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Abstract

One of the major challenges in accelerator operation is the development of highly reproducible operation control
methods. In recent years, automatic control methods using machine learning have been developed, and results have
already been achieved in automatic control using the Gaussian process regression model. However, Gaussian process
regression models are limited to optimizing 15-20 parameters, and it is impossible to comprehensively tune the entire
accelerator. To solve this problem, we have developed a method that combines a dimensionality reduction method with
an autoencoder. By utilizing a Gaussian process regression model in the latent variable space after dimensionality
reduction, the number of parameters to be adjusted can be reduced to a smaller number than the actual number of
parameters, which is expected to allow adjustment of a larger number of parameters. In this study, some parameters of
the ECR ion source were optimized by applying this method to the actual operation of the source. As a result, the expected
performance of the ECR ion source could not be achieved in the actual operation, mainly because the parameters are very
sensitive. Based on this result, we will continue to verify whether this method can be used effectively for ECR ion sources
by taking measures such as excluding parameters that are sensitive to the objective from the dimensionality reduction.
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Figure 2: The conceptual diagram of tuning method using
latent variable.
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Table 1: The Error of Prediction Value for Each
Parameters
Parameter RMS
Gas Valve 96
RF Power 0.10
RF Frequency 0.013
Intermediate electrode 1.0
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Figure 3: Relationship between input and predicted value
of gas valve.
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Figure 4: Relationship between input and predicted value
of RF power.

10.20

10.15

N

T 1010

= .
o

3 w005 . ”
= .
E .
_; 10.00 .C *

! H ig.

2 995 8

.2 e °

5 8%

2 L] .

& 990 e o Be® o

9.80
9.80 9.85 9.90 9.95 10,00 10.05 1010 10.15 10.20

Input value (GHz)

Figure 5: Relationship between input and predicted value
of RF frequency.
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Figure 6: Relationship between input and predicted value
of intermediate voltage.
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Table 2: The Optimization Results of ECR lon Source
using Dimensionality Reduction

Brightness
(mA/(mm)?)

AE+BO : Test 1 1.23x 1073
AE+BO : Test 2 1.36 x 1073
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Table 3: The Optimization Results of ECR Ion Source
without Dimensionality Reduction

Brightness
(mA/(mm)?)

Only BO : Test 1 217 x 1075
Only BO : Test 2 2.21x 1073
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Table 4: Closest Value to the Setting Value of Only BO
Test 1 in the Latent Variable Space

RF Intermediate

Gas valve RF Power
Frequency electrode

(steps) (dBm)

(GHz) (kV)

OnlyBO 5600 -12.8 10.05 3.40
Test 1
latent

variable 10726 -12.293 10.011 5.104
space

Table 5: Closest Value to the Setting Value of Only BO
Test 2 in the Latent Variable Space

RF Intermediate

| RF P
Gas valve ower Frequency electrode

(steps) (dBm)

(GHz) (kV)

Only BO 5900 -14.0 10.09 351
Test 1
latent

variable 10874  -14.198 9.996 3.478
space
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