressures of typically 1-2 MbafABBrO, R., FArRAL, B., Corter, F. & RomaIN, JP. (1984.
while, at shock pressures 610 Mbar, they are a partially Experimental study of laser acceleration of planar targets at the
ionized fluid on a continuous transition from condensec;qM;’:’;‘(’)eﬁngFt:‘Rif%m-VJI;QEE'T- ihfsf;izo;_sgﬁiN b &
ralter 1 1 I st o donse plasma. e heoretcd " 3553 2 pnmana sy of onroses an

. . : o . target velocities obtained in 0.28m wavelength laser experi-

the extensive experimental investigation of the properties

‘ . ments in planar geometrizhys. Fluids28, 3414-3423.
of matters at pressures ef10 Mbar is needed to confirm FaBBRO, R., FARAL, B., VIRMONT, J.. PEPIN, H., CoTTET, F. &

or improve theoretical predictions. At present most laser Roman, LP. (1986. Experimental evidence of the generation
systems which have driven over 10 Mbar shocks have a of multi-hundred megabar pressures in 026 wavelength
very high intensity(=10'* W/cm?) and often a very high laser experimentd.aser Part. Beamd, 413—-419.
power(zTW), However, the ﬂyer technique has a possi- FarAL, B., FABBRO, R., VIRMONT, J., COTTET, E., RoMAIN, J.P. &
bility of providing 10 Mbar pressures using a system with ~ PEPIN, H. (1990. Importance of two-dimensional effects for
several tens of joules ang10™ W/cm? such as in our the generation of ultra high pressures obtained in laser colliding

cases, and, therefore, extensive experiments using low iﬁ:_ fc;" eéper;{m%'\;ts'jhf';'“idgsz’ (3;225375' ar Hock
. ; u, S., Gu, Y., Wu, J. ANG, S. . Laser-driven shoc
tensity and low power laser systems become possible. Thus stability in Al and shock compressibilities of Fe up to 0.8 TPa

EOS of metals at the 10 Mbar region would be accurately and SiG up to 0.4 TPaPhys. Plasmag, 34613465
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