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High-Energy Photons from 
Bremsstrahlung
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Experimental Data and Simulation



LUXE and Bremsstrahlung
Plan and Simulation
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• The Production of the photon beam is planned by using a thin wolfram foil 
that is is put into the EU.XFEL electron beam, which then produces a photon 
beam


• The simulation of this beam-foil interaction has been performed by Sasha 
using GEANT4 which is used as input to the Laser-Beam-Monte-Carlo


• A note put together by Sasha on the Bremsstrahlung can be found in the 
LUXE internal webpage: [1]


• In this talk I take a look at the experimental validation of GEANT4 for the 
LUXE case



• For LUXE, especially the highest energy photons are relevant, as the 
interaction probability increases with Beam Energy drastically 

High-Energy Photons from Bremsstrahlung

Photon energy at interaction 
from tonys MC

Bremsstrahlung energy spectrum[1]
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Angular Distribution of the brems-photons
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• The angular distribution of the bremsstrahlung is highly relevant as it 
determines the number of photons in the very small laser interaction region. 


• From Sashas studies we already learned that there is differences depending 
on the physics lists, which yields a systematic error of ~20%



Experimental Situation
Validation of the GEANT4 simulation for high energies
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• There is extensive data for photon-electron interaction at low energies 
10eV-100MeV [3]


• A description of the validation experiments for high energies can be found at 
[2]


• Two experiments were conducted: E146 at SLAC and an experiment 
conducted for even higher energies at CERN SPS



E146
[4]

From [4]
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• Electron Energy: 8 and 25 GeV


• Photon Energies: 200 keV up to 500 MeV 
 -> relatively low Energy Transfer


• Data not accessible in https://geant-
val.cern.ch/ 

https://geant-val.cern.ch/
https://geant-val.cern.ch/
https://geant-val.cern.ch/
https://geant-val.cern.ch/


`

• The range doesn’t result from the electron 
trigger 
 
 

• Limitations result from the Calorimeter 
which consists of BGO crystals with 
attached photomultipliers that saturate

No Angular resolution!




CERN SPS experiment
[5]

From [5]
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• Electron Energy: 149 GeV(c), 207 GeV(b), 
 287 GeV(a)


• Photon Energy: >2 GeV also high energy 
 transfer


• Tantalum has periodic Number 73, Wolfram 74


• Peak at high energy transfer



SPS Setup

Good angular resolution for the electron (10 murad),  
but non for the photon beam.


Spectrometer used is a lead-glass crystal calorimeter



March Testbeam

• Comparable setup


• Simulation look quite 
different

From Sashas talk



Summary
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• GEANT4 Validation Data for LUXE energy range only contains low energy transfer events


• For higher energies O(150 GeV) high energy data is also well described


• Missing


• Validation of angular photon spectrum for high energy electrons


• Therefore also information on dependence of angular distribution on energy.


• We already started our own effort to validate this data using the DESY testbeam


• Analysis of the recorded data still needs to be done
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