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e D 4 R ~ ) ® Automated Experiments
3 s ® Do Online Physics Analysis
== . (il
—— P> > —— > ® Measure relevant Observables
CEBAF [/ GlueX ibrat HTC ® Provide teedback to the Al to suggest
accelerator | detector || cHPration recon analysis changes 1n beam parameters (current,
energy, etc...)
LZ@ RL Model =

® 'T'he teedback 1s provided every hour

® ''he proposal includes all many experiments:

= Hall-B CLAS1?2
s GlueX (Hall-D)
= Hall-A
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® (Challenge:
= How do you analyze experimental data at data-taking within one hour?
= DAQ rate 1s 16 kHz; the reconstruction rate 1s 1 Hz on a single CGPU
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= Hall-B

Study rho meson

Identity relevant observables that are
impacted by beam conditions

Provide feedback to the accelerator to
change the beam conditions.

Statistics for one hour
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Segment Finding (to be developed)

= 6 sectors with 6 chambers 1n each sector (called super-layers)
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Need to develop fast Al based segment
finding algorithm
(The reconstruction segment finder is 6 Hz)
Not suitable for online

® Find segments 1n each super layer (remove noise)

# Combine 6 segments (one from each super layer) to make a list
of possible tracks

® Identity correct combinations of segments that represent a track




Feasibility tests

P T T = Clustering Algorithm:
wire number [1-112] wire number [1-112] . .
® Convolutional Neural network with

logistic regression to 1dentity possible
cluster positions.

® Currently at 80%o ethiciency

o) desired | VOF dpsired | ® Proposed work:
é'?iprledicltedl | J.“ — ;";Zoiledictedl | | ® Investigate algorithms to identity
T clusters fast and with higher etficiency
20 40 60 80 100 20 40 60 80 100
wire number [1-112] wire number [1-112]
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What do we have now

CLAS12 Track Reconstruction with Artificial Intelligence

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

Relative Gain 2.34

De-Noising CNN Auto-Encoder
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The Classifier network 1dentifies tracks from segment combinations and
1dentifies track charges. 'T'’he Al-assisted track identification increased

tracking ethciency by 13%-21% (depending on luminosity) 04 06 083 1.0 12 14 16
Improvement of the efficiency slope as a function of luminosity. M(m'm) [GeV]
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What do we have now.

Distributions calculated from track reconstruction from

RAW Drift Chamber hits
6 ¢ A >
Output Layer 55t fl/\‘/ e Inference speed 96 kHz on a laptop (MacBook M3)
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Regression Neural network to predict the track momentum and direction. 15 16 1.7 18 19 20 2.1
The track momentum 1s reconstructed with an accuracy of 1.4%-1.7% M (pK") [GeV]

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

B Al approach

Do fast reconstruction of the track with Al, and 1solate rho

The Al reconstruction 1s 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 Al model that can predict the optimal beam conditions for the experiment.
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