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INTRODUCTION 

 We realized an experiment in the period 24 
September to 2 October 2014, in the framework of the 
collaboration between ILE and the CELIA laboratory in 
France. This was dedicated to the experimental study of 
the propagation of shocks using GEKKO XII beams.  

Our main purpose was to study the generation of 2 
strong shocks and their coalescence by using shock 
breakout diagnostics (VISAR) and X-ray radiography 
simultaneously. This is important within the “Shock 
Ignition” approach to Inertial Fusion where collision of 
shocks inside the target takes an important role. 

Our first goal was to study the propagation of a first 
shock in a low-density material (200 micron plastic, 
simulating the ICF target ablator), its reflection against a 
layer of denser material (25 micron copper, simulating 
the rebound of the first shock at target center) and the 
collision with a second shock launched by a second laser 
pulse (simulating the final spike in shock ignition). As a 
second goal, we tried to observe the coalescence of two 
transmitted shocks in SiO2 layer. 

 

SETUP 

In order to launch the two shocks, we separated 
GEKKO laser beams in two groups. The first shock was 
generated by 5 beams of GEKKO lasers with 600 μm of 
diameter (3ω, 355nm, 2.5ns, 5.0×1013 W/cm² for 5 
beams with super-Gaussian shape) and then the second 
shock was created by 2 delayed beams with 600 μm of 
diameter (3ω, 355nm, 2.5ns, 2.25×1013 W/cm² for 2 
beams with super-Gaussian shape). It is expected that the 
second shock would collide with the reflection of the 
first one on the Cu layer. We tried to observe this 
phenomenon by X-ray radiography. We used 1D 
radiography (long pulse backlighting coupled to a 
streaked pin-hole image), which allows monitoring shock 
propagations in the first layer continuously in time. The 
Backlighter source was realized by irradiation with 3 
GEKKO laser beams (2ω, 532nm, 1.5ns) on a secondary 
titanium target. The signals were recorded by means of a 
pin-hole streaked camera, which enables for 
time-resolved observation. This is one of the two main 
diagnostics of this experiment. The other one is 

observation of the rear surface velocity after the shock 
breakout by VISAR (velocity interferometer system for 
any reflector), which allows reconstructing the whole 
shock dynamics by comparison with results of simulation 
(hydrodynamic-radiation code CHIC developed at 
CELIA).  Moreover, this diagnostic could also allow for 
observing the coalescence of the two shocks.  

The targets used in this experiment were designed 
by CELIA laboratory and manufactured by SciTech UK. 
Their scheme is shown in Figure 1. To avoid unfavorable 
effects of plasma generated at the front side of the target, 
the rear surface was protected with a cone shield. 

 
Fig 1, Experimental cone target configuration 

 

X-RAY RADIOGRAPHY 

    Unfortunately, at the final stage of target production, 
the composition of the ablator layer has been changed 
from CH2 to PET. This implied a very low transmission 
(T~0.46% instead of T~30% expected for CH2 targets). 
Due to very low transmission in cone targets, we had 
problems in obtaining data and achieving expected 
results of X-ray radiography. In order to reduce 
absorption we reduced the area of the PET cylinder but 
we couldn’t get any positive results of radiography with 
PET cone targets.  

Therefore, we decided test X-ray radiography with 
the help of a target of 100µm thick Be plate of 1 mm 
width, built overnight by the ILE team. This target, for 
the same radiographic source (Ti), provided a 
transmission larger than 20 %. Figure 2 shows the image 
of X-ray radiography, where its transmission has been 



corrected to take into account the temporal and spatial 
profile of the X-ray backlighting source. This correction 
was needed because the spot size of backlighter was 200 
microns instead of the 400 microns initially expected 
(too small for the experiments with cone target) and its 
temporal profile was not flat-top but rather triangular, 
which didn’t allow for complete superposition of the 3 
backlighter pulses during observation although the delay 
timing was good. The spatial and temporal variation of 
the backlighting X-ray source are very clear by looking 
at the untreated radiography image shown in Figure 3 
(this was obtained with a normal cone target: 
transmission in the region of the plastic foil is practically 
zero). The correction allowed to clearly following the 
shock dynamics. The radiographic result reveals the 
propagation of the first shock with a speed around 19 
km/s and the second shock with a speed around 17 km/s. 
 

