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luxego

LUXE Simulation
Simulation pipeline

Ptarmigan

.h5
pyLCIO

.slcio edm4hep

https://github.com/ashrafkasem/LUXEsimulationHTC.git

https://github.com/ashrafkasem/LUXEsimulationHTC.git
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Summary of simulations

• Generated a few thousand of events with 𝜉 ≫ 1 = 7 i.e., perturbative QED kick-in

• On overage 70-80k positron generated per event (compatible with Quantum paper)

| FTX-SFT | Ashraf Mohamed | 17.08.2023

Less is more

x-z plan for hits distribution

Z (mm)

X (mm)
27 cm staves
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Summary of simulations
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Less is more
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System layout
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Coordinate system

| FTX-SFT | Ashraf Mohamed | 17.08.2023

For graph building

Bea
m P

ipe

𝑒!

• For graph building we would choose every two 
hits that are potentially from the same track

• in order make the graph efficient, we should make 
the selection window as narrow as possible

• A hit-pair should be selected if the two hits are 
within:

• Two different consecutive layers (keep in mind the 
staves)

• A window of cone around the expected direction of 
possible tracks

• not clear of we could link every hit in the first layer 
to its primary vertex? (still to understand)

𝑥 − 𝑧 angle
𝑦 − 𝑧 angle
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LHC coordinate system

| FTX-SFT | Ashraf Mohamed | 17.08.2023

As reference
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Project plans and progress so far
• Understand the LUXE experiment. 

• Develop entities wrapping the simulation tools for large datasets. 

• Produce events.

• Study the data. 

• Build ML-friendly data structure (graph, for example). 

• Build ML architectures. 

• Run training. 

• Fine-tune the model parameters and reiterate.

• Evaluate the model in independent samples. 

• Choose the suitable FPGA kit (model/complexity-based). 

• Integrate the model into FPGA (HLS4ML and other tools). 

• Test stand (still to expand)

| FTX-SFT | Ashraf Mohamed | 17.08.2023

https://github.com/ashrafkasem/LUXEsimulationHTC.git
https://github.com/ashrafkasem/LUXETrackML.git

https://github.com/ashrafkasem/LUXEsimulationHTC.git
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Summary of simulations

| FTX-SFT | Ashraf Mohamed | 17.08.2023

Less is more

∼ 270.8×15 𝑚𝑚!



Thanks 



Backup 
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LUXE – LASER und XFEL Experiment

LUXE aims to explore QED under the high-intensity/high-
energy conditions by:

• High-energy electron-photon and photon-photon 
interactions in the extreme conditions provided by an 
intense laser focus

• The goals of the Experiment is to exploit:

• A precision measurements for the field strengths where 
the coupling to charges becomes non-perturbative

• High photon flux predicted will enable a sensitive search 
for new physics beyond the Standard Model

• The initial phase will employ an existing 40 TW laser

• The second phase will utilize a laser power of 350 TW

Basic introduction
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From perturbative to non-perturbative QED

• Even if we start from our best knowledge of QFT, 
we can't find an exact solution to our problems

• One has to make approximations (based on 
educated assumptions) to get close enough to the 
exact solution

• Assuming , each successive power of it is 
going to be smaller

| FTX-SFT | Ashraf Mohamed | 17.08.2023

BOTTOM UP

LO NLO NNLO …

• Although the perturbation theory has the potential 
to make it possible to approximate quantities and 
make predictions, it's not a Cakewalk

• For example, It can be challenging to make 
expansions of all the field operators in terms of 
creation and annihilation and truncate their series 
correctly

• Faymann made a create job simplifying the 
expansion of the different orders of perturbation 
theory (propagators & interactions)
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Non-perturbative QED

• The more the corrections (terms/diagrams) the 
more the precision as long as the couplings ( ) is 
small

• These couplings are scale dependent, i.e., at 
certain scale the couplings become large and this 
leads to breaking the assumption at which the 
perturbation theory becomes valid.
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Faymann diagrams – another representation of the perturbation theory

• In QED the coupling is the so called fine-structure 
constant ( )

• Perturbation theory is valid in QED as long as the 
field strength is well below the Schwinger limit

• Above this limit the vacuum becomes polarized 
and the production of electron-positron pairs by 
field-induced tunnelling out of the vacuum, can be 
observed (Schwinger pair-production)

• The electric and magnetic field strengths of LUXE 
are three orders of magnitude below the

• But in the reset frame of a boosted electron collide 
with an angle to the laser field will see the field 
strength well above the limit
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LUXE

| FTX-SFT | Ashraf Mohamed | 17.08.2023

Main idea

Breit–Wheeler processCompton scattering process

But with a rate that highly dependent on the field strength



LUXE Experiment
Simulations
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LUXE simulation

| FTX-SFT | Ashraf Mohamed | 17.08.2023

A working example

.h5

transformer script to get an .slcio
Has dependencies from the key4hep

Simulate the interaction between a high-energy
particle beam and an intense laser pulse

All of Ptarmigan's default dependencies are Rust crates,
which are downloaded automatically by Cargo

https://github.com/tgblackburn/ptarmigan

complete solution for full detector descriptionluxegeo

https://github.com/LUXEsoftware/luxegeo
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LUXE simulation

• Most important parameters:

• Beam:

• N = 1000000
• Distribution = normal

• Collision angle = -17.2 degree
• Gamma = 16.5

• Laser:

• a0 = 7.0 (intensity parameter)
• Laser energy = 1.2 Joule

• Tau = 30.0
• Polarization = circular

• Analysis is then done with edm4hep

| FTX-SFT | Ashraf Mohamed | 17.08.2023

Parameters
Example of the yaml file
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Validation

| FTX-SFT | Ashraf Mohamed | 17.08.2023

Comparing with LUXE quantum paper (2304.01690)

2304.01690

My production



LUXE Experiment
next steps

toward track finding
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Pattern recognition

• define doublets/triplets, as a set of two/three hits in 
consecutive detector layers

• Apply pre-selection to doublet/triplets to reduce the 
combinatorial candidates

• Efficiency must be as close as possible to 100% by 
matching with a real positron

• Doublets are required to satisfy a pre-selection based on 
the ratio δx/x0

• δx is the difference of the x coordinates for the two hits 
composing the doublet

• x0 indicates the x coordinate on the detector layer closest 
to the interaction point

• For true doublets allow a window of 3 sigma around the 
mean of δx/x0

• combining doublet candidates to make triplets buy cutting 
on the maximum angle between the doublets

Starting point – preselection

| FTX-SFT | Ashraf Mohamed | 17.08.2023
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Training

• Standard GNN architecture

• Encoder: transforms input node and edge features 
into their latent representations

• Graph module: performs message passing to 
update latent features

• Output module: computes edge classification 
scores

• Can be slow for high particle occupancy

| FTX-SFT | Ashraf Mohamed | 17.08.2023

GNN (2003.11603) and others

• Possible candidates to replace GNNs:

• Deep sets (with self-attention)

• LSTM
• Transforemers

• … etc



Thank You
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