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The laser intensity become higher year by year. In this regime, new physical process might be discovered. 

One of them is the dynamics of an electron’s charge to mass ration corrected from Fletcher-Millican’s. It 
is supposed by new equation of an electron’s motion with radiation reaction under ultra-high-intense laser 

field. In this conference, we will show the dynamics of quantum fluctuations as the dress of charge. 

 

1. Introduction 

Ultrahigh intense lasers are being planned and 

constructed [1]. What kind of physical processes can 

we observe in the regime of these laser intensities? We 

often discuss QED effects like pair creations/ 

annihilations by extreme intensities of 1024~W/cm2 [2]. 

This world will become new horizon in laser physics. 

Before reaching this physical process, we need to pass 

through the region of 1021~22W/cm2. In this regime, it 

is predicted that an electron will emit significant 

energy as light. Therefore, the motion of the electron 

needs to be corrected by the radiation feedback [3,4]. 

This is a basic physical process, named ‘radiation 

reaction’. Many readers may consider, that this is very 

obvious and there is no room for discussion. However, 

this radiation reaction remains as one of the difficult 

problems in physics. This standard theory was 

formulated by Lorentz [5], Abraham [6] and Dirac [7]. 

Therefore, the equation of motion with radiation 

reaction is named the Lorentz-Abraham-Dirac (LAD) 

equation [7]. 
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However, these equations have a mathematical 

difficulty which is named “run-away”. For instance, 

we consider the case without any external fields. In 

this case, 
0exp( )dw d     , it isn’t a solution 

for physics.  

Recently, the new model of radiation reaction in 

quantum vacuum was proposed [8]. 
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Quantum vacuum is described by the Heisenberg– 

Euler Lagrangian density [9,10], it was an effective 

theory in low energy limit for photons propagation. 

The interesting point of this model is, radiation 

modulates the Fletcher-Millican’s charge to mass 

ratio.like, 
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The Heisenberg-Euler model has been renormalized 

the 1-loop, e  is relate with dress of charge in 

QED. It is the method for the point on an electron. 

Here, we consider the extension of this dress of 

charge. When we are able to define the LAD field 

in all of the Minkowski spacetime, we may see the 

behavior of the dress of electron’s charge. Since the 

basic physics is so-called, the photon-photon 

scattering which is one of the processes in nonlinear 

QED, this research will lead us to these study field 

beyond normal laser-plasma interactions. 
 

 

2. Calculations 

For calculation of electron’s charge, we are 

required to know an electron’s trajectory. Because 

an accelerated electron’s makes electric field in 

quantum vacuum and this electric field makes 

finally dress of electron’s charge. The electron’s 

trajectory is derived from Eq.(3). From the 

electron’s motion, we can calculate an electric field 

in the Minkowski spacetime. In this calculation, we 

need to use advanced and retarded field of an 

electric field. We can obtain these both fields by 

using Liénard–Wiechert potential. To use Liénard–
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Wiechert potential, the electric “retarded” field is 

calculated [11]. 
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We show the simulation result of an electric field 

from an electron. The field is both retarded field 

retF  (Fig.1) and advanced field 
advF  (Fig.2). In this 

simulation, an electron interacts with the 1022W/cm2 

-class laser. From this result, we can obtain these field 

in Minkowski spacetime. Next, the definition of the 

LAD field is 
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therefore, we can define this field on all over the 

points in the Minkowski spacetime by following 

Eq,(7). After calculating 
LADF , the dress field 

(vacuum polarization)  
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becomes calculable, finally by calculating 

divergence of the dress field, we can obtain the 

charge density all over Minkowski spacetime as 

follows: 
0
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This is the distribution of the dress of an electron’s 

charge. 

We will show the simulation result of dress of 

electron’s charge in PLASMA CONFERENCE 

2014. 
 

 
Fig 1. Retarded field of electric field's xy plane. 

 
Fig.2.  Advanced field of electric field's xy plane. 
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