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Introduction
• Do you have an idea for a FCC-hh study, but find yourself wondering how 

you would go about putting it into practice?

• After my overview presentation in the last general meeting, we will put 

what we learned into practice and run a small analysis example together

• Note: All current and planned physics studies for FCC-hh rely on fast 

simulation with Delphes, there is also ongoing work and lots of opportunity 

for stand-alone full simulation studies, focussing e.g. on pile-up, tracking with 

timing information, flavour tagging → not part of this tutorial!
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https://indico.cern.ch/event/1461208/#1-introduction-of-technical-wo


Overview of technical workflow

MadGraph, POWHEG, ..

Event generation

LHE Pythia

Hadronization & Decay

DELPHES

Fast Simulation

&

k4SimDelphes

EDM4hepFCCAnalyses

Physics Analysis

MVACombine ,

Statistical Interpretation

ROOT
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Please let us know if 
you would be interested 
in a combine tutorial for 
the next meeting!



Caveats & remarks
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• This tutorial assumes no previous experience with FCC software or fast simulation 

with Delphes, tries to give a basic insight into the concepts 

• But it is not a simulation tutorial! Refer to Delphes documentation

• We will start from existing LHE for the process of interest 

• A tutorial on event generation is available here, but it is FCC-ee specific

• If you have or need additional LHE, please get in touch!

• We will run a small file through Pythia + Delphes locally as an example

• Normally this is done in a large scale production with EventProducer

• We will start a new fast sim production campaign soon (v0.6), please get in touch 

about which samples you would need

https://cp3.irmp.ucl.ac.be/projects/delphes
https://hep-fcc.github.io/fcc-tutorials/main/fast-sim-and-analysis/FccFastSimGeneration.html
https://github.com/HEP-FCC/EventProducer


• For many processes, LHE events 

are available in the database

• Navigate to the FCC-hh LHE 

database

• We will use a SM di-Higgs 

production sample named 

pw_pp_hh_lambda100_5f 

• Search for the sample - What 

production mode is it? What is 

the cross-section?

Event generation
Step 1: Finding available LHE events in the database
https://fcc-physics-events.web.cern.ch/
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https://fcc-physics-events.web.cern.ch/


Event generation
Step 1: Finding available LHE events in the database
https://fcc-physics-events.web.cern.ch/
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https://fcc-physics-events.web.cern.ch/


Hadronization, decay & fast simulation
Step 2.1: Setting up the key4hep stack

• Turnkey software for future projects, 

e.g. CEPC, ILC, muon collider, ..

• Complete workflow from generator to 

analysis (although for FCC we are not 

using every step)

• In practice: A complete software stack 

to set up in one simple step

• Will use the DelphesPythia8_EDM4HEP tool 

to run Pythia + Delphes + produce 

EDM4hep output file, from 

k4SimDelphes

mkdir EDM4HEP_prod
cd  EDM4HEP_prod

source /cvmfs/sw.hsf.org/key4hep/setup.sh

which DelphesPythia8_EDM4HEP

9

https://github.com/key4hep/k4SimDelphes


Hadronization, decay & fast simulation
Step 2.2: Running k4SimDelphes

DelphesPythia8_EDM4HEP -h

ls $DELPHES_DIR/cards/FCC/scenarios/FCChh_I.tcl

ls $K4SIMDELPHES/edm4hep_output_config.tcl

ls /eos/experiment/fcc/hh/tutorials/lhe_unpacked_tester/

DelphesPythia8_EDM4HEP 
$DELPHES_DIR/cards/FCC/scenarios/FCChh_I.tcl 
$K4SIMDELPHES/edm4hep_output_config.tcl
/eos/experiment/fcc/hh/tutorials/lhe_unpacked_tester/tester_pwp8_pp_
hh_5f_hhbbyy.cmd pwp8_pp_hh_5f_hhbbyy.root

• Need to provide:

• Config_file = Delphes card

• Output_config_file for EDM4hep

• pythia_card = Decay & Hadr.

