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Now | would like to talk about the actual handling of radiation generating
devices.
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This time, we will explain what a radiation generator is, the role of
beamlines in using radiation generators, the role of beamlines in safety
measures, and finally the procedures for using a radiation generator.
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A radiation generator is generally defined as any device that generates
radiation, and is generally interpreted to include ordinary X-ray equipment;
however, the Act on the Regulation of Radioactive Isotopes, etc. defines it as
follows, and does not include ordinary X-ray equipment.

The following types of devices are defined as radiation generating devices:
devices that generate electron beams or X-rays (limited to those with an
energy of 1 MeV or more) and other radiation by accelerating charged
particles such as electrons and protons using electric or magnetic fields, and
with a maximum dose equivalent rate exceeding 600 nSv/h at a position 10 cm
away from the surface of the device.

(D Cyclotron @ Synchrotron 3 Synchrocyclotron @ Linear accelerator ®
Betatron (® Van de Graaff accelerator @ Cockcroft-Walton accelerator
Transformer accelerator (@ Microtron @ Plasma generator (device capable of
achieving the critical plasma conditions in DT nuclear reactions, limited to
those dedicated to DT nuclear reactions)
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Following the Physics Prize, the 2024 Nobel Prize in Chemistry was also
awarded for an achievement related to Al technology.

Radiation generators are widely used in the development of semiconductors,
protein structural analysis, and drug development, and we believe that
databases that consolidate various analytical information accumulated to
date have been utilized.
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According to data from the 2023 edition of the Nuclear White Paper, a total of
1,747 radiation generating devices have been approved for use in Japan, of
which approximately 75% are owned by medical institutions and are linear
accelerators (linacs). Others are installed by research institutes such as the
RIKEN, educational institutions such as Tohoku University, and private
companies.
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Many countries have established synchrotron radiation facilities. There are
third-generation large synchrotron radiation facilities that have the energy to
accelerate heavy ions, one of which is RIKEN's Spring-8.

The acceleration energy is 8 GeV, which is greater than that of the APS in the
US and the ESRF in Europe.
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In Japan, there are RIKEN's Spring-8 8GeV in Harima Science Garden City,
Hyogo Prefecture, NewSUBARU 1.5GeV in Hyogo Prefecture, Hiroshima
University's Synchrotron Radiation Research Institute Hisor 700MeV, Saga
Prefectural Kyushu Synchrotron Light Research Center SAGA-LS 1.4GeV,
Ritsumeikan University Research Organization for Science and Technology
SR SENTER Rits-SR 575MeV, Aichi Synchrotron Light Center 1.2GeV,
Institute for Molecular Science Extreme Ultraviolet Research Facility UVSOR
750MeV, High Energy Accelerator Research Organization Synchrotron
Radiation Experimental Facility Photon Factory PF Ring 2.5GeV, Advanced
Ring PF-AR 6.5GeV, and other research, educational, and medical facilities
that use accelerators scattered from Hokkaido to Kyushu. Select the facility



you want to use depending on your purpose.
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In addition, the NanoTerrace, a new 3 GeV high-brilliance synchrotron
radiation facility, has begun operation in Sendai, Miyagi Prefecture.
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The Ministry of Education, Culture, Sports, Science and Technology website
has videos introducing radiation generating equipment facilities. Due to time
constraints, | will only introduce one from KEK. If you are interested, please

watch it later.
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To get an idea of what goes on inside a synchrotron radiation facility, check
out this video about RIKEN's X-ray Free Laser.
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This is an aerial photograph of Spring-8. Comparing it with the following
image will give you an idea of the facilities and functions inside the building.

11
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Electrons fired from the electron gun installed at SAKURA in the lower right
are accelerated to 8 GeV by SACLA's linear accelerator and injected into a
storage ring with a circumference of approximately 1,500 m, where they are
rotated while maintaining their energy, generating synchrotron radiation using
bending magnets and an insertion light source. The generated synchrotron
radiation is guided through beamlines to experimental hatches installed
inside and outside the storage ring, and is used for a variety of experiments.
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Synchrotron radiation is a high-intensity white electromagnetic wave that is
generated in the tangential direction by bending the orbit of electrons
accelerated to nearly the speed of light using an electromagnet.

