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Abstract

This study developed a pressure-anomaly detection system utilizing machine learning for the vacuum system of the
SuperKEKB accelerator. The system identified abnormal pressure behaviors among approximately 600 vacuum gauges
before triggering the conventional alarm system, facilitating the early implementation of countermeasures and minimizing
potential vacuum issues. By comparing the recent pressure behaviors of each vacuum gauge with the previous behaviors,
the program detected anomalies using the decision boundary of a feed-forward neural network previously trained on
actual abnormal behaviors. Realistic regression models for pressure behaviors enabled a reasonable prediction of the
causes of anomalies. The program, implemented in Python, has been operational since April 2024 for test. The developed
anomaly detection system is beneficial for ensuring the stable operation of large-scale machines.
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Figure 1: (a) Typical ‘fill’ consisting of beam injection,
beam storage, and beam abort. (b) Typical operation status
in June, 2022, highlighting the relation between the check
and reference data. The vertical lines of the beam current
correspond to times of beam abort.
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Figure 2: Example of the measured pressure behaviors
(orange) and regression curves (blue) for the storage period
as a function of beam current.
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Figure 3: (a) Behaviors of measured pressures (orange) and
the regression curve (blue) (a) before and (b) after
normalizing the raw data of the reference data in the tail
period as a function of time step after beam abort.
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Figure 4: Two-layer FNN for detecting anomalies and
estimating their potential causes in the check data.
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Figure 5: (a) Example of abnormal pressure behavior
caused by ‘leak or pump failure’ of the check data in the
storage period. (a) Behaviors of the measured (red) and
calculated pressures from the regression curves of the
reference (cyan) and check (blue) data. (b) Time trend of
pressure (red), and the beam current (black dots) for the
corresponding time.
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Figure 6: Learning curves of the FNN weight parameters

for anomaly detection in the storage period, where the

variation in (a) the MCEE and (b) accuracies are plotted

against the epoch numbers for training and test data.

6. BETOTSL

Python TREIR L7- M7 12" i, KEKB J#ER D
HIE Ry N —2 @ Linux 8 RICHAIAENTZ, 707
LMTHEITEEILTEBY, ZOH O 7ot A i3e — 24
THR— O EHM DA~ —TRIH—Zh., T —
HDEENTEAITD, 72383, Storage Wi T, —EHARI (B %
16 )L — L7 R — MG UEZE O Ot &
1oz L7,

2022 5 2024 HEETOMMEDOT — X5l > TR
REREATHT2[5, 6], AN 0T A ClE, B D 8 [[]D
A CHRE LRSI N TR E B2 5 ICEFH L, 4

Table 1 Input parameters, M, N, K, Ni, Nist, Lr, epoch number and batch number for the storage period for FNN to detect

abnormal behavior.

Periods Input parameters

N M K Nir, Nist L; Epoch  Batch

Storage
P, max_chk_log_std, P, ave_ref log_std

Rcalﬁl@gﬁstd, Rrefilogistd, Rchkilogistd, P. ave_chk_log_std,

249,186  0.0002 1000 20

5 3 1

Table 2 Input parameters, M, N, K, Ny, Nist, Lr, epoch number and batch number for the storage for FNN to estimate the

possible causes of anomalies.

Periods Input parameters

Nir, Nist L: Epoch  Batch

Storage
W1_chk_log_std, W2_chk_log_std,

P, max_chk_log_std, P, max_ref _log_std

WO_ref log_std, W1_ref log_std, W2 _ref log_std, WO0_chk_log_std,

0.0004 1500 20
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Figure 7: (a) Historical plot of the number of anomalies
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detected two vacuum gauges, and the maximum beam
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Time trends of the pressure of a suspicious vacuum gauge
(red) and beam current (blue) for six days at that time.
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