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In this proceeding, we compare the preplasma generation in front of the flat 

and nanostructured targets for different angles of laser incidence. We use radiation-

hydrodynamic FLASH code to simulate the laser prepulse interaction with 

aluminum foil and aluminum nanowire array with aluminum support. During the 

preplasma evolution, we observe the following stages: heating of the target, 

generation of preplasma cloud, nanowire implosion and the increase of preplasma 

density in front of the target, generation of the overcritical-density regions in front 

of the regions, and joining of the overcritical density regions into a continuous 

overcritical density layer. The rate of preplasma generation varies in function of the 

tilting angle. For small tilting angles it decreases with its variation. The rate of 

preplasma generation is minimal for the tilting angle of about 15 degrees. For lower 

and higher values of the tilting angle, the preplasma generation ratio is greater. 

Back-reflection for the nanostructured targets is lower than for the flat target.  Its 

value also depends on the angle of laser incidence. This aspect can potentially 

increase the safety and the performance of the experiments. 

 

1. Introduction 

 High-intensity lasers pave the way for promising applications, such as compact 

particle accelerators [1], high-brilliance γ-ray sources [2], and environment preparation for 

observation of astrophysical phenomena [3]. To ensure the generation of high-quality 

monoenergetic particle beams two factors are important: radiation penetration in the depth of 
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the target and high laser intensity. Both the intensity dependence on time of the laser beam 

and target structure are crucial for laser-driven experiments [4, 5]. Optimizing the quality of 

laser beams allows us to obtain monoenergetic particle beams for medical applications, 

surface treatments, and tomography [6, 7].  

 The quality of the laser pulse is determined by the beam spectra and temporal 

evolution of the laser intensity. Due to the technical limitations of the chirped pulse 

amplification technique [8], an ideal laser prepulse with an instantaneous increase of the 

radiation intensity is challenging. In this way, the laser pulse consists of the ns-ASE pedestal 

with constant intensity, ps-ramp with exponentially increasing power, and an ultra-short high-

intensity main pulse [9, 10].  

 The usual ns-ASE piedestal duration is from 250 ps to 5 ns and its power is 1011 – 

1012 for PW-class lasers. At this stage the target surface is above the melting point and 

evaporation starts. The prepulse power is almost constant, but some small fluctuations and 

secondary peaks have place. At the ps-ramp stage, the laser power increases almost 

exponentially. The ps-ramp duration is usually 20 – 50 ps. At this stage, laser power increases 

up to 103 times.  

 The laser prepulse has low intensity, but due to the long duration, it transfers a 

significant amount of energy into the target. The prepulse interaction leads to the target 

heating, vaporization, and preplasma generation [11]. Further target irradiation, in case of 

long prepulse, leads to an increase in the preplasma density due to radiation pressure [12]. 

 Modern high-intensity lasers have contrasts up to 10−12, which means the prepulse 

intensity is 1012 times lower than the intensity of the main pulse [13]. Some specific 

techniques are used for additional reduction of the prepulse intensity [14], however, the laser 

prepulse impact remains considerable for multi-Petawatt lasers [15, 16, 17]. 

 The effects of prepulse target interaction depend on the target structure. Modern laser-

driven experiments use nanostructured targets with decorative elements such as nanowire 

arrays, nanocones, or microspheres. The nanostructured surface of the target ensures deeper 

laser radiation penetration and more uniform heating of the target [18]. During the prepulse, 

the surface decorations absorb more heat compared to the base of the target. If the laser 

contrast is low and prepulse power is high, the nanostructures can be destroyed. This fact 

should be analyzed carefully because deconstruction of the decorative elements can decrease 

performance of laser-driven experiments. The evaporated substance is ionized fast and in this 

way the preplasma is generated. During the prepulse, the preplasma quantity incereses and its 

density changes. 



3 

 

 The study of laser prepulse interaction with a nanowire array in the case of normal 

incidence is presented in the article [10]. The authors reproduce and investigate the real 

profile of the ELI-NP laser, and conclude that the nanowires implosion and generation of the 

overcritical density regions cannot be prevented in this experimental configuration. In this 

way, the performance of the laser-driven experiments decreases [19, 20]. 

 We investigate the relation of laser incidence angle to the preplasma generation, 

nanowires implosion, and back-reflection. We study the temporal evolution of electron 

density distribution and back-reflection for reproduced laser prepulse. The results of the 

numerical simulations and identified recommendations for the experimental setups are 

presented below. 

 

2. Simulation Details 

 We used radiation-hydrodynamic FLASH code to implement numerical simulations of 

prepulse target simulations. We chose standard hydrodynamic solvers completed with multi-

temperature treatment. The plasma components and radiation in the simulation domain are 

out of the thermal equilibrium. The heat exchange contributes to the energy transfer between 

the electron and ions. The simulation program tracks the energy deposition via the inverse 

Bremsstrahlung effect. Material properties such as the equation of state (EOS), average 

ionization state, and opacities are obtained from ionmix4 tabulated data. Radiation diffusion 

is incorporated using the multi-group diffusion (MGD) theory [21]. The MGD simulations 

are effectuated using 6 groups from 10−1 to 105. The boundary conditions are the following: 

vacuum for radiation diffusion and zero temperature gradient at the simulation boundaries. 

