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Outlook 2

Outline:

Machine Learning (brief introduction)

Track identification in Drift Chambers

Drift Chamber Data De-Noising

Impact on the experiment outcome

RICH (Ring Cherenkov) Particle Identification



IWHSS June,2023 (Prague)G.Gavalian (Jlab)

Outlook 3

• Machine Learning (ML) is part of artificial 
intelligence. 


• Machine learning is a field of inquiry 
devoted to understanding and building 
methods that 'learn', that is methods that 
leverage data to improve performance on 
some set of tasks. 


• Machine learning algorithms build a 
model based on sample data, known as 
training data, in order to make predictions 
or decisions without being explicitly 
programmed to do so.
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Artificial Intelligence/Machine Learning 8

Classifier 

Neural Network

Based on the input (image/vector) 
decide what type (or class) of data it 
is.

Used to identify dogs/cats in the 
image

Identify what king of particle it is 
based on the signals from detector 
components

Regression 

Neural Network

For the given input (image/vector) 
calculate some values 
characteristic of the input

Calculate the amplitude of a peak 
given points of the histogram

Predict the speed of the object 
from series of measurements

Recurrent 

Neural Network

For the given series predict 
the next value. 

Predict the next word in the 
sentence.

Predict the next point for a 
given trajectory

Auto-Encoder 

Neural Network

Modify the input data to 
correct for some deficiencies

Used for de-noising images

Predicting missing 
information in the input
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Artificial Intelligence/Machine Learning 9

Classifier 

Neural Network

Based on the input (image/vector) 
decide what type (or class) of data it 
is.

Used to identify dogs/cats in the 
image

Identify what king of particle it is 
based on the signals from detector 
components

Regression 

Neural Network

For the given input (image/vector) 
calculate some values 
characteristic of the input

Calculate the amplitude of a peak 
given points of the histogram

Predict the speed of the object 
from series of measurements

Recurrent 

Neural Network

For the given series predict 
the next value. 

Predict the next word in the 
sentence.

Predict the next point for a 
given trajectory

Auto-Encoder 

Neural Network

Modify the input data to 
correct for some deficiencies

Used for de-noising images

Predicting missing 
information in the input

If one collects all world data and feeds it 
to Regression Neural Network the answer 
should come out 42.



IWHSS June,2023 (Prague)G.Gavalian (Jlab)

Jefferson Lab 10

CEBAF

12 GeV electron beam distributed to 4 
experimental halls

Each experimental hall contains a 
detector system for specific experiments

Hall-B: 
CEBAF Large Acceptance Spectrometer 
(CLAS12) Located in Hall-B 

Central Detector: 

Silicon Tracker

Time-Of-Flight

Neutron Detector


Forward Detector: 
Drift Chambers

Time of Flight

High Threshold Cherenkov Counter

Ring Imaging Cherenkov Counter

Electromagnetic Calorimeter
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CLAS12 Detector 11

scattered  
electron

e- beam

2 super layers in each region

6 wire planes in each super layer 
with 6-degree tilt relative to each 
other, (112 wires in each plane)

Clusters in each super layer are 
considered part of the track trajectory

Charged particle tracking is computationally extensive 
(about 80% of data processing time)

The multi-particle final states produce numerous 
clusters in each sector which have to be analyzed to 
find the right combinations of clusters that form a track

Identifying correct cluster combinations can speed up 
the tracking process and improve efficiency
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Physics Results 12

True tracks are identified by conventional algorithms from real data.

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

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

Training sample balancing is done by choosing equal tracks for each 
momentum and angular bin.

The average wire position in each super 
layer is used as an input to Multi-Layer 
Perceptron (MLP)

The network is trained on 6 inputs and 
produces three outputs:


False track

Negative Track

Positive Track
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Corruption Auto-Encoder 13

An auto-encoder is composed of an encoder and a decoder sub-models. The 
encoder compresses the input and the decoder attempts to recreate the input 
from the compressed version provided by the encoder.

Typically used for de-noising, but can be used for fixing glitches (our case).

