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Introduction
• Shape parameters calculated for photon/pi0 identification with ALLEGRO: Pull Request

• Generated samples of sliding-window clusters from photon/pi0

• ddsim for simulation

• Detector: ALLEGRO v03 (11 layers with projective cell corners)

• Energy of incident particle: 1 – 100 GeV, theta: 40 – 140 degrees, phi: 0 – 2pi

• Implement default and custom versions, for strip in different layers:

• L1 (default), L2, L3, L4, L5

• Trained BDT using these shape parameters, to see the separation of photon and pi0

• Implemented the algorithm that runs the photon ID in Gaudi: Pull Request

https://github.com/HEP-FCC/k4RecCalorimeter/pull/79
https://github.com/HEP-FCC/k4RecCalorimeter/pull/85
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Shape parameters (1/2)
Ø Cluster level:

• Energy

• Mass

• Number of cells

Ø Calculated in each layer:

• Maximum energy of cell

• Energy fraction: E(i) / E

• E(i) is energy in layer i, E is cluster energy

• Width in theta: sqrt(sum(theta_i^2*E(i))/sum(E(i))-(sum(theta_i E_i)/sum(E_i))^2)

• theta_i is theta ID of cell

• Width in phi (module): sqrt(sum(module_i^2*E(i))/sum(E(i))-(sum(module_i E_i)/sum(E_i))^2)

• module_i is module ID of cell
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Shape parameters (2/2)
Ø Calculated in each layer, expected to have good separation especially in the strip:

• Ratio_E vs. theta: (E_max - E_2ndmax) / (E_max + E_2ndmax)    [ will be 1 if no E_2ndmax found ]

• Delta_E vs. theta: E_2ndmax - E_min

• E_max and E_2ndmax found in 1-D theta spectrum

• E_min found in the theta range of E_max and E_2ndmax

• Ratio_E vs. phi and Delta_E vs. phi, similarly as in theta:

• E_max and E_2ndmax found in 1-D module spectrum

• Width in theta, taking account only N bins around the cell with E_max

• N = 3, 5, 7, 9

• E fraction side: E(within up to +-N cells around E_max) / E(within up to +-1 cells around E_max) - 1.0

• N = 2, 3, 4

• Performed with 1-D theta spectrum
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Distributions
• In the following shape parameter distributions:

• Blue: photon (100k events)        Red: pi0 (100k events)

• Strip in L3

• Full set of distributions: LINK

• Mass and number of cells in clusters

https://cernbox.cern.ch/s/aUIPUXgjjd55AjL


6

Distributions
• Energy fraction in L3, L4, L5

• Maximum energy of cell in L3, L4, L5
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Distributions
• Width in theta in L3, L4, L5

• Width in module in L6, L7, L8
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Distributions
• Ratio_E and Delta_E vs. theta in L3

• Ratio_E and Delta_E vs. phi in L3
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Distributions
• Width in theta calculated from 3, 5, 7 cells in L4, L3, L2

• E fraction side calculated up to +- 2, 3, 4 cells in L3, L4, L5
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BDT setup
• Train the BDT using a selected set of shape parameters (83 in total):

• (Sliding-window) cluster energy, mass, number of cells 3

• Ratio_E vs. theta / phi, L1 to L5 10

• Delta_E vs. theta / phi, L1 to L5 10

• Maximum energy of cell, L1 to L5 5

• Energy fraction, L1 to L8 8

• Width in theta / phi, L1 to L6 12

• Width in theta of 3 / 5 / 7 / 9 cells, L1 to L5 20

• Energy fraction side of +- 2 / 3 / 4 cells, L1 to L5 15

• Photon as signal (100k), pi0 as background (100k)

• Half for training, the other half for test

• BDT hyper parameter optimised
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BDT: inclusive and exclusive vs. E
• Train inclusive BDT (1-100 GeV) and 

exclusive BDTs in 5 E_cluster intervals:
• 1-20 GeV

• 20-40 GeV

• 40-60 GeV

• 60-80 GeV

• 80-100 GeV

• ROC curve derived from test sample

• For clusters with very low (< 20) and high 

energy (> 60), BDT performances get worse

• Inclusive BDT as good as exclusive BDTs
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BDT: shift of strip layer
• In default geometry, strip is in L1

• 4 times finer theta granularity than others

• From observing distributions of shape parameters, 

L1 might not the best choice of strip

• Generate samples using custom detector versions

• Shift strip layer to L2, L3, L4, L5

• 100k events for photon / pi0 each

• From the ROC curve:

• L3 has the best performance (AUC 0.948)

• L4 is very close (AUC 0.947)
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Running the photon ID algorithm in Gaudi
• Implemented a Gaudi algorithm that

• Reads the list of input features from a JSON file and the trained BDT model from an ONNX file

• For each cluster, reads the input features from the shapeParameters vector (if available), runs the inference, 

and saves the photon probability as an additional shape parameter of the new output cluster collection

• Works with ONNX files created with either XGBoost and LightGBM (tested with both)

• Could probably work also with different models based on features (DNN..)

Pull Request: PR

https://github.com/HEP-FCC/k4RecCalorimeter/pull/85
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Summary and outlook
• Shape parameters calculated for photon/pi0 identification with ALLEGRO: Pull Request

• Full set of shape parameter distributions: LINK

• BDTs trained using shape parameters

• to test photon/pi0 separations vs. energy of cluster

• to find a better/the best position of strip

• Implemented the algorithm that runs the photon ID in Gaudi: Pull Request

Ø Optimise further the input list for BDT

https://github.com/HEP-FCC/k4RecCalorimeter/pull/79
https://cernbox.cern.ch/s/aUIPUXgjjd55AjL
https://github.com/HEP-FCC/k4RecCalorimeter/pull/85


Back Up



16

BDT
• Optimised BDT hyper parameters:
nTrees=1000:MaxDepth=4:BoostType=AdaBoost:AdaBoostBeta=0.6:SeparationType=GiniIndex:nCuts=20:MinNodeSiz

e=1:PruneMethod=NoPruning"

• Inclusive BDT (1-100 GeV), L3 as strip
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Variable importance (Top 15)
• Delta_E_2ndmax_min_EMB_layer_3

• maxcell_E_EMB_layer_4

• mass

• maxcell_E_EMB_layer_3

• width_theta_5Bin_EMB_layer_3

• width_theta_3Bin_EMB_layer_3

• E_fr_side_pm2_EMB_layer_3

• width_theta_7Bin_EMB_layer_3

• ncells

• width_theta_3Bin_EMB_layer_2

• Ratio_E_max_2ndmax_EMB_layer_3

• width_module_EMB_layer_3

• Energy

• width_module_EMB_layer_2

• width_theta_3Bin_EMB_layer_4

Strip variables ranked higher
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