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Outlook 2

Charged Particle Tracking

Track identification in Drift Chambers

Drift Chamber Data De-Noising

Track Parameter reconstruction with Machine Learning


Level-3 Trigger

Data reduction with online electron identification with AI 


RICH Cherenkov Particle Identification

Particle Identification


Machine Learning in CLAS12
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Outlook 3

Can you write a code to fill a 
histogram with gaussian distribution 
and fit it for GROOT?

Will insisted
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Outlook 4

Can you write a code to fill a histogram with 
gaussian distribution and fit it with GROOT?

ChatGPT
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Jefferson Lab 5

CEBAF

12 GeV electron beam distributed to 4 experimental hall

Each experimental hall contains a detector system for specific experiments

CLAS12

CEBAF Large Acceptance Spectrometer (CLAS12) Located in Hall-B 
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CLAS12 Detector 6

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 7

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

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 8

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
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Putting things together 9

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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Physics Results 10

Particle efficiency increases with luminosity 
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%.

0 10 20 30 40 50 60 70

Beam Current (nA)

0.6

0.7

0.8

0.9

1.0

1.1

1.2

Tr
ac

ki
ng

 E
ffi

ci
en

cy

Conventional Tracking
AI assisted Tracking
Ratio of efficiencies

f=1.00+-0.0040x

f=1.00+-0.0022x

f=0.99+0.0024x

AI-assisted track candidate classification and Inefficiency Reduction Auto-Encoder
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Results 11

~35% gain in physics

Did we stop here?
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De-Noising 12

Performance for higher luminosity
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De-Noising 13

CLAS12 Event Display (Drift Chambers)
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De-Noising 14
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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) 15

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.
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De-Noising Results (data) 16

RUN GROUP-A Pass2 Validation Cooking
Includes De-Nosing and AI-assisted Tracking
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De-Noising Results (data) 17

Generic figure downloaded from Internet

Not fr
om CLAS12

With De-Noising and AI-assisted 
tracking the extracted number of 

J/psi increased by 83%
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Track Parameter Reconstruction 18

Momentum

Polar Angle

Azimuthal Angle

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.

Design an MLP network and investigate different combinations of 
activation functions to derive the best network for this problem.
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Missing mass of two particles 
calculated using particle momenta 
from Hit-Based Tracking compared 
to missing mass calculated from AI 
particle parameter inference.

Hit Based Tracking works ~250 ms 
per event

AI reconstructs particle parameters 
<0.5 ms per event 
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Results 19

Leve-3

Trigger
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Level-3 Trigger 20

Level-3 Trigger

A Convolutional Neural Network with a Computation graph is used to identify electrons.

The DC image is analyzed separately from the EC image, then combined to make a 
decision.

The ECIN, ECOUT, and PCAL are combined into one image 6x72

The current implementation does not use information from High-Threshold Cherenkov 
Detector 

Richard Tyson (Glasgow)
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Level-3 Trigger 21

Level-3 Trigger Performance compared to conventional Trigger
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TESLA T4 (Max Rate ~58.5 kHz)

CPU (Max Rate ~3.4 kHz)
Event Rate ~ 550 Hz

Event Rate ~9.4 kHz)

RTX 2080 Ti (Max Rate ~17.2 kHz)

Level-3 Trigger 22

Neural Network was developed for Level-3 trigger studies. (Richard Tyson, 
University of Glasgow) 
The Software was tested on clonfarm11 node with two NVIDIA Tesla T4 
GPUs (2 available, tested only on 1), over 3 times faster than RTX 2080 Ti 
Results are reported as inference per second (inference is per one sector) 
The real data rate is inference divided by 6 
Results are reported for 1 CPU core and 1 GPU unit

Online multi-threaded data decoder into HIPO is implemented (C++)  
Currently contains only DC and ECAL decoding 
The ET-RING is set up to convert EVIO events into HIPO data frames 
(100 events per frame) and store HiPO frames in secondary ET-RING 
The Level-3 trigger will be tested during the next run 
With HiPO ET-RING we can now implement online data 
reconstruction (AI track reconstruction will be easy to add) 
Online data calibration is also possible
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Future of CLAS12-AI 23
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Data Acquisition

Data De-Noising (AI)

Track Classification (AI)

Physics Reconstruction (AI)
Data Persistence

Level-3 Trigger (AI)

Classifying track candidates from

Reconstructed clusters


In real-time

Removing Noise signals

From tracking detectors

Saving experimental data

Already containing tracks

And physics topologies 


Identified by AI
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Rich Detector (preliminary) 24
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Rich Detector (preliminary) 25
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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
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Rich Detector (preliminary) 26

Kaon Identification Efficiency (IDEAL GEOMETRY)

Kaon Identification Efficiency (MIS-ALLIGNED GEOMETRY)
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Rich Detector (preliminary) 27

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

When trained on experimental data, the 
detector will not need to be aligned.
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Summary 28

Charged Particle Tracking

Fully implemented AI-assisted tracking in the data processing workflow

Drift Chamber de-noising is implemented as a pre-processing stand-alone software

Pass-2 cooking is going to use both AI (de-noising and assistance), and there is a significant increase in 
the efficiency of reconstruction (57%-83% physics outcome)

The particle parameter inference network is fully implemented and will be used online to provide track 
information and help to monitor tracking detectors.


Level-3 Trigger

Level-3 AI is implemented and tested on cooked data

Work is ongoing to convert EVIO to HIPO online to be able to use the Level-3 trigger with data acquisition

This will lead to significant data reduction and a decrease in data processing times


RICH Cherenkov Particle Identification

The first developments in RICH particle identification with AI achieved good results

Maybe we can avoid traitorous  alignment if the AI can be trained on real detector data

More AI projects coming soon
Hall-B is the first to use AI/ML in the data processing and analysis at the LAB
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Backup Slides
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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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Kaon Identification Efficiency (IDEAL GEOMETRY)

Kaon Identification Efficiency (MIS-ALLIGNED GEOMETRY)

Alignment is important for 
traditional reconstruction 

Reconstruction is done using ideal 
geometry for mirrors

Simulation in one case is done 
using ideal geometry

In the second case, the simulation 
is done using miss-aligned mirrors

Efficiency drops significantly when 
the geometry is not known well.


