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Training samples

* Samweb dataset:

* higuera_fardet-hd__fd _mc_he 2023a__mc__hit-reconstructed __prodgenie_atmnu_
max_weighted _randompolicy _dunelOkt 1x2x6.fcl _v09 79 00d02__ preliminary

* Trained on the first 14000 files
* Approximately 600K events in the training set
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Pass 1: Network training
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Pass 1: Confusion matrix -

* For U view in passl
e other confusion matrices are similar
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Pass 2: Network training

* Pass 2 loss functions and per class accuracies
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r\' i : DEEP UNDERGROUND
m= NEUTRINO EXPERIMENT

* alittle surprised to see the collection plane yield slightly lower accuracy, but overall performance remains high
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Testing samples

* Samweb dataset:

* higuera_fardet-hd__fd _mc_he 2023a__mc__hit-reconstructed __prodgenie_atmnu_
max_weighted _randompolicy _dunelOkt 1x2x6.fcl _v09 79 00d02__ preliminary

» Tested on events from 500 files after the first 15000 training files
* For vertexing only events with a true vertex within the fiducial volume are considered (~32,000)

* The reference performance uses the previously trained DL vertexing model
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Vertex deltas

o 1 Pandora Ref
[_1 Pandora New
012 #Events: 23788 : ::zt EE
* Improved performance in all dimensions over previous network .| e e
* About 10% more precisely reconstructed vertices e X
* Improved resolution -
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Vertex deltas

* Larger training set yields notably improved performance

* About 10% of events have no reconstructed vertex

* Typically implies very low visible hit count
* Needs further investigation to confirm

Fraction of events
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—— Pandora Ref
—— Pandora New

*Ref: previous DL vertex training
*New: latest DL vertex training

Reco — True [ cm ]
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Training samples

* Samweb dataset:

* higuera_fardet-hd__fd _mc_he 2023a__mc__hit-reconstructed __prodgenie_atmnu_
max_weighted _randompolicy _dunelOkt 1x2x6.fcl _v09 79 00d02__ preliminary

* Tested on events from 1000 files after the first 14000 training files
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Feature correlations

1.00
End Fraction - -0.31 -0.02 0.48 -0.073-0.093-0.0056-0.041 -0.069-0.0067 0.032 0.077
Fractional Spread - 0.11 0.091 0.029 0.27 -0.0098 0.13 0.16 0.046 0.024-0.0027 0.16
Opening Angle Diff - -0.11 0.16 0.29 0.21 0.016 0.31 0.21 -0.0470.0023 0.012 -0.50
Hierarchy Daughter-Parent Hit Ratio --0.014-0.0011 0.035-0.000840.012 0.00290.00031 0.19
Hierarchy N Daughters Hits 3D - 0.016-0.00550.0017 0.022 -0.029 0.003 0.0077 0.45 -0.25
Hierarchy N Daughters - 0.098 -0.017 -0.091 0.035 -0.092 -0.017 0.009 0.45 0.19 -0.047 0.046 -0.069
PCA Tertiary-Primary EigenValue Ratio - 0.05 0.18 0.15 048 0.014 0.009 0.0070.00031 0.21 0.16 -0.041 -0.00
PCA Secondary-Primary Eigenvalue Ratio -0.0037 0.18 0.19 0.33 0.031 -0.017 0.003 0.0029 0.31 0.13 -0.0056
Vertex Distance --0.026 0.031 -0.094 0.014 -0.092 -0.029 -0.012 0.016-0.0098-0.093 --0.25
Sliding Linear Fit RMS - 0.15 0.15 0.054 0.021 033 048 0.035 0.0220.000840.21 0.27 -0.073
Max Fit Gap Length - -0.29 0.074 0.054 -0.094 0.19 0.15 -0.091-0.00170.035 0.29 0.029 | 0.48 - —0.50
Straight Line Diff Mean - -0.02 0.15 0.031 0.18 0.18 -0.017-0.00550.0011 0.16 0.091 -0.02
Length 0.15 -0.026-0.0037 0.05 0.098 0.016 -0.014 -0.11 0.11 -0.31 —0.75
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1.00

