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Abstract

Machine learning is increasingly applied in accelerator research, but its use in high-intensity proton facilities such as J-
PARC main ring requires caution, as collecting large datasets or failed trials can cause equipment activation and damage.
This study aims to minimize beam loss—a key challenge in beamline optimization—through three approaches: (1) detecting
anomalies via numerical analysis, (2) detecting abnormal beam events using trained image-based models, and (3) optimizing
intra-bunch feedback system parameters to suppress transverse instabilities using log data. The goal is to support real-time
anomaly detection during J-PARC MR shifts and, in the future, enable diagnostics of beam loss causes and early signs of
equipment issues. Automating the tuning of feedback parameters, which is currently manual and time-consuming, can enhance

beam intensity and availability. This report presents the current progress of these developments.
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Figure 1: Beam power normalized by bunch count over a
given period. Values 0.75 o below the mean are regarded as
anomalies.
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Figure 2: Example of beam loss distribution in a normal event.
This shot includes 8 injected bunches.

3. BAAAA—PIVI—X—ILkBHATFHIET
IV DR

FEHIZIZEEARY NOAEH W, A — b
TYaA—X—%RUEPEET— 2T 5 EEREN
Ko/ DT, BAAAF—PZYyI—X—%2HW3
ZeiZllz, 22T, A—bTrva—&—rI3EEGR
EOTF—XEEMUETT A MA2MHi-/-HE%Y
BAIETLT, DEL TICREDIHEDEERET — X,
IFLRERVEDERE T — R WLz, Hind
A—bZrva—X—3HEHE%E 1 IRTE TEMRET S
BARIAALT— Ty —X—3HEGEZZTDFE FH,
RPN D S R & REFATRE & W S R H 5,

CAE %, Encoder ¥ & Decoder i S I T H
D, AJTHGZ R L TREIR S MVE2t L, BEG
DOEFIZETCT 5HE2 KD, Encoder 8 Tik, 1 F v
IV - 64 x 64 7RO ATEBIZH L, BAAME
(Conv2D) &JEMEALEES ReLU % 4 @EHR L Z & T, %2
M % M LD DMRN R RHEEME Lz, &EIC
BWTF v 2 VEEEP L, BEY A XIEANT A
R 2T 1/2 FOM/NS . BT (8,4,4) DR ML
3w 7 RBNZFEX 72, Decoder i TlE, ZDAR bbb
2w 27 H 5 ConvTranspose2D (HEHAIAA) JEIZE > T
ZE MR AR S % BB INIZfE 0 3 2 B 2 17\, &Rz
AS LRV A X (1,64, 64) OFEMEREGZE X7z,
Decoder D& E TlL, HIE%E 0 ~ 1 IZERKMLT 57
1z Sigmoid B % I 7z, CAE I3 A S5 & fEH Ak
Eifk e DEFET L DX (HEEEE) 258EL. Zh

PASJ2025 WEP(83

HREHEDOHMEY U7, FEIITIEFEREED A%
AW, EFIVIZIEFEAORE %2 BEICHEK T 58
NaEEB/IEE, —H, BEEHACTU I N
T ERERBE B HE T, HoiENKRE RS,
DFERREZAWTEEOF R Z EEMIZHIE U 72,
HERBAENEH IO REL, DIFHEEZBX 258
WZEE CHE Uz, S ENEBME X R AR 2 D SEYEI
RO 3 5% A 7-4H (mean + 30) & U7z,

3.2 FEAURIC & B EERM

R D ER % G A A THERE R E DA %
R U 745, Fig. 31T LD ICTIEH Y 3 v b ®E
Vay MBI HEL THETE, ATHEICLD R
WRHOAEMMEZ R L TWS, 2 THAIIEREE.
FEVEEEETH 5, KOO REEEGD DM HHE
BAREBNIWE DN S KEREDIZ 4 DI
DTEFDHNREFAND &, Fig. 4 1TRT £S5, HHEEK
HENEL R BIZONTE =L ANEL o T W,

Histogram of Reconstruction Errors

12 == Normal
== Anomaly

(a) (b) (c) (d)

C
- >
L]

. l‘ L II” I

0
0.005 0.010 0.015 0.020 0.025 0.030 0.035
Recons truction Error

Figure 3: Distribution of reconstruction errors. Normal and
anomalous shots are clearly separated, demonstrating the ef-
fectiveness of the proposed anomaly detection method.

Figure 4: Examples of images corresponding to the histogram
distributions (a) — (d) shown in Fig. 3.
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Figure 5: The blue line shows the reconstruction loss on the
training dataset (80 % of total data), and the orange line shows
the loss on the validation dataset (remaining 20 %).
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Figure 6: An example of predicted optimal parameters for a
case not used during training.
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Table 1: Example of the Optimized Parameter Set Obtained
from the Trained Model

gain | phase | shift gain
X || 5.00 180
Y (| 5.00 | —180
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