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Introduction: Software for the FCC design study

•Different requirements: ee vs pp vs ep 

•Support physics and detector studies: 

• Detector concepts: Moving targets 

• Both fast and full simulation essential 

•LHC experiments approach: 

• Dedicated software for each experiment 

‣ Effort duplication 

• LHCb and ATLAS started a collaborative approach 

‣ Gaudi* as underlying framework 

‣ Also used for FCC software 

•Our aim: One software stack to support all experiments.
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Future Circular Collider

Circumference: 80-100 km
Energy:                 100 TeV     (pp)
                                 ~ 350 GeV (ee)

Large Hadron Collider

Circumference: 27 km
Energy:                 14 TeV     (pp)

*http://proj-gaudi.web.cern.ch/proj-gaudi/

http://proj-gaudi.web.cern.ch/proj-gaudi/
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• Flexible event data model 
• Flexible detector description 

‣ Detector concepts: Moving targets 
• Simulation 

‣ Full simulation for detector studies 
‣ Fast simulation for physics benchmarks 

• Reconstruction 
‣ FCC-hh: Extreme pile-up, extrapolation to 100 TeV 
‣ FCC-ee: Achieve the best possible precision 

• Physics analysis 
‣ Allow use outside of framework 
‣ Python flexibility & C++ performance
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What are the ingredients?
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Event data model

•Reviewing existing experiment solutions: 

• LHC experiments: Usually not extractible and complicated 

• Linear Collider Input/Output (LCIO): Good starting point, hard to adapt 

•Decided to invest: Plain Old Data Input/Output (PODIO) 

• Focus on reusability + flexibility 

‣ Code generated: Simply describe data in text files 

‣ Easily adapt data model to changed requirements 

• Designed with parallelism in mind 

• Python & C++ supported by EDM on same footing
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B. Hegner, et al.
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• Baseline concept exists* 

• Sub-detectors in FCC software 

• First full simulation results 

• First calo reconstruction

Detector Description and existing Concepts
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• Starting with FCC-ee 

geometry based on CLIC 

concept 

• Porting to FCC software 

‣ First material scans  

‣ ~2 months work,  

one fellow (N. Tehrani)

FCC-hh FCC-ee
Underlying framework: DD4hep (Linear colliders; LHCb(?))

*see M. Selvaggi’s talk

http://test-dd4hep.web.cern.ch/test-dd4hep/doxygen/html/index.html
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• Starting with FCC-ee 

geometry based on CLIC 

concept 

• Porting to FCC software 

‣ First material scans  

‣ ~2 months work,  

one fellow (N. Tehrani)

FCC-hh FCC-ee
Underlying framework: DD4hep (Linear colliders; LHCb(?))

Tutorials on how to describe a detector in FCC software

*see M. Selvaggi’s talk
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Event Generation and Geant4 Simulation

•Event Generation 

• On the fly: Pythia & Particle Gun 

• Read LHE files during showering 

‣ Existing workflow for MadGraph 

•Simulation with Geant 4 

• Integrated full & fast simulation 

• Existing tutorials and examples 

• Feature complete for Design Study 

•Collaboration with LHCb “Gaussino”
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Gaudi

SIMULATION

  EDM

GENERATION

Pythia
…Geant4

Interface

  HepMCPythia
…

Pythia
…

Interface

A. Zaborowska, et al.

http://fccsw.web.cern.ch/fccsw/tutorials/FCCSW/Sim/doc/README.html
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Getting started with Geant4 simulation

•How to add a new detector concept: 

• You have: Standalone description + simulation 

• Volumes and segmentations pre-defined in FCCSW: 

‣ Write xml file that describes your detector 

‣ E.g. a first iteration: Simple cylinder segmented in φ & η  

(Bonus: easy to adapt to other detector concepts / dimensions) 

