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We report experimental data on the equation of state of gold in the pressure range 2—10 TPa obtained using
laser-driven shock waves. The experiments have been realized using an iodine high-power laser with subnano-
second pulses and techniques like phase zone plates and hohlraums to produce spatially uniform shocks. Our
data are compared with existing equation of state models.

[. INTRODUCTION Although difficult, the control of preheating has been as-
sured in both methods. In the indirect drive method, the ex-
The study of equations of statEOS of matter in high-  periments by Lover et al® have clearly shown that preheat-
pressure condition@bove 1 TPa or 10 Mbais a subject of ing is very sensitive to the geometry of the cavity. Special
great interest for several fields of modern physics. In particucavitie$ have been designed to minimize the preheating of
lar, it is important in the context of astrophysics, materialthe target, produced by direct primary x-rays, to a negligible
science, and inertial confinement fusion research. Some EO&lue?®
already exist for this pressure rangbut, first, they mainly In direct drive, the control of preheating has been
come from calculations and theoretical models, with only aachieved through the combined use of several experimental
few experimental data available to validate them, and furmeans: the use of optical smoothing techniques to avoid
thermore they exist for a restricted number of materialshigh-intensity laser hot spots, irradiation with shorter-
Therefore the behavior of many materials under high preswavelength laser light as compared to the infrared funda-
sure is still unknown. In the past, EOS measurements in theental frequency, and the use of I&vablators. These re-
TPa range could be performed only by nuclear explosionsduce x-ray emission from the laser-ablated material and
Nowadays, it is possible to reach very high pressures in theence preheating effects ahead of the shock wéethe
laboratory by using powerful pulsed laser-generated shockame time such techniques were applied, diagnostic methods
waves in solid materials. Earlier experiments have shown thiiad to be developed in order to measure the preheating tem-
possibility of producing shock waves with pressures up to 1(erature of the targéf—3
TPa in a laser-irradiated sofidand in a target foil impacted Only if high-quality shocks are obtained, it is possible to
by a laser accelerated fdiPressures as high as 75 TPa wereperform precise measurements of the shock parameters. In
achieved by using laser pulses of 25 (ai wavelength\ particular, EOS points can be obtained if two quantities of
=0.53um) and a foil impact techniqugin another experi- the shocked material, related to the Hugoniot-Rankine
ment, 2-TPa planar shocks were produced by employingelations!® are measured simultaneously. In a recent impor-
2.2-kJ laser puls€sHowever, in many of these experiments tant experiment conducted with the Nova laser at the Liver-
the bad quality of shocks prevented them from being used asore Laboratory; this method has been applied to measure
a quantitative tool in high-pressure physics. the EOS of deuterium at pressures as high as 0.3 TPa. The
Planarity of the shock fronts and low preheating in themain problem connected with such a method is that it is
material ahead of the shock waves are essential to obtaipplicable only to lowZ materials, which are transparent to
accurate measurements of EOS. Recent experifhehts/ie  x rays, and that it is necessary to use high-energy laser pulses
proved the possibility of creating spatially very uniform with the aim of maintaining a constant ablation pressure for
shocks in solids by using two different methods. The firsta few nanoseconds and of irradiating large target areas.
one consists in producing shock waves by direct heating of Another method for the determination of EOS points has
the target with the laserdirect drive with optically  been optimized®!® actually before the one used at Liver-
smoothed laser beams; the second method uses the laserritore, and already used to get EOS data for' Cipams!®
radiation converted into x-ray thermal radiation to generateand doped plastit’ It is based on the impedance-matching
shocks(indirect laser drive technique and consists in measuring the shock velocity si-
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FIG. 1. Double step targets with a common base and two steps target lens
of different materialsA and B. From the shock traveling time in () Cavity

these steps, measured with a visible streak camera, the shock ve-

locitiesD, andDg are determined?,, andPg are the correspond- /_\
ing pressures. To the streak
camera J

multaneously(on the same laser shah two different mate-

rials (see Fig. 1 This makes it possible to achieve a relative
determination of an EOS point of one material by taking the _ .
EOS of the other one as a reference. This is a classical FIG. 3. Experimental setup at MPQ. PZPs and cavities are used

method for EOS determinaticisee, for instance, Ref. 13 on ©F Production of high-quality shocks.

