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Particle Flow Calorimetry

 In a typical jet:
 60 % of jet energy in charged hadrons
 30 % in photons (mainly from 𝜋0 ) →𝛾𝛾
 10 % in neutral hadrons (mainly n and KL)

 Conventional calorimetric approach:
 Measure all components of jet energy in ECAL/HCAL
 50-70% of energy measured in HCAL: 𝜎E/E ≈ 60% /√E

 Particle Flow Calorimetry: reconstruct individual 
particles
 Charged particle momentum measured in tracker 

(essentially perfectly)
 Photon energies measured in ECAL
 Neutral hadron energies measured in HCAL

Picture taken from the link

Conventional approach Particle Flow approach

https://github.com/PandoraPFA/Documentation/blob/master/Pandora_LC_Reconstruction.pdf
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Pandora Particle Flow Algorithm

 PandoraPFA originally developed for the 
application in a future Lepton Collider 
experiments
 Implemented in iLCSoft

 Widely considered as a “state of the art” in 
particle flow reconstruction

 Used in FCC-ee CLD detector simulation
 We aim to implement the PandoraPFA in the 

ALLEGRO detector simulation
https://github.com/PandoraPFA
https://arxiv.org/abs/0907.3577
https://arxiv.org/abs/1506.05348
PandoraPFA algorithm overview

Multi-algorithm pattern recognition
PandoraPFA

https://github.com/iLCSoft
https://fcc-ee-detector-full-sim.docs.cern.ch/CLD/
https://github.com/PandoraPFA
https://arxiv.org/abs/0907.3577
https://arxiv.org/abs/1506.05348
https://github.com/PandoraPFA/Documentation/blob/master/Pandora_LC_Reconstruction.pdf
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PandoraPFA implementation in key4hep

PandoraPFA
PandoraSDK

Manages named lists of reconstruction objects

LCContent
Pandora Particle flow Algorithms

DDMarlinPandora
interface processor

DD4hep

Simulation events
(EDM4hep format)

PFO collections
(LCIO format)

Geometry driver
Compact files

Providing Detector 
information

Reconstructed PFOs
Conversion to 
Pandora input 
format

Conversion of PFOs to 
LCIO format

Calibration constants
Algorithm settings

Conversion to LCIO format 
through k4MarlinWrapper

Analysis

Conversion to 
EDM4hep format 
through 
k4MarlinWrapper

Eventually, DDMarlinPandora and k4MarlinWrapper combination should be replaced with k4GaudiPandora

https://github.com/PandoraPFA
https://github.com/PandoraPFA/PandoraSDK
https://github.com/PandoraPFA/LCContent
https://github.com/iLCSoft/DDMarlinPandora
https://github.com/key4hep/EDM4hep
https://github.com/iLCSoft/LCIO
https://github.com/iLCSoft/LCIO
https://github.com/key4hep/k4MarlinWrapper
https://github.com/key4hep/k4MarlinWrapper
https://github.com/key4hep/k4MarlinWrapper
https://github.com/key4hep/k4GaudiPandora
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Inputs for PandoraPFA

Minimal inputs that have to be provided to DDMarlinPandora to be able 
to run the PandoraPFA without crashing:
○ Detector information (layers, material, etc...)
○ Reconstructed Calorimeter (ECAL/HCAL/MUON) hits
○ Tracks (at IP/FirstHit/LastHit/Calorimeter states)
○ KinkVertexCollections
○ ProngVertexCollections
○ SplitVertexCollections
○ V0VertexCollections

Fully available only for ECAL barrel in k4geo

No reconstructed MUON hits in 
ALLEGRO

Tracks reconstructed from truth particles 
are available but only at IP state: 
k4RecTracker

These are not available

 → A lot of work has to be done to be able to run the PandoraPFA on ALLEGRO 

https://github.com/key4hep/k4geo
https://github.com/key4hep/k4RecTracker/blob/master/Tracking/components/TracksFromGenParticles.cpp
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PandoraPFA on ALLEGRO:  Work plan

Prepare steering scripts to run the PandoraPFA reconstruction

Make PandoraPFA see the ALLEGRO ECAL and HCAL

Reconstruct photons  --  allows to check if ECAL implementation works

Reconstruct K0L  --  allows to check if HCAL implementation works

Produce tracks from MCParticles with all information needed for PandoraPFA

Make PandoraPFA see the tracks

Reconstruct electrons  --  allows to check if PandoraPFA can see both tracks and ECAL

Reconstruct charged pions  --  allows to check if PandoraPFA can see tracks, ECAL and  HCAL

Reconstruct jets  --  allows to check if PandoraPFA can separate the charged and neutral particle 
showers

Eventually, the tracker and muon system should be implemented and muons reconstructed using PandoraPFA
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Steering scripts

 An example steering script has been prepared: 
ALLEGROReconstruction.py

Default PandoraPFA algorithm settings file 
(found in CLDConfig repository)
Only the muon reconstruction algorithm is 
removed

