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Pair production by a circularly polarized electromagnetic wave in a plasma
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We present the results of the calculation of the electron-positron pair creation probability by a circularly
polarized electromagnetic wave during its propagation in underdense collisionless plasmas. The dependence of
the probability on the frequency and the amplitude of the pulse is studied in detail.
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I. INTRODUCTION

Quantum electrodynamics~QED! predicts the possibility
of electron-positron pair production in a vacuum by stro
electric field @1#. This nonlinear effect has attracted gre
attention due to the fact that it lays outside the scope
perturbation theory and sheds a light on the nonlinear qu
tum electrodynamics properties of the vacuum@2#. As was
shown in Refs.@1,3# a planar electromagnetic wave of arb
trary intensity and spectral composition does not produce
electron-positron pairs in a vacuum because it has both
electromagnetic field invariantsJ15(B22E2)/2 and J2
5(E•B)/2 equal to zero@4#. Due to this reason the pa
creation was first considered for a static electric field, wh
evidently has nonvanishing invariantJ1, then its theoretical
description was extended on the time-varying electric-ty
electromagnetic field@5#. In this case the electromagnet
field invariantsJ1 andJ2 obey conditions

J15 1
4 FmnFmn5 1

2 ~B22E2!,0,

J25 1
4 FmnF̃mn5 1

2 ~E•B!50, ~1!

where Fmn is the electromagnetic field tensor andF̃mn

5«mnrsFrs , «mnrs is the totally antisymmetric tensor. I
particular, the pair creation in a vacuum in a spatially hom
geneous electric field

E~ t !5Ff~ t !ez , B~ t !50, ~2!

wheref(t)5cost andez is a unit vector in thez direction,
was considered in Refs.@5–13#.

The process~called the Schwinger pair production mech
nism! is of fundamental importance in QED and in quantu
field theory in general. However, previous estima
@7,14,15# showed that it hardly could be observed in t
experiments using by that time available optical lasers wh
power was far from the limit able to provide an intensity
the order of 1029 W/cm2, which corresponds to the
Schwinger critical electric field 1.3231016 V/cm. As closer
the electric field approaches the Schwinger limit as the s
barrier tunneling results in more efficient electron-positr
pair production. Therefore, the results of studies presente
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Refs.@1,5–11# for a long time were generally believed to b
of purely theoretical interest in QED.

Recently, fortunately, the situation has drastica
changed, because the power of optical and infrared la
rose by many orders of magnitude@16#. This opened severa
ways to approach critical QED intensity. One way was de
onstrated in the SLAC experiments@17#, where 46.6 GeV
electron beam interacted with counterpropagating la
pulse, whose intensity was 0.531018 W/cm2. The incident
radiation in its turn interacted with the similar laser pulse a
several electron-positron pairs were detected. Then,
projects to build free-electron lasers at TESLA electro
positron collider in DESY and the corresponding facilities
SLAC, in which coherent laser beams with the photon en
gies of the order of several keV are supposed to be produ
are being designed@18# ~see also Refs.@13,19,20#!. Recently,
an approach to the light intensification towards t
Schwinger limit by using nonlinear interaction between t
electromagnetic and the Langmuir wave in plasmas has b
formulated in Ref.@21#. In this scheme the QED critical field
can be achieved with present day laser systems. Hence
theory of the Schwinger effect must be considered in m
detail in view of the new experimental possibilities.

However, here arises a question, whether the mode
pair creation by the time-varying electrical field~2! in a
vacuum resembles well enough the experimental situat
Such a field can be generated in the antinodes of the stan
light wave, which is realized in a superposition of two cou
terpropagating laser beams. In this case, the region w
electric field is much larger than the magnetic field is re
tively small and the results obtained in Refs.@5–13,22# de-
scribe just a small portion of the pairs that could be crea
by the electromagnetic wave. In the rest part, the pair c
ation will be affected by the presence of the time-varyi
magnetic field. This in its turn should lead to very comp
cated formulas for pair production probability.

