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The onset and propagation of shock waves (SW) in tenuous, collisionless plasmas is a 

phenomenon of central interest in astrophysics. SWs are common in the interstellar medium 

following the occurrence of energetic events such as supernova explosions, outflow of 

stellar matter during magnetic storms, radio galaxies and quasars, just to cite a few. SWs 

are commonly detected also in near-Earth plasmas such as the bow shock region and the 

magnetosheath.  

The presence of an external magnetic field influences fundamentally the SW dynamics to 

the point that two main classes of SWs can be distinguished depending on the orientation of 

the shock front normal in respect to the magnetic field lines. Key questions regarding the 

basic properties of these SWs remain open to interpretation or unanswered. 

Nowadays, laser technology and diagnostic techniques allow recreating and observing 

scaled-down astrophysical phenomena in the laboratory. We present here a study of the 

formation and evolution of collisionless shocks in tenuous plasma, in presence of an 

external magnetic field, which were carried out at the VULCAN laser,  Rutherford 

Appleton Laboratory. 

A long (~1ns) and intense (~10
15

W/cm
2
) laser pulse is used to trigger the shocks. The laser 

is focused on a metal slab and the interaction generates a plasma whose expansion in the 

ionized background gas launches the shock. The pressure of the ionized background gas is 

varied in the range from 10
-5
 to 10

-1
 mbar and an external magnetic field is introduced. The 

shocks are probed via a proton projection imaging (PPI) technique, which allows to detect 

with high accuracy the spatial and temporal distribution of the electric field in the plasma. 

Differences in the development of the SW with or without magnetic field have been 

observed, with a number of features observed in the different experimental conditions, 

which will be presented and discussed. Indications of ion reflection from the shock front 

are also provided by the data. 
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