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Software Requirements to support FCC studies
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FCCSW today
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Current software met basic requirements at a 
sufficient level to support CDRs Physics studies

Next level of detail required for the Technical
Design Report, with a special focus on FCC-ee
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Adopted approach

● Strategy
○ Adapt existing solutions from LHC
○ Look at ongoing common projects (AIDA)
○ Invest in streamlining of the event data model

● Future: towards a common software for future experiments
○ Discussed at Bologna workshop, June 2019,  Hong Kong, 17 January 2020 

■ Present: LHC, ILC, CLIC, FCC, CEPC, SCTF, HSF

○ Follow-up by regular weekly meetings, Tuesday 9am, CET
■ EDM4hep: common event data model, v0.2 available
■ Key4hep: common turnkey software stack, v 0.1 available
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https://agenda.infn.it/event/19047/
http://iasprogram.ust.hk/hep/2020/workshop_experiment.php
https://indico.cern.ch/category/11461/
https://github.com/key4hep/EDM4hep
https://github.com/key4hep
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Components overview
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Software Framework

Event Data 
Model

Detector 
Description

Generation /
Simulation Reconstruction

Analysis

Software Infrastructure

Workload and Data Management
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Components overview
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Software Framework

Event Data 
Model

Detector 
Description

Generation /
Simulation Reconstruction

Analysis

Software Infrastructure

Workload and Data Management

PODIO DD4HEP GenSer G4 Delphes ACTS TrickTrack
HEPPY

Gaudi

CernVM-FS
Spack LCG stacks

HT-Condor EOS
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RDataFrame
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Event Data Model (fccedm)

●
○
○
○
○
○

○

●
○

●
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https://github.com/HEP-FCC/fcc-edm/blob/master/edm.yaml


Event Data Model Evolution: EDM4HEP

●
●

○
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○
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https://github.com/HSF/EDM4hep
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Software Framework: Gaudi-based
● Framework toolkit to provide required interfaces and services to build

HEP experiment frameworks
○ Opensource project and experiment independent

● Data processing framework designed to manage experiment workflows
○ Separate data and algorithms; well defined interfaces
○ User’s code encapsulated in Algorithm’s, Tool’s / Interface’s, Service’s
○ Different persistent and transient views of data
○ C++, with Python configuration

● Originating from LHCb, Gaudi is adopted also by ATLAS
○ Actively developed to face LHC Run 3 and Run 4 challenges (high PU)
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More in detail later ... 
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Overview
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MDI codes
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HepMCLHEf

Pythia8 
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G4 Full / Fast
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Interface
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Monte Carlo Generators

●

○
●

○
○ …
○

●
○
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https://indico.cern.ch/event/766859/contributions/3252700/attachments/1777153/2889796/2019janCERN-MCsummary.pdf
https://indico.cern.ch/event/766859/timetable/
https://indico.cern.ch/event/766859/timetable/


Monte Carlo Generators and FCCSW

●
○

Collaboration with the authors and with the LHC experiments to prepare validated code for 
communities at the LHC

○
○

●
○

●
○
○
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MC Generators: status and areas of work

●
○

●
○

●
○

●
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MDI Software Integration

●
○
○

■
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○
○
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○

●
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MDI @ FCCSW Workflow

●
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○

●
○
○

○
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●
○

●
○

●
○
○

MDI integration: status and areas of work
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Simulation

● Geant4
○ Gaudi components exists to create

■ User Actions
■ Regions
■ Sensitive detectors
■ Selective output options

○ Mixing fast and full G4 simulation possible
■ SimG4Full / SimG4Fast

● Delphes
○ Gaudi interface

■ FCC EDM output
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FCC detector palette in DD4hep: FCC-hh

FCC-hh baseline

● Barrel, Endcap, Forward
● Beam Pipe, Shielding, Magnet solenoid
● Silicon Tracker
● LAr ECal, Tile HCal
● Muon System
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FCC-ee IDEA

● Beam Pipe, Beam instrumentation
● Lumical, HOM Absorber
● Vertex detector
● Drift Chamber
● Dual Readout Calorimeter
● Muon System

FCC detector palette in DD4hep: FCC-ee

24

DR calo required support for optical 
properties in DD4hep available in the 
latest version shipped with FCCSW
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Possible alternatives for FCC-ee
● “IDEA” with reduced version of LAr ECal + Tile HCal

○ First DD4hep description available for testing

● CLD
○ Geometry description in DD4hep exists: https://github.com/iLCSoft/lcgeo
○ Requires some integration for usage in FCCSW

FCC detector palette in DD4hep: FCC-ee
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https://github.com/iLCSoft/lcgeo


FCC detector palette for Delphes

●
○
○

●
○
○
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https://fccsw.web.cern.ch/fccsw/delphescards/FCChh_baseline/
https://fccsw.web.cern.ch/fccsw/delphescards/HL-HELHC_baseline/
http://delphes_card_idea_fcc_v01.tcl
https://fccsw.web.cern.ch/fccsw/delphescards/CLICdet/


Reconstruction
● Challenges: algorithm detector concept independent

○ Full flexibility, avoid duplication

● Tracking
○ Track seeding (Silicon tracker), Hough Transform (drift chambers)
○ Under development / investigation: ACTS integration, Conformal tracking