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

Training Sample for Auto-Encoder

The network Predicts the missing cluster 
position with a precision of 0.36 Wire

<latexit sha1_base64="BMe/+nF3YNRapr25DpqmfhQFwgk=">AAAB8nicbVDLSgNBEOyNrxhfUY9eFoPgadnVEL0IQS8eI5gHbJYwO5lNhsxjmZkVQshnePGgiFe/xpt/4yTZgyYWNBRV3XR3xSmj2vj+t1NYW9/Y3Cpul3Z29/YPyodHLS0zhUkTSyZVJ0aaMCpI01DDSCdVBPGYkXY8upv57SeiNJXi0YxTEnE0EDShGBkrhV1NBxzd+N5lrVeu+J4/h7tKgpxUIEejV/7q9iXOOBEGM6R1GPipiSZIGYoZmZa6mSYpwiM0IKGlAnGio8n85Kl7ZpW+m0hlSxh3rv6emCCu9ZjHtpMjM9TL3kz8zwszk1xHEyrSzBCBF4uSjLlGurP/3T5VBBs2tgRhRe2tLh4ihbCxKZVsCMHyy6ukdeEFNa/6UK3Ub/M4inACp3AOAVxBHe6hAU3AIOEZXuHNMc6L8+58LFoLTj5zDH/gfP4A8GmQYg==</latexit>

� = 0.36
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Putting things together 14

Classifier picks 
the correct track 

from 6 super-layer 
combinations

Remove all 
clusters belonging 
to identified track

Construct pseudo-
clusters for all 5 

super layer 
combinations using 

Corruption Auto-
Encoder

Identify tracks 
using 6 super 

layer candidates 
with pseudo-

clusters

Voila!
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The Algorithm 15

CLAS12 Reconstruction Software is based on Service Oriented Architecture (SOA)

Allows running parallel services for each algorithm producing common output.

Classifier AI

AutoEncoder
DC Clustering

DC Tracking

Conventional

Track Finder

AI Assisted

ConventionalClustering algorithm:  
Clusters hits in each super layer

Track Finder: 
Considers all combinations of 6 and 5 super layer track 
candidates Fits them and accepts/rejects them based 
on chi2.
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Physics Results 16

Single particle efficiency increases by ~10%.

The impact on physics for a multi-particle 
final state is dramatic (20% for the two-
particle final state and ~35% for the three-
particle final state) 

The tracking code speedup is ~30%.

AI-assisted track candidate classification and Inefficiency Reduction Auto-Encoder
<latexit sha1_base64="4phrdp7VGFi5Q39hgq88Ud0JWBo=">AAACBnicbVDLSgMxFM34rPU16lKEYBErYpmRoi6LblxWsA/ojCWT3rahmQdJRilDV278FTcuFHHrN7jzb8y0s9DWA/dyOOdeknu8iDOpLOvbmJtfWFxazq3kV9fWNzbNre26DGNBoUZDHoqmRyRwFkBNMcWhGQkgvseh4Q2uUr9xD0KyMLhVwwhcn/QC1mWUKC21zT2IHMF6fUWECB8wHDoRuztO20mxedQ2C1bJGgPPEjsjBZSh2ja/nE5IYx8CRTmRsmVbkXITIhSjHEZ5J5YQETogPWhpGhAfpJuMzxjhA610cDcUugKFx+rvjYT4Ug59T0/6RPXltJeK/3mtWHUv3IQFUawgoJOHujHHKsRpJrjDBFDFh5oQKpj+K6Z9IghVOrm8DsGePnmW1E9L9lmpfFMuVC6zOHJoF+2jIrLROaqga1RFNUTRI3pGr+jNeDJejHfjYzI6Z2Q7O+gPjM8f80uYIw==</latexit>

