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Muon Collider software setup

Hands-on instructions can be found in:

https://confluence.infn.it/display/muoncollider/Muon+Collider+Software+tutorial 

1) Log into the login.snowmass.io machine 

 ssh -XY username@login.snowmass21.io
2) Access the singularity container with the Muon Collider software:

 singularity run --bind `echo $HOME` --bind 
/collab/project/snowmass21/data/muonc:/data 
/cvmfs/unpacked.cern.ch/registry.hub.docker.com/infnpd/mu
coll-ilc-framework:1.0-centos8

https://confluence.infn.it/display/muoncollider/Muon+Collider+Software+tutorial
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Muon Collider software setup

3) Check that the Muon Collider software is properly set up:

  ddsim -h

  Marlin -h

 

4) Check out the configuration files and the ROOT macros:

git clone https://github.com/MuonColliderSoft/MuC-
Tutorial.git

If everything worked fine, you can go to the directory for the 
simulation and reconstruction exercises:

 cd ~/MuC-Tutorial/tutorial/1-mumuHHbbbb/

If error message appears, run the ILCSoft setup script:

source /opt/ilcsoft/v02-01-pre/init_ilcsoft.sh

and check again
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H→bb simulation and reconstruction chain

● Generation step of the process μ+μ-  H νH H νν→ ν H ν  H νb→ b H ννν H νat H ν1.5 H νTeV H νcenter H νof H ν
mass H νenergy H ν  done (with PYTHIA 8): done (with PYTHIA 8):

/data/samples/HH/mumu2H2bb750.stdhep

● Run the simulation with:

ddsim --steeringFile sim_steer_Hbb.py > sim.out 2>&1

● Output file: mumu_H_bb.slcio

It takes some minutes, so we can 
already start!
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SIM steering file

Closer look at sim_steer_Hbb.py

Detector geometry

Number of events

Input File

Output file
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SIM steering file (II)

GEANT4 physics list
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H→bb simulation and reconstruction chain

● Generation step  done (with PYTHIA 8): done (with PYTHIA 8):

/data/samples/HH/mumu2H2bb750.stdhep

● Run the simulation with:

ddsim --steeringFile sim_steer_Hbb.py > sim.out 2>&1

● Output file: mumu_H_bb.slcio

● Run the digitization/reconstruction step with:

Marlin reco_steer_Hbb.xml > reco.out 2>&1

● Output file: Output_REC.slcio, histograms.root
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Reconstruction steering file
Three main sections in the Marlin .xml steering file

1) execute section (ordered list of processors to be executed)
<execute>
<processor name="MyAIDAProcessor"/>
<processor name="MyTestProcessor"/>
<processor name="MyLCIOOutputProcessor"/>
</execute>

2) global section (global settings)
<global>
<parameter name="LCIOInputFiles"> input.slcio </parameter>
<parameter name="MaxRecordNumber" value="1000" />
</global>

3) processor section (processor configuration)
<processor name="MyLCIOOutputProcessor" type="LCIOOutputProcessor">
<parameter name="LCIOOutputFile" type="string"> Output_DST.slcio </parameter>
<parameter name="DropCollectionTypes" type="StringVec">
SimCalorimeterHit
SimTrackerHit
</parameter>
<parameter name="LCIOWriteMode" type="string" value="WRITE_NEW"/>
<parameter name="SplitFileSizekB" type="int">1048576 </parameter>
<parameter name="Verbosity" type="string">WARNING </parameter>
</processor>
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Execute section
Execute section 

List of active processors:

● Geometry  (InitializeDD4hep)

● Digitization of vertex and tracker hits (DDPlanarDigiProcessor)

● Tracking processor (ConformalTracking)

● Calorimeter digitization (DDCaloDigi)

● Pandora PFA for particle reconstruction (DDPandoraPFANewProcessor)

● Output processors (LCIOOutProcessor) 
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Digitization and reconstruction algorithms

 Digitization:
● Tracker: gaussian smearing of SIM hits’ positions and times, 
time window

● Calorimeters: simple digitization with an energy calibration 
constant, an energy threshold and a selection time window;

● Muon detectors: simple digitization with an energy calibration 
constant, an energy threshold and energy saturation.

