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Abstract

The Graduate University for Advanced Studies, known
as SOKENDAI, provides educational opportunities for
graduate students in collaboration with national research
institutions in Japan. KEK is one of the institutes, and has
a program Accelerator Science. Since 2019, we started two
classes: Introduction to accelerator control system for one
semester, and a two-day Control of distributed devices for
large systems. The former consists of 12 lectures on vari-
ous topics of accelerator controls by teachers, followed by
a presentation day by students. The latter consists of lecture
and hands-on, which enables students to practice EPICS
with Raspberry-pi based devices. In the paper, status of ac-
celerator control classes are reported.

SOKENDAI AND KEK

About SOKENDAI

SOKENDALI, the Graduate University for Advances
Studies, was established in 1988, as a national university
of Japan [1]. The headquarter is located in Hayama, Kana-
gawa, Japan. SOKENDALI does not have an undergraduate
course. In close partnership and collaboration with re-
search institutes, SOKENDAI operates Ph.D doctoral pro-
grams [2].

There are 20 research institutes in the scheme (see
Fig. 1). They cover variety of fields: sciences of infor-
mation, statistics, physics, accelerator, astronomy, fusion,
space, molecular, material, environment, biology, physiol-
ogy, polar, and cultural studies of anthropology and Japan.
In 2023, 20 programs are available for education of gradu-
ate students, associated with the above research institutes.

KEK and Accelerator Science Program

Since the foundation of SOKENDALI in 1988, KEK has
been one of the research institutes of SOKENDAI. With
the partnership, KEK provides three programs: a) Particle
and Nuclear Science Program, b) Materials Structures Sci-
ence Program, and c) Accelerator Science Program (see Ta-
ble 1). The Accelerator Science Program is associated with
two laboratories of KEK, Accelerator Laboratory and Ap-
plied Research Laboratory. The latter concerns radiation
science, computing research, cryogenic research, and me-
chanical engineering. Table 2 shows the number of stu-
dents of KEK’s Programs in 2023. All of the programs con-
tain certain amount of international students. They are
mostly from Asian countries.

The Accelerator Science Program consists of various
courses related to accelerator technologies as in Fig. 2.
There are two types of courses, a half-year course and a
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short course (less than a week). Most of them are the
courses which will be held on a student’s request. The com-
plete list of the courses is given elsewhere [3].

Table 1: Programs and Associated Research Institutes or
Laboratories of KEK

Program Research Institutes
Particle and Nuclear Institute of Particle and Nuclear
Science Physics, KEK
Materials Structure  Institute of Material Structures
Science Science, KEK
Accelerator Science  Accelerator Laboratory, Applied
Research Laboratory, KEK

National Institute for Japanese Language and Linguistics
National Institute of Japanese Literature

The Institute of Statistical Mathematics

National Institute of Polar Research 3
National Institute of Informatics f -
National Astronomical Observatory in Japan =

# National Astronomical
Observatory in Japan
(Mizusawa)

4

National Astronomical

1
Observatory in Japan (Nobeyama)

National Institute
for Fusion Science

International Research
Center for Japanese Studies

Research Institute for
Humanity and Nature

National Museum of
Ethnology g

'LE 4 by
Institute for Molecular Science

National Institate for
Physiological,Sciences

e g

f HQ in Hayama

National Instityte for Basic Biology

Figure 1: Partner research institutes of SOKENDAI

KEK
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D = SOKENDAI Hayama Campus
Research Center for Integrative
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JAXA
Institute of Space and
Astronautical Science

National Institute of Genetics
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with highlights of the headquarter (HQ) and KEK.
Table 2: Numbers of Students of KEK’s Programs

Program Number of Number of
Students International

Students

Particle and Nuclear 48 13 (27%)

Science

Materials Structure 8 4 (50%)

Science

Accelerator Science 14 5 (36%)

- High Energy Accelerator Science Seminar
- Seminaron Introduction to Accelerator

- Radiation Physics
- Beam Physics
- Particle Accelerator Design

- Accelerator magnets and power supplies

- Beam instrumentation basics

- Superconducting technologyand cryogenic

engineering

- Beam accelerationand RF systems
- Vacuum science and technology for particle

accelerators

- Introduction to accelerator control system

- ..and more

- Foundation of Data Science

- Control of distributed devices for
large systems

- Practicum for accelerator science
using the education-oriented
electron linearaccelerator

- Introductionto Robotics

1 credit
(2-day to
aweek)

2 credits
(half-year
courses)

44 courses
in 2023

Figure 2: Part of courses of the Accelerator Science

Program.
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ACCELERATOR CONTROL CLASS

Two Accelerator Control Courses

As shown in Fig.2, there are two courses related to ac-
celerator controls: (A) “Introduction to accelerator control
system” and (B) “Control of distributed devices for large
systems”. The former is a half-year course, consists of 12
lectures etc. by teachers, followed by a presentation day by
students. The latter is a 2-day course, provides seminars
with EPICS training materials, and hands-on experience of
EPICS using a Raspberry-pi microcomputer.

