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Introduction
QED processes in the field of a heavy atom

o FElastic scattering et +Z et 47

o Bremsstrahlung et +Z et +y+Z

e Pair production (PP) Y+Z—et+e +Z

@ Double bremsstrahlung T+ Z et tn+p+2

e Electroproduction et +Z settet+e +2Z

@ Delbriick scattering Y+Z— (et +e )+Z—yY+Z

e Photon splitting Y+Z—= (et +e )+Z—=>n+p+2

o Cross section e Differential cross section

e Energy spectrum e Polarization effects J
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Introduction
Typical experimental conditions

o High energy E>m
o Small characteristic angle

01
o High nuclear charge Z>1 — Za~1
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Introduction

Coulomb corrections

@ The Coulomb corrections in the differential cross section are 100%
important except of small momentum transfer area A < m.
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o Total cross section: Born term contains large logarithm
= CC~10+20%.

o F = = £ 9Dar



Furry representation allows to take into account exactly external field
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Quasiclassical approximation

‘The characteristic parameters of the high energy processes |
@ At~ 1/m — The virtual pair life time in the comoving frame
o At = ATy~ w/m? — The virtual pair life time in the LFR
@ p ~ 1/m — The loop transverse size in the LFR
o 7=At~ ®/m* — The loop longitudinal size in the LFR
e [~Ep~®/m>1— The angular momentum in the LFR
@ 6 ~1/l~m/w < 1— The characteristic angle in the LFR
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Using partial wave expansion and neglecting terms of order (Za)? /I
Furry obtained the wave function of Dirac equation in the Coulomb
field V(r)=—Za/r :

. \%
v = 2T (1 — iZat) T (1 ~ 12—8) \Fy (iZo, 1, i [kr — Kr)) u
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Using partial wave expansion and neglecting terms of order (Za) / l
Furry obtained the wave function of Dirac equation in the Coulomb
field V(r)=—Za/r :
=e 1

v = 2T (1 - iZa) ‘kr(l —ig)lFl (iza,1,i[kr —kr])

Pair production, Bremsstrahlung
et al., 1954)

(Bethe and Maximon, 1954; Davies
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Using partial wave expansion and neglecting terms of order (Za) / l

Furry obtained the wave function of Dirac equation in the Coulomb
field V(r)=—Za/r :

. \%
v = 2T (1 — iZat) T (1 ~ 12—8) \Fy (iZo, 1, i [kr — Kr)) u

e How to derive analog of the FSM functions for arbitrary localized
potential?

o How to derive quasiclassical Green’s functions?

e How to go beyond leading quasiclassical approximation?
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D(ry,r1|€) = .
dy ~l.d| ~Edy

d()(rz, r1|8) +o-d; (I‘z, I‘1|8) +X dz(rz, r1|£)
2
c

d()(rz, r1|8)

= 12 dQexp [iQ2 —ir Jo dxV/( )]

- IKT

lo~e/A>1

fdxfdy(x yV.V(R

SRR
R, =r|+uar —|— qy/ 2xxr k <= quantum fluctuations
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Applications



Bethe-Maximon for

Coulomb corrections

(0) 28a (ZOt)2
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is valid formaly for @ > m.
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Bethe-Maximon for Using derived quasiclassical Green's
Coulomb corrections

(0) 280 (Za)2 have obtained
O =~ gp /(2%

function with the first QC correction we
is valid formaly for @ > m.

S0 _ aza)s
¢ 2mo

g(Za)

Img(Za).

(1 —iZa)T(1/2+iZa)
T(1+iZa)T'(1/2—iZat)
Huge coefficient # !
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Bethe-Maximon for T ‘ ‘ ‘ ™
Coulomb corrections BMs4
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Bethe-Maximon for T T
Coulomb corrections BMS54
4
2
0 28 (Za)
Op = —Wf(za) f s
z
is valid formaly for @ > m. | = ?
1
0

w(MeV)

QC correction taken into account.
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o< A7 [JAo(AL) [ —Aos(AL)[*],

o= / drexp[—iA-r—ix(p)|A, -V V(r)
1

AL :AB(AL)F(I —iZa)

4
I(1+iZa) (A_i

Coulomb corrections come from the region A| ~ Apin

—iZo
) AL = As(A))|
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sf ]
_10; E — Ukawa

: — Moliere
_15f — Hydrogen
—20F ]
—o5F .

o s w1 2
doBS/d?A, essentially depends on screening, 625 «< (Za)*f(Za) is universal!
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Recent results
Exact in Za!

@ y+Z— e +e +Z: Differential cross section, spectrum, total cross section (Lee
et al., 2012, 2004) with the account of the first QC correction and screening.
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Recent results

Exact in Zot!

@ y+Z— e +e +Z: Differential cross section, spectrum, total cross section (Lee
et al., 2012, 2004) with the account of the first QC correction and screening.

@ ¢t +7Z — et +y+7Z: Differential cross section, spectrum (Lee et al., 2005;
Krachkov and Milstein, 2015), with the account of the first QC correction and
screening.

@ Y+Z et +e 4 Y +Z: Differential cross section (Krachkov et al., 2014)
@ ¢t +Z— et 4+ 94+ +2Z: Differential cross section (Krachkov et al., 2015)

@ et +Z7Z et +et +e~ +Z: Dierential cross section
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Summary

e Quasiclassical approach provides effective reliable framework for
heavy atom.

investigation of the high-energy QED processes in the field of

o Quasiclassical Green’s functions and wave functions in arbitrary

field of heavy atom.

localized potential are derived with the account of the first QC
o Applications include all basic high-energy QED processes in the

correction (with typical relative magnitude 6 or m/€).

Thank you for attention!
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