
Hadronic shower 
reconstruction in crystal ECAL



Previous review
Iteration-based reconstruction flow: 1D clustering -> 2D matching -> 3D ConeClustering. 

Can well deal with single muon, single photon, 𝜇 + 𝛾, 𝛾 + 𝛾 cases. 

Hadronic shower reconstruction has some problem

10GeV Single 𝜋! 10GeV 𝜋! + 10GeV 𝛾, d=10cm

Efficiency: 79%>=1 Efficiency: 84%>=2 G4 step level 
hadronic shower
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Hadronic shower reconstruction
Difficulty 1: complex hits after the beginning of hadronic shower

◦ Ghost hits and real hits are mixed together. Old algorithm can only deal with N*N cases. 
◦ New ghost hit removal: Match with minimum chi2, reduce M*N to 1*(M-N). 

◦ WARNING: Must be wrong in this case: 
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After matching

Remind of chi2 definition: 
𝜒!"#$%& = 𝜒'& + (𝜒()& + 𝜒(*& ).

𝜒'& =
'"+'# $

,%
$ ,  𝜒(& =

-&+-# $

./0$1,'())
$

2021/7/21 3



Hadronic shower reconstruction
Difficulty 2: Old ConeClustering criteria can‘t connect all 2Dshowers together (too tight)

◦ Consider Arbor’s idea in connecting: 
◦ Connect 2Dshowers from inner layer to outer layer: only connect showers in next layer, but large distance threshold: 𝑅 = 40 +
0.5 ∗ 𝐿𝑎𝑦𝑒𝑟 (𝑚𝑚) (Value=40, slope=0.5. Not enough actually). 

◦ Clean the connections with kappa-order: 𝜅 = 𝜃!+×𝑑!,×Δ𝐸!% .  Now 𝑝2 = 𝑝3 = 𝑝' = 1. 
◦ Define good tree: cover >= 3 layers. Merge bad trees and isolate nodes to closest good tree. 

◦ No complex tree merging and splitting yet. No iteration for tree building. Not use the branch 
information. 

Difficulty 3: Old photon/MIP longitudinal information can not be used when reconstructing 
hadronic showers. 

◦ Reduce old 3 iterations to 2: 
◦ Iteration 0: Make longitudinal linking for all clusters, but only make candidates in first 5 super-layers (10 cm). 
◦ Iteration 1: Use ArborClustering to reconstruct tree structure for hadronic showers. 

◦ Use ArborTree to reconstruct clusters and PFOs. 
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Performance check
10GeV  di-photon, Δ𝑥 = Δ𝑦 = 5𝑐𝑚. 

Event display: 

2 clusters 
(correct)

3 clusters 
(wrong)
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Performance check
Photon + MIP event display

MIP shower, E=1.1GeV

EM shower, E=9.6GeV
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Performance check
Single 𝜋! reconstruction

No cluster lost. 
But need to merge 
some clusters

Most clusters can
match to a track.

Event display #1
𝐸!"#!$ = 7.2𝐺𝑒𝑉
𝐸"%& = 6.1 + 2.2𝐺𝑒𝑉

Event display #2
𝐸!"#!$ = 7.02𝐺𝑒𝑉
𝐸"%& = 6.3 + 1.67𝐺𝑒𝑉

G4 truth step

G4 truth step
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Performance check
𝛾 + 𝜋! (~1/3 𝜋! would interact as MIP).

𝐸-./0 = 11𝐺𝑒𝑉 (z=0, Gamma)
𝐸-./1 = 0.62𝐺𝑒𝑉 (z=50, had)
𝐸-./2 = 4.48𝐺𝑒𝑉 (z=50, had)
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Summary and next step
Specific algorithm for hadronic shower reconstruction:

◦ New chi2 methods to remove more ghost hits.
◦ Remove some longitudinal information to keep all hits in hadronic shower.
◦ Arbor Clustering logic for hit connection.

Performance check:
◦ Can keep all hadronic showers.
◦ Reduced single photon & di-photon efficiency.
◦ Have some ability to distinguish hadronic shower and nearby EM shower.

Next step:
◦ New algorithm for cluster merging.
◦ Make use of ArborTree branch information.
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Backup
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Idea of ArborPFA
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