calibrated reflection already used in nuclear-driven In this paper we report the application of such a technique

experiment®’ and proposed many years ago for laser
: 1 ; : to measure the EOS of gold at pressére 2 TPa(actually
experiment$? Anyway, it could never be exploited before up to 10 TPa using laser iradiation, and two-step, two-

the work in Ref. 15 for laser experiments in the TPa range . . ) .
due to poor shock quality. material targets. Gold EOS data are crucial, since this is an

The target is made of a “base” foil made of a matertal important material for radiation confinement studies in astro-
hysics and Inertial Confinement Fusion, being used for

which is irradiated by the laser on one side and supports, gEthlraum production and because it is a typical reference
h ite si ively, of th ) ) )
the opposite side, two steps made, respectively, of the sa igh-Z material?>? The experiments have been realized us-

materialA and of a different materid (the CH ablator layer . S . .
ing an iodine high-power laser with subnanosecond pulses

in Fig. 1 may or may not be present to reduce x-Jaysing and phase zone plates to produce spatial smoothing of the

rear-face, time-resolved imaging, we experimentally deter
mine the velocity of the shock propagating through the tWObeams. Our data are represented on shock pefess of

stepsD, and D (corresponding to particle velocitied , shock pressurd® vs fluid velocity U) and velocity plots

’ _ (plots of shock velocityD vs fluid velocityU), two common
andUyg, respectively. If the EOS(and hence also the Hugo ways of presenting EOS data obtained from shock experi-

niot curve of the base material is known, we can determinements Also. our data are compared with existing shock po-
an EOS point for materia. This is a “relative” measure- lars aﬁd vel’ocit lots obtaineg from different eguations %f
ment since it uses materi&l as a reference. In order to find y piot . q

state models. Excluding the few data obtained for a few ma-

the EOS point forB, we consider the intersection in the terials with nuclear explosions, these are the EOS points at
(P,U) plane of the lineP=pgDgU, wherepg is the density the highest pressure available up to now.

of cold B material, with the reflected shock polar drawn from With respect to previous similar experimeiishere we

the point PA,Us). The line P=pDU is one of the . )
. . . not only reached much higher pressures, but also realized a
Hugoniot-Rankine equations and represents momentum . )
better control of shock planarity and target preheating, as

conservation across the shock front. The direct and reflecte 'scussed in the paper. allowing a higher dearee of confi-
shock polar for materiah give the relation between the fluid . the paper, 9 9 9

. . , dence in obtained experimental results.
velocity U and shock pressui in the shocked material and

are derived from the EOS & which is known. The method
is illustrated in Fig. 2. Il. EXPERIMENTAL SETUP

The experiment was performed using the Asterix iodine

P, Experimental line Shock polar laser of the Max Planck Institut fuQuantenoptik, which
slope pBDB material A delivers a single beam, 30 cm in diameter, with an energy of
250 J per pulse at a wavelength of 0.4éh. The temporal
Pgl==-==-== j behavior of the laser pulse is Gaussian with a full width at
i half maximum(FWHM) of 450 ps. In order to generate the
: shock wave into the target, we used direct and indirect laser
Pal- == /== - f drive. Figure 3 shows the two different schematic experi-
T 1 Experimental line mental setups. _ ' o
i 1 slopepADA In the direct laser drive configuratidirig. 3(@)] the laser
P _ beam was focused directly onto the target with fa
Ug Uy EJ =564 mm lengf/2 apertur¢ The primary condition of pro-

ducing high-quality flat shock fronts imposed the use of the
FIG. 2. Calibrated reflection method, used to determine EOhase zone platéPZP (Ref. 24 optical beam smoothing
points for gold(materialB) technique, in order to eliminate the large-scale spatial inten-
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FIG. 4. Image of shock breakout obtained at MPQ with indirect ~ FIG. 5. Image of shock breakout obtained at MPQ with PZP and
drive. Al/Au targets.