True Shower Correlation Matrix

End Fraction - -0.43 -0.17 0.29 -0.32 0.068 -0.051 -0.17 -0.014 0.015 0.044 -0.14 -0.43 NS

Fractional Spreadﬂ 0.11 —0.!)62 -0.17 0.1 034 0.098 0.034 -0.016 0.024 NS -0.43

Opening Angle Diff - 0.034 0.081 -0.04 -0.022-0.019 0.059 0.018 -0.059 -0.029 -0.016 SN 0.024 -0.14 -0.50

Hierarchy Daughter-Parent Hit Ratio --0.019-0.021 0.026 -0.014 -0.015 -0.014 -0.014 0.19 | -0.016 -0.016 0.044

Hierarchy N Daughters Hits 3D - 0.045 -0.0140.0056 0.05 -0.037 0.004 0.017 | 0.48 DEER-0.029 0.034 0.015 -0.25
Hierarchy N Daughters - 0.16 -0.027 -0.032 0.18 -0.082 0.011 0.065 WM 0.48 0.19 -0.059 0.098 -0.014
PCA Tertiary-Primary EigenValue Ratio - 0.38 0.39 0.05 0.52 -0.032 0.5 I 0.065 0.017 -0.014 0.018 0.34 -0.17 -0.00

PCA Secondary-Primary EigenValue Ratio - 0.21 0.32 0.028 0.25 0.042 ¥ 0.5 0.011 0.004 -0.014 0.059 0.1 -0.051

Vertex Distance - -0.17 0.11 -0.067 -0.14 SO 0.042 -0.032 -0.082 -0.037 -0.015-0.019 -0.17 0.068 --0.25
Sliding Linear Fit RMS 0.14 -0.078NW -0.14 025 0.52 0.18 0.05 -0.014 70.022 -0.32
Max Fit Gap Length - 0.023 0.098 [EESWN -0.078 -0.067 0.028 0.05 -0.0320.0056 0.026 -0.04 -0.062 0.29 - —0.50

Straight Line Diff Mean - 0.12 SO 0.098 0.14 0.11 0.32 0.39 -0.027-0.014-0.021 0.081 0.11 -0.17

0.023 QE:FR -0.17 038 0.16 0.045 -0.019 0.034 0.43 -0.75
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Straight Line Diff Mean - E
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Hyper parameter investigations

Training Progression
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Number of Training Examples

Learning rate
* ~190,000 PFPs in each of the training and test samples for final training

* Learning rate of 1.2
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Normalised Entries

Score distribution and ROC curve

FD sim/reco - 26/02/2024
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ROC Curve
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PFP characterization
reconstruction performance
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Testing samples

* Samweb dataset:

* higuera_fardet-hd__fd _mc_he 2023a__mc__hit-reconstructed __prodgenie_atmnu_

max_weighted _randompolicy _dunelOkt 1x2x6.fcl _v09 79 00d02__ preliminary
* Tested on events from 500 files after the first 15000 training files (same as vertexing)
* The reference performance uses the previously (LBL) trained BDT

17
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Score distribution and ROC curve
Reference New

Truth
Truth

Reco Reco

* Similar track characterization performance

* Much improved shower characterization performance
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Summary and next steps
* Substantial improvements in vertexing and PFP characterization performance
* Have requested that new model files be added to DUNE StashCache (pending)

* Feature branches exist for dunereco and dunesw to use the updated models
* dunesw: https://github.com/AndyChappell/dunesw/tree/feature/atmos prod phase?2

* dunereco: https://github.com/AndyChappell/dunereco/tree/feature/atmos prod phase2

* Introduces two new fcl files for reco2:
* standard_reco2_atmos_dunelOkt 1x2x6.fcl: Long-term fcl file

* reco2_atmos_dunelOkt 1x2x6 geov5.fcl: What we should use for this production to accommodate the fact that the head
of dunesw develop now uses a v6 geometry, while the production has been run with v5


https://github.com/AndyChappell/dunesw/tree/feature/atmos_prod_phase2
https://github.com/AndyChappell/dunereco/tree/feature/atmos_prod_phase2
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