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FCCSW

FCCSW is the software common for all FCC collider options (hh, ee, eh)
and experiments.

FCC-specific so!ware

PODIOGaussino ACTS

LCG externals, Fastjet …

Delphes

HEPPY

Geant 4 Gaudi

DD4hep

ROOT
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Integration of Geant into FCCSW

Main idea:
• configure simulation from Gaudi
• leave event loop up to Gaudi

→ use Gaudi tools
→ implement run manager
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Full simulation

• geometry described in DD4hep

(including readout structure in
sensitive detectors)

• step-by-step simulation

• sensitive detectors
register particle passage

• energy deposits stored in Event
Data Model (PODIO)

tracker

electromagnetic
calorimeter

hadronic
calorimeter
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Sensitive detectors

detector description
XML

(including readout)
factory detector

sensitive detector

Readout
• mechanism for unique volume identification
• additional virtual structure (segmentation) divides volumes further

◦ using grid in cartesian, polar, cylindrical coordinates...

Few utilities developed for FCCSW:
• generic implementation of sensitive detectors for trackers and calorimeters
• new type of segmentation (in phi-eta coordinates)
• calculation of number of segmentation cells, borders, ...

All above will be contributed to DD4hep.
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Validation of simulation in FCCSW

• simulation run-time scales linearly with initial electron
energy

• total energy distribution, shower profiles (longitudinal and
lateral) show very good agreement with the standalone
Geant4 simulation.

e−

PbWO4

100�GeV
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Fast Simulation

• for the data analysis and often in the early stage of the detector design,
accuracy of full simulation may not be needed

• the overall response to the detector is parametrised

Having both fast and full simulation together in one framework:
• less code duplication
• mix of both sim types for one event
• parametrisation can be applied selectively:

◦ in chosen volumes
◦ for certain particles
◦ for energy ranges
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Fast simulation in Geant4
• geometry envelope for tracker and sensitive detectors for calorimeters

• parametrisation
◦ is another ‘physics’ process
◦ is defined for the regions (can be part or a few volumes)
◦ can be triggered by chosen particles

• at the entrance point to the region:

◦ ordinary transportation is
disabled

◦ for tracker:

• new exit position is calculated
• particle momentum can be

changed (smeared)
• tracks stored in Event Data

Model

◦ for calorimeter:

• if particle is contained inside,
hits are created

• energy deposits stored in
Event Data Model

region: tracker

region: calorimeters
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Fast simulation in FCCSW
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Tracking detector

• full simulation creates hits and a reconstruction procedure
is needed to get particle momentum

• fast simulation simulates the detector response:
◦ physics processes
◦ detector performance (resolution and efficiency)
◦ reconstruction procedure

by smearing the particle momentum (and exit position)

• smeared tracks can be treated as ’reconstructed’

Smearing resolutions σ may be derived from:
1. momentum dependent formula

(using existing measurements)
2. external packages, e.g. tkLayout

(tracker layout toolkit for
CMS Upgrade studies)

3. full sim performed in the same framework
(in particular, using the same geometry description)

can already
be used

in FCCSW

await tracker reconstruction (ACTS)

psmeared/ptrue1

σ
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Calorimeters

• in full sim all particles created in the shower are simulated in detail

• hits in the calorimeter may be created instantly, based on the particle type
and energy:

1. analytical parametrisation of the radial and longitudinal profiles
implementation of (electromagnetic) shower parametrisation in
Geant4: GFlash

in progress

2. frozen showers (detector dependent), e.g. as in ATLAS for low
energetic shower ‘branches’

for future
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GFlash library

• Electromagnetic shower parametrisation is implemented in Geant4
• Hadron shower parametrisation more complex (implemented in CMS

software, currently being improved)

GFlash
hep-ex/0001020
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http://arxiv.org/abs/hep-ex/0001020


GFlash

Original parameters result in poor agreement
• higher initial energy of electrons
• material not used for original parametrisation

Using tuned parameters from CERN-THESIS-2006-062

tuning procedure needed...
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Summary

• Geant4 integrated into FCCSW
◦ validated against standalone Geant4 simulation
◦ first users and first results for the FCC-hh detector study:

• simulation of electrons in a traditional calorimeter

• first simulation results for a digital ECal

• fast simulation can be easily mixed with full simulation
◦ improvement of configuration from Gaudi currently in progress
◦ integration of GFlash into FCCSW ongoing
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