sity modulations arising from the coherent nature of the lasehigher pressures to be reached with the same laser etergy.
light and to produce a flat-top intensity distribution in the = The diagnostic used to detect the shock emergence from
focal spot. The design of this plate had Fresnel lenses of 2.&e target rear face consisted of @ objective, with a focal
cm diameter, which implies that 144 Fresnel lenses are codength f =100 mm, imaging the rear face onto the slit of a
ered by the laser beam. The characteristics of our opticadtreak camera, working in the visible region. The temporal
system(PZP+focusing lens were such that we produced a resolution was better than 8 ps and the imaging system mag-
total focal spot of 40Qum FWHM, with a 250um wide flat ~ nification wasM =10, allowing a spatial resolution better
region in the center, corresponding to a laser intenkity than 10um. A protection systefhwas also used for the
<4x10*W/cn?. diagnostic light path, to shield the streak camera from scat-
In the indirect laser drive configuratidiFig. 3(b)], we  tered laser light.
focused the laser beam into a millimeter-size gold cavity The targets were composed of alumindraference ma-
through a small entrance holaith the same focusing lens terial) and gold(“unknown” material) and have been made
used in the direct laser drive configuratiof\n isotropic  at the Laboratoire des Cibles of the CommissariéEaergie
thermal radiation is then creafédwhose temperature de- Atomique at Limeil-Valenton. Large samples (2 &2 cm)
pends on the cavity size and the laser power. It can be devere produced from which individual targets were then cut.
termined by observing the velocity of a shock wave gener-The accurate fabrication techniddeallowed sharp step
ated when radiation is absorbed in I&material?? In our  edges to be obtained and a precise determination of step
experiment it has been measured to be in the range of 100kheights. The Al base thickness was of 102%, while the
150 eV. Our cavity(called Labyrinth cavit§) has been de- steps’ thicknesses were 5.5—Gu for Al and 2.4—3.03um
signed not only to achieve such high temperatures, but alstor Au. A few targets had a 1gm Al base.
to optimize the irradiation uniformity when only one laser  Three different experimental setups were realized at
beam is used and to minimize the preheating of the targeIPQ: (1) indirect drivetAl/Au targets, (2) direct
produced by direct primary x rays. Here a shield with a coni-drive+PZP+Al/Au targets, and (3) direct driverPZP
cal shape has been constructed so that the laser irradiatadCH/AI/Au targets
area and the shocked material were not in direct view of each Figures 4—6 show streak camera images of shock break-
other, as shown in Fig.(B). Measurements, made in silicon outs obtained in each case. The cé®eFig. 6, was realized
with shock pressures in the 0.4-0.8 TPa range, had showin order to focus the laser on a lodvmaterial(CH), produc-
that the increase in temperature due to preheating is nahg low x-ray emission; this was done to avoid any possible
higher than 150-200 K. preheat which could have been present in c@egFig. 5
While it was well known that the indirect drive could (also the impedance mismatch between CH and Al was use-
ensure a very high degree of planafitthe main advantage ful in order to increase the pressure in AThe typical plastic
of direct drive is its intrinsic high efficiency, allowing much thickness was qum. We see the time fiducial obtained by
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FIG. 7. Experimental data and comparison with the Sesame
(solid curve and MPQEOSdashed curveshock polars. Triangles,
indirect drivet+-Al/Au targets; open circles, direct
drive+PZP+Al/Au targets; solid circles, direct drivePZP
+CH/AI/Au targets.

ness of about 0.5% for the aluminum step and about 1.2% for
the gold step. Sample initial densities were determined using
a microbalance to weigh the whole samples after deposition
and profilometer to measure them.