To elucidate the role of the magnetic field component
the electron-positron creation we consider below the pla
circularly polarized electromagnetic wave propagating in
underdense collisionless plasma. Even in a very low den
plasma the first electromagnetic invariantJ1 calculated for
planar electromagnetic wave is not equal to zero. That is w
in a plasma the electron-positron pairs can be created by
planar wave. In this case the usage of the Lorentz trans
mation into the reference frame moving with the wave gro
velocity leads to the electromagnetic wave field transform
tion to the purely electric field, which rotates with consta
©2004 The American Physical Society08-1
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frequency, and with no magnetic field. Although this ans
reduces the problem under consideration to the situa
when the pairs are created by the time-varying electric fie
actually, the wave magnetic field effects are incorporated
orously into our model. We notice that similar approach h
been earlier used in Ref.@27#. In the present paper we use th
method of ‘‘imaginary time,’’ simple and powerful math
ematical technique for analytical continuation of the class
equations of motion postulated to apply inside the barr
through the barrier where classical motion is not allowed
join up with the equations of motion for particles that ha
escaped through the barrier to the outside where clas
motion is again allowed~see Refs.@23,24#!. With the help of
‘‘the imaginary time technique’’ we shall study in detail th
dependence of the pair creation probability on the freque
and the amplitude of the wave.

In addition to the pairs created by the electromagne
wave via the Schwinger mechanism there is electr
positron pair creation due to the trident process@25# and
bremsstrahlung photons. We shall show that the elect
positron pair produced via the Schwinger mechanism can
distinguished from the one appeared due to other me
nisms by the momentum filter, i.e., the momentum of
‘‘Schwinger’’ pair in the laboratory frame is larger.

The paper is organized as follows. In Sec. II we disc
the properties of the relativistically strong electromagne
wave in plasma. The probability of pair creation by such
wave is calculated in Sec. III. In Sec. IV the discussions
main results and conclusions are presented.

II. RELATIVISTICALLY STRONG ELECTROMAGNETIC
WAVE IN PLASMA

In this section we recover well-known properties of
relativistically strong electromagnetic wave in an underde
collisionless plasma needed for further formulation of t
time-varying electric field configuration. A discussion of th
wave behavior is based on the results obtained by Akhie
and Polovin in Ref.@26#. We consider the circularly polar
ized electromagnetic wave, which is described by the tra
verse component of the vector potential:

A'5A0@eysin~vt2kx!2ezg cos~vt2kx!#. ~3!

The wave propagates in the direction of thex axis, its phase
velocity equalsv/k, g represents right-handed (g51) or
left-handed (g521) circular polarization, andA05cE0 /v
with E0 being the amplitude of the electric field. The depe
dence of the wave frequencyv on thex component of the
wave vectork is given by the dispersion equation

v25k2c21(
a

vpa
2

@11~ZaeA0 /mac2!2#1/2
, ~4!

wherea5e,p,i , . . . denotes species in the plasma with t
electric chargeZae, mass ma , and density na , vpa

5(4pnaZa
2e2/ma)1/2, andc is a speed of light in a vacuum

By virtue of the plasma electric neutrality condition we ha
(aZana50. Introducing notation for the frequencyv,
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V25(
a

vpa
2

@11~ZaeA0 /mac2!2#1/2
, ~5!

we rewrite the dispersion equation in the formv5(k2c2

1V2)1/2.
The electric and the magnetic field are equal to

E5
1

c
] tA'5

v

c
A0@eycos~vt2kx!1ezsin~vt2kx!# ~6!

and

B5“3AÄkA0@eysin~vt2kx!1ezcos~vt2kx!#, ~7!

respectively.
We see that in a plasma the first invariant of the elect

magnetic fieldJ1 is not equal to zero:

J15
1

2
~B22E2!52

V2

2c2
A0

2[2S V

v D 2

E0
2 . ~8!

It vanishes when the plasma density tends to zero, i.e.,
vacuum~or in the limit A0→`). It also vanishes when the
charges of plasma species go to zero, becauseV;vpa ,
which in its turnvpa;Za .

The nonlinear electromagnetic wave in plasmas is a
characterized by the dependence of its phase and group
locity on the plasma parameters and on the wave amplitu
From Eq.~4! we find that the phase velocityvph5v/k and
the group velocityvg5]v/]k are related to each other vi
expressionvphvg5c2.

Now we perform the Lorentz transformation to the refe
ence frame moving with the group velocity along the dire
tion of the wave propagation. The wave frequency and thx
component of the wave vector change according to

v85
v2kvg

~12vg
2/c2!1/2

and k85
k2vvg /c2

~12vg
2/c2!1/2

. ~9!

Using relationshipvg5c2/vph5kc2/v, we obtain that in the
moving reference frame the wave frequency equalsv85V
and its wave number vanishes:k850. Using the Lorentz
invariance of the transverse component of the vector po
tial we find that in the moving reference frame the magne
field in the circularly polarized electromagnetic wave va
ishes and the electric field, rotating with the frequencyV, is
given by expression

E5
V

c
A0~eycosVt81gezsinVt8!. ~10!

