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Ambitious physics studies 

Physics Landscape @ FCCee

Detector requirement @ FCCee

Ziad EL BITAR, 4th FCC/DRD, Strasbourg 2023

https://indico.cern.ch/event/1202105/contributions/5396850/attachments/2659433/4606491/Detector%20Requirements%20from%20Physics.pdf
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Detector concepts

FCC-ee CDR
Ziad EL BITAR, 4th FCC/DRD, Strasbourg 2023

https://link.springer.com/article/10.1140/epjst/e2019-900045-4
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Exploring new physics…
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• Key4hep software stack aimed to be a common tool for e+e- colliders:
– CLIC, FCC, ILC, C3, CEPC.

• Data format is EDM4hep

• Detector Geometry built by DD4hep (Based on Geant4)
– Central repository for geometry: k4geo 
     (ALLEGRO, CLD, IDEA)

• Actions are a Gaudi service/tool/alg
– Several repositories for reconstruction

• A dedicated framework for analysis

The key4HEP Software Ecosystem

5

A. Tolosa-Delgado, 2nd ECFA Workshop 2023
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https://key4hep.github.io/key4hep-doc/index.html
https://github.com/key4hep/EDM4hep/blob/main/edm4hep.yaml
https://github.com/key4hep/k4geo
https://gaudi-framework.readthedocs.io/
https://agenda.infn.it/event/34841/contributions/207302/attachments/111286/158935/ecfa23_atd_v3.0.pdf
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Inheritance from the ILCSoftware
• ILC community has a very advanced simulation toolkit and it has strongly influenced the central 

key4HEP components (DD4hep and edm4hep).

• Availability of MarlinWrapper and data format (LCIO      EDM4hep) conversion were extremely 
valuable for the launching of key4hep.

 

Ziad EL BITAR, 4th FCC/DRD, Strasbourg 2023
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EDM4hep Data Model
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New functionalities 
(definitely not an exhaustive overview)
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T. Madlener el al., vCHEP 2021

Podio : a need for a versatile EDM

AIDASoft/podio
• Original HEP c++ EDMs are heavily Object Oriented
 • Deep inheritance structures
 • Thread-safety can be hard
 • Objects scattered in memory
•   Data access can be slow with these approaches
• Use podio to generate thread-safe code starting from a high level description of 

the desired EDM
• Users are isolated from implementation details
• Target different I/O backends for persistence
• Provide an easy-to-use interface to the users

• Users should not need to worry about resource management
• Python is used as first choice programming language

I/O Podio (flattening)

Ziad EL BITAR, 4th FCC/DRD, Strasbourg 2023

https://indico.cern.ch/event/948465/contributions/4323705/attachments/2245762/3808470/edm4hep_podio_vchep2021.pdf
https://github.com/AIDASoft/podio


Geometry import from Computer Aided Design
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• IDEA: 
• Sensitive surfaces in IDEA vertex implementation in DD4hep
• Vertex detector geometry based on Arcadia sensors imported from CAD

A. Ilg, FCC Week 2023

A. Tolosa-Delgado, 2nd ECFA Workshop 2023

F. Palla, 2nd ECFA Workshop 2023

Ziad EL BITAR, 4th FCC/DRD, Strasbourg 2023

https://indico.cern.ch/event/1202105/contributions/5385353/attachments/2660479/4609079/IDEA%20Vertex%20Full%20Simulation%20in%20Key4hep_Armin%20Ilg.pdf
https://agenda.infn.it/event/34841/contributions/207302/attachments/111286/158935/ecfa23_atd_v3.0.pdf
https://agenda.infn.it/event/34841/contributions/207301/attachments/111469/159095/Paestum%20ECFA%202023.pdf


ARC Implementation in CLD
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A. Tolosa-Delgado, 2nd ECFA Workshop 2023

• New option of CLD to accommodate ARC (Array RICH Cells) 
subdetector Cerenkov-based detector

• RICH detectors are suitable for particle identification at high 
momentum

• Work in geometry optimization, digitization and reconstruction 
algorithms is ongoing

Ziad EL BITAR, 4th FCC/DRD, Strasbourg 2023

https://agenda.infn.it/event/34841/contributions/207302/attachments/111286/158935/ecfa23_atd_v3.0.pdf


Highlights from FCC-ee
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B. François, 2nd ECFA Workshop 2023
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https://agenda.infn.it/event/34841/contributions/203993/attachments/111535/159166/20231014_Brieuc_Francois_Simulation_Paestum.pdf
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A common repository for detector description
CLD Design

