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KINETIC FORMULATION OF PAIR PRODUCTION

Kinetic equation for the single quasi - particle distribution function f(P, t) =< O\a;(t)ap(t)|0 >:

dfy (P,t) _ Of. (P t) Ofy (P,t)
=T = o TeE(Y) B:EH(t)

Wi (t) [1 dtWa(t)[1 £ 2f (P, t')] cos[x(t', t)]

Kinematic momentum P = (p1, pa, p3 — eA(t)), 10x10°
eE(t)EL 20x10"
_(t) = —F—
W ( ) wz(t) ’ »\1 010
where w(t) = /e + P{(t), with g

el =+/m?+p3 and

x(t',t) = 2[6(t) — O(t")]:

o(t) = /t dt'w(t’) .

—0o0
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KINETIC FORMULATION OF PAIR PRODUCTION

3

The particle number density:

n(t) :2/(2"7")2f(p, ). w0l

10° L L

Number of pairs = <n> = &
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Number of e~e™ pairs in the volume X3 for a weak
field (Jena Ti: AlOs laser, solid line) and for near -
critical field Ep,/Ecie = 0.24, A = 0.15nm (X -
FEL, dashed line)
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KINETIC FORMULATION OF PAIR PRODUCTION
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— T 2,
E(t) = Emsinwt, 0< t < NT, T =2r/w E(t) = Eme” /™ sinwt
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S- MATRIX METHOD OF ESTIMATION OF PHOTON PRODL

Laser pulse
\ Beamsplitter

3
& Gamma
detectors

& (coincidence)

¥

Observable: e +e" — v+
Project: G.Gregori et al. (2008)
at RAL Astra - Gemini Laser.

e AVAVA VAU AW A PR

[ SR VaVaVaVaVaVall

s / dprdpa o(pr, p2) (P, )6 (o, 1)

X \/(V17V2 7‘V1><V2|2,

cross- section o of two photon annihilation

7'('84

2
—— —-1/2
2m272(r — 1) {(T +7-1/2)
VT + \/7}
—(r+ )7 (r-1)].
)
Result: some annihilation events per laser pulse
for the laser with | = 10 W /cm?, X\ = 795nm

and pulse duration 7 = 85fs.

o(p1, p2) =
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S- MATRIX METHOD OF ESTIMATION OF PHOTON PRODL

Deficiencies:

o f(p, t)- the distribution function of electrons and positrons
considered as short - lived quasi - particles, i.e. the vacuum
fluctuations with quantum numbers of an electron and
positron
D.B.Blaschke, S.M.Schmidt, S.A. Smolyansky, A.V.
Tarakanov, Izvestiya VUZ Applied Nonlinear Dynamics, 17,
N5, 17 (2009).

@ The using of S - matrix methods for calculation of the
effective cross section of the two photon annihilation process
is not correct in the given situation in the presence of the
strong subcritical fields because the free in- and out- states of
electron and positron are absent here.
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The strong field QED
Photon sector: KE for photons
KINETIC DESCRIPTION OF THE PHOTON PRODUCTION One photon annihilation process
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The strong field QED
Photon sector: KE for photons

KINETIC DESCRIPTION OF THE PHOTON PRODUCTION One photon annihilation process

The total electromagnetic field acting in the system is
A1.*01.“ :ch+A:Aex+Ain+A
The interaction Hamiltonian density
Hi,=e: \I/’y“ﬁ\ulll :

is described in the holomorphic representation in the nonstationary
spinor basis.

D.B. Blaschke, S.M. Schmidt, S.A. Smolyansky, A.V. Tarakanov, contribution
to Proceedings of the International Bogolyubov Conference, Dubna (Russia),
August 21-27, (2009), arXiv:0912.0381.

The basic differences from the standard QED consists that all
forbidden processes (in the framework of the standard QED) are
became allowed one in the presence of a strong external field (the
multi - photon processes with participation of the quasiclassical
photon reservoir).
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The strong field QED
Photon sector: KE for photons
KINETIC DESCRIPTION OF THE PHOTON PRODUCTION One photon annihilation process
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The strong field QED
Photon sector: KE for photons

KINETIC DESCRIPTION OF THE PHOTON PRODUCTION One photon annihilation process

The single - time photon two - point correlation function
Fro(k, K, t) =< A (k, A (K 1) >,
with following approximations
< APk, AT (K £) >= 6,0(k — K)Fr(k, t)

and

< Ak, )AL (K, t) >= 6,06(k — K){1+ Fr(k, 1)}
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The strong field QED
Photon sector: KE for photons

KINETIC DESCRIPTION OF THE PHOTON PRODUCTION One photon annihilation process

The first equation of the BBGKY chain:

For (kK1) = ie(2m) 32 8, 5 [ Pprd®pe{~Lz6(p1 — p2 — k)
: [[Du];m(pl, P2, ki t) < at(p1, t)as(p2, DAL (K, 1) > +
HEv], (P, P2, ki t) < (P, £)bf (—p2, DAL (K, 8) > +
H[vul, (P1, P2 ki £) < ba(—p1, t)ag(pa, )AL (K, 1) > +

+ P10 (Pr, P2 ki £) < ba(—p1, £)55 (—p2, )AL (K, ¢) > +

+ A= 0(p1 — p2 + K) [[Bul], (P12, K £) < (P, £)ag(p2, )AL (k. £) > +
vl (p1,p2. K 1) < af(p1, £)b7 (—p2, DA (k, 1) > +
+H[vull o (p1.p2, K 1) < ba(—p1, t)ag(p2, )AL (k 1) > +

+ 7] (P12, K3 £) < ba(—p1, )55 (—p2, DAL (k. 1) >] b + ik = K)Fyr (K K, ).
D.B. Blaschke, S.M. Schmidt, S.A. Smolyansky, A.V. Tarakanov, contribution to

Proceedings of the International Bogolyubov Conference, Dubna (Russia), August
21-27, (2009), arXiv:0912.0381.
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The strong field QED
Photon sector: KE for photons

KINETIC DESCRIPTION OF THE PHOTON PRODUCTION One photon annihilation process

Thus, the kinetics of the photon states is defined by the different
forced processes of either one photon scattering of electron and
positron (considered as quasiparticles) or their creation and
annihilation. Some processes forbidden in absence of an external
field become possible here: in the lowest order of the perturbation
theory it is the one photon annihilation, the simultaneous creation
of an electron - positron pair and a photon.

V.l.Ritus, Trudi FIAN SSSR, 111, 5 (1979).

In the highest orders of the perturbation theory the number of the
such kind forbidden processes are increased abruptly. In the general
case, the necessity of taking into account of such kind processes
strongly complicates the problem and leads to the idea of selection
of the correllation function.
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The strong field QED
Photon sector: KE for photons

KINETIC DESCRIPTION OF THE PHOTON PRODUCTION One photon annihilation process

We limit ourselves to the consideration of the annihilation channel only:
Foo(k K, t) = ie(2m) %2 [ d3p1d3p2{\/%5(p1 —p2—k)
[a@v]5a(P1, P2, ki t) < b (—p2, t)af (p1, )AL (K, t) > +
7401 — P2+ K)[Tul5a (P, P2, K ) < ba(=Pr, )25 (2 DA (k) > |

For obtaining of a closed photon KE it is necessary to fulfill some truncation
procedure for the correlators entering in this equation. The simplest truncation
of the type

< ba(—p1, t)as(pz, )AL (k, t) >< bo(—p1, t)as(p2, t) >< AF (K, t) >=0

is not effective due to the definition of the photon vacuum < Asi)(k, t) >=0.
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The strong field QED
Photon sector: KE for photons

KINETIC DESCRIPTION OF THE PHOTON PRODUCTION One photon annihilation process

The equations of the second level for the correlators:
{— +ilw(pr, t) + w(pa, ) — k]} < ba(—p1,t)as(p2, )AL (k, t) >
= —ie(2m) 2 [ d*p S {60 — 1+ K)
[[vls (P15 1) < a5 (9, £)as (2, ) AW (K, )AL (K, £) >
+ [PV1sr (P P, K ) < by (', £)as (P2, ) A0 (K|, )AL (K, ) >
~8(p2 — B+ K) - [[Bu]55(P2, B, K5 £) < ba(—pr, )as (B, )AL (K, )AL (k, 1) >

+ [Vl (P2, B, K ) < ba(—p1, b5 (—0', )AL (K, AT (K, £) > |
+SLs(p1, P2, k; t) + Ul s(p1, p2, k; ).
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The strong field QED
Photon sector: KE for photons

KINETIC DESCRIPTION OF THE PHOTON PRODUCTION One photon annihilation process

The vacuum polarization effects at the presence of the quantized electromagnetic field
are described by the term

Uzp (P12, ki 1) US) (b1, 1) < b (—p1, D)ap(p2, AT (k, £) > —
- Ufglg)/(pz, t) < ba(—p1, t)ag (p2, )A) (k, t) > +
+ U (p1,t) < 3, (p1, B)ap(pa, )AL (k) > —

