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INTRODUCTION 
 
The study of the interior of icy giant planets like 

Neptune and Uranus relies on the knowledge of the 
equation of state (EoS) of some key elements in a phase 
plane region which spans pressure values of several 
Mbar and temperatures of the order of magnitude of 1 
eV. 

The intermediate layer of Uranus and Neptune is 
made of water (56%), methane (36%) and ammonia 
(8%).  
 

This knowledge is also crucial to model the 
magnetic field of these planets in accord to experimental 
measurements (Voyager 2). Indeed, ab initio calculations 
[Cavazzoni, Redmer] suggest that the conductivity 
required for the production of the planetary magnetic 
field via a dynamo mechanism has not only an electronic 
term which comes from the gap closure but also a ionic 
one, as water and ammonia crystallize and the proton 
becomes diffusive. 

 
While experimental studies on water have been 

already made using laser-driven shocks [Celliers] and 
shocks generated by magnetically accelerated flyer plates 
[Knudson], the other mixtures of planetological interest 
are less characterized. Only the so called “synthetic 
Uranus” mixture (molar fractions: water 70.8%, 
isopropanol 15.3%, ammonia 13.9%) has been studied 
up to 2 Mbar [Nellis].  
Nevertheless, precise EoS measures aren't yet achieved 
for sufficiently high pressures. 
 
 
EXPERIMENTAL WORK 

 
In the experiment we used 3 up to 9 beams at 3ω (351 
nm) of GEKKO XII, with a temporal top-hat profile of 
2.5 ns and a focal-spot diameter of 600 µm. Uniform 
irradiation was provided thanks to kinoform phase plates. 
The total beam energy has spanned from 258 to 1080 J. 
Assuming a 30% of the energy being effectively 
transmitted to the studied material, the intensity range 
has been 1 – 5 · 1013 W / cm2. 
In this campaign we investigated “CHO” mixture (molar 
fractions: water 71.43%, ethanol 28.57%) and  “synthetic 
Uranus” mixture (molar fractions: water 63.8%, ethanol 
23.5%, ammonia 12.7%). We performed also some test 
shots on water.  
 
The mixture was contained in a cell developed at GEPI 
laboratory of the Paris Observatory (figure 1). On one 
side (laser side), we glued a pusher whose function is to 
transmit the shock to the studied material. On the rear 
side (diagnostic side) the cell was closed by a quartz 
window with an anti-reflection coating in order to avoid 
spurious reflections. 
 
We used two kind of ablator/pusher combinations: 

a) 15 µm CH / 40 µm Al / 50 µm SiO2; 
b) 50 µm CH / 3 µm Au / 5 µm Al / 20 µm SiO2. 
 

The plastic layer minimizes the X-ray production in 
coronal plasma. X-rays can pre-heat the material under 
study. In this case, the shock wave propagates in a 
medium whose state is unknown and a reliable equation 
of state measurement becomes impossible. 
 
Aluminum reflects the light coming from the probe laser 
enabling interferometric diagnostics. 



The quartz layer is used as reference material for the 
determination of reflectivity and temperature.  
 
The second pusher was designed for high laser intensity 
(≈ 5 1013 W/cm2) shots for which X-ray emission is 
considerable. For this reason we added a gold layer 
acting as an absorbing shield preventing more efficiently 
the occurrence of X-ray pre-heating. 
 
Two hours before the shot, the cell was filled with the 
desired mixture through a pumping mechanism. 
Particular attention has been paid in order to prevent the 
formation of air bubbles inside the cell. For this reason, 
mixtures have been degased in a mbar vacuum bell 
before the filling procedure. 
 

Fig. 1. Scheme of the target with an a)-type pusher. 

 
The rear side of the target has been illuminated with a 
probe Q-switched YAG laser at 1064 nm and 532 nm, 
with a ≈ 10 ns duration. 
 
Two VISARs (Velocity Interferometer System for Any 
Reflector) at 532 nm allowed us to measure time-
resolved shock velocity and reflectivity in quartz and in 
the mixture (see figure 2). 
The sensitivities or VPF (velocity per fringe) were 7.432 
and 4.476 km / (s · fringe). Time resolutions were 
approximately 20 ps/pixel for the first VISAR and 19 or 
48 ps/pixel for the second one. 
 
A streaked optical pyrometer (SOP) measured the self-
emission of quartz and of the mixture for a wavelength 
window of (455 ± 38) nm (see figure 3). Measures were 
time-resolved with a time / pixel of 39 ps/pixel or 98 
ps/pixel.  
 
Temperature was inferred via a grey-body hypothesis 
from the number of counts of SOP and the reflectivity 
measured by the two VISARs. 
 
Quartz has been used for in situ calibration of both 
reflectivity and temperature, using [Millot]. 
 
For some shots, a VISAR at 1064 nm was working only 
as reflectometer (without interferometry), allowing us to 

measure reflectivity at two different wavelengths. 
 
The diagnostics configuration for the last 4 shots 
included a spectrometer with a spectral field of view of 
approximately 780 – 420 nm. 
 
For each shot, we can obtain data on the Hugoniot of the 
mixture via an impedance mismatching technique 
[Zel'dovich], using the SESAME tables for α-quartz as a 
reference material.  
 
RESULTS 
The experiment has been performed recently (January 
2016) and the data analysis is in progress. A preliminary 
analysis shows that initial shock velocities in the mixture 
spanned from 11 to 22 km/s. Indeed the shock in the 
mixture is decreasing in time. We could measure 
velocities with a precision of ≈ 1/10 of fringe for each 
VISAR, i.e. with an error of 0.43 km/s on the mean 
value. 

Fig. 2. VISAR 1 image from shot #39725 (744 J on 
synthetic Uranus). Time increases in the downward 

direction (time window: 20.3 ns). In the upper region 
light is coming from the aluminum layer, after from 

metallized quartz (20 μm thick) and finally from the 
metallized mixture. 

 
 

Fig. 3. SOP image from shot #39725. Time increases in 
the downward direction (time window: 20 ns).



 
 
 
We obtained pressures at the entrance to the mixture in a 
range of 0.5 – 3 Mbar and particle velocities in a range of 
5 – 16 km/s. The densities of the shocked material can be 
obtained through the Rankine-Hugoniot equations, and 
are in a range of 1.6 – 2.6 g/cm3 (density in standard 
conditions is 0.880 g/cm3 for CHO mixture and 0.890 
g/cm3 for synthetic Uranus). Errors for these 
measurements come from the ones on shock velocities at 
the exit from quartz and at the entrance to the mixture, 
which propagate when impedance mismatching 
calculations are done. 
 
Inferred temperatures varied from 2.3 eV (27 000 K) 
down to the detection limit of the diagnostics, around 0.4 
eV (4 600 K). The main source of error was calibration 
in quartz. Secondary sources were the uncertainty on 
reflectivity, the uncertainty on the number of counts of 
the SOP and the error due to the spectral width of the 
filter before the SOP. The total relative error was around 
10% for temperatures well above the detection limit. 
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