
Quantum computing.

Studied performance of hybrid 
classical-quantum algorithms for 
track reconstruction 

Goals.

LUXE.
A NEW EXPERIMENT TO STUDY NON-
PERTURBATIVE QED AND SEARCH FOR 
NEW PARTICLES IN ELECTRON-LASER AND 
PHOTON-LASER COLLISIONS

Strong-field QED?

Quantum electrodynamics (QED) is the world’s most 
precisely known (and tested) theory

Vacuum polarisation increases 𝜶𝑬𝑴 with energy
• At high energies, perturbative expansions fail
• The Schwinger limit 𝜀𝑐𝑟 = 1.32 ∙ 1018 V/m defines the 

strong-field regime of QED

LUXE (Laser Und XFEL Experiment) will investigate the 
transition into the non-perturbative regime of QED for the 
first time

Federico Meloni (DESY), 

for the LUXE Collaboration

Compton scattering

Breit-Wheeler pair production

𝑒− + 𝑛𝛾𝐿 → 𝑒− + 𝛾𝑐

𝛾𝑐 + 𝑛𝛾𝐿 → 𝑒− + 𝑒+
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Figure 1.1. Schematic diagrams for the Compton process (e+ ngL ! e0+ g) and theBreit–Wheeler process

(g+ ngL ! e+ e− ).

thefive beamlines are operating. At this location called "Osdorfer Born", there is a part of a tunnel currently unused which

presents an ideal opportunity to install the LUXE experiment. Starting in about 2030 this tunnel will be part of the construction

of asecond XFEL.EU fan. Above the tunnel there is also abuilding which provides access to the tunnel, and hassignificant

infrastructure. In this building a laser can be installed, as well as service rooms and other necessary infrastructure for the

experiment.

Figure 1.2. Aerial view of the XFEL.EU location. The linear accelerator starts at the DESY site and ends at the Osdorfer

Born location where the XFEL.EU fan starts with fivebeamlines going to the XFEL.EU main site in Schenefeld. The location

of theLUXE experiment at Osdorfer Born is indicated.

The high electron beam energy, and the chance to accesswell-defined electron bunches continually at 10 Hz, makes the

XFEL.EU uniquely suitable worldwide for this proposal. While other accelerator-laser combinations can be considered for

similar experiments, they have lower beam energies (e.g. SACLA, SLAC or laser accelerators) and/or less access to continuous

electron bunches, or asignificantly lower beam quality and current (e.g. tertiary electron beam at CERN).

The laser envisaged for the initial phase (phase-0) of the experiment has apower of 40 TW, and will be focused to⇠3µm,

achieving intensitiesof up to 1.3·1020 W/cm2. Thelaser photon wavelength is800 nm, corresponding to an energy of 1.55 eV. It

will operatewith asteady-stateamplifier repetition rateof 1 Hz to ensure high stability. An elaborate state-of-the-art diagnostics

system for the laser intensity will be designed with the goal of achieving aprecision on the absolute laser intensity below 5%

and an uncertainty on the relative intensity of individual shots below 1%. In a second phase (phase-1) of the experiment a more

powerful laser with 350 TW is envisaged to reach intensities up to 1.2·1021 W /cm2. With phase-0 the critical field will be

reached (ce⇠< 1.2), but only with the full capacity of phase-1 will it bepossible to explore the transition to the super-critical

regime thoroughly up to ce⇠< 3.
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LUXE in Strong-Field QED Parameter Space
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• E144: SLAC experiment in 1990’s using 46.6 GeV electron beam  

→ reached χ ≤ 0.25, ξ<0.4, observed  process 

→ observed start of the ξ2n power law  

• LUXE:  - good chance to be first to enter ξ>1 and χ>1 regime! 

            - directly study collisions between LASER and real GeV photons

e− + n L e−e+e−

Key questions and quantities.

How do 𝑒+, 𝑒− or 𝛾 behave when propagating in a very strong 
field? 

Could new particles be produced in rare photon interactions 
with matter?

Highly-boosted electrons (𝛾𝑒~10
4) and high-intensity laser pulses 

(of frequency 𝜔𝐿) allow us to study 𝜀𝑐𝑟

Nonlinear Breit-Wheeler

Measure positron rate

Nonlinear Compton scattering

Reconstruct Compton edge in 
electron or photon spectrum

𝒆-laser setup

Search for BSM physics

Use Compton-photon beam in a beam-
dump experiment

spectra differentially.

2.3 Breit-Wheeler Pair Creation

Breit-Wheeler Process

Breit-Wheeler pair-creation in a background laser pulse corresponds to the decay

of a photon to an electron-positron pair. We first introduce some of the associated

phenomenology of the process, and then give details about the two planned photon

sources – a bremsstrahlung source and an inverse Compton scattering source.

By considering the centre-of-mass energy in the collision of the probe photon with

n laser photons, onecan derive the threshold harmonic n⇤ required, such that the pair

can be created. Recalling that the effective mass, m⇤= m
p

1+ x 2, it is clear that a

higher threshold harmonic is required in more intense laser pulses. In the LMA, the

threshold harmonic becomes

n⇤(f ) =
2(1+ x 2(f ))

hg
, (6)

i.e. the threshold is phase-dependent (we recall quantities with subscript g refer to the photon).