ep ! e0⇡+⇡�(X)
<latexit sha1_base64="i858OHNYYnOHY0xrzc22ur7MoFg=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBjAhhV4J6DHrxGME8ILuG2UlvMmT2wcysEpZ48Ve8eFDEq3/hzb9xkuxBEwsaiqpuuru8mDOpLOvbyC0sLi2v5FcLa+sbm1vm9k5DRomgUKcRj0TLIxI4C6GumOLQigWQwOPQ9AZXY795D0KyKLxVwxjcgPRC5jNKlJY65h7EjmC9viJCRA8YjpyY3Z2UWscds2iVrQnwPLEzUkQZah3zy+lGNAkgVJQTKdu2FSs3JUIxymFUcBIJMaED0oO2piEJQLrp5IMRPtRKF/uR0BUqPFF/T6QkkHIYeLozIKovZ72x+J/XTpR/4aYsjBMFIZ0u8hOOVYTHceAuE0AVH2pCqGD6Vkz7RBCqdGgFHYI9+/I8aZyW7bNy5aZSrF5mceTRPjpAJWSjc1RF16iG6oiiR/SMXtGb8WS8GO/Gx7Q1Z2Qzu+gPjM8fYXGWMQ==</latexit>

ep ! e0⇡+(X)

Standard running

Conditions
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Results 17

Up to ~35% gain in physics

Just using Classifiers

Moving to higher Luminosities
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De-Noising 18

Performance of track identification for higher luminosity

Pythia simulated physics reaction:
<latexit sha1_base64="B38XJIvJu9jD+DeMGsHJZLOUC8Q=">AAACBHicbVDLSgMxFM3UV62vqstugkUUxDIjvpZFNy4r2Ad0xpJJ77ShmUxIMkopXbjxV9y4UMStH+HOvzF9LLR64F4O59xLck8oOdPGdb+czNz8wuJSdjm3srq2vpHf3KrpJFUUqjThiWqERANnAqqGGQ4NqYDEIYd62Lsc+fU7UJol4sb0JQQx6QgWMUqMlVr5AkhfsU7XEKWSewx7vmS3B6N2KFv5oltyx8B/iTclRTRFpZX/9NsJTWMQhnKiddNzpQkGRBlGOQxzfqpBEtojHWhaKkgMOhiMjxjiXau0cZQoW8LgsfpzY0BirftxaCdjYrp61huJ/3nN1ETnwYAJmRoQdPJQlHJsEjxKBLeZAmp43xJCFbN/xbRLFKHG5pazIXizJ/8ltaOSd1o6uT4uli+mcWRRAe2gfeShM1RGV6iCqoiiB/SEXtCr8+g8O2/O+2Q040x3ttEvOB/fPtmX1w==</latexit>

ep ! e0⇡+⇡�p

Data for each luminosity (beam 
current) is created by standard 
background merging software.

For each luminosity the yield of 
missing protons is calculated in:

<latexit sha1_base64="uh0JDs7fPQH5WWgOpiWHcplEOw4=">AAACBHicbVDLSsNAFJ34rPUVddnNYBEFsSTia1l047KCfUATy2R60w6dPJiZKCV04cZfceNCEbd+hDv/xkmbhbYeuJfDOfcyc48XcyaVZX0bc/MLi0vLhZXi6tr6xqa5td2QUSIo1GnEI9HyiATOQqgrpji0YgEk8Dg0vcFV5jfvQUgWhbdqGIMbkF7IfEaJ0lLHLEHsCNbrKyJE9IBh34nZ3WHWjlods2xVrDHwLLFzUkY5ah3zy+lGNAkgVJQTKdu2FSs3JUIxymFUdBIJMaED0oO2piEJQLrp+IgR3tNKF/uR0BUqPFZ/b6QkkHIYeHoyIKovp71M/M9rJ8q/cFMWxomCkE4e8hOOVYSzRHCXCaCKDzUhVDD9V0z7RBCqdG5FHYI9ffIsaRxX7LPK6c1JuXqZx1FAJbSLDpCNzlEVXaMaqiOKHtEzekVvxpPxYrwbH5PROSPf2UF/YHz+ABp5l78=</latexit>

ep ! e0⇡+⇡�X

With increased luminosity the efficiency of reconstructed three particle final state drops sharply

Even with the power of AI-assisted tracking (capable of resolving the combinatorics) the 
efficiency drop follows the same trend.
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De-Noising 19

CLAS12 Event Display Examples (Drift Chambers)

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

This results in loss of clusters and AI-assited tracking can no longer help with combinatorics 
resolution 
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De-Noising 20
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Convolutional Auto-Encoder is used to de-noise 
raw data from drift chambers.

The network is trained on reconstructed data with 
track hits isolated from raw DC hits.

