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Software Challenges for (Future) Detector Developments

● Complex workflows
○ MC Simulations: Event Generation, Particle 

Propagation; Backgrounds, Digitization, 
Reconstruction,  Analyses ...

● Performance
○ Need distributed computing infrastructure
○ And parallel programming to use evolving 

hardware efficiently 

● Advantage: No “real-world” problems like 
Alignment and Conditions

○ … but need to design for it!
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Recap of FCCSW  (Full-Sim Related Components, up to v0.16)

● Integrations for Fast and Full Simulations
● Geant4: 

○ Versatile Generation / ParticleGun Setups

● Background Overlay Handling
● Batch and Storage Infrastructure
● No Full Reconstruction

○ Selected components for focused studies

● Sliding Window Reconstruction
● Topo-Clustering
● Track Seeding
● Unmaintained parts of the software
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● Future detector studies critically rely on well-maintained software stacks to model 
detector concepts and to understand a detector’s limitations and physics reach

● Aim at a low-maintenance common stack for FCC, ILC/CLIC, CEPC with ready to use 
“plug-ins” to develop detector concepts

● Reached consensus among all communities for future colliders to develop a 
common turnkey software stack at recent Future Collider Software Workshop

● Identified as an important project in the CERN EP R&D initiative

● Regular meetings
○ https://indico.cern.ch/category/11461/

● Docpages
○ https://cern.ch/key4hep (main documentation site)
○ https://cern.ch/edm4hep (doxygen code reference)

The Key4HEP Project
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https://agenda.infn.it/event/19047/
https://cds.cern.ch/record/2649646
https://indico.cern.ch/category/11461/
https://cern.ch/key4hep
https://cern.ch/edm4hep


Status of Experiment Software

CEPCSW

v0.2.2
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FCCSW

v1.0pre06

CLIC/ILCSoft

v02-02-03

key4hep-stack/2021-10-29 comprises ...in a consistent stack!
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Code Reference under https://cern.ch/edm4hep

https://cern.ch/edm4hep


DD4hep

● DD4hep uses ROOT TGeo as 
Geometry implementation

● Geometry description in
○ compact xml-files and C++ 

drivers
○ other (generic) input sources

● output formats/interfaces
○ Geant4, GDML, easily extendible

● various interfaces (views) on 
geometry

○ DDRec, DDEve, DDAlign
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DDCore - DetElements and Geometry Trees

● Additional hierarchy of 
DetElements provides access

○ Alignment, Conditions, Readout 
(sensitive detectors), Visualization

○ Arbitrary user defined objects

● Define for every touchable  that 
needs extra data

● the  tree of DetElements provides 
the high level view into the 
detector geometry with 
subdetectors, measurement layers, 
etc.

8



DDRec: dedicated tracking surfaces

● tracking needs special interface to geometry
● Measurement and dead material surfaces (planar, cylindrical, 

conical)
● surfaces attached to volumes in detailed geometry model

● u, v, origin and normal
● inner and outer thicknesses and material properties
● local to global and global to local coordinate 

transformations:
○ (x, y, z) ↔ (u, v) 

9



k4SimGeant4: allows mixing of Full/Fast Sim in Geant4

■ Users can attach parametrizations to detector regions
■ “Geant4 fast and full simulation for Future CircularCollider studies” link to CHEP 

‘17 proceedings (Anna Zaborowska)
○ https://github.com/HEP-FCC/FCCSW/blob/master/Examples/options/geant_fastsim_tklayout.py
○ https://github.com/HEP-FCC/FCCSW/blob/master/Examples/options/geant_fastsim.py

■ Ongoing work on using Machine-Learning techniques to speed up full simulation
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https://iopscience.iop.org/article/10.1088/1742-6596/898/4/042053
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Currently consolidating different approaches to running Geant4 in a framework

● k4SimGeant4 (evolution of FCCSW)
● Gaussino (LHCb)
● DDSim (DD4hep/iLCSoft)

https://iopscience.iop.org/article/10.1088/1742-6596/898/4/042053
https://github.com/HEP-FCC/FCCSW/blob/master/Examples/options/geant_fastsim.py


Modular approach

Updated style of “job option files” allows for easier re-use of parts of a job
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… even python-style import of configuration blocks!



Reconstruction
● Ongoing integration of other EP R&D work packages

○ ACTS: k4ActsTracking
○ CLUE: k4Clue

● iLCSoft Reconstruction chain (see Talk by Thomas Madlener) usable through 
k4MarlinWrapper 
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Documentation: https://hep-fcc.github.io/fcc-tutorials

● To ease barrier of entry, a detailed workflow is documented
● Full simulation, Sliding Window Reconstruction, Fit 
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https://hep-fcc.github.io/fcc-tutorials


Performance Plots and Comparison
Need for common package to evaluate detector performance

iLCSoft/ILDPerformance: Package to evalute the Performance of the ILD detector 
simulation
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Investigate tooling of 
geant-val.cern.ch

https://github.com/iLCSoft/ILDPerformance
https://github.com/iLCSoft/ILDPerformance
https://geant-val.cern.ch/


Conclusions

● Detector simulations are complex
○ performance, flexibility: full / fast simulations, validation

● Collaboration is crucial 
○ Experiment-independent software libraries
○ Key4hep

● Need new developments as well as maintenance for past 
efforts! 
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