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PREFACE

The Photon Factory made great strides in 1987,
The low-emittance operation of the PF ring was
achieved in March and resulted favorably in bril-
liance increases ranging from 2 to 20 times for
all the beam lines with a high beam stability. At
the same time, installation of insertion devices
is under way for all available straight sections
of the ring. A 54-pole wiggler/undulator has
been commissioned at BL-16. The devices to be
inserted in the near future are a multipole wig-
gler for BL-13, an undulator for BL-19, and an
undulator for circular polarized radiation at BL-
28. Construction of beam lines has continued;
Four new beam lines, BL-6, BL-9, BL-16, and BL-
17, are now in operation. Two beam lines, BL-13
and BL-19 are under construction. Five beam
lines are in the design stage; they are BL-3, BL-
5, BL-18, and BL-20, and BL-28. Thus, all the 24
beam ports available for use of synchrotron radi-
ation have been occupied. Since its inauguration
with the four beam 1ines in 1982, the Photon
factory has grown rapidly and is approaching to
the goal to operate the PF ring with positrons in
full use of its beam ports and of the straight
sections for insertion devices.

The total operation time was limited by the
FY1987 budget to 3000 hours, an increase of 200
hours over that of the previous fiscal year.
About 80 % of the operating hours were devoted to
users experiments. During 1987, 342 of the ex-
periments proposed from many universities and
governmental institutes were under way, and par-
ticipants from industry made 18 experiments with
a total of 1577 station-hours.

The joint research programs between KEK and such
industrial companies as Fujitsu, Hitachi,
Mitsubishi, Nippon Electric Company (NEC), Sanyo,
Shin-Nittetsu, Sony and Toshiba were also expan-
ded; 24 programs have run during 1987 involving
such subjects as the characterization of semicon-
ductor materials, surface-structure analyses,
photochemical reactions, trace impurity analyses,
and in-situ observations of crystal growth
defects.

Nearly perfect operation of the 400-m-long Linac
has continued in 1987 and has supplied both elec-
tron and positron beams to the TRISTAN experi-
ments for the worldss highest energy (28 GeV)
electron and positron collisions as well as the
electron beam to the PF experiments. Such a
stable and busy operation has been carried out
under the leadership of the new director of the
Injection Department, Professor G. Horikoshi, who
moved from TRISTAN. He has also served as the
leader of the research group for development of
klystrons.

The light source, the 2.5 GeV electron storage
ring, is normally operated with an emittance of
130 nm'rad, and a maximum filling of 300 mA and
the life time more than 20 hours have been
achieved. The brilliance of the 54-pole wiggler
at BL-16 is two orders of magnitude higher than
that of the vertical wiggler at BL-14 in the
spectral range up to 10 keV. Extensive machine
study has revealed the various origins for beam

instabilities and succeeded in suppression of the
beam fluctuations to less than 0.1 mm by develo-
ping a feedback system. To operate the PF ring
with positrons at a sufficiently high current,
the accumulation rate will be increased by the
end of March 1988.

Many users have enjoyed the highly brilliant
1ight source. By the low-emittance operation,
various experiments advanced remarkably in quali-
ty; they are structure analyses of surfaces and
interfaces, dynamic structure analyses, diffrac-
tion experiments with small specimens less than 1
um, structure analyses under a high pressure
environment, magnetic scattering, and high-
resolution EXAFS and photoemission spectroscopy.
One of memorable events in 1987 is the extensive
study on high T. superconducting substances such
as YBa,Cu3z0,_y %y spectroscopy. The valency of
Cu ions and precise band structure have been
investigated to understand origins of super-
conductivity.

These outcomes were presented in the Fifth Annual
Photon Factory Symposium which was held with
about 270 participants on November 20 and 21,
1987. oOral presentation was made on the activi-
ties at BL-1, BL-7, BL-8, and BL-9 which were
constructed by industrial companies and the Uni-
versity of Tokyo. Also, 122 poster-session papers
were presented.

From their experiences with the PF ring, most of
the users are now seeking high-brilliance light
sources in the X-ray and VUV spectral ranges.
Especially, needs for powerful hard X-ray sources
are rapidly increasing. They are for Compton
scattering, magnetic scattering, dynamic struc-
ture analyses of bio-substances, structure ana-
lyses under a high-pressure environment, X-ray-
induced chemical reactions, medical diagnostics,
etc. Workshops on future plans were often held
and ring designs for the next generation have
been proposed. Qur final goal is to construct 10
GeV low-emittance ring "super PF" which covers
the spectral range up to the absorption K-edge of
uranium.

To accumulate experience for this purpose, two
beam lines with undulators are now being const-
ructed in the experimental hall located in the
north-east section of the TRISTAN Accumulation
Ring (6 GeV). They will be completed by March of
1989. Furthermore, some designs for use of the
TRISTAN Main Ring have been proposed; possibili-
ties of its early use are now discussed
extensively.

We would like to acknowledge the cooperation of
Mr. Tom Oversluizen from Brookhaven National
laboratory, U. S. A. He stayed with us from May
to December, 1987. His development of water-
cooled monochromators for the new beam line BL-16
with the multipole wiggler was greatly
appreciated.

The 3rd International Conference on Synchrotron
Radiation Instrumentation, SRI-88, will be held
during August 29 to September 2, 1988, at
Tsukuba. It will cover new developments of
instruments from light sources to detectors.



About 30 invited papers will be presented. Some
of them are planned to be chosen from contributed
papers. The second circulars are now available
from Secretariat for SRI-88, Simul-International

Inc. Kowa Bldg. No. 9, 8-10, Akasaka 1-Chome,
Minato-ku, Tokyo, 107. All scientists and
engineers concerned with synchrotron radiation
around the world are welcome to Tsukuba.

. Chibaun.

Jun-ichi Chikawa
Director
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History of Photon Factory

KEK was established and the construction of a 12-GeV proton synchrotron was
started,

The Crystallography Group organized a workshop on "High Power X-ray Generators'.
A high-energy storage ring was found to be the most powerful. This group
requested the cooperation of the High Energy Accelerator Group.

The High Energy Accelerator Group of the Institute for Nuclear Study, University
of Tokyo, started to design electron accelerators, including X-ray and stretcher
rings. During the preliminary design period, the project named the ''Photon
Factory'" (PF) was selected.

The PF community was organized.
KEK started to tun the TRISTAN workshop.

The Science Council of Japan recommended to the government the establishment of
the PF.

The PF community requested the cooperation of KEK,
The 12-GeV KEK proton synchrotron was commissioned.
The Feasibility Study Committee for the PF was organized at KEK.

The government approved the PF construction at KEK.
Dr. K. Kohra was appointed as the Chief Director.

A ground-breaking ceremony was held in January.

The linac produced its first beam with an energy of 0.5 GeV,
The TRISTAN Project was approved at KEK and the construction of the Accumulation
Ring (AR) started.

In March, the linac energy was increased to 2.5 GeV and the PF ring stored
2.5-GeV electron beams.

In July, experiments using synchrotron radiation were commissioned.

The construction of the electron-postron cillider (30 GeV) of TRISTAN project
started.

The first undulator with 120 poles was commissioned,
The TRISTAN accumulation ring stored electrons and accelerated them to 6 GeV,

A superconducting vertical wiggler was commissioned.

Dr. T. Sasaki was appointed as the Chief Director.

The first SR channel was installed in the AR.

Dr. J. Chikawa was appointed as the Chief Director.

The positron source was completed. The linac accelerated positrons to 2.5 GeV.

The injection of positrons into both the AR and the PF ring was successful.

The SR channel of the AR was commissioned.
The scientific cases for the next generation storage ring were discussed.

In February, the PF ring started its operation in the low emittance mode.
A PF multipole wiggler/undulator with 26 periods was commissioned.
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OUTLINE OF THE PHOTON FACTORY
1. INTRODUCTION

The Photon Factory (PF) 1s a national
synchrotron radiation (SR) research facility
affilijated with the National Laboratory for High
Energy Physics, or KEK, supervised by the
Ministry of Education, Science and Culture. It
consists of a 2.5-GeV electron linear acceler-
ator, 2.5-GeV electron storage ring as a dedi-
cated light source, and beam-lines and experi-

mental stations for exploiting synchrotron
radiation, in studies involving such filelds as
physics, chemistry, bilology, medical science,

pharmacology, geology and lithography. All of
the facilities for synchrotron radiation research
are open to sclentists from universities and
research institutes belonging to the government,
public organizations, private enterprises and
those of foreign countries. Institutions affili-
ated with the Ministry of Education, Science and
Culture are given the highest priority as users.
Applications from other organizations are also
admitted with or without charge, depending upon
the categories of their objectives.

The Photon Factory 1is located at the north-
ern most end of Tsukuba Sclence City, about 60 km
north-east of Tokyo.

2. HISTORY

On the occasion of coming of the tenth
anniversary of the PF foundation and the sixth
anniversary of successful operation of the PF
ring for the SR experiments, the history of PF is
to be briefly summarized.

The PF was founded on April lst, 1978 at the
KEK. The PF project was approved as a four-year
construction program and the total cost of the
construction was 18.5 BY not including staff
salaries.