The network is able to isolate hits that potentially 
belong to a valid track through drift chambers
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De-Noising Results (simulation) 21

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

The simulated three-particle final state is analyzed to measure yield for de-noised data and for conventional 

At standard running 
luminosity, the de-noising 
slightly increases the yield 
compared to AI-assisted 
tracking. 

With increased luminosity, 
the de-noising helps to 
increase the yield 
significantly compared to 
conventional and AI-assisted 
tracking.

Simulation underestimates the 
gain in yield significantly. In 
data the gain is much larger.
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Current Workflow 22

CLAS12 Reconstruction software is 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 AI-Assisted tracking running prior to 
DC track finding.

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

DE-NOISER DC 

CLUSTERING

AI-ASSISTED

Classifier


AutoEncoder
DC 


TRACKING

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

The improvement in yield is reaction and kinematics dependent, and 
for some event topologies reaches even 83% (J/psi with 3 particles 
detected final state).

DC 

Track

Finder

DC 

CLUSTERING

DATA
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Physics Analysis/Particle Identification 23

Particle Identification
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Physics Analysis/Particle Identification (TMDs) 24

Traditional (time-of-flight) can effectively separate pi/K up 
to 3.5 GeV

For full measurement of hadron multiplicities as a function 
of z and Pt need to separate hadrons at higher momenta to 
measure:


Hadron multiplicities

Single Spin Asymmetries (SSA)

Double Spin Asymmetries


Map fragmentation functions:
<latexit sha1_base64="updzjZVJJ1mTbSipNtJtiLhL2z0=">AAACHnicbVDLSsNAFJ34rPUVdelmsAgVSknE17KoC8FNhb6gjWEynbRDJ5k4M1Fq6Je48VfcuFBEcKV/47SNoK0HLhzOuZd77/EiRqWyrC9jZnZufmExs5RdXlldWzc3NmuSxwKTKuaMi4aHJGE0JFVFFSONSBAUeIzUvd7Z0K/fEiEpDyuqHxEnQJ2Q+hQjpSXXPDy/Tm5agna6CgnB7+DlIH9fKLuVvQKcsFoR/fFcM2cVrRHgNLFTkgMpyq750WpzHAckVJghKZu2FSknQUJRzMgg24oliRDuoQ5pahqigEgnGb03gLtaaUOfC12hgiP190SCAin7gac7A6S6ctIbiv95zVj5J05CwyhWJMTjRX7MoOJwmBVsU0GwYn1NEBZU3wpxFwmElU40q0OwJ1+eJrX9on1UtK8OcqXTNI4M2AY7IA9scAxK4AKUQRVg8ACewAt4NR6NZ+PNeB+3zhjpzBb4A+PzG2N8ogM=</latexit>

Dq!K(z, PT ), D
q!⇡(z, PT )
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RICH Detector 25
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Rich Detector (preliminary) 26

<latexit sha1_base64="jp2ph3TDXKmFfKmbuXrcddMMVkw=">AAAB+3icbVDLSgNBEJyNrxhfazx6GQxCxBB2JajHoBfBSwTzgOwaZiezyZDZBzO9YljyK148KOLVH/Hm3zhJ9qCJBQ1FVTfdXV4suALL+jZyK6tr6xv5zcLW9s7unrlfbKkokZQ1aSQi2fGIYoKHrAkcBOvEkpHAE6ztja6nfvuRScWj8B7GMXMDMgi5zykBLfXM4u3DaTmuODBkQCpOPOQnPbNkVa0Z8DKxM1JCGRo988vpRzQJWAhUEKW6thWDmxIJnAo2KTiJYjGhIzJgXU1DEjDlprPbJ/hYK33sR1JXCHim/p5ISaDUOPB0Z0BgqBa9qfif103Av3RTHsYJsJDOF/mJwBDhaRC4zyWjIMaaECq5vhXTIZGEgo6roEOwF19eJq2zqn1erd3VSvWrLI48OkRHqIxsdIHq6AY1UBNR9ISe0St6MybGi/FufMxbc0Y2c4D+wPj8AWMUk2Q=</latexit>