13
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Synchrotron radiation is characterized by its brightness, energy, and
directionality. This is from Spring-8, which is 1 billion times brighter than
regular X-ray equipment, and has energies greater than infrared, ranging from
soft X-rays of 170 eV to hard X-rays of 300 keV, as well as gamma rays up to

2.9 GeV.
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Next, | would like to discuss the role of beamlines in utilizing radiation
generators.

15
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In order to extract the type and energy of radiation appropriate for the user's
experimental purpose, the light is focused, shaped, and monochromatized
using spectrometers and mirrors installed in the beamline.

The X-rays that you will be handling are produced by radiation generating
devices such as linear accelerators and synchrotrons. Therefore, since you
will be using radiation generating devices, you are eligible to take this
education and training.
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Here, we will introduce the beamlines at Spring-8. As you can see, there are
62 beamlines available, and they are used for experiments in a wide range of
fields, including soft X-ray solid spectroscopy, soft X-ray photochemistry,
white X-ray diffraction, photoelectron spectroscopy/microCT,
medicine/imaging, and crystal structure analysis.

17



W EEB2>—3Y

FE R LAORER/ \v F

OB AL WNIEANRECREELICHG  E
HFRTEELTER/\YvFETES HMICHRE
YL BIEL - B3 X & BB XA, EHAEX IR 2RE
FOA A VEZ N TIHRLBERDITHNTL
E3N (H #2) http://www.spring8.or.jp

INH ERAT—2 3 TY, RERF—IWADERNY FARICHAT 5045
meB s, SHCRA L TEHRlZ1T 3BT Cd,

COBHEIE, ARCEHARKSEO LYy T4 v T EToTWABETY, £y
TAVIHNRRboTcno, ERNAYTFRICADPVAWEZERL T, AOREZH
HTAYEZ—0y 7OONIZ, BERVTMZRMEL LT,

EERANY FOANOMDEICIE, BREFLEFRZVDHY £, BRELEFZ 2
L7ZBEICIE. 2 TCOE—LZ7A A REEFLICRZZENHY £9, B
FTASRFOLY T A YT RVADRENY TRICER W & ZHERICHERT 2
ZENEBETY,

This is the experiment station. The radiation is introduced into the
experiment hatch in the experiment hall, where it is irradiated onto samples
and measurements are taken.

This photo shows the scene where the samples and measurement equipment
are being set up. After setting up is complete, we make sure that no one is in
the experimental hatch, close the entrance door, turn on the interlock, and
start irradiation and measurement.

If the emergency stop button is pressed, all beamlines may enter an
emergency shutdown. It is important to make sure that no samples or
instruments are set up and no people are present in the experiment hatch.
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There is an emergency stop button near the entrance to the experimental
hatch.
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In cases where ultraviolet light or radiation, which have little effect on the
human body, is used, no experimental hutch is provided. For example, there is
the Synchrotron Radiation Facility (UVSOR) at the Institute for Molecular
Science.
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This is an overview of the Kyushu Synchrotron Light Research Center. The
maximum energy is 1.4 GeV, which is smaller than the 8 GeV of Spring-8, but

it is used for experiments in a variety of unique fields.
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This is the experimental hall of the Kyushu Synchrotron. Experimental
hutches are set up according to the type and energy of radiation used.
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X-rays generated from synchrotron light are used in a variety of experiments,
taking advantage of the interaction between the X-rays and materials. By
measuring the scattered rays, crystal structures can be analyzed, and local
structures and chemical bonding states can be determined by imaging based
on the penetration conditions, while elemental analysis can be performed by
measuring fluorescent X-rays.
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The characteristics of radiation obtained from synchrotron radiation include
high brightness, high directionality, and variable energy. It enables trace
element measurement that could not be performed with normal X-ray devices,
shortens measurement time, and enables high-resolution measurement.
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Synchrotron radiation contributes to the advancement of various analyses
that utilize the interaction between X-rays and materials.



