Funding Call

Executive Summary

The DOE SC program in Nuclear Physics (NP) hereby announces its interest in receiving
applications for research and development (R&D) efforts directed at artificial intelligence (AI)

and machine learning (ML) for autonomous optimization and control of accelerators and
detectors of relevance to current or next generation NP accelerator facilities and scientific
instrumentation, as well as applications applying AI/ML to advance nuclear physics
computations.

Major areas of research may include, for example:

Development and implementation of digital twins for future colliders;

Efforts to address the challenges of autonomous control and experimentation,
Efficient operation of accelerators and scientific instruments,

Deployment of Al for reduction of large and/or complex experimental data,
Development of software to enable data-driven discovery of new physics

Efficient extraction of critical and strategic information from large complex data sets:
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What is Being Proposed

Process data in real-time from a
large detector

Estimate uncertainty of a physics
measurement (cross-section) on
timescale of <1hr

Feedback to CEBAF Accelerator
to adjust beam
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Conditions during run will be
intentionally changed to force the
automated system to react



Key Objectives

e Demonstrate Automation of one or more Accelerator parameters via direct
feedback from a large detector system based on a physics goal

o Fast calibration of detector data

Some work has been done using Al/ML
o FEast event selection independently in each of these areas. This
project will need to advance that to the next

stage of Al/ML for key detector subsystems
o Fast reconstruction

o Process full detector data in real-time using HTC farm



NOT Objectives

e Improve beam quality

e Improve detector resolution

e Make the best possible measurement the detector is capable of
e Make a new physics measurement that has never been made

e Advance Data Science through Al/ML research



Physics Signal: Cross-Section v*p — pp°
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Number of Events

Estimating Signal Event Rate

I, based on Final State Electron
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Statistical Uncertainty vs. Beam Current

Tracking efficiency is linearly dependent on beam current

due to increased occupancies in the tracking detectors.
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Spoiling the Experiment

Stable beam and detector operation will not be interesting. Some
intentional changes will need to be made to force the system to respond.

1. Change the physics channel (e.g. switch to ep — €'pn — e'pr°n°n®)
2. Spoil the beam (e.g. tweak quad to increase halo?)

3. Lower the HV on the tracking chambers?



Backups
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