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Spallation Neutron Source, Neutron Sciences Directorate

« 2.8 MW, 1.3 GeV-capable,
pulsed H- linear accelerator

« Deliver 5000 neutron
production (NP) hrs. to @
variety of experiments at 90%
availability
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Motivation for Automated Beam Loss Tuning (ABLT)

* Minimize radiation exposure

 Maintain uptime through Proton
Power Upgrade (PPU)

e Maintain losses due to:

- Beam halo
- Day-to-day variances

 Find optimum loss profile with ML

LossViewer application showing all
Beam Loss Monitors
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Objectives

1. Maintain and Optimize Beam Loss 2. Run Application during NP

- Tune like an operator first, then explore - Test and verify behavior during Accelerator
alternative methods Physics periods

- Shift RF ity ph , lit , :
?qulodruggl\g ?/n%g%seqrscgmeeﬁsudes elig — Receive approval from SNS Accelerator

Configuration Control Committee (ACCC)

- Save knob seftings & diagnostics fo HDFS .
file - Implement safeguards for reliability

- Maintain beam & centering on injection - Feed datfafo ML for fufure
dump, beam size and centering on target,
power on target, orbit, etc.

- Correlate loss with activation using survey
data
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<25  Team: Operators, Accelerator Physicists, Operations mgmt.

@ Tools: ScanEngine (python), PyEPICS, PyQT, LossViewer, Orbit
Correction, SCORE (Javq)
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15t run cycle (Nov 2022 — Feb 2023)

Changed phase, Used data for
sef phase 1o hand-tuning

oo minimize :

initial S (G. Gallimore)

@lgle]glelTe
“observer” script phases, return to
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User Interface

=
File Help
Setup | Run
8902.5
8785.3
8668.1
8550.9
433.6
11:07:41
1
v BLMs

DTL_Diag:ND130:Slow...
DTL_Diag:ND160:Slow...
DTL_Diag:ND224:Slow...
DTL_Diag:ND248:Slow...
DTL_Diag:ND317:Slow...
DTL_Diag:ND334:Slow...
DTL_Diag:ND414:Slow...
DTL_Diag:ND428:Slow...
DTL_Diag:ND512:Slow...
DTL_Diag:ND524:Slow...
DTL_Diag:ND611:Slow...
DTL_Diag:ND622:Slow...
CCL_Diag:BLMOO:Slow...
CCL_Diag:BLM101:Slo...
CCL_Diag:BLM102:Slo...
CCL_Diag:BLM103:Slo...
CCL_Diag:BLM104:Slo...
CCL_Diag:BLM105:Slo...
CCL_Diag:BLM106:Slo...
CCL_Diag:BLM107:Slo...
CCL_Diag:BLM108:Slo...
CCL_Diag:BLM109:Slo...
CCL_Diag:BLM110:Slo...
CCL_Diag:BLM111:Slo...
CCL_Diag:BLM112:Slo...
CCL_Diag:BLM201:Slo...
CCL_Diag:BLM202:Slo...

CC1_DNian-RIM203:Sin

Set # of iterations:
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ABLT (on ics-opi-ccrod)

Activation Sum

11:14:26 11:21:10 11:27:54

11:30:51.008 INFO Step 38: -> -96.92, -69.15, 17.79, 4.08

11:30:53.016 INFO Averaged weighted sum (optimizing BLMs) for this step: 8670.03233216025
11:30:53.016 INFO Weighted soft upper limit for optimizing BLMs: 220097.53238060896
11:30:53.016 INFO Step 39: -> -96.92, -69.15, 17.79, 4.15

11:30:54.973 INFO Averaged weighted sum (optimizing BLMs) for this step: 8659.61422220953
11:30:54.974 INFO Weighted soft upper limit for optimizing BLMs: 220097.53238060896
11:30:54.974 INFO Scanning to the upper edge of the window..