• Port detector specific code to FCC software 

‣ E.g. Special read-out of energy deposits 

• Run and compare the results
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More information

http://fccsw.web.cern.ch/fccsw/tutorials/FCCSW/Detector/doc/DD4hepInFCCSW.html
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Getting started with Geant4 simulation II

•Example: Digital ECal for FCC-hh 

• One Post-Doc with experience in Geant4 and  

with the detector concept (T. Price) 

• First results after ~2 months 

• e.g. deposits from 100 pile-up events and linearity studies
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T. Price

100 pile-up

Y 
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Approx 1.8M pixels above threshold for 100 min bias events 

Next:

1) Improve stats over 
Christmas

2) Investigate hit 
density not total 
hits

3) Understand the 
effect on small 
region where E/M 
shower occurs

4) Find ways to 
remove these hits if 
possible

Questions from Previous FCC-hh detector 
meeting
• You have no air gap in place. How 

big will this be and what is the 
effect on the resolution?

• 50 Layers, 2.1mm W, 18um epi, 
450um substrate

• As the air gap increases the linear 
response improves as the shower 
develops over a wider area
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https://indico.cern.ch/event/557694/contributions/2406496/attachments/1388745/2114626/DECAL_14122016.pdf
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Integrated fast simulation with Geant4

•What does “integrated” mean? 

• A la ATLAS: Full and fast simulation in 

the same event 

• Switch based on particle properties,  

detector region, … 

•Existing fast simulation methods: 

• Param. electromagnetic showers 

• Particle momentum smearing 

•Plans to extend this further
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•
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/
A. Zaborowska
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Parametric Simulation

•Why do we need parametric simulation? 

• Define physics benchmarks 

• Scan detector parameters 

• Redo simulation and analyses 

•Delphes & PAPAS (Parametrized Particle Simulation): 

• Both integrated in FCC software (easy to cross-check) 

• More details about Delphes and FCC-hh detector description:  

‣ Presentation by M. Selvaggi; Tutorial with example analysis

11

Sim
ulation

Physics Analysis

Reconstruction
Event Data Model

FCC Design Study

Parametric
Simulation

Physics 
Benchmark

Full 
Simulation

Detector
Concept

http://fccsw.web.cern.ch/fccsw/tutorials/fcc-tutorials/FccFullAnalysis.html
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Parametric Simulation in FCC-ee: PAPAS

•Simulate particle flow inputs 

• Inner tracker 

‣ Simple geometry 

‣ momentum smearing: resolution model 

‣ acceptance model 

• Calorimeters 

‣ Simple geometry + material 

• hadron showers in ECal 

‣ Energy resolution + response 

‣ Acceptance model 

‣ Cluster size to model calorimeter granularity 

•Run particle flow reconstruction

12

Sim
ulation

Physics Analysis

Reconstruction
Event Data Model

FCC Design Study

C. Bernet, A. Robson, et al.
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Reconstructed Z mass

•Example and Tutorial: From Pythia event generation to plots
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A Common Tracking Software

•Extracting ATLAS tracking software into a standalone toolkit 

• Simplified geometry description optimised for tracking 

‣ Converter plugins available for FCC (DD4hep) 

• Internally use simple EDM 

• All necessary tracking tools included 

• Add-on: Alternative fast simulation of inner detector 

• Completely independent of experiment 

‣ Usable for FCC-hh, FCC-ee and FCC-eh

14

Geometry
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Extrapolation

Fitting

Calibration

Alignment

J. Hrdinka, A. Salzburger, V. Volkl et al.
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Geometry

Event Data Model TRACKING

Extrapolation

Fitting

Calibration

Alignment

Toolkit ready for tests; FCC software integration in progress

J. Hrdinka, A. Salzburger, V. Volkl et al.
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Calorimeter reconstruction

•First version of calorimeter reconstruction 

• Digitisation (cell energy reconstruction, simulation of noise) 