K+(p, ✓,�)
<latexit sha1_base64="jp2ph3TDXKmFfKmbuXrcddMMVkw=">AAAB+3icbVDLSgNBEJyNrxhfazx6GQxCxBB2JajHoBfBSwTzgOwaZiezyZDZBzO9YljyK148KOLVH/Hm3zhJ9qCJBQ1FVTfdXV4suALL+jZyK6tr6xv5zcLW9s7unrlfbKkokZQ1aSQi2fGIYoKHrAkcBOvEkpHAE6ztja6nfvuRScWj8B7GMXMDMgi5zykBLfXM4u3DaTmuODBkQCpOPOQnPbNkVa0Z8DKxM1JCGRo988vpRzQJWAhUEKW6thWDmxIJnAo2KTiJYjGhIzJgXU1DEjDlprPbJ/hYK33sR1JXCHim/p5ISaDUOPB0Z0BgqBa9qfif103Av3RTHsYJsJDOF/mJwBDhaRC4zyWjIMaaECq5vhXTIZGEgo6roEOwF19eJq2zqn1erd3VSvWrLI48OkRHqIxsdIHq6AY1UBNR9ISe0St6MybGi/FufMxbc0Y2c4D+wPj8AWMUk2Q=</latexit>

K+(p, ✓,�)

RICH Ideal Geometry

If the ideal geometry and position of mirrors are known the ray-
tracing can help recover the Cherenkov angle 

Calculating the Cherenkov angle for each of the hits on the 
photomultiplier plane allows to identify the particles.

RICH Real World Geometry

Ray tracing will predict an inaccurate position for the hit on the detector 
plane

This affects the efficiency of particle identification

Neural Networks can be trained on Real-World data which includes miss-alignments

It can learn the Cherenkov ring patterns for incident particles, given interaction point and direction at crossing 
the aerogel layer

<latexit sha1_base64="AX7Wm0o8P8kYTsR2zz61H8s9I8g=">AAACD3icbZDLSsNAFIYnXmu9RV26CRalgpREirosunFZwV6gDWEynbZDJ5MwcyLG0Ddw46u4caGIW7fufBunbcDa+sPAx3/O4cz5/YgzBbb9bSwsLi2vrObW8usbm1vb5s5uXYWxJLRGQh7Kpo8V5UzQGjDgtBlJigOf04Y/uBrVG3dUKhaKW0gi6ga4J1iXEQza8syjuEhC1YY+Bezdn/xyMsUPx55ZsEv2WNY8OBkUUKaqZ361OyGJAyqAcKxUy7EjcFMsgRFOh/l2rGiEyQD3aEujwAFVbjq+Z2gdaqdjdUOpnwBr7E5PpDhQKgl83Rlg6KvZ2sj8r9aKoXvhpkxEMVBBJou6MbcgtEbhWB0mKQGeaMBEMv1Xi/SxxAR0hHkdgjN78jzUT0vOWal8Uy5ULrM4cmgfHaAictA5qqBrVEU1RNAjekav6M14Ml6Md+Nj0rpgZDN76I+Mzx+HzJz7</latexit>

u(cos✓x, cos✓y, cos✓z)

<latexit sha1_base64="Jz956Kp283V70j6ATMSOvAOMCzI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahQimJFPVY9OKxgv2ANpTNdtMu3Wzi7kaMoX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zM8yLOlLbtbyu3srq2vpHfLGxt7+zuFfcPWiqMJaFNEvJQdjysKGeCNjXTnHYiSXHgcdr2xtdTv/1ApWKhuNNJRN0ADwXzGcHaSJ2o/FhJKk+n/WLJrtozoGXiZKQEGRr94ldvEJI4oEITjpXqOnak3RRLzQink0IvVjTCZIyHtGuowAFVbjq7d4JOjDJAfihNCY1m6u+JFAdKJYFnOgOsR2rRm4r/ed1Y+5duykQUayrIfJEfc6RDNH0eDZikRPPEEEwkM7ciMsISE20iKpgQnMWXl0nrrOqcV2u3tVL9KosjD0dwDGVw4ALqcAMNaAIBDs/wCm/WvfVivVsf89aclc0cwh9Ynz8PTY9X</latexit>

p(x, y, z)

Aerogel Layer Mirror

Mirror
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Rich Detector (preliminary) 27

Kaon Identification Efficiency (IDEAL GEOMETRY)

Kaon Identification Efficiency (MIS-ALLIGNED GEOMETRY)
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Rich Detector (particle identification) 28

Neural Network predicts Cherenkov angle for 
incoming particles based on the hits on the RICH 
photo-multipliers

Kaon efficiency is uniform across the momentum 
range

The Network is trained on misaligned data

Kaon efficiency is calculated from misaligned data

The detector will not need to be aligned when 
trained on experimental data.

