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1) SOKENDAI and KEK

* KEK is an “Inter-University Research Institute Corporation”

Inter;niversity Research Institute_Corporation £ "
E., High Energy Accelerator Research Organization (KEK) 4 "

Tokal Campus

2021 o
KEK 50th J-PARC Center, Accelerator Division

dnniversary

Dr. Norihiko Kamikubota

My business card
with the KEK’s standard format

203-1 Shirakata, Tokai-mura, Naka-gun,
Ibaraki, 319-1106 Japan

TEL: +81-29-284-4272, 4801

FAX: +81-29-284-4805

E-mail: norihiko . kamikubota@kek.jp

Keep Accelerating



1) SOKENDAI and KEK
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1) SOKENDAI and KEK

* KEK is an “Inter-University Research Institute Corporation”
* KEK was established in 1971
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1) SOKENDAI and KEK

* KEK is an “Inter-University Research Institute Corporation”
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* SOKENDAI is a graduate university, with a partnership with KEK
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 SOKENDAI provides a graduate student a Ph.D on “Accelerator Science” Program
* KEK staff members are teachers, contribute to the Ph.D Processes




1) SOKENDAI and KEK

e More about SOKENDAI

* The Graduate University for Advanced Studies (in English)

el

* SOKENDAI = fHft K amrxsmAs)
* A National university, established 1988l
Hayama, Kanagawa, Japan

 SOKENDAI is a graduate university
* No undergraduate course

e SOKENDAI has

* Partnerships with inter-university
research institutes => Map

* KEK is one of partner institutes

MNational Institute for Japanese Language and Linguistics
Mational Institute of Japanese Literature
The Institute of Statistical Mathematics
Mational Institute of Polar Research
Mational Institute of Informatics

MNational Astronomical Observatory in Japan

/ Mational Astronomical
Observatory in Japan
g ' (Mizusawa)

— e o - e . . .y,

Mational Astronomical

Observatory in Japan (Nobeyama) | Afﬁpﬁﬁ‘ﬂaﬁ%‘r’éﬁ“ﬁ% catory §
i i | Institute of Materials

National Institute Structure Sclance |

for Fusion Science |

Institute of Particle |
and Nuclear Studies

International Research
Center for Japanese Studies

Research Institute for
Humanity and Nature

Mational Museum of
Japanese History

i

SOKENDAI Hayama Campus
Research Center for Integrative
Evolutionary Science

National Museum of g8

Ethnologyy 5N

JAXA
Institute of Space and
Astronautical Science

Institute for Molecular Science
National Institute for Basic Biology

MNational Insti?:ﬂte for
Physiclogical,Sciences

HQ in Hayama ]

\ MNational Institute of Genetics

Ref) <https://www.soken.ac.jp/en/features/>




1) SOKENDAI and KEK

SOKENDAI

* More about SOKENDAI

e 20 research and education programs
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1) SOKENDAI and KEK
* More about SOKENDAI

* Research and Education programs

Programs Research institutes

//_"______________1 ___________________ =T
. . Institute of Particle and Nuclear .
[ Particle and Nuclear Phy5|csI Studies KEK (Physics) ]
| i
| . Accelerator Laboratory / N
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I of Japan Computer&Network)
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1) SOKENDAI and KEK

* Accelerator Science Program, KEK
e Students in KEK (2023)

Program Number of |International students
students (non-Japanese) #

Nuclear and Particle Physics 48 13/48 = 27%
Materials Structure Science 8 4/8 = 50%
Accelerator Science 14 5/14 = 36%

# mostly from countries in Asia region

* Courses in Accelerator Science Program
* 44 courses (2023) -> next page
* 2 of 44 are related to accelerator control



* Accelerator Science Program, KEK

1) SOKENDAI and KEK

* Courses in Accelerator Science Program

High Energy Accelerator Science Seminar
Seminar on Introduction to Accelerator
Radiation Physics

Beam Physics

Particle Accelerator Design

Accelerator magnets and power supplies
Beam instrumentation basics
Superconducting technology and cryogenic
engineering

