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Advanced simulation and reconstruction for HEP 

• Core software 
• DD4hep and USolids/VecGeom extensions 
• alignment and conditions data  
• EDM toolkit and framework extensions 

• Simulation 
• DDG4: Geant4 based simulation toolkit 

• Reconstruction  
• advanced tracking tools 
• advanced particle flow algorithms 

address high performance computing in all tasks: parallelization, vectorization 

• Partners:  
• CERN, DESY, LAL, LLR, U-Manchester, U-Cambridge 

Overview - WP3
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• develop software that is needed for ongoing projects: 
• LHC upgrade, ILC and CLIC, FCC or neutrino  

• focus on generality and re-usability already in design of the software  

• tools should address the current needs and at the same time be 
generic enough to be applicable for other/all HEP experiments  

• seek collaboration with Hep Software Foundation (HSF) 
• some packages are already official HSF projects 

General Philosophy
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WP3 - Tasks
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WP3 Milestones and 
Deliverables in year 5
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• have submitted the final deliverables/milestones postponed to year 5 ~on time: 
• D3.5 Parallel Versions of Event Processing Frameworks 
• D3.7 Advanced Tracking Tools 
• M91: Integration of parallel processing algorithms in Gaudi, Marlin and 

PandoraPFA

Final Deliverables/
milestones 
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• held on April 23 - find all task reports at: 
• https://indico.cern.ch/event/910222/
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Final WP3 Meeting



DD4hep - Overview
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core modules

simulation using Geant4

latest developments

M.Frank



DD4hep - (New) Users
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DD4hep user base is growing - now used by 
all future collider projects and @ LHC

• adaptation of DD4hep by CMS and LHCb marks a great 
success of the project 

• demonstrates that DD4hep can be used for very 
complex, existing detectors (the full life cycle) 

M.Frank



• adaptation by new users also triggered quite 
some developments and improvements: 
• reflected (mirrored) volumes 
• additional shapes: cut tube 8-point solid, … 
• surfaces and optical properties 
• single system of units (G4/Root)

DD4hep - New Features
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• DDDigi: digitization component  
• conceptual design work has 

started … 

DD4hep - Plans
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• work on DD4hep will continue after AIDA2020 
• implementation of DDDigi planned for AIDAinnova 

M.Frank



VecGeom - Overview
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G.Cosmo

• continuation of USolids project started in AIDA 
• extended scope to eventual work for GeantV with 

parallel navigation



• all relevant shapes implemented 
• can be used in Geant4 and ROOT 
• extended w/ generation of polyhedral 

meshes for visualization/debugging 

• implemented Geant4 compatible navigation 
• using SIMD instructions 
• -> improved performance 

• VecGeom used in production by CMS 
• planned for ATLAS 

• future work: 
• use VecGeom on GPUs 
• continue work on G4 navigation 

VecGeom - Latest 
Developments
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• task on advanced tracking tools has shifted focus to contribute to the 
community tracking toolkit ACTS 
• focused on technically challenging topics

Advanced tracking
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• task on advanced tracking tools has shifted focus to contribute to the 
community tracking toolkit ACTS 
• focused on technically challenging topics

Advanced tracking
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• MarlinMT: reimplementation of the Marlin  framework – used 
throughout linear collider community - for parallel processing of 
events using multi-threading 
• includes re-implementation of LCIO I/O layer (SIO)   
• allows lazy un-compression and event un-packing in parallel 

worker threads

Framework Extensions
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• BookStore: generic tool for the booking and filling of histograms in parallel 
processing 
• allows to transparently choose between  single-locking, bulk-filling and copy 

per thread 
• based on new ROOT7 histogram library, built with ROOT 6 
• final histograms are converted to ROOT6 ( backward compatibility of user 

macros) 
• applicable to any parallel HEP processing framework  

Framework Extensions
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Alignment 
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Alignment 
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real time alignment procedure for LHCb 
considered pioneering work for HL-LHC era



EDM Toolkit
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EDM Toolkit
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• no report in last meeting as task coordinator has left the field and 
people have moved from UCam to other institutes 
• little activity in year 5 in context of AIDA2020 
• PandoraPFA well maintained and continued to be used in LC, 

neutrino and future colliders (AIDAinnova)

ParticleFlow Tools
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PandoraPFA continues to 
be the prime framework 
for PFA developments for 
future colliders



• planned software WP for AIDAinnova: 
• some continuation of successful projects - some new activities 

• TurnKey software stack 
• generic software stack for future colliders and HEP experiments 
• DD4hep, PODIO/EDM4hep, ACTS, Pandora, Gaudi,… 

• Simulation 
• fast simulation with Machine Learning, integrated in Geant4 

• Track Reconstruction 
• further develop ACTS and integrate in Key4hep, add (ML) pattern 

recognition and heterogenous computing 
• Particle Flow Reconstruction 
• extend PFA algorithms to new calorimeter technologies and 

integrate in Key4hep; improve LAr detector algorithms

Outlook AIDAinnova
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• WP3 so far has 16 presentations: 5 journals, 1 proceeding, 7 presentations, 3 notes  
• a number of talks given at CHEP 2019 in Adelaide 
• should be able to add more conference proceedings on AIDA2020 packages: 

• DD4hep detector description 
• PODIO EDM toolkit 
• MarlinMT processing framework 
• DD4hep in CMS 
• …

Publications
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•  the advanced software work package was overall very successful: 
• most of the developed packages are used already very broadly in the 

HEP community  and have achieved more than originally planned 
• some tasks had to shift the focus in the course of the project and 

managed to provide valuable other contributions 

• maybe the biggest achievement of the AIDA/AIDA2020 projects is a true 
community building among the software experts from the different 
fields of particle physics and the now generally accepted believe in 
common software tools in HEP 

• we would like to thank everyone involved for the dedicated work, 
the lively discussions and the good spirit of the last five years 

• very much looking forward to AIDA-innova

Conclusion
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