
E331 - Neural network based tuning to exploit machine-wide 
sensitivities in pursuit of high beam quality

FACET-II AARD Long Term Planning Meeting
August 22, 2024





Build out on sample-efficient methods on subsystems first (e.g. Bayesian approaches), then 
transition to more comprehensive approach (reinforcement learning, neural networks leveraging 
learned system  model information)

Incorporate ML-based tuning into FACET-II operation to aid experiment goals along the way



ML Experiments - E331

Sextupole tuning at IP

What worked (since last run)
• Emittance tuning demo in injector (BAX - 20x faster than vanilla BO)

• Sextupole tuning demonstrated repeatedly and began integration into E300 
→ improved plasma performance (and only just scratching surface of 
possibilities!)

• Smart data sampling for characterization / system model calibration - Bayesian 
Exploration (to gather data), multi-fidelity model calibration

What didn’t work
• Compute limitations: long inference times for BO → GPU for control system 

ordered and on its way (expect several orders of magnitude faster)

• Challenges with automated data acquisition (e.g. wirescan GUI need server 
mode – human in the loop to take measurement; error prone / need to identify 
by eye) → need to think about for future observables we want to include in 
automated tuning

• Challenges with writing/reading settings in SCP through python → need to set 
up ahead of time for controllable variables/read-backs we + users may want 

• For E300 tuning, simple metrics worked but need refinement (algo. will do 
exactly what its told to do….) → examples of measurements + working with 
plasma side ahead of time will help to set these up 

• Need way of triggering the DAQ from python
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Goals For The Coming Run
Two themes: AI/ML R&D items (purple) and facility/experiment impact items (orange)

• Two-bunch tuning / LPS tuning ML development
- Have algorithms to try for this→ need to set up with diagnostics/PVs to adjust
- Prototype w/ previous data (e.g. image analysis) and simulations 
- Need XTCAV or other diagnostics we want to use for metrics ready
- Incorporate additional diagnostics / objectives / constraints (e.g. LPS plus keep losses low, 

examine spectra?)

• Sextupole tuning
- Use priors / correlations from previous runs (form model based on data or sim) 
- Improve integration with plasma metrics
- Refine diagnostic analysis/setup for objectives/constraints
- Deliver to ops + in Badger (AD PD funding to support)

• Model-based ML tuning – model dev + use as priors for BO and model-based RL
- Path to faster/higher-precision tuning by adjusting more variables together across machine
- Need model + tackling in stages: injector, linac, plasma

■ Incorporate calibrated injector system model into tuning 
■ Extend model calibration downstream (e.g. up to IP) – LPS then transverse
■ Incorporate downstream system model into tuning

• Expand tuning scope (driven by operations need)
- Emittance tuning to downstream (emittance preservation)

■ Would need some help in getting 3-wire measurement set up etc
- Multiple objectives /constraints in tuning (e.g. emittance / losses, LPS, plasma) → want 

suggestions on what would be highest impact for operation and experiments
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Publications
High level 
science goals

First high impact publication How to get from here to there

E-331 Comprehensive 
ML-based control for 
new capabilities 
(higher quality beams 
faster)

Two-bunch / LPS 
customization

● BAX paper already published (mid impact)
● Contribute to E300 paper (impact of ML on E300 tuning – 

sextupole tuning) (now - ?)
● Model calibration for injector (mid impact, now - 0.25 yr) and 

linac (now - 0.5 yr?)
● LPS single and two-bunch customization (0.5 - 1 yr? sooner?)
● Model calibration for injector + linac (0.25 - 0.5 yr?)

Need reliable diagnostics + analysis for 
LPS (XTCAV, others?)

Need to set up fast analysis from BSA 
data or epics pulls (+ launch BSA data 
taking from python)

Need to sort out setting PVs from python 
in SCP

Need to gather historical/new data + latest 
physics models for two-bunch, single 
bunch for injector + linac

Time to data / pub
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