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INTRODUCTION 

In the framework of the collaboration between 
ILE and the CELIA laboratory in France, we have 
conducted an experiment in the period of December 
14th to 16th 2015. Its purpose was the experimental 
study of the propagation and collision of two shocks 
using the GEKKO-XII laser facility. 

This study takes place in the framework of the 
Shock Ignition approach to Inertial Fusion, where 
shock collisions are used in order to increase the hot 
spot pressure. This implosion scheme has been 
intensively studied through simulations but there is a 
lack of experimental data validating the physics of 
shock collisions. 

Our first goal was to observe, through time-
resolved X-ray radiography, the propagation of a first 
shock in a low-density material (CH2), its reflection 
against a layer of denser material (copper) and its 
collision with a second shock launched by a second 
laser pulse. As a second goal, we tried to measure the 
breakout time of the transmitted shock from copper to 
α-quartz and its velocity using a VISAR (velocity 
interferometer system for any reflector). 

SETUP 

The targets used in this experiment were 
designed by CELIA laboratory and manufactured by 
SciTech UK. Their scheme is shown in Figure 1. 
They consist in a 250 µm thick square slab (2.6 mm 
side) of a-quartz, coated in its front side with 25 µm 
of copper and 10 µm of CH2 (in order to avoid the 
direct interaction of the laser with copper). On the top 
of this layer, we placed a 800 µm diameter, 100 µm 
thick dot of CH2. The rear side of the quartz has an 
anti-reflection coating in order to limit unwanted 
reflections of the VISAR beam. To avoid unfavorable 
effects from the plasma generated at the front side of 

the target, the rear surface was protected with a cone 
shield.  

 
Figure 1: Experimental cone target configuration. 

In order to launch the first shock, we used 5 
laser beams of GEKKO. Each one was converted at 
3ω (355 nm) with a requested super-Gaussian focal 
spot of 600 µm diameter and a square pulse duration 
of 2.5 ns (with 500 ps rising time). Considering a total 
energy for the cluster of 370 J, we obtain a maximum 
intensity on target of 5.22×1013 W/cm². The second 
shock is created with the same beam parameters but 
with only 2 beams. Therefore the second cluster 
resulted in a total energy of 190 J and a maximum 
intensity on target of 2.69 ×1013 W/cm². 
Measurements of the self-emission of the plasma, 
created by the shock-driving laser, have shown a total 
laser spot on target of 780 µm diameter. Also the 
laser temporal shape recorded during the experiment 
was not exactly square. These two parameters lead to 
a lower estimation of the laser intensity of 3.84×1013 

W/cm² for the first cluster and 1.97×1013 W/cm² for 
the second cluster. The time delay between the two 
cluster pulses is 4.9 ns (the longest delay available), 
so that the first shock has the time to bounce on the 
copper wall and then propagate back at a distance far 



enough from the wall to allow to be detected with X-
ray radiography. 

The backlighter source was realized by 
irradiation with 3 GEKKO laser beams at 2ω (532nm, 
2.5ns pulse duration) of a secondary vanadium target. 
The signals were recorded by means of a pin-hole 
streaked camera, which enables for space and time-
resolved observation. This is one of the two main 
diagnostics of the experiment. The other one is 
observation of the rear surface velocity after the 
shock breakout by VISAR, which allows 
reconstructing the whole shock dynamics by 
comparison with results of 2D hydrodynamic-
radiative simulations run with the code CHIC 
(developed at CELIA).  

X-RAY RADIOGRAPHY 

The launching time of each one of the 3 
radiography beams is a free parameter. We choose to 
tune them in order to have the best X-ray illumination 
of the target when the first shock is propagating in the 
unperturbed CH2 and when the collision is supposed 
to happen (estimated from CHIC simulations). Figure 
2 shows a radiography realized at the beginning of the 
campaign. The first shock is clearly seen and its speed 
matches the numerical simulation. On this image it is 
not possible to see the reflected shock and the 
collision. This was probably due to a small 
misalignment of the target along the radiography axis 
which casts a shadow on the streak camera slit and 
therefore can hide the shock collision. 

 
Figure 2: Time-resolved X-ray radiography of the shock 

propagation in the CH2 dot. 

