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Software & Computing Sessions

2 plenary sessions: Main results of the FSR , Workshop Summary 
6 parallel sessions: Analysis, Beam-Bkg (w/ MDI), Key4hep & co, Detector Description (w/ Det.Con.),
              Digitisation/Reconstruction, Global Reconstruction (w/ Det.Con.&Phys.Perf.)
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https://indico.cern.ch/event/1439509/contributions/6287210/attachments/2994898/5276252/250113_software_FSR_overview_BrieucFrancois_CERN_FCC_Workshop.pdf
https://indico.cern.ch/event/1439509/timetable/#b-597019-joint-session-softwar
https://indico.cern.ch/event/1439509/timetable/#b-597036-joint-mdi-and-softwar
https://indico.cern.ch/event/1439509/timetable/#b-597021-software-and-computin
https://indico.cern.ch/event/1439509/timetable/#b-597016-joint-sessions-detect
https://indico.cern.ch/event/1439509/timetable/#b-597022-joint-software-physic
https://indico.cern.ch/event/1439509/timetable/#b-597032-joint-software-physic


Software & Computing in the FSR
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Ch 8 (25 pages) + Outlook (2 pages)

And support note to be finalized (100 pages)

Describes the collaborative efforts of the Software 
and Computing work package in conjunction with 
other work packages within the PED study, many of 
them have provided input for the support note 
and/or the FSR chapter. 

B. François

https://indico.cern.ch/event/1439509/timetable/#62-software-and-computing


Reminder of the workflows to support
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Topics of the 
workshops

Resources



Selected topics
● Key4HEP
● Analysis
● MDI
● Detector Concepts
● Particle Flow
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Key4hep
● Project started in 2019, essential for FCC (also for workforce)

○ Role in the community consolidating

● Status and recent developments/improvements
○ Consolidation of EDM4hep (v1.00 in line of view)
○ Use of multi-threading aware components in Gaudi (Functional, IOSvc, …)
○ Adoption of Marlin algorithms from iLCSoft as needed using k4MarlinWrapper

■ OverlayTiming: ovary background events (e.g. from beams) to signal events (see later)
■ Porting to Gaudi still not much advanced

○ Improve quality and availability of builds, increase OS support

● Recent workshop to discuss status and future of the project
○ Sustainability after R&D (consortium?), EPPSU contribution 
○ Discussion on broader technical issues

■ Build system, EDM aspects (extension of datatypes, backward compatibility), interfaces with common 
packages (Pandora, ACTS, …), analysis (line between Key4hep and other ecosystems)

○ Message for the management
■ “Support for core Key4hep is crucial to keep momentum going”
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J.M. Carceller

A. Sailer

https://indico.cern.ch/event/1439509/timetable/#77-key4hep-status-and-next-ste
https://indico.cern.ch/event/1439509/timetable/#78-summary-of-the-key4hep-in-p


ALEPH data in EDM4HEP
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J. Fanini

https://indico.cern.ch/event/1439509/timetable/#75-lep-data-in-edm4hep


ALEPH data in EDM4HEP
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J. Fanini

This initiative not only tests EDM4HEP with real, non-simulated data but also 
offers FCC physicists a unique opportunity to gain hands-on experience by 
analyzing actual experimental data.

However, to fully realize its potential and make it broadly useful for the 
community, the initial effort [...] will require additional resources and further 
development. 

https://indico.cern.ch/event/1439509/timetable/#75-lep-data-in-edm4hep


● FCCAnalysis: framework based on RDataFrame, ROOT current analysis 
technology

● Complications arise by the fact that EDM4HEP is not a FLAT ntuple
○ FCCAnalysis provides helper tools, not always user-friendly

■ New development based on RDataSource helps
● But performance needs optimisation

○ Room for alternative approaches
■ À la LHC (CMS, …)

● Coffea: fully Python based system

■ Look to new languages
● Julia, developed for scientific calculations, bringing the best out of Python and C++

○ Ready for analysis today

● Survey on FCCAnalysis usage, problems, wishes, thoughts for future directions

○ Live discussion with good proposals and ideas

Analysis
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J. Smiesko

P. Yadav

P. Mato

https://indico.cern.ch/event/1439509/timetable/#71-fccanalyses-status-and-plan
https://indico.cern.ch/event/1439509/timetable/#73-fcc-and-coffea
https://indico.cern.ch/event/1439509/timetable/#74-analysis-with-the-julia-lan


● OverlayTiming
in action

● First evaluation of fluences, doses and detector backgrounds w/ FLUKA
○ Requiring re-implementations of (approximate) detector geometries
○ Should investigate the possibility of using Geant4 for this to try to minimize duplications

■ See V. Ivantchenko about Geant4 capabilities

MDI 
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B. François

A. Frasca et al.

https://indico.cern.ch/event/769192/contributions/3287288/attachments/1794350/2924331/Geant4RadEffectLHC.pdf
https://indico.cern.ch/event/1439509/timetable/#92-simulation-interface-of-acc
https://indico.cern.ch/event/1439509/timetable/#93-fluka-results-on-fluences-d


All detector concepts ready for full sim
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ILD CLD
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IDEA o2

F Gaede, L Pezzotti, N Morange

https://indico.cern.ch/event/1439509/timetable/#b-597016-joint-sessions-detect
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ILD CLD
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Impressive flexibility using plug-n-play capabilities DD4Hep:
The ideas behind this tool are the ones are required at the 
stage of the project

F Gaede, L Pezzotti, N Morange

All detector concepts ready for full sim

https://indico.cern.ch/event/1439509/timetable/#b-597016-joint-sessions-detect


Reconstruction (selected)
● Digitisers for the IDEA Drift chamber  

○ A path to to a realistic digitisation has been defined
○ Lower steps (L0 digitisation) rely on codes Garfield++/HEED on fragile support path

● ML based tau identification
○ ClicDet Fullsim datasets via k4MarlinWrappers
○ End-to-end ML, easy for retraining, CMS inspired 
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N. De Filippis

L. Tani

https://indico.cern.ch/event/1439509/timetable/#80-drift-chamber-digitization
https://indico.cern.ch/event/1439509/timetable/#85-ml-based-tau-identification


Reconstruction (selected)
● ML based tracking
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A. De Vita

https://indico.cern.ch/event/1439509/timetable/#87-tracking-and-ml-based-parti


Particle Flow: Pandora and Co. 
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A. Zaborowska

A. De Vita

https://indico.cern.ch/event/1439509/timetable/#86-particle-flow-at-fcc
https://indico.cern.ch/event/1439509/timetable/#87-tracking-and-ml-based-parti


Final Remarks
● The workshop provided a good overview of the current status of things
● Visibly increased interest and contributions to software
● Lot of progress since Annecy, especially in sim and reco, now reported in the FSR

○ Thanks to collaborative efforts with other work packages within the PED study
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B. FrançoisOutlook (from initial talk)

https://indico.cern.ch/event/1439509/timetable/#62-software-and-computing
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Backup



Illustrative Storage Projection for Z Run

20

4 experiments
4 equal runs {2045, 2046, 2047, 2048}

Evolution of WLCG resources
+10%/y, +15%/y, +20%/y

LHC at the end of HL ( ≈ 5 EB)

Evolution of WLCG resources
+10%/y, +15%/y, +20%/y

(starting point: 500 PB in 2020
≈ ATLAS+CMS + 10%)
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