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INTRODUCTION	  
The accretion processes are among the most 

important phenomena in high-energy astrophysics since 
they are the main source of radiation in several binary 
systems, and are widely believed to provide the power 
supply in active galactic nuclei and quasars. The 
mechanism which allows releasing the gravitational 
energy in the form of electromagnetic radiation is 
complex. It strongly depends on the physical properties 
and the compactness of the accreting object. Among the 
different X-ray binary systems, the cataclysmic variable 
stars provide a unique insight in order to study the 
accretion processes in extreme astrophysical regimes. 
They are close binary systems containing a white dwarf 
which accretes matter from a late type Roche-lobe filling 
secondary star. Their importance is due to the fact that 
they probably provide the best opportunity to study the 
accretion processes in isolation, since other sources of 
luminosity (mainly the white dwarf and the secondary 
star luminosity) are relatively unimportant. 

In this proposal we will concentrate on the study of 
accretion in these objects (mCVs) when the white dwarf 
has a high-magnetic field (B>10 MG). Here the Alfven 
radius is greater than the L1 Lagrange point which 
implies that the accreted matter is directly attached to 
magnetic field lines, and falls almost radially with 
free-fall velocity (v >> 1000 km.s-1) towards the 
magnetic poles of the white dwarf.  

A shock is created when the supersonic in-falling 
matter collides the photosphere of the white dwarf. The 
main role of the magnetic field is to channel the accreted 
plasma and does not play a direct role in the dynamics of 
accretion column except in specific geometric situations. 
Thus it is not necessary to take the magnetic field into 
account neither for the modeling nor for the experiments. 

 
Experimental setup and simulations 
First experiments1 realized at LULI tested the target 

design used to simulate the accreted column as described 

in Figure 1. The laser was focused onto the pusher to 
generate a strong shock through the solid target. The 
pusher was composed with a plastic ablator on the laser 
side and a titanium foil on the rear side. After the shock 
breakout, the target release generates the plasma flow 
through the tube. This flow inside the tube plays the role 
of the accreted plasma guided by the B field in the mCVs. 
Finally, to simulate the white dwarf photosphere we used 
a thick foil of steel as an obstacle for the plasma flow. 
The quartz allowed us to use visible rear side diagnostics 
as it is transparent to visible light. Figure 2 shows a 
GEKKO XII target used during the experiments.  

 
 
 
 
 
 
 
 
Figure 1. The top image is a scheme of the accreted 

column in the mCVs. The bottom image describe the 
laser plasma target composed with a pusher to generate 
with laser interaction the plasma flow and a tube to guide 
the flow to the obstacle in steel 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Actual target. 

Steel 



Some results were obtained and published recently2. On 
Gekko, in 2012 we used a new target design using a 
(CH-CHBr) where a clear increase in the flow velocity 
was demonstrated with respect to an older design using 
(CH+Sn). We clearly observed a plasma flow 
propagating at ≈ 115 km/s, impacting the obstacle and 
generating a return shock (see last year report). 
Moreover, the influence of the pusher on the plasma flow 
velocity showed velocities ranging from 120 km/s (3 
beams) to more than 200 km/s (9 beams). This work was 
continued this year (2013) in order to confirm last year 
results, changing the obstacle material (from quartz to 
steel) and to prepare a more complete set of experiments 
on the ORION laser where dedicated x-ray radiograph is 
available.  
 

 
Figure 3. Transverse streaked self-emission for a 3 

beams shot. 
 
In parallel, we developed 2D radiation hydrodynamic 
simulations using the FLASH code3 from university of 
Chicago for a laser intensity IL= 3 1014 W/cm2. These 
first results are promising, we need to improve the target 
design according to those results and compare in detail 
with 2D simulations. In fig. 4 we show simulation 
snapshots at 5 different times for the density (in g/cc): 
0.5 ns, 5 ns, 12 ns, 24 ns and 36 ns. The last image 
corresponds to the temperature at 36 ns. We clearly 
observe in those simulations, the plasma flow generation 
on the pusher side propagating at a velocity ≈ 130 km/s 
as measured experimentally. We also observe the 
interaction of the flow with the tube wall generating a 
small inward shock. This will collimate a bit more the 
initial flow and giving a smaller reserve shock as seen on 
the last image at 36 ns. In the reverse shock, density and 
temperature are ≈ 0.1 g/cc and 50 eV respectively. This 
should be easily observed with a dedicated x-ray 
radiograph as planned in the ORION experiment. 
 
 

Figure 4. 2D radiation hydrodynamic simulations using 
FLASH3 code for the CH-CHBr pusher. Intensity is 

3.1014 W/cm2.  
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