On January 25th,
ceremony was held,

1979, the ground breaking
and the construction of the
Linac tunnel bepan. The trial operation of the
first sector of the Linac was done and accele-
rated electrons of 500 MeV with a beam current of

50 mA were obtained in July, 1981. The Ring
tunnel and experimental hall, construction was
completed in March, 1980. In January, 1982, the

construction of the Linac was completed, and beam
acceleration was sgtarted. In February, 1982,
electron beams were injected into the Ring. On
March 11th, 1982, 224 hours after the first
injection, the energy of the Linac and the Ring
reached at 2.5 GeV with a ring current of 6.5 mA.
The PF facility was commissioned on the first day

of June, 1982, Half of the total ring operation
time of 1300 hours {in FY 1982 was used for
machine improvement and the other half was for

adjustments of the experimental apparatus and for

the preliminary experiments using SR, The
experiments approved by the Program Advisory
Committee started from FY 1983. At that time,

the average beam current during user's time was
more than 100 mA. During the 6 year operation of
the PF, many improvements and developments were
achieved both for the Linac, the Ring and the
experimental apparatus, and were reported in the
former volumes of the Photon Factory Activity
Report.
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Fig. 1 Plan of the Photon Factory.
Table 1 Yearly account of beam channels
Number of BReam Channels
Period PF Institute Industry Total
FY1981 6 0 0 6
FY1982 8 0 0 8
FY1983 8 0 1 9
FY1984 8 1 2 11
FY1985 10 1 4 15
FY1986 12 1 4 17
FY1987 13 3 4 20
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Fig. 2 Diagram of the experimental hall and the
storage ring.
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Table 2 Experimental stations of the Photon Factory

* under construction

BL-1
1A
1B
1C

BL-2
2A

2B

BL-4
4A

4B

4C

BL-6
6A1
6A2

6B
6C1
6C2

BL-7
7A
7B
1C

BL-8
8A
8B
8C1
8C2

BL-9
9A
9B
9C

BL-10
10A
10B
10C

BL-11
11A

11B

(NTT)

Solid surface analyses
X-ray lithography
Photo-chemical reaction

Undulator

Soft X-ray high resolution
experiment

Fresnel zone plate

Soft X-ray spectroscopy
(10 m Grazing incidence)

Dispersive EXAFS

Trace element analysis

Radiation effects on living cells
Liquid/melt structure analysis
Powder diffraction

X-ray diffuse scattering
Fluorescent EXAFS

Ultra small angle X-ray scattering
Macromolecular crystallography

by Welssenberg camera

X-ray spectroscopy and diffraction
X-ray diffraction at low temperatures
Accurate lattice parameter measurement

(University of Tokyo)

Soft X-ray photoemission spectroscopy
Surface photo-chemical reaction
X-ray spectroscopy and diffraction (PF)

(Hitachi)

Soft X-ray spectroscopy
EXAFS

X-ray lithography

X-ray tomography

(NEC)

X-ray lithography
Photo-chemical vapor deposition
EXAFS and X-ray topography/diffraction

Crystal structure analysis of minerals
EXAFS

Small-angle X-ray scattering

of enzymes

Surface diffraction

Soft X-ray spectroscopy

(2 m Grasshopper)

Surface EXAFS

Soft X-ray standing wave method

l1C

11D

BL-12

12A

12B

12¢

BL-13"

13A

13B1
13B2

BL-14
L4A

14B
14C

BL-15
15A

15B
15C

BL-16
16A
16B

BL-17_
17A
178"
17¢

BL-19*
19A

198

BL-21

VUV spectroscopy (solid state)

(1 m Seya-Namioka)

Angle-resolved photoelectron
spectroscopy (Constant Deviation)

VUV spectroscopy (gas)

(1 m Seya-Namioka)

VUV high resolution absorption
sectroscopy (6 VOPE)
Photo-chemical reaction

Multipole wiggler
(National Research Institute)
Accurate lattice parameter
measurement
Surface analysis
X-ray diffraction at high pressures

Vertical wiggler
Crystal structure analysis of proteins
EXAFS at high photon energy
High precision X-ray optics
High speed X-ray topography
X-ray radiography
X-ray magnetic scattering
Compton scattering

Small-angle X-ray scattering

of muscle and alloys

X-ray topography

X-ray interferometry

High resolution X-ray diffraction

Multipole wiggler/Undulator
Hard X-ray experiment
VUV experiment

(Fujitsu)
Characterization of crystals
EXAFS
X-ray lithography

(University of Tokyo)
Spin-polarized photoelectron
spectroscopy
Photoelectron spectroscopy at
variable temperatures

(Light source department)
Beam position monitor

13



Councilors

Board of

Advisory Council
for
Scientific Policy
& Management

Advisory Council
for
Photon Factory

L

Photon Factory
Program Advisory
Committee

Director General

T. Nishikawa

— Administration Department

—] Facility Department

— Engineering & Technical Service Department

—— Accelerator Department

Vice Director

Physics Department

— Engineering Research & Scientific Support Department

K. Kikuchi
— Experimental Planning & Program Coordination of PS
—] Booster Synchrotron Utiliration Facility
— Radiation & Safety Control Center
Accumulation Ring Department
TRISTAN
Main Ring Department
Project
Colliding Beam Detector Department
Injector Linac Department
Photon
Light Source Department
Factory
Instrumentation Department

Fig. 3 Organiration of KFK

14




Injection System
A.Asami, H.Ogawa, S.Ohsawa, M.Yokota

Injector Linac
Department
Director
G. Horikoshi

Accelerator Guide
1.Sato, H.Matsumoto, A.Enomoto,
T.Ohgoe, K.Kakihara

Chief Director

J. Chikawa

Microwave Source
S.Anami, S.Fukuda, T.Shidara, Y.Saito,
H.Hanaki, N.Matsuda, H.Honma, K.Nakao,
H.Katagiri

Control
K.Nakahara, Y.Urano, K.Furukawa,
1.Abe, Y.Ohtake

Magnet & Orbit
Y.Kamiya, M.Kato, A.Araki

Injection & Wiggler
T.Yamakawa, T.Mitsuhashi, K.Obhmi,

Light Source
Department
Director

K. Huke

T.Shioya

RF
H.Kobayakawa, M,Izawa, S.Sakanaka,
S.Tokumoto

Vacuum

M.Kobayashi, Y.Hori, Y.Takiyama

Beam Channel
S.Sato, T.Koide, S.Asaoka

Insertion Device
H.Kitamura

Control & Monitor
T.Katsura, C.0.Pak, N.Kanaya, K.Haga,
N.Nakamura, A.Mishina, Y.Sato

VUV & Soft X-rays
T.Miyahara, K.Tanaka, H.Maerawa,
K.Itoh, A.Yagishita, H.Kato

Instrumentation
Department
Director
H. Iwasaki

X-rays
M.Ando, N,Sakabe, T.Matsushita,
T.Nakajima, K.Kobayashi, K.Ohsumi,
A.Iida, Y.Satow, Y.Amemiya, M.Nomura,
S.Sasaki, T.Ishikawa, H.Kawata,
A.Nakagawa, S.Yamamoto, K.Hyodo,
T.Kikegawa, S.Kishimoto

Technical Support
A.Mikuni, A.Koyama, T.Kosuge,
A.Toyoshima, K.Sugita, T.Kikucht,
M.Sato, T.Maruyama, W.Okamoto

Fig. 4 Organiration and Members of Photon Factory




3. PLAN OF THE FACILITY

A plan which 1includes the accelerator
complex is shown in Fig. 1. A long housing for
the 450-m linear accelerator 1s connected to the
storage ring building through a 150-m underground

beam-transport tunnel. A view of the experi-
mental hall 1s shown in Fig. 2, {including the
magnet arrangement of the ring. The yearly

increases in the number of beam channels from the
beginning of the PF are listed in Table 1. Table
2 shows the status of beam channels and experi-
mental stations.

Beam 1lines BLI1,
constructed by Nippon
(NTT), Hitachi

BL8, BL9
Telephone

and BL17 were

and Telegram
Corporation, Nippon Electric
Company (NEC) and Fujitsu Corporation LABS,
respectively, in collaboration with KEK. BL7A
and BL7B were built by the Research Center for
Spectrochemistry (RCS), the University of Tokyo.
BL13 (the Science and Technology Agency) and BL19
(the Institute for Solid State Physics, the
Unversity of Tokyo) are now under construction in
colaboration with KEK. The other beam lines were
constructed by the PF's own funding.

4. ORGANIZATION AND STAFF

The organizational structure of KEK is shown
in Fig. 3. The PF consists of three departments:
Injector Linac, Light Source and Instrumentation.
Details concerning the organizational structure

and the staff of the PF are shown in Fig. 4,
Also, the number of staff and visiting scientists
from the beginning of the PF are listed in Table
3.

The Advisory Council for the PF was estab-
lished to discuss scienctific programs and
management of the PF. This council consists of
twenty-one persons of learning and experience;
ten members are from outside KEK (Table 4). The
term of membership is two years.

The Advisory Council has 1its own Program
Advisory Committee (PAC) for examining experi-
mental proposals with respect to their scientific
aspects and technical feasibilities. The PAC
(Fig.3) 1includes the directors of the three
departments and twelve or less persons of learn-
ing and experience from outside KEK (Table 5).
The term of the membership 1s also two years;

half of the outside members are changed every
year.
5. BUDGET

The budgets of the Photon Factory during the
construction period and after commissioning of
the PF facility are shown 1in Table 6 and 7
respectedly. Financial support for the PF 1is
obtained from the government. During FY1987, 27
% of the budget will pay for the construction of
the SR beam channel at the accumulation ring and
the novel insertion devices.

Table 3 Annual number of staff & visiting scientists

Position Division 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
Chief Director 1 1 1 1 1 1 1 1 1 1
Injector Linac 1 2 3 3 3 3 3 3 4 4
Professor Light Source 1 4 4 4 4 4 3 4 4
Instrumentation 0 0 0 1 1 1 1 2 3 4
Assoclate Injector Linac 0 1 1 1 2 2 2 2 1 2
Professor Light Source 1 5 4 4 4 3 5 5 3
Instrumentation 0 0 1 3 4 5 5 8 7 9
Research Injector Linac 1 3 4 6 7 8 9 10 11 10
Assoclate Light Source 0 1 4 6 7 7 6 8 9 12
Instrumentation 0 0 3 2 7 10 10 10 13 13
Technical Injector Linac 0 0 2 4 5 5 6 6 7 8
Staff Light Source 3 3 3 4 6 6 6 6 7 7
Instrumentation 0 0 0 0 1 2 4 4 8 9
Visiting Injector Linac 2 2 2 2 2 2 2 2 2 2
Scientist Light Source 2 6 4 4 4 4 4 4 4 4
Instrumentation 0 0 6 6 6 6 6 6 6 6
Total 12 28 42 51 64 69 74 80 90 97
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6. OPERATION TIME AND PROPOSAL

There are three machine operation terms
scheduled for 1987 (Table 8). The operation
times of each term are summarized in Table 9.

Fig. 5 shows the annual ring operation time
of the PF. This figure suggests that the ring
operation time has increased remarkably; also,
the percentage of user time in the ring operation
time has become larger. This means that the
efficiency of ring usage has been improving.

