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We discuss the high frequency conductivity and absorption coefficient 
of an electron – positron plasma (EPP) created from the vacuum in a 
strong nonstationary electric field (nonstationary Schwinger mecha-
nism). It is shown that the basic contribution here is due to vacuum 
polarization effects. For subcritical linearly polarised fields, we obtain 
the general expression for the induced conductivity and the absorp-
tion coefficient, which is investigated in a wide range of frequencies 
from the optical to the γ-ray region.
Key words: electron-positron plasma; Schwinger mechanism; vacu-
um creation; X-ray laser; quasiparticle; optical properties.

Поглощение как Индикатор Вакуумного 
Рождения e+–e– Пар в Сильных Нестационарных
Электрических Полях

Д.Б. Бляшке, С.В. Ильин, Г. Рёпке, С.А. Смолянский

Обсуждаются коэффициенты высокочастотной проводимости 
и поглощения электрон-позитронной плазы, рождающейся из 
вакуума в сильных нестационарных электрических полях (не-
стационарный механизм Швингера). Показано, что основной 
вклад обусловлен вакуумными поляризационными эффектами. 
Для субкритических линейно поляризованных полей, получены 

основные выражения для индуцированной проводимости и ко-
эффициента поглощения, которые исследованы в широком диа-
пазоне частот.
Ключевые слова: электрон-позитронная плазма, механизм 
Швингера, вакуумное рождение, ренгеновский лазер, квазича-
стица, оптические свойства.

1. Introduction

The formation of a relativistic EPP created 
from the vacuum under the action of an ultra-
short optical laser pulse is one of the topics of 
modern fundamental physics and forthcoming 
experimental efforts [1,2]. It has been estimated 
that a zetawatt laser with intensity 1028 W/cm2 

could be built. That would allow to approach 
the Schwinger limit of the electric field for 
electron-positron pair creation Ec=m2/e=1.3 ×
× 1016V/cm. Vacuum creation of light mesons 
becomes also possible for such subcritical fi elds 
[3]. It is discussed as one of the perspectives at the 
X-ray laser [4,5]. Thus the experimental observa-
tion of vacuum EPP has become an actual problem. 
Some of the observable effects have been discussed 
before in the literature, see, e. g., Ref. [6,7].

In the present work, we avoid to detail methods 
of the generation of acoherent quasiclassical time 
dependent electric fi eld and rather focus on the discus-
sion of the optical properties of the created EPP. We 
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use a kinetic approach for the description of vacuum 
particle creation [8,9] and investigate the absorption 
of the EPP in the case of subcritical electric fi elds 
E/Ec <<1, which justifi es to limit ourselves to the low 
density approximation only. It is shown that the basic 
contribution to the induced conductivity stems from 
the vacuum polarization effects in the external fi eld. 
The general expression for the induced conductivity 
and absorption coeffi cient is obtained and investigated 
in detail in two ranges of the adiabaticity parameter 
corresponding to the optical and γ-ray regions. The 
absorption of a weak probe signal sent through the 

high density region in the focus of the acting strong 
electric fi eld can be considered in the present formal-
ism too.

2. The basic equations

We start from the collisionless kinetic equation 
for the description of vacuum EPP creation due to 
a spatially homogeneous, time dependent electric 
fi eld of the linear polarization with the fi eld strength 
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 [8,9].

 ( ) ( )[ ] ( )
0

1
( , ) , , 1 ( , ) cos , ,

2

t

t

f p t p t dt p t f p t p t t′ ′ ′= ∆ ∆ − θ∫
r r r r r&

, (1)
where

 ( ) ( ) ( )
( )2

, ,
,

eE t p
p t

p t

ε
∆ =

ε

r
r

r  (2)  ( ) ( ), , 2 , ,
t

t

p t t d p
′

′θ = τε τ∫
r                 (3)

 ( ) ( ) ( )( )22 2 2
||, , .p t p p eA t m p⊥ ⊥ ⊥ε = ε + − ε = +

r
 (4)

Here, ( ) ( )tAtE &−= , and ( )tpf ,
r

 is the time de-
pendent distribution function of EPP quasiparticles 
generated from the vacuum during the period of the 
fi eld action. For the investigation of the optical prop-
erties of the EPP droplet it is important to consider 
the structure of the total current
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 is the vacuum polarization function,
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We will use below the low density approximation, 
( ), tpf r

<<1. From Eqs. (1) and (8) follows that
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This approximation corresponds to the assump-
tion of the weakness of the external fi eld with the 
characteristic strength 0E , i. e.

 /0 cEE <<1. (11)

Below it is assumed that the external, linearly po-
larized fi eld is a harmonic one with the frequency ν ,

 0
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The considered theory is characterized also by 
the adiabaticity parameterγ , which defi ned as [10]

 001
.

c

E meE

m E
= =

γ ν ν
 (13)

Given the condition (11), there are two limit-
ing situations: the case of low (optical) frequencies 

/νm >>1, where γ <<1 and the case of γ – ray fre-
quencies ν ~ m , where γ >>1.

