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Idea 2

Automated Experiments 
Do Online Physics Analysis  
Measure relevant Observables 
Provide feedback to the AI to suggest 
changes in beam parameters (current, 
energy, etc…) 
The feedback is provided every hour

The proposal includes all many experiments: 
Hall-B CLAS12 
GlueX (Hall-D) 
Hall-A
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Idea 3

Hall-B 
Study rho meson 
Identify relevant observables that are 
impacted by beam conditions 
Provide feedback to the accelerator to 
change the beam conditions.

Challenge: 
How do you analyze experimental data at data-taking within one hour? 
DAQ rate is 16 kHz; the reconstruction rate is 1 Hz on a single CPU

Statistics for one hour



LDRD-2025G.Gavalian (Jlab)

Segment Finding (to be developed) 4

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

Find segments in each super layer (remove noise) 
Combine 6 segments (one from each super layer) to make a list 
of  possible tracks  
Identify correct combinations of  segments that represent a track

Segment Finding

Need to develop fast AI based segment 

finding algorithm


(The reconstruction segment finder is 6 Hz)

Not suitable for online 
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Feasibility tests 5

Clustering Algorithm: 
Convolutional Neural network with 
logistic regression to identify possible 
cluster positions. 
Currently at 80% efficiency 

Proposed work: 
Investigate algorithms to identify 
clusters fast and with higher efficiency
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What do we have now 6

The Classifier network identifies tracks from segment combinations and 
identifies track charges. The AI-assisted track identification increased 

tracking efficiency by 15%-21% (depending on luminosity) 
Improvement of  the efficiency slope as a function of  luminosity.

De-Noising CNN Auto-Encoder

Retains >95% of  hits belonging 
to tracks, and removes >90% of  

background hits

3-particle final state 
~60% increase in statistics

CLAS12 Track Reconstruction with Artificial Intelligence

Gagik Gavalian (Jefferson Lab), Pet all e-Print: 2205.02616 [physics.ins-det]
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What do we have now 7

The Classifier network identifies tracks from segment combinations and 
identifies track charges. The AI-assisted track identification increased 

tracking efficiency by 15%-21% (depending on luminosity) 
Improvement of  the efficiency slope as a function of  luminosity.

De-Noising CNN Auto-Encoder

Retains >95% of  hits belonging 
to tracks, and removes >90% of  

background hits

The statistics increase by a factor of 2.34 for 

exclusive rho mesons when 

using AI in reconstruction

Relative Gain 2.34
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What do we have now. 8

Momentum

Polar Angle

Azimuthal Angle

Regression Neural network to predict the track momentum and direction. 
The track momentum is reconstructed with an accuracy of  1.4%-1.7% 

Physics reactions can be cleanly identified using particle parameters inferred by the 
neural network.

<latexit sha1_base64="iwDB7PMR2ihFtg25yX4OZg8NEck=">AAAB/XicbVDJSgNBFHwTtxi3cbl5aQxCvISZoNFj0IsHDxHMApkx9PT0JE16Frp7hDgEf8WLB0W8+h/e/Bs7y0ETCxqKqnq81+UlnEllWd9Gbml5ZXUtv17Y2Nza3jF395oyTgWhDRLzWLQ9LClnEW0opjhtJ4Li0OO05Q2uxn7rgQrJ4uhODRPqhrgXsYARrLTUNQ+cGx328b1DmCCoZJ9VrJOuWbTK1gRokdgzUoQZ6l3zy/FjkoY0UoRjKTu2lSg3w0Ixwumo4KSSJpgMcI92NI1wSKWbTa4foWOt+CiIhX6RQhP190SGQymHoaeTIVZ9Oe+Nxf+8TqqCCzdjUZIqGpHpoiDlSMVoXAXymaBE8aEmmAimb0WkjwUmShdW0CXY819eJM1K2a6Wq7enxdrlrI48HMIRlMCGc6jBNdShAQQe4Rle4c14Ml6Md+NjGs0Zs5l9+APj8wcQw5Ov</latexit>

⇤�(1520)

