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Results of laser-driven shock wave experiments for
equation-of-state (EOS) studies of gold metal are
presented. A Nd:YAG laser chain (2 Joule, 1.06 pm
wavelength, 200 ps pulse FWHM) is used for gener-
ating shocks in the planar Al foils and Al+Au lay-
ered targets. EOS of gold in the pressure range of 9-
13 Mbar is obtained using impedance-matching tech-
nique. Numerical simulations performed using one-
dimensional radiation hydrodynamic code supports
the experimental results. Experimental data show
remarkable agreement with results from studies
using the existing standard EOS models and with
other experimental data obtained independently us-
ing laser-driven shock experiments.

STUDY of matter under extreme pressure conditions is a
subject of great interest in several branches of physics,
in particular, astrophysics, materials science and inertial
confinement fusion research'™. A proper knowledge of
the equation-of-state (EOS) of materials at high pres-
sures is the key requirement for such studies. EOS
data®*® are also an important input to hydrodynamic
codes used for the simulations of fission, fusion devices
and their effects. Extensive data on materials have been
generated using static and dynamic shock-wave tech-
niques6. The range of such data using diamond-anvil
cell and two-stage gas gun are limited to 5 and 10 Mbar
pressures, respectivelys. Theoretical treatment of mate-
rials in such compressed states is carried out using solid
and liquid state theories’. The current state-of-the-art
condensed matter models based on density functional theo-
ries, employing generalized gradient approximation for
exchange and correlation potentials, have demonstrated
their capabilities to predict phase transitions that, in turn,
have been confirmed by experiments7. Remarkable agree-
ment between theory and the state-of-the-art experiments
has demonstrated beyond doubt that first-principle simula-
tions can be carried out reliably to predict thermodynamic
states of the materials up to 10 Mbars®.

It is also well known that different variants of Tho-
mas—Fermi—Dirac theory can be used to predict EOS
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data beyond 100 Mbar pressuresg. However, the region
of pressures from 10 to 100 Mbar is still not very well
understood. This is mainly due to lack of sufficient ex-
perimental data in this region; till recently the experi-
mental data were mainly from nuclear explosion
experiments, which are difficult to performm. Theoreti-
cal simulations in this region have been extremely diffi-
cult because of the complications arising from pressure
and thermal ionization effects strongly controlled by
atomic shell structure effects, which affect many physi-
cal properties along the shock Hugoniots of different
materials''. Nevertheless, very few attempts based on
first-principle theories have been made'?. In order to
test the predictions of such models and improve upon
them, it is essential to have sufficient and accurate labo-
ratory database.

Pressures higher than few tens of Mbars have been
generated by high-power pulsed lasers'>. In the past,
pressures up to 100 Mbars were produced by shock
waves generated in a solid target irradiated by a laser or
in a target foil impacted by a laser-accelerated thin
foil'*. Such laser-driven shock waves, however, were
not adequate for accurate EOS measurements because
of large errors in the shock velocity measurements due
to their spatial non-uniformity, variable shock pres-
sures, and due to preheating of the material ahead of the
shock front'>"'®,

Recent laser-driven shock wave experiments have
demonstrated high-quality planar shock waves induced
by thermal radiation from hohlraum cavity with meas-
ured pressures as high as 750 Mbar'”'¥. However, in all
such published work on laser-driven shock wave ex-
periments, the pressure was determined indirectly from
the measurement of the shock velocity and with the use
of known EOS of a given reference material. Direct
measurement of the EOS data requires simultaneous
measurement of particle velocity also, as carried out in
nuclear  explosion-driven  shock-wave experimentslg.
The work reported from Lawrence Livermore Labora-
tory has demonstrated the feasibility of such simultane-
ous measurements of shock and particle velocity using
thermal X-ray drive, popularly known as indirect drive,
obtained from primary laser-heated cavities’®. In fact,
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EOS data in the few tens of Mbar pressure range have
been obtained for low Z materials like SiO, and Be by
measuring both the shock velocity and particle veloc-
ityﬂ. Also, an intermediate route (between the conven-
tional indirect method of pressure determination and the
direct measurement) is known as the ‘impedance-
matching technique’, involving measurement of shock
velocity in two materials in stepped target configura-
tions. This provided an opportunity to Koenig and co-
workers® to test the relative consistency of the EOS of
two materials, or, alternatively, for measuring EOS for
one of the materials, using the EOS of the other material
as a reference. By using the impedance-matching tech-
nique, the EOS of gold has been measured and is found
to be consistent with the SESAME data up to
35 Mbar™’.

