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Introduction: Software for the FCC design study

Different requirements: ee vs pp vs ep Future Circular Collider _
Circumference: 80-100 km -~ ~ TN C
Support physics and detector studies: Energy: 100 TeV - (pp) RN
~ 350 GeV (ee) \\
Detector concepts: Moving targets J/ \
\
/
. . . \
Both fast and full simulation essential [ :
I
|
. \
LHC experiments approach: \ ]
Large Hadron Collider /
Dedicated software for each experiment | ) /
Circumference: 27 km /
. . Energy: 14 TeV d
» Effort duplication = (pp)\\ 7

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.

Joschka Lingemann *http://proj-gaudi.web.cern.ch/proj-gaudi/ 2
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What are the ingredients?

Flexible event data model

Flexible detector description
FCC Design Study

I |

> Detector concepts: Moving targets
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/ Event Data Model \
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What are the ingredients?

Flexible event data model
Flexible detector description

> Detector concepts: Moving targets
Simulation

> Full simulation for detector studies

> Fast simulation for physics benchmarks

Joschka Lingemann
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What are the ingredients?

Flexible event data model

Flexible detector description

» Detector concepts: Moving targets FCC Design Study
Simulation - | ‘

> Full simulation for detector studies v & =

> Fast simulation for physics benchmarks = % é
Reconstruction % 5 i

> FCC-hh: Extreme pile-up, extrapolation to 100 TeV 5 -

> FCC-ee: Achieve the best possible precision | L o |

/ Event Data Model \
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What are the ingredients?

Flexible event data model

Flexible detector description

» Detector concepts: Moving targets FCC Design Study
Simulation - | '

» Full simulation for detector studies o 5 &)

> Fast simulation for physics benchmarks 2 % é
Reconstruction % 5 £l

> FCC-hh: Extreme pile-up, extrapolation to 100 TeV i -

> FCC-ee: Achieve the best possible precision | — _ |
Physics analysis / Fvent Data Mode! \

> Allow use outside of framework
> Python flexibility & C++ performance

Joschka Lingemann 3



Event data model

eeeeeeeeeeeeee

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

Joschka Lingemann

B. Hegner, et al. 4



Event data model

eeeeeeeeeeeeee

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 foatina
~Feature complete, used throughout the software

Joschka Lingemann B. Hegner, et al. 4




Detector Description and existing Concepts

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

Baseline concept exists” - Starting with FCC-ee

geometry based on CLIC

concept

Porting to FCC software

Sub-detectors in FCC software > First material scans
First full simulation results > ~2 months work,
First calo reconstruction one fellow (N. Tehrani)

Joschka Lingemann *see M. Selvaggi’s talk
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Detector Description and existing Concepts

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

Baseline concept exists” - Starting with FCC-ee

geometry based on CLIC

concept

Porting to FCC software

Sub-detectors in FCC software > First material scans

First full simulation results v~ manthe wiarl

' scribe a detector In FCC software
Tutorials on how to de ctor in FCL S0t ot

Joschka Lingemann *see M. Selvaggi’stalk s
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FCC Design Study

Event Generation and Geant4 Simulation

eeeeeeeeeeeeee

Event Generation

On the fly: Pythia & Particle Gun

Read LHE files during showering Gaudi

— e ———— —— — —— — — — — — — S —

> Existing workflow for MadGraph

Simulation with Geant 4

Integrated full & fast simulation N

Existing tutorials and examples

Feature complete for Design Study

Collaboration with LHCb “Gaussino”

Joschka Lingemann A.Zaborowska, etal. 7
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Getting started with Geant4 simulation

FCC Design Study

eeeeeeeeeeeeee

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. afirstiteration: Simple cylinder segmented in @ &n

(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

Joschka Lingemann

More information

8
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Getting started with Geant4 simulation Il o ELE

Event Data Model

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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https://indico.cern.ch/event/557694/contributions/2406496/attachments/1388745/2114626/DECAL_14122016.pdf

Integrated fast simulation with Geant4

What does “integrated” mean?