Beam acceleration and RF systems

Vacuum science and technology for particle
accelerators

Introduction to accelerator control system
... and more

Ref) <https://www.soken.ac.jp/en/education/curriculum/course/file/9_kasoku_e.pdf>

- Foundation of Data Science

- Control of distributed devices for large systems

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

- Introduction to Robotics

N

1 credit
(2-day to

a week)
G

2 credits
(half-year
courses)

III

* Most of courses are “optiona
e To be held on request from

students
Complete list
of 44 courses
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2) Accelerator Control Class

* Accelerator control class — two courses during 2019-2022

* A) Introduction to Accelerator Control System (13 times over ~4 month)

* 12 lectures or hands-on or guided-tours by teachers, 1 presentation day by students
e B) Control of Distributed Devices for Large Systems (2 days)

e 2-day seminar and hands-on = “EPICS seminar and hands-on”

* Note: KEK sometimes hosts EPICS seminars for young staff, company staff, students
e Statistics of graduate students

Year Course A) Course B)
non-Japanese non-Japanese .
( x ) ( L ) During 4 years,

~

J

FY2019-2 (Oct.2019-Feb.2020) 4 (3) - 10 (7) students
FY2020-2 (Oct.2020-Feb.2021) - 3(2) in total
FY2022-1 (May.2022-Aug.2022) 1(1) 1(0)

FY2022-2 (Oct.2022-Feb.2023) 1(0)

* Among above, 1 from Particle and Nuclear Physics, 1+1 from Material Structure Science (both are KEK’s students)
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: May 12
: May 19
: May 26
: June 02
:June 16
: June 23
: July 06
8:
9,10: July 21

July 14

(full day)

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

2) Accelerator Control Cl

* “Introduction to Accelerator Control System”: C

Date _|Title

Controls: Introduction

History

Software

Hardware

Implementation (KEKB&Linac)
Implementation (J-PARC)
Timing

Cyber security

EPICS lecture and hands-on

International collaboration
Controls: protection

Presentation day

Control system design and operation
History of accelerator control systems
Software technology

Hardware technology

Guided tour to KEKB&Linac

Guided tour to J-PARC

Timing system

Cyber security for control systems

Lecture and hands-on of EPICS with a
Raspberry-pi

Introduction of EPICS collaboration

Safety protection systems

a) Lecture by a teacher
b) Guided tour
c) Hands-on )

K. Furukawa

N. Kamikubota

S. Yamada

K. Furukawa

M. Satoh, K. Furukawa

N. Kamikubota, S. Yamada
N. Kamikubota

N. Kamikubota

S. Yamada, N. Kamikubota

K. Furukawa, N. Kamikubota
K. Furukawa

by Student (J.P.)



2) Accelerator Control Class

* “Introduction to Accelerator Control System”
* Photo of a lecture day (Fy2019-2)

e 1 teacher + 4 students
=> good for education !




2) Accelerator Control Class
* “Introduction to Accelerator Control System”

* Photo of a hands-on day (Fy2022-1) e 1(+1) teacher(s) + 1 student

Jan.05, 2023
By S. Yamada

=> extremely good for education !!

Main

————————

#fr.. 73

A ) Raspberry-pi
SN e with LEDs




2) Accelerator Control Class

“Introduction to Accelerator Control System”: Contents overview (FY2022-1)

Date |Title _________(Contents | Teacher(s

1: May 12 Controls: Introduction Control system design and operation K. Furukawa

2: May 19 History History of accelerator control systems N. Kamikubota

3: May 26 Software are technology S. Yamada

4: June 02 Hardware Lecture sample ware technology K. Furukawa

5:June 16 Implementati¢ History ed tour to KEKB&Linac M. Satoh, K. Furukawa

6: June 23 Implementati ed tour to J-PARC N. Kamikubota, S. Yamada
7: July 06 Timing Timing system N. Kamikubota

8:July 14 Cyber security Cyber security for control systems N. Kamikubota

9,10: July 21  EPICS lecture and hands-on Lecture and hands-on of EPICS with a  S. Yamada, N. Kamikubota
(full day) Raspberry-pi

11: July 28 International collaboration Introduction of EPICS collaboration K. Furukawa, N. Kamikubota
12: Aug.04 Controls: protection Safety protection systems K. Furukawa

13: Aug.25 Presentation day by Student (J.P.)



