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FACET-II S20 XTCAV Overview
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Inference Model
Normalized PVs → Image Encoding

[0, 1]#PV → [0,1]EncodingDimension

Example:

Random Forest (RF) Regressor
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Image Model
Image Encoding → Image

[0,1]EncodingDimension → Image
EncodingDimension = 12-20

Example:

Convolutional Variational Autoencoder (CVAE)
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Inference: Random Forest
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● Single feature(PV) is 

compared each branch

● Outputs latent encoding 

for the image model
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https://www.geeksforgeeks.org/machine-learning/random-forest-regression-in-python/



● Dimension Reduction

● Interpolatability
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Image: CVAE
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Model Output
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Current Profile Prediction
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Current Profile Prediction
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Current profile in Python, Matlab formats
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Offline Analysis: Plasma Interaction
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Drive to Wake Energy 
Transfer



Correlation Studies
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Bunch Compressor Orbit
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Anomaly Detection
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Persistent problem across the entire ML world:

Building Trust!

When models give us bad predictions….. Why?



Anomaly Detection
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Anomalies not immediately visible by checking any individual readout…
The inference model catches it in real time! 



Real Time Confidence
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Topological distance between training set and the current 
state, measured in real time
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LCLS XLEAP application
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Also Check Out…
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Summary
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• Virtual Diagnostics accurately predicts LPS from nondestructive diagnostics.
• Prediction Confidence can be used for Real Time Anomaly Detection.
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VTCAV: Virtual Diagnostic For Longitudinal Phase Space Prediction
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Bunch Length Feedback  System
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L1 BLEN Count
L1 Energy BPM
L2 BLEN Count
L2 Energy BPM

AAC 2026 E327: Virtual Diagnostic For Phase Space Prediction And Customization at FACET-II 