In the laser-plasma laboratory at the Centre for Ad-
vanced Technology (CAT), Indore, we are pursuing an
experimental programme to study materials at extreme
pressure conditions, created in the laboratory, using
intense laser ablation-driven shocks. Such data on solid
materials are very sparse and are obtained only through
nuclear detonations. In order to obtain EOS data at high
pressures using laser-induced ablation, efforts are being
made to develop the technique for the measurement of
the shock velocity in several materials. The present
studies are carried out using a 2 Joule/200 ps laser at
1.06 um wavelength. When focused, the intensity of the
beam can reach up to 10" W/em®. As described later in
this paper, we have been able to establish the reliability
of this technique that can be exploited for the measure-
ment of EOS data of a variety of materials.

In this article, we also address the problem of meas-
uring shock velocities in planar Al foil targets (refer-
ence material) and then use the impedance matching
technique for shock velocity measurement through a
test sample material deposited in a layer form at the rear
surface of the reference material. We have used gold, as
a sample material whose EOS is to be determined. We
also describe the experimental arrangement used along
with target preparation and characterization procedures.
Next, we deal with the streak camera diagnostics for the
unambiguous recording of laser-driven shock wave
breakout signals and shock velocity measurements in a
single foil target and a double layer foil target and de-
tails of Hugoniot determination. The predictions of nu-
merical simulation results are also given, which help in
proper understanding, interpretation and analysis of
results. Results and discussion are followed by conclu-
sions.

Experimental

An intense laser beam focused onto a thin solid target
kept inside vacuum with initial density ps (Figure 1a)
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creates hot ablating plasma at the surface of the target.
Laser energy is absorbed up to the critical density sur-
face as shown in Figure 1b. Plasma ablation in the early
phase of laser pulse duration launches a compression
wave in the target material due to momentum recoil.
The successive compression waves generated by laser
pulse after first compression in the initial phase, travel
inside the compressed material at higher velocity than
the first wave and develop a near discontinuous shock
wave at approximately the peak of the laser pulse. The
shock propagates into the target with shock velocity uq
and imparts a velocity u, to the material behind the
shock front. After the laser pulse is turned off, the abla-
tion pressure and velocity begin to drop rapidly. At this
time a rarefaction wave will set in and propagate from
the ablation front into the shock compressed target. The
ablation-driven shock wave propagates in the target
material and heats the compressed material, thereby
generating a visible optical emission when shock
unloads at the rear surface of the target. The tempera-
ture and density profiles of the plasma at the target front
surface along with shock wave discontinuity that is
launched inside the target are shown in Figure 1 5.

A Nd:YAG cavity dumped-mode locked laser with a
good spatial quality TEMgo output has been used as a
driver. The laser electronics is modified to produce a
single-shot 0peration24. An External Pulse Slicer (EPS)
has been designed to improve the contrast ratio of the
laser””. Two additional laser amplifiers make a Master
Oscillator Power Amplifier (MOPA) laser chain to
boost the energy from 180 mJ to 2Jrange. The experi-
mental arrangement is shown schematically in Figure 2.
The intense picosecond laser pulse is focused on a pla-
nar solid target kept inside a vacuum chamber (pressure
~ 107 bar) by a lens (focal length ~400 mm and diame-
ter ~50mm). The focal spot is measured to be
~100pum and ~120pum at two different focusing condi-
tions. The high intensity (~ 10'* W/em®) created on the
front surface of foil produces ablation of material that,
in turn, launches a shock wave in the medium that gen-
erates intense thermal radiation on unloading at the rear
surface. The hot emitting rear surface behaves like a
black body and its luminescence emissivity signal is
collected and focused by a lens on the entrance slit
(width ~100um, length ~6mm) of a visible (S-20)
streak camera’®. A CCD camera captures the streak-
image, which is acquired in a personal computer (PC)
through a frame grabber card for final image process-
ing.

