


Figure 1 – Feynman diagrams of strong-field QED processes at LUXE, showing non-linear Compton scattering
(left) and non-linear Breit-Wheeler pair production (right).

strength, and Ecr is the Schwinger critical field, quantifies the coupling between the laser back-
ground field and the probe particle. The probability of an n-th order electron-laser interaction
process is therefore proportional to ξ2n. The quantum non-linearity parameter χ = eEλ̄/(mc2)
characterizes the field strength experienced by the probe particle in its rest frame in relation to
the Schwinger critical field, as well as the recoil experienced by the probe particle emitting a pho-
ton. The two parameters are related via the equation χ = ξη, where η = γ~ωL(1+cos θ)/(mec

2)
is the energy parameter, γ is the relativistic Lorentz factor, and θ is the electron-laser crossing
angle (θ ≈ 17.2◦ in LUXE).

The main processes of strong-field QED probed by LUXE are non-linear Compton scattering

(see fig. 1 (left)) and non-linear Breit-Wheeler pair creation (see fig. 1 (right)). In non-linear
Compton scattering, the probe electron absorbs multiple laser photons and emits a single high-
energy photon. The distinct feature of non-linear Compton scattering is the displacement of
the Compton edge as function of the laser intensity parameter ξ, due to the fact that the probe
electron acquires a larger effective mass m∗

e = me

√

1 + ξ2 in the laser field. Figure 2 (left) shows
the Compton electron energy spectrum for different values of ξ simulated with the Ptarmigan

strong-field QED generator package 5.

Breit-Wheeler pair production is the field-induced creation of a physical electron-positron
pair from the QED vacuum. In this process, a high-energy photon, produced in the LUXE e−-
laser collision mode via non-linear Compton scattering, or, in the LUXE γ-laser mode, stemming
from a secondary high-energy photon beam, absorbs multiple laser photons and produces an
electron-positron pair. This process has no classical equivalent, unlike the Compton process,
therefore it is a direct probe of non-perturbative QED. The positron production rate, ΓBW is
one of the main quantities of interest for LUXE. Figure 2 (right) shows the behaviour of ΓBW
as a function of the laser intensity ξ. For ξ ≪ 1 the positron rate ΓBW follows a power law
ΓBW ∼ ξ2n. In the regime ξ ≫ 1, a departure from the power-law characteristic occurs, where,
for χ ≪ 1, ΓBW scales according to:
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In the fully non-perturbative regime, where ξ ≫ 1 and χ ≫ 1, radiative quantum corrections
to all orders contribute to ΓBW. An equivalent to eq. 1 in the case where χ & 1 can be found
in the following article 4.

2 LUXE experimental setup

Figure 3 shows the LUXE experimental setup for the e−-laser colision mode (left) and the γ-
laser collision mode (right). In the e−-laser mode, the 16.5GeV electron beam directly travels
to the interaction point where it collides with the high-intensity laser. In the γ-laser mode, a
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Figure 2 – Left: Simulated Compton electron energy spectrum for one electron-laser bunch crossing as a function
of the laser intensity ξ in the LUXE e−-laser mode. Right: Breit-Wheeler positron rate as a function of ξ in the
LUXE γ-laser mode. Uncertainty corresponds to one week of data-taking.

secondary high-energy photon beam is created by impinging the electron beam on a Tungsten
Bremsstrahlung target, or, alternatively,by colliding the beam electrons with a low-intensity
laser pulse to produce Compton photons with a narrow energy bandwidth.

The laser system foreseen for LUXE is a commercially sourced titanium-sapphire (λ =
800 nm) 40TW pulsed laser system (LUXE phase-0), which is upgradeable to 350TW (LUXE
phase-1). The parameter space in terms of the nonlinearity parameters ξ and χ that is acces-
sible with the phase-0 (phase-1) laser setup is ξ < 7.9 (ξ < 23.6) and χ < 1.5 (χ < 4.45).
One of the main challenges of LUXE is the required shot-to-shot stability of the laser (< 1%
variation, < 5% intensity uncertainty), which is ensured by a dedicated suite of laser diagnostics.

The particle detectors in LUXE are used to detect electrons, positrons and photons and
to measure their energy based on the transverse displacement in a dipole spectrometer. Since
the particle rates per bunch-crossing (BX) in LUXE are vastly different, depending on the
run mode, location in the experimental setup and laser intensity, dedicated technologies are
used for each system. For the positron detection (10−3 < Ne+/BX < 104) a 4-layer silicon
tracker in combination with a high-granularity electromagnetic calorimeter is used. For the
Compton electron detection system the challenge is to reconstruct extremely high electron rates
(103 < Ne−/BX < 108). A finely segmented air-filled Cherenkov detector in combination with
a scintillator screen read out by an optical camera system provides a robust solution. Finally,
the photon energy spectrum is measured by a combination of three complementary detectors
in the forward region of the experiment. Firstly, the gamma spectrometer partly reconverts
the photon beam on a target into electron-positron pairs, which are subsequently analysed in
a dipole spectrometer using a scintillator and camera system similar to the one used for the
Compton-scattered electrons. Secondly, the gamma beam profiler studies the beam distribution
in the transverse plane using sapphire strip detectors, in order to precisely determine the laser
intensity ξ. Finally, a lead-glass calorimeter monitors backscattered particles from impinging
the photons on the final dump, thereby measuring the total photon flux. In general, at least two
complementary detector technologies are foreseen for each location in LUXE, to enable cross-
calibration and the reduction of systematic uncertainties.

In addition to the LUXE strong-field QED program, the experimental setup can be extended
to probe physics beyond the Standard Model (BSM) coupling to photons 6. Rare BSM particles,
such as axion-like particles (ALPs) could be produced in the interaction of the LUXE high-
intensity Compton photon beam with the photon beam dump material, for example via Primakov