- Ala 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

Joschka Lingemann

full / fast

abstraction

FCC Design Study
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Event Data Model

SIMULATION , RECONSTRUCTION

event

generation particles

energy tracks/clusters

deposits

hits reconstructed

points

digits

4
raw data processing

simulation runtime

0 100 200 300 400 500

electron energy (GeV)

A. Zaborowska 10



Parametric Simulation

FCC Design Study

eeeeeeeeeeeeee

Why do we need parametric simulation?
Define physics benchmarks
Scan detector parameters

Redo simulation and analyses

Delphes & PAPAS (Parametrized Particle Simulation):

Full

Simulation

)

Parametric
Simulation

Detector
Concept

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

Physics
Benchmark

7o

More details about Delphes and FCC-hh detector description:

~ Presentation by M. Selvaggi; Tutorial with example analysis

Joschka Lingemann
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Parametric Simulation in FCC-ee: PAPAS oL E

Event Data Model
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Xy: simulated

Simulate particle flow inputs
Inner tracker 3

> Simple geometry
* momentum smearing: resolution model

> acceptance model =

Calorimeters

» Simple geometry + material I
hadron showers in ECal ::: Reconstructed 7 mass—g&agev 7054

> Energy resolution + response m%_

> Acceptance model 150; '

100:—

> Cluster size to model calorimeter granularity

50—

-100 -50 0 50 100
zed_m

Run particle flow reconstruction

Joschka Lingemann C. Bernet, A. Robson, et al. 12
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Parametric Simulation in FCC-ee: PAPAS

Event Data Model

Xy: simulated

Simulate particle flow inputs
Inner tracker 3

> Simple geometry
* momentum smearing: resolution model

> acceptance model 3

- Calorimeters

> Simple geometry + material (zed ] S Et"““” —
hadron showers in ECal :::g Reconstructed / mass-swnev ross
> Energy resolution + response "3
> Acceptance model 150 h
> Cluster size to model calarimotar aranslaws oo :
ial: ’ nt generation to plots
i Example and Tutorial: From Pythia eve g e

Joschka Lingemann C. Bernet, A. Robson, et al. 12
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A Common Tracking Software

ata Model

Extracting ATLAS tracking software into a standalone toolkit

Simplified geometry description optimised for tracking

Geometry

> Converter plugins available for FCC (DD4hep)

Internally use simple EDM Event Data Model

-
- All necessary tracking tools included Extrapolation (;;
- Add-on: Alternative fast simulation of inner detector Figtig %
Completely independent of experiment Calibration
> Usable for FCC-hh, FCC-ee and FCC-eh Alignment

Joschka Lingemann J. Hrdinka, A. Salzburger, V. Volkl et al. 14



A Common Tracking Software

ata Model

Extracting ATLAS tracking software into a standalone toolkit

Simplified geometry description optimised for tracking

Geometry

> Converter plugins available for FCC (DD4hep)

Internally use simple EDM Event Data Model

-
- All necessary tracking tools included Extrapolation (;;
- Add-on: Alternative fast simulation of inner detector Figtig %
Completely independent of experiment Calibration
> Usable for FCC-hh, FCC-ee and FCC-eh Alignment

Toolkit ready for tests; FCC software integration in progress

Joschka Lingemann J. Hrdinka, A. Salzburger, V. Volkl et al. 14
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Calorimeter reconstruction gl
First version of calorimeter reconstruction S aie S —
.« energy: 49.65 GeV oo
- Digitisation (cell energy reconstruction, simulation of noise) e

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

- Start with: dedicated e/gamma reconstruction

» Sliding window clustering algorithm scal
|
> Proof of principle working for FCC-hh baseline
energy distribution
Plans and on-going work: energy: 49.3 GeV
0.3 Work in ) 98.6 %
. . . . resolution: 2.0 %
- Currently testing with HCal; combined calorimetry gosf  PTOBIEss
- Topo-clustering g ont
- Particle flow algorithm oosf
{};HI3|(}HH3|SHH¢IOHH4|S 50 H5|SHH6|OHH6|SIHl?lﬂllll?S
energy (GeV)

Joschka Lingemann M. Aleksa, J. Faltova, C. Helsens, C. Neubuser, A. Zaborowska, et al. 15
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Particle Flow Reconstruction