The optical streak camera that is used for detection of
shock breakout signal has a temporal and spatial resolu-
tion of 20 ps and 100 pm, respectively. A fiducial signal
is also recorded along with shock-induced luminescence
by streak camera, each time the laser is fired on the tar-
get foil. It serves as a marker for the arrival of the laser
pulse on the front surface of the foil. This has been
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Figure 1 a4, Ilustration of laser-induced shock wave formation and shock luminosity.
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Figure 15, Density and temperature profiles of laser-produced
plasma showing laser absorption up to critical density surface and
shock compression.

achieved by picking up 4% laser reflections from a
glass plate (wedge angle ~ 0.5°), placed before the fo-
cusing lens, and converting it to visible radiation by a
second harmonic crystal of length 20 mm and then
sending it along an optical fibre cable at the vertical slit
input of the streak camera. In the slit, the fibre tip rests
below the laser focal spot, where radiations from the
target are expected to reach. This is confirmed by
punching a hole in the foil by the Nd:YAG laser oscil-
lator and then observing the position of a pre-aligned
(with the YAG laser) He—Ne laser spot on the slit. The
streak camera is triggered from a photo-diode that is
also used to trigger the Pockel cell inside the laser cav-
ity for cavity-dumping. The inherent electronics delay
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in the circuit is about 25ns. In order to synchronize the
streak operation with the arrival of the main laser pulse,
the laser pulse is optically delayed by means of a pair of
fully reflective mirrors (M; and M,) before it is focused
on a target. The arrival of laser-pulse at the streak input
without any target material in the beam path is synchro-
nized with the arrival of the fiducial signal by introduc-
ing an optical delay loop consisting of four fully-
reflecting mirrors (M3, My, Ms and Mg) between the
focusing lens and the beam-sampling glass plate (for
fiducial arrangement) and adjusting the position of the
beam sampler. With this set-up the delay in time be-
tween the shock arrival of induced luminescence signal
and the fiducial signal gives the time the shock wave
takes to traverse the target medium thickness. By know-
ing the foil thickness and measuring the time delay, the
shock velocity can be calculated.

Shock velocity measurements and determination
of pressure in standard reference material:
Planar Al foils

We have prepared planar Al foil targets of different
thicknesses by chemical etching process from an Al foil
(density ~2.7 g/cm3) of 12pm thickness. Purified
NaOH pellets (assay content ~97%) of Merck were
dissolved in water and the solution was used to etch the
foils. Each foil was first carefully fixed on a plexiglas
frame in such a manner as to make the surface of the
foil free. The assembly was then immersed in etching
bath and held vertically during the operation. By con-
trolling the etching time, foil thickness down to 3 um
was achieved. The foil thickness was measured by
weighing the foil sample of a definite dimension
(25cmx25cm) in a microbalance. Target dimensions
were chosen such that they satisfy the following crite-
ria:
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Figure 2. Schematic of the experimental set-up. M, Ma, .. Ms are fully reflecting mirrors; L; is focusing lens; L, is imaging lens.

Figure 3.

Typical streak camera record of a luminosity signal
(picosecond resolution) captured through a CCD camera at the time
of shock breakout from the rear surface of 5 um thick Al foil.

Laser focal-spot diameter was small enough to pro-
duce the required high intensity, yet be much larger
than the target thickness to minimize two-
dimensional (2D) effects and hence ensure a planar
shock"?.

The width of the target was much larger than the
diameter of the laser focal spot to avoid the weaken-
ing of shock strength by edge rarefaction wave. This
is also required to avoid the ablation plasma flow
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around the foil edges which otherwise disturbs the
luminosity record.

After the termination of driving laser pulse, a rare-
faction wave propagates at a speed higher than the
shock wave and eventually overtakes and attenuates
it. Therefore to ensure steady shock propagation (i.e.
to avoid shock decay), the target thickness was cho-
sen such that it satisfies the condition: d <2uT
where d is target thickness, us is the shock velocity
in the material and <t is the laser pulse length. Typi-
cal shock velocity in Al is ~10° cm/s and T is 200 ps
(FWHM of pulse)27.

The thickness of the target was kept larger than the
range of supra-thermal electrons and hard X-rays, to
avoid pre-heat reaching ahead of the shock wave on
the rear side of the target.

We have used planar Al foils (typically 3 to 4 mm wide)
of thickness 3.17um, 4.64pum, 5pum and 8um. The
shock breakout times for those targets were recorded at
the same incident intensity of the laser beam. A typical
experimental observation of shock emergence seen as
strong luminosity, as recorded by streak camera is
shown in Figure 3. One can notice the remarkably clean
signal quality. The shock transit times were calculated
with respect to the peak (centre) of the fiducial signal
using image-processing software (PROMISE) devel-
oped in-house at CAT?®. The time axis is calibrated by
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counting the total number of pixels in the image plane
of the full aperture of the phosphor screen and then
comparing it with the time calculated from the known
streak speed for a signal to sweep across the known di-
ameter of the screen. The calibration factor was found
to be 4.3 ps/pixel. The shock transit time () was found
to be linear up to the foil thickness (d) of 6 um. The
average velocity was found by taking the inverse of the
slope of the best linear fit to the data in the ¢t-d plane.
The results are presented in Figure 4 for absorbed laser
intensity of ~5x 10" W/em®. Using a similar method,
the shock velocity at absorbed laser intensity of
~3 x 10"* W/em?® was also obtained.

