
 

Abstract—This paper presents a 2-D hydrodynamic model of the

ablated plasma when irradiating a 50 µm Al solid target with a single 
pulsed ion beam. The Lagrange method is used to solve the moving 
fluid for the ablated plasma production and formation mechanism. In 
the calculations, a 10-ns-single-pulsed of ion beam with a total 
energy density of 120 J/cm2, is used. The results show that the 
ablated plasma was formed after 2 ns of ion beam irradiation and it 
started to expand right after 4-6 ns. In addition, the 2-D model give  a 
better understanding of pulsed  ion  beam-solid  target  ablated  
plasma  production and expansion process clearer. 

Keywords—Ablated plasma, pulse ion beam, thin foil solid 
target, two-dimensional model 

I. INTRODUCTION

RRIDIATING a thin foil solid target with a pulsed ion beam 

has been conducted research for many years for a wide 

range applications. In particular, some researchers at Nagaoka 

Universityof Technology have experimented and showed many 

reasonable results [1-2], while some have shown numerical 

simulation in order to explain the ablated plasma formation 

mechanism when a single-pulsed ion beam and solid target 

interaction [3].  

However, most of numerical studies presented were carried 
out in one-dimensional hydrodynamics model. Therefore, this 

paper is to present results for the calculations in 2-dimensional 
hydrodynamic model. 

The current study aims to improve the flyer acceleration 
model using a single-pulsed ion beam and Al solid target 
interaction. The 2-dimensional hydrodynamic model is 

developed and examined.  The Lagragean difference method is 
used to calculate the moving plasma fluid when a single pulsed 
ion beam and a thin foil solid target interaction forming 

ablated plasma. 
 The significant finding in this study is that it indicates how 

long it takes in order to form the ablated plasma after focusing 

an Al thin foil with a single-pulse ion beam. In addition, the 

study also shows the image how the ablated plasma expansion 

and when it starts to expand. 
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The results show that the ablated plasma is formed just after 

2-4 ns of ion beam irradiation. Then, the ablated plasma 

expansion process starts after 4-6 ns. The ablated plasma 

pressure at the focal spot is extremely high (8-16 GPa). Once it 

starts to expand, the ablated plasma pressure was getting lower 

to the pressure below 10 GPa. In addition, the results show 

that ablated plasma expands with extremely high pressure. 

 This paper is organized as follows. The principle of ablated 

plasma production is stated first. Then, the numerical model as 

well as the governing equations are presented and discussed. 

After that, the significant findings and discussions are 

presented. Finally, the conclusion and summary of the study 

are stated. 

II.PRINCIPLE OF ABLATED PLASMA PRODUCTION

When a target material is irradiated with a single pulsed ion 

beam, it separates into two parts; one part evaporates forming 
the ablation plasma, while the unevaporated residue
(remaining part) is termed a flyer. It is shown as in Fig. 1. This 

process is expected to show high-temperature and high-density 
ablation plasma formation [1-2] 

Fig. 1 A 2-D single pulsed ion beam - 50-µm Al target interaction 

III. NUMERICAL MODEL

In the previous model [4] C. Buttapeng and N. Harada have 
developed a one-dimensional hydrodynamic model to simulate 
the dynamics of solid target and ablated plasma when a pulsed 

ion beam interacts with the Al target [5,6] .  To compare the 
results with the previous model and to understand the ablated 

plasma formation process more or less, a two-dimensional 
hydrodynamic compressible fluid model is introduced.  

The model is based on the fact that the abaled plasma is 

formed by the instantaneously removal of the surface of the 
solid target so that this ablated plasma can be treated as a 

compressible fluid without any charge effects [4]. 
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The assumption is acceptable because the ratio of the Debye
length to the electron mean free path is very much less than

one for an electron density of about 1023 cm-3, and an electron
temperature is in the range of 10-30 electron volts (eV). The
hydrodynamic equations (continuity, momentum and energy

balance) used are as follows:
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where u and v are relative velocities in x-and-y axis, P is

pressure, ρ is density, t indicates time in seconds. The artificial
viscosity q of von Neuman and Richtmeyer [5-6] is used in this

calculation to cope with the compressible part of the target.
This parameter is to handle the instability of the calculation

results that may occur. Cv is specific heat at constant volume,
and S is stopping power of free electron, bound electron and
nuclei. This is because the ion beam energy deposition process

in this study is considered to be a classical theory.
The ionization is expressed by Saha’s equation because the

ablation plasma is considered to be in local thermal
equilibrium under extremely high pressure [5-6]. When the ion
beam energy is deposited, a thin foil solid target is rapidly

heated and evaporated forming high-density ablated plasma.
In the experiment, the thermal conduction does not show any
significant influence (~103 K), and it therefore can be

neglected [3-4]. In this two-dimensional model, the thin foil
solid target-ion beam interaction considers only the energy

deposition process because the momentum of the ablation
plasma is, in fact, very much larger than that of the ion beam.
This means that the effect of an ion beam is ignored. The real

gas equation of state from SESAME database is used [8-9].
The gas equation of state is as follows:
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where a, b, c, d, e, f, g are fitting parameters. T is temperature

