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Outlook

» Charged Particle Tracking:

» Track identification in Drift Chambers
» Drift Chamber Data De-Noising

> Impact on the experiment outcome
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> Each experimental hall contains a detector system for specific experiments

> CEBAF Large Acceptance Spectrometer (CLAS12) Located in Hall-B
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Physics Results “

> True tracks are identified by conventional algorithms from real data.
o\.\ y g

> One negative and one positive track (different curvature due to
magnetic field)

> False tracks are constructed by interchanging randomly one or two
e clusters with the clusters from the other track in the event

> The average wire position in each
super layer is used as an input to

False Track

Output Layer

Multi-Layer Perceptron (MLP) S =
> The network is trained on 6 inputs ¢ T
and produces three outputs: y ™ Okkk
» False track E A :
» Negative Track % /] \“/«\l
> Positive Track 5
s T
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Corruption Auto-Encoder

> An auto-encoder is composed of an encoder and a decoder sub-models. The ‘\\.\ o .\\'\\.\
encoder compresses the input and the decoder attempts to recreate the input T~ Tralnlng Sample for Auto-Encoder N
from the compressed version provided by the encoder. \-\ \\
> Typically used for de-noising, but can be used for fixing glitches (our case). S >
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1 H » Use Auto-Encoders to fix the missing cluster (provide a position)

» (Good reconstructed tracks are used to generate training
samples by removing one cluster from each super layer
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Putting things together
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Physics Results -

Al-assisted track candidate classification and Inefficiency Reduction Auto-Encoder

/ / —
ep — €' (X) ep — €' (X)
» Single particle efficiency increases by ~10%.
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Results

~35% gain 1n physics

Moving to higher Luminosities
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De-Noising “

Performance of track identification for higher luminosity
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> With increased luminosity the efficiency of reconstructed three particle final state drops sharply

> Even with the power of Al-assisted tracking (capable of resolving the combinatorics) the
efficiency drop follows the same trend.
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De-Noising “

> In high luminosities the noise level increases and forming clusters (or segments 1n each
chamber becomes challenging)

» This results 1n loss of clusters and Al-assited tracking can no longer help with combinatorics
resolution

CLAS12 Event Display Examples (Drift Chambers)
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De-Noising

RAW DATA GROUND TRUTH De-NOISED
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De-Noising Results (simulation)

» The reconstruction 1s run on simulated data with a merging background for different incident beam currents
(luminosity)

» The simulated three-particle final state 1s analyzed to measure yield for de-noised data and for conventional
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Current Workflow

» CLASI12 Reconstruction software 1s based on SOA
(CLARA) approach, where each detector reconstruction
runs as a separate service

» The data reconstruction workflow now included de-nosier
running prior to standard clustering and Al-Assisted
tracking running prior to DC track finding.

> Drift Chambers code runs tracks suggested by Al-assisted
tracking through Kaman-filter for final track parameter
calculations.

» Running at standard conditions (45 nA beam current) the
Al increased the yield of missing protons by 51%.

» The improvement 1n yield 1s reaction and kinematics
dependent, and for some event topologies reaches even
83% (J/ps1 with 3 particles detected final state).
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Summary “

» CLAS12 uses three neural networks for track reconstruction in forward drift
chambers:

» De-Nonoiser: Convolutional Auto Encoder Network
» Corruption Recovery Network: Multi-Layer Perceptron AutoEncoder
» Track Classifier: Multi-Layer Perceptron Neural Network

» The combined effect of three neural networks resulted 1n increase of single
particle efficiency ~15%-18%.

» The resulting increase 1n statistics for physics observables 1s ~50%-80%

> Implementation of Al track 1dentification also resulted 1n tracking code
speedup of ~35%.

» The use of neural networks in track reconstruction pave the way for high
luminosity running where conventional methods can not be used.

P
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Backup Slides
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De-nosing Performance Multi-Threaded

» C++: Keras model inference in C++ code

implemented for CLAS12 de-noiser. 250
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De-Noising Results (data) “
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De-Noising

CLAS12 Event Display (Drift Chambers)

All Drift Chambers (Seq Event# 9 True event# 5133245)
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Track Parameter Reconstruction
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» Charge Track Parameter Inference
» Reconstruct momentum and angles of particles based on the cluster
positions of the tracks

> Particles have distinct trajectories through drift chambers depending
on their momentum, polar and azimuthal angle.

> Designh an MLP network and investigate different combinations of
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activation functions to derive the best network for this problem.

> Missing mass of two particles

calculated using particle momenta
from Hit-Based Tracking compared
to missing mass calculated from Al
particle parameter inference.

> Hit Based Tracking works ~250 ms

per event

> Al reconstructs particle parameters

<0.5 ms per event
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Future of CLAS12-Al
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De-nosing Performance With Central Detector
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