Finally we checked the quality of the generated shock
wave and found typical variations af5 ps for the shock
breakthrough time across the 2p@a flat region of the focal
) ) spot. With all the above errors taken into account and using

FIG. 6. Image of shock breakout obtained at MPQ with PZP and, qjhie error propagation evaluation, the shock velocities
CHIAIIAU targets. were determined with a maximum error #7.5% in alumi-

. ) num and=10% in gold (this not only includes the instru-
sending a portion of the laser beam on the streak camera Slifenta| errors, but also the errors made in reading experimen

through a fiber. tal data.
In deducing the error in the Au pressure and fluid veloc-
IIl. DISCUSSION OF EXPERIMENTAL ERRORS ity, it is possible to show explicitly that they are about the

same. Moreover, we found that the relative error in the shock

EOS experiments aim at discriminating between differenfressure is approximately twice as that in the shock velocity,
theoretical models, when these are available, or at acquiringy accordance with the approximate quadratic depend@nce
completely new data in unexplored pressure regimes in ord&jetween the two quantities.
to drive the development of EOS models. In most cases the
pressure deviations between the models do not exceed IV. EXPERIMENTAL RESULTS
10%12326.27\which sets an upper limit of about 5% to the
experimental accuracy required in the measurement of the The obtained data are shown in Fig. 7 in tf®eU) plane
shock velocity. Of course, even less precise data may be vegnd are compared with the shock polar obtained from the
useful if they fall in previously unexplored regions. Sesame EOS and the Max Planck Institut Quantenoptik

In our case there are three main sources of possible erroE0OS (MPQEOS.?” We considered also a different model,
in the determination oD: the quality of the shock itself The Temperature EOFEOS,?® but since it is very close to
(requiring flatness over a wide regipithe sweep speeghs/ MPQEOS, it has not been represented in Fig. 7.

mm) of the streak camera, and knowledge of the step thick- When we take into account the experimental errors in
nesses and roughness. fluid velocity and shock pressufef the order of a few per-

In our experiment the shock emergence from the targetent; see Sec. V for a detailed discusgjonost of the points
was inferred by detection of the emission of the target reaftbut not all of them are really consistent with Sesame. How-
face in the visible region. This was imaged by a photo-ever, the trend of our experimental data is clearly showing
graphic objective onto the slit of a visible streak camera withthat, for a given fluid velocity, the experimental pressure is
8 ps time resolution. Also, the sweep of our streak cameraigher than Sesame. So either Sesame is not correct in the
was affected by a relative error lower than 1%, as verified byange 4<P=<10TPa, or there is a systematic error in our
calibrating the streak camera with atalen made of a series data which could be due to nonstationarity or to the presence
of short laser pulses produced by multiple reflection betweewnf preheating ahead of the shock wave, problems which will
two glass layers at a known distarf€eThe step heights and be discussed in the next section, while we will discuss in
surface roughness were measured with a profilom&ek-  Sec. VI the implications of our experimental data.

Tak) and resulted in being better than 0.@8. Since the We also note that, although the Al equation of state is
thicknesses of the aluminum and gold steps were about 6 ardell known, different models can anyway be used producing
2.5 um, respectively, this ensured a relative error in thick-slightly different results. If an alternative Al EOS is used,
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then the results for gold will be slightly different. The use of
the TEOS gives a slightly bigger fluid velocity for the
same measured shock velody However, the general trend
of our experimental data remains the sae.
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A f_|rst reason which Coqld. explain the departure of our FIG. 9. Time-resolved luminosity of the shock-heated aluminum
eXpe”mem,al S’ata f_rom existing E_OS mOde,IS could be th(?:’arget. () Signal obtained with direct drive. Shock pressure
shock quahty; i.e., either thg shock is nonstationary gnder the oq Mbar, target thickness15.75.m. (b) Signal obtained with
given experimental conditions or there is preheating. Thengirect drive. Shock pressused Mbar, target thickness
question of planarity is solved by the use of beam smoothing- 16 48,m.
and the use of sufficiently thin targets. Furthermore, we
checked it on each laser shot thanks to the high spatial reso- , ,
lution of the diagnostics. Hence we now address the twFOresponds to most of our sha®r some shots intensity
other points. was about 18W/cn?, corresponding to a maximum varia-

