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tron-positron plasmaF.Pegoraro1, S. S. Bulanov2, A.M. Fedotov3,1 Department of Physi
s, University of Pisa and CNISM, Pisa, Italy2Institute of Theoreti
al and Experimental Physi
s, 117259 Mos
ow, Russia3Mos
ow State Engineering Physi
s Institute, 115409 Mos
ow, RussiaAbstra
tThe nonlinear intera
tion between the ele
tron-positron pairs pro-du
ed by an ele
tromagneti
 wave and the wave itself in a plasmais investigated for a 
ir
ularly polarized wave using the relativisti
Vlasov equation with a sour
e term based on the S
hwinger formulafor the pair 
reation rate.The produ
tion of ele
tron positron pairs in a 
onstant, spatially homo-geneous ele
tri
 �eld was �rst investigated in Refs. [1℄. This quantum �eldtheory e�e
t lies outside perturbation theory and its experimental veri�
ationwould test the validity of the theory in the region of strong �elds. The mostprobable way of dete
ting the e+e� pair produ
tion is to use a time-varyingultra intense laser �eld [2℄, as indi
ated by re
ent developments of laser te
h-nology [3℄ and by the proposed methods for rea
hing IS
h = 4:65 � 1029W/
m2, 
orresponding for a � 1�m laser, to an ele
tri
 �eld equal to the
riti
al S
hwinger �eld ES
h = 1:32� 1016 V=
m [4℄.The problem of the ba
krea
tion of the produ
ed parti
les on the ba
k-ground �eld was dis
ussed extensively in a number of papers on the parti
leformation pro
ess in high energy hadroni
 intera
tions as well as under thea
tion of ele
tri
 �elds [5℄. While the e�e
t of the produ
ed parti
les onthe ele
tri
 �eld was taken into 
onsideration and a kineti
 equation 
oupled1

32nd EPS Conference on Plasma Phys. Tarragona, 27 June - 1 July 2005 ECA Vol.29C, O-2.025  (2005)



to Maxwell equations was used, the spatially homogeneous time dependentele
tri
 �eld adopted was not a solution of Maxwell equations in va
uum.We 
onsider the pro
ess of e+e� pair produ
tion in a 
old 
ollisionlessplasma by an e.m. �eld whi
h is an a
tual solution of the Maxwell equa-tions, as well as the ba
krea
tion of the produ
ed pairs on the e.m. �eld [6℄.In order to elu
idate the role of the magneti
 �eld 
omponent of the e.m.wave on the e+e� pair produ
tion, we 
onsider a planar, 
ir
ularly polarizedwave propagating in an underdense 
ollisionless e+e� plasma , with ampli-tude A0, frequen
y !, and wave ve
tor k in the laboratory frame. For a wavein a plasma the Lorentz invariant F = (E2 � B2)=2 = 
2A20=2 where 
 isthe Langmuir frequen
y. Therefore, in a plasma, e+e� pairs 
an be produ
edby a planar e.m wave, as was shown in Ref.[6℄. A Lorentz transform to thereferen
e frame moving with the group velo
ity vg of the wave transforms thee.m. �eld into a purely ele
tri
 �eld, that rotates with 
onstant frequen
y,and with no asso
iated magneti
 �eld, E = 
A0 (ex sin
t� ey 
os 
t) : Thistransformation redu
es the problem to the situation where the pairs are pro-du
ed by a time-varying ele
tri
 �eld.The propagation of the 
ir
ularly polarized wave in the boosted frame isanalyzed using the relativisti
 kineti
 equation�tf� + e�E(t) �pf� = q�(jEj; p); (1)for the positron (ele
tron) d.f. f�(p; t) with R f�(p; t)d3p=(2�)3 = n� thenumber of positrons or ele
trons per unit volume in the boosted frame, ande� is their 
harge. The sour
e term in Eq.(1)q�(jEj; p) = 2e2jE(t)j2 exp [��m2=jeE(t)j℄ Æ (p) (2)is proportional to the quasi
lassi
al probability of e+e� produ
tion under thea
tion of the 
onstant ele
tri
 �eld. Sin
e the 
hara
teristi
 pair produ
tiontime 
=l
, l
 = �h=m
 is negligible with respe
t to the wave period, we takethe time dependen
e as parametri
. We assume that the pairs are produ
edat rest.The e+e� pair produ
tion leads to the appearan
e of a time-dependentele
tri
 dipole whi
h generates a polarization 
urrent dE=dt = �4�jtot =�4� (j
ond + jpol) ; withj�;
ond(t) = e Z f�(p; t)pE d3p(2�)3 ; j�;pol(t) = E(t)jE(t)j2 Z q�(p; t)E d3p(2�)3 ; (3)2
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t, sFigure 1: Time evolution in the moving frame of the x and the y-
omponentsof a(t) for di�erent initial amplitudes: 1:4� 105 (a), 1:5� 105 (b), 1:9� 105(
) with initial plasma density n0 = 1019 
m�3 in the moving frame.where E = (m2 + p2)1=2. From the solution of Eq.(1), with a = eA=m; e =eE=m2, we haveda(t)dt = �me(t); de(t)dt = 
2m a(t)� em2�2e(t) exp "� �je(t)j# (4)+ �8�3m2 Z t0 [a(t)� a(s)℄je(s)j2[1 + ja(t)� a(s)j2℄1=2 exp "� �je(s)j# dsHere � = 8�e2m4 and the fa
tor m4 stands for the inverse of the invariantCompton 4-volume m4 = 
=l4
 � 0:14 � 1053 
m�3 s�1. Numeri
al solutionsof this system are presented in Fig.1 for initial amplitudes a = 1:4 � 105(a), a = 1:5 � 105 (b), a = 1:9 � 105 (
). The pair produ
tion leads tothe damping of the wave and to the nonlinear up-shift of its frequen
y dueto the in
rease of the plasma pair density. Sin
e the pair produ
tion ratedepends on the �eld amplitude exponentially, an unbalan
ed damping of the�eld 
omponents 
an o

