
 

Parallel shock precursors driven by an ablative plasma flow 
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INTRODUCTION 

The vast majority of collisionless shocks are 

magnetised shocks. A good example of a collisionless 

shock is the Earth’s bow shock, this helps define two 

classes of shock; quasi -perpendicular, with the shock 

normal crossing the magnetic, and quasi-parallel, with 

the shock normal aligned to the magnetic field. This 

experiment aims to explore aspects of the second class of 

shock, quasi-parallel shocks, primarily though measuring 

magnetic oscillations that propagate from a shock in 

three dimensions. Collisionless shocks are macroscopic 

phenomena in which particles and associated 

electromagnetic fields interact with an “obstacle”. The 

requirement is for the obstacle to be large compared to 

the characteristic scales of the flow whilst remaining 

small compared to the particle mean-free-paths. 

Collisionless shocks, indeed any collisionless 

phenomenon, are rich physics environments which 

exhibit characteristics of fluid -like behaviour including 

dissipation (entirely without collisions), the excitation of 

many varieties of plasma waves and the acceleration of 

particles. Collisionless processes rely on non-local, 

non-binary collisions often driven by non-thermal 

particle populations to induce an effective collisionality 

which are long range collective interactions correlating 

large groups of particles. In contrast, collisional shocks, 

induced by Coulomb collisions, rapidly eliminate 

non-thermal and non-local processes preventing many 

plasma waves from emerging or driving rapid dissipation. 

The work focuses on the launch of magnetosonic waves 

in a collisional foreshock. Plasma collisionality does not 

exclude the formation of a foreshock, it does however 

result in strong damping of foreshock processes 

(Crabtree, 2012). This might have wider application to, 

for example, the Venus magnetosphere (Strangeway, 

2000). 

EXPERIMENT 

In this experiment, a shock is collisionally driven by 

the ablation of a laser driven target. We exploit scale 

invariance of ideal collisional MHD to reproduce a 

laboratory-scale version of a interplanetary shock and 

use an experiment platform we previously implemented 

ILE (Crowston 2014). The essential addition is a uniform 

magnetic field applied in the parallel shock geometry. 

The field is imposed externally using two permanent 

neodymium-iron-boron magnets. One magnet is a 50 mm 

diameter and 10 mm thick disc. This is placed directly in 

line with a second magnet of the same diameter and 

thickness but with a centred 10 mm diameter hole. This 

ring magnet allows a magnetic induction (B-dot) probe 

into the experimental area. The magnets are separated by 

50 mm with a uniform 0.3 T field at the centre of the 

experiment. The geometry is illustrated in Fig. 1.  

 
Fig 1. Lasers ablate a target to launch a shock into a 

low-density plasma immersed in magnetic field formed 

from axially aligned magnets. Three-axis induction 

probes sample the changes in the magnetic field due to 

the parallel shock. The experiment aims to identify 

waves that travel upstream of a quasi-parallel shock. 

 

 



The target, a 0.5 mm diameter graphite rod, mounted 

20 mm from the disc magnet was irradiated by the 

GEKKO laser with 350 J at 3 in a 1 ns square pulse and 

a 100 m diameter spot. The Iλ2
 is approximately 10

14
 

Wcm
-2μm

2
, this helps to suppress the excitation of hot 

electrons which may affect the B-dot probes and the 

magnetic field measurements. The whole system is 

immersed in nitrogen gas of 0.7 mbar initial pressure. 

The laser energy impulsively launches a shock into the 

surrounding nitrogen in the region between the two 

magnets. The radiation from the carbon target ionised 

nitrogen before the arrival of the shock. The experiment 

is diagnosed using B-dot probes, time and space resolved 

optical self-emission and gated optical interferometry.  

RESULTS 

Magnetic field, self-emission and interferometry 

measurements were captured on single shots. 

Self-emission data, taken using a 16-frame framing 

camera, is shown in Fig 2. The laser strikes from the 

left-hand side of the images and the features of interest, 

the shock, moves towards the right. The data record 

shows at early time (<5 ns to ~ 45 ns) strong emission 

from the laser irradiated carbon target and the emergence 

of a shock front between 25 ns and 35 ns. Interferometric 

measurements, from which we can extract line-integrated 

electron densities, confirm the emergence of a shock 

front propagating into the surrounding nitrogen plasma at 

around 25 ns. The results indicate that the emergence of 

a shock, its position and timing, is similar without and 

with the magnetic field being present. These 

measurements are consistent with observations made in 

the past using GEKKO and other similar laser systems.  

 

 
Fig 2. A series of self-emission images captured of a 

shock front evolving from a carbon plasma and 

expanding into the surrounding nitrogen medium. 

 

The B-dot probe measurements show a marked 

difference between those in which the nitrogen was 

present and the null, vacuum shot. At present it is not 

possible to see the existence of waves propagating on the 

field lines. Analysis of the experimental results 

continues. 

DISCUSSION 

The self-emission and interferometry measurements 

show initial plasma expansion that evolves into a shock, 

this shock develops as a Sedov-Taylor like expansion 

probably as the shocked mass approaches the mass 

ablated from the target. We know from previous work 

that magnetic fields are produced by two events in the 

plasma. Both result from non-aligned gradients in the 

electron temperature and density, this is referred to as 

grad-n–grad-T in the plasma community and the 

Biermann battery in the astrophysics community. These 

fields are present in shock front and recorded by the 

B-dot probes. Some magnetic field originates from initial 

laser-solid interaction (Stamper, 1978) this is identified 

as a residual magnetic field along the shock normal. The 

second source results from large-scale asymmetries that 

typify all shocks, for a description relevant to 

astrophysical shocks see Kulsrud et al., 1997. 

Asymmetries are present in laser driven shocks and these 

asymmetries are observed in the optical self-emission 

(see Fig 2) and interferometry. The asymmetry is due to 

the one sided laser-target illumination inherent in these 

and similar experiments. These grad-n–grad-T fields, 

resulting from non-spherical shocks, are observed in 

these experiments and are the subject of intensive study, 

see Gregori et al., 2012.  

The imposed magnetic field strength (and energy 

density which scales as the square of the magnetic field 

strength) of approximately 0.3 T is significantly higher 

than the self-generated grad-n–grad-T fields. The use of 

an imposed field ensures the shock forms (i.e. from 25 ns 

onwards) in a partially magnetised plasma (formed by 

photo-ionisation of the nitrogen). Modelling suggests 

shock temperatures of a ~ eV, at this temperature and 

with 0.2 T magnetic field the electrons are magnetised 

and a single ionised nitrogen gyro-radius of a few mm. 

These ions are at least partially magnetised. This an 

excellent and exciting platform to explore shock 

generated magnetic activity. 
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