Nonstationarity of the shock front can be due at ear|ytion in shock velocity smaller than 1Since this variation
times to the shock arrival at the target base before it ha the difference between the maximum and minimum shock
reached its maximum pressure and a constant velocity. Atelocity in the step, it implies a variation in the shock brea-
later times the shock wave may decay either due to bidimerkout time which is less than 5%. Even for other laser inten-
sional expansion effects or to the fact that, after the end osities, the induced variations in shock breakout time are less
the laser pulse, the relaxation wave originating from the tarthan the sources of errors previously analyzed.
get front side reaches the shock front before it emerges from Another, experimental, proof of shock stationarity arises
either the Al or the Au step. Two-dimension@D) effects  from the pictures in Figs. 4—6, which show a comparable
are in our case negligible thanks to the use of the beartuminosity for shock breakout at the Al base and Al step.
smoothing techniques and the fact that the typical thickneskdeed, luminosity is also dependent on shock pressure and
of the used target@t most 22um) is definitely smaller than is more sensitive than shock velocity to small variations in
the central flat region of the focal sp(#50 um). shock pressure, as shown in Ref. 8.

Hence, in order to check that the shock pressure is con- The main question that pushed us to use CH/AI/Au targets
stant inside each step, we performed hydrodinamic 1D simy-<case(3)] is that of preheating. Even if during this experi-
lations, with the codemuLT.®® These showed that in our ment we did not take any particular effort to measure pre-
irradiation conditions (<4x10*Wi/cn?) the base must be heating directly, we think that our measurements raveaf-
thicker than approximately g@m to reach stationarity. From fected by any strong preheating for the following reasons.
Fig. 8 we observe that using CH/Al/Au targets we obtain (a) The temporal shape of the rear side luminescence, as
quite stationary shockgetter than with simpler Al/Au tar- can be seen in Fig. 9, is consistent with the absence of sig-
gets. Indeed Fig. 8 shows that for thickness between 15 andificant preheating; i.e., it is characterized by a fast decay
21 um (the step intervalthe maximum variation in shock time and an even faster rise tinfthe connection between
velocity is smaller than 5% fot~2x10*W/cn?, which  target preheating and backside emission has been studied
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VI. DISCUSSION

Gold step

heated gold layers The gold EOS has been studied in the past using light-gas
guns®23 chemical explosive¥' =3¢ and collisions with an
Al target base impactor’®®-3" The old works by McQueen and
co-workers**" are included in the Los Alamos Laboratory

data®® and the more recent work by Al'tshulet al3® in-
cludes the older data from the same grétffhe data ob-
tained were limited td®<0.58 TPa and showed that the re-
Egﬁoﬁg plasma lation betweerD andU was practically linearD=C+ SU,
whereC~3.12 km/s is of the order of the sound velocity in
the material[which is 3.24 km/s Ref. 38and S~1.5. We
note that the lindd =C+ SU corresponds in théP,u) plane