P SmEE BEPAC S i

KERKSDBREICORE

HERICHIIS KR - MEARERDSIZ. XOTRLF—EEDHFB
BRI F—ICEAL, AARCRREHRBL. ENICIOTHRE
BEFREPOEFETRICI SRR TEOSTRELLOTY. CORPB
&, HEERIEVSBEY VT REERICLOTITONTLET, PN
OFUPHERAEERIE 7EORMAS /WO RESDOBREES /L
JHICEDBREN, ST M350 KDaDHEREL—RIEEFRRLTRIEL
TWET. CO-REDOBRMBEESPring-SOBAEXERALTI.O A%
METRALEER (A%, 2271y FOWMEPRFEEICHODIR
SOER-WESBOSNCESRRRITELS, ETICRENS KR BER 1, HEERI=REOSEMNE (£) &
£ RSMROMEFBEOHCADE L. oMK MnCalsDER%E MnsCaOsZ S5 —D Wil ()
R/5, [EBALRETF] OEELTSED, MngCalabt+a/\/BOESEER
L\ 42EOMNA AV 374+ VRREBLTF1/ V0N BN TULEL
= (B18). F2/\VOEHEEDHLTVWSRED—DR, SOORER
FO55, O5LFTNSMRFAFLEORDOMNA AV EDR_EERT R
WHSTY. SO ER. OB RHZAMCBHD. RSOBETHOHE
. BRSTFERRT SI-OOBRBRO—DOERHL TV STEMETRR
LTLET. RERIC, PRARKICEDKIMEBOFMRME (S, SN %
1ED, XREHRFL—Y—SACLAZALTRAY T -TO—TRB%ET o
BR SARMTRFELKITFOBARBRSNED S, SRMTIEFH
1=K ST (08) FOEDEHICHAZN, OSL060MTRR-RERSS
PEREN. 2 FRERERHTSCEFRaShELE (B2).

s s%e

H2. AEERIOKMEBICETEMNCa0s2 SA9—DMEE
. ERTRELZS REE2RMERNICLDERTNI-SRBD
BL41XU, BL46XU, SACLA 1T e o WAERUE.

(H #2) http://www.spring8.or.jp

RIEDOBEEZRAL TIRONTRRDO—EZ 4 DML £,
INE Z RO BERBBEENTEZRFELLLDTY,

Here are four of the recent results obtained using synchrotron radiation. This
is the development of a protein crystal structure analysis method.
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This is the discovery of the three-dimensional arrangement of dopamine
atoms in diamond by photoelectron holography.
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This is the successful determination of the ordered growth and structure of
nano-composite crystalline thin films by ultra-thin film structure X-ray
diffraction. It is expected that in the future, this technology will enable the
storage and transportation of liquefied gas to be changed from the
conventional heavy cylinders to lighter, easier-to-handle boxes.
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This project used micro-CT to elucidate the formation and evolution of the
asteroid Ryugu.
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This is a heavy ion cancer treatment device at the National Institutes for
Quantum and Radiological Science and Technology. By using heavy carbon
beams obtained from synchrotron radiation, it is possible to maximize the
therapeutic effect on the target tissue while reducing the side effects that
occur when radiation is absorbed by tissues other than the affected area, as
occurs with conventional X-rays and gamma rays.
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Next, | would like to talk about the role of beamlines in safety measures.
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To prevent users from being exposed to radiation and equipment damage,
and to maintain safety by maintaining a vacuum in the storage (light source)
ring, beamlines are equipped with radiation shielding measures and interlock
systems.
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The synchrotron radiation extracted from the storage ring contains high-
energy gamma rays and neutrons, which are blocked by absorbers and
shielding walls.

In addition, a gamma ray stopper is installed after the spectrometer to adjust
the energy of the radiation introduced into the experimental hutch.
Furthermore, an interlock system consisting of a radiation shutter and a
downstream shutter is installed in case of an emergency inside the
experimental hutch.
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Synchrotron radiation facilities are required to designate and manage as
controlled areas the radiation dose at the boundary of their workplaces where
itis kept below 250 1 SV per three month period, and any area where the
radiation dose exceeds 1.3 mSv per three month period.

Those who wish to use the facility must be registered as radiation workers at
Kumamoto university and must have undergone education and training and
a health check.

When using the synchrotron radiation facility, please bring your glass badge
issued by Kumamoto University.
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Users must follow the instructions of the radiation protection supervisor and
safety manager at each synchrotron radiation facility, including time
restrictions on access to restricted areas and experimental locations. The
radiation dose limit at the usage location is set at 1 mSv per week.
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Neutrons are produced by nuclear reactions (y -n) between electromagnetic

waves of 6 MeV or higher and matter.
These neutrons activate the concrete and metal of the shielding walls and

the materials of the beamline.
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Finally, we will explain the procedures for using synchrotron radiation.
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This is the format used by the Kyushu Synchrotron Light Research Center.
This must be submitted at least two weeks before the intended date of use.
When submitting the application, you will need to get prior approval from the
head of your department or division and the radiation protection officer of
Kumamoto university. Therefore, please submit the application to the
relevant administrative department of your department or division at least
one month before the intended date of use.