<latexit sha1_base64="CsEH7lTrR07WBX8NVShRIcqrJ1w=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahXkoi0nosevFYwX5AE8tmu2mXbjZhd1Moof/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMCxLOlHacb6uwsbm1vVPcLe3tHxwe2ccnbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0E47u535lQqVgsHvU0oX6Eh4KFjGBtpL5te3IUP3mESYIq9bpz2bfLTtVZAK0TNydlyNHs21/eICZpRIUmHCvVc51E+xmWmhFOZyUvVTTBZIyHtGeowBFVfra4fIYujDJAYSxNCY0W6u+JDEdKTaPAdEZYj9SqNxf/83qpDm/8jIkk1VSQ5aIw5UjHaB4DGjBJieZTQzCRzNyKyAhLTLQJq2RCcFdfXiftq6pbq9YersuN2zyOIpzBOVTAhTo04B6a0AICE3iGV3izMuvFerc+lq0FK585hT+wPn8ArbOSZQ==</latexit>

⇢�(770)

<latexit sha1_base64="hbcB8vsWzdK7WR/TnUEq9c2UJs8=">AAACDHicbVDLSgMxFM3UV62vqks3wSJUxDIjUl0W3bisYB/QmZZMetuGZmZCklFK6Qe48VfcuFDErR/gzr8x085CWw8kHM45l+QeX3CmtG1/W5ml5ZXVtex6bmNza3snv7tXV1EsKdRoxCPZ9IkCzkKoaaY5NIUEEvgcGv7wOvEb9yAVi8I7PRLgBaQfsh6jRBupky+AcCXrDzSRMnrA0HaFZAG4grVPkuu0KI5Nyi7ZU+BF4qSkgFJUO/kvtxvROIBQU06Uajm20N6YSM0oh0nOjRUIQoekDy1DQxKA8sbTZSb4yChd3IukOaHGU/X3xJgESo0C3yQDogdq3kvE/7xWrHuX3piFItYQ0tlDvZhjHeGkGdxlEqjmI0MIlcz8FdMBkYRq01/OlODMr7xI6mclp1wq354XKldpHVl0gA5RETnoAlXQDaqiGqLoET2jV/RmPVkv1rv1MYtmrHRmH/2B9fkDWkCbKQ==</latexit>

ep ! e0⇡+⇡�(p)

<latexit sha1_base64="BE9xxfV0xeOmbZ9s63d3XpsHa20=">AAACCXicbVDJSgNBEO2JW4xb1KOXxiBExDAjbsegFyGXCGaBzCT0dGqSJj0zTXePEkKuXvwVLx4U8eofePNv7CwHTXxQ8Hiviqp6vuBMadv+tlILi0vLK+nVzNr6xuZWdnunquJEUqjQmMey7hMFnEVQ0UxzqAsJJPQ51Pze9civ3YNULI7udF+AF5JOxAJGiTZSK4tBuJJ1uppIGT9gaLpCshCwKDWP86Xm0WErm7ML9hh4njhTkkNTlFvZL7cd0ySESFNOlGo4ttDegEjNKIdhxk0UCEJ7pAMNQyMSgvIG40+G+MAobRzE0lSk8Vj9PTEgoVL90DedIdFdNeuNxP+8RqKDS2/AIpFoiOhkUZBwrGM8igW3mQSqed8QQiUzt2LaJZJQbcLLmBCc2ZfnSfWk4JwXzm5Pc8WraRxptIf2UR456AIV0Q0qowqi6BE9o1f0Zj1ZL9a79TFpTVnTmV30B9bnDysAmVY=</latexit>

ep ! e0pK�(K+)

Distributions calculated from track reconstruction from 
RAW Drift Chamber hits 

Inference speed 96 kHz on a laptop (MacBook M3)
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Conclusion 9

AI approach 
Do fast reconstruction of  the track with AI, and isolate rho 
The AI reconstruction is faster than DAQ, making it feasible 
Analyse rho meson angular observables (asymmetries, modulations, etc..) 
Determine how the extraction systematic errors change as a function of  beam current 
Build an AI model that can predict the optimal beam conditions for the experiment. 


