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Prompt photons: 
• interested in pT > 3-4 GeV, high background from π0, η, etc.
• Requirement: energy resolution at high (> 5 GeV) energies, π/γ separation

Charmonia (χc1, χc2): 
• need to separate χc1, χc2 from decay into J/ψ γ
• Requirement: energy resolution at low (< 1 GeV) energies

Online polarizability measurement:
• measure azimuthal asymmetry of π0 production
• Requirement: energy and position resolution, π/γ separation



1) per-cell energy calibration: energy deposition 
in scintillator layers → energy deposition in the 
entire cell
2) clustering: identifying groups of neighboring 
cells
3) reconstruction: get particle position and 
energy from cluster
3*) π/γ ID: based on cluster shape analysis

In future, it is possible to merge (2) and (3) in a 
fast reconstruction algorithm based on 
convolutional neural network
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• Change of approach: previously: second/third-degree polynomials, angular dependence 
of the parameter

           

• Now: correctly taking into account the shower depth and its dependence on γ energy:

a,b,c: second-degree polynomial

a,b: linear functions



• Previous corrections: ~10% effect on γ energy
• Now: ~1% effect
• Best way to reconstruct clusters: using empirical energy- and angle-dependent approach, or 

machine learning approach?
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• 1% effect for both barrel and endcap for Eγ > 400 MeV

Barrel
m(π0) = 136 MeV
Eγ > 400 MeV

Endcaps
m(π0) = 134 MeV
Eγ > 400 MeV





 → weighted sum + bias for each node 

Inspired by the work of Dimitrije Maletic (thanks!) and https://cds.cern.ch/record/2042173

• f: ReLU

• Dropout (p=0.1), 
• batchnorm for each layer (before activation)

sigmoid for output:

• Binary cross entropy loss (BCE):

• Optimizer: Adam 
(stochastic gradient descent + 

adaptive moment estimation)
(lr = 0.001, β1 = 0.9, β2 = 0.999, ε=1e-8

2 hidden layers, 64 neurons each 10



Variables describing moments

Energy distribution

X,Y ~ θ,φ
S1, M2 - 1st and 2nd largest energies
S9, S25 - energy in 3x3, 5x5 region
S6 - maximum energy in 3x2 region containing S1 and M2

Angle θ as an input variable
(improves separation at high energies)
Total energy

14 inputs
Dataset: 2/3 → train, 1/3 → test
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• ~98% π0 rejection (at 80% γ efficiency) 
    at small angles
• ~80% for larger angles



• Two options:
• 1) add the implementation to the SpdEcalRCMaker
• 2) create a separate class (SpdJob) in the processing chain (reusability!)



• produce a database of γ/π0 events for further studies → empirical corrections or machine 
learning approach

• extend the class SpdEcalRCMaker to add a flag on π0/γ into the reconstructed particle 
class, or create a separate class for π/γ separation