About 25 % of the operation time 1is used for
machine studies. Such studies are effective for
the improvement of stability, long life time, low
emittance configuration, positron accumulation
and so on.

There are three routes for use of the PF
beam lines. Scientists from universities and
their research institutes and research institutes
belonging to the government or a public organi-
zation can use the beam lines without charge if

deadlines for the applications are January l4th
and July l4th every year. We call such accepted
scientists 'general users" and each subject is
effective through two years. The number of
proposals approved by the PAC since commissions
the PF is listed in Table 10.

The second type is for scientists of private
enterprises; these users are charged. Category A
is for cooperative experiments with the PF staff;
this type must be authorized by the Japanese
government if the government supports less than a
half of experimental expenses (depending upon the
objectives). The deadline for an application is
usually January. Category B 1is for private
experiments; proposals can be accepted at any
time by the Advisory Council of the PF. The
number of the proposals belonging to the above
two categories is also listed in Table 11. Last
of all, category C is for cooperative experiments
with the PF staff; all experimental expenses must
be paid by the private enterprises.

their proposals

are accepted by the PAC. The

* : Chairman

Table 4 Members of advisory council ** : Vice-Chairman

Prof. ANDO, Masami PF Instrumentation Departmemt, KEK.
Prof. ASAMI, Akira PF Injector Linac Department, KEK.
Prof. HORIKOSHI, Gen-ichi Director of PF Injector Linac Department, KEK.
Prof. HUKE, Kazuo* Director of PF Light Source Department, KEK.
Prof. ITJIMA, Takao Faculty of Science, Gakushuin University.
Prof. IITAKA, Yoichi Faculty of Pharmaceutical Sciences, University of Tokyo.
Prof. ISHII, Takehiko Insitute for Solid State Physics, University of Tokyo.
Prof. ITOH, Takashi College of Arts & Science, University of Tokyo.
Prof. IWASAKI, Hiroshi Director of PF Instrumentation Department, KEK.
Prof. KASUYA, Tadao Faculty of Science, Tohoku University
Prof. KOBAYAKAWA, Hisashi PF Light Source Department, KEK.
Prof. KOMURA, Yukitomo Faculty of Science, Hiroshima University.
Prof. KURODA, Haruo** Faculty of Science, University of Tokyo.
Prof. MITSUIL, Toshio Faculty of Engineering Science, Osaka University.
Prof. NAKAHARA, Kazuo PF Injector Linac Department, KEK.
Prof. SAKABE, Noriyoshi PF Instrumentation Department, KEK.
Prof. SATO, Isamu PF Injector Linac Department, KEK.
Prof. SATO, Shigeru PF Light Source Department, KEK,
Prof. TOKONAMI, Masayasu Faculty of Science, University of Tokyo.
Prof. UNO, Ryosei College of Humanities & Sciences, Nihon University,
Prof. YAMAKAWA, Tatsuya PF Light Source Department, KEK.
Table 5 Members of Program Advisory Committee * : Chairman
Prof. AKISADA, Masayoshi Institute of Clinical Medicine, University of Tsukuba.
Prof. GOHSHI, Yohichi Department of Industrial Chemistry, University of Tokyo.
Prof. HARADA, Jimpei Department of Applied Physics, Nagoya University.
Prof. HORIKOSHI, Gen-ichi Director of PF Injector Linac Department, KEK.
Prof. HUKE, Kazuo Director of PF Light Source Department, KEK.
Prof. IITAKA, Yoichi Faculty of Pharmaceutical Sciences, University of Tokyo.
Prof. IWASAKI, Hiroshi* Director of PF Instrumentation Department, KEK.
Prof. KOTANI, Akio Faculty of Science, Tohoku University.
Prof. KURODA, Haruo Faculty of Science, University of Tokyo.
Prof. MITSUI, Toshio Faculty of Engineering Science, Osaka University.
Prof. MOURI, Nobuo Institute for Solid State Physics, University of Tokyo.
Prof. MURATA, Yoshitada Institute for Solid State Physics, University of Tokyo.
Prof. OHTA, Toshiaki Faculty of Science, Hiroshima University.
Prof. SUZUKI, Hiroshi Faculty of Science and Technology, Sophia University.
Prof. TOKONAMI, Masayasu Faculry of Science, Unversity of Tokyo.
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Table 6 Construction budget (in million yen)

Items 1978 1979 1980 1981 1982
Salary 10 82 179 269
Injector Linac 245 815 1,456 1,152
Storage Ring 259 582 792 754
Instrumentation 30 73 379 822 977
Civil Engineering 868 2,546 4,561 2,529
Accelerator Operation 0 7 60 177
Computer Rentals 0 0 34 135
Cooling Systems & Electric Plant Operation 0 0 0 60
Electricity 0 1 26 52
Miscellaneous 29 95 154 223 126
Total 1,441 4,201 7,641 6,173 1,103
Table 7 PF-Budget in each fiscal year
(in million yen)
Items 1982 1983 1984 1985 1986 1987
Salary 402 474 484 491 510 561
Storage Ring (channel, insertion device, etc) 0 0 0 153 131 1,045
PF Experiments 140 153 134 184 190 196
PF Operation & Maintenance 412 477 552 653 820 907
Computer Rentals 136 135 135 135 136 136
Positron Source Operation & Maintenance 0 0 0 41 138 208
Cooling Systems & Electric Plant Operation 120 111 124 180 211 214
Electricity 209 226 257 338 381 331
PF-Industrial Cooperative Experiments 0 94 84 95 185 166
Miscellaneous 115 134 115 127 162 120
Total 1,534 1,804 1,885 2,397 2,864 3,884
hrs
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Fig. 5 Ring operation statistics(from the first operation of the PF),
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Table 8 Operation schedule in FY 1987

M: Machine study
T:

Tuning

U: User's beam time
The number shown in each column is the number of shifts (8 hours/shift).

R: PF Ring

L: Linac

A: Accumulation Ring
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Table 9 Summary of operation schedule
Cycle Linac PF Ring User's time
() (h) (h)
1 1415 1263 952
2 1656 1336 912
3 1320 1192 744
Total 4391 3791 2608
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Table 10 Number of proposals by general users since the beginning of the PF

Research Field Period" 1983 1983 1984 1984 1985 1985 1986 1986 1987 1987  Total
1 11 1 II 1 11 1 11 1 II

EXAFS 25 17 16 10 22 13 21 19 31 30 204

X-Ray (Biology) 10 8 11 7 22 6 18 10 25 7 124

X-Ray (Material Sciences) 19 5 8 21 62 13 29 25 49 24 255

Soft X-Ray & VUV 13 6 2 10 12 15 7 19 14 14 112

Total 67 36 37 48 118 47 75 73 119 75 695

* 1 and II indicate periods when proposals were accepted by the Program Advisory Council (PAC) in
March and in September, respectively.

Table 11 Charged beam time used by industries since the beginning of I'F

1983 1984 1985 1986 1987

No. of Industries 11 12 11 7 5

General No. of Proposals 20 35 21 10 7
Industries Beam Time Used (h) 467 905 814 326 194
Ratio” (h) 42 75 74 46 38

Industries No. of Industries 1 1 3 4 4
Which Have No. of Proposals 1 1 3 4 7
Their Own Beam Iime Used (h) 219 217 424 1211 1355
Beam Lines Ratio (h) 291 217 141 302 338
No. of Industries 12 13 14 11 9

Total No. of Proposals 21 36 24 14 14
Beam Time Used (h) 686 1122 1238 1537 1549

Ratio® (h) 57 86 88 139 172

Ratio® Beam Time Used / No. of Industries
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7. LIST OF PROPOSALS

7.1 Proposals accepted by Program Advisory Committee

Proposal

Number Spokesperson Title

87-001 T. Yokokawa EXAFS Investigation about the Role and the
Faculty of Science, Structure of Tl Ion in T120—B203 Glass
lokkaido Univ.

87-002 M. Ichikawa Characterization of Supported Rh-Fe and Pt-Fe
Research Institute for Catalysis, Bimetallic Clusters and Their Catalytic Functions
liokkaido Univ.

87-003 T. Nasu EXAFS Study on Deformation Inducing Local
Faculty of Education, Structure Change of Cu-Zr Amorphous Alloys
Yamagata Univ.

87-004 Y. Shono Local Structure of High Pressure Phases of
Research Institute for Iron, Vanadium Oxides
Steel & Other Metals, Tohoku Univ,

87-005 K. Suzuki Structural Analysis of Bi-Zn-Fe-0 Amorphous Films
Research Institute for Iron, by Fluorescence EXAFS
Steel & Other Metals, Tohoku Univ,

87-006 F. Ito A Study of Amorphous NiZr Hydrides by EXAFS and
Research Institute for Iron, XANES
Steel & Other Metals, Tohoku Univ.

