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OUTLINE

§ Step by Step
– Step 1: Detector geometry
– Step 2: Generate input particles 
– Step 3: Run Geant4 simulation
– Step 4: Info from Geant4 simulation
– Step 5: Run reconstruction
– Step 6: Analyze output

Barrel Emcal Analysis Tutorial
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STEP 1: CHECK DETECTOR GEOMETRY
ATHENA Central Detector
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The Compact detector description files:
- athena.xml

- definition.xml
- beampipe.xml
- solenoid.xml
- tracker.xml
- ecal.xml: endcaps and barrel
- hcal.xml
- far_foward_detectors.xml

- material.xml
- elements.xml
- display.xml



STEP 1: CHECK DETECTOR GEOMETRY

§ In athena.xml, either you can use whole 
ATHENA detector or just one subdetector

ATHENA Central Detector
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Whole 
Central 
detector

Barrel EM 
calorimeter



STEP 1: CHECK DETECTOR GEOMETRY

§ In definition.xml and ecal_barrel_interlayers.xml, detector parameters are parameterized. 
For example, given space and layer thicknesses, the number of layers is computed.

ATHENA Central Detector
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In ecal.xml, endcaps and barrel



STEP 2: GENERATE INPUT PARTICLES

§ Use gen_particles.py code and generate hepmc file

for example,

Simple Particle Gun
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python gen_particles.py embarrel_pion0 –n 1000 --angmin 45 --angmax 135 --pmin 0.1 –pmax 5.0 --particles=“pion0”

List of arguments
-n: number of events to generate
--angmin: minimum angle in degree
--angmax: maximum angle in degree
--pmin: minimum momentum in GeV
--pmax: maximum momentum in GeV
--particles: particle pdg code

(https://eicweb.phy.anl.gov/EIC/benchmarks/reconstruction_benchmarks/-/blob/master/benchmarks/imaging_ecal/scripts/gen_particles.py)

https://eicweb.phy.anl.gov/EIC/benchmarks/reconstruction_benchmarks/-/blob/master/benchmarks/imaging_ecal/scripts/gen_particles.py


STEP 2: GENERATE INPUT PARTICLES

§ Use gen_particles.py code and generate hepmc file
for example, (px, py, pz, e, pdg code, status) info is created

Above embarrel_pion0.hepmc file will be an input file to Geant4 simulation

Simple Particle Gun
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beam particles info

final state particle info



STEP 3: RUN GEANT4 SIMULATION

§ Get events through the detector geometry
§ For example,

The output will be a root file containing the generated events and calorimeter hits

Geant4 simulation
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npsim --runType batch
-v WARNING
--part.minimalKineticEnergy “0.5*MeV”
--numberOfEvents 1000
--compactFile athena.xml
--inputFiles embarrel_pion0.hepmc
--outputFile sim_embarrel_pion0.root

--part.minimalKineticEnergy: 
minimum energy of particles 
which being saved/tracking into 
output file 



STEP 4: INFO FROM GEANT4 SIMULATION

§ Events – Trees: main data structure
(https://eic.phy.anl.gov/eicd/)

§ mcparticles
– Geant4Particle class
– Access thrown particle information such pdgID, vertex, momentum, mass, etc

§ EcalBarrelHits
– CalorimeterHit class
– Access information such energy deposit, position, etc

Output ROOT file from Geant4 simulation sim_embarrel_pion0.root
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https://eic.phy.anl.gov/eicd/


STEP 4: INFO FROM GEANT4 SIMULATION

§ For example,

Using output ROOT file from Geant4 simulation
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STEP 4: INFO FROM GEANT4 SIMULATION

§ For example,

Using output ROOT file from Geant4 simulation
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STEP 5: RUN RECONSTRUCTION

§ Juggler is a Gaudi based event processing framework using eicd data model

§ Option file includes a set of algorithms, input data, and output data assembled.
– Digitization: take the output hits from the geant4 simulation and make them 

look like real experimental data
– Reconstruction: take out mock experimental data and reconstruct the events 

including clustering

Run Juggler
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xenv –x Juggler.xenv gaudirun.py options/imaging_topocluster.py



STEP 5: RUN RECONSTRUCTION

§ Tweak parameters - for example in 
clustering algorithm, minimum number 
of hits to form a cluster

§ The output will be a root file 
(rec_embarrel_pion0.root containing 
the generated events and calorimeter 
hits from Geant4 simulation and 
reconstructed events and cluster 
information

§ EcalBarrelImagingClusters
– Access Cluster info such cluster 

position, cluster energy, etc

Run Juggler
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STEP 5: RUN RECONSTRUCTION
Bash script: run_emcal_barrel.sh
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Set environment variables

Generate input particles

Run Geant4 simulation

Run Juggler (Reconstruction)



STEP 6: ANALYZE OUTPUT

§ Tweak clustering parameters to find optimal 
value for algorithm

Number of Clusters
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STEP 6: ANALYZE OUTPUT
Threshold Energy
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STEP 6: ANALYZE OUTPUT

§ Event Display with 5 GeV 𝝅𝟎 → 𝜸𝜸 events
§ Access mcparticles and 

RecoEcalBarrelImagingHits/Clusters
information (draw_cluster.py)

– Compare cluster and true gamma positions

Using output ROOT file from reconstruction

17 Jihee KIMATHENA Calorimetry WG Meeting 09/15/2021

× true gammas

Cluster hits and true 𝛾 positions

Cuts on clustering algorithm
- Min nhits = 15
- Min cluster edep = 0.5 MeV
Ecluster #1 = 3.23 GeV
Ecluster #2 = 1.94 GeV
Total Erec = 5.17 GeV

(https://eicweb.phy.anl.gov/EIC/benchmarks/reconstruction_benchma
rks/-/blob/master/benchmarks/imaging_ecal/scripts/draw_cluster.py)

https://eicweb.phy.anl.gov/EIC/benchmarks/reconstruction_benchmarks/-/blob/master/benchmarks/imaging_ecal/scripts/draw_cluster.py

