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INTRODUCTION 

The solar wind is a large high-speed plasma flow 
with magnetic fields frozen in it. When the solar wind 
interacts with the Earth, magnetic reconnection happens 
in the magnetotail, by the effect of the geomagnetic field 
of the Earth. The Venus shares almost the same 
conditions with the Earth except without the 
self-generated geomagnetic field. Thanks to the 
aerosphere plasma, during the process of solar wind 
interaction, magnetic reconnection could still happen in 
the near-Venus wake. The astrophysicists have already 
observed the magnetic reconnection in the near-Venus 
wake, by measuring the magnetic field and plasma 
behaviour locally [1]. The mechanism and the detailed 
process are unclear and needed to be verified. This seems 
much difficult because of the huge challenges in 
astro-observation. However, with high-energy lasers, one 
can recreate the similar conditions to the space in the 
laboratory to study the astronomic process.  

In this presentation, we will show our experimental 
results obtained by using laser-driven plasma flow to 
interact with a thin wire to simulate the solar wind 
interaction with the Venus.   
 

EXPERIMENTS 

The experiment was carried out on the Gekko XII 
Laser System at ILE, Osaka University. Figure 1 shows a  
 

 

 

 
 
 
 
 
 
 
 
 
 
 

 
schematic of the experimental setup. Optical imaging, 
such as shadowgraphy, interferometry, self-emission 
imaging, with different delay time, and collective 
Thomson scattering measurements were used to measure 
the spatial and temporal evolution of the interaction with 
an optical probe beam. The inset of Fig.1 shows the 
configuration of the target. Note that the probe laser 
pulse comes outside from the paper vertically, which is 

Fig. 1. A schematic view of the experimental setup 
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different from that of the figure left. A planar Al target 
was used to generate the plasma flow that was used to 
simulate the solar wind. Three 120J, 0.5ns, 0.351µm 
laser beams were incident on the rear surface of the 
planar target. To obtain a quasi one-demention expansion 
of the plasam flow, the laser pulses were defocused, as 
showed in the figure above, to keep the FWHM of the 
laser spot to be upto  0.5 mm. This gave an anverage 
laser intensity of ~1014W/cm2 on the target.  

The high-speed plasma flow generated at the rear 
surface of the planar target moved towards the wire and 
interacted with it. The wire was used to mimic the Venus. 
Before the collision, the wire had already been ionized 
by the x-ray from the radiated target. With the 
pre-plasma around the wire, the wire was more like the 
Venus with ionosphere. This makes the collision in our 
experiment much similar to the solar wind interaction 
with the Venus.  

Thanks to the large time width of the probe beam, 
we could take two images at different delay times in the 
same single shot by using time-gated ICCD. Figure 2 
shows the typical shadowgraphs and interferogram for 
the same shot at the delay of 17ns and 25ns respetively.  
Fig. 2(d) shows the outline of plasma in Fig. 2(c). The 
plasma flow in Fig. 2(a) is split. However, the front 
section of plasma flow curves dramatically, and the 
plasma just behind the wire tends to converge, forming 
an ‘X’ shape structure. [1,3,4] 

 

 

 

 

 

 

 

 

 

The ‘X’ structure is a signature for the occurence of 
the magnetic reconnection. Magnetic reconnection may  
happen in the center of the ‘X’(arrows). Further 
numerical simulations are being carried out to understand 
the interaction physics.  
 
 

CONCLUSION 

By uisng a high speed laser-driven plasma flow 
colliding with a thin wire, we have tried to simulat the 
solar wind interaction with the Venus. From the 
interferograms and shadowgraphs, we have observed the 
‘X’ structure which is probaly dut to magnetic 
reconnection. Directe magnitic field measurement in the 
reconnection region with high resolusion will be 
performed in near future. 
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Fig. 2. Images taken for the same shot at different delay 
time. (a) shadowgraph at 17ns and (b) 25ns; (c) interferogram 
at 25ns. (d) shows the outline of plasma in (c). An ‘X’ shape 
structure as a signature of magnetic reconnection can be seen 
in 25ns. 
 


