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WP12  Structure 

• Task 12.2. Turnkey Software 

• Turnkey Software Stack, for physics and performance studies, EDM4hep, 
PODIO and Digitisation toolkit 

• R&D study on frameworks to manage heterogeneous resources 

• Task 12.3. Simulation 

• Fast simulation techniques integrated into Giant 

• Machine learning based calorimeter simulation toolkit for training and inference 

• Task 12.4. Track Reconstruction

• complete track reconstruction with ACTS composable algorithms and for 
heterogeneous computing 

• Machine learning reconstruction algorithm for MPGD detectors 

• Task 12.5. Particle Flow Reconstruction 

• PFA algorithms for DUNE and dual-readout calorimeters, APRIL PFA for 
hadronic jets 
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Partners and Task Leaders in WP12

• Task 12.1. Coordination and Communication (CERN, 
DESY) 

• G.A.Stewart, F.Gaede 

• Task 12.2. Turnkey Software (DESY, CERN, INFN-PI, INFN-
PD, INFN-BA, INFN-BO, IHEP, SDU) 

• Turnkey Software Stack, for physics and performance 
studies, EDM4hep, PODIO and Digitisation toolkit 

• R&D study on frameworks to manage heterogeneous 
resources 

• T.Madlener, A.Sailer 

• Task 12.3. Simulation (CERN, DESY, CNRS-IJCLab, 
UNIMAN) 

• Fast simulation techniques integrated into Geant4 

• Machine learning based calorimeter simulation toolkit for 
training and inference 

• A.Zaborowska

• Task 12.4. Track Reconstruction (CNRS-IJCLab, CERN, 
DESY, INFN-FE, INFN-BO)  

• complete track reconstruction with ACTS composable 
algorithms and for heterogeneous computing 

• Machine learning reconstruction algorithm for MPGD 
detectors 

• H.Grasland 

• Task 12.5. Particle Flow Reconstruction (UWAR, CERN, 
INFN-RM3, CNRS-LLR, CNRS-IP2I, UOS) 

• PFA algorithms for DUNE and dual-readout calorimeters, 
APRIL PFA for hadronic jets 

• J. Back, J. Marshal  
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Deliverables and Milestones
in WP12

Deliverab
le

Title Due 
Date

D12.1 Turnkey Software Stack (Key4hep) 46

D12.2 Fast shower simulation in Geant4 45

D12.3 ACTS tracking algorithms 43

D12.4 PFA reconstruction 45

Milest
one

Title Due 
Date

MS48 LC reconstruction prototype in Key4hep Reproduce similar detector performance as achieved with the 
current framework

21

MS49 Prototype of ML based shower simulation Runnable example code that simulates part of the showers with ML 
algorithms

22

MS50 ACTS tracking algorithm prototypes Runnable test cases which demonstrate algorithm functionality on 
benchmark data from TrackML

23

MS51 New PFA prototypes Runnable test cases which demonstrate algorithm functionality on 
benchmark data

23

• all four milestones have been 
met on time end of last year/
beginning of this year 

• on a good track towards final 
deliverables at the end of the 
project …
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Programme in Valencia

• detailed reports in WP12 session on Monday 

• excellent progress in all tasks 

• also used opportunity to have a hackathon here in 
Valencia addressing pressing issues in person
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Task 12.2 Turnkey Software

• take existing tools where possible - reuse existing 
software from the shared iLCSoft developed by ILC 
and CLIC 

• all major players involved: CEPC, CLIC, FCC, ILC, 
EIC 

• provide a complete data processing framework 

• shared components reduce overhead for all users 

• make things as easy to use as possible for everybody 
(librarians, developers, users)  
  

• supported by HSF, CERN EP R&D and AIDAinnova 

turnkey software stack for all future collider projects
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Task 12.2 Turnkey Software

• lots of progress in PODIO/EDM4hep 
• mostly re-design under the hood (Frames) and extension of  data model (CEPC, EIC) 

• schema evolution under way !
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Task 12.2 Turnkey Software

• MS47 running complete reconstruction for linear collider in Key4hep  
• using the MarlinWrapper (and iLCSoft part of Key4hep )

valuable contributions from 
associated 
partners (IHEP, SDU) in context of  
using Key4hep for CEPC 

