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C){GNO Approach
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gas molecules during electron multiplication is
optically read by sCMOS and PMT

PMT measures
the integrated
energy and time
of arrival (dZ) of
charge carriers
with high
sampling rates.
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What do we want from ML?
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Model: Mask-RCNN
Classification

Semantic Segmentation

Object Detection

Instance segmentation ( Finds the
cluster around the tracks for each
object (track) detected.)
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Preparing the dataset for training

Discriminating
Variables

ER & NR simulation Digitization Reconstruction

Interaction of the particles These tracks are then Digitized  tracks  are Reconstructed tracks are
with gas is simulated using  projected to a 2D plane and reconstructed for the used to build several
either GEANT4 (for ER) or  detector effects are added tracks using a iterative discriminating variables
SRIM (for NR). like diffusion, camera noise, density based scanning like skeleton, Length
effective ionisation, gain algorithm called along  principal axis,
fluctuation and geometrical iDBSCAN. Charge uniformity,
acceptance etc. Maximum density,

Slimness, Integral etc.
E Baracchini et. al., “Identification of low energy nuclear recoils in a gas TPC with optical readout”, arXiv:2007.12508v1
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Background Rejection
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Signal Efficiency (€°)

Signal Eff. |Bkg. Re;j.
MIGGE %es]% [1-geB]°/i
RFC 40 99.54
50 08.78
GBC 40 99.38
50 98.55
DNN 40 99.43
50 98.50
Cut- 40 83.13
based 50 67.20
working point  Signal efficiency ~ Background efficiency ~ Bkg.
€gresel 56S 5f9ml E;zgesel 563 sté,ml Rej
WPs 098 0.51 0.50 | 0.70 0.050 0.035 96.5%
WPy 098 041 040 | 0.70 0.012 0.008 99.2%
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Results are for simulated data in range 2-36
keV for NR and ER. While results published in
paper mentioned below is for NR energy range
of 1-100 keV discriminated against 6 keV ER.

E Baracchini et. al., “Identification of low energy nuclear recoils in a gas TPC with optical readout”, arXiv:2007.12508v1
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Architecture of Mask-RCNN
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Mask-RCNN Paper: https://doi.org/10.48550/arXiv.1703.06870

ML@INFN 06/03/2023 6


https://doi.org/10.48550/arXiv.1703.06870

Data for Mask-RCNN

a) Digitized Image b) Noise
(512x512) (512x512)
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Digitized image Selecting the
w/0 noise cluster using OpenCV

c) Noise subtracted
(Blurred -> Thresholded)

Shape Attributes

> Polygon

> Coordinates of polygon
> bbox

> area

Region Attributes

> ER or NR (category)

> Name & index

Input for Network

Target for Network
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First results from Mask-RCNN

Prediction Zoomed Track
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Model was trained just with 4 input images and for 20 epochs.
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