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L U X E :  L A S E R  U N D  X F E L  E X P E R I M E N T  

• LUXE is a proposed new experiment at DESY and European XFEL in Hamburg, Germany to 
study collisions of XFEL electron beam and high-power laser. 

• Laser: 1 Hz 

• Electron beam:  
16.5 GeV @ 10 Hz.  
1.5x109 electrons per bunch  
(LUXE uses 1/2700 bunch from XFEL).  

• 9 bunches are used for background + 1 signal with  
laser interaction. 

• Two modes: directly collide electron beam or first convert electron beam into photon beam.
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Collision angle: 17.2°
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membership of Russian
institutes suspended

L U X E

• CDR: Eur.Phys.J.ST 230 (2021) 11, 2445-2560   

• Website: https://luxe.desy.de  
 
 
 

• Other LUXE talks tomorrow (9th July):  

• Detector challenges (Sasha Borysov 18:15) 

• New physics opportunities (Shan Huang 15:30). 
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https://link.springer.com/article/10.1140/epjs/s11734-021-00249-z
https://luxe.desy.de
https://agenda.infn.it/event/28874/contributions/169539/
https://agenda.infn.it/event/28874/contributions/169434/


Yee Chinn Yap

E L E C T R O N - L A S E R  C O L L I S I O N S  I

44

γLγCe−High energy electron beam
High intensity laser (Tera-Watt) 

→ large E-field

Lorentz boost: electrons 
“see” larger E-field of the 
laser in their rest frame: 
E* = γeEL(1 + cos θ)

1

Field intensity parameter 
(charge-field coupling) 

ξ =
me

ωL

EL

Ecr

Multiple photons 
= non-linear

Physics processes: 
Non-linear Compton scattering:  e− + nγL → e−+ γC

1

All-order process, i.e. non-
perturbative for  ξ ∼ O(1)

P(nγL → γ) ∝ αξ2n

GeV photon

Note: in reality LASER collision 
angle is 17.2° angle

Schwinger limit 
Ecr =

m2
e c3

eℏ
= 1.32 × 1018 V/m
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E L E C T R O N - L A S E R  C O L L I S I O N S  I I
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γLγCe−High energy electron beam
High intensity laser (Tera-Watt) 

→ large E-field

1

Field intensity parameter 
(charge-field coupling) 

ξ =
me

ωL

EL

Ecr

Multiple photons 
=non-linear

Physics processes: 
Non-linear Compton scattering:  e− + nγL → e−+ γC

1 2
Quantum non-linearity parameter 

,  χi =
ϵi

me

EL

Ecr
(1 + β cos θ) i = e, γNon-linear Breit Wheeler pair production:  γC +n′ γL → e+ + e−2

e−

e+
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• Observe Breit-Wheeler production from collisions of real photons and measure 
non-perturbative effects at high ξ.

P H O T O N - L A S E R  C O L L I S I O N S
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γL

e−

e+

e−

High energy electron beam

High intensity laser (Tera-Watt) 
→ large E-fieldγB

Target:  
electrons produce GeV 

Bremsstrahlung photons

Physics processes: 
Non-linear Breit Wheeler pair production: γB + nγL → e+ + e−
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L U X E  PA R A M E T E R  S PA C E

• SLAC Experiment 144 in the 90s 

• reached χe ≤ 0.25, ξ<0.4, within 
perturbative regime, but with 
observable non-linear effects. 

• observed  
trident process. 

• Other ongoing/proposed 
experiments: SLAC-E320 (US), Astra-
Gemini (UK), ELI-NP (RO)

e− + nγL → e−e+e−
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E X P E R I M E N TA L  S E T U P

• Use of dipole magnet  
to separate particles. 

• Large variation in  
particle fluxes.
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10-3 - 106 e+

109 e-

109 γ

10-3 - 102 e-/e+
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P H Y S I C S  M E A S U R E M E N T S

• LUXE aims to make precision measurement  
of e-laser and γ-laser interactions in a transition  
from perturbative to non-perturbative. 

• Phase-0: 40 TW laser, Phase-1: 350 TW laser. 

• Measure as a function of ξ: 

• Position of Compton edge determined  
from electron and photon energy spectra. 

• Positron rate. 

• Number of photons radiated per electron.
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L A S E R

• Titanium:Sapphire laser based on chirped pulse amplification (CPA) 
technology. Laser photon wavelength 800 nm (or 1.55 eV).  

• Different ξ values can be reached by focussing/defocussing the laser. 

• Need exceptional  
shot-to-shot stability  
(1%).
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Phase-0 Phase-1

Laser power (TW) 40 350

Peak intensity in focus (x1020W/cm2) <1.33 <12

Dimensionless peak intensity ξ <7.9 <23.6

Quantum parameter χe for Ee=16.5 GeV <1.5 <4.45

Laser focal spot waist (μm) ≥3

Laser pulse duration (fs) 30
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D E T E C T O R S  

• Different detectors to measure electron, positron and photon with suitable technologies for the expected 
range of flux, resolution and other requirements.
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S U M M A R Y

• LUXE will study strong-field QED in an unprecedented regime using high-
intensity optical laser pulse and 16.5 GeV XFEL electron beam. 

• High photon flux in LUXE→ produce ALPs in photon beam-dump, 
sensitivity could be competitive with other ongoing/planned experiments.  

• Status: 

• Stage-0 critical approval (CD0) from the DESY management passed. 

• In the process of preparing TDR and subsequent approval stages.  

• Aim to start data taking in 2026.
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S T R O N G - F I E L D  Q E D

• QED: one of the most stringently tested theories in physics, e.g. electron magnetic moment. 

• However, the region in strong field is less well known. Occurs in magnetars, future lepton 
colliders, etc. 

• Characterised by "Schwinger limit”: . 

• The field strength accessible today in high-intensity laser is several orders of magnitude below. 

• However, it’s possible to boost the field by a Lorentz factor.  

• By colliding a high energy electron beam with an intense laser, LUXE can reach and exceed 
Schwinger limit in the electron rest frame.

Ecr =
m2

e c3

eℏ
= 1.32 × 1018 V/m
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B S M  S E A R C H
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C O M P T O N  E D G E

• Magnitude of non-linear and quantum  
effects can be seen in the position of  
Compton edge.  

• Compton edge shifts with increasing ξ due  
to increase in effective electron mass:  

. 

• Compton edge in terms of ratio of photon energy to incident electron energy: 
 

m2
* = m2

e (1 + ξ2)

16

Energy parameter η = χ/ξ
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, χ ≪ 1 ξ ≫ 1
Similar dependency as Schwinger 

process in static electric field

LCFA is quicker, good 
approximation at high ξ 
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