‣ Noise also includes in-time and out-of-time pile-up 

• Start with: dedicated e/gamma reconstruction 

‣ Sliding window clustering algorithm 

‣ Proof of principle working for FCC-hh baseline 

•Plans and on-going work: 

• Currently testing with HCal; combined calorimetry 

• Topo-clustering 

• Particle flow algorithm
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Simple noise 500 single electron events (50 GeV)
B = 0 

no tracker, no cryostat
Gaussian noise (all cells: σ = 10 MeV)

η and φ distributions wrt initial particle direction
9

Proof of principle
Sizes of the windows (seeding, position calculation, duplicate removal) and the 
energy threshold are to be optimised.

Log scale

8

Work in 
progress

M. Aleksa, J. Faltova, C. Helsens, C. Neubuser, A. Zaborowska, et al.
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Particle Flow Reconstruction

•Algorithm existing within PAPAS a la CMS 

• Reconstruct hadrons, photons, leptons 

• Reconstruct jets via fastjet 

‣ Parametrised tagging performance for 

flavour tags 

• Prototyped in Python, gradually ported to C++ 

• Port integration into FCC framework 

‣ (The same applies to parametric simulation) 

•Running as part of PAPAS fast simulation
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Charged 
hadron

Neutral 
hadron

Neutral 
hadron 

showering 
in ECAL

C. Bernet, A. Robson, et al.
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The Analysis Front-End

•Python-based analysis: HEPPY 

• Highly configurable, easy to setup 

• Includes PAPAS simulation  

• Python: Testing ideas and  

prototyping of algorithms 

• Gradual port of code from Python to C++ 

‣ Use ported functionality from Python 
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Jet clustering

Lepton isolation

b tag 
parametrisation

n-tuple, plots

EDM ROOT file
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H
EPPY Event

Read particles, 
towers, etc.

Jet clustering

Lepton isolation

b tag 
parametrisation

n-tuple, plots

EDM ROOT file

•Examples and tutorials exist (see also talk by M. Selvaggi)
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C. Bernet, C. Helsens, M. Selvaggi, et al.

http://fccsw.web.cern.ch/fccsw/tutorials/fcc-tutorials/FccSoftwareGettingStartedFastSim.html
http://fccsw.web.cern.ch/fccsw/tutorials/fcc-tutorials/FccFullAnalysis.html
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Getting started with analysis framework

19

source	/afs/cern.ch/exp/fcc/sw/0.8pre/setup.sh	
git	clone	git@github.com:HEP-FCC/heppy.git		
cd	heppy/	
source	./init.sh	

mkdir	Workdir	
cd	Workdir/	
cp	$HEPPY/test/analysis_ee_ZH_cfg.py	.

Setup of analysis 
framework on 
lxplus or SLC6  
machine
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Similar workflows to use Delphes and Geant4

http://fccsw.web.cern.ch/fccsw/tutorials/fcc-tutorials/FccSoftwareGettingStartedFastSim.html#getting-started-with-delphes-fcc-hh
http://fccsw.web.cern.ch/fccsw/tutorials/FCCSW/README.html


Gaudi: LHCb, ATLAS

Sim
ulation

Physics Analysis

Reconstruction

PODIO: ILC, LHCb

FCC Design Study

HEPPY: CMSACTS: ATLAS

Gaussino: LHCb

Delphes

DD4hep: ILC
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SUMMARY
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Last but not least: Where do you start?

•Web: fccsw.web.cern.ch 

‣ Tutorials already 

scattered through slides 

•FCC software e-group 

‣ fcc-experiments-sw-dev 

‣ Ask your questions! 

•Welcome at our meetings: 

‣ Every other Wed, 11:00 h
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http://fccsw.web.cern.ch
http://fccsw.web.cern.ch/fccsw/tutorials/
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Conclusion

•A lot of activity in various areas: 

• Full & Fast Simulation is ready to be used 

• Reconstruction algorithms being developed 

•Tutorials and examples are ready!
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