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Definition: non-linear processes are those that cannot be described in terms of perturbative QED

1. First hopes:

QED vacuum breakdown - spontaneous electron-positron pair creation
(Schwinger effect (previously predicted by Sautzer, Heizenberg&Euler and justified by Schwinger))

Probability of eTe~ pair production
c i £ - electric field strength
W o F expl—mg] with Es =™ =1.32 x 1016 V/cm

e

gatom ~ ><109 V/m

V W
E(—) ~19.44/I(——= -
(cm) \/ (ch) | - laser power

W
Iepit = 4.6 X 1029(—2) for optical laser compare with 1021 — 1022(%5)
cm expected power

2. Current status:
Non-linear multiphoton processes with (ultra) high power laser field:



Non-linear multiphoton processes with (ultra) high power laser field:

Non-linear Breit-Wheeler ¢*¢— pair production v+ ny, —ete”
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Reduced field intensity ¢2 s, laser intensity
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Original Breit-Wheeler process 7' + v — eTe™
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The recombination of free electrons and {ree positrons
and its connection with the Compton effect have been
treated by Ddrac hefore the experimental discovery of the
pasitron. In the present note are given analogous caleula-
tions for the production of positron electron pairs as a
result of the collision of twoe light quanta. The angular

polarizations, and formulas are given for the angular dis-
tribution of photons due to recombination. The results are
applied to the collision of high energy photons of cosmic
radiation with the temperature radiation of interstellar
space, The effect on the absorption of such quanta is found
to be negligibly small.
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SLAC (E-144) experiment D. Burke et al., PRL 79 (1997)

generalized multi-photon process
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LUXE (Laser Und XFEL Experiment) at DESY EPJST 230 (2021)

photon—laser set up
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Interaction of charge particles with background field is considered in Furry picture

BW process (originally 'y;_+ v —et +e7) Compton scattering (originally e~ +v =~ +¢e~)
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Volkov solution
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lw is the energy of the pulse involved into process



i ! + — A.T., Kampfer, PRL 108(2013),
Non-linear BW process 7'+ L —e™ +e EPJD 68 (2014), EPJD 74 (2020)

e.m. potential: A4 = (0,A), A(¢) = f(¢)[acos(¢)] E=—-% é — ka - invariant phase,
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w(l) = wy (£) +w (€)

w)| (f) = 52 (u — 1) (Zl (f) |2 — [ﬁo (f) ﬁ; (ﬁ)) perpendicular polarization parallel polarization
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( = 4?2 = minimal number of laser photon involved in process

an analog of ”cumulative number”



Ultra-high field intensity with & > 1

cross sections asymmetries
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H : — ! —7  A.T., Kampfer, Phys.Rev.A103(2021),
Non-linear Compton scattering e + L — 7/ + ¢~ a1 Kinpler Buetic

A.T., arXiv 2307.00621
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Furry picture ¢ & M=) €M, ¢, arethepolarization vectors of ~/
a=1,2 . . .
(linear polarization)
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Pop = S M, 2 spin-density matrix
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Stoks parameter for intrinsic spin of recoil photon ’Y’

spin asymmetry A (or ggf ) shows direction and degree of ' spin polarization

A.l.Ahiezer, V.B. Berestetsky. QED

, [k K ;K e e, = —xsinp+ycosyp
°1= |k, k]|’ ©2 = k| e, = -—xcosflcosy —ycosfising + zsinf .
2 / = 2 72 .2 2 U 2 iT 4a®
doy, = dgodw ]CZ [£ Al sl @ ‘|‘£ m (Al — A(]Az)] , where K = ,S—QE
xm= Le

=1
2

2 _ / G T2 2 72 .2 2 U 2 1q
d“oy = d(pdw]CZ[*Aoff Alsm <,0+§ (1+m(A1A0A2))]

=1

d*c = d?c1 + d?o9
average asymmetry

27
2 g2 , 1 /
A(p,w') = d’o1 —d'oy : (AW))p = %/d@A(‘PaW )
0

d?o



unpolarized cross sections

E. =16.5 GeV
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large and ultra-large field intensity ¢ > 1

unpolarized cross sections
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Non-linear trident process

A.l. T., Acosta, Kampfer, PRA(104)2022
EPJST 230 (2021)
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Checking model for E-144 experiment A’ -
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Summary

1. We made predictions for unpolarized cross sections of non-linear BW and
Compton processes in a wide region of e.m. field intensity

2. The main patterns of spin observables in BW and Compton scattering have
been studied

3. The yield of electron-positron pairs at LUXE kinematic have been
performed

4. The model was checked successfully for SLAC E-144 experiment



2N “X\-\éi

AHE ENB N
Thank you for attention ! ;%




	Slide 1: Non-linear processes in photon- and electron- laser interactions 
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18

