
  

Fig.1. Ion post acceleration scheme and the 

near-critical density hydrogen plasma target. The 

near-critical density plasma booster target provides a 

stable inductive acceleration field, as a post acceleration 

of laser produced ions. 
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A remarkable ion energy increase is demonstrated for a post acceleration by a Laser-plasma booster. 

Intense short-pulse laser generates a strong current by high-energy electrons accelerated, when an intense 

short-pulse laser illuminates a plasma target. The strong electric current creates a strong magnetic field 

along the high-energy electron current in plasma. During the increase phase in the magnetic field, the 

longitudinal inductive electric field is induced for the forward ion acceleration by the Faraday law. Our 

2.5-dimensional particle-in-cell simulations demonstrate a remarkable increase in ion energy by several 

tens of MeV. 

 

 

1. Introduction 
By chirped pulse amplification, a higher laser 

intensity has been realized, and high intensity 

short pulse lasers are now available for 

experiments and applications. On the other hand, 

ion beams are useful for basic particle physics, 

medical ion therapy, controlled nuclear fusion, 

high-energy sources, and so on [1-3]. The energy 

of ions, which are accelerated in an interaction 

between an intense laser pulse and the 

near-critical density target, are over a few tens of 

MeV [4]. The issues in the laser ion acceleration 

include an ion beam collimation, ion energy 

spectrum control, ion production efficiency, etc 

[1-5]. Depending on ion beam applications, the 

ion particle energy should be controlled. For 

example, ion beam cancer therapy needs 

100~150MeV for proton energy. Therefore, in 

this paper we focus on a boost of ion beam energy 

by post-acceleration in laser plasma interaction. 

In this paper we propose a Laser-plasma booster 

as ion post acceleration. In our study, we employ 

an intense short-pulse laser and the near-critical 

density plasma target, which consists of hydrogen. 

Figures 1 shows the conceptual diagram of the 

Laser-plasma booster.  

 

2. The Near-Critical Density Plasma Target 

Simulation 
We perform 2.5-dimensional particle-in-cell 

simulations. The target model is shown in Fig.1. 

The near-critical density plasma target is located in 

9.5λ< x <49.5λ and 19.0λ< y < 31.0λ. The plasma 

target has the flat-top. The edge region has a linear 

density gradient from 0nc to the maximum density 

of 0.5nc, and has a linear density gradient in 2λ in 

the X and Y directions at the target edges. The laser 

intensity is I=1.0×10
20

 W/cm
2
, the laser spot 

diameter is 4.0λ, and the pulse duration is 40fs. The 

laser transverse profile is in the Gaussian 

distribution, and the laser temporal profile is also 

Gaussian. The laser wavelength is λ=1.053µm. The 

near-critical density plasma target density is 0.5nc 

and the ion beam density is 10
16

cm
-3

. The 

pre-accelerated beam protons here the initial energy 

of 110MeV and is located at the left of the plasma 

target initially. The initial proton beam size is 2λ in 

X and 5λ in Y. 
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Fig.3. The ion beam energy distributions at t=50fs, 

230fs and 450fs for the near-critical density plasma 

target. At t=50fs, the ion beam is not yet accelerated.  

 

3. Post-Acceleration of The Ion Beam 

Figures 2 show the distributions of acceleration 

electric field Ex in MV/µm at (a) t=110fs and the 

distributions of magnetic field Bz in T at (b) t=110fs. 

The laser generates the high-energy electron inside 

of the target. A magnetic field is also formed along 

the channel in the laser plasma interaction [6-8]. 

When the intense laser pulse propagates through the 

plasma, it accelerates a part of electrons. The 

electrons form a high current and generate the 

magnetic field. In the laser plasma interaction, the 

ion dynamics is affected directly by the electric 

field and the behavior of the electrons. The 

electrons form a strong magnetic field, and during 

the increase in the azimuthal magnetic field the 

inductive strong electric field is generated [3]. The 

ions are accelerated by the inductive electric field. 

The inductive acceleration field moves with a speed 

is less than c, depending on the plasma density. At 

this target density of 0.5nc, the speed of the 

inductive electric field is about 0.66c. Therefore, 

the inductive acceleration field is appropriate for 

the ion post acceleration and is rather stable. 

Figures 3 shows the ion beam energy distribution at 

t=50fs, 230fs and 450fs for the near-critical density 

plasma target. At t=50fs shown in Fig.3 is the 

initial energy of the ion beams which is not yet 

accelerated. The maximum ion beam energy 

reaches 171.2MeV from the initial energy of 

110MeV.  

4. Conclusions 

In this paper we have proposed a laser-plasma 

booster as an ion post-acceleration. We succeeded 

to increase the energy of the ion beam by the 

inductive acceleration field in the near-critical 

density plasma target illuminated by an intense 

short-pulse laser. The post-accelerated ion 

maxmum energy increases from 110MeV to 

171.2MeV by the strong inductive acceleration 

electric field. The work in this paper presents an 

important method for an ion energy control in laser 

plasma acceleration.   
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