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SNS

Machine Learning project to reduce downtime

Can we reduce downtime by

ðPreventing accelerator failures

ðImproving target design

Ą four ML use -cases

Machine Learning features

ðAutomatic learning process

ðAbility to process big data efficiently

ðAbility to model complex non -linearities and identify trends/patterns

ðDeep Learning (Neural Nets)

ÅGeneralize better than statistical methods,

ÅCompensate for incomplete physics models,

ÅAutomatically extract relevant information
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Machine Learning to study four use -cases

1: Beam -based 

Prevent errant beam 

pulses from damaging 

accelerator

Common goal: Utilize data from existing sensors to apply ML techniques to 
reduce downtime
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2: High Voltage 

Converter Modulator

Predict HVCM failure 

and capacitor lifetime

4: Cryogenic 

Moderator System

Reduce recovery 

time after trips

3: Target
Improve target 

design by faster 

simulation



4

Apr 17ï 21, 2023

#1: Use data from DCM to predict errant beam

Problem
Errant beam can damage 
SCL and activate beamlines

Predict upcoming errant beam pulses

Method
Use beam waveforms from 
before errant beam pulse from 
Differential Current Monitor

ðUse Siamese Model (CPU)

ðUse Random Forest (FPGA)

Rescic, Miha et al. òPredicting particle accelerator failures using binary classifiers.ó Nuclear Instruments & Methods in Physics Research 
Section A -accelerators Spectrometers Detectors and Associated Equipment 955 (2020): 163240.
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#1: Siamese model detects similarities

Siamese Model Overview

Current Waveform

Reference Normal

Siamese Neural Networks (SNNs):
- Learns similarity between two inputs

- Update reference waveforms

- Autoencoder extension verifies waveform encoding

- Gaussian Approximation provides prediction 
uncertainty
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#1: ML Server infers in real -time
Field implementation
DCML

ðRandom Forest on FPGA of 
DCML, < 100 µs response time

ðSiamese model: 1 to 3 inferences 
per waveform < 16ms (beam rep 
rate)

Blokland, W., Rajput, K., Schram, M., Jeske, T., Ramuhalli, P., Peters, C., ... & Zhukov, A. (2022). Uncertainty aware anomal y d etection to predict 
errant beam pulses in the Oak Ridge Spallation Neutron Source accelerator. Physical Review Accelerators and Beams, 25(12), 12 2802.

ML Server

ðTakes full raw data from DCML

ðPublishes results over EPICS

ðCompares recent waveform with 
multiple reference waveforms

Lessons Learned
Need to implement continual learning and include 
accelerator setup parameters as part of training.

DCML ML Server
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8 normal shots, one in yellow 
where flux is beginning to drift, 
one in red when the Insulated 
Gate Bipolar Transistor 
(IGBT)exploded.

#2: Autoencoder predicts HVCM failures

Transistor failure due to 
transformer saturation

Problem Method

Multi -Module Conditional Variational 
Autoencoder

Results

Predict 80 -50% of failures 
with <1% false positive

Predict upcoming HVCM failures

dV /dT 
Fault

SRC 
Fault

Use auto -encoder to see a difference 
in the waveforms

False positive penalty 
might be too high for 
application in the field

Lessons Learned


