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Particle flow calorimetry

Particle Flow Algorithm (PFA)

@ PFA is one of the approaches chosen for future Higgs factories

@ Use optimal sub-detector for jet energy estimation :
tracker (~ 60%), ECAL (~ 30%), HCAL (~ 10%).

@ Separate energy depositions from close-by particles : high granularity is key point
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Intrinsic Energy Resolution

Extensive studies have been done with ILD detector option 1
(AHCAL, ILD baseline) and PandoraPFA algorithm.

At higher jet energy (E > 100 GeV), dominant contribution to
resolution is confusion.

See Steven Green, Cambridge University Thesis 2017
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https://inspirehep.net/literature/1652808

Semi-Digital HCAL

SDHCAL energy reconstruction
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PFA history

ILD PFA reconstruction
PandoraPFA ‘ ARBOR concept

PandoraSDK

ARBOR
at CEPC

Pa ndora‘P FANew Arbo;PFA
| | |

PFA strategy

Both PandoraPFA and APRIL, construct many small clusters then merge them.

@ APRIL ~ ARBOR concept + PandoraSDK algorithms
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The APRIL algorithm

APRIL : Algorithm for Particle Reconstruction at ILC from Lyon.

The clustering strategy
@ Start from tracks

(track driven clustering), extrapolate tracks in calorimeters — cluster hits close to the tracks.
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Clusters linked to tracks are defined as charged clusters.

@ Perform Arbor like clustering with all hits (parameters set to avoid making big clusters).

© Some hits remain unclustered — Nearby hits merging : remaining unclustered hits are

clustered with mlpack DBSCAN (efficient Nearest Neighbour clustering)

@ Cluster merging : if Eyrack > Eeuster, merge nearby cluster.
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Arbor like clustering

Graph theory : a shower is an oriented tree.

Orientation

@ Rearrange hits in virtual nested cylinders (= pseudo layers)

@ Count them from the inside. \@ '

@ Forward direction = increase pseudo layer number.

Process

@ Connect all neighbouring hits (use
mlpack NeighborSearch).

@ Clean connectors = keep max one
backward connection per hit.
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Connector cleaning

Reference direction
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Results

@ Event samples: ete™ — qg, where ¢ = u,d, s (] cos 4| < 0.7)
@ With ILD option 2 large (SDHCAL, SiW ECAL), Videau geometry, iLCSoft, linear reco
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@ JER at 91.2 GeV: APRIL: 4.5%; Pandora: 4.5%; Perfect PFA: 3.28% (work in progress)
uds dijets - 91.2 GeV - ILD [2_v02

@ Jet energy resolution, JER =
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Figure: The energy of reconstructed PFO at Ecym = 91.2 GeV.
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Results (continued)
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@ APRIL slightly better than Pandora at low energies for SDHCAL

@ APRIL has no reclustering — crucial to counter confusion at high energy.
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Reclustering / Cluster cutting

@ If Ecjuster > Firack : need to remove energy from the cluster

o Reclustering : Break the cluster and restart clustering with different
parameters (Pandora strategy)
o Cluster cutting : cut the cluster and remove some parts

AMSTER algorithm
@ Based on graph theory with Minimum Spanning Tree (MST)

@ Cut the connections with bigger weights
@ Tested on simple cases — To be included in APRIL
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Figure: Event of a 7~ (red) and a K (green) in two clusters (blue and yellow)
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APRIL Software inclusion and other developments

@ APRIL currently being fine-tuned for ILD_12_.v02 (SDHCAL + SiW ECAL), but versatile
e — Can be applied to other detector concepts

@ SDHCALContent : Contains T-SDHCAL plugins (corrections, energy reconstruction
formulas, ...) — Paper on energy-reconstruction formulas being finalized

@ APRILContent : Contains the APRIL algorithms

@ DDMarlinPandora update : Updated DDMarlinPandora able to run APRIL and
SDHCALContent

@ All recently added to the Key4hep stack

@ Anyone can now run APRIL and/or the SDHCALContent plugins

Commit b@28880

Jmcarcell authored on Jun 2 -+ 11/11 - (Verified)
Add sdhcalcontent and aprilcontent to the stack (#754)

P omain (#754)
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https://github.com/iLCSoft/DDMarlinPandora
https://github.com/key4hep
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PFA with timing

@ SDHCAL should allow timing segmentation < 100 ps thanks to MRPC — T-SDHCAL
@ Possibility to follow the particles in "real time”
@ Previous studies : timing improves separation
@ Goal : Add timing to APRIL
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Different applications

Delete non-causal connectors between hits (8 > 1) v/
Late neutrons tagging v
Pseudo layers ordered in timing and not in space v’

Most recent: Clusters merging v/

— Ongoing studies to see the timing impact on energy resolution and showers separation
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Figure: Simulated distribution of hits in the SDHCAL as function of their distance from
the shower axis and the hit time, for all hits (left) and for all hits except those induced
by neutrons (right)
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Summary

@ A particle flow algorithm implementing the ARBOR approach has been developed in the
PandoraSDK framework.

@ Available for anyone from the Key4hep stack
@ Competing with PandoraPFA at low and intermediate jet energies in SDHCAL.

@ Work started for cluster cutting algorithm for APRIL is expected to improve the
reconstruction at higher jet energies.

@ Next steps

o Fully implement split cluster procedure (AMSTER)
e Study the impact of timing on energy resolution and shower separation

Thank you for your attention !
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Merging clusters distances

@ Two methods possible

Barycenter projection

Find the parent with the smallest dy,,.,; and
smallest 6

dproj Distance of closest approach between the
parent barycenter and daughter axis.

0 Angle between the 2 axes.

Axis crossing

Find the parent with the smallest dcross and
smallest d¢jose

deross Distance of closest approach between
the parent and the daughter axes.

dejose Distance of closest approach between
one of the parent cluster hit and the daughter

axis. )
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Angle corrections

@ Goal : implement angle corrections

@ Purely geometric corrections
o NptW = Nh.t x Effect
o Effect 5 for endcap
f
o Effect - for barrel
Sll’i
° EfFect o5 for barrel orTIy . .
o Videau geometry taken in consideration

@ Created SDHCALContent for all SDHCAL related
plugins

@ Separating detector (SDHCAL, ILD option 2) from
PFA (APRIL).
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https://github.com/SDHCAL/SDHCALContent

SDHCAL energy reconstruction formulas

@ Several reconstrution formulas tested

o Linear

o Quadratic

e Split method (two formulas instead of one)

o Polynomial regression
@ Split method gives the best linearity and resolution overall
@ Paper on energy-reconstruction formulas being finalized

ILD_12_v02 - K ILD12.v02 - K

LB 008 T Ty g A et e s st s ettt
g [ ] S E———— ]
Q r 1 i F ]
L 1 o 0.25 —=— Quadiatc APRIL ]
ol - ] [ Spitmethod APRIL ]
I I 4.?.\‘\"_" 7 —=— Polynomial Regression APRIL| ]
[ Tt " ] 0.2 i
-0.05- n
r e Linear APRIL ] 0.15 4
L —=— Quadratic APRIL ] r 1
—0_17— Split method APRIL b 0. 1; B
[ —=— Polynomial Regression APRIL ] 3 q
| I T PR PR FNUTE FRTTE PR PR R i T T T T P SO B B T

0O 10 20 30 40 50 60 70 0 30 40 50 60 70
Epc [GeV] Enc [GeV]
Figure: Linearity for single k-longs Figure: Resolution for single k-longs
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