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High-intensity lasers Four-wave mixing experiment Numerical method

The theoretical simulation of a wave mixing The reflection of the incident laser beam is modeled by the
Stratton-Chu integral equations. We have developed an ef-

ficiently parallelized implementation of this framework [4]
1. Characterization of the incident laser beam; that can accommodate

Recent advances in high-power laser systems have made it pos-
sible to obtain intensities on the order of 10%? W/cm?, opening experiment proceeds as follows:
up the possibility of an experimental detection of strong-field

quantum electrodynamics (SF-QED) effects. These high inten-

: : . We have implemented a scalable, efficient algorithm based
sities can be achieved by [1] ~ 2. Computation of the strongly focused field - : . . : .
in the focal spot using the Stratton-Chu for- arbitrary mirror geometries; on exact solutions of Maxwell’s equations that can model

W compressing a laser pulse to femtosecond durations; malism; "> incident fields with arbitrary spatial dependence; the reflection of femtosecond laser pulses.

W arbitrary spectral power and spectral phase. . This realistic model of tightly focused fields can be used to
guide the design of SF-QED experiments.

. Tightly focused fields such as those generated by high nu-
merical aperture mirrors cannot be described by the para-
xial approximation.

= strongly focusing the beam (1° focal volume). .Evaluation of the Euler-Heisenberg polar-

ization and magnetization in the focal N
Experimentally, tightly focused fields are generated with high Spot; It can model the reflec- Efficiency . We have illustrated this by simulating a four-wave mixing

numerical aperture parabolic mirrors. The fields reflected 4. Solution of the non-linear propagation tion of temporally short - experiment. This resulted in a precise determination of
from this type of mirror acquire a complex spatial structure. problem: pulses that inherently pos- ™~ the energy spectrum and angular distribution of the gener-

This affects the design of SF-QED experiments, as the observ- Fig. 3: Pictorial schematic of a SE-QED o £ e final oh . sess a broad spectrum. ated photons.
. . . . 12. o. F1CtOorial scnematic or a - exper-
ables are impacted in a non-trivial way [2]. S per- 5. Determunation of the final photon energles It can also represent the

iment. and angular distribution on a spherical

complicated spatial pro- “
surface (detectors). P b P OUthOkS

file of a high-power laser. ™" 15~ 4 15 94 48 96192334
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Strong-field QED processes
For a single Fourier com- Fig. 4: Parallel efficiency of our

Goal 1: Develop a realistic model of the reflection ponent, the Stratton-Chu . . The Stratton-Chu model can used to optimize the four-wave
’ implementation of the Stratton-Chu

process of femtosecond pulses off high numerical e~ | | equations are formalism. mixing with given experimental limitations. It should be pos-
aperture mirrors sible to engineer the following parameters to maximize the sig-

E;ef(r/: k)=2 JJ {ik(f X Bjpe)g + (- Ejpe) Vg}dsS, nal:
Goal 2: Characterize the observables of SE-QED with S

L] L] .
| 2 " the incident spectral phase;
the model. += ¢ Ve[ x (A x Bipe)] - de, |
- ik J5g " the mirror geometry;

» . s
o . B’ K r k) =2 (A x Bipe) X VgdS. the wavefront of the incident pulse.
A realistic model for tightly focused e S

fields must be developed because: | . | Other SF-QED processes
) ' The intense laser fields in the focal spot give rise to a non-
linear vacuum described by the Euler-Heisenberg theory

Stratton-Chu diffraction integrals

Our realistic model could have an impact in the design of ex-

W paraxial models fail in this regime; >N 0.00
< periments that aim to detect other SF-QED effects [6-9]

= he shape of the mirror has a dis- —0.01 :2 —0.8 —2 4q?

) , : a . : :

tinct effect on the focused fields; 1 0023l o 10 b v P(r,t)=—— {2 [E 2 Bz] E+7[E-B] B} , - Schwinger pair production,;
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Fig. 5: Components of the electromagnetic field in the focal spot of high numerical aperture M(r,t)= — {—2 [E 2_ Bz] B+7|E-B|E } : W Non-linear Compton scattering.
mirror (NA = 1) illuminated by a linearly polarized Gaussian beam. 45E S

W Breit-Wheeler pair production;

W are exact solutions of Maxwell’s Fig. 1: Tightly focused
equations; fields have a large diver-
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Fig. 2: Atlow energies, E < mc?, and for slowly varying fields, wave mixing teilg::glﬁgies ' :? compute | calcul

in vacuum can be described by the Euler-Heisenberg effective theory. At Fig. 5.(a) Photons emitted in the same energy range as the incident beam exhibit a broader ~ Fig. 5.(b) Third harmonic generation is less efficient than the spectrum broadening, but is QUéb ecC F_ * canada | canada
first-order in the field strength, they yield quantum corrections to Maxwell’s spectrum. The emittance peaks follow the divergence of the tightly focused beam, but are emitted in a much tighter cone around the optical axis. The emittance peaks also follow >
equations in the form of polarization and magnetization terms. broad in the azimuthal direction. the divergence of the tightly focused beam.
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