At this time, you must undergo the required health examination and
education and training.
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i ﬂﬂl ir ¥
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This is the application form for Spring-8. Recently, applications have been
accepted online. Even though it is an online application, you cannot apply on
your own.

Before registering online, please confirm the details you have entered with
the relevant administrative department of your department or department.
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I < RRIZOWTFEORRL

Dn se amount of radiation exposure
(the result of the last fiscal year)

{E/T
- HFYRTLICA N T DA ,
Name and title of the representative for the u&ifﬁﬁiﬁ;.ﬁ&nﬁ EE -‘;_%) %B E’ % 0) ?E é $ ?% l hﬁ& u%l\-‘;_%) <) "?";"ﬂ]""
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The details will be checked by the head of the department in charge and the
radiation protection officer. If there are no discrepancies with the facts,
approval will be processed via the web system.
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Registration for External Users of radiation \\mk and Suppliers

(RS0 7E DR 56 4 A BRAL 708 20 741 165 0% 9
RIKEN Harima Branch
AWFIERTIC CHIRBIERZIT O ISR T oW 2+ 2L, IEOFHX Z{ToTFEW
Please umlz l-t md to observe following items and go through the routine procedure in order to engage with the works of radiation
1. AR CHORERICTENT S 0icit, SUREMIc v R g s h T D P s h 1
You must be registered as a radiation worker permitted by vour affiliation in order to engage with radiation work at this
campus.

AFFFE AT DO RIRR EAEH A, B < Mk o BRMEESINT o BOEDIEES O IE RO A RO B H @I L TTF S
If a radiation protection supervisor of this campus requested to submit your records of exposure dose, medical examinations,
and radiation training, please submit these promptly.

3. AEFFEAT CHOBRIERZIT D0, FTMEMEOBA RIS B2 88 L CT &, (Ml RBa R a8 cd)
When you engage \ulh radiation \\ruk at this campus, please bring a dosimeter belonging to vour affiliation. (You affiliated
with overseas institution are exempted from this rule.)

| FOMHBERATT O s, EeRE (e-T —= 1 ZUIDVDIRE) Ak L. ABFFEAT O HOHSEEE T-Bh LR 4 PIAR L -
Belore vou start radiation work, please take safety trainings (e-learning or DVD training) m;l underst: ln\i radis mun h wzard
control regulations of this campus.

5. \\ll\ljlhié’ B - K - XSBTI y 7 R ANTEEIE, HHH WAL AN— FH2FESE 7 2 a o CSACLAD R A i
T
Il you pl iwce a check mark in the box for "SACLA (Accelerator/Undurator Bld. XSBT)", please receive a confirmation from
SACLA on this application at the administrative section on the 2nd FL in Highthroughput Factory before you submit this to
the front desk of radiation control at RIKEN Harima Safety Center.

6. {EXiz o ik, AR <Ly
Please ms 1I-n efforts for s r:mm ("m I ulnnun related works

HHZOEROTEFHEIZ, R<(RAT, BREL/I-LT, BTLTHABLTKL
7= L,
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BE R D FRHEREZHET L&, 6FBICIE. W%@ T REHERICED
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Please strictly observe these precautions.

1 You must be registered as a radiation worker permitted by your affiliation in
order to engage with radiation work at this campus.

2 If a radiation protection supervisor of this campus requested to submit your
records of exposure dose, medical examinations,and radiation training,
please submit these promptly.

3 When you engage with radiation work at this campus, please bring a
dosimeter belonging to your affiliation.

4 Before you start radiation work, please take safety trainings (e-learning or
DVD training) and understand radiation hazard control regulations of this
campus.

5 Please make efforts for security for radiation related works.
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Conditions for using synchrotron radiation.
1. The individual must be a "radiation worker" employed by Kumamoto
university.
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2. Obtain approval from the head of the department or division to which
you belong and the radiation protection officer.

Have undergone a health check before entering the controlled area and
regularly (January and July).

Have taken the required education and training.

If you plan to use synchrotron radiation, you will need to bring along a
"Neutron Wide Range (NS)" instrument. Therefore, if you plan to use
synchrotron radiation, contact the department that will issue the
measuring device immediately.
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| used these documents as reference.
Thank you for taking this course.
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