<latexit sha1_base64="9mpYdfIeTbYbKnmK5bg1htNY59E=">AAACHHicbZDLSsNAFIYn9VbrLerSTbAILkJJVNRl0Y3LCrZNaUOYTCfN0MmFmROxlj6IG1/FjQtF3LgQfBunbRa19YeBj/+cw5nz+ylnEizrRyssLa+srhXXSxubW9s7+u5eQyaZILROEp4Ix8eSchbTOjDg1EkFxZHPadPvX4/rzXsqJEviOxik1I1wL2YBIxiU5emnTrtmOmbLJInsQEgBew8zPJjhR9PxQrMVup5etirWRMYi2DmUUa6ap391ugnJIhoD4VjKtm2l4A6xAEY4HZU6maQpJn3co22FMY6odIeT40bGkXK6RpAI9WIwJu7sxBBHUg4iX3VGGEI5Xxub/9XaGQSX7pDFaQY0JtNFQcYNSIxxUkaXCUqADxRgIpj6q0FCLDABlWdJhWDPn7wIjZOKfV6xb8/K1as8jiI6QIfoGNnoAlXRDaqhOiLoCb2gN/SuPWuv2of2OW0taPnMPvoj7fsXQ2ChgQ==</latexit>

X[P,X, Y, cos✓x, cos✓y, cos✓z, Xh, Y h]

<latexit sha1_base64="eJEtnExAVz9tB51rNwFw5rKO0Wk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0swm7E6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKOZSnyMdVGtu3Z2DrBKvIDUo0BxUv/rDmKURV8gkNabnuQn6GdUomOSzSj81PKFsQke8Z6miETd+Nr91Rs6sMiRhrG0pJHP190RGI2OmUWA7I4pjs+zl4n9eL8Xwxs+ESlLkii0WhakkGJP8cTIUmjOUU0so08LeStiYasrQxlOxIXjLL6+S9kXdu6p7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AArajj4=</latexit>⌘Output:

Input:
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AI/ML tracking provides significant improvements in physics yield for completed 
experiments in CLAS12.

Using tracking AI/ML experiments can run at higher luminosities and collect more data in 
the allocated time.

 The AI/ML will be an essential component for Jlab 24 GeV upgrade (hard to imagine any 
experiment without utilizing machine learning), for tracking and particle identification.

The developed particle identification methods will extend our kinematic range in physics 
observables.

There are many more AI/ML projects in CLAS12 (not mentioned in this talk), such as:


Online track reconstruction (allows online physics monitoring)

Level-3 trigger (improves purity from 25% to 93%)

Neutral pion identification in Electromagnetic Calorimeter

Particle Identification (using signals from all detectors)

Central Detector Track classification (will improve tracking efficiency of central detector)
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Backup Slides
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scattered  
electron

e- beam

2 super layers in each region

6 wire planes in each super layer 
with 6-degree tilt relative to each 
other, (112 wires in each plane)

Clusters in each super layer are 
considered part of the track 
trajectory

Charged particle tracking is computationally 
extensive (about 80% of data processing time)

The multi-particle final states produce 
numerous clusters in each sector which have to 
be analyzed to find the right combinations of 
clusters that form a track

Identifying correct cluster combinations can 
speed up the tracking process and improve 
efficiency
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C++: Keras model inference in C++ code 
implemented for CLAS12 de-noiser.