87-007 S. Sueno EXAFS and XANES Experiment under High Pressure
Institute of Geoscience, and High Temperature Using Diamond Anvil Cell
Univ., of Tsukuba

87-008 T. Kawashima EXAFS and XANES Analysis of Reaction Products of
Dept. of Chemistry, Selenium (IV) with Organic Reagents
Univ. of Tsukuba

87-009 S. Nakano On the Possibility of Metal-insulator Transition
Faculty of Science, in Metallic Nb Films
Chiba Univ,

87-010 H. Kuroda Morphology Changes in Ultra Fine Particles of
Faculty of Science, Supported Metals by the Metal Additives and
Univ. of Tokyo Their Catalysis

87-011 Y. Iwasawa Dynamic of Supported Rh Dimer Carbene Complex
Faculty of Science, Catalyst under Reaction Condition
Univ. of Tokyo

87-012 Y. lwasawa EXAFS Studies on the Structures of TiO2 and V205
Faculty of Science, Super Thin Layer Catalysts
Univ. of Tokyo

87-013 Y. Iwasawa EXAFS Study on the Structures of Supported
Faculty of Science, Selenium Catalysts
Univ. of Tokyo

87-014 Y. Iwasawa EXAFS Studies on the Structure of
Faculty of Science, Zeolite-supported Mo(CO),6 Catalysts

6
Univ. of Tokyo
87-015 K. Asakura EXAFS Studies on the Structure of Rare Earth

Faculty of Science,
Univ. of Tokyo

Metal Oxide Super Thin Layer Catalysts

l. Ministry of International Trade & Industry
2. Sclence & Technology Agency
3. Ministry of Agriculture, Forestry & Fisheries



87-016

87-017

87-018

87-019

87-020

87-021

87-022

87-023

87-024

87-025

87-026

87-027

87-028

87-029

87-030

87-031

87-032

N. Toshima
Faculty of Science,
Univ. of Tokyo

K. Shibata
Faculty of Engineering,
Univ. of Tokyo

S. Emura
Institute of Scientific and
Industrial Research, Osaka Univ.

N. Esaki
Institute for Chemical Research,
Kyoto Univ.

M. Okuno
Faculty of Science,
Kanazawa Univ.

H. Sakurai
Faculty of Pharmaceutical Science,
Tokushima Univ,

Y. Kidani
Faculty of Pharmaceutical Science,
Nagoya City Univ,

T. Yamaguchi
Faculty of Science,
Fukuoka Univ.

A. Nishijima
National Chemical Laboratory for
Industry1

J.B. Parise
Sydney Univ.
Australia

Hua Zhong-yi
Fudan Univ.
China

T. Matsushita

Photon Factory,
National Laboratory for
High Energy Physics

N. Sakabe

Photon Factory,
National Laboratory for
High Energy Physics

N. Sakabe

Photon Factory,
National Laboratory for
High Energy Physics

H.A. Yonath
MPG for Structural
Molecular Biology, Israel

T. Ueki
Faculty of Engineering Science,
Osaka Univ,

T. Ueki
Faculty of Engineering Science,
Osaka Univ.

Studies on the Structure of Bimetallic Colloidal
Catalysts

Study on Effect of Alloying Elements in Iron
Measured by EXAFS

Interface Structure of Ultra Thin Superlattices
on (AlAs)m(InAs)n and (GaAs)m(InAs)n

Structure and Reaction Mechanism of Glutathione
Peroxidase

EXAFS Studies of Ag_AsS —AgBSbS and

AgBAsS3—Ag3AsSe3 Crgsta}s and Glasses

EXAFS Studies on Gold in Animal Organs Treated
with Auranofin

Interaction of Zinc Ions with
Carboxypepeptidase A

EXAFS and XANES Study of Metal Complexes in
Rapidly Frozen Solutions

EXAFS Studies on Local Structures of Active Sites
on Mo Supported Catalysts for Hydrocracking and
Hydrogenation Activities

An EXAFS Study of Crystallizing Gels
The EXAFS and SEXAFS Analysis of Amorphous Alloys

Stopped Flow X-Ray Absorption Spectroscopy in
Dispersive Mode

Crystallographic Studies of Molecular Biology
by Film Methods

Intensity Data Collection of DPI Using
Weigsenberg Camera

Crystal Structure Analysis of Ribosomal
Particles from Bacterial Sources

Improvement of "SAXES" and Development of Data
Treatment Software

Structural Analysis of Oligomeric Proteins in
Solutions
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87-033

87-035

87-036

87-037

87-038

87-039

87-040

87-041

87-042

87-043

87-044

87-045

87-046

87-047

87-048

87-049

87-050

T, Ueki
Faculty of Engineering Science,
Osaka Univ.

Y. Mitsui
Faculty of Pharmaceutical Sciences,
Univ. of Tokyo

F. Tokunaga
Faculty of Science,
Tohoku Univ.

I. Matsubara
Tohoku Univ,
School of Medicine

N. Yagi
Tohoku Univ,
School of Medicine

I. Hatta
Faculty of Engineering,
Nagoya Univ.

T. Hamanaka
Faculty of Engineering Science,
Osaka Univ.

K. Wakabayashi
Faculty of Engineering Science,
Osaka Univ.

T. Yamada
National Institute of
Radiological Science?

Y. Saekil

Dept. of Physiology,
Faculty of Dentistry,
Tsurumi Univ,

H. Sugi
School of Medicine,
Teikyo Univ.

K. Horiuti
Jikei Univ,
School of Medicine

S. Hasegawa
Department of Electronics,
Univ. of Electronics-Communication

F. Toyofuku
Department of Dental Radiology,
Kyushu Univ.

Y. Sugishita
Institute of Clinical Medicine,
Unfv. of Tsukuba

I. Anno
Institute of Clinical Medicine,
Univ. of Tsukuba

M. Ando

Photon Factory,
National Laboratory for
High Energy Physics

23

Strautural Behavior of Troponin-c upon Ca
Ions Binding

X-Ray Crystal Structure Analyses of
Calmodulin-ligand Complexes

Study on Photointermediate M by Low Temperature
X-Ray Diffraction under Illumination

Fast X-Ray Diffraction of Perfused Heart Muscle

Structural Changes in the Thin Filament Induced
by Calcium Ions

Studies on Phase Transition in Phospholipids-
Cholesterol Bilayers by X-Ray Diffraction

Structural Studies of Visual Cell Membrane by
X-Ray Diffraction

Fast X-Ray Diffraction Studies on Structural
Changes of the Actin Containing Filament
during Muscle Contraction

Analysis of the Initial Events Leading to
Radiation Carcinogenesis by Monochromatic
Synchrotron Radiation

X-Ray Diffraction of Skinned Heart Muscle

Dynamic X-Ray Diffraction Studies on the
Molecular Mechanism of Contraction in
Striated Muscle

X-Ray Diffraction of Skeletal Muscle under the
Inhibitory Action of 2,3-butanedione-2-monoxime

Development of Imaging System for Medical
Diagnosis Using PF

An Application of the SR Excited Characteristic
X-Rays to Dichromography

Fundamental Studies on K-edge Subtraction for
Medical Application of Synchrotron Radiation

SR Diagnosis of Lymphography and Soft Tissue
Tumors

Development of X-Ray Monochromator System for
Clinical Application of Synchrotron Radiation



87-051

87-052

87-053

87-054

87-055

87-056

87-057

87-058

87-059

87-060

87-061

87-062

87-063

87-064

87-065

87-066

K. Kobayashi

Photon Factory,
National Laboratory for
High Energy Physics

K. Hyodo

Photon Factory,
National lLaboratory for
High Enerpy Physics

A. Iida

Photon Factory,
National Laboratory for
High Energy Physics

A. Iida

Photon Factory,
National Laboratory for
High Energy Physics

A. Tida

Photon Factory,
National Laboratory for
High Energy Physics

I. Nakati
Dept. of Chemistry,
Univ. of Tsukuba

Y. Gohshi
Faculty of Engineering,
Univ. of Tokyo

Y. Gohshi
Faculty of Engineering,
Univ. of Tokyo

K. Ohsumi

Photon Factory,
National Laboratory for
High Energy Physics

M. Ohmasa
Institute of Materials Science,
Univ. of Tsukuba

R. Uno
College of Humanities and Science,
Nihon Univ.

T. Yamanaka
Faculty of Science,
Univ. of Tokyo

A. Nukui
National Institute for Research
in Inorganic Materials?

H. Nasu
Faculty of Engineering,
Hiroshima Univ.

H. Oyanagi
Electrotechnical Laboratory!

Y. Udagawa
Institute for Molecular
Science

Development of the Evaluating Methods for the
Absorbed Dose in the Body of Monochromatic X-Rays

Fundamental Studies on Energy Subtraction for
Medical Application

Chemical Speciation by SR Excited X-Ray
Fluorescence Using Chemical Shift of
Absorption Edge

Trace Element Analysis by Wavelength Dispersive
X-Ray Fluorescence

Quantitative Analysis by SR Excited X-Ray
Fluorescence

Nondestructive X-Ray Fluorescence and Absorption
Spectroscopic Imaging of Archaeological and
Geological Samples

X-Ray Fluorescence of Hair Analysis by SR

Micro-beam

SR Micro Beam X-Ray Analysis

Development of the System for Micro-crystal
Structure Analysis

Studies on Structures of Very Fine Sialon
Crystals

Analysis of Orientational Distribution of Powder
in Powder Diffractometry Using Synchrotron
Radiation

Structure Analysis of Powder Samples by Energy

and Angular Dispersion

Study on Amorphous Materials by RDF Employing
Anomalous Dispersion Effect; Especially for
Chalcogenide Glass

Temperature Dependence of RDF of Glass-forming
Halide or Chalcogenide Melts
Development of Fluorescence EXAFS Techniques for

Surface, Interface and Dilute Systems

A Study of X-Ray Raman Scattering



87-067

87-068

87-069

87-070

87-071

87-072

87-073

87-074

87-075

87-076

87-077

87-079

87-080

87-081

87-082

87-083

87-084

K. Kashiwase
College of General Education,
Nagoya Univ.

S. W. Wilkins

CSIRO, Division of Chemical Physics,

Australia

T. Matsushita

Photon Factory,
National Laboratory for
High Energy Physics

T. Mukoyama
Institute for Chemical Research,
Kyoto univ.

T. Fukamachi
Saitama Institute of
Technology

B. Okai
National Institute for Research
in Inorganic Materials?

K. Ohsumi

Photon Factory,
National Laboratory for
High Energy Physics

K. Ohshima
Institute of Applied Physics,
Univ. of Tsukuba

M. Kimata
Institute of Geoscience,
Univ. of Tsukuba

H. Iwasaki

Photon Factory,
National Laboratory for
High Energy Physics

M. Tokonami
Faculty of Science,
Univ., of Tokyo

M. Ohmasa
Institute of Materials Science,
Univ. of Tsukuba

K. Ohtsuka
Institute of Materials Science,
Univ. of Tsukuba

S. Sasaki

Photon Factory,
National Laboratory for
High Energy Physics

Y. Izumi
Faculty of Science,
Hokkaido Univ.

Y. Izumi
Faculty of Science,
Hokkaido Univ.

H. Urakawa

Faculty of Engineering and Design,

Kyoto Institute of Technology

Diffraction of Thermally Scattered X-Ray Waves in
Crystal II

High-resolution Triple-crystal Studies of
Ion-implanted Silicon and Other Samples

