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INTRODUCTION 
Jets from YSOs are associated with the accretion 

phase of the stellar evolution, which last for around the 
first 105 years of a young star's life. The jets are seen 
propagating away from the star at speeds of the order of 
500 km/s, with lengths  up to 1 pc, and with aspect 
ratios (jet length / jet width) of 100 or more. The jets are 
often seen to terminate in regions of optical emission, 
and contain a series of emission knots, known as 
Herbig-Haro (HH) objects. The relative proximity of 
these systems means that observations of radiation from 
HH objects have allowed a large amount of high quality 
observational data to be collected. These objects have 
dynamic time-scales of the order of a decade, and it is 
thus possible to observe the jet as it evolves. These data, 
along with theoretical and computational modeling, have 
lead to significant improvements in the understanding of 
YSO jets. Despite this, questions still exist surrounding 
the physics of both the jet launching and propagation, 
and so the possibility of performing well-designed 
laboratory simulations that may contribute to current 
level of understanding therefore has potentially large 
benefits.  
 

Previous experiments have developed targets and 
experimental configurations to produce laboratory jets on 
a number of different laser facilities 
(Rutherford-Appleton laboratory in the UK, GEKKO XII 
at the Institute for Laser Engineering in Japan, and at 
LULI2000 at Ecole Polytechnique, France) and a 
diagnostic array capable of providing detailed 
time-resolved information that allows the temporal 
evolution of the jet to be well-characterized. A number 
of these previous experiments have used a foam-filed 
cone target. These experiments have proven successful is 
creating jets1, 2, and testing their propagation in an 
ambient medium3. However, the jets created from these 
targets are relatively cold – of the order of 4 eV – and 

radiation is not expected to play an important role in 
their evolution. In this experiment, we expected to 
collimate more the jet by using an external B-field4 
generated by a coil as now available on Hiper in 
GekkoXII. 
 

EXPERIMENTAL LAYOUT 
In this experiment we used the GEKKO XII laser 

installation to extend these results with an external B 
field generated by a single coil. To accomplish this we 
used the target design shown in Figure 1, whose 
successful application to produce jets was already 
demonstrated. The use of conical shells enabled us to 
create cylindrical jets, furthering the similarities between 
laboratory and astrophysical environment. While 
previous experiments were focused on studying cones 
with different opening angles to optimize the jet 
generation process using varying materials, here we kept 
the opening angle constant and concentrated on the 
influence of an external B-field. For this purpose we 
focussed the GEKKO XII laser on the tip of a Cu-cone 
having 7 µm walls. 

 
Fig. 1. Principal target design for this experiment 

and an image of the used cone. The diameter of the cones 
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is 1 mm, the opening angle 140°. 
We added also a solid obstacle at a given distance from 
the cone, typically 3 mm as shown of figure2. This 
scheme is relevant to some accretion physics occurring 
in binary systems.  
 
 
 
 

Fig. 2. Final target set-up (from above) with the steel 
obstacle (right). 
 
To probe the generated jets we used the generic optical 
diagnostics implemented on the laboratory astrophysics 
platform, namely two gated optical interferometers, a 
gated self emission imager and a gated multiframe one 
and two streaked optical pyrometers, one for self 
emission, the second with shadowgraphy. Magnification 
was increased to 2.8 especially for our shots with regards 
to the standard one (M=1.4).  

 
Unfortunately, due to unsolved issues on the B field coil, 
we could only shoot on these targets without any external 
B field. However, this year, we obtained very good data 
on all diagnostics showing the strong collimation of the 
jet when the cone walls plasma breakout and its final 
impact on the obstacle (figure 3).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. Jet propagation before impact on the obstacle 
(left) obtained on a GOI 15 ns after the main beam.  
 
Moreover, thanks to the many optical frame camera (one 
image every 5 ns), we do observe clearly the jet 

formation, collimation and impact effect of the obstacle 
(figure 4). This is the first time such a sequence has ever 
been obtained on one shot only. Even the central part 
shows a kind of hollow feature that does not emit light 
that we are still trying to understand. This probably 
comes from imperfect beam pointing on the cone tip or 
non ideal intensity repartition that produces 3D effects. 
This can only be concluded by performing adapted 
radiative hydrodynamics simulations. The velocity, 
measured by the optical streaked camera for 
self-emission, gives a value that is a strong constrain for 
these simulations. We are currently working on defining 
a numerical platform with FLASH that will allow us to 
model our experimental data and predict future shots 
with the B field generated by the coil. 
 

Fig. 4. Optical frame images taken at 10 ns, 25 and 45 ns 
respectively of jet propagating toward the obstacle (on 
the left side of each image) 
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