For calculation of the pressure and particle velocity
corresponding to the experimentally found shock veloc-
ity in aluminium, the relationship between the shock
velocity and the particle velocity, which is found to be
linear for a wide range of pressures, was employed. Ac-
cording to the LASL databook®’ this can be written as:

ug = 0.5386 + 1.330u,. (1)

Velocity is in units of 10° cm/s. This relationship is
used to calculate the particle velocity up; corresponding
to the experimentally found shock velocity (ug =
2.096 x 10° cm/s). The particle velocity thus determined
is 1.163 x 10°cm/s. Once the values of both, the parti-
cle velocity and shock velocity are obtained, the pres-
sure can be calculated from the standard Rankine—
Hugoniot relationship:

pP= Pottsitp, 2

where py is the solid density (which is 2.7 g/em® for Al
and 19.24 g/cm3 for Au). The pressure thus calculated is
found to be 6.586 Mbar, which is the shock pressure
induced in the aluminium foil.

Measurement of shock velocity in multi-layered
targets and determination of gold Hugoniot data
by impedance-matching technique

Deposition of 1.75um and 1.5pum thick gold layers
respectively, on the rear surface of Al foil of 5pum
thickness was carried out employing chemical and vac-
vum deposition techniques. The variation in thickness
of 5um Al foil was of the order of £2%. A pressure of
10 bar was maintained in high-vacuum deposition sys-
tem. Suitable changes were made in the process to ob-
tain good adhesion and to keep variation in thickness
within the specified range (£ 0.2 pum).

The shock transit time was determined for two layer
targets of 5pum Al+1.75pum Au and 5Spum Al+1.5 pm
Au at absorbed laser intensities of 5x 10 W/em® and
3% 10" W/em?, respectively. As the shock transit time
for the reference material Al was known, the shock
transit time for the gold layers was calculated. The
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shock velocities thus deduced were 1.19x 10° and
1.02x 10° cm/s respectively, for the above-mentioned
laser intensities.

In the experiment, the target consists of Al foil as the
base reference material and gold as a test material de-
posited on the rear surface. Since the density of Au is
higher (~19.24 g/cm3) compared to that of Al, its
Hugoniot curve is located above that of Al. When shock
arrives at the interface between the two materials, a
shock wave is transmitted through Au and another one
is reflected in the material Al Experimentally we de-
duce the shock velocities ua; (in Al) and uay (in Au) us-
ing the time difference in the shock luminosity signal
recorded by the streak camera. As shown in the Figure
5, thick red and orange lines are the Rayleigh lines rep-
resenting the final state (of adiabatically compressed
material) attained with respect to an initial state on a
pressure Hugoniot curve. Their slope values are
Pa1=paiuar and Pay = Pautiay plotted in the (u, P) plane
intersecting the Hugoniot curves (green lines) at
(1.1635, 6.586) and (0.589, 13.468) points. Similarly,
two other data points are represented as (0.927, 4.46)
and (0.465, 9.01) on grey and black lines as Rayleigh
lines. The reflected Hugoniot could be represented as
Hy Qupi—up), where H; (up) is the shock Hugoniot for Al
and up is the particle velocity induced by shock wave
in Al. The intersection of the Rayleigh line with the
reflected Hugoniot curve gives the EOS of gold. The
final state determined this way as shown in Figure 5,
gives pressure and the particle velocity in gold as
13.47Mbar and 0.589x 10° cm/s and 9.01 Mbar and
0.465x 10°cm/s at absorbed laser intensities of 5 X
10"* W/em® and 3 x 10" W/em?, respectively.