Study of Two Dimensional Structure of Langmuir
and Langmuir-Blodgett Films

One-photon Multi-electron Excitation Process in
X-Ray Absorption Spectra

A Study of Intensity Anomaly near Absorption Edge
Caused by X-Ray Resonant Scattering

Measurement of Forerunners Prior to Phase
Transition

Determination of Site Occupancies (B1/Pb) of
B1i/Pb Sulfide Minerals

Study on the Local Atomic Arrangement in the
Noble Metal Based Alloys Containing 3d
Transition Metals

Crystal Structure of Micro-minarals and
Their Transformation

Study of Disorder in Alloys and Compounds
Using Anomalous Scattering of Synchrotron
Radiation

Structure Study of the Yl' Martensite Phase in a
Cu-Al-Ni Alloy

Studies on the Dehydration Process of Al and
Fe Hydroxides

Study of Rubber-like Behavior in a Au-Cd Alloy
by X-Ray Diffraction and Topography

Study on the Stable Phase of Al-Mn Quasicrystal

Tertiary Structure of Calmodulin in Solution

Structural Study of Gelation of Branched
Polyethylene in Solution

Micelle Structure of Polyethylene Glycol
Monoether Liquid Crystal



87-085

87-086

87-087

87-088

87-089

87-090

87-091

87-092

87-093

87-094

87-095

87-096

87-097

87-098

87-099

87-100

87-101

87-102

S. Kikuta
Faculty of Engineering,
Univ. of Tokyo

G. Artioli
Univ. of Modena
Italy

K. TIshida
Faculty of Science & Technology,
Science Univ. of Tokyo

K. Yoshihara
Faculty of Science,
Tohoku Univ.

S. Kikuta
Faculty of Engineering,
Univ. of Tokyo

S. Kikuta
Faculty of Engineering,
Univ. of Tokyo

S. Kikuta
Faculty of Engineering,
Univ. of Tokyo

S. Kikuta
Faculty of Engineering,
Univ. of Tokyo

T. Mukoyama
Institute for Chemical Research,
Kyoto Univ,

K. Tsuji
Faculty of Science & Technology,
Keio Univ.

T. Hondoh
Faculty of Engineering,
Hokkaido Univ.

T. Kino
Faculty of Engineering,
Hiroshima Univ.

K. Namikawa
Tokyo Gakugei Univ.

K. Namikawa
Tokyo Gakugei Univ.

T. Yamasaki
Department of Material Science
Hlimeji Institute of Technology

T. Ishikawa

Photon Factory,
National Laboratory for
High Energy Physics

T. Sekine
National Institute for Research
in Inorganic Materials?

D. Rubie
Univ. of Manchester
U.K.

Analysis of Crystal Surface Structure by X-Ray
Diffraction

Structural Analysis of Silicate Microcrystals
with Synchrotron Radiation

Measurement of Anomalous Dispersion of X-Rays

Chemical Effects on X-Ray Intensity Ratios of
Nucleil Excited by Synchrotron Orbital Radiation

Study of Diffraction and Scattering Phenomena
under Laser Irradiation

Nuclear Resonant Bragg Scattering by Synchrotron
Radiation

Structure Analysis of Interfaces by X-~Ray
Standing Wave Method

Characterization of Mixed Crystals and
Superlattices Using Highly Monochromatic and
Collimated Incident X-Rays

Nuclear Excitation by Synchrotron Radiation

Structure of Liquid Gallium and Germanium
under Pressure

Dynamical Behavior of Point Defects at Growing
Ice-water Interface

Dynamical Observation of Lattice Defects in
Nearly Perfect Aluminum Single Crystals

Simultaneous Observation of Micro Magnetic
Properties by Means of X-Ray Magnetic Scattering

X-Ray Parametric Frequency Conversion

Compositional Dependence of Temper Embrittlement
of Fe-based Amorphous Alloys

Ultra Plane Wave X-Ray Topography

In-situ Measurement of the Lattice Constant of
Wistite Solid Solution under High Pressure

Investigation of the Mechanisms and Kinetics of
the Olivine-Spinel Transformation
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87-103

87-104

87-105

87-106

87-107

87-108

87-109

87-110

87-111

87-112

87-113

87-114

87-115

87-116

87-117

87-118

87-119

S. Aoki
Institute of Applied Physics,
Univ. of Tsukuba

H. Maezawa

Photon Factory,
National Laboratory for
High Energy Physics

Y. Sato

Research Institute for
Scientific Measurement,
Tohoku Univ.

M. Yanagihara

Research Institute for
Scientific Measurement,
Tohoku Univ.

T. Nagata
Department of Science and
Technology, Meisei Univ.

Y. Nihei
Institute of Industrial Science,
Univ. of Tokyo

S. Suzuki
Faculty of Science,
Tohoku Univ.

T. Takizawa
College of Humanities and Science,
Nihon Univ.

T. Koide

Photon Factory,
National Laboratory for
High Energy Physics

S. Kono
Faculty of Science,
Tohoku Univ.

Y. Hatano
Faculty of Science,
Tokyo Institute of Technology

T. Namioka
Research Institute for Scientific
Measurement, Tohoku Univ,

S. Aoki
Institute of Applied Physics,
Univ. of Tsukuba

S. Yoshida
Faculty of Engineering,
Kyoto Univ.

H. Ino
Faculty of Engineering,
Univ. of Tokyo

H. Ino
Faculty of Engineering,
Univ. of Tokyo

M. Miyake
Faculty of Engineering,
Yamanashi Univ.

Study of Sub-1000 A Imaging with Soft X-Ray
Microscope

Investigation of Soft X-Ray Optics and Technology
for Undulator Radiation Utilization

Dissociative Photoionization of Ge(CH )A'
Sn(CHB)A’ Pb(CH3)4 by Soft X-Ray Exciéation

Studies on the Soft X-Ray Multilayer Coatings

Multiple-photoionization of Metal Atoms

Rapid Acquisition of Two-dimensional
Photoelectron Diffraction Patterns by Utilizing
Wavelength Tunability

X-Ray Photoemission Study of 3d Levels in Heavy

Rare Earth Valence Fluctuation Compounds

Electronic Structure of Ternary and Multinary
Crystals

Magnetic-circular-dichroism Study of the
Electronic States of Transition Metals and
Their Compounds

A Trial to Measure Surface Core-level Shift
Photoelectron Diffraction

Dissociation of Superexcited States of Simple
Polyatomic Molecules

High-resolution Spectroscopy of Atoms and
Molecules in the VUV Region

Study of Soft X-Ray Holographic Interferometry

Characterization of Structures of Highly
Dispersed Vanadium Oxides Prepared by Chemical
Vapor Deposition

Study of N and C in Iron Using EXAFS
Study of Al-Mn Quasi-Crystal by EXAFS

Study on Bonding Structure of Iodine and Bromine
Atoms Intercalated into Carbon



87-120

87-121

87-122

87-123

87-124

87-126

87-127

87-128

87-129

87-130

87-131

87-132

87-133

87-134

87-135

87-136

T. Yamamura
Faculty of Science,
Sclence University of Tokyo

T. Onishi

Research Laboratory of Resources
Utilization, Tokyo Institute of
Technology

T. Yoshida
Faculty of Engineering,
Univ, of Tokyo

H. Yamazaki
Faculty of Science,
Okayama Univ.

H. Endo
Faculty of Science,
Kyoto Univ.

Y. Noda
Faculty of Engineering Science,
Osaka Univ.

T. Yokokawa
Faculty of Science,
Hokkaido Univ,

Y. Saito
Institute of Industrial Sciences,
Univ. of Tokyo

K. Oki

Interdisciplinary Graduate
School of Engineering Sciences,
Kyushu Univ,

K. Koto

Institute of Scientific &
Industrial Research,
Osaka Univ.

M. Ichikawa
Research Institute for Catalysis,
Hokkaido Univ,

H. Kuroda
Faculty of Science,
Univ. of Tokyo

H. Kuroda
Faculty of Science,
Univ. of Tokyo

K. Kai

Research Institute for Iron,
Steel & Other Metals,

Tohoku Univ.

T. Yokoyama
Faculty of Science,
Hiroshima Univ.

M. Niwa
Faculty of Engineering,
Nagoya Univ.

EXAFS and XANES Study of the Coordination of
Nickel-Thiolate Complexes in Terms of the
Abnormally High Valent Nickel Site in Uptake
Hydrogenases

The Study on the Structure of Intercalated Metals

within Layered KhNb6017

A Study on the Correlation between the Local
Structure and Photo-catalytic Activity by
Supported Niobium Oxides Catalysts

Structure of Oxide Superconductors

Chemical Short Range Order in Liquid Rb-Se Alloys

Local Distortion Associated with Cooperative
Jahn-Teller Phase Transitions

EXAFS Study on Sodium Borate and Sodium Silicate
Glasses Containing Nickel Oxide

EXAFS Characterization of Binary Metal Oxides
Produced in Zeolite Matrix

Valence Fluctuation of Ce in Pd-Ce Alloys

Structure of Liquid State Bismuth Sesquioxide

Characterization of Zeolite-encapsulated Metal
Phthalocyanin Catalysts

Cu 1S+3d XANES and Valency of Superconductors:
La-Sr(Ba)-Cu~0 and A-Ba-Cu-0 (A=Y, RE)

EXAFS Studies on Rh-, Ru- and Fe-supported on the
Layer Surfaces of Synthetic Clay Mineral and
Other Layer Compounds

Electronic States of Cu in YBaZCu307_x (X=0~1)

Temperature Dependence of the EXAFS Spectra for
Ultra Fine Metal Particles

An EXAFS Study on the Structure of Metal Oxide
on Zeolites Prepared by CVD Method

28



87-137

87-138

87-139

87-140

87-141

87-142

87-143

87-144

87-145

87-146

87-147

87-148

87-149

87-150

87-151

87-152

87-153

M. Sano
College of General Education,
Nagoya Univ.

M. Sano
College of General Education,
Nagoya Univ.
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PF seminars
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Smith, P. (Harvard - Sumithsonian Center for Astrophysics)
VUV Rotational Line f-values for Molecules Seen in Diffuse Interstellar Clouds
October 22,

Bianconi, A. (Univ. of Roma)
X-ray Spectroscopy on Solids and Biological Materials
October 22,

Hart, M. (Phys. Dept., Manchester Univ.)
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December 10,
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The Fundamental of Scattering Processes
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Meetings

Meeting on the future plan of synchrotron radiation research February 6-7, 1987
Workshop on soft X-ray and ultrasoft X-ray radiation biology June 17-18, 1987
Workshop on high pressure studies with synchrotron radiation at PF June 25-26, 1987

Workshop on a plan of next generation storage ring in the VUV and SX region
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Workshop on circularly polarized synchrotron radiation and 1ts application
November 16-17, 1987

5th Photon Factory symposium November 20-21, 1987

Publications
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1 Introduction

During the period from Aug. 1986 to July
1987, the 2.5 GeV electron linac has been
supplylng electron and positron beams both to
the PF ring and to the accumulation ring (AR) in
the TRISTAN accelerator complex. In May 1987,
TRISTAN began its main experiment to search for
the top quark., This theme 1is one of the main
subjects of TRISTAN project. As a result, the
total operation time of the linac has increased
by more than 40 % compared with the last period.
Operation statistics of this period as well as
the one of the last period are shown in Table I.
It 1s clear that the operation time has markedly
increased since May 1987. 1In the following, a
summary to introduce some of the activities of
linac group during this period is given.