Theeffectivemass dependency is asignature of non-perturbativity at small coupling. This only becomes apparent when

x 2 ⇠ 1. When x 2 ⌧ 1, the Breit-Wheeler process proceeds perturbatively, via the “multiphoton” process, where the probability

scales as P µ x2n⇤. This is demonstrated by the LMA in Fig. 2.3.
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Figure 2.3. Left: Thedependency of probability for theBreit-Wheeler process on the intensity parameter x for aprobephoton

colliding at 17.2 degrees with otherwise standard laser pulse parameters. The blue dashed lines indicate multiphoton scaling

and the plot markers are the analytical QED plane-wave results for a photon energy of 16.5GeV. Right: the parameter region

LUXE will probe, compared to the asymptotic scaling of the Breit-Wheeler process at large and small x and c parameters.

Asx increases past x ⇡ 1 in Fig. 2.3, the “ turning of thecurve” away from theperturbativemultiphoton scaling dependency,

is a signature of the non-perturbative dependency on field strength. The LCFA result is plotted as a comparison but only

starts to become a good approximation when x is large. When x 1 and cg ⌧ 1 the Breit-Wheeler process demonstrates

tunnelling-likebehaviour. In a constant crossed field, the scaling of the rate for cg ⌧ 1 obeys⇠ cgexp(− 8/ 3cg), and since

cg µ
p

a , is non-perturbative in the charge-field coupling in an analogous way to the Schwinger effect [18]. However, in the

Schwinger effect pair-creation is spontaneous whereas in the Breit-Wheeler case the process is stimulated by ahigh-energy

photon. TheLUXE experiment will probe an area of parameter space that is somewhere between these different asymptotic

scalings, as illustrated in Fig. 2.3.

For the parameters probed by the LUXE experiment, the Breit-Wheeler spectrum is symmetric around v = 0.5 meaning

that the photon’s lightfront momentum is shared equally by the electron and positron. However, as the intensity parameter

is increased, so too does the width of the spectrum, leading to a broader lightfront momentum distribution of electrons and

positrons as shown in Fig. 2.4 (where v = { ·P0/ { ·K0 is the lightfront momentum fraction of the produced electron where P0

(K0) is the emitted electron (incident photon) momentum). The LMA is found to besignificantly more accurate than the LCFA,

particularly when x is reduced below x = 1, as expected.
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presents an ideal opportunity to install the LUXE experiment. Starting in about 2030 this tunnel will be part of the construction

of asecond XFEL.EU fan. Above the tunnel there is also abuilding which provides access to the tunnel, and hassignificant

infrastructure. In this building a laser can be installed, as well as service rooms and other necessary infrastructure for the
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Born location where the XFEL.EU fan starts with fivebeamlines going to the XFEL.EU main site in Schenefeld. The location

of theLUXE experiment at Osdorfer Born is indicated.

The high electron beam energy, and the chance to accesswell-defined electron bunches continually at 10 Hz, makes the

XFEL.EU uniquely suitable worldwide for this proposal. While other accelerator-laser combinations can be considered for

similar experiments, they have lower beam energies (e.g. SACLA, SLAC or laser accelerators) and/or less access to continuous

electron bunches, or asignificantly lower beam quality and current (e.g. tertiary electron beam at CERN).

The laser envisaged for the initial phase (phase-0) of the experiment has apower of 40 TW, and will be focused to⇠3µm,

achieving intensitiesof up to 1.3·1020 W/cm2. Thelaser photon wavelength is800 nm, corresponding to an energy of 1.55 eV. It

will operatewith asteady-stateamplifier repetition rateof 1 Hz to ensure high stability. An elaborate state-of-the-art diagnostics

system for the laser intensity will be designed with the goal of achieving aprecision on the absolute laser intensity below 5%

and an uncertainty on the relative intensity of individual shots below 1%. In a second phase (phase-1) of the experiment a more

powerful laser with 350 TW is envisaged to reach intensities up to 1.2·1021 W /cm2. With phase-0 the critical field will be

reached (ce⇠< 1.2), but only with the full capacity of phase-1 will it bepossible to explore the transition to the super-critical

regime thoroughly up to ce⇠< 3.
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The LASER

• for LUXE Phase-0: existing JETI40 (Jena) 

LASER will be used 

• thanks to electron boost, don’t need to push 

the current limits in terms of intensity 

• BUT: need exceptional shot-to-shot stability!

LUXE basic LASER parameters

active medium Ti:Sa

wavelength 

(energy)
800nm (1.55eV)

crossing angle 17.2°

pulse length 30fs

spot size ≥3μm

power 40TW / 350TW

peak intensity  

[1019 W/cm2]
13.3 / 120

Laser intensity:  

 =
2

with 

EL: energy (J) 

Δt: pulse length (s) 

: focus area (m2) 2

g-rays
e-/ɣB

LASER

JETI40

Detectors and 
lasers.

Measure fluxes and 
spectra of 𝒆+ ,𝒆− and 𝜸
Particle fluxes vary between
~0.01 (𝑒+) 
and 109 (𝑒−, 𝛾) 
per laser shot

BSM detectors need ~zero 
background 𝜸𝜸 events 

Contact.
federico.meloni@desy.de
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