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What is the LUXE experiment?

• proposed new experiment at DESY and EU.XFEL in Schenefeld & Hamburg, 
Germany

• collisions of XFEL electron beam and high-power LASER

• synergy between particle physics and LASER physics

• (growing) international collaboration
→ 88 members (26 institutes)

More documentation?

• LUXE CDR: H. Abramowicz et al., Eur. Phys. J. Spec.Top. 230 (2021) 2445

• LUXE website: https://luxe.desy.de

Overview

LASER Und XFEL  Experiment  

e-/ɣB

LASER

https://luxe.desy.de/


Synergy between particle physics and LASER physics
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Particle Physics – non-perturbative QCD

Can not calculate in non-perturbative 
region. ⍺S too big.

Laser Physics – non-perturbative QED

𝜀crit – Schwinger field (Schwinger limit)
𝜀L  - Laser field
𝜒 - work done over ƛe in units of mec2 (when 𝜒=1, the laser can do work over 

the electron wavefunction to create a pair).

ξ - work done over ƛe in units of ℏ𝜔L (gives a measure of the number of 

laser photons interacting with the electron at a given time. ξ2 is a measure of the 
photon density of the laser beam)

Know how to calculate. Need to sum all
contributions in charge-field coupling, ξ.



Schwinger limit - 𝜀crit
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Field energy: 

𝐸𝑓𝑖𝑒𝑙𝑑 =
ℰ

𝑚𝑒

e+

e-

e+

e-

𝐸𝑓𝑖𝑒𝑙𝑑 < 2𝑚𝑒 𝐸𝑓𝑖𝑒𝑙𝑑 > 2𝑚𝑒

𝜀crit =
𝒎𝒆
𝟐𝒄𝟑

𝒆ℏ
= 1.32 x 1018 V/m 

Fluctuating vacuum is stimulated by high field 
to produce real pair-creation

Schwinger
Phys. Rev. 82 
(1951), 664

Fluctuation time > ƛe

so do not annihilate 
but use energy 
supplied by strong 
field to become real 



Synergy between particle physics and LASER physics
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Particle Physics – variables Laser Physics – variables

η – cm energy square (s) in units of mec2

𝜒 - work done over electron Compton wavelength ƛe in units of mec2

ξ - work done over ƛe in units of ℏ𝜔L (ξ
2 is a measure of the photon 

density of the laser beam)

x, Q2, y, s ξ, Χ, η

𝜒 = 𝜂 𝜉
𝑄2 = 𝑠 𝑥 𝑦

𝜂 =
𝐸𝑒𝐸𝐿
𝑚𝑒

2
(1 + 𝑐𝑜𝑠𝜗)

𝜂 (LUXE, Ee=16.5 GeV, EL=1.55eV) = 0.192

ξ – Classical non-linearity parameter
𝜒 – Quantum non-linearity parameter
η – Energy parameter
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LUXE: Electron + LASER collisions

e- ɣL

e-

e+

ɣCHigh-energy electrons
(16.5 GeV XFEL beam)

Lorentz boost:
electrons “see” larger
E-field of the LASER 
in their rest frame:

𝐸∗ = 𝛾𝑒ℰ𝐿(1 + cos𝜃)

electron-positron
pair production 

LUXE main goal: Measure positron rate as function of LASER intensity

High-intensity LASER
(Tera-Watt, 800nm)
→ large E-field

note: in reality, LASER 
crossing angle θ=17.2°

Physics processes:

Non-linear Compton Scattering:   𝑒− + 𝑛𝛾𝐿 → 𝑒− + 𝛾𝐶

Non-linear Breit-Wheeler pair production :  𝛾𝐶 + 𝑛𝛾𝐿 → 𝑒+ + 𝑒−

+

1

2

1 2
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LUXE: Photon + LASER collisions

e- ɣL

e-

e+

ɣB

electron-positron
pair production 

LUXE: first SF-QED experiment to probe directly photon-photon interaction

Target:
electrons produce GeV
Bremsstrahlung photons

Physics process:

Non-linear Breit-Wheeler pair production :  𝛾𝐵 + 𝑛𝛾𝐿 → 𝑒+ + 𝑒−

ɣB

High-energy electrons
(16.5 GeV XFEL beam)

High-intensity LASER
(Tera-Watt, 800nm)
→ large E-field
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Compton edge
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Theory:  𝐸𝛾𝑒𝑑𝑔𝑒(𝜉) = 𝐸𝑒
2𝑛𝜂

2𝑛𝜂+1+𝜉2
,

with 𝜂𝐿𝑈𝑋𝐸 = 0.192, n=1

Reconstructed
from Compton electron 
spectrum

in strong fields, electron 
acquires ξ – dependent 
effective mass 𝒎∗

= 𝒎𝒆 𝟏 + 𝝃𝟐

 →Compton edge shifts as 
function of ξ

𝐸𝑒𝑒𝑑𝑔𝑒 𝜉 = 𝐸𝑒 − 𝐸𝛾𝑒𝑑𝑔𝑒(𝜉)
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LUXE in Strong-Field QED Parameter Space

• E144: SLAC experiment in 1990’s, using 46.6 GeV electron beam [Bamber et al.  (SLAC 144) ’99]

→ reached χ ≤ 0.25, ξ<0.4, observed 𝑒− + 𝑛𝛾𝐿 → 𝑒−𝑒+𝑒− 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
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Experimental specs.: LUXE setup

Laser Floor

Electron Beam =>

IP

Detectors

BSM

62 m



Challenges
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Detectors for LUXE
Tracker, Calorimeter, Cherenkov, Scintilator screens, 
Gamma-Ray Spectrometer, Gamma-Ray Profiler, Gamma-flux Monitor 



03/05/2022 AL - LUXE, DIS 2022, USC 19

Gamma-Ray Spectrometer Gamma-Ray Profiler Gamma-flux Monitor

Cherenkov, Scintilator screensCalorimeterTracker
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Bonus: Searching for BSM Physics with LUXE

• LUXE will produce a high-intensity photon beam

→ produce ALPs or milli-charged particles (MCP)  in photon beam-dump

Z

ɸ

Primakoff
process 

ɸ

ALP decay 
to two photons

Sensitivity could be competitive with other experiments ongoing and in planning



Conclusions and outlook
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• Exciting opportunity to explore QED in a new regime 
using EU.XFEL electrons and high power laser.

• Observe transition from perturbative to non-perturbative QED.
• Parasitically use for BSM physics.

• CDR received CD0 approval by DESY.
• TDR is presently under review by DESY PRC.

If approved, installation could happen in about 3 years.
• Results – still in this decade!

• Come and join us in a breakthrough experiment!!



Backup
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Ecritical – Schwinger 
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C.R. Acatrinei, QED in Strong Electromagnetic 
Backgrounds – Effective Action Methods, 
Romanian Journal of Physics 64 (2019) 113.