In the positron generator, 1improvements
have been done at some points. A new ceramic
insulator was introduced in the gun assembly and
the voltage to the gun was increased. A new
grid pulser wutilizing a hybrid IC was also
adopted 1in the gun cathode and the grid pulse
voltage was also increased. These modifications
have improved total performance of the gun very
much. The rf power feeding system to pre-
buncher and buncher sections was also modified.
In the old system, there were some unbalances in
the feeding power ratios among a pre-buncher, a
buncher and a regular accelerator guide. In the
pre-buncher and buncher sections, the rf power
had been not enough to bunch and accelerate the
beam properly. By the modification, the pre-
buncher and buncher are excited with an enough
rf power so as to bunch the beam properly.

A pulsed solenoid coil was inserted immedi-
ately after the electron-positron converter to
increase the capture efficiency of positrons.
Another modification was made 1in the beam
transport line between the positron generator
and 2.5 GeV pf linac (so called 30 degree beam

Table 1.1

transport line) by adding two sets of quadrupole
magnets for the emittance matching. The new
optics has increased the beam transfer efficien-
cy. These {improvements made the operation of
positron generator easy to get positron beam of
about 15 mA steadily.

A differential pumping system which 1is the
same as 1in the electron gun system of the
positron generator was also adopted 1in the
electron gun of the pf linac. By this adoption,
the vacuum in the cathode space has been much
improved and the 1life time of the gun cathode
has been increased correspondingly.

In the rf system, 47 pulsed klystrons of 30
MW output are operating. During operation, the
phase adjustment of all klystrons is an impor-
tant but troublesome procedure. To make the
phase adjustment automatically, an adjusting
system was planned, constructed and tested. By
the end of this period, the system has been
almost completed and confirmed that the system
operates well in principle. Work to refine the
system for continious operation will follow
soon, At the same time, a monitoring system to
monitor and display rf output status of all
klystrons in detail is under construction.

A preliminary experiment to generate a very
large accelerating field was made in Aug. 1987.
By means of a recirculation method, an acceler-
ating field of about 60 MV/m has been obtained
in a short accelerator gulde which was bullt in
the recirculation ring as one of the components.

In the 1linac, 47 klystrons are operating
and about 15 klystrons are purchased in every
year. In FY 1986, we purchased 15 klystrons and
some of them are 1installed 1in the klystron
gallery and are operating. 1t turned out
recently that some of the klystrons made in FY
1986 died after a rather short operation time.
The reason 1is not known yet. We are now in-
vestigating the reason of such a short life time
of klystrons and the best way to overcome this

Summary of linac operation time

Period

Operation time

Ratio to

Remearks
Last year '

Period 11, FY 1986

Oct. 6 — Dec. 20 1216 1.09
Dec. 21, 1986 -
Jan. 12, 1987 shut down

Period 111, FY 1987

Jan, 12 - Mar. 20 1128 1.08

Mar. 21 - Mar, 31 Shut down
Period I, FY 1987

Apr. 1 - May. 6 Shut down
Apr. 13 - Apr. 28 test operation
May 6 - Jul. 26 1544 1.56

Jul, 27 - Sep. 27 shut down
Aug, 27 - Sep. 22 tegt operation

Total 4024 1.45
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Remote control of an emission current

As the grid pulser 1s wusing avalanche
transistors to produce a short pulse, the output
voltage cannot be varied, A general way to vary
the output pulse hight 1s accomplished by
applying a variable dc-bias-valtage to the
cathode-grid gap. However a bilas power supply
had not had an enough range to examine the beam
characteristics of the positron generator. This
time by applying a pulsed bias voltage (1l usec)
to the cathode-grid gap, the emission current
was able to be varied without any distortion of
the waveform. (Fig. 2.5)
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Fig. 2.5 Remote control of the emission current

of the electron gun.

Emission characteristics

Typical emission characteristics are shown
in Fig. 2.6 and Fig. 2.7. It seems that the
cathode-anode voltage of 160 kV 1is appropriate
for the present gun system (Fig. 2.7), and the
possibility remains that the emission current
increases with the output voltage of the grid
pulser (see Fig. 2.5).
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Emission characteristics of the
electron bun (1).

Fig. 2.6
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Cathode life

The cathode life 1s one of the most 1impor-
tant problems 1in the operation of the gun
system. For a quantitative analysis, the time
variation of the characteristics of the heater
voltage vs. anode peak current has been followed
for a three-month operation period (Fig. 2.8).
The cathode degradation for first 48 hours
(corresponding to beam-on time) 1s predominant
compared with later times. The exchange of the
cathode 1s not necessary for three months and
the current 1s enough for the present TRISTAN
operating mode.
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Fig. 2.8 Time variation of the emission charac-

teristics of the electron gun,
Estimated beam ON times are shown
where a pulse repetition rate 1s 10

ppPS.

2.2 Modification of the wavegulde system

With the increase of the injection current
from the gun as mentioned 1in previous section,
it turned out that the rf power to the buncher



was not enough to accelerate the injected
electrons effectively. To solve this problem
the waveguide system of the injector was mod-
ified from the one shown in Fig. 2.9(a) to that
in Fig. 2.9(b). In Fig. 2.9(a) only a quarter
of the total rf power is fed into the buncher,
whereas 1in Fig. 2.9(b), the rf power of the
buncher 1s half of the total power. On the
other hand the rf power to the second acceler-
ator guide 1s reduced to half power in the case
of Fig. 2.9(a). With this configuration of the
wavegulde, a beam test was carried out, and its
result 1s shown 1n Fig. 2.10. Accelerator
currents measured at the end of the injector
(monitor 1) and at the end of the acceleration
unit 3, 1i.e. the last unit upstream of the
target (monitor 3E), are plotted as a function
of the rf power to the buncher. This figure
shows saturation, i.e., sufficient rf power is
now avalilable for acceleration. 1t {is to be
noted, however, that positron yield decreased a
little due to this waveguide modification. This
is probably because the energy of electrons
bombarding the target decreases owing to the rf
power reduction at the second accelerator.

Another significant improvement was a
modification of the transport system of the
electron accelerator part, which made tuning of
the accelerator appreciably easler. Details of
this improvement are described elsewhere.

(a)
[Buw.] [acci] [ acc2 ]
(K]
(b)
(Bun.] [acci] [—accz ]
Fig. 2.9 Modification of rf waveguide.
(a) previous configuration
(b) present configuration
2.3 Acceleration characteristics of the

positron generator injector

Relation between the accelerated current and the

injection current.

In the course of development of the in-
Jector, it was sometimes experienced that
exhaustive tuning to 1increase the injection
current did not increase the accelerated current
or positron current. This 1s probably due to
the following reasons; the beam quality deterio-
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Buncher r{ power

Fig. 2.10 Accelerated currents vs, the buncher
rf power.

rated by a space charge effect, the transmission
of the beam became bad, the beam emittance was
too large at the target, etc.

To check this problem systematically, the
relationship between the injection current and
the accelerated currents at various positions of
the accelerater was studied.

When the injection current is varied, it is
necessary to adjust the beam transport elements,
and to tune the rf phases, if necessary. The
result 1is shown in Fig. 2.11. The ordinate
shows several points along the generator, where
beam currents are measured with wall-current
monitors (WMP); WMP-6FE is at the end of acceler-
ation unit 6 (the last wunit of the positron
generator). From the fipure, the currents at
various positions seem to change in a reasonable
way with the change of the injection current.
This relation 1s more clearly shown in Fig.
2.12, where the accelerated currents are plotted
as a function of the injection currents. In the
figure, two other wall-current monitors WMP-SIIB,
WMP-2E are added; these are at the end of SHB
and of the unit 2, respectively. From Fig.
2.12, the accelerated currents change linearly
with changes of the injection current, therefore
they can be 4Ancreased further 1f the injection
current is increased.
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Fig. 2.11 Beam currents measured at several

points along the generator.
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ring. Table 6.2 also shows the fault rate
corresponding to each production year. Table
6.3 shows the fault rates and the applied

voltages from October 1982 to July 1987,

The development of an impregneted cathode
has been continued this year. Three barium
scandate cathodes were purchased this year to
install them to the klystrons. They have been
used for cathodes of the 50 MW high power pulsed
klystrons in SLAC and it was reported that their
performances were satisfactory. Manufacturing
the tubes using them will be planned in November
1987. Development of a domestic impregnated
cathode has been continued. Main features of
the development are as follows; (1) Hi-potting
of the almina ceramic in a filament wire was
studied and improved. (2) Non-inductive winding
of a filament wire was established. (3) Thermal
shielding of a cathode was {improved. The
results of tube performance using them will be
obtained in next period.

Table 6.3 Klystron fault rate data

Period Fault rate Averaged applied
(per hour Voltage (kV)
Year Month per 41 tubes)

6.2 Phase control
The KEK linac has an automatic system which
controls phases of the klystrons in order to

maximire beam energy and to minimize momentum
spread. The softwave for this phasing system
was 1improved, so that execution time of the
phasing was reduced and drifts of the phases can
be measured anytime according to request.