Multi-Threading: Multi-threading implemented 
to process data files (using std::thread)

Thread 1

Thread 2

Thread N

……

Event Reader/

Thread Creator

De-Noiser #1

Thread 1

Thread 2

Thread N

……

Thread Blocking

Event Que

De-Noiser #2
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Image Generation:

AI tools to generate images based on the description

Ability to generate images with the style of a certain 
painter

DALL.E
Open AI
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RUN GROUP-A Pass2 Validation Cooking
Includes De-Nosing and AI-assisted Tracking

<latexit sha1_base64="WyC+XCnc+bqffm3Q0vEKkZQmRro=">AAACAnicbVA9SwNBEN2LXzF+nVqJzWIQY2G4k6CWQRvLCOYDkhj2NnPJkr27ZXdPCUew8a/YWChi66+w89+4Sa7QxAcDj/dmmJnnCc6UdpxvK7OwuLS8kl3Nra1vbG7Z2zs1FcWSQpVGPJINjyjgLISqZppDQ0gggceh7g2uxn79HqRiUXirhwLaAemFzGeUaCN17D0QLcl6fU2kjB4wHImWYHcnhcZxx847RWcCPE/clORRikrH/mp1IxoHEGrKiVJN1xG6nRCpGeUwyrViBYLQAelB09CQBKDayeSFET40Shf7kTQVajxRf08kJFBqGHimMyC6r2a9sfif14y1f9FOWChiDSGdLvJjjnWEx3ngLpNANR8aQqhk5lZM+0QSqk1qOROCO/vyPKmdFt2zYummlC9fpnFk0T46QAXkonNURteogqqIokf0jF7Rm/VkvVjv1se0NWOlM7voD6zPHz0llq0=</latexit>

ep ! e0p⇡�(X)
<latexit sha1_base64="qfd4GhjVzqknLlHraegEbM4lW8I=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2IRK0JJpKjHohePFewHtLVstpN26SZZdjdKCcWLf8WLB0W8+iu8+W/ctjlo64OBx3szzMzzBGdKO863lVlYXFpeya7m1tY3Nrfs7Z2aimJJoUojHsmGRxRwFkJVM82hISSQwONQ9wZXY79+D1KxKLzVQwHtgPRC5jNKtJE69h6IlmS9viZSRg8YjkRLsLuTQuO4Y+edojMBniduSvIoRaVjf7W6EY0DCDXlRKmm6wjdTojUjHIY5VqxAkHogPSgaWhIAlDtZPLCCB8apYv9SJoKNZ6ovycSEig1DDzTGRDdV7PeWPzPa8bav2gnLBSxhpBOF/kxxzrC4zxwl0mgmg8NIVQycyumfSIJ1Sa1nAnBnX15ntROi+5ZsXRTypcv0ziyaB8doAJy0Tkqo2tUQVVE0SN6Rq/ozXqyXqx362PamrHSmV30B9bnDzoXlqs=</latexit>

ep ! e0p⇡+(X)
<latexit sha1_base64="4phrdp7VGFi5Q39hgq88Ud0JWBo=">AAACBnicbVDLSgMxFM34rPU16lKEYBErYpmRoi6LblxWsA/ojCWT3rahmQdJRilDV278FTcuFHHrN7jzb8y0s9DWA/dyOOdeknu8iDOpLOvbmJtfWFxazq3kV9fWNzbNre26DGNBoUZDHoqmRyRwFkBNMcWhGQkgvseh4Q2uUr9xD0KyMLhVwwhcn/QC1mWUKC21zT2IHMF6fUWECB8wHDoRuztO20mxedQ2C1bJGgPPEjsjBZSh2ja/nE5IYx8CRTmRsmVbkXITIhSjHEZ5J5YQETogPWhpGhAfpJuMzxjhA610cDcUugKFx+rvjYT4Ug59T0/6RPXltJeK/3mtWHUv3IQFUawgoJOHujHHKsRpJrjDBFDFh5oQKpj+K6Z9IghVOrm8DsGePnmW1E9L9lmpfFMuVC6zOHJoF+2jIrLROaqga1RFNUTRI3pGr+jNeDJejHfjYzI6Z2Q7O+gPjM8f80uYIw==</latexit>

ep ! e0⇡+⇡�(X)

Increase 57% Increase 59% Increase 67%
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pass1 = 129894 

pass2 v1_22/pass1 = 1.618 

pass2 v1_24/pass1 = 1.662 

pass2 v1_25/pass1 = 1.866 
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