The thermal exchange is described using the Spitzer model for heat transfer and flux 

coefficient not over 0.06 for electron conductivity. 

 The simulation dimensions have the size 30 micrometers along the x-axis and 20 

micrometers along the y-axis. We consider two cases: the flat target and the nanostructured 

target. For the flat target case, we consider an aluminum plate with a flat surface. For the 

nanostructured one, we examined an aluminum nanowire array deposited on an aluminum 

substrate. The nanowire’s length is 5 micrometers. We take the diameter of the nanowire of 

300 nm and the distance between the nanowires of 1.0 μm. The aluminum density is 2.7 

g/cm−3.  

 We assume the laser wavelength of 800 nm. The beam has Gaussian spatial 

distribution with the form I(rx) = I0 exp(r2
x /R

2
x), where Rx = 2 μm. The temporal profile of 

the laser intensity is reproduced from experimental results obtained at 1 PW ELI-NP laser. It 
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is presented in the Figure 1. During the laser prepulse, the laser intensity does not exceed 1014 

W/cm2. It allows us to neglect the ionization effects farther than Al2+ and apply the radiation-

hydrodynamic simulations until the end of the prepulse [22, 23]. The laser contrast (the main 

pulse over prepulse intensity) is about 1011 during the amplified spontaneous emission 

pedistal (ASE-pedestal). 

 

 

Figure 1. The laser intensity dependence on time. The ASE-pedestal, ps-ramp, and main pulse are put in 

evidence 

 

 To make the simulations closer to reality, we hold the boundaries of the solid target 

for temperatures below the evaporation point. In this way, we define during the simulation the 

stage of the solid target with fixed target and the preplasma expansion stage. 

 

3. Preplasma generation and implosion 

 During the work, we have implemented several simulations for prepulse target 

interaction for flat and nanostructured targets for different angles of incidence. Preplasma 

generation is observed for all target geometries and angles of radiation incidence. Due to 

more intense laser radiation absorption, the amount of the preplasma generated in front of the 

nanostructured targets is higher than in the case of solid targets. 

 The preplasma critical density is calculated using the formula: 
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𝑛𝑐𝑟 =
𝜀0𝑚𝑒

𝑒2
4𝜋2𝑐2

𝜆2
      (1) 

 

where ε0 is vacuum dielectric permittivity, me is electron mass, e is charge of electron, c is 

speed of light, and λ is laser wavelength. The critical density is the maximal density for 

which the prepulse radiation can penetrate the preplasma cloud and heat the target. For higher 

than critical densities, the laser radiation is attenuated in the preplasma. For the assumed laser 

parameters, the critical density is 1.74 × 1021 cm−3. 

 First, we compared the electron density distribution generated in front of flat and 

nanostructured targets (Fig. 2). The preplasma generated in front of the nanostructured target 

is less dense than in front of the flat targets. However, the overcritical density regions are 

present in both cases. The prepulse radiation intensity is high enough to increase the density 

of preplasma in front of the nanowires, but the form of the nanowires is preserved (Fig. 2 

(b)). This stage marks the start of nanowires implosion. 

 

Figure 2. Preplasma generated in front of the (a) solid and (b) nanostructured target upon the influence of laser 

prepulse for 1 PW laser for target tilted at 5 degrees at normal direction. The time is 25 ps before the main pulse. 

The solid black lines correspond to the margins of the overcritical density region. The laser radiation propagates 

along the y-axis direction 

 

 In Fig. 3 we show preplasma evolution for the target tilted 5 degrees from normal 

incidence. The temporal evolution of preplasma shows at first (a) generation of preplasma 

islands around the nanowires in the focus of laser prepulse. During the next stage (b), the 

preplasma volume increases and a continuous preplasma layer is generated. At 30 ps before 

the main pulse (c), we observe the generation of the first overcritical density regions in front 

of the nanowires 
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due to implosion. Finally, the growth of overcritical density islands leads to the generation of 

a continuous overcritical plasma layer (Fig. 3 (d)). 

Figure 3. Temporal evolution of preplasma density distribution upon the laser prepulse (a) −114 ps (the 

preplasma appears), (b) −60 ps, (c) −30 ps (overcritical density regions appears), (d) −2 ps (the end of the 

hydrodynamic simulation), the target is tilted 5 degrees from the normal direction. The solid black lines 

correspond to the margins of the overcritical density regions. The laser radiation propagates along the y-axis 

direction 
 

 The preplasma distribution close to the end of prepulse (−15 ps) for different angles is 

presented in Figure 4. In this figure, we put in evidence the shapes of the preplasma cloud 

and the size of the overcritical density regions. We study the influence of tilting angle on the 

preplasma generation and expansion. We observe that for tilting angles from 5 to 15 degrees, 

the overcritical density regions are joined into a continuous overcritical density layer. In 

Figure 4 (d) we present the case of 30 degrees. In this instance, the preplasma cloud is the 

largest, but the overcritical density regions don’t form a continuous layer. This fact can make 

high tilting angles favorable for some experiments. 
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Figure 4. Temporal evolution of preplasma density distribution upon the laser prepulse tilted (a) 5 degrees from 

the normal incidence, (b) 10 degrees from the normal incidence, (c) 15 degrees from normal incidence, and (d) 

30 degrees from the normal incidence for the time −15 ps close to the end of the hydrodynamic simulation. The 

solid black lines correspond to the margins of the overcritical density region. The laser radiation propagates 

along the y-axis direction. 