The Lagrange coordinates are used to investigate the plasma

production and acceleration mechanism. The boundary
conditions for the calculations are described as follows:
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where 0 is an initial mesh of the calculation (the edge of the

target), and MAX denotes a maximum mesh. The above

mentioned parameters are directed for free expansion of the

ablated plasma. In a gas expansion process, a gradient of

pressure and a gradient of density are significant. Therefore an

initial mesh and a maximum mesh of both pressure and density

are said to be zero. An initial relative velocity is zero, while an

initial temperature is taken as 300 K. The total meshes used in

this calculation are 1000. The physical parameters used in the

simulations are based on results obtained at the experimental

facility [1-4], Pulsed Power Generator “ETIGO II” at the

Extreme-Energy Density Research Institute at NUT. The

parameters are listed in Table I.

IV. RESULTS AND DISCUSSIONS

Using the ion beam energy density of 120 J/cm2 focuses to

the Al thin foil, which is fixed at a distance of 100µm. The ion

beam energy used in this study is in parabolic-shaped

waveform. When the 50-µm-Al thin foil is irradiated with a

10-ns-single-pulsed ion beam, the ion beam penetrates the Al

thin foil to a depth of about 9 µm. The surface of the Al thin

foil where the ion beam energy is deposited is melted,

evaporated and is ionized, forming ablated plasma.

Figure 2 shows the number density when ion beam energy
reaches the Al thin foil. It can be seen that the ablated plasma

is formed just right after irradiating the Al thin foil with a
pulsed ion beam for 2 ns. After 4 ns, the ablated plasma is
expanded to the opposite side of the Al thin foil, which

resulted in accelerating and moving the Al thin foil forward.
The ablated plasma plume is clearly formed and expanded in

the direction of the same side as the ion beam irradiation. It

can be observed in the Fig.2 when the position of 0-50 µm in
x-axis represents the Al thin foil thickness, while the position

of zero to minus fifty is the area where the ablated plasma
expanded. This two-dimensional model can explain and
observe the ablated plasma formation and expansion time

better than using the one-dimensional hydrodynamic model
[4]. In this model, it can be seen that the ablated plasma is

formed just after 2-4 ns of ion beam irradiation. Then, the
ablated plasma expansion process starts after 4-6 ns.

ρ = 0
(1)
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Fig. 2 Number density of the ablated plasma and ablated plasma 

plume when it is formed and expanded. 

Figure 3 shows the ablated plasma pressure when it is 

formed and expanded. When the ablated plasma is formed (2 
ns), the pressure at the focal spot is extremely high (8-16 

GPa). Once it starts to expand, the ablated plasma pressure 
was getting lower to the pressure below 10 GPa. And, from 4-
8 ns of ablated plasma expansion, it expands with high 

pressure. This assumes that at this period of time the ablated 
plasma might accelerate the Al thin foil very fast. In 
consequence, the ablated plasma velocity is expectedly high.   

TABLE I 
SIMULATED PARAMETERS

Quantity Unit 

 Total beam energy 
density

120 J/cm2

Beam kinetic energy 0.7 MeV
Pulse duration 10ns 
Beam particles protons 

   
Target material Al 

Solid thickness/size 50µm x 80µm 

 Ambient gas N, 1 x 10-14 Torr 
Grid size  50 nm 

 Time step  1 x 108  

Fig. 3 Ablated plasma pressure when it is formed and expanded. 

In consequence, the ablated plasma velocity is expectedly 

high. In addition, the study is also to examine how fast ablated 

plasma moves during the expansion process.  

Figure 4 illustrates ablated plasma temperature on the 
surface of throughout the formation and expansion process. 

Temperature in the range of 10000-40000 K is evaluated.  
It is apparent that this two-dimensional model has 

advantages over the previous one, one-dimensional model, in 
some respects. First, it shows the ablated plasma formation and 
expansion clearer. Second, it shows the timing of ablated 

plasma when the one-dimensional hydrodynamic model could 
not demonstrate or it could only show by approximation. 

However, this two-dimensional model is limited to only the 
simulation for 10 ns. This limitation is due mainly to the 
calculation server that we have. This makes and leaves some 

rooms for the improvement in order to understand the ablated 
plasma formation and expansion phenomenon more reasonable 
and advanced. 
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Fig. 4 Ablated plasma temperature on the Al thin foil surface 

V.CONCLUSION

This paper has presented the improvement model of ablated 

plasma formation and expansion process when irradiating an 
Al thin foil with a single pulse ion beam. The two-dimensional 
hydrodynamic model was developed. In the calculation 

procedures, the Lagrangian scheme using a standard finite 
different method has employed. The results showed that the 

two-dimensional hydrodynamic model could be able to see the 
ablated plasma formation time and expansion process clearer. 
It was also able to understand when the ablated plasma started 

to expand and how much the ablated plasma pressure was. In 
this study, the ablated plasma was formed after 2 ns of ion 

beam irradiation and it started to expand right after 4-6 ns. 
Although this two-dimensional model was not that perfect, it 
was able to see and observe the ablated plasma production and 

expansion quite well. 
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