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INTRODUCTION 

The Rayleigh-Taylor Instability (RTI) [1] occurs 
whenever fluids of different densities are accelerated 
against the density gradient, as it is the case for the 
ablated plasma accelerating the target ablator in Inertial 
Confinement Fusion (ICF) implosions [2,3]. In the 
astrophysical context, RTI develops when blast wave 
drives stellar explosions [4] and in many other 
astrophysical contexts (jets, stellar interiors, classical 
nova outbursts to name a few). RTI plays also a role in 
Supernova (SN) explosions, either of Type Ia or II [5]. 
Radiative shocks are a fundamental aspect of 
astrophysical and high-energy-density systems because 
any fast enough shock wave becomes radiative [6]. This 
happens because radiative energy fluxes increase more 
strongly with increasing shock velocity than kinetic and 
thermal energy fluxes do. Understanding the physical 
properties of radiative shock waves is fundamental since 
they are the basis of the interpretation of several 
astronomical observations, including supernovae 
explosion physics [7]. However only few laser 
experiments have addressed until now the effects and 
interplays of radiative shocks on RTI [8]. We have 
recently extended the scope of our hydrodynamic studies 
[3] to RTI in a highly radiative environment relevant for 
laboratory astrophysics. 

EXPERIMENTAL SET-UP 

The experimental configuration used on GEKKO 
XII is schematically drawn in Figure 1a). We use the 
LUTH radiative shock gas-cell [6]. The radiative behavior 
is studied with high-Z gas filling (Xenon at 10 mbar), 
whereas the non-radiative benchmark case is done with    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 1. : a) Experimental set-up. b) Schematics of the 
modulated pusher (λ= 50 µm, 6 µm peak-to-valley 
amplitude) used in these radiative gas cells experiments. 
Picture of a modulated pusher.c) Typical LUTH gas-cell 
target.  

Helium filled cells (at 330 mabr). The Atwood number [1], 
key parameter for RTI is kept constant by adjusting the 
filling pressure. The laser drive conditions are close to 
I~1014 W.cm-2 at 3w using up to 9 beams with a 600 µm 
diameter focal spot created with KPP. The diagnostics are 
transverse optical ones (streaked optical pyrometers and 
shadowgraphy), as usual for this kind of experiments. 



RESULTS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. 2D transverse shadowgraphs acquired on GXII in 
September 2016 for Helium filled (a) and b) at t = 25 ns 
and 40 ns respectively) and xenon filled cells (d) at t = 
40 ns). c) Streaked transverse shadowgraph acquired on 
shot 40460 (as in a).  

    Results acquired with this novel experimental 
platform qualified on GEKKO XII in 2016 are shown in 
Fig.2. First of all the initial modulations machined at the 
front face of the pusher are recovered at the head of the 
shock (see Fig. 2d), indicating that an unstable RTI 
interface could efficiently imprint the radiative shock. 
Nevertheless the main features are the striking 
differences between the helium and xenon cases. In fact, 
due to the small focal spot of the 9 superposed GXII 
beams, a highly collimated outflow is created and the 
accelerated pusher looks like a jet at late times (Fig.2a) 
and b).. The morphology of the “jet-like” RTI differs 
depending on the gas filling used. A conical shape is 
clearly visible for the jet propagating in helium (whose 
half-angle gives a measurement of the Mach number), 
whereas the bow shock stays close to the accelerated 
pusher material in the radiative case (Fig.2d). Moreover 
the formation of a dense clump ahead of the jet is 
evidenced in helium, both on 2D and streaked transverse 
shadowgraphs (Fig.2a) and c). A darker absorption zone 
of denser clump of material is clearly visible at the head 
of the jet. This clump could be related to the well-known 
dense cocoon of material, which is formed ahead of 
adiabatic jets in the context of astrophysical jets [9].  
Preliminary postshots calculations of GXII 2016 
experiments have been performed with the radiative 
hydrocode FLASH of the University of Chicago [10]. We 
could observed at early time (t = 13 ns) (Fig.3a) and b)) 
the formation of the modulated radiative shock front. The 
nonlinear stage of the RTI where spikes with mushroom 
head develop is clearly evidenced. These data were used 
for companion experiments performed on LULI2000. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. 2D FLASH simulations at t = 13 ns performed for 
the Xenon (a) and Helium (b) cases. 

CONCLUSION 

High quality data were acquired demonstrating for 
the first time the effect of radiation on the late time 
evolution of the RTI. A good similarity is recovered by 
preliminary postshots simulations. The observed behavior 
deserves further investigation at different filling pressures 
and for longer preimposed wavelengths.  
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