Comparison with numerical simulations

Experimental measurements of shock velocity through
layered targets can provide Hugoniot EOS data to a
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Figure 4. Shock transit time versus thickness of Al foil for shock
velocity calculation.
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fairly good accuracy (£ 10%)*°. As mentioned earlier,
we are using Al layer as a reference and Au as a sample
material. During the experiment, we have ensured that
the front side of Al and rear side of Au layers are fairly
uniform in thickness, having surface smoothness
+02pm over the sample area. In laser-driven shock
wave experiments aimed at accurate measurements of
EOS of any unknown material, it is essential to ensure
that planar shock wave-fronts propagate in a steady-
state condition through the reference material as well as
through the test sample material. This requires a proper
choice of target thickness. In case of very thin targets,
the shock breakout occurs much earlier to the laser-
driver pulse peak time. This leads to unsteady shock
wave propagation through the target, because shock
waves are in the acceleration phase. On the other hand,
rarefaction wave from the laser irradiation side can in-
teract with the shock wave for a very thick target. It
also leads to non-uniform shock. Therefore, proper ra-
diation hydrodynamic simulations can serve as an im-
portant tool in predicting proper target thickness that
can avoid the effects of preheating and also ensure
steady-state shock-wave propagation conditions. In the
present experiments where we use thin Al foil targets of
varying thickness, we have carried out a detailed one-
dimensional (1D) numerical simulation study using
radiation hydro code MULTT*!. The code uses a multi-
group method of radiation transport coupled with
Lagrangian hydrodynamics based on fully implicit nu-
merical scheme. Material properties like EOS, Planck
and Rosseland opacities and non-LTE properties (for
gold) are used in tabulated form, which are generated
externally. This code has already been successfully used
in analysing and interpreting several important experi-
mental results related to laser-produced plasmas32’33. In
the context of EOS studies also, this code has been ex-
tensively used in predicting and interpreting several
experimental results>?***. Two-dimensional effects in
our case will be insignificant, as target thickness (typi-
cally 3.4-6 pnm) is much smaller than the focal spot di-
ameter of 100-120 pm. Simulation results show that for
the experimental laser irradiation (/=5X 10" W/em?;
A=1.06 pm; pulse FWHM =200ps), the base material
must be thicker than 3.4 pm to reach stationary condi-
tion. The results of computer simulation give the den-
sity profile for 5pum shocked Al at 5% 10" W/em?
absorbed laser irradiance. The density profile gives a
shock velocity of 2.08 x 10° cm/s. It is found to be quite
consistent with the experimental value of 2.09Xx
10° cm/s. We also noticed that the shock wave front
reaches a steady-state condition at 250 ps after the start
of the laser pulse and it continued in this state till it
breaks out from the rear surface at 300 ps. Similarly, the
pressure profiles also indicate steady shock pressure
conditions attained at 250 ps after the start of the laser
pulse and shock breakout at 300 ps. The temperature
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profiles obtained for the above case revealed that near
the corona region its value was about 1keV and the
thermal wave propagates in the inner layers of the tar-
get, with temperature falling substantially at the time of
shock breakout. The rear-side temperature was found to
be about 0.2 ¢V before the shock breakout, which rules
out the possibility of any X-ray preheat signal arriving
before the shock front. The moment the shock breaks
out, the temperature increases to about 1.5eV. This is
in conformity with the spectral sensitivity of S-20 photo
cathode of the streak camera. Higher temperature at the
rear side is noticed in thin targets of 1 to 2.5 pm thick-
ness, where X-ray preheat leads to higher rear-surface
temperature before the shock breakout. The shock pres-
sure profiles obtained through simulations are shown in
Figure 6. They give a peak pressure value of around
75Mbar at ~5x 10" W/em?® absorbed laser intensity.
This is about 10% higher compared to the pressure
value obtained experimentally. This value is very
closely related to the laser energy absorption. Thus the
laser absorption coefficient is a crucial parameter to be
used in the numerical simulations. Also non-LTE trans-
port in corona region has to be considered.

We have also performed simulations for a multi-layer
(Al+ Au) target. The target and laser specifications are
according to our experimental conditions. Simulation
results illustrated in the Figure 7 show that for layered
targets (Al + Au), the shock pressure gets enhanced by
nearly a factor of 2 at the boundary of the two materials.
Our experimental result also gives similar pressure en-
hancement in the Al+Au (5+1.75 wm) target, due to
impedance matching at the boundary of the two materi-
als. The numerical simulation results presented here
support the steady shock-wave propagation through a
given target thickness range used in the present experi-
ments.