 

 

4. Back-reflection study 

 As well, we study the ratio between the output and input laser energy for flat and 

nanostructured targets (Fig. 5). Both targets are tilted to 10 degrees. 

 The amount of the input energy is equal to the energy received from the laser. The 

output energy represents the energy of reflected radiation. The back-reflection plays an 

important role in the safety of the experiment and indicates the performance of the target. The 

target is heated better if less energy is reflected. The back-reflection coefficient is presented 

in the figures below.  

 We also studied integral reflectivity defined as energy reflected from the target till the 

selected moment t over the energy received from the laser during the prepulse-target 

interaction. The integral reflectivity is calculated: 

 

𝛤(𝑡) =
∫ 𝑃𝑜𝑢𝑡
𝑡
0 𝑑𝜏

∫ 𝑃𝑙𝑎𝑠𝑒𝑟
𝑡
0 𝑑𝜏

     (2) 

 

 The ratio between the output radiation power to the prepulse power is presented for 

the cases of flat and nanostructured targets (Fig. 5 Left). We observe that in both cases the 

preplasma is generated for almost the same moment, which corresponds to the increase of 
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output power in the plot. With the preplasma expansion, the ratio of output to input power 

decreases. For the vast majority of the moments, the back-reflection coefficient is lower for a 

nanostructured target compared to a flat one. For the moment around 10 ps, before the main 

pulse (0.24 ns in the plot), we observe the generation of the overcritical density layer, 

characterized by a fast increase of the reflected power. At this stage, there is no significant 

difference between the flat and the nanostructured targets. However, due to the relativist 

icinduced transparency, the main pulse will penetrate the overcritical density layer unless the 

density is not too high. In this way, the nanostructured target will reflect less radiation than a 

flat one. 

 In figure 5 (Right) we present the evolution of integral reflectivity during the prepulse 

target interaction for flat and nanostructured (array) targets for a tilting angle of 10 degrees. 

During the interaction, the targets have a little different behavior. Flat targets have higher 

reflectivity until the generation of the overcritical density layer. For higher times the integral 

reflectivity is almost the same for the flat and nanostructured targets. 

Figure 5. Temporal evolution output over input energy rate (Left) and integral reflectivity (Right) for the flat 

(green) and nanostructured (magenta) targets. The tilting angle is equal to 10 degrees. 
 

 In Figure 6 (Left) we compared the ratio of output to input power for different tilting 

angles for a nanostructured target. We observe that the power ratio profiles have the same 

dependence on time. The best result is achieved for the tilting angle of 15 degrees. For tilting 

angles of 5 and 30 degrees, the ratio of outcome to income powers is higher than for the 

tilting angle of 15 degrees for the time over 0.2 ns.  The overcritical density regions occur 

almost at the same time for all targets. 

 In figure 6 (Right) we compared the integral reflectivity for different angles of laser 

incidence. The value of integral reflectivity increases almost in the same mode for different 
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angles. Generation of the overcritical density plasma in front of the target leads to fast 

increase of the integral reflectivity. 

  

Figure 6. Temporal evolution output over input energy rate (Left) and integral reflectivity for a nanostructured 

target. The tilting angles are 5 (orange), 15 (red), and 30 (blue) degrees. 

 

 

5. Conclusions 

 Two aspects of the prepulse interaction with a solid target were studied: the target 

structure and the radiation angle of incidence. During the research, we observed that the 

surface of the flat target is heated faster than the surface of the nanostructured target, and the 

radiation does not reach the full depth of the structure in the flat target case. The preplasma 

cloud grows fast, and a thick continuous overcritical density layer is generated in front of the 

flat target. In the case of the nanostructured target, a part of the laser prepulse radiation is 

absorbed in the ends of the nanowires. 

 The preplasma ablated in the nanowire regions gives the onset for the overcritical 

density islands. Moderate tilting of the target reduces the rate of the preplasma generation and 

back-reflection. We estimate the optimal angle of the target tilting to be around 15 degrees. 

 The preplasma generation and expansion strongly influence the rate of reflected 

radiation. First, the rate of reflected radiation decreases with the target heating, but after the 

generation of the overcritical density layer increases drastically. The rate of reflected 

radiation is always greater for a flat target in comparison with a nanostructured one. 

 The implemented research helps to plan laser-driven experiments with nanostructured 

targets in order to obtain the optimal target heating and particle acceleration. The study is also 

important for laser surface treatment. 
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