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In the paper three different methods of plasma jet generation, proposed and applied by the 
authors, are described. The first one is a direct method, at which a massive planar target made 
of a relatively heavy material (atomic number equal to, or higher than 29) was used. The two 
other indirect methods employed a disk impact or a cumulative compression of a conically 
shaped thin foil. In the former case a copper slab served as a target, whereas in the latter Î a 6-
;" -o" vjkem" Cn" hqkn" ycu" wugf" hqt" rtghcdtkecvkqp" qh" fkumu" qt" eqpgu0" Vjg" gzrgtkogpvu" ygre 
carried out at the Prague Asterix Laser System (PALS) iodine laser using the first and third 
harmonics of laser radiation with the energy in the range of 100-600 J and the pulse duration 
of 250 ps (FWHM). For measurement of jet parameters, such as velocity, electron density, 
dimensions and the like, a three-frame interferometric/shadowgraphic system was used.  

1. Introduction 

C o n i c a l l yf i v e s i xc u m u l a t i v ec o n i c a l
2. Direct method of plasma jet generation 

Recently, much simpler method of plasma jets production was proposed by the authors 
and developed at the Prague Asterix Laser System (PALS). It was demonstrated that a 
partially defocused (an interaction spot radius ~ 300 om) relatively low-energy (~ 100 J) third 
harmonic (0.438 -o+ single laser pulse (~ 250 ps full width at half-maximum) interacting 
with a massive planar metallic target (with relatively high Z) using the focal plane positioned 
inside of the target could produce plasma jets with very interesting parameters [7, 8]. For 
formation of a convergent narrow jet an annular structure of the focal spot proved to be 
indispensable [9]. It should be pointed out that the annular target irradiation is created 
spontaneously during the laser beam Î plasma interaction from an initially flat laser radiation 
distribution providing that the focal point of a focusing lens is situated inside the target. In 
Fig. 1a,b  shadowgraphic and interferometric images of a typical Cu plasma jet for a laser 
energy of 70 J at different instants of its evolution are presented. The plasma jet creation starts 
about  2 ns  after  the  laser action. At this time  the  emitted  plasma reaches  a relatively high  
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Fig. 1. Illustration of the typical plasma jet generated by the action of laser beam on the Cu planar target: a Î 
shadowgrams, b Î interferograms, and c Î electron equidensitograms. 

density. Due to the annular target irradiation a part of the plasma expands towards the axis to 
collide itself there creating an elongated thin plasma configuration. Since the radial 
component of the plasma velocity decreases with a growing distance from the target the 
plasma collision is obviously more effective closer to the target. The region of the strong 
plasma collision is seen on the shadowgrams in a form of a thin line, the length of which 
grows in time so as to stop after about 8-10 ns. This region on the interferograms corresponds 
to a sharp form of interferometric fringes at the axis. The farther region (unseen on the 
shadowgrams) with smooth interferometric fringes at the axis corresponds to the zone of weak 
plasma collision. In Fig. 1c the electron equidensitograms corresponding to the above 
interferograms are drawn. The jets produced by this method have the following parameters: 
maximum length ~ 4 mm (without the plasma jet pedestal), radius ~ 522"-o."xgnqekv{"wr"vq"
9'327 cm/s, and electron density above 1019 cm-3. 

3. Disk impact method of plasma jet generation 
To realize this plasma jet generation method in the experiment our attention was focused 

on the flyer disk impact effects observed in a long period after the collision occurred, i.e.  up  
to about  23 ns  after  the  laser  action (17 ns after the impact). It required to employ a 

special target construction which made it possible 
to visualize the plasma generation and subsequent 
expansion across the whole massive target 
surface (see Fig. 2). The laser provided a 250 ps 
(FWHM) pulse with the energy of 130 J at the 
first harmonic (n1=1.315 om). The sequences of 
subsequent electron equidensitograms and spatial 
distributions of the electron density in Fig. 3 
show the evolution of the disk-produced plasma. 
The  plasma  as  a  whole  consists  of  two  parts: 

 
Fig. 2 Double target construction. 
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(i) the axial stream with the radius of about 250 om  and (ii) the lateral plasma, of the radius 
of above 1.5 mm. To reach the distance 1.5 mm the lateral plasma had to start earlier than the 
axial one. It is connected with that the lateral plasma origins from the disk edge where the 
plasma outflow is not limited, whereas the axial component can expand only after the disk 
disappears. The electron density of the lateral plasma exceeds 1019 cm-3, thus at the beginning 
of the post-impact stage the participation of this plasma as a whole reaches 90 %. At later 
time the role of the axial plasma should grow and one can suppose than in due time the axial 
plasma will dominate.  

 
Fig. 3 The sequence of electron density distributions.  

 Velocities of the axial plasma streams (determined at relatively high density levels of 
ne > 1019 cm-3) are reaching 107 cm/s. The maximum electron density in the plasma stream is 
close to 3©1019 cm-3. A more detailed description of this method can be found in Ref. 10. 

4. Cumulatively produced jet 
The experiment was inspired by the theoretical and numerical analyses presented in Ref. 

11. Investigations were performed with the use of the first harmonic of the PALS iodine laser 
radiation at the energy of about 550 J. The cones made of Al fqkn"ykvj"vjkempguugu"qh";"-o"
had the apex angle of 90o cpf" vjg"jgkijv"J?472"-o0"Vjg"vctigv"eqpuvtwevkqp"cpf" vjg"etquu-
section photograph of an exemplary Al cone are shown in Fig. 4.  

 
Fig. 4 The target construction (a) and the cross-section photograph of the exemplary Al cone (b). 

One can estimate that the actual thickness of the cone wall is smaller by about 30% than 
the initial foil thickness. The focal spot radius, RL."ycu"fgetgcugf"uvgr"d{"uvgr"d{"72"-o"htqo"
472"-o"vq"322"-o0"Kv"cnnqygf"wu"vq"igv"fkhhgrent intensities of the laser radiation at the cones 
lateral surface. Although in our experiment we started from RL?472"-o."ucvkuhcevqt{"tguwnvu"
were obtained just for RL?322"-o0"Uq."vjgug"tguwnvu"ctg"fgoqpuvtcvgf"jgtg0"Vjg"ugswgpegu"qh"
electron equidensitograms of the cumulatively produced plasma jets are presented in Fig. 5. 
One can see that after 1 ns the cumulative jet reaches a distance from the foil surface of about 
0.7 mm. Taking into consideration the 0.2 mm plasma way inside the cone, the plasma jet 
velocity at the first nanosecond was estimated to be higher than 0.8x108 cm/s. However, that 
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high plasma velocity lasts for a very short time, decreasing very fast below 0.4x108 cm/s after 
next 3 ns. The plasma jet is characterized by a relatively high electron density, considerably 
above 1019 cm-3, with a steep plasma jet front at the initial stage of the jet propagation.  

 
Fig. 5 Sequence of the electron equidensitograms corresponding to propagation of the cumulative jet. 

5. Conclusions 
Our investigations have shown that there is a possibility to create plasma jet with 

parameters very promising in the astrophysical context and for inertial confinement fusion by 
means of very simple methods. Of course, the jet parameters achieved in our experiments are 
not completely satisfactory, particularly in the case of the indirect methods, for which 
professional technologies of the targets prefabrication are necessary. However, the reported 
experiments constitute the first step on the way to the best jets.  
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