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Simple analysis of EICrecon

Approach: analyze EICrecon output files treating the branches as arrays of 

values (not as edm4eic structures)

Pro:

• No software overhead, no need for singularity, etc. 

• Simply plot/read values from ROOT tree

Con:

• Do not have access to edm4eic classes
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Goal of this tutorial

Extract tracking and calorimeter resolutions from single-particle simulations

Calorimeter

𝐸 = 10 GeV

𝜂 = -2.0

Tracking

𝐸 = 10 GeV

𝜂 = -2.0

Δ𝑝/𝑝Δ𝑝/𝑝
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Opening EICrecon output file

TFile* eicreconFile = 
new TFile(“e-_10GeV_130to177deg.0001.eicrecon.tree.edm4eic.root");

TTree* eicreconTree = (TTree*)eicreconFile->Get("events");

int Nevents = eicreconTree->GetEntries();
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Create a TTree Reader
//Create Array Reader
TTreeReader tr(eicreconTree);

TTreeReaderArray<float> px_mc(tr,"GeneratedParticles.momentum.x");
TTreeReaderArray<float> py_mc(tr,"GeneratedParticles.momentum.y");
TTreeReaderArray<float> pz_mc(tr,"GeneratedParticles.momentum.z");
TTreeReaderArray<float> E_mc(tr,"GeneratedParticles.energy");
TTreeReaderArray<float> M_mc(tr,"GeneratedParticles.mass");
TTreeReaderArray<int> PDG_mc(tr,"GeneratedParticles.PDG");
TTreeReaderArray<int> type_mc(tr,"GeneratedParticles.type");

TTreeReaderArray<float> px_track(tr,"ReconstructedChargedParticles.momentum.x");
TTreeReaderArray<float> py_track(tr,"ReconstructedChargedParticles.momentum.y");
TTreeReaderArray<float> pz_track(tr,"ReconstructedChargedParticles.momentum.z");
TTreeReaderArray<float> M_track(tr,"ReconstructedChargedParticles.mass");
TTreeReaderArray<int> PDG_track(tr,"ReconstructedChargedParticles.PDG");

TTreeReaderArray<float> h_endcap_E(tr,"EcalEndcapPMergedClusters.energy");
TTreeReaderArray<float> h_endcap_theta(tr,"EcalEndcapPMergedClusters.intrinsicTheta");
TTreeReaderArray<float> h_endcap_phi(tr,"EcalEndcapPMergedClusters.intrinsicPhi");
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Create a TTree Reader

TTreeReaderArray<float> e_endcap_E(tr,"EcalEndcapNMergedClusters.energy");
TTreeReaderArray<float> e_endcap_theta(tr,"EcalEndcapNMergedClusters.intrinsicTheta");
TTreeReaderArray<float> e_endcap_phi(tr,"EcalEndcapNMergedClusters.intrinsicPhi");

TTreeReaderArray<float> barrel_E(tr,"EcalBarrelSciGlassClusters.energy");
TTreeReaderArray<float> barrel_theta(tr,"EcalBarrelSciGlassClusters.intrinsicTheta");
TTreeReaderArray<float> barrel_phi(tr,"EcalBarrelSciGlassClusters.intrinsicPhi");
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Loop over reader and get MC truth information

while (tr.Next()) {

if(ev%10000 == 0) cout << ev/1000 << "k / " << Nevents/1000 << "k events 
processed" << endl;

ResetVariables();

TVector3 electron_mc(0., 0., 0.);
for(int imc = 0; imc < PDG_mc.GetSize(); imc++) {

if(PDG_mc[imc] == 11 && type_mc[imc] == 1) {
electron_mc.SetXYZ(px_mc[imc], py_mc[imc], pz_mc[imc]);
break;

}
}
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Loop over reader and get MC truth information

while (tr.Next()) {

if(ev%10000 == 0) cout << ev/1000 << "k / " << Nevents/1000 << "k events 
processed" << endl;

ResetVariables();

TVector3 electron_mc(0., 0., 0.);
for(int imc = 0; imc < PDG_mc.GetSize(); imc++) {

if(PDG_mc[imc] == 11 && type_mc[imc] == 1) {
electron_mc.SetXYZ(px_mc[imc], py_mc[imc], pz_mc[imc]);
break;

}
}

All the ‘GeneratedParticles’ TTreeReaderArrays

have the same length. So, we can pick one array to 

define the size and then find the index which 

corresponds the electron.