11:30:54.974 INFO Step 40: -> -96.92, -69.15, 17.79, 4.21

11:32:03.889 INFO Averaged weighted sum (optimizing BLMs) for this step: 8707.638565981924
11:32:03.889 INFO Weighted soft upper limit for optimizing BLMs: 220097.53238060896
11:32:03.890 INFO Step 41: -> -96.92, -69.15, 17.79, 4.28

11:33:19.979 INFO Averaged weighted sum (optimizing BLMs) for this step: 8711.44702184115
11:33:19.979 INFO Weighted soft upper limit for optimizing BLMs: 220097.53238060896
11:33:19.980 INFO Step 42: -> -96.92, -69.15, 17.79, 4.35

11:34:34.158 INFO Averaged weighted sum (optimizing BLMs) for this step: 8706.59979054172
11:34:34.158 INFO Weighted soft upper limit for optimizing BLMs: 220097.53238060896
11:34:35.159 INFO Scan complete. Going back to initial setting.

11:34:35.160 INFO Step 43: -> -96.92, -69.15, 17.79, 4.28

11:34:36.916 INFO Averaged weighted sum (optimizing BLMs) for this step: 8719.099443943054
11:34:36.917 INFO Weighted soft upper limit for optimizing BLMs: 220097.53238060896
11:34:36.917 INFO Step 44: -> -96.92, -69.15, 17.79, 4.21

11:34:38.975 INFO Averaged weighted sum (optimizing BLMs) for this step: 8666.258223963217
11:34:38.975 INFO Weighted soft upper limit for optimizing BLMs: 220097.53238060896
11:34:38.976 INFO Step 45: -> -96.92, -69.15, 17.79, 4.15

11:34:40.983 INFO Averaged weighted sum (optimizing BLMs) for this step: 8716.638333571002
11:34:40.984 INFO Weighted soft upper limit for optimizing BLMs: 220097.53238060896
11:34:41.088 INFO Data saving task completed.

11:34:41.102 INFO Main task completed.

1.00

11:34:38

*J. Rye, PO48



2"9 run cycle (June 2023 — August 2023)

- Infegrated GUI with scan — Established safe windows, step sizes with
experts; save as defaults

- Monitored BLM signals at every step
- Stopped application if violating user-

y defined BLM limits
- Improved usability

- Locked to one instance of script running at

- Implemented orbit correction, filtered blank one fime
pulses from optimization

- Approval from ACCC to run at 60 Hz for 24

- Added more knobs, more diagnostics hrs; No trips!
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S. Thomas
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CCL FCM4 Phase (0)
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SCL BLM12b Losses vs. CCL FCM4 Phase Changes
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Analyzing Knob Impact
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Lessons Learned (and Ongoing)

 Connect to +1000 variables reliably and
predictably
« Improve ScanEngine for production [ | | w
« Handle noise in BLM/activation data iRt ]
« Improve usability | [ ﬂn
- setting GUI BLM limifs easily T ] h ku{ﬂ
— pause function | o W W
— restore old setpoints EERE | "
« Survey data post-scan correlates well g = 0 IJI o

with our predicted acftivation e
Est. activation (red) over the course of one scan
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Future Goals

 Choice of stepping: sequential, random, 1-D or n-D, efc.
 Choice of optimization modes

 Monitor additional diagnostics on the fly

e Fine-tune data analysis methods

 Develop analysis/data visualization interface

« Establish ML infrastructure in the control room

 Analyze data from full-power test with ML
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Additional Slides

o ABLT

o ANAlysis

e ScanEngine

e Intfrabeam stripping paper: here
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https://code-int.ornl.gov/sns-rad/loss-tuning/-/blob/c924c35b6e24f40a4ecff360eb81e39ee2a058f2/README.md
https://code-int.ornl.gov/sns-rad/loss-tuning/-/blob/c924c35b6e24f40a4ecff360eb81e39ee2a058f2/README.md
https://code-int.ornl.gov/sns-rad/SE
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.108.114801
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