Further we shall use a notationE5(VA0 /c)[(V/v)E0.
See also Ref.@27#, where the model case of linearly pola
ized wave has been considered. The finite amplitude line
polarized wave propagating in plasmas has both transve
and longitudinal components, oscillating with different fr
quencies. That is why the problem of the pair production
8-2
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this wave is technically more complicated, than the case
circularly polarized wave. It will be considered in our forth
coming publications.

III. PAIR PRODUCTION BY CIRCULARLY POLARIZED
WAVE

We consider the problem of pair production in the circ
larly polarized electric field, using the approach formulat
in Ref. @8#. The wave function of the electron in the electr
magnetic field has the form

c f~p,t !5E d3r d3r 0e2 iprG~r ,t;r 0,0!c i~r 0,0!. ~11!

The Green function, according to Feynman, in the coordin
representation has the following asymptotic behavior:

G~r ,t;r 0,0!;~2p i t !3/2exp@ iS~r ,t;r 0,0!#, ~12!

whereS is the action for the electron. For the motion in th
homogeneous fieldc i;exp(ip0r0). Integration of Eq.~11!
with the use of saddle point method yields the followi
equations for saddle point coordinates~see Ref.@8#!:

dS

dr
2p50,

dS

dr0
1p050. ~13!

As it is known in the classical mechanics these equati
determine the extremal trajectory, which satisfies
Lagrange equations. Therefore with the accuracy up to
preexponential factor we get

c f;exp~ iŜ! ~14!

with

Ŝ5E
0

t

Ldt2p•r1p0•r0 , ~15!

whereŜ is the reduced action@8#, r is the coordinate of the
particle, andr0 is the initial coordinate and the Lagrangia
~see Ref.@4#! is given by expression

L52mec
2~12uvu2/c2!1/21eA•v2ew, ~16!

which depends on the vectorA and the scalarw potential of
the electromagnetic field and on the charged particle velo
v5cp/(me

2c21upu2)1/2. Here upu25px
21py

21pz
2 . In particu-

lar case, when the charged particle interacts with the elec
magnetic wave, the integrand in the action functional~15!
can be expressed via the particle energyE5(me

2c4

1upu2c2)1/2 as

Ŝ52E
0

t

Edt. ~17!

An expression for the action remains unchanged in a plas
if we assume thatA andw are the vector and scalar pote
tials of net electromagnetic field acting on the electron
positron. The representation of the electromagnetic w
03640
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field in the form~10! with the frequencyV given by Eq.~5!
implies the use of the macroscopic description of the wa
The analysis of the microscopic structure of the electr
positron pair production in plasmas is beyond the scope
the present publication. However, since similar technique
the Lorentz transformation into the reference frame, mov
with the wave group velocity, can be used to simplify t
analysis of electron-positron pair production inside the h
low waveguide and in the focus region@30#, we think that
the main results obtained below in the long wave appro
mation @(2pc/v)3n@1# will not change drastically.

The probability of pair creation depends on the imagina
part of the action as

dwp;exp$22 Im@Ŝ~p!#%d3p. ~18!

To calculate the pair creation probability we need to find
extremal trajectory for the sub-barrier motion of the partic
which minimizes the action. The action functional variatio
is

dŜ52E
0

t

dtS ]E
]pi

dpi1
1

2

]2E
]pi]pj

dpidpj1••• D
5aidpi1

1
2 bi j dpidpj ~19!

with the functions

ai52E
0

t

dt
pi

E 52r i ; bi j 52E
0

t dt

E S d i j 2
pipj

E D .

~20!

Herer5r (t)2r0 is the particle displacement during its su
barrier motion. The requirement of Im@Ŝ# being minimal
leads to the condition Im@r#50, which determines the ex
tremal trajectory. We introduce a notationq0 for characteris-
tic momentum, which corresponds to the extremal trajecto
In the case when the quasiclassical approximation is va
the momentum spectrum of emerging from under the bar
particles has a sharp peak nearp5q0 @8#. However the dis-
cussion of the exact form of the spectrum of the produc
electrons and positrons is beyond the scope of the pre
paper and it will be carried out elsewhere. The sub-bar
motion is determined by the classical equations:

ṗ5eE, ~21!