IDEA Design

A. Sailer, 2nd ECFA Workshop, 2023

A. T-Delgado, 2nd ECFA Workshop 2023

CLD Detector Description

A. Ilg, FCC Week 2023

F. M. Procacci, 2nd ECFA Workshop

IDEA Detector Description

Ziad EL BITAR, 4th FCC/DRD, Strasbourg 2023

https://sailer.web.cern.ch/talks/231012_sailer_cld.pdf
https://agenda.infn.it/event/34841/contributions/207302/attachments/111286/158935/ecfa23_atd_v3.0.pdf
https://github.com/HEP-FCC/FCCDetectors/tree/main/Detector/DetFCCeeCLD
https://indico.cern.ch/event/1202105/contributions/5385353/attachments/2660479/4609079/IDEA%20Vertex%20Full%20Simulation%20in%20Key4hep_Armin%20Ilg.pdf
https://agenda.infn.it/event/34841/contributions/207308/attachments/111398/159230/ECFA23_Procacci.pdf
https://github.com/key4hep/k4geo/blob/master/detector/tracker/README.md


A case study: implementation of IDEA Vertex Detector with Key4HEP

14

Sensitive surfaces in IDEA vertex implementation in DD4hep
Vertex detector geometry based on Arcadia sensors imported from CAD

A. Ilg, FCC Week 2023

A. Tolosa-Delgado, 2nd ECFA Workshop 2023

F. Palla, 2nd ECFA Workshop 2023

Ziad EL BITAR, 4th FCC/DRD, Strasbourg 2023

https://indico.cern.ch/event/1202105/contributions/5385353/attachments/2660479/4609079/IDEA%20Vertex%20Full%20Simulation%20in%20Key4hep_Armin%20Ilg.pdf
https://agenda.infn.it/event/34841/contributions/207302/attachments/111286/158935/ecfa23_atd_v3.0.pdf
https://agenda.infn.it/event/34841/contributions/207301/attachments/111469/159095/Paestum%20ECFA%202023.pdf


A case study: implementation of IDEA Vertex Detector with Key4HEP
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Sensitive surfaces in IDEA vertex implementation in DD4hep
Vertex detector geometry based on Arcadia sensors imported from CAD

A. Ilg, FCC Week 2023

A. Tolosa-Delgado, 2nd ECFA Workshop 2023

F. Palla, 2nd ECFA Workshop 2023

Ziad EL BITAR, 4th FCC/DRD, Strasbourg 2023

https://indico.cern.ch/event/1202105/contributions/5385353/attachments/2660479/4609079/IDEA%20Vertex%20Full%20Simulation%20in%20Key4hep_Armin%20Ilg.pdf
https://agenda.infn.it/event/34841/contributions/207302/attachments/111286/158935/ecfa23_atd_v3.0.pdf
https://agenda.infn.it/event/34841/contributions/207301/attachments/111469/159095/Paestum%20ECFA%202023.pdf


Need for massive production

16Ziad EL BITAR, 4th FCC/DRD, Strasbourg 2023



Mastering the workflow for Dirac
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Generation :
MadGraph, Pythia

(data 
format:hepMC)

Simulation: 
ddsim

Reconstruction and 
Analysis

Translate into Dirac …

DDSIM Gaudi

Ziad EL BITAR, 4th FCC/DRD, Strasbourg 2023



Dirac web portal for jobs monitoring

18Ziad EL BITAR, 4th FCC/DRD, Strasbourg 2023

Dirac script manages Data so that it is directly 
written to a Storage Element 



Conclusion
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• Many ongoing developments and improvements in the Key4hep Ecosystem: 
detector description (CAD, RICH), data format, and calculation.

• Full simulation studies on the impact of the geometry on tracking and vertexing 
are on going for interesting physics cases (see J. Andrea and G. Sadowski 
talks).

• Massive production is available also on DIRAC (need a grid certificate, could be 
ilc or fcc user).

• Regular meeting and dynamic community : 
FCC-PED-SoftwareAndComputing-Full-Simulation

Ziad EL BITAR, 4th FCC/DRD, Strasbourg 2023

https://indico.in2p3.fr/event/30836/contributions/132009/attachments/81363/119829/FCCee_topQuark_FCCFrance2023.pdf
https://e-groups.cern.ch/e-groups/Egroup.do?egroupId=10563741&AI_USERNAME=ZELBITAR&searchField=1&searchMethod=0&searchValue=FCC&pageSize=30&hideSearchFields=false&searchMemberOnly=true&searchAdminOnly=false&AI_SESSION=B898DB0AA0775520C155C53C1CB11A28


Thank you 
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