● Calorimeters
○ Sliding window (rectangular/ellipse), Topo-clustering
○ Under development / investigation: ML techniques
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End-User Physics Analysis

● Output of previous steps are ROOT TTrees
● High-level interfaces, typically python-based, convenient

○ E.g. HEPPY, modular python framework for the analysis of collision events (CMS)
○ Flexible but (very) slow

● ROOT RDataFrame replacement of HEPPY available
○ Will be used for the hands-on

● Room for development and introduction of new technologies
○ E.g. efficient python-steered ecosystems, e.g. numpy, awkward arrays
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More in Delphes 
tutorials ...
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Software Infrastructure

● Typical HEP development workflow

● Deliverables
○ Full dedicated LCG stack

■ LCG_97a_FCC_2, LCG_97a_FCC_3
○ Full Spack managed build

● Deployment on dedicated CernVM-FS repositories
○ /cvmfs/fcc.cern.ch/

■ Also /cvmfs/fcc-nightlies.cern.ch/ for testing

30

FCC specific
fccsw fcc-physics fcc-edm 

LCG release
Gaudi dd4hep ROOT ... 

FCC Software Introduction, Snowmass 2021 tutorials, Sep 2020



OS support

●

●
○
○

●
○

31

…
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CERN resources and access policy

● CERN resources are available to member of institutes having signed the
 Memorandum of Understanding and its addendum

●
○
○
○

○
○

●
○

●
○
○
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http://hep-fcc.github.io/FCCSW/computing/computing.html
https://account.cern.ch/account/
https://fccsw.web.cern.ch/fccsw/


Areas of work summary

●
●
●
●
●
●
●
●
●
●
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●
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●
●
●
●
●
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Thank you!

● Web site https://cern.ch/fccsw
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https://cern.ch/fccsw


Backup 
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Summary

● The FCC software stack has been assembled using as much as 
possible existing components
○ Served well the purposes of the CDRs

● Started a new phase of development to support more detailed studies 
in view of the TDRs, in particular for e+e-

● Areas of work identified

● Follow closely, participate and collaborate new common activities 
{Key4hep, EDM4hep}
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Key4HEP

●
○

●
○

●
○

●
○ ≈
○

●
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Connection with Key4HEP
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Gaudi

G4 Full
G4 Fast
Delphes
...

RDF
PyHEP
…

FCC Software Infrastructure

Workload and Data Management

DD4hep

IDEA
CLiCDP
…

Sil. Track.
TPC
DREAM
...

Detector Description Simulation

TrickTrack
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Conf. Track.
...

Reconstruction

Pythia8
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...

Evt/Bkg Gen

ROOT

Analysis

EDM4hep

FCCSW Key4hep

Specific 
detector
eg FCC-hh

Specific 
algorithms

Specific 
effects
eg Pile-Up

Key4hep Software Infrastructure
...

TENTAT
IVE
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After-CDR for FCCSW

● Current approach seems adequate to fulfill the requirements

● Contribution from FCC institutes is essential and very welcome
○ Interested people should manifest themselves and pick-up an area of work
○ Public software coordination meetings will be resumed soon (see next)

● Foster activities such as Key4HEP, which formalize and extend FCCSW 
approach
○ Exchange / share effort within the community
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Software Coordination Meetings

●
●
●
●
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Hands-on tutorial tomorrow!

● Location: 4/3-006 (this room)
● Time slots: 9h-13h, 14h-17h
● Program: Roughly the same as in October SW Workshop

1. Running FCCSW standalone

2. Example of Physics Analysi (ZH)
3. Delphes cards optimization
4. Tracking with Drift Chamber

● Bring your own laptop! 
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https://indico.cern.ch/event/839794/


Event Data Model and PODIO

● LHC experiments / LC studies solutions suffering (partly) from
○ Overly complex data models with deep object-hierarchies
○ Unfavorable I/O performance

● PODIO: an EDM toolkit (AIDA2020 project)
○ Plain Old Data, automatic code generation, support for different backends

■ Keep memory model simple, enabling fast I/O and efficient vectorization
■ Consistent / homogeneous implementation, minimizes mistakes

○ High-level description in YAML format 
○ Three-layers

■ User: handles objects and collections
■ Object: transient, relations between objects
■ POD: actual data structures

○ Follow-up for next AIDA being prepared
■ Schema evolution, memory and I/O optimizations
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Detector Description: DD4hep

● Generic detector view appropriate to support
○ Simulation, reconstruction, analysis, ...

● Design goals
○ Complete detector description
○ Single source of information
○ Support all stages of the experiment
○ Easy of use

● Part of AIDA2020

● Used by CLIC, ILC, FCC, LHCb, CMS, SCT 
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Fast / Full Simulation Interplay

45



● Python scripts to configure tools and algorithms and define their 
processing order

$ fccrun \ # Generic Gaudi app
      ./Examples/options/geant_fullsim_fccee_pgun.py \   # job definition
                  --energyMin=10  --energyMax=10 --particleName=”mu-” \  # parameters
                  --n=1000 --filename=fccee_idea_mu.root

● Each algorithm defines its parameters which can be overwritten of the 
command line

Gaudi and FCCSW
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Calo Reconstruction Example

● Single 100 GeV e- reconstructed by
sliding window

● Single 100 GeV pion in 8+10 layers of the E+HCal reconstructed by topo-cluster
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