2) Accelerator Control Class

* “History of accelerator control systems”
* As a sample of lectures

History

of accelerator control systems




2) Accelerator Control Class(

» “History of accelerator control systems” 28 pages

* As a sample of lectures 40 minutes
(without discussion time)

Histary
deialoe contiol spslems




2) Accelerator Control Class

e “History of accelerator control systems”

e As a sample of lectures a )
1959 at CERN

An oscilloscope

. Contents \ Introduction

= I} Introduction = Early Accelerator Controls (1)
» History af Accelerator Contrals and KEK Scceleratars » Before 1960%, accelerators were small
= CERR £ 105

H = C) Contrals at KEK
H | StD rv = 1} KEK-P5: earky system with mini-com :L:( \

= 2} TRISTAM: Era of CAMAL & mini-oampey

of accelerator control systems + 3} KEKE: Era of EPICS and YME ] [ _______1:”'
| === 11968-71at LAMPFE [ o
L g © e
Far SOKENDAI ol ?. ren + My paaacas ch.ringtha e Xy The 1St Computer- 3 ' F
5 based system ) .

Introduction jcontd) Introduction jcontd) Introduction (contd)

I = Early Accel trols |3) TEE . E~EN = faF | ) History of Accelerator Laboratories
Ay -bersed cantral . N o » 18500 to 1970, accelerator ressanch institubes started
chin - 1968- 147, bad a computir-based conlr LS ' ]
N - =7 £ .-I".i (] | B 5 [
. b b




= 1} KEK-PS: early controd system with mini-computer {1}

13

- 2)

* About TRISTAN

» TRISTAN — control signals

17

Accelerator Control Class

Controls at KEK Controls at KEK (cont'd)

= 1} KEK-PS: early control system with mini-computer {2}
* P5 Cortral room [in early days: 1980'57)

= PS5 Contral room (March, 1976)
* During commissioning to acoclerate protans to B350V

1976 at KEK-PS
Mini-computer
based system

wlh mn-emeuten
i, ividoapand on CERN SPS, fir application dirsslopment

Co
TRISTAN: Era of CAM

Controls at KEK (contd)
ISTAN : Era of CAMALC & mini-computer ()

irteal st of TRETAN

& i

eriginal MODAL
waang NODAL, whatnls tan devidop an apphoation by thenmadas

CAMAL
- ) eraiwa v AR, L3 crsien for MR
3 5hibps Sain-cate

+ i

~ Serial higirwy Jink 5 a HIDK]

1987 at KEK TRISTAN
Distributed control system

= Mbeul KEGS
* 1 5 ws | DG 8- calider mochins

rols at KEK (contd)
EPICS and WME [1)

1998 at KEKB
EPICS+VME+TCP/IP-based system

21
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Controls at KEK (cont'd)
= 1} KEK-P5: early control system with mini-computer {3}
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Controls at KEK (contd)

= 2} TRIETAM: Era of CAMAC & mini-computer (3]
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Controls at KEK (contd)

= 3} KEKE : Era of EPICS and VME {2)
= Control system of KEKE
= ) WA &Y 2005] 158 168, D0 ol & o 1, 200ONET-EE) by LLUKRSR . 0008 by $FIRER
[ Sareer Workitatian linke UK warkatatian (0FR:
= “ sz, E-iwrevinal, s
20 X-Sarra in Control Raam
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Controls at KEK (cont'd)

= 1} KEK-P5: early controd system with mini-computer {4}
* PS5 ponirol sysic

Controls at KEE (contd)
= 2) TRESTAN: Era of CAMAL & mini-camputer (4)
= B combination of DEC VAX cormputer and CAMEC wer the slandand in particks physics in 12606

DEC [Digital Equipsant Co.)
* maL3 czrpar

Exparimuants of Partichs Plysic & Nuchesr Pryscs in 19500
+ DAicoR = CAMUAC wax s et £ o ToAEYy