Results and discussion

We have compared experimental data for the shock
velocity in aluminum and in gold with the SESAME
data®>~*®. The Hugoniot curve for gold from experimen-
tal data also shows remarkable agreement with the theo-
retical data available in LASL data book or SESAME
data. The relationship between the shock velocity and
the particle velocity for gold can be expressed as:

us =a+ buy,

Here a and b are constants. The published data from

LASL gives (a,b)=(0.312, 1.1521). This compares
well with our experimental values of (0.312, 1.488) and
(0.312, 1.495) at absorbed laser intensities of 5Xx

10"* W/em® and 3 x 10" W/em?, respectively. By ex-
trapolating our Hugoniot curve to lower pressures and
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ps laser beam (2 J, 1.06 um, 200 ps pulse FWHM) are generated
using one-dimensional numerical simulations performed using
MULTI code. The X-axis here represents the Eulerian coordinates
showing position of the shock fronts at different time steps when the
plasma is heated and is expanding. One can see the steady shock-
wave propagation starting immediately after the peak of the laser
pulse (200 ps) and continuing till shock breaks out from the rear
surface.

computing the volume compression, we have compared
our data with those simulated by Godwal and Jeanloz’’.
Figure 8 shows that the simulated results are in good
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Au layer and 41-100 mesh corresponding to Al base material). One
can clearly observe the pressure enhancement by a factor of ~ 2 near
the boundary of the two materials.

agreement with data from other laboratories. The pub-
lished work of Jones er al® and the data from indirect
drive HELEN laser (AWE, UK)30 experiments are also
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Figure 9. Present experimental EOS Hugoniot points for gold

(shown with solid squares) and other previous experimental data
points (solid circles and solid triangles) show good agreement with
the SESAME curve.

presented, along with our results in Figure 9. The ex-
perimental pressure multiplication (m =Pay/Pa;) factor
of 2 at the interface of Al and Au materials is in
close agreement with the theoretically predicted formu-
lations.

From the comparison of experimental results with
simulation results, we can say with confidence that our
shock velocity measurements and Hugoniot EOS points
are in fairly good agreement within the shock transit
time error of about 5% and within the error of 2% in
target thickness measurements. Thus our shock pressure
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values determined in the present experiments are correct
within an error of 15-18%. In order to achieve a high
level of accuracy (+10% in pressure), the error in shock
velocity measurements should be kept within +5%.
This requires use of direct drive method after optical
smoothing of laser-driver beam using random phase
plates or phase zone plates. As a good alternate to the
above technique, an indirect drive method alleviates the
problem of laser intensity modulations. In the present
experiment, where we are not working in very high in-
tensity zone, no attempt was made to achieve a flat spa-
tial beam profile. However, special care was taken in
removing any pre-pulse present in the laser beam and a
smooth Gaussian laser beam was maintained.

The experimentally determined shock pressure and
velocity values are in good agreement with theoretical
simulations. The scaling law for the variation of abla-
tion pressure (P) with intensity (/) of the laser light is
observed to be P (Mbar)~ (/10" W/em?* 7 for alu-
minum and P (Mbar)~(l/1014 W/crnz)o‘787 for gold.
These results are in good agreement with published data
from other laboratories®”*’. Further, the improvement in
target fabrication and characterization, streak camera
calibration and data analysis with planarity of shock
front are essential. Still the removal of pre-pulse and
smooth laser pulse profile obtained in our laser chain
has helped in obtaining the Hugoniot EOS data points to
a fairly good accuracy. However, for future EOS meas-
urement studies at even higher laser intensities, we are
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RESEARCH ARTICLES

attempting to use random phase plate and Fresnel zone
plates, to ensure flat spatial beam profiles.

Conclusions

We have shown the feasibility of using a simple laser-
driven system (Nd:YAG, 2 Joule, 1.06 pm, 200ps) for
conducting shock-wave experiments for EOS measure-
ments of gold in thin-layered targets at moderate pres-
sures of 9-13 Mbar range. A fast streak camera system
coupled with a fibre-based fiducial signal marker re-
cords the shock breakout times. The results are quite
consistent with theoretical as well as experimental data
published by other laboratories. Impedance matching
technique was successfully used to find the pressure in
gold in a multilayer (Al+ Au) target. A simple tech-
nique has been presented to find the Hugoniot curve of
gold at 9 and 13 Mbar pressures. The laser-driven shock
velocities and particle velocities obtained for gold are in
excellent agreement with the reported results of other
laboratories, including the SESAME data from the Los
Alamos laboratory. The pressure amplification factor of
2 has been derived in Al+ Au layered targets using
MULTI group hydrodynamic simulations and the ex-
perimental results are in close agreement with results
from numerical simulations.
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