ur and lead to a 
hange of the �eld polarization asshown in Fig.2, where the proje
tions of the polarization ve
tor are presentedfor the same set of initial parameters as in Fig.1.In Fig.2a we see the damping of the x-
omponent of the ele
tri
 �eld andthe transition from 
ir
ular to ellipti
 polarization with the major axis of theellipse dire
ted along the y-axis. In Fig.2b we see a rotation of the prin
ipalaxes of the ellipse. In Fig.2
 the initial pair produ
tion rate is so large that3
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the �rst wave os
illation 
y
le 
annot be 
ompleted, leading to os
illationsof the x-
omponent of the wave ve
tor potential around a non-zero meanvalue. This shift of the 
enter of the os
illations of the x-
omponent ofthe ve
tor potential leads to a redu
tion of the os
illation frequen
y of thiswave 
omponent so that the x and the y-
omponents of the wave os
illate atdi�erent frequen
ies.
a) b) 
)Figure 2: Traje
tories of the proje
tions of the ele
tri
 �eld polarizationve
tor for the same set of initial 
onditions as in Fig.1.[1℄ F. Sauter, Z. Phys. 98, 714 (1931), 98, 714 (1931); W. Heisenberg and H.Z.Euler, Z. Phys. 98, 714 (1936); J. S
hwinger, Phys. Rev. 82, 664 (1951).[2℄ E. Brezin and C. Itzykson, Phys. Rev. D 2, 1191 (1970); V.S. Popov, JETPLett. 13, 185 (1971); Sov. J. Nu
l. Phys. 19, 584 (1974); M.S. Marinov, V.S.Popov, Sov. J. Nu
l. Phys.16, 449 (1973); N.B. Narozhny and A.I. Nikishov, Sov.Phys. JETP 38, 427 (1974).[3℄ T. Tajima, G. Mourou, Phys. Rev. ST-AB 5, 031301 (2002).[4℄ D.L. Burke, et al., Phys. Rev. Lett. 79, 1626 (1997); S.V. Bulanov, et al.,Phys. Rev. Lett. 91, 085001 (2003).[5℄ K. Kajantie, T. Matsui, Phys. Lett. 164B, 373 (1985); G. Gato�, et al., Phys.Rev. D 36, 114 (1987); Y. Kluger, et al., Phys. Rev. Lett. 67, 2427 (1991);Y.Kluger, et al., Phys. Rev. D 58, 125015 (1998); S. S
hmidt,et al., Int. J. Mod.Phys. E 7, 709 (1998); J.C.R. Blo
h, et al.,, Phys. Rev. D 60, 116011 (1999);C.E. Dolby and S.F. Gull, Annals Phys. 297, 315 (2002); R. RuÆni, et al., Phys.Lett. B 559, 12 (2003).[6℄ S.S. Bulanov, Phys. Rev. E. 69, 036408 (2004); S.S. Bulanov, et al., Phys.Lett. A 330, 1 (2004); S.S. Bulanov, et al., Phys. Rev., E , 71, 016404 (2005);S.S. Bulanov, et al. JETP Letters 80, 734 (2004).4
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