- U;(f@)/(m: t) < ba(—p1, )bgs (—p2, )A ) (k, 1) >

which is absent in the standard QED without a strong field. The other set of terms
. _ 1
Sts(p1, P2, ki t) = —ie(2r) 3/zﬁ/d3pid3pé5(lni —pb—k)-
. {[au];/ﬁ/(p’l, Py, ki t) < ba(—p1,t)ag(p2, t)a, (pl, t)ag (py, t) > +
+  [@v]5 5 (P, P2, ki t) < ba(—p1, t)ap(p2, t)al, (p1, t)b), (—p2, t) > +
+ [Vu];’ﬁ’(Pllv pé? k; t) < bOé(_Plv t)aﬁ(Pz, t)ba’(_Pllv t)aB’(p/2= t) >+
+ [VV];/B/(p{l’ pév k; t) < ba(fplv t)aﬁ(p27 t)ba’(fpgl’ t)bz;(fpl% t) >}

are connected with different transformations in the e~ e® - plasma without

participation of the quasiparticle photon excitations.
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The strong field QED
Photon sector: KE for photons
KINETIC DESCRIPTION OF THE PHOTON PRODUCTION One photon annihilation process
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The strong field QED
Photon sector: KE for photons

KINETIC DESCRIPTION OF THE PHOTON PRODUCTION One photon annihilation process

Research region: All processes of the 2-nd order relatively of the
evy-interaction.

Approximations: (on the phone of nonperturbative calculations f)
2

— weak "laser field” Ey < E. = 1, E(t) = Epsinvt
e

. . _ E m E .. .
— ladge adibatical parameter v = ?o% >1lor 2> E—g - the limitation on v.

It corresponds to multiphoton process.
— RPA of the type (truncation procedure)

< ah (p, )ap(p2, )A (K, )AL (k, ) >
~< @t (0, t)as(pa, t) >< Ay (K, A (k, 1) >
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The strong field QED
Photon sector: KE for photons

KINETIC DESCRIPTION OF THE PHOTON PRODUCTION One photon annihilation process

— the diagonalization respect to the spin and polarization indexes, e.q.

ab(p,t)as(p, t) >~ dasd(p — P)f(p, t),
— low density f(p, t), F(k,t) < 1,
— the multiphoton decomposition

F(p.t) = D fur(p)e™ ™",

and the leading approximation in the resonance condition (N is the photon
number involved in the considered process) Im — Nv = 0,

— "lisotropic approximation” (select by the angular dependences).
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The strong field QED
Photon sector: KE for photons

KINETIC DESCRIPTION OF THE PHOTON PRODUCTION One photon annihilation process

The photon production rate in these approximations

F(k) ~ 2%5(/9 no + 1) Jny+1(20)[Jng+3(a0) + Jno—1(a0)][f2,0(po) + f2,0(po + k)]

where

€(k,no +1) = po(no + 1)%

k is the frequency of radiated photon,

()2 (v — 2k)? '"2} 1/2
4(nv — k)2 ’

po(n) = {

where ng = [Qo/v] and Qo = wo(p) + wo(p + k) — k (wo(p) = w(p)|a=o) are
the number of photons which are necessary for clamp of the gap ([x] is the
integer part x); no ~ po(no) = 0. Finally,

a:47ran[ Po po+ k }
T2 {wlp) " w(po + k)
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The strong field QED
Photon sector: KE for photons

KINETIC DESCRIPTION OF THE PHOTON PRODUCTION One photon annihilation process

Infrared and optic region k < m (essentially multiphoton region, v ~ k)

no EO 2ng E
4E.

1. 1
ZE(k) = 10aho—
m (k) ag’ong

k )

np = [27’"] > 1, the photon number necessary for clamp of the gap 2m.

Ey=3-10"°E. ~ fr,0 ~ 107 for ko = 10eV/, ng ~ 10° photons.
Then %F(k) ~ 107, i.e. the effect is very small, if

no Eo
=2E =
However the result depends from "the play” of large and small numbers and
very sensitive to chose of the parameters in the vicinity of 7 = 1, where the
behaviour of this function is similar to the ©-function.
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The strong field QED
Photon sector: KE for photons

KINETIC DESCRIPTION OF THE PHOTON PRODUCTION One photon annihilation process

7 = ray region v ~ m.

In this case the number of the clanp photons can be small, ng ~ 1. Let
n=1Lv~mk<m.

h0= i (&) Gy ] "= Gy -

Features:
@ threshold at v =2m

@ linear growth with k

for By =3-107°E., A ~ 1072 4(0).
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The strong field QED
Photon sector: KE for photons

KINETIC DESCRIPTION OF THE PHOTON PRODUCTION One photon annihilation process

Conclusions
Features of the annihilation photon spectrum:

@ the continuity
@ the threshold increase at k =2m

@ the flicker noise in the infrared region.

Eik)

I

2m k
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Photon sector: KE for photons
KINETIC DESCRIPTION OF THE PHOTON PRODUCTION One photon annihilation process

S.Smolaynsky, SGU Role of Vacuum Polarization



	Main Talk
	KINETIC FORMULATION OF PAIR PRODUCTION
	S- MATRIX METHOD OF ESTIMATION OF PHOTON PRODUCTION RATE
	KINETIC DESCRIPTION OF THE PHOTON PRODUCTION
	The strong field QED
	Photon sector: KE for photons
	One photon annihilation process