Algorithm existing within PAPAS a la CMS
Reconstruct hadrons, photons, leptons

Reconstruct jets via fastjet

Neutral Charged
hadron hadron

~ Parametrised tagging performance for

flavour tags

Prototyped in Python, gradually ported to C++

Port integration into FCC framework

Neutral
hadron

Running as part of PAPAS fast simulation Sho""gri”gé
in ECAL «

» (The same applies to parametric simulation)

Joschka Lingemann C. Bernet, A. Robson, et al. 16
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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

FCC Design Study

eeeeeeeeeeeeee

17

JU9A] AdddH

T 3t d¢

EDM ROOT file \

Read particles,
towers, etc.

> Jet clustering

» Lepton isolation

b tag
parametrisation

’ n-tuple, plots

g

Joschka Lingemann C. Bernet, C. Helsens, M. Selvaggi, et al. 18



FCC Design Study

The Analysis Front-End

eeeeeeeeeeeeee

Python-based analysis: HEPPY Y ROObe
Highly configurable, easy to setup e :rtides
Includes PAPAS simulation . L

. . AL <3> Jet clustering
Python: Testing ideas and 2
. . %I <U\> Lepton isolation
prototyping of algorithms -
LN b tag
Gradual port of code from Python to C++ (~/{ER

> Use ported functionality from Python J_ n-tuple, plots
N7

Examples and tutorials exist (see also talk by M. Selvaggi)

Joschka Lingemann C. Bernet, C. Helsens, M. Selvaggi, et al. 18
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Getting started with analysis framework

Setup of analysis
framework on

Ixplus or SLC6
machine

Joschka Lingemann

nt Data Model

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 .

19



Getting started with analysis framework

Setup of analysis
framework on
Ixplus or SLC6
machine

Generate with a
standard Pythia 8
card

Joschka Lingemann

nt Data Model

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 .

fcc-pythia8-generate \
$FCCPHYSICS/share/ee_ZH Zmumu_ Hbb.txt

19



Getting started with analysis framework

Setup of analysis
framework on

Ixplus or SLC6
machine

Generate with a
standard Pythia 8
card

nt Data Model

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 .

fcc-pythia8-generate \
$FCCPHYSICS/share/ee_ZH Zmumu_ Hbb.txt

Submit simulation & heppy batch.py -o Ntuples/ \

analysis to batch

Joschka Lingemann

analysis ee ZH cfg.py \
-b ‘bsub -g 8nh < batchScript.sh’

19



Getting started with analysis framework

Event Data Model

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

framework on cd heppy/

lxplus or SLC6 source ./init.sh

machine mkdir Workdir

cd Workdir/
cp $HEPPY/test/analysis ee ZH cfg.py .

Generate with a fcc-pythia8-generate \
. $FCCPHYSICS/share/ee ZH Zmumu Hbb.txt
standard Pythia 8 s

card

Submit simulation & heppy batch.py -o Ntuples/ \

. analysis ee ZH cfg.py \
analySIS to batch -b _‘bsub -g 8nh < batchScript.sh’

Similar workflows to use Delphes and Geant4

Joschka Lingemann 19
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Last but not least: Where do you start?

Tutorials L atest Releases:

Getting started with the FCC common so

Getting Started is an introduction to the FCC software. It is the recommended w
the software.

Everything below documents the latest release (version 0.8pre). Before continuir
for the corresponding versions of fcc-edm, fcc-physics and heppy, please see tt

Important: for all tutorials, we assume that you are using the bash shell. If n

For your CERN AFS account, you can do that on this page:
https://resources.web.cern.ch/resources/Manage/Linux/Settings.asp:
AFS user name here.

List of available tutorials

Getting Started
Github workflow and contribution guide
Getting started with the production and analysis of fast-simulated events
The FCC Software Framework
o Full analysis example using Pythia, Delphes and Heppy
o CMake in FCCSW
» Working locally on your laptop
o Using Virtual Machine
o [nstalling the standalone packages
* Writing Documentation
* Questions & Answers

e Hnw tn AdAn enftwara raleacac

L — E EEEE————

Joschka Lingemann

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

21
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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!

Joschka Lingemann
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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!

WE NEED YOU!

Joschka Lingemann
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