• tracking, simulation,           
benchmarking, …

MS 47
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Task 12.2 Turnkey Software

significant activity at CERN for Key4hep 
simulation 
reconstruction (tracking/ACTS) 
framework (Gaudi) 
infrastructure (cvmfs, spack,…) 
…



Frank Gaede, AIDAinnova Annual Meeting 2023, 26.04.23 10

Task 12.3 Fast Simulation

MS49: runnable prototype of ML fast sim in Geant4 
provides basis for eventually including results from 
AIDAinnova 12.3 in real physics simulations

MS 49

• at CERN started to investigate new 
types of ML models: transformer 

• collaboration with IBM
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Task 12.3 Fast Simulation

• MetaHEP provides possibility to very quickly train/adapt ML fast sim 
models to a new calorimeter 

• potentially optimal solution for coarser calorimeters and quick studies work on porting Lamar fast sim from 
LHCb to Key4hep started at UMan
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Task 12.3 Fast Simulation

• achieved very high physics fidelity for fast simulation 
with BIB-AE conditioned on energy and impact angle 

• necessary for realistic calorimeter simulations 

Angular and Energy Conditioning
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Task 12.3 Fast Simulation

• achieved good fidelity with a point cloud diffusion 
model using ultra-high granularity  

• should solve issue with realistic detector geometry 

Difusion Point Clouds
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Task 12.4 Track Reconstruction

• good progress on integrating ACTS into Key4hep framework - DD4hep geometry and EDM4hep 
• more work needed soon (also w/ ACTS experts not in AIDAinnova)
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Task 12.4 Track Reconstruction

• significant development on ACTS ‘under the hood’ 
• better and faster algorithms, linear algebra, 

parallelisation, code optimisation…
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Task 12.4 Track Reconstruction
Machine Learning for (resistive) MPGDs

test beam data
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Task 12.4 Track Reconstruction
Machine Learning for (resistive) MPGDs

next step: apply ML 
reconstruction to IDEA 
detector for FCCee
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Task 12.5 Particle Flow Reconstruction

• goal: develop sophisticated PFA 
algorithms 

• for a variety of new detectors 
integrate everything in PandoraSDK (and 
thereby in Key4hep)
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Task 12.5 Particle Flow Reconstruction
PFA for Dual Readout Calorimeter

goal: develop ML algorithms for full jet 
reconstruction 
with optimal Jet Energy Resolution 
for a dual readout calorimeter

electron reconstruction w/ DNN and CNN
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Task 12.5 Particle Flow Reconstruction
APRIL: Algorithm for Particle Reconstruction at the ILC

goal: develop particle flow 
reconstruction in PandoraSDK 
addressing ILD w/ SDHcal option

Ecal

SDHcal

working on angular correction of energy 
calibration in SDHcal …
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Task 12.5 Particle Flow Reconstruction
Dune Near Detector Reconstruction

• developed Near Detector reconstruction 
for 2x2 simulation challenge and data 
taking 

• working on optimising 3D reconstruction
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Task 12.5 Particle Flow Reconstruction
Dune Near Detector Reconstruction

• started work on Deep Learning (DL) 
vertexing for Near Detector with DL 
from Far Detector 

• need dedicated re-training … 
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WP12 Hackathon

• used opportunity of having many software experts in 
one place to have the 2nd edition of the AIDAinnova 
WP12 hackathon 

• addressed many open issues and challenges: 

• closed many longstanding issues in Key4hep 
Github 

• created a Key4hep stack with latest tools and 
developments - including ML inference libraries for 
fast simulation 

• investigated ML inference with different network 
architectures, inference libraries 

• comparison of CPU vs GPU  

• discussions on general strategy and next steps  …

in Valencia 2023
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• WP12 “Software for Future Colliders”  very successful in first half of AIDAinnova 

• met all Milestones on time 

• excellent progress in all tasks 

• final software stack with all new algorithms and tools seems within reach 

• identified a few loose ends and topics to be addressed in the next year(s)

24

Conclusion
and outlook


