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Particle flow calorimetry

Particle flow calorimetry: attempt to reconstruct visible final state
particles from the information recorded by detector.
Jet energy resolution at ILC: σE/E = 3 ∼ 4% in the energy range
from 50 to 500 GeV [1].
Algorithms: Pandora [2], Arbor [3], Garlic [4].
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International Large Detector [5]

2 / 17



Semi-Digital HCAL

Two high granularity HCAL options at ILD
Analog HCAL (AHCAL)
Semi-Digital HCAL (SDHCAL [6])
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Design of algorithm

Jet energy composition
Charged particles: ∼ 60%
Photons: ∼ 30%
Neutral hadrons: ∼ 10%

Event
preparation

Track driven
clustering

Clustering
in ECAL

Clustering
in HCAL

Nearby hits
merging

Closeby seeds
merging

Cluster merging
for charged hadrons

Cluster merging
for photons

Fragments
merging

Track-cluster
association

PID and
PFO creation
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The code

Algorithms developed by using the PandoraSDK [8]
▶ Multi-algorithm approach
▶ Objects: track, hit, cluster, PFO

ILCSoft (https://github.com/iLCSoft)
▶ Marlin [9]
▶ Tracking
▶ Calorimeter digitizers (SimDigital for SDHCAL)
▶ Geometry: ILD detector mode implemented by lcgeo, which is based on

DD4hep [10]
▶ LCCalibration: automated energy calibration for calorimeters at ILC

(https://github.com/iLCSoft/LCCalibration).
mlpack [7]: NeighborSearch, DBSCAN.

→ For the Algorithm of Particle Reconstruction at ILC developed in Lyon,
we’d like to name it APRIL.
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Clustering

Arbor [3] : use it as the algorithm for clustering the hits in
calorimeter with tree topology.
Nearby hits are linked by connector. The nearby hits are searched by
the NeighborSearch (and NearbySearch) in mlpack [7].
Reference direction

Vr = wb ×
∑

i

vb
i + wf ×

∑
j

vf
j (1)

Connector order
κ = θpθ × dpd (2)

Ambiguity: connector order at small angle, e.g., θ = 0.
Hits which are not clustered are dealt with by DBSCAN in mlpack.
To restrain the error in clustering, the parameters are set to avoid
forming big clusters.
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Clustering (continued)
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Cluster merging
For cluster merging, the geometrical
properties of cluster are utilized; The
order of cluster connection is
proposed for cluster merging in analog
to κ = θpθ × dpd in hit clustering:

▶ Distances: COG distance; closest
distance approach;

▶ Angles: cluster axis; direction between
clusters.

The energy criteria for cluster merging
▶ χ = (Ec − pt)/σEc

▶ σEc

⋆ ECAL: 0.15/
√

Ec for photons.
⋆ HCAL: 0.55/

√
Ec for hadrons.

Cluster merging is still under
optimisation.
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Figure: Merging between
charged and neutral cluster.
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Cluster properties

(a) Photon cluster (b) Charged cluster

The center of gravity of a cluster

o = 1
E

∑
k

ekrk (3)

The cluster axis is computed from the eigen vector of inertial tensor

Iij = ek

∑
k

(r2
kδij − r

(i)
k r

(j)
k ) (4)
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Distance of clusters axes

For two clusters, 1 and 2, the equation of their axes can be
represented by

yi = oi + λiai (5)

where i = 1, 2; oi is the center of gravity as a reference to the points
on the axis; ai is the direction of axis; λi is a free parameter which
determines the position yi on the axis. The distance of the two axes
(skew lines) is given by

d = |n · (o2 − o1)| (6)

in which, n = (a1 × a2)/|a1 × a2|.
The cluster is used for fragment (i.e. the relatively small and far
cluster form the main cluster) merging.
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PFO creation

Track-cluster assocaition: position, direction and energy are
considered.
PID

▶ γ, π±, neutal hadron
▶ Shower profile, energy deposition and track information are used.

Figure: The reconstructed PFOs in an event.
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Results

JER ( RMS90(Ej)
Mean90(Ej) , | cos θq| < 0.7) at 91.2 GeV: 4.2%; RMS: 4.24 GeV.

Pandora: 4.1%; Perfect PFA: 3.25%

Total PFO energy (GeV)
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Clustering ∼ 0.05%
Nearby hits merging ∼ 0.15%

Cluster merging ∼ 0.30%
Track-cluster association and PFO creation ∼ 0.30%
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Results (continued)
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A simple reclustering algorithm is tried for APRIL.
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Summary

A particle flow algorithm is deveoped in the framework of up-to-date
ILCSoft.
We proposed a cluster merging approach by constructing the cluster
connection order from the computation of cluster geometrical
properties.
The code has great improvement from its first version, and the
current result is quite close to our expectation.
Plans

▶ Reclustering.
▶ A little bit far future: machine learning for PFA.
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