9

Loop over reader and get MC truth information

while (tr.Next()) {

if(ev%10000 == 0) cout << ev/1000 << "k / " << Nevents/1000 << "k events 
processed" << endl;

ResetVariables();

TVector3 electron_mc(0., 0., 0.);
for(int imc = 0; imc < PDG_mc.GetSize(); imc++) {

if(PDG_mc[imc] == 11 && type_mc[imc] == 1) {
electron_mc.SetXYZ(px_mc[imc], py_mc[imc], pz_mc[imc]);
break;

}
}

mc_p = electron_mc.Mag();
mc_eta = electron_mc.Eta();
mc_phi = electron_mc.Phi();

Calculate momentum, pseudorapidity,

and azimuthal angle of track
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Still in loop over reader – Get reconstructed track…

//Assume a single reconstructed track
rec_track = 0;
TVector3 electron_track(0., 0., 0.);
if(PDG_track.GetSize()==1) {

electron_track.SetXYZ(px_track[0], py_track[0], pz_track[0]);
rec_track = 1;

}

track_p = electron_track.Mag();
track_eta = electron_track.Eta();
track_phi = electron_track.Phi();
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Still in loop over reader – …and calorimeter clusters

if(h_endcap_E.GetSize()>0)
h_endcap_clust_E = h_endcap_E[0];

if(e_endcap_E.GetSize()>0)
e_endcap_clust_E = e_endcap_E[0];

for(int icl = 0; icl < barrel_E.GetSize(); icl++) {
barrel_clust_E += barrel_E[icl];

}
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Still in loop over reader – …and calorimeter clusters

if(h_endcap_E.GetSize()>0)
h_endcap_clust_E = h_endcap_E[0];

if(e_endcap_E.GetSize()>0)
e_endcap_clust_E = e_endcap_E[0];

for(int icl = 0; icl < barrel_E.GetSize(); icl++) {
barrel_clust_E += barrel_E[icl];

}

Already using merged endcap clusters

Manually sum clusters in barrel
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Putting it all together

• See ROOT macro getSingleElectronRecon.C

• Takes two TString arguments, input and output file names

• Gets MC truth info, reconstructed track, and calorimeter clusters

• Saves to output ROOT tree

• Resolutions easily obtained by plotting ratio of reconstructed/MC values



14

Analysis with Uproot

mcparticles_check.ipynb



15

Analysis with Uproot

mcparticles_check.ipynb
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(single particle, DIS, 

etc…)

Geant4 simulation 
using DD4HEP

Analysis

Reconstruction using 
EICrecon (previously 

JUGGLER for ATHENA)

HepMC3 file (or 
DD4HEP steering file)

ROOT file (and field 
/ geometry info)

ROOT file
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Simulation workflow for ePIC
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Simulation workflow for ePIC
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ROOT file

EICrecon Plugin

Information accessible to 
EICrecon in each event

All the information that can be used by an EICRecon
plugin should eventually be written to the standard 
EICrecon output ROOT file. The challenge is that this 
ROOT file uses a data model (edm4hep/edm4eic) to set 
its output format. If the information is not currently 
being written out to the ROOT file, a Plugin is a good 
temporary workaround.
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Simulation workflow for ePIC
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Plugin example

https://github.com/eic/EICrecon/tree/EEMCProj_Proc/src/tests/EEMCProjPlugin

https://github.com/eic/EICrecon/tree/EEMCProj_Proc/src/tests/EEMCProjPlugin
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Plugin example
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Plugin example

We call an algorithm (which uses the 

ACTS propagate class) to project the 

track fitted track to an arbitrary 

surface. This track projection is saved 

as an edm4eic:Trackpoint datatype –

which is a data component and 

cannot currently be saved to the 

standard EICrecon TTree.
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Plugin example
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