Phase stabilization of the rf components is

also important to maintain satable beam of the
linac during long-term operation. For the first
time a phase locked loop (PLL) technique was
introduced into the main-booster amplifier and
the SHB amplifier in order to reduce phase
drifts,

Automatic phasing

The automatic phasing 18 executed based on
the beam induction method, which measures the
phase difference between the beam induced wave
and the acceleration rf by a phase detector. As
a matter of fact the phase difference cannot be
known directly, 80 a cw reference wave is
required for the phase comparison between both
rf waves,

The linac has 6 phasing units which control

1982 10 - 12 3.5 236 all of the klystron phase shifters divided Into
1983 1 -3 4.4 238 6 sectors. The phasing system consists of a
5 - 17 4.6 239 phasing unit, which has a phase detector and a
10 - 12 3.3 241 phase shifter for the reference rf wave, and a
1984 1 -3 2.6 243 phasing unit controller connected with a per-
5 -7 2.4 242 sonal computer.
10 - 12 2.6 241 The procedure for the automatic phasing is
1985 1 - 2.1 239 installed in the computer and written in BASIC
5 -7 1.5 241 language in order to enable easy improvement of
10 - 12 1.6 238 the program. The pregent automatic phasing has
1986 1 -3 1.6 237 the following three modes;
5 -7 1.9 240
10 - 12 1.9 241 (1) Normal phasing: The procedure {is started
1987 1 -3 1.2 240 with adjustment of the reference phase
5 -7 1.9 236 shifter as the phase difference between the
beam-induced wave from a selected accelera-
tion guide and the reference rf one becomes
+(-)90°. Then the relative phase of beam
can be known. The phase shifter for the
Table 6.2 ?tatus corresponding to the year of production. "Standby” tubes are those waiting for retesting.
'Unused" tubes are those which have not been used in the klystron gallery at all.
No. of Living Tube Failed Tbes Mean Age (h)
Year Total No. of Working No. of Nonworking Fault rate Voltage No. of Cause Failed Living
Tulbes Tubes Tubes perday (kV) Total Tubes Tubes MTBF
PF Positron Standby Unused Tubes Arcing Window Others
1979 4 0 0 0 0 — — 4 2 | 1 3902 0 3902
1980 20 ) 0 1 0 1.5 240 14 7 5 2 4672 14682 10965
{gg; 20 9 0 1 0 0.8 243 10 6 2 2 4663 15948 20611
9 2 0 1 0 0.8 247 6 5 1 0 5785 10464 11017
1983 13 8 2 0 0 1.4 241 3 3 0 0 6019 11464 44232
1984 13 1 3 0 2 0.5 262 7 7 0 0 3971 7011 7978
iggz iz ; ? g é }.; igg 2 4 0 Q 3349 5354 12718
4 4 0 0 1388 2212 6918




related klystron is adjusted as the phase
of the acceleration rf is ~(+)90° away from
the phase of the reference one. After the
adjustment, the accelerating wave has a
complete reverse phagse compared with the
beam-induced one and this means that beam
bunches are exactly on the crests of the
accelerating rf waves.

(2) Easy phasing: The reference phase shifter
is adjusted without measurement of the
phase sipnal at the value which was memo-
rized at the past phasing in mode (l). The
phase adjustment of the acceleration wave,
however, 1{s executed according to the same
way in mode (1).

(3) Phase drift measurement: In mode (2)
phasing the last adjustment of the klystron
phase shifter 1is not carried out but the
phase drift 1s estimated from the output
signal of the phase detector.

The mode (1) phasing 1s usually requested
at the start of the linac operation for accurate
phasing. But it should be noticed that a long
pulse (> 0.6 ;8) beam is indispensable to get a
strong enough phase signal of the beam-induced
wave. The adjusting time for one klystron 1is
less than one minute and almost of the time 1is
spent for rotating the both phase shifters.
Mode (2) 1is useful to compensate phase shifts of
the klystron rf caused by a change of the
klystron applied voltage for example. The
adjustment 1s completed within 30 sec in this
mode. An advantage of this phasing 1s that a
beam-induced wave 1is not necessary, so that the
phasing is executable at anytime even during
injection of a short pulse beam into a ring.
Mode (3) 1s prepared for watching phase drifts
of the klystrons and 1is helpful for judging
whether phasing should be requested.

The phasing error is evaluated within about
+3° after the phasing.

Phase Stabilization

Since the SHB system for the positron
generator had unacceptable phase drift over a
long term, a phase stabilizing system was
required to get a stable beam and good relia-
bility. This time PLL feedback systems were
introduced into the SHB amplifier and also into
the main-booster.

The block diagram of the system for the SHB
is illustrated in Fig. 6.1. The source of phase
drift 1is not only the amplifier but also a
transmission line or the SHB cavity, so the
phase detector compares the pulsed rf signal (50
pps) picked up at the cavity with the 119 Milz cw
input rf and outputs the phase error signal into
the next sample hold amplifier. The amplifier
generates a very s8low compensation signal
through an {integration circuit and controls a
solid state phase shifter to =zero the pahse
error. The time constant of the circuit is
adjusted at about 4 sec to prevent a self-exited
oscillation of the feedback system, but this
also limits response time against rapid drift.
Flgure 6.2 1{indicates that the PLL system 1is
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Fig. 6.1 PLL for the SHB amplilier.
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Fig. 6.2 Phase variation of the SHB amplifier.

effective enough for the reduction of phase
drift.

The PLL system for the main-booster has
more simple construction without a sample/hold
circuit because the compared two rf signals are
both cw. The phase error of the total system is
evaluated at less than %0.2° and the response
time is about 40 msec.

7. Control system
7.1 Display system for control console

The control system for the PF 2.5 GeV
electron linac, which was based on a distributed
computer system Iinterconnected through a net-
work, has been used since 1987. 1In thls system,
CAMAC modules were used as CRT drivers for the
operator's console. The CRT drivers have been
upgraded as shown 1in Table 7.1. Recently new
needs were required since many programs had been
developed for console display: faster and more
intelligent display, better program developed
environment, etc.. To meet these requirements a
new display system shown in Fig. 7.1 was intro-
duced: personal computers interconnected via a
local area network (DS-Link). It was strictly
taken into account that this new network system
should be capable of executing most of the
application programs already developed.
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MINICOMPUTER
M70/30
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[H/O] —— FM-168
|Print9r| HD: Hard Disk l HD I
Fig. 7.1 Console display system.

System Description

As shown in
system 1is

Fig.
composed of

7.1, the console display
several microcomputers

which are connected to the DS-Link network. The
system receives linac device data from the
center minicomputers and processes them for
display.

The system consists of gateways (G/W), file
servers, workstations (WS), coaxial cable, and
transceivers. The operator's console has four
20 inch CRT's for display with transparent touch
panels. Most of the information about the linac
status are displayed on them except for picture
of screen menitors and some others. The touch
panel (TP) is a device of a resistive plate type
and used to input operator's commands. It is
Elographics Co. made. Touch panel controllers
(MPV 6800) were laboratory made and have been
used without any trouble. Response time of the
TP (from touching by a finger to picture chang-
ing) 1is almost determined by firmware. So as to
get more quick response when the TP is touched,
the firmware buillt in the TP controller was
upgraded; its response time was changed from 350
ms to 150 ms.

The FMR-50 has a 512 kB VRAM (2 color
screens), 80286 CPU, 1 MB main memory and
optional 2 MB. 1t supports HG (High ,grade)

BASIC, C, and assembler under MS/DOS V3.1 L20a.

DS-Link (Local Area Network)

The DS-Link 1is a baseband 1local area
network for communication between microcomput-
ers. It is made by FUJITSU on the basis of the
Ethernet (Xerox) and MS-network. It consists of
a transceiver controller, two file servers, a
print server, and workstations. Collision
detection and recovery during normal operation
is unnecessary. The protocol admits server-
remote and remote-remote communication in
full-duplex.

The features of Ethernet are well known as
follows:

51

(1) Coaxial cable bus and transceiver are easy
to install.

(2) Flexibility is good.

(3) The effective communication speed becomes
slow when traffic is heavy.

(4) System trouble in any workstation does not
affect the others.

Cateway
A personal computer is used as a gateway

for communication between the host (LMECOM

70/30) and a remote node or nodes in the console
display system. Messages from the minlcomputer
is distributed over the entire nodes or a
selected node of which a [flag 1s set. The
gateway provides the following functions:

()
(2)
(3)

protocol conversion (MELCOM 70 - DS-Link)
mailing, broad cast (G/W - any WS)
data processing

A compiler language 1is used in the gateway.

Server

The file server is very Jmportant in this
system. Graphics data, operational Information,
control programs and linac device data file are
all stored in the 2MB RAM disk or 60MB Hard Disk
of the server. These files are called as common

files and available at random from every work-
station, but only operation programs are pro-
tected against rewriting. The system provides

two servers and printers.

Workstations for Console Display, Maintenance &

Development

There are four 20 inch color CRT's on the



console which have been used since 1982. The
workstat{ons are connected to these CRT's and
the touch panels. The touch position on the
touch panel 1s gent from its controller to the
associated workstation through an RS232C inter-
face (4800 baud).

Fach workstation is able to receive data
selected from G/W by setting a corresponding
flag. Operator's commands can be input by the
TP only; there Is no keyboard on the operator's
console. Since each workstation of the console
has a 2MB optional RAM on which most of the
programs reslde, programs do not have to be
reloaded every time. Their execution can be
inftiated quickly.

There are reveral workstatlions for program
development and maintenance; they are dis-
tributed in different rooms and connected to the
DS-Link. They are always accessible by any
programmer even when the accelerator is running.

Software

Workstation : The interpreter language is
useful for development. Each application
program is made as a subprogram and the size 1is
almost under 9 k bytes, Basic and machine
language modules are used on the workstation.

Gateway : At the first stage Basic and
assembler were used for developing programs.
Each function was tested and then converted to a
compiler language (C and assembler language) for
improving the executing speed. One of the
programs and data file configurations 1s shown
in Fig. 7.2 and Fig. 7.3.