• output_file = Name of file 

• Delphes cards ship with the Delphes 

installation: Can browse them here

• Standard EDM4hep output config file 

comes with key4hep stack 

• Tester LHE file(s) & pythia cards 

provided in tutorial eos space  
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https://github.com/delphes/delphes/tree/master/cards


Hadronization, decay & fast simulation
Step 2.3: Understanding the Delphes card

• Two current Delphes scenarios for FCC-hh:

• Scenario I: Idealistic scenario for 

ultimate precision

• Scenario II: Baseline scenario based 

on FCC-hh detector concept from CDR

• Should be default for new studies

Note: Both scenarios implement fixes w.r.t the original, e.g. 
bremsstrahlung for electrons, multiple scattering, resolutions in forward 

region

From Michele Selvaggi

SCENARIO II
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https://github.com/delphes/delphes/blob/master/cards/FCC/scenarios/FCChh_I.tcl
https://github.com/delphes/delphes/blob/master/cards/FCC/scenarios/FCChh_II.tcl
https://indico.cern.ch/event/1439072/contributions/6106999/attachments/2920406/5125885/FCC-hh%20workshop.pdf


Hadronization, decay & fast simulation
Step 2.3: Understanding the Delphes card
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https://github.com/delphes/delphes/blob/master/cards/FCC/scenarios/FCChh_I.tcl

Total efficiency = MuonTrackingEfficiency*MuonEfficiency
In which |𝜂| range are we reconstructing muon tracks?

https://github.com/delphes/delphes/blob/master/cards/FCC/scenarios/FCChh_I.tcl


Hadronization, decay & fast simulation
Step 2.3: Understanding the Delphes card
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https://github.com/delphes/delphes/blob/master/cards/FCC/scenarios/muonMomentumResolution_I.tcl



Hadronization, decay & fast simulation
Step 2.3: Understanding the Delphes card
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https://github.com/delphes/delphes/blob/master/cards/FCC/scenarios/FCChh_I.tcl

• Objects to write out are specified in the 

TreeWriter module 

• Which jets are we actually using? Which 

steps (i.e. modules) have they passed 

through? What is the minimum jet pT?

https://github.com/delphes/delphes/blob/master/cards/FCC/scenarios/FCChh_I.tcl


Hadronization, decay & fast simulation
Step 2.4: Understanding the Pythia card
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• How many events are 

we processing?

• Which LHE file are we 

reading from?

• Which final state of the 

Higgs boson decays 

are we requiring? 



Hadronization, decay & fast simulation
Step 2.4: Understanding the Pythia card
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• How many events are 

we processing?

• Which LHE file are we 

reading from?

• Which final state of the 

Higgs boson decays 

are we requiring? 

Directory with official pythia cards is: 
/eos/experiment/fcc/hh/utils/pythiacards



Hadronization, decay & fast simulation
Step 2.5: Understanding the EDM4hep configuration & file 
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Type of EDM4hep collection
Name of collection (must match 
Delphes card names)



Hadronization, decay & fast simulation
Step 2.5: Understanding the EDM4hep configuration & file 
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Hadronization, decay & fast simulation
Step 2.5: Understanding the EDM4hep configuration & file 
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Hadronization, decay & fast simulation
Step 2.5: Understanding the EDM4hep configuration & file 
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Can analyse/plot from 
EDM4hep directly with 
podio, but for FCC we have 
the common FCCAnalyses 
framework

https://key4hep.web.cern.ch/podio/
https://github.com/HEP-FCC/FCCAnalyses


Physics Analysis
Step 3: Overview FCCAnalyses 
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Setting up the framework

analysis_stage1.py

analysis_final.py

analysis_plots.py

Convert to (skimmed) ntuple

Apply event selection

• FCCAnalyses is a common 
software framework to analyse 
EDM4hep events using ROOT’s 
RDataframe 

• Build an “analysis graph” 
with very simple syntax in 
python code 

• C++ libraries for the 
complex computations

• Examples and tutorials 
available here

https://github.com/HEP-FCC/FCCAnalyses
https://hep-fcc.github.io/FCCAnalyses/


Physics Analysis
Step 3.1: Setting up the FCCAnalyses framework
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• Two ways to setup FW:

• Get your local copy of 

FCCAnalyses git repo 

• Use build that ships with key4hep 

stack → for simplicity will do this 

for tutorial

• Start a clean shell, we will need to 

setup the nightlies, and will copy the 

example files to local 

mkdir FCCAnalyses_examples
cd FCCAnalyses_examples

source /cvmfs/sw-nightlies.hsf.org/key4hep/setup.sh

which fccanalysis

ls $FCCANALYSES/../share/examples/examples/FCChh/ggHH_bbyy/

cp -r $FCCANALYSES/../share/examples/examples/FCChh/ggHH_bbyy/ .

https://github.com/HEP-FCC/FCCAnalyses


Physics Analysis
Step 3.2: Converting to (skimmed) analysis ntuple
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• The stage1.py analysis script defines 

a RDataFrame with all the branches 

we want to store, and applies a 

pre-selection

• To access the variables and do 

more complex calculations we 

use C++ libraries in the 

analyzers/dataframe directory

analysis_stage1.py

Analysis_FCChh.cc

https://github.com/HEP-FCC/FCCAnalyses/tree/master/analyzers/dataframe
https://github.com/HEP-FCC/FCCAnalyses/blob/master/analyzers/dataframe/src/Analysis_FCChh.cc


Physics Analysis
Step 3.2: Converting to (skimmed) analysis ntuple
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• The stage1.py analysis script defines 

a RDataFrame with all the branches 

we want to store, and applies a 

pre-selection

• To access the variables and do 

more complex calculations we 

use C++ libraries in the 

analyzers/dataframe directory

• What is the efficiency of our 

pre-selection?

cd ggHH_bbyy

fccanalysis run ggHH_bbyy/analysis_stage1.py

analysis_stage1.py

https://github.com/HEP-FCC/FCCAnalyses/tree/master/analyzers/dataframe


Physics Analysis
Step 3.2: Converting to (skimmed) analysis ntuple
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• The stage1.py analysis script defines 

a RDataFrame with all the branches 

we want to store, and applies a 

pre-selection

• To access the variables and do 

more complex calculations we 

use C++ libraries in the 

analyzers/dataframe directory

• What is the efficiency of our 

pre-selection?

cd ggHH_bbyy

fccanalysis run ggHH_bbyy/analysis_stage1.py

analysis_stage1.py

You now have a “standard” root ntuple that 
you can use in any framework for plotting, 
applying further selection and/or analysis 
(e.g. MVA) in the usual way. 

https://github.com/HEP-FCC/FCCAnalyses/tree/master/analyzers/dataframe


Physics Analysis
Step 3.3: Applying the event selection
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• We can apply additional selection, 

define histograms, get a cutflow & 

store histograms/the ntuple at every 

selection cut with analysis_final.py

• If we provide the cross-section, 

lumi, etc the histograms will be 

scaled to expected number of 

events

• Why is the cross-section here 

not the same as we saw in the 

LHE database?

analysis_final.py

FCChh_procDict_tutorial.json



Physics Analysis
Step 3.3: Applying the event selection
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• We can apply additional selection, 

define histograms, get a cutflow & 

store histograms/the ntuple at every 

selection cut with analysis_final.py

• If we provide the cross-section, 

lumi, etc the histograms will be 

scaled to expected number of 

events

• How many expected bbyy 

events pass our selection?

analysis_final.py

fccanalysis final ggHH_bbyy/analysis_final.py



Physics Analysis
Step 3.3: Applying the event selection
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• We can apply additional selection, 

define histograms, get a cutflow & 

store histograms/the ntuple at every 

selection cut with analysis_final.py

• If we provide the cross-section, 

lumi, etc the histograms will be 

scaled to expected number of 

events

• How many expected bbyy 

events pass our selection?

analysis_final.py

fccanalysis final ggHH_bbyy/analysis_final.py

You now have an ntuple as well as a file of 
histograms (_histo.root) at every step of the 
selection sequence. (+A cutflow table)



