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Results

Fermilab houses a variety of particle accelerators and 

storage rings such as the LINAC. The LINAC, or linear 

accelerator, is a straight accelerator that measures 500 

ft. It brings proton beams up to energies of about 400 

MeV, providing proton beam for the Booster accelerator 

and the rest of the chain of accelerators. 

(Figure 1). Linear Accelerator, Low energy Linac in the foreground 

(Figure 2). Faulttype Histogram

Use clustering of down projected machine state space 

as anomaly detection to predict beam outages and to 

identify classes of outages in the LINAC (Linear 

Accelerator). Beam outages mean less beam for 

research, and lost time, while identifying outage classes 

is a necessary first step to automating mitigation or 

prevention measures. 

To fit a UMAP(Uniform Manifold Approximation and 

Projection) for Dimension Reduction transform to 240-

dimensional data to obtain a 2D state space showing the 

clusters of known beam-outage states and apply the 

fixed transform to pre-onset data to test predictive 

capabilities.

Conclusion

Pre-anomaly data formed recognizable patterns that 

resembled beam-outage states for one observed 

repeated fault, LRF5 which occurred 10+ times. These 

results could convey that pre-anomaly data often shows 

similar activity of an upcoming anomaly a short time prior 

to when the anomaly period begins.

Objective

Introduction

• Applied UMAP to 24 LINAC devices in files of 30 

minutes of pre-anomaly data in 10 second intervals. 

• Successfully was able to overlay overlaid anomalous 

data with the pre-anomaly data in 2 dimensions to 

show possible predictions of later beam-outages in 

the Linac. (See figure 3) 

• For certain fault types, all 30 minutes of pre-anomaly 

data clustered in a characteristic way.

• Some faults, many instances of faults were available, 

but it is not true for most faults. (See figure 2) 

• Where we can judge what is typical repeating patterns 

suggest predictive ability for those faults.

(Figure 3). Anomalous data(Blue) overlayed with pre-anomaly data(Red to 

yellow). Labeled by developing anomaly.
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