“DetectorName” parameter has been 
added in DDPandoraPFANewProcessor 
to setup the ALLEGRO detector 
geometry/CaloHits/Tracks

Currently working with ECAL and HCAL barrel 
cells only

https://github.com/Archil-AD/ALLEGRO_PandoraPFA/blob/main/ALLEGROReconstruction.py
https://github.com/key4hep/CLDConfig/tree/main/CLDConfig/PandoraSettingsCLD
https://github.com/Archil-AD/DDMarlinPandora/blob/ALLEGRO/src/DDPandoraPFANewProcessor.cc
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ALLEGRO ECAL and HCAL in PandoraPFA

 DDMarlinPandora retrieves the detector 
information from LayeredCalorimeterData 
extension attached to the calo DetElement
 If the extension is not available for any component 

of ECAL/HCAL/MUON system then the code crashes

 Extension must include:
 Type of the detector
 Information about layers (X0, lambda, size, …)

 In official k4geo repo, this information is fully 
provided only for ECAL Barrel

 In my k4geo repo, I have added minimal 
information for ECAL Endcap, HCAL Endcap and 
Muon system while complete (in a first 
approximation) information for HCAL Barrel  

 DDMarlinPandora package is forked and modified 
for ALLEGRO detector

 New classes:
 DDGeometryCreatorALLEGRO
 DDCaloHitCreatorALLEGRO
 DDTrackCreatorALLEGRO

 At this stage, MUON hits creation is disabled as 
well as tracking, focusing on reconstruction of 
particle flow objects in ECAL and HCAL barrels 
only

 → these are not enough to avoid crashing…  →

https://github.com/key4hep/k4geo
https://github.com/Archil-AD/k4geo/tree/pandora
https://github.com/Archil-AD/DDMarlinPandora/tree/ALLEGRO
https://github.com/Archil-AD/DDMarlinPandora/blob/ALLEGRO/src/DDGeometryCreatorALLEGRO.cc
https://github.com/Archil-AD/DDMarlinPandora/blob/ALLEGRO/src/DDCaloHitCreatorALLEGRO.cc
https://github.com/Archil-AD/DDMarlinPandora/blob/ALLEGRO/src/DDTrackCreatorALLEGRO.cc
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The crash is caused by the LCPseudoLayerPlugin from LCContent package:

ALLEGRO ECAL and HCAL in PandoraPFA (cont’d)

Two different layers but with the 
same inner radius  this caused a →
crash

Temporarily, throwing the exception is disabled to avoid a crash.
Later, HCAL Endcap segmentation should be optimized for PandoraPFA:
e.g. group cells in the longitudinal readout layers (this is what PandroaPFA expects 
as input). 

We should keep in mind (eventually fix it) that the Pandora will assume some of the cells 
from HCAL endcap as HCAL barrel cells:

endCapInnerZ is the inner z-coordinate of ECAL endcap while 
some of the cells in HCAL Endcap have lower inner z-coordinate

 → this change enabled running the 
PandoraPFA with ALLEGRO detector!

https://github.com/PandoraPFA/LCContent/blob/master/src/LCPlugins/LCPseudoLayerPlugin.cc
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Photon reconstruction using PandoraPFA in ALLEGRO

 100 events of 10 GeV photons are simulated 
at 60○ to check if PandoraPFA can use ECAL 
hits for the reconstruction

 PhotonReconstruction algorithm calibration 
file (PandoraLikelihoodData9EBin.xml) is 
taken from CLDConfig 

 For comparison, CLD simulation + 
reconstruction is also performed following 
this instructions 

Photons (PDG=22)

Neutrons (PDG=2112)

ALLEGRO

CLD

PandoraPFA can identify photons 
in the ALLEGRO detector!

https://github.com/key4hep/CLDConfig/blob/main/CLDConfig/PandoraSettingsCLD/PandoraLikelihoodData9EBin.xml
https://fcc-ee-detector-full-sim.docs.cern.ch/CLD/
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K0
L
 reconstruction using PandoraPFA in ALLEGRO

ALLEGRO

CLD

Photons (PDG=22)

Neutrons (PDG=2112)

 100 events of 50 GeV K0
L are simulated at 60○ 

to check if PandoraPFA can use both ECAL and 
HCAL hits for the reconstruction

 For comparison, CLD simulation + 
reconstruction is also performed following 
this instructions 

 PandoraPFA can reconstruct hadronic showers 
in the ALLEGRO detector

 However, too many clusters are produced  →
needs further investigation

https://fcc-ee-detector-full-sim.docs.cern.ch/CLD/
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Tracks for PandoraPFA

 Currently, the tracking system taken from IDEA “as is”
 No track reconstruction performed

 Since the reconstructed track resolution is expected to be almost perfect, we can work with 
“truth tracks”

 TracksFromGenParticles algorithm available in k4RecTracker is modified to form the track objects 
with all necessary information for PandoraPFA