Physics Analysis
Step 3.4: Plotting distributions 
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• With analysis_plots.py we can extract the 

histograms, and present them nicely 

on a canvas as usual (e.g. stacking 

backgrounds, adding uncertainties, 

legends & labels)

analysis_plots.py



Physics Analysis
Step 3.4: Plotting distributions 
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• With analysis_plots.py we can extract the 

histograms, and present them nicely 

on a canvas as usual (e.g. stacking 

backgrounds, adding uncertainties, 

legends & labels)

analysis_plots.py
fccanalysis plots ggHH_bbyy/analysis_plots.py

That’s it for today :)



• We have a database of available LHE events 
• If you have or would need more processes added, please get in touch

• Hadronization, decay and Delphes fast simulation are run in one step, using key4hep tools 
• Two FCC-hh Delphes scenarios are available, FCChh_II.tcl is the baseline
• We will start a new fast sim production campaign soon (v0.6), please get in touch 

about which samples you would need
• The EDM4hep files produced can be processed with the FCCAnalyses framework 

• As usual: The software stack is under constant development, updates to the core 
code are in the pipeline, but the user code should not be affected (much)

• Refer to our FCC-hh Physics & Performance documentation page 
• Join FCC software meetings & mailing lists (see FCC Software Documentation)

Summary
Key take-away messages
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https://fcc-physics-events.web.cern.ch/FCChh/LHEevents.php
https://github.com/delphes/delphes/blob/master/cards/FCC/scenarios/FCChh_II.tcl
https://hep-fcc.github.io/FCCAnalyses/
https://hep-fcc.github.io/FCChhPhysicsPerformance/
https://indico.cern.ch/category/5666/
https://groups.cern.ch/Pages/GroupSearch.aspx?k=FCC-PED-SoftwareAndComputing*
https://hep-fcc.github.io/FCCSW/


Thank you!
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Physics Analysis
Bonus exercise: Checking Delphes b-tagging efficiencies
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• The example directory ggHH_bbyy also contains 

two additional scripts:

• analysis_plot_tag_eff.py to be run as a 

FCCAnalyses stage1 analysis 

• plot_tag_eff.py to be run standalone

• With which you can plot the b-tagging efficiency 

in our events in bins of pT and 𝜂, so that you 

can compare it to what is in the Delphes card



• Turnkey software for future 

accelerators, used by different 

communities, e.g. CEPC, ILC, muon 

collider, ..

• Provides complete workflow from 

generator to analysis (although for 

FCC we are not using every step)

• In practice: A complete software stack 

to set up in one simple step

Key4hep project
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FCCAnalyses framework
• FCCAnalyses is a common software framework 

to analyse EDM4hep events using ROOT’s 

RDataframe 

• Build an “analysis graph” with very simple 

syntax in python code 

• C++ libraries for the complex computations

• Examples and tutorials available here

From Juraj Smieško
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https://github.com/HEP-FCC/FCCAnalyses
https://hep-fcc.github.io/FCCAnalyses/
https://indico.cern.ch/event/1307378/contributions/5729660/attachments/2791506/4868860/7th%20FCC%20Physics%20Workshop%20-%20FCCAnalyses%20today.pdf


What did we use for the ongoing HH studies?

Event generation

Detector simulation

Physics analysis
& statistical 

interpretation

Samples (EDM4HEP)

Generators: MG5_aMC, v 2.5.X (bkgs), POWHEG-BOX-V2 (sig)
PDF sets: NN23LO1, NNPDF30_nlo_as_0118 from LHAPDF v6.1.6
Production framework: EventProducer from my fork, using custom 

key4hep release “2023-06-05-fcchh”

Delphes cards: Scenario I & II
Framework: Same EventProducer setup as above

Production Tags: fcc_v05_scenarioI, fcc_v05_scenarioII

Edm4hep status: Pre- official v1 release, v00-08

Analysis framework: FCCAnalyses from my fork, with many custom 
fixes and additions, branched off in July 2023
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https://github.com/bistapf/EventProducer/blob/fcchh_evtgen_updates
https://github.com/key4hep/EDM4hep/releases/tag/v00-08
https://github.com/bistapf/FCCAnalyses/tree/FCChh_HH_analyses