FIG. 10. Mechanism of luminescence at the edges of the goln% . L
. 0 a parabola going through the origin, i.e., of the foRmn
step due to Al x rays emitted from the plasma corona.
P Y P =aU+bU?, which is physically meaningful since it implies

experimentally in Refs. 6, 10 and 11 and numerically inU=0 atP=0.
Refs. 11 and 31 Unlike other materials, gold was not studied using nuclear
(b) Preheating would produce an early luminosity, but thisexplosions(these data have been published in some recent
would originate uniformly from the step rear side, and not bereviews®) or at least such data are not available. Hence until
concentrated on the step edges, as instead we can observedifew years ago no measurements on the Au Hugoniot were
Fig. 5. available at pressures higher than 0.58 TPa. A recent experi-
(c) The data obtained in casé® and(1) do not show any ment with laser-driven shock wavéhas measured the gold
really significant difference from the data obtained in caseequation of state up to pressuse®5 TPa. In this pressure
(2). If there was preheating, this would have been stronglyange(and at higher pressures, up to 10 TReere is a small,
reduced by adding about &m of plastic as in casés). but significant difference between Sesame and other models
(d) Data obtained for Cu with the same experimentalsuch as MPQEOS and TEOS.
setup and laser intensities fit quite well with the Cu Sesame The TEOS modéf*’ has been developed on the basis of
tables'” Preheating is determined by the material of the tar-available information up to 0.58 TPa. It yields values which
get base and by absorption in the steps. Here the base wate practically identical to the MPQEOS modeleveloped
Al, as in Ref. 17, which means that x-ray production was thefollowing the same physical principles of the “Quotidian”
same in the two cases. Moreover, the step is made in AEOS modelQEOS.*° However, the accuracy of the data in
which absorbs x rays more strongly than Cu. This means thdRef. 15 and the fact that higher pressures were not reached in
X rays are absorbed in a layer closer to the base-step intefhe experiment did not allow discriminations between such
face, which is thinner in the case of Au as compared to thenodels.
case of Cu. Hence the motion of the shock wave, around the Such higher pressures have been reached in the present
time of shock breakout, should be less influenced than in thexperiment. The accuracy in shock velocity in our experi-
case of the Cu EOS experiment. ment, as explained in Sec. lll, is not too high7.5% in Al,
Excluding preheating, the question arises of the cause of10% in Au) as compared to that obtained in experiments
the early luminosity seen in images obtained in cagEig.  reported in the literature at lower pressures. However, the
5), at the edges of the gold step. We think that the explanaaccuracy in the parameters of the Hugoniot is better than

X-rays

tion is as follows. 10% since they are determined by fittingdda= C+ SU line

(i) A hot Al plasma corona is created from the Al basewith a high number of experimental points.
which emits x rays mainly in lines below the A edge Also, we have averaged the different experimental results
(=1.6 keV). obtained for the same shock velocky (the experimentally

(i) The Al base and step are rather transparent to suchneasured paramejeo get the data presented in Fig. 11. By
radiation and hence they only slightly absorb it, producing ahis method, already used in others works, e.g., in Ref. 36, it
negligible heating and emission from Al step. is possible to reduce experimental errors down to 4%-8%

(iii ) On the contrary, gold is very opaque to such radiationfor shock velocity. Moreover, in Fig. 11 we have considered
and absorbs it in a very thin layer at the edges and around thenly shots obtained with a plastic layer. Even if all data show
interface. The edges are then heated to a temperature suffite same trends, those with plastic gave the best camera im-
cient to produce significant visible emissiee Fig. 10 ages and hence correspond to the smallest reading errors.

Hence we think that the luminosity which is present in Figure 11 also shows the experimental data obtainel at
type<2) targets is not due to preheatiig the usual mean- =0.6 TPa from conventional experimeifts’’ and at pres-
ing of the word. Anyway, the presence of such early emis- sures 1-3.5 TPa by Koenig al®
sion luminescence made it difficult to measure the breakout As expected, Fig. 11 confirms the already observed sys-
time precisely. This was the cause of a larger error as contematic deviation of our experimental points from Sesame
pared to typg3) targets. In particular the reading error is (Fig. 7). MPQEOS and TEOS lay above Sesame, and so the
increased of a factor which has been evaluated, on manggreement with such models is slightly better. However,
shots, to be of the order of 2, and this explains why t{®e- even such models do not seem to describe the behavior of
targets are characterized by larger experimental errors inur data completely. In order to understand the origin of such
Fig. 7. a deviation, excluding systematic errors in our experiments
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% experimental data at pressure®6 TPa deserves some more

comments.