Reconstruction:
● Tracks: pattern recognition based on conformal mapping and 
cellular automaton (E. Brondolin et al., arXiv:1908.00256) + 
Kalman filter fit;

● Calorimeter clusters: Pandora Particle Flow Algorithm (J.S. 
Marshall and M. A. Thomson, arXiv:1308.4537) to recognize 
different patterns of hits released by different particle types in 
the high granularity calorimeters
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Jet reconstruction and ntuplizer

● The jet reconstruction run in a separate steering file and ROOT trees 
are produced:

Marlin lctuple_steer.xml > ntuples.out 2>&1

● Output: JetHistograms.root 

● LCTuple is a configurable flat ROOT tree, produced from the collections 
in the slcio files

Link to the repository: https://github.com/iLCSoft/LCTuple

https://github.com/iLCSoft/LCTuple
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JetHistograms.root

●  JetHistograms.root 
MC Particles Reconstructed 

Particles Jets Tracks links to the MC truth
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Leaf names JetHistograms.root
● To understand the full list of leaf names: see the classes 

https://github.com/iLCSoft/LCTuple/tree/master/src and the member function 
definition in http://lcio.desy.de/v02-09/doc/doxygen_api/html/annotated.html 
website.

https://github.com/iLCSoft/LCTuple/blob/master/src/MCParticleBranches.cc

https://github.com/iLCSoft/LCTuple/tree/master/src
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Exercise with HH events

● For exercise, 1000 events of double Higgs production are already 
simulated and reconstructed, and you can run a simple macro 
invariant_mass.C for the events analysis:

root -l

.L invariant_mass.C

invariant_mass()

● The argument is used to chose the plot you want to see:

    0: number of reconstructed jets

    1: pseudorapidity of jets in the event

    2: transverse momentum of jets in the event

    3: phi of jets in the event

       4: energy of jets in the event

    5: invariant mass of jet pair associated to Higgs with highest pT

    6: invariant mass of jet pair associated to Higgs with lowest pT
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Macro description

● For exercise, 1000 events of double Higgs process                            
(μ+μ-  H νH H νH H νν→ ν H ν  H νb→ bbb H ννν) are already simulated and reconstructed, and 
you can run a simple macro invariant_mass.C for the events analysis:

● Loop on the 1000 events

● Basic object plots of all jets in the event: Njets, pT
, η, E, φ 

● Selection of events HH → 4b with Njets >3

● Jets are combined in pairs and for each combination the invariant 
mass is calculated (mij,mkl)

● The following relation is calculated for each pair:

(mh-mij)
2+(mh-mkl)

2

● The pair of jets which minimize the above relation is selected (mH1 and 
mH2 according to the Higgs pT)
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Reconstruction steering file
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Reconstruction steering file
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*  *  *

BACKUP
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Reconstruction output files

Output_REC.slcio contains all the output collections

Useful commands:

● Number of events saved in an output file:

lcio_event_counter Output_REC.slcio

● List of collections saved in the slcio files:

 anajob Output_REC.slcio

● Dump of collections’ content:

 dumpevent Output_REC.slcio

(more infos executing dumpevent -h).
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Anajob Output_REC.slcio
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Execute section
Execute section 

List of active processors:

● I/O root files (LCIOOutProcessor) 

● Geometry  (InitDD4hep_mod4)

● Overlay (OverlayBIB and OverlayFalse)

● Digitization of vertex and tracker hits (es. 
VXDBarrelDigitizer)

You are running also:

● Tracking processor

● Processors for checks on tracking 
performances (see later sections)

● Pandora PFA for particle reconstruction

● Jets will be reconstruction will be shown later

● Output processors for .slcio files
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Global section
2) global section (global settings)

Input file

Number of events
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Processor section

Detector 
description

3) processor section (processor configuration)

Output file
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ILCSoft workflow
ILCSoft workflow has three steps:

● Generation (not part of ILCSoftware framework and the tutorial)

● Simulation

● Digitization + reconstruction
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Simulation step

● Based on GEANT4: The most common generator formats are 
supported in input: stdhep, HEPEvt, hepevt, hepmc, slcio.

● It implements a detector model


	Diapositiva 1
	Diapositiva 2
	Diapositiva 3
	Diapositiva 4
	Diapositiva 5
	Diapositiva 6
	Diapositiva 7
	Diapositiva 8
	Diapositiva 9
	Diapositiva 10
	Diapositiva 11
	Diapositiva 12
	Diapositiva 13
	Diapositiva 14
	Diapositiva 15
	Diapositiva 16
	Diapositiva 17
	* * *
	Diapositiva 19
	Diapositiva 20
	Diapositiva 21
	Diapositiva 22
	Diapositiva 23
	Introduction: physics goals
	Diapositiva 25

