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Strong-Field QED (SF-QED)
Brief reminder (see also Romans talk)

● QED one of the most precisely tested theory in 

physics

○ Based on perturbative calculations

● LUXE will probe QED in non-perturbative 

strong-field regime

● Schwinger critical field limit 

○ (1.32 1018 V/m for e)

● Colliding electron beam (or laser photons) with 

laser pulse → O(     ) in particle rest frame

SFQED review paper:

arXiv:2203.00019

Schwinger effect: e+e- pair creation from vaccuum

| LUXE intro| T. Madlener | Apr 23,  2026

https://arxiv.org/abs/2203.00019
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LUXE
Basic setup and parameters relevant for tracking

● Tracker made from ALPIDE staves organized into 

4 layers (2 staves each)

○ No magnetic field → straight tracks

○ Essentially a spectrometer

● Low intensity: Tracking for background 

suppression and improved energy reco

● High intensity: Veritable pattern recognition 

challenge

○ > O(100) particles / mm2

| LUXE intro| T. Madlener | Apr 23,  2026

LUXE TDR: arXiv:2308.00515

ξ=3

https://arxiv.org/abs/2308.00515
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LUXE Software
Some context & history

● Full glory detailed simulation in Geant4

● “Key4hep testbed”

○ “Bare bones” DD4hep geometries

○ LUXESoftware/luxegeo

● ACTS tracking initially based on developments 

from MuonCollider

○ ACTS v13, Marlin & LCIO

○ Adaptions for “testbeam like” setup (pretend 

endcap)

● Also as “classical” benchmark for Quantum 

Computing based pattern recognition

■ Comput.Softw.Big Sci. 7 (2023) 1, 14

● Latest iteration with direct conversion to Gen3 from 

DD4hep

○ key4hep/k4ActsTracking#36

LUXETrackerAsEndcap “Endcap like” 

LUXETracker geometry (DD4hep geoDisplay)

| LUXE intro| T. Madlener | Apr 23,  2026

https://github.com/LUXEsoftware/luxegeo
https://link.springer.com/article/10.1007/s41781-023-00109-6
https://github.com/key4hep/k4ActsTracking/pull/36
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Past tracking experience
(Partially still valid)

● Used default ACTS parametrization (without rotating coordinate system)

○ Avoiding z=0 because slightly offset from beamline

● Track parameters extrapolated to IP defy any (HEP) intuition

○ The LUXE positron trajectory is not a helix → not entirely unexpected

● Seeding / CKF is non-trivial for straight tracks

| LUXE intro| T. Madlener | Apr 23,  2026
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Major updates

| LUXE Tracking with ACTS | Yufeng Wang, 2026.03.31

LUXE tracking upgrade focuses on ACTS evolution, 

geometry modeling, and framework migration.

• ACTS: v.13 → v.44 (still going)

• Improved geometry interfaces, data containers,

more stable seeding/track finding/fitting tools, and

a more modular plugin-based design.

• ACTS Gen3 geometry (Blueprint)

• Transition from TGeo-based geometry to

structured blueprint-based construction.

• Explicit definition of geometry from

layer/volume/surface hierarchy.

• Marlin → Gaudi

• From linear processor chain to a modular and

scalable tracking pipeline.

A blueprint example from Paul’s talk
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LUXE tracking software

| LUXE Tracking with ACTS | Yufeng Wang, 2026.03.31

Plotted by ChatGPT
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LUXE tracking software (Gaudi)

| LUXE Tracking with ACTS | Yufeng Wang, 2026.03.31

Plotted by ChatGPT

• Geometry & mapping service

• DD4hep→ACTS geometry (DD4hep plugin)

• Geometry/field/calibration context

• DD4hep cellID→ACTS surface

• Digitization service/algorithm/tool

• Bitfield decode, pitch/offset, variance, smearing…

• SimTrackerHit→edm4hep:TrackerHitPlane

• EDM4hep → ACTS Convertor algorithm/tool

• TrackerHitPlane → spacepoints, source links, measurements

• ACTS Seeding & TrackParamEstimation algorithm/tool

• Seeding, track parameter estimation

• ACTS track Finding & Fitting algorithm/tool

• CKF, KF

• ACTS → EDM4hep Track writer algorithm

• Write output class

• ACTS track → edm4hep::Track & edm4hep::TrackState
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Geometry reconstruction via blueprint

| LUXE Tracking with ACTS | Yufeng Wang, 2026.03.31

Tracking Volmue

tracker

Layer 0…3

(dir: binZ)

worldBox

Sensitive surface

9*2 sensors • Convert DD4hep geometry into ACTS geometry through BlueprintBuilder

• auto-adapted world volume

• stacking strategy priority: follow the pattern defined in dd4hep

• DetElement hierarchy directly defines how ACTS surfaces are organized and mapped from 

CellID.
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Edm4hep ↔ ACTS conversion

| LUXE Tracking with ACTS | Yufeng Wang, 2026.03.31

• Input

• EDM4hep::SimTrackerHit→ EDM4hep::TrackHitPlane (DigiTrackerHits) +

• Output

• Previously: ACTS track → LCIO track

• Now: through ActsToEdm4hepTrackWriter

• ACTS track → edm4hep::Track + edm4hep::TrackState

Digitization, mapping, geometry+field…

• spacepoints

• source link

• Measurement

• chi2, ndf

• Nholes

• Hits

• …
•AtFirstHit

•AtLastHit

•AtIP…
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Edm4hep ↔ ACTS conversion: Plugin (ongoing)

| LUXE Tracking with ACTS | Yufeng Wang, 2026.03.31

• ActsToEdm4hepTrackWriter: might be used for all

experiments with key4hep.

• merged into one set of plugin.

• Algorithm:

• read tracks, get geo/field, create collection, IO

• Plugin:

• TrackWriter config, context, trk

state/parameter/convariance converter...

• Tested with LUXE, minimal function. To be checked

with other geometry/experiments.
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Orthogonal Seeding (KD-tree based)

| LUXE Tracking with ACTS | Yufeng Wang, 2026.03.31

Build track seeds by selecting triplets of space points across layers that satisfy geometric 

constraints.

• Straight-line assumption

• B=0 in tracker region

• Efficiency: ~97% (with e+ of 1~4 GeV), room for fine-tuning

Performance optimization is an ongoing work:

• Enable straight-line cut

• Seed-layer selection cut (default: 0, 1, 2)

• Collinearity cut

• Layer uniqueness + monotonic order

• Fitted-line residual sanity

• 4th-layer support scoring

• Final family duplicate suppression

• …
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Track finding & fitting

| LUXE Tracking with ACTS | Yufeng Wang, 2026.03.31

Track finding Track fitting

Track finding (CKF): Starting from seeds, propagate tracks layer by layer, branching 

into multiple candidates when matching hits.

• Straight-line propagation simplifies physics

• High multiplicity still drives combinatorics

Track fitting (KF):Iteratively refine track parameters using prediction and 

measurement updates with covariance propagation.
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Summary & next steps

| LUXE Tracking with ACTS | Yufeng Wang, 2026.03.31 From Thomas’s talk

• LUXE tracking is built on a unified stack (DD4hep + 

ACTS + Gaudi + EDM4hep), covering the full chain 

from geometry to reconstruction.

• Upgrades in ACTS, Gen3 geometry, and framework 

migration modernize LUXE tracking into a scalable 

framework.

• LUXE specific alg adaptation: Seeding and CKF are 

adapted for straight-line tracking in a near-zero 

magnetic field and planar geometry.

• to be unstreamed with ACTS-main version into LUXE

config.

• Tracking output as input of full reconstruction chain.
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