A change in the slope of the curve obtained from the
Sesame tables is evident in the graph of Fig. 11 Bor
~7 km/s. Below this value, Sesame agrees with the fitting
curves to experimental data obtained with conventional
methods. Actually, the Hugoniot fit used in the Sesame
tables isD=3.12+1.521U,* which is quite close to that
reported in Refs. 35—-37. At high pressures Au Sesame is
built with the Barnes-Cowan-Rood methtd'® using data
reported in Refs. 44—46. The intersection between the two
curves produces a slope change which corresponds to a

30

25

20

D (km/s)

0 . . » phase transition. Although the transition region may not be
o s 10 .5 " correctly described by such simple superposition of the two
U (km’s) models, it is evident that such phase transition does not seem

to be present in the experimental results. This could mean
that Sesame does not correctly describe the behavior of gold
Slt high pressuresstarting already aP~0.6 TPa.

An alternative explanation is that the short time scale used
in our experiment does not allow such phase transition to be
observed. Indeed, the actual time needed by a shock com-
pressed material to reach thermodynamic equilibrium is not

(Sec. V), we considered the extrapolations to high pressureBrecisely known and itis the object of current research which
of the fits to experimental data at lower pressures from Refdnust be performed using diagnostics with a _much higher
35 and 37. The agreement with our data is much better, demporal resolution, in order to study the detailed temporal
shown in Fig. 11. This suggests that interpolations fromstructure of the shock wavé.

Refs. 35 and 37 describe correctly gold also above the pres- Finally, the difference between our data and Seséone
sure range for which they have been obtained. other EO$ could be explained by some other mechanism

Finally, we have compared Sesame to the experimentéﬂ‘ducmg a systemat_ic deviation of our data, W_hich we _have
points presented in Refs. 32, 34, 35 and 37. not been able to discover, or have underestimated, in the

As we can see in Fig. 12, around a pressure of 0.6 TPR'esent paper.
Sesame already disagrees significantly from experimental
data (in particular from those by Jonest al®?). Our data, VIl. CONCLUSIONS
and the fits from experimental data obtained in previous ] )
years, seem to suggest that gold is less compressible than In conclusion, the reported experiment has shown the pos-
what predicted by many theoretical models at pressureglblhty of obtaining quantitative measurements on shock

lower than 1 TPa. The disagreement between Sesame aM@ves in a solid sample directly irradiated by optically
smoothed laser beams. The pressure redhsel0 TPa was

06 ; w . ! — explored by employing a laser system with a pulse energy of
: ~250 J per shot. The use of PZP allowed the production of
high-quality, flat shock fronts.

The method has been applied to obtain EOS data for gold
in the pressure range 2—10 TPa. These are the experimental
points at the highest pressure obtained up to now with laser-
driven shock waves. Such data seem to show a compressibil-
ity for gold significantly lower than that predicted by the
Sesame tables. In particular, Bt=10 TPa gold compress-
ibility is p/pg~3.4 following the Sesame tables, and only
pl po~2.6 extrapolating the fits by Al'tshuleet al If con-
firmed by other measurements and theories, this may have
important consequences, e.g., for the design of ICF hohl-
raums and in general for all the fields of physics where the
behavior of high-pressure material is important.

FIG. 11. Experimental data in tH2 vs U plane. Present experi-
ment (solid circleg, LULI experimental dataopen circley from
Ref. 15 and experimental points at lower pressures from Refs. 3
and 34—-37open squargsare compared with Sesaneolid curve,
McQueen and MarstRef. 37 (dashed curveand Al'tshuleret al.
(Ref. 35 (dotted curveg fitting equations.

0.5
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P (TPa)
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0.2
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