The first accelerator control class, the course (A), was
held in 2019-2020. During 2019-2022, classes of the
course (A) were held three times, and the course (B) twice.
The number of students are summarized in Table 3.

In total, 10 students attended so far. While 3 students
joined both courses, the total number of personnel is 7. The
accelerator control courses are open for all the Programs of
SOKENDALI It is worth noting that one student joined
from Particle and Nuclear Science Program, and another
from Materials Structure Science Program.

Table 3: Numbers of Students of Accelerator Control Clas-
ses. The Parentheses Mean International Students.

Year of Course Course (A) Course (B)
FY2019-2 4(3) -
(Oct. 2019-Feb. 2020)

FY2020-2 - 3(Q2)
(Oct. 2020-Feb. 2021)

FY2022-1 1(1) 1(0)
(May. 2022-Aug. 2020)

FY2022-2 1(0) -

(Oct. 2022-Feb. 2023)

Control Classes in Reality

Typical contents of the half-year course (A) are shown
in Fig. 3. There are 4 type of days: a) lecture day by teach-
ers (red text), b) guided tour (blue text), ¢) hands-on day
(green text), and d) presentation day by students (purple
text). A photo of a lecture day and a photo of hands-on day
are given in Figs.4 and 5.

Date_Title Contents Teacherls) |
1:May12  Controls: Introduction Control system design and operation K. Furukawa
2:May19 History History of accelerator control systems N. Kamikubota

3: May 26
4: June 02

Software Software technology S.Yamada

Hardware Hardware technology K. Furukawa
M. Satoh, K. Furukawa

N. Kamikubota, S. Yamada

5:June 16 Implementation (KEKB&Linac) Guided tour to KEKB&Linac

6:June 23 Implementation (J-PARC) Guided tour to J-PARC

7:July06  Timing Timing system N. Kamikubota
8:July 14

9,10: July 21
(full day)

11: July 28
12: Aug.04
13: Aug.25

Cyber security Cyber security for control systems N. Kamikubota

EPICS lecture and hands-on Lecture and hands-on of EPICS witha  S. Yamada, N. Kamikubota

Raspberry-pi
Introduction of EPICS collaboration

International collaboration K. Furukawa, N. Kamikubota

Controls: protection K. Furukawa

by Student (J.P.)

Safety protection systems
Presentation day

Figure 3: Contents of the course Introduction to accelera-
tor control system in the FY2022-1.
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Jan.05, 2023
By S. Yamada
[

Raspberry-pi
with LEDs

Figure 5: A photo of hand-on day.

A typical lecture by a teacher takes 40-60 minutes, fol-
lowed by discussion time between teachers and students.
In Fig. 6, part of the material for the lecture on History,
used on May 19, 2020, is shown as an example.

13
1976 at KEK-PS
o Mini-computer .-
i sed system

17 | 1987 at KEK TRISTAN .
Distributed control system |
[1993 at KEKB \"i"

EPICS+VME+TCP/IP-based system | 7@

2 2 el 24

Figure 6: Part of material used in the History lecture.

DISCUSSION

The fact, 10 students over 4 years attended the control
classes, is not satisfactory for us. However, keeping the ac-
celerator control classes at a graduate university is signifi-
cant to enhance future human resources in the accelerator
control field. We will keep the accelerator control courses,
but more promotion to students, more improvements of
materials are needed.

CONCLUSION

With close partnership between SOKENDAI and KEK,
KEK provides research and educational environment to
graduate students for Ph.D. In the Accelerator Science Pro-
gram, there are 14 graduate students in 2023. Among
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various courses, two courses are related to accelerator con-  the control classes in 2019-2022, we received various helps
trol. Contents of the half-year course, Introduction to ac-  and encouragements from the accelerator staff members of —

celerator control system, are explained in detail in this pa- ~ KEK. We deeply thank them and kindly ask for continuous 2
per. helps in the future. =
During 2019-2022, 10 students attended the accelerator &
control classes. More promotion to students, and more im- REFERENCES Z
provement of materials are preferable for the future. [1] SOKENDAL https://www.soken.ac.jp/en/ 2
~

[2] https://www.soken.ac.jp/en/outline/organiza- s
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