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Collisionless shock waves (CSW) arise in plasma when an abrupt change in plasma conditions 

is not caused by binary collisions but the collective behaviour of the plasma. CSW are thought 

to be highly common in astrophysical environments due to the low ambient density. It is 

thought that shocks caused by supernova remnants expanding into the interstellar medium 

accelerate particles that are responsible for cosmic rays measured high in the Earth’s 

atmosphere. CSW can also be found in our solar system as planetary bow shocks and 

interplanetary shocks [1,2]. 

Intense laser-plasma interactions provide a way to launch CSW in conditions relevant to 

astrophysical plasmas. The interaction of an intense laser pulse with a solid target produces 

dense plasma, which flows with high velocity, into a tenuous ionized background, generating a 

CSW. 

Previous studies by the group [3] have determined initial conditions required to create CSW 

and characterized their formation and initial evolution. In a recent experiment, we extended 

this, to follow the evolution of the shock over a longer temporal window. Shocks are observed 

using a laser accelerated proton beam as a charged particle probe for radiography. This allows 

simultaneous measurement of the spatial profile, electric field distribution and shock front 

propagation velocity over a relatively large temporal window, with high temporal and spatial 

resolution. 

We present results obtained using the VULCAN laser at the Rutherford Appleton Laboratory 

showing development and evolution of a pair of shocks from a compressed plasma shell, as 

previously observed in [3]. These observations follow the indications provided by PIC 

simulations by Dieckmann et al. [4]. 
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