 
Fig 2, Co image of X-ray radiography image of Be 
sheet target superimposed to CHIC code results. 
The image has been corrected to take into account 
for the time and space shape of the backlighting 
source. 

 

 
Fig 3, Typical spatial and temporal profile of X-ray 
backlighter 

 
A black and white image, which overlaps the 

normalized radiography image in Figure 2, gives the 
result of the CHIC code. Simulations were done taking 

into account the true temporal pulse shape deduced by 
the temporal variation of self-emission at the front 
surface of targets obtained by another streak camera. At 
first, simulations were done with the full laser energies 
for two shocks but the results of simulation didn’t 
reproduce experimental data showing a too fast shock 
and early break out of the first shock. Then, we 
performed simulations at reduced laser energy (about ½ 
of the total) taking into account the losses introduced by 
optics and phase plates, a d those produced by refraction 
and scattering in the plasmas. In this case, CHIC 
simulation results correspond very well to experimental 
ones, as shown in Figure 2. 

 

VISAR 

    In this section, we present the result of velocity 
measurements. Figure 4(a) and 4(b) are images obtained 
by different VISARs. Time proceeds from top to bottom 
for 4 (a) and from left to right for 4 (b). By analysis of 
these results, we found 3 or 4 km/s for typical shock 
speed of this experiment and shock break out time was at 
24 ns on average. 
    At first, we had difficulty to explain the result above. 
We made simulations with CHIC code for shots with 
cone targets with same conditions applied to the shot on 
Be. Figure 5 shows the target configuration in its initial 
state (= 0 ns) in the CHIC code. The laser beam is 
coming from the right and the generated shock will travel 
towards the left. Figure 6 gives the simulation result at 
the time when the shock breakouts inside Quartz. The 
shock breakout time is found to be11 ns in the center of 
the target, which gives 7.5 km/s for shock speed that 
disagrees with experimental results. In the simulation 
result of Figure 6, the average speed of shock 
propagation inside the CH/Cu bilayer is: 225 micron / 
11ns = 20 km/s, quite far from the shock speed deduced 
from VISAR images: 225micron / 24 ns = 9 km/s. The 
most probable interpretation, which corresponds to 
experimental results, is given in Figure 7. This figure 
shows the simulation result at 24 ns, and we see that at 
this time the shock breakouts at 475 micron from the 
center of the spot, corresponding to the shock speed 
deduced from experimental data. Considering that often 
we observed asymmetrical profile of fringes in VISAR 
images (see Figure 8 as an example), it is indeed possible 
that detectors were looking around the edge of laser focal 
spot, rather than to its center. 

 
Fig 4, Typical VISAR results 



 
It is worth noticing that the observed fringe shift in 
VISAR images corresponds to a fluid velocity in quartz 
of the order of 3 km/sec, which, again, is in fair 
agreement with CHIC simulations for a displacement of 
475 µm and an average shock velocity of 9 km/sec. 

CONCLUSIONS 

    We succeeded observing two shocks propagating in 
the target by X-ray radiography in the shot with Be plate. 
This was very well simulated with the CHIC code. 
Consequently, CHIC code is validated for the 
configuration used in this experiment.   
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 5, Target geometry at 0 ns 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 6, Target geometry at 11 ns 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Fig 7, Target geometry at 24 ns 

 
 
 
 
 
 
 
 
 

 
 
 

 
Fig 8, Asymmetrical VISAR fringe profile  
 
We have succeeded observing fringe shift resulting 

from breakout of shock in layered plastic/copper/quartz 
targets. But the evidence for the second shock was not 
observed this time. By the analysis of experimental 
results, we found that the shock was slower than initially 
expected, corresponding to total laser energies for first 
and second laser pulses less than expected. Judging from 
simulation results of the Be shot and of cone targets, the 
shock speed of the second shock was not sufficiently 
high to catch up the first one. In next experiment, 
exploiting the knowledge obtained in this experiment, we 
can advance and we hope to observe the rebound and 
coalescence of shock. 
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