ṙ5c
p

~me
2c21upu2!1/2

. ~22!

We should add to these equations of sub-barrier motion
requirement of trajectory to be the extremal one, i.e., Im@r#
50, then for the circularly polarized electric field of th
form

Ex50, Ey5E cosVt, Ez5E sinVt, ~23!

we find
8-3



es
r
w
as

e

th
th
w
tu
r
t
a

om
al
d

t
ry

ie
he
by
e

ub

-

di-

e
c-
-

ion

u-
re-
c-

y

S. S. BULANOV PHYSICAL REVIEW E69, 036408 ~2004!
py5qy1P sinVt, pz5qz2P cosVt, px5qx ,
~24!

Im@r#5
2

V
ReF E

0

t0 p

~me
2c21upu2!1/2

dtG50, ~25!

wheret52 iVt and P5eE/V. From condition Im@r#50
we obtainqy5qx50. As we see, when the particle emerg
from under the barrier (t50) its momentum is perpendicula
to the instantaneous direction of the electric field. Here
encounter the drastic difference of the two-dimensional c
of the particle motion~it was first pointed out in Ref.@8#!,
which is realized in the circularly polarized wave, from th
one-dimensional motion considered in Refs.@7,13,24#. In the
former case the point of particle emerging from under
barrier is the turning point of the trajectory and therefore
particle momentum should be here equal to zero. In the t
dimensional case the component of particle momen
along the instantaneous direction of the electric field is ze
It is due to the fact that under the barrier this componen
purely imaginary. The perpendicular component of the p
ticle momentum can be complex. We use a notationqz
5Ps and rewrite the equations fort0 ands in the following
form, which corresponds to the equations of Ref.@8# with
ellipticity equal to 1:

sinh2t02~s2cosht0!25g2, ~26!

E
0

t0 s2cosht

@g21~s2cosht!22sinh2t#1/2
dt50, ~27!

wheret0 is the singular point ofW(t) with W(t) being the
action for the particle moving along extremal trajectory.t0
has a meaning of sub-barrier motion time andmec/P5g.
The parameterg was introduced in Refs.@5,6#, and plays a
role of the adiabaticity parameter, as is easily inferred fr
the functiong(g), defined below, which enters the princip
exponential factor in the pair production probability. Indee
as long asg!1, i.e., in the high-field, low-frequency limi
the result obtained in the framework of the imagina
method agrees with the nonperturbative result of Ref.@1# for
a static, spatially uniform field. Note thatg characterizes the
dynamics of particle tunneling through a time-varying barr
and is similar to the well-known Keldysh parameter in t
theory of the multiphoton ionization of atoms and ions
laser radiation@31#. Due to the fact that in the present pap
we do not use Lorentz factor, the notationg for the adiaba-
ticity parameter should not cause any ambiguity. The s
barrier motion time t0 is determined by conditionE
5(me

2c41upu2c2)1/250, which leads to Eq.~26!. Equation
~27! follows from a condition Im@rz#50. The behavior of
the functionss andt0 is presented in Figs. 1~a! and 1~b!.

Using t0 ands from Eqs.~26! and ~27! we can calculate
the differential probability of the pair creation. It reads~see
Refs.@28,29#!
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dwp5expH 2
p

« Fg~g!1cx

px
2

me
2

1c'

~q2p'!2

me
2 G J d3p,

~28!

where«5E/Ecr is the normalized amplitude of the electro
magnetic wave in the moving reference frame,p' is the
momentum of the pair in the plane perpendicular to the
rection of wave propagation.Ecr52me

2c3/e\ is the
Schwinger field, and the functionsg(g), cx(g), cy(g), and
cz(g) are given by expressions@8#

g~g!5
4

pgE0

t0
K1/2dt, ~29!

cx~g!5g~g!1
g

2

dg~g!

dg
, ~30!

c'~g!52g
dcx~g!

dg
, ~31!

where K512@sinh2t2(s2cosht)2#/g2. According to Ref.
@24# the functiong(g) demonstrates typical behavior of th
pair creation in the linearly polarized electric field. The fun
tion g(g) is presented in Fig. 2 along with two typical ex
amples from Ref.@24#.

FIG. 1. ~a! The dependence of the initial electron~positron!
momentum normalized on the amplitude of vector potentials on the
parameterg; ~b! the dependence of the electron sub-barrier mot
time t0 on the parameterg.