 Tracks are created only from charged MCParticles
 Track state at IP is defined at the position of MCParticle production vertex
 Track state at FirstHit is defined using the position of the MCParticle associated lowest radius Geant4 hit 

in the Drift Chamber, and the extrapolated momentum from the track state at IP
 Track state at LastHit is defined using the position of the MCParticle associated highest radius Geant4 hit 

in the Drift Chamber, and the extrapolated momentum from the track state at FirstHit
 Track state at Calorimeter is defined using the position of the extrapolated track intersection point to the 

cylinder of the ECal barrel at inner radius (2172.8 mm), and the extrapolated momentum from the track 
state at LastHit

 The algorithm can be further improved to produce kink/prong/split/V0 vertex collection

NOTE: Since I do not have any 
experience with tracking, what I did 
here may not be correct/optimal 
choice...

https://github.com/key4hep/k4RecTracker/blob/master/Tracking/components/TracksFromGenParticles.cpp
https://github.com/key4hep/k4RecTracker
https://github.com/Archil-AD/k4RecTracker/blob/pandora/Tracking/components/TracksFromGenParticles.cpp
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Tracks from MCParticles in PandoraPFA

 Newly created class of DDTrackCreatorALLEGRO in DDMarlinPandora allows to feed the PandoraPFA with 
the tracks produced using TracksFromGenParticles

 The default cuts are applied on d0 and z0 (50 mm)

 Checked if a track reaches the ECAL barrel (based on the track state at Calo)

 By default, the track is assumed to be a charged pion

 CreateTrackAssociations is disabled due to missing relevant collections

 Attempts to identify                       ,                            ,                      and                        decays 

 Attempts to identify muons from π±/K± decays, and charged pions from charged Hyperon decays

 Relates daughter tracks to the parent and produces sibling relationship  →

at the later stage, the PFO is reconstructed using the parent track, and the particle Id is assigned retrieved 
from the corresponding vertex

 → since this is disabled, all charged hadron tracks will be assigned the default particle Id of charged pion

https://github.com/Archil-AD/DDMarlinPandora/blob/ALLEGRO/src/DDTrackCreatorALLEGRO.cc
https://github.com/Archil-AD/k4RecTracker/blob/pandora/Tracking/components/TracksFromGenParticles.cpp
https://github.com/Archil-AD/DDMarlinPandora/blob/ALLEGRO/src/DDTrackCreatorBase.cc#L68
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Electron reconstruction using PandoraPFA in ALLEGRO

 100 events of 10 GeV electrons are simulated at 60
○
 to 

check if PandoraPFA can use tracks and ECAL hits for the 
reconstruction

 For comparison, CLD simulation + reconstruction is also 
performed following this instructions 

 PandoraPFA can reconstruct electrons using tracks and 
showers in the ECAL of the ALLEGRO detector

 It can well associate the shower in ECAL to the track and 
use the track energy instead of Calorimeter energy

 Failed to identify the track as an electron
 A track is identified as electron if the associated shower 

cluster is classified as EM shower 

 By changing the cluster RMS cut from 40mm to 70mm 
manged to identify ~15 tracks as electrons

 Clearly, tuning of EM shower related parameters is 
necessary  

ALLEGRO

CLD

Photons (PDG=22)

Neutrons (PDG=2112)

Electrons (PDG=11)Pions (PDG=-211)

https://fcc-ee-detector-full-sim.docs.cern.ch/CLD/


15
27/11/2024 Archil Durglishvili

Charged pion reconstruction using PandoraPFA in ALLEGRO

 100 events of 50 GeV π- are simulated at 60○ 
to check if PandoraPFA can use tracks and 
ECAL+HCAL hits for the reconstruction

 For comparison, CLD simulation + 
reconstruction is also performed following 
this instructions 

 PandoraPFA can reconstruct hadronic showers 
in the ALLEGRO detector and use charged 
hadron tracks

 Failed to associate the showers to the track  →
energy is double counted (confusion)! 

 Too many clusters are produced 

 → needs further investigation

ALLEGRO

CLD

Energy is double counted!

https://fcc-ee-detector-full-sim.docs.cern.ch/CLD/
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Summary

Implementation of PandoraPFA in the ALLEGRO detector simulation has started and progressing well

 Currently focusing on the ECAL and HCAL barrels

 PandoraPFA can identify photons in the ALLEGRO detector very well

 Managed to reconstruct hadronic showers, however, too many clusters are created  needs further →
investigation

 Tracks for MCParticles are produced to use in the PandoraPFA algorithm

 Managed to reconstruct electrons from tracks and showers in the ECAL

 Shower in ECAL is well associated to the electron track, however, failed to classify electron shower as EM 
shower  tuning of parameters is necessary→

 Failed to associate charged pion shower to the track  energy is double counted   → → needs further 
investigation

Instructions how to run the PandoraPFA (in the current state) in the ALLEGRO reconstruction:
https://github.com/Archil-AD/ALLEGRO_PandoraPFA 

https://github.com/Archil-AD/ALLEGRO_PandoraPFA


Thank you for your attention



Backup
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