F5.and TRETAN did mat sae 6T

Controls at KEE (contd)

= 3} KEKS and J-PARC : Era of EPICS and WME (3]
+ EEEB cosirol noom |2003 # =Sample appl. by SAD

HER Qrsi Comecicn

Try iz And
E¥Terences
o TRISTAN

24



Accelerator Control Class

* “History of accelerator control systems”
e As a sample of lectures

Controls at KEK (cont'd) Controls at KEK (cont'd)
= 4) Now and Next and ... (1) (Around 1080 | * 4) Mow and MNext and ... (2)

r
* Summary ¢ y Control of KEK-PS: 1 * Need more years to conclude ..

Arcund 1960 | - 1* computer-based control in KEK i .
- - - @signal multiplexer Jd =20l st |: E.u.rd 2010-2020
control in General:

Around 2025
- nz modern control system

A
|- deta-network over a few x 100m size : Fmmm— e m e e | mm——— e e e l% T T T E T e m mmmm
ey SR | ) Control of J-PARC: > Control of {check new #ctelerator's design, like ES5):
{i.e. no computers, no netwarks)

I i

! i

i H -

: 1 e Around 1990 | o | - (following KEKB] - {c@ndidates)
: - & controd room, with oscllescopes, buttons and knobs, : \ control of TRISTARN- o I * Use cornrmon standards m|

{ i

I i

! i

i commaon standards - EPICS and TCR/IP
wiere &t the central control rocm EPICS and WME(?) and TCFTIP but mot WMIE anymore

microTCA (especially lirf) and etherCAT [simple i/o)

i
i
i
i
! i
i - Distributed control system !
i
: - Mew ¥
!
i
i
i
i
i
i
i

i

i

i
. - i
- metal cables were used to feed signals into @ control roocm :_ Many mini-computers with a dedicated : * Follow KEKB

i

i

i

i
i
i
i
i
|
sAD for HL application, PLC (ladder] for 1f0 :
i
i
i
i
i
i
i
i

i
i
|
fTTT T EEss=ssses T T T T | network I prreT— 1
&uurd 1870 | | CAMAC used for /O — | - New ? embedded &
S —— A . ettt | PLC-based Epics 10C, low-cost 10C [micro-server) low-cost IoT sensors
) Control of LAKMPF: i Around 2000 : embedded EPICS with FPGA Epics7 ? = Low st is impartant, but
: - LAMPF developed a computer-based control system in : control of KEKB- - I I external threat (computer virus) l.f_."_”“i...u.ﬂ._., 10-pear use 7
| 108E-1071 Pt . - ~ | ! virus attacker ! o )
ST | :- Use common standards J 10wk e || : ,.#_ P
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i -
1 e T T YT a Let's discuss
i~ KEKE specific: SAD and PLCs ! What's will bee key terms araund 2025 ?

\
Topics to discuss with students

Summar
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G

J




2) Accelerator Control Class

* |ssues from the experiences
* The fact, 10 students during 4 years, is — not a big success yet, but
having the accelerator control class at a graduate university is important
to enhance future human resources in the accelerator control field.

* To be honest — a request from student made us happy. ;\ At the same

time, we were un-happy, because preparations and scheduling were often
tight with regular duty jobs.

* Materials have been updated every time, but more improvements of
materials are preferable.

* We will keep this class, but more promotion to students is needed.
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3) Summary

* SOKENDAI and KEK

e With Accelerator Science Program of SOKENDAI, KEK provides research and
education environment to graduate students for Ph.D

* 44 courses, 14 graduate students (5 are non-Japanese) in 2023

* Two courses related to accelerator controls
e A) Introduction to Accelerator Control Sy
* B) Control of Distributed Devices for Lar| Pls. do not distribute them elsewhere,

* During 2019-2022, 10 students (Asian aj do not make mass copies
For local control team or student studies

~

e For the future
* More promotion to students, more improvement of materials
* Educational materials of Fy2022-1 are at: https://kds.kek.jp/category/2393/
We welcome feedbacks from world-wide communities
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