During the experiment, the radiography signal 
on the streak camera decreased shot after shot. A 

before-after experiment picture of the entrance slit of 
the streak camera (fig. 3) shows that it has been 
partially covered by shrapnels from the target, 
possibly explaining the decrease in signal. This led to 
a small number of analyzable images. 

 
Figure 3: Transmission of the entrance slit of the 
radiography’s streak camera before and after the 

experiment. 

 
Figure 4: X-ray emission over time for a launching time of 
the radiography beam of 2.24, 3.94, 4.64 ns (a) and 3.94, 

3.94, 4.64 ns (b). 

The tuning of the launching time of the three 
radiography beams has shown that the relation 
betwwen laser irradiation of the backlighter and X-ray 
emission is strongly nonlinear (fig. 4a). In particular, 
it appears that the first laser pulse generates a very 
low emission of X-rays whereas the second and third 
ones generate a lot more. This can be explained by 
considering that a large amount of the energy of the 
first pulse is used to create the vanadium plasma 
letting only a small amount of energy for the 
conversion into X-ray. On the other hand, the second 



and third pulses directly interact with the plasma and 
their energy is converted in plasma heating and then 
X-ray much more efficiently. Considering this, we 
decided to launch two beams together followed by the 
third one a few nanoseconds after. This resulted in a 
more intense and more homogeneous X-ray emission 
compared to the case where the three beam are 
launched at different times (fig. 4b). 

VISAR 

Numerical simulations ran with the requested 
laser parameters, have predicted a velocity around 15 
km/s for the transmitted shock in quartz. This speed 
corresponds to a shock pressure above the 
metallization threshold of this material. Therefore, the 
reflecting surface observed by the VISAR, after the 
shock breakout in quartz, will be the shock front. 
However, the images of the VISAR diagnostic show 
only a sudden drop in intensity and no fringe shift 
(fig. 5a). The time of this drop is around 6 ns, which 
correspond to the time of the breakout of the shock in 
the quartz (from simulations).  The absence of fringe 
after the shock breakout seems to indicate that the 
shocked quartz is in absorbing / opaque state. Indeed, 
as shown before, the real laser parameters give an 
intensity on target smaller than the one considered for 
the simulations. The pressure of the shock in quartz 
from the simulations is probably overestimated and, 
in this case, the quartz would be more likely in 
absorbing state. Also, far from the center of the laser 
spot, the shock pressure decreases, leading to a 
transparent state for the shocked quartz (fig 5c). 

Figure 5 shows the time-space dependence of 
the shock breakout. In particular, it appears that the 
shock breaks out much earlier at the sides of the dot 
than in the dot position. Indeed, a laser spot of 600 
µm centered on the 800 µm CH2 dot would have led 
to a very small amount of energy deposited on the 
sides of the dot. But with the real laser spot of 780 
µm, the illumination on the sides of the dot was 
enough to launch a significant shock in the 10 µm 
CH2 coating. This shock has a smaller amount of 
material to propagate through and therefore, breaks 
out earlier (compared to the dot). At larger distances 
from the center of the target, the shock breakout time 
increases because of the decrease in the laser intensity 
on the target. Transversal conduction effects might 
also affect the shock propagation and explain the 

profile shock breakout time observed on the VISAR 
images. 

The very low intensity fringes that can be seen 
after the shock breakout in the quartz are most 
probably “ghost fringes”. They do not correspond to a 
reflection from the copper – quartz interface nor from 
the shock front but they most probably come from a 
reflection on the rear side of the quartz due to a not 
perfect antireflection coating. 

 
Figure 5: VISAR images obtained during the experiment. 

The field of view is centered at a different position compare 
to the dot for each image. 



CONCLUSION 

We have successfully measured the speed of a 
shock propagating in CH2 with time-resolved X-ray 
radiography and measured the shock breakout time in 
quartz with VISAR. These two results are coherent 
with the simulations run before the experiment. We 
have also put in evidence that a better X-ray emission 
is obtained with a configuration where 2 beams are 
used simultaneously, follow by a third one, in order to 
irradiate the backlighter (in comparison of an evenly 
distribution of the three pulses). 

The effective laser parameters recorded during 
the experiment are slightly different from the ones 
used for the simulations run before the campaign. 
New simulations, with these real parameters, will be 
done in order to see if they reproduce the results of 
the experiment. In particular, the shock breakout 
time-space profile in quartz and the pressure in quartz 
corresponding to its absorbing state. 
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