INDEX Programs in scrver
All status
KLYSTRO] HV chart
Phase chart
MAGNET Histry

POSITRON
INJECTOR

—— MAINTENANCE |[—
—[ Miscellaneous E

Fig. 7.2 Common program file in server.

It

7.2 Monitoring system for klystron RF outputs

In order to improve stability of a acceler-
ator, characteristics of active components must
be improved. For an electron linac these are
electron guns, beam transport magnets and
klystrons. Among them klystrons tend to loose
their stability because of their complexity.

So far in the KEK electron/positron linac
an operator surveys RF output one by one with an

Random data file Sequential file

in server

klystron status DIM(7,9) time / data

I Magnet status  (30,16) I

I Phasc table

DIM (7.9) ]

High Voltage table (7.9)

Fig. 7.3 Data file which are stored in server.

oscilloscope on the operator's console. It {is
difficult however to detect long term stability
or small fluctuations. So it is needed to build
a computerized monitoring system of the RF
output from klystrons for early diagnosis.

The control system of the KEK
electron/poistron linac 1s composed of two
console stations, seven sub-stations, many
device controllers and network system among
them., The RF monitoring system works on three
sub-stations, each of which monitors 16 klys-
trons. The network system 1is used for communi-
cations of monitoring data and warning messages.

Each RF output 1s taken from the direc-
tional coupler at the end of an accelerator tube
through a wave detector. This 1is the common
source for this monitoring system, the
operator's monitoring oscilloscope and the
automatic phasing controller. Isolators and
buffer amplifiers are employed to avoid cross
talk,

The RF wave forms are digitized by tran-
sient digitizers (Tektronix 390AD) and processed
by sub-control-stations (MELCOM70/30) through
GPIB 1interfaces. The sampling frequency and
number of data points are chosen to be 10 MHz
and 512 points (51 ups). Analog multiplexers
select one of 16 RF outputs. In order to reduce
noise from RF switching modulators, low pass
filters and 20 dB buffer amplifiers are
inserted.

The monitoring system checks stability of
RF outputs. The standard deviation of raw data
are examined against a reference. This method
is sensitive to noise and it 1is difficult to
tell how raw data changes 1if the standard
deviation ig large. So the computer program is
coded to compare the representative values such
as position, height, width and area of the RF
wave form,

1f the ratio of these values to a reference
exceeds some extent, a warning message 1s sent
to the console station. This message is dis-
played on the operator's console and recorded on
a printer and disk file.

It is suggested that small fluctuations of
RF output means the end of the life span for the
klystron, So this monitoring system 1s 1im-
portant for an early diagnosis of the RF system
and the accelerator.
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1. INTRODUCTION

The 2.5 GeV electron storage ring con-
structed at the Photon Factory, KEK, 1s fully
dedicated to the research work with synchrotron
radiation. The ring was commissioned in March,
1982, and since then it has been operated quite
stably for over five years. The principal
parameters of the ring are listed in Table 1.1.

The highlight of the ring in FY 1986 was
the successful ring operation in the low emit-
tance mode. During the summer shutdown in 1986,
four newly fabricated quadrupole magnets were
installed into the ring and four power supplies
which excited twenty four quadrupole magnets
were reinforced. On February 3, 1987, the
operation in the low emittance mode was started.
The betatron numbers were adjusted, so that the
number in the horizontal direction was changed
to 8.38 from the old value of 5.38 and, in the
vertical direction, to 3.14 from 4.18. The
betatron functions were also measured and
adjusted. The horizontal emittance was reduced
to 130 nm.rad. from the old value of 400 nm-.rad.
The brilliance of SR was expected to increase
2 ~ 20 times depending on each beam channel.

Since Tebruary 1986, we had continuously
measured the position of the light axils at the
point 12 m away from the light source in beam
line No.2l. To our surprise, the light axis
.suddenly began to move violently after the low
emittance mode started. The short term devia-
tion was about 0.l5 mm, however, the long term
shift which had one day period reached 1 mm.
Some users asked that the low emittance opera-
tion be stopped. Then, the ring was again
operated in the normal emittance for one week.
During this week, the 1light source group had
prepared a fecedback system to stabilize the
closed orbit, details of which are described
later. The feedback system functioned well
enough to satisfy the user's requirement. Since
then, the ring has been operated in the low
emittance mode.

An interesting vacuum problem occurred in
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Fig. 1 The average stored current and the
average injection interval during user
time
September 1986. During the summer shutdown,

several parts of the vacuum chamber had been
improved for installing four quadruple magnets as
previously described. After the improvement was
completed, the vacuum was again evacuated. But
the one side of the chamber opening was not
connected to the gate valve and covered with a

cap made of polyethylene, so that the cap was
sucked into the chamber and ran through for 40
meters. To take out polyethylene fragments and
powder from the chamber, the chamber wall was
cleaned with a vacuum cleaner. Again the chamber
was evacuated., After forty hours baking at the

Principal parameters of the storage ring

Table 1.1
Energy
Initial stored current 300 mA
Bending magnet 28

Other magnets

Betatron frequency
Emittance

RF acceleration system

Horizontal
Frequency 500 Miz.
Klystron(160 kW) 2,
Injection

Vacuum pressure
Beam lifetime
Insertion devices

No beam 3 x 10~
15 hrs at I=300 mA.

Harmonic number 312.
Radiation loss 400 keV/Turn.

Linac 2.5 GeV. 1%epetition rate 1 Hz. Beam stor}Té rate 0.5 ~ 3 mA/sec.

torr.

2.5 GeV Achieved; 1.6 GeV ~ 3.0 GeV
250 mA with wiggler.
Radius ‘of curvature 8.66 m.
Quadrupole 58, Sextupole 22, Octupole 8, Skew 6, Vertical steering 42.
Horizontal 5.38 + 8.38%.

400 » 130* nm-rad.

Maximum achieved 360 mA.
Circumference 187 m.

Vertical 4.18 » 3.14.
Vertical 6 + 2* nmerad.
Single cell cavity 4.

150 mA operation 4 x 10 torr.

30 hrs at I=150 mA.
Superconducting vertical wiggler 5T

60 period undulator K=1.78 ~ 0.1

26 period multipole wiggler/undulator 1.5 T ~ 0.04 T
Four way revolver type undulator (under testing)

14 period multipole wiggler (under construction)
Circular polarized undulator (in construction)

SR Channel

SR experiment 20 (4 under construction)

Beam diagnpsis 3

* : in the low emittance mode of operation
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2.3 BEAM DYNAMICS
2.3.1 Insertion of Damping Couplers in the RF
Cavities

In the low-emittance optics, the beam orbit
becomes sensitive to magnet-field errors etc.
Furthermore, small beam sizes (both transverse
and longitudinal) lead to difficulties in beam-
instability suppression, because of a reduction
of the Landau-damping effect. For the high-
emittance lattice, the cavity-caused instabil-
ities can be avoided or reduced by controlling
the cavity temperature (cooling water temperature
for each cavity). However, since the low-
emittance operation lower the thresholds of such
instabilities by a factor of three, they cannot
be suppressed by the existing temperature-control
system. Therefore, insertion of damping couplers
into the accelerating cavities, 1in order to
reduce the impedance of higher-order-mode reso-
nances, was planned and carried out by taking two
steps in 1986:

(1) On July 19, a damping coupler was inserted
in cavityff2 (one of the four single-cell
cavities in the Ring, which it was the most
detrimental for stable operation).

Purposes of this insertion were,

(1) to know the 1influence of rf-fields
induced by a high-current beam and single-
bunch beam, such as discharging, heating and
vacuum problems,

(11) to try a new venting system using dry
nitrogen-gas and to check the recovery time
back to ultra-high vacuum, and

(111) to see suppression of the 1insta-
bilities. Details of this insertion were
described in Activity Report 1986, in which

we presented a remarkable effect on the
longitudinal instability "758" (TMOll-mode).

(2) On December 20, two couplers were inserted

in cavityf#fl and {4, Cavity #3 was left
without a coupler, since the existing
temperature-control system can avoid

f3-caused instabilities.

The instability thresholds for "758" after
inserting the coupler were compared with that of
without couplers for the high-emittance optics,
as shown in Fig. 2.3.1. No TMOll-problems arose
below 300 mA at the operating rf-frequencies.

The spectral peaks characterizing the "758"
instability disappeared on the spectrum analyzer.
However, another sign of a longitudinal
instability was recognized, as shown in Fig.
2.3.2. After continued studies of these peaks,
we concluded that they resulted from a
longitudinal coupled-bunch instability due to the

cavity higher-order-mode TMO13, whose resonant
frequency is 1707 MHz.

This instability, "1707", causes a fluc-
tuation in the horizontal beam size, as shown in
Fig. 2.3.3. It behaves quite similar to the
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Fig. 2.3.1 Two threshold curves of the longi-

tudinal instability due to the cavity

resonance TMOll-like mode (758 MHz)
for the high-emittance optics,
exhibiting a clear effect of the

damping couplers. Lower curve is a
threshold without damping couplers,

and the wupper 1s that after the

2.3.2 lnstability Thresholds for the High- insertion of couplers into cavities
Emittance Operation #1, #2 and 4.

Table 2.3.1 Summary of the coupled-bunch instabilities. Observed resonant frequencles, Q-values and

coupling impedance
for TMO and TM1 modes, respectively.

of the RF cavity are presented.

Units of impedance are M2 and M&Q/m

Cavity mode Frequency Qexp. R Mode of Instability Problems
(MHz) (MQ or M2/m) coupled-bunch
758" TMOll-like 758 19,000 3.02 161 Longitudinal Beam Blowup (H)
"1070"  TMIll-like 1070 21,000 27¢1 268 Horizontal Beam loss
""830" TM110-like 829 29,000 12%] 103 Horizontal Beam loss
"1707" TMO13-like 1707 50,000 0.85% 129 Longitudinal Beam Blowup (H)

* Calculation
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Counts /sec

The measurement was carried out at stored
currents of 38 mA and 21 mA, and is shown in (c)

and (d) of Table 2.3.2, respectively. The MCS
yleld 1s shown 1in Fig. 2.3.10, where the
count-rates obtained from 2000 scannings are
plotted. The rf-knockout field was excited in O

Vv 20 ms and 100 