FIG. 2. g(g) vs g. The upper curve corresponds to the circ
larly polarized electromagnetic wave, which coincides with the
sult of Ref.@8#, next one corresponds to the linearly polarized ele
tromagnetic wave;cosvt, the last one also to the linearl
polarized wave, but with 1/coshvt time dependence.
8-4
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The total probability of pair creation can be represented
a sum of probabilities of many-photon processes

W5(
n

wn , ~32!

wherewn is dwp integrated overd3p with energy conserva
tion in the multiphoton process taken into account~see Refs.
@6,7#!. In the limit of small adiabaticity parameter (g!1),
typical for nowadays lasers@24#, we get for the total prob-
ability of pair creation per unit volume per second

W'
c

4p3le
4
«2expF2

p

«
g~g!G . ~33!

We should note that unlike the case of linear polarizat
here there is no additional factorA« ~see Ref.@24# for de-
tails! compared to a constant field. It is due to the fact tha
the limit v→0 the circularly polarized field becomes co
stant one.

However the parameterg is not convenient for studying
the probability of pair creation, because the probability d
pends on« andg, which are not independent. These para
eters are related as

g5
mec

P
5

mecv

eE
5

2ple

l«
, ~34!

wherele53.86310211 cm is the electron Compton length
Therefore it is more convenient to study the probability d
pendence on the electromagnetic wave wavelengthl and on
the parameter«. In addition, the electromagnetic wave
described in terms of amplitude («), wavelength (l), and its
shape, which determines functiong(g).

In order to understand at what wavelength the shape
the pulse begins to play an important role, we present
dependence ofg(«) on parameter« in Fig. 3~a! for different
values of l. It can be seen from this figure that forl
,1027 cm the dependence ofg(«) on « should be taken
into account. However all the nowadays lasers are far fr
this limit ~see Ref.@24#!. This effect can manifest itself only
in future x-ray lasers. Moreover there is another probl
with detecting this effect. One should have rather smal«
@see Fig. 3~a!#, at which the pairs are produced at very sm
rate. As it can be seen from Fig. 3~b!, where the dependenc
of pair creation probability on« for different values ofl is
shown, forl51027 cm one pair is created at«;0.08 in the
volume (1026 cm)3 and in 500 fms. To elucidate this poin
we present Figs. 3~c! and 3~d!, where the dependence ofg
andW on l for «50.08 are shown, respectively.

We should notice that the initial parameters of the el
tromagnetic wave in vacuum enter the expression for p
creation probability through parametersg and«:

g5
mec

P

v

V
and «5

E

Ecr
5

E0

Ecr

V

v
, ~35!
03640
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whereE0 is the amplitude of the electric field in the labor
tory reference frame. So the electric field amplitude effe
tively decreases in plasma andg increases.

In the reference frame moving with the wave group v
locity using expression~10! we find that the electron mo
mentum is equal to

p85P@ey~s2cosVt8!2ezsinVt8#. ~36!

The electron energy is

E 85H me
2c412P2F11

s2

2
2s cosVt8G J 1/2

. ~37!

Performing the Lorentz transformation to the laborato
frame we obtain the electron energy

E5
v

V Fme
2c412P2S 11

s2

2
2s cosx D G1/2

~38!

with x5vt2kx and its longitudinal momentum

px5H F S v

V D 2

21GFme
2c412P2S 11

s2

2
2s cosx D G J 1/2

.

~39!

The transverse momentum is given by

p5
P

c
$ey@s2cosx#2ezsinx%. ~40!

In Fig. 4 we present averaged energy and longitudi
momentum versusg. The averaging was performed on th
phase of the pair creation, i.e., by calculating integral

FIG. 3. ~a! The dependence ofg on « for different values ofl:
10210 cm, 1029 cm, 531029 cm, 1028 cm, 1027 cm, and
1026 cm, from bottom to top;~b! the dependence of log10W in the
volume (1026 cm)3 and in 500 fms on« for different values ofl:
1029 cm, 531029 cm, 1028 cm, and 1027 cm from top to bot-
tom; ~c! the dependence ofg on l for «50.08; ~d! the dependence
of log10W in the volume (1026 cm)3 and in 500 fms onl for «
50.08.
8-5
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^•••&5
v

2VpE0

2p

~••• !dx. ~41!

We see that in the limit of largeP andv/V the energy and
the longitudinal component of the particle are proportiona
mec

2(vP/V) andmec(vP/V).
In addition to the pairs created by the electromagne

wave via the Schwinger mechanism there is electr
positron pair creation due the trident process~see Ref.@25#!.
The electron~positron! is created by the trident process in th
laboratory reference frame with the negligible small tra
verse momentum and then it gains the transverse momen
equal to

p85
P

c
@ey~cosVt82cosVt08!2ez~sinVt82sinVt08!#.

~42!

Contrary to the particles created via the Schwinger mec
nism these electrons~positrons! have in the moving refer-
ence frame nonzero longitudinal momentum. It is equal t

px852
mevg

~12vg
2/c2!1/2

52mecF S v

V D 2

21G1/2

. ~43!

In Fig. 4~b! we present the dependence of the longitudi
momenta in the laboratory frame of trident electrons~lower
curve! and ‘‘Schwinger’’ electrons on parameterg. It is ob-
vious that these two mechanisms of pair production can
ily be distinguished, because the longitudinal momentum
Schwinger electrons is larger. The same analysis can als
applied to the electron-positron pairs produced by the bre
strahlung photons@32#, interacting with plasma particles.

We should note that one of the possible explanations
this phenomenon is that Schwinger pairs are produced
vacuum, while in all other mechanisms the pairs are p
duced on moving plasma particles.

FIG. 4. ~a! The energy and the momentum of produced pairs
the laboratory frame, averaged over time, vs parameterg for
v/vp55; ~b! the momenta of ‘‘Schwinger’’ pairs~upper curve! and
‘‘trident’’ pairs in the laboratory frame, averaged over time, vs p
rameterg.
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IV. CONCLUSIONS

In the present paper we considered the problem of
electron-positron pair creation by the circularly polarized
ser pulse in a plasma via the Schwinger mechanism.
representation of the electromagnetic wave field in the fo
~10! with the frequencyV given by Eq.~5! corresponds to
the use of the macroscopic description of the electromagn
wave. The analysis of the microscopic structure of t
electron-positron pair production in plasmas is beyond
scope of the present publication. However, since sim
technique of the Lorentz transformation into the referen
frame, moving with the wave group velocity, can be used
simplify the analysis of electron-positron pair production i
side the hollow waveguide and in the focus region@30#, we
think that the main results obtained above in the long wa
approximation@(2pc/v)3n@1# will not change substan
tially. On the other hand the elaboration of the microsco
description will particularly determine the applicability o
the approximation used.

Using the properties of the dispersion equation for
electromagnetic wave in plasma, we carried out the calc
tion of the probability in the reference frame moving wi
the group velocity of the wave. The great simplification
the problem has been achieved owing to the fact that in
reference frame the magnetic field of the wave vanishes
the problem has been reduced to the problem of the
creation in rotating electric field.

In the present paper we used ‘‘the imaginary tim
method’’ to calculate the probability of pair creation by th
circularly polarized electric field. There arises a problem
validity of the quasiclassical tunneling time and the ima
nary time method. The calculations of the pair production
the time-varying electric field carried out within the fram
works of the imaginary time method@6# and Dirac theory@9#
agree to each other up to the preexponential factor accur
It is also well known that the imaginary time technique h
been widely used in the problem of the atom ionization
strong electromagnetic wave. Theoretical and experime
results relevant to the ionization problem can be found
Refs. @33,34# and in cited literature therein. See also R
@35#.

We noticed that there is a drastic difference between
one-dimensional and the two-dimensional cases of part
motion below the energy barrier, i.e., in the one-dimensio
case the particle emerges from under the barrier with z
momentum. In two-dimensional case the particle is produ
with nonzero momentum perpendicular to the instantane
direction of the electric field, which was first pointed out
Ref. @8#.

In the moving reference frame we calculated the proba
ity of the pair creation. We found that one pair is produced
(1026 cm)3 volume in 500 fms when the field amplitud
reaches a value about 0.08 of the critical QED field for las
with the wavelengthl51024–1028 cm. This value of the
field amplitude in plasma in the moving frame correspon
to initial field amplitude in vacuumE05Ev/V. We also
studied the dependence of pair creation probability on
wavelength of the electromagnetic wave.
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We notice that the electron-positron pairs created via
Schwinger mechanism can be distinguished from the p
created in the trident reaction during interaction of t
plasma electrons with nuclei as well as from the pairs p
duced by bremsstrahlung photons. The electron-posi
pairs created via the Schwinger mechanism in the labora
reference frame have the longitudinal momentum larger t
the pairs appeared due to the trident reaction and bremss
lung induced pair production.
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