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Abstract

We have developed a machine-learning-based operation tuning scheme for the KEK e-/e+ injector linac (Linac). In
order to apply machine learning to accelerator control, pre-training using a realistic accelerator simulator is required. For
the pre-training, we have developed a 1000-parameter accelerator simulator based on dimensionality reduction and GAN
(Generative Adversarial Network). In this paper, we show the current status of the development of the accelerator

simulator, and evaluation test results of the simulator.
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Figure 1: Overview of accelerator data simulation using
GAN and VAE.

- 703 -



Proceedings of the 20th Annual Meeting of Particle Accelerator Society of Japan
August 29 - September 1, 2023, Funabashi

PASJ2023 THP12

REHFZTHOLEVSS RETHIRZEIT > 12158
—£7-2 | —x7-x
— BT —%

{ —EbE-5 | I
1 i

00
2500
2000
1500
100 | s
i 1000 ﬂ:ﬁ 1
1000 | A1 /
I ' 4 —hl
) , =1 I DJL a
. / . ST
L S / oy i J ufkg:;ﬂ
00 02 04 o6 o8 10 Y 04 o6 o8 10

BHA/ST X —2(PY-32-4)

Figure 2: Steering electromagnet (PY-32 4) current
values without (left) and with (right) the dimensionality
reduction using VAE, for real data (blue) and generated
data with GAN (orange).
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Figure 3: 2D plots of electromagnet current value (PY-
32 4) vs injection efficiency, for real data (left) and the
generated data with VAE and GAN (right).
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Figure 4: Accelerator placement at KEK.
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Figure 5: Layout of KEK Licac.
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Figure 6: Overview of the new accelerator data
simulation model.
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Figure 7: Injection efficiencies (Q-ratios, vertical) vs
date (horizontal) for the new model prediction (orange),
simple regression NN prediction (purple), and the real
data (blue), for 2021/6/16-2021/6/23 evaluation data.
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Figure 8: Injection efficiencies (Q-ratios, vertical) vs
date (horizontal) for the new model prediction (orange),
the VAE model prediction (green), and the real data
(blue), for 2021/6/16-2021/6/23 evaluation data.
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Figure 9: Injection efficiencies (Q-ratios, vertical) vs electromagnet current (PY-32_4, horizontal), for the real data
(left), the new model prediction (center), and the VAE model prediction (right), for 2021/6/16-2021/6/23 evaluation

data. The data is color-coded for each day.
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Figure 10: Injection efficiencies (Q-ratios) for the new
model prediction (orange), the VAE model prediction
(green), and the real data (blue), for 2021/6/20
evaluation data.

37 2T A=HEREIFSE L5 G OMGE

ATERETIE, BrL<BAZ LT LD H T K Zh=R
INTGA=BD 1 INFA=EDHThoTc, KEITIL, 1)
B 2 NTA=HITETE L, NIRRT A—H LR A
TEDO—2((PY-32 4, 7T —VEIZH D/ NIV A< T Rk
D=V EFTLHET VEELT,

Figure 11 |2, EEROERA BEIMEE AR DZR(FH ),
LI LIZET A BEF LB A B EE A S
BREGE)D 2 Rt T vy M aRmd,

Figure 11 O7 myhb, FLBAFELI-ET /LTI,
2 NIA—ZOMBEERDOINCET —FEFHTEXHD
EM DT,

A5izhEe

BHR /ST * —Z(PY-32-4)
Figure 11: Injection efficiencies (Q-ratios, vertical) vs
electromagnet current (PY-32 4, horizontal) for the
new model prediction (orange), and real data, for
2021/6/16-2021/6/23 evaluation data.
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