Our aim is an estimation of the effectiveness of 
the quasiparticle EPP creation by means of optical 
methods of registration. As the fi rst step, we intend 
to construct the theory of electromagnetic fi eld ab-
sorption by the generated quasiparticale EPP. We are 
guided here by the deep analogy with the Bloch theory 
of electron – hole interaction with an electromagnetic 
fi eld in solid stats physics (see, e. g., Ref. [11]).

Below we restrict ourselves to the case of a 
spatially homogeneous system, and defi ne the ab-
sorption coeffi cient as the ratio of the spectral power 
densities of the instantaneous absorbed and incoming 
energies, i. e.
 ( ) ( ) ( )ωωωα wQ /= , (14)
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where ( )ωQ  and ( )ωw  are the Fourier transforms of 
the corresponding energy functions

 ( ) ( ) ( ),tEtjtQ =
rr

  ( ) ( ) π4/2 tEtw = , (15)

with the conservation law ( ) ( )tQtw −=& .
Thus, the next problem is the determination of 

the components of the conductivity tensor compo-
nents corresponding to the chosen symmetry of the 
system.

3. Absorption coefficient

The relative orders of the distribution function 
(9) and the function of vacuum polarization (10) are 
defi ned by the amplitude (2), for which approximately 
holds ∆ ~ )1(∆ ~ cEE /0 , so that

f ~ )2(f ~ EE ,)/( 2
0   u ~ )1(u ~ )/( 10 EE . (16)

However, the function )2(f  can be an even one 
with respect to ||p  and thus does not give a contribu-
tion to the conductivity current (6). Hence, the leading 
approximation for the conductivity and polarization 
currents will be

 condj ~ ,)32( ÷
condj polj ~

)1(
polj  (17)

(the uncertainty in the order of the leading approxi-
mation of the conductivity current condj  stems from 
the of the fi eld in the one particle energy ( )tp,

rε  
(4) and the phase (3), see below). In any case, the 
polarization current gives the basic contribution in 
the total current,
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Below the absorption coeffi cient will be inves-

tigated for the two asymptotic ranges of the adiaba-
ticity parameter (13) where analytic results can be 
obtained.

Case of the high frequency region: ,≤ν m
γ>>1. A considerable simplifi cation is reached here 
as the fi eld infl uence in the one particle energy (4) 
can be neglected,

 ( ) ( ) ., 22 pmptp +=→εε r  (19)

Then it follows from Eqs. (7), (10), (18) and 
(19) that
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The structure of this expression allows to extract 
the vacuum polarization contribution to the conduc-
tivity. The generalized Ohm law in a nonstationary 
medium is [12]

 ( ) ( ) ( ).,∫
∞−

′′′−′=
t
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The conductivity tensor ( )tttji ′′− ,σ  depends 
on two times: the fi rst argument tt ′−  takes into ac-
count the retardation effects while the second one t′  
corresponds to the nonstationary state of the medium 
induced by the infl uence of an external fi eld. In the 
considered linear approximation (20), nonstation-
ary medium effects are absent and hence Eq. (21) 
transforms to
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where we accounted for the presence of one fi eld 
polarization only.

The comparison of Eqs. (20) and (22) leads to 
the following result for the polarization conductivity 
( )0t → −∞
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The angular integration here gives the result
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Finally, performing the Fourier transforma-
tion, we obtain a result for the frequency dependent 
conductivity which is in full analogy with the Bloch 
theory of electromagnetic wave interaction (in the 
dipole approximation) with free carriers in a semi-
conductor [10],
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The main prediction of this result is the threshold 
m2=ω  in the frequency dependence of the polariza-

tion conductivity.
Now it is easy to fi nd the connection between 

the conductivity (25) and the absorption coeffi cient 
(14). From Eq. (22) follows

 ( ) ( ) ( ),ωωσω Ej =  (26)

and for the spectral densities of the energies (15) we 
obtain
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Let us apply these formulas to a monochromatic 
signal (12), where
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were π4/2
00 Ew = . Disregarding the static parts of 

these relations and comparing the spectral densities at 
the frequency νω 2= , we obtain for the absorption 
coeffi cient the result

 ( ) ( )νσπνα 4= . (32)

Thus, in the applied approximation, the EPP will 
absorb the energy of an external fi eld starting with 
the threshold frequency m=ν  (in Eq. (25) νω 2= (!), 

Here a substitution was used, which makes ex-
plicit the dependence on ( )p0ε  defi ned by Eq. (19).

In the high frequency region ,( ≤ γν m >>1). 
Eq. (33) leads to the results (25), (32) again. The case 

of the «optical» region (ν  << m, γ >> 1), after using 
the averaging procedure over harmonics of the laser 
fi eld, leads to the result
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were ( )xJ 0  is modifi ed Bessel function. This result 
is valid under the condition

 ,22
2 0 γ

ν
ω mmEe

≈−<  (35)

that is fulfi lled certainly in the considered range. The 
corresponding absorption is defi ned by Eq. (32). The 
presence of two frequencies ν and ω has a simple 
meaning: the frequency ω is the response frequency 
of the polarized vacuum under the infl uence of the 
monochromatic laser fi eld which has the frequency ν. 
These frequencies are identifi ed in Eq. (32).

Let us remark, that the response of the EPP with 
respect to a weak probe signal with a linear polariza-
tion collinear with the basic strong electric fi eld can 
be considered also in the framework of the present 
formalism. For this aim it is suffi cient to consider the 
bichromatic signal with the electric fi eld

 ( ) tEtEtE 110 coscos νν +=  (36)

were 0E , ν correspond to the basic high intensity fi eld 
and 11 , νE to the probe laser.

4. Summary

The results of the work can be summarized as 
follows. In the case of subcritical fi elds (11), it was 
shown, that the absorption coeffi cient is defi ned 
mainly by the vacuum polarization effect in Eq. 

(18). A general expression (33) was obtained for the 
induced polarization conductivity, which is valid for 
all values of the adiabaticity parameter (13). Eq. (33) 
was investigated analytically in two asymptotic cases: 
γ <<1 (the high frequency limit, Eqs. (25), (32)) and 
γ >>1 (the low frequency (optical, x-ray) region, Eqs.
(32),(34)). These results have preliminary character 
and require a more detailed investigation.

The condition (11) of the fi eld weakness is in 
need of joint consideration with the quasipartical 
condition [13]

 2
clE E>> = ν . (37)

Thus, the electric fi eld should be satisfy to the 
double inequality

 ( )2/cl c cE e E m E E= ν << << . (38)

These conditions are fulfi lled well in the region 
ν<<m. The high frequency limit ν~m is the upper 
bound of validity of requirement (38).

We thank A. V. Prozorkevich for the useful 
remarks.
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which corresponds to a two-photon process, see Eq. 
(30)). Otherwise, the EPP is optically transparent up 
to the pair creation region. It is worth noting, that this 
effect is rather large ~ 2e  and it can be expected that 
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The optical region. Let us write the general 
expression for the polarization conductivity, that 
follows from Eqs. (7), (10) in the low density ap-
proximation
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УДК 535 (092)

РАЗВИТИЕ ПРЕДСТАВЛЕНИЙ О ПРИРОДЕ ЗРЕНИЯ 
ОТ ЛЕОНАРДО ДА ВИНЧИ ДО ТОМАСА ЮНГА

Б. А. Медведев, А. А. Кудряшова

Саратовский государственный университет, 
кафедра общей физики
E-mail: bmedvedev@yandex.ru

В контексте проблем, связанных с гуманизацией и гуманита-
ризацией физического образования, включая философские и 
дидактические вопросы повышения творческого потенциала 
молодых исследователей в области физиологической и фи-
зической оптики, представлено развитие взглядов на природу 
зрения в трудах Леонардо да Винчи, Исаака Ньютона и Томаса 
Юнга.
Ключевые слова: история физики, творцы физической оптики, 
природа зрения.

Development of Ideas about Nature of Sight froм Leonardo 
da Vinci to Thomas Young

B. A. Medvedev, A. A. Kudryashova

In the context in the problems, connected with humanization and 
humanitarization of physical formation, including philosophical and 
didactic questions of an increase in the creative potential of young 
researchers in the field of physiological and physical optics, is 
represented the development of views on nature of sight in the works 
of Leonardo da Vinci, Isaac Newton and Thomas Young.
Key words: history of physics, creators of physical optics, nature of 
the sight.

Истинная наука – та, которую опыт 
заставил пройти сквозь чувства и на-
ложил молчание на языки спорщиков и 
которая не питает сновидениями своих 
исследователей, но всегда от первых ис-
тинных и ведомых начал продвигается 
постепенно и при помощи истинных 
заключений к цели…

Леонардо да Винчи
Введение

Более 70% информации об окружающем нас 
мире мы получаем посредством зрения, и лишение 
этого дара представляется для человека большой 
трагедией. Именно по этому актуальность раз-
вития представлений о природе зрения и интен-
сификации оптических и медико-биологических 
исследований в области физиологической оптики 
не вызывает сомнения. Тем не менее в связи с 
темой нашей работы, вынесенной в заголовок, мы 
начинаем нашу статью с вопросов: Зачем физику, 

точную, не терпящую отступлений от правил 
науку, рассматривать в философском контексте? 
В чём польза рассуждений о её истории? Не затем 
ли, ответим мы, чтобы вспомнить: «Истина так 
нежна, что чуть только отступил от неё, впадаешь 
в заблуждение; но и заблуждение это так тонко, 
что стоит только немного отклониться от него, 
и оказываешься в истине» (Блез Паскаль). Цена 
заблуждений и ошибок в истории физики высо-
ка настолько, что современный исследователь 
должен помнить: он всегда на границе познания, 
его мышление не должно страдать «догматом не-
погрешимости». С другой стороны, его не может 
не интересовать фундаментальный вопрос о том, 
кто делает открытия. Почему Галилей и Ньютон, 
Больцман и Максвелл, Планк и Резерфорд, Бор и 
Эйнштейн, Гейзенберг и Шредингер, Де Бройль, 
Дирак и Паули и, наконец, Пригожин? Почему 
именно им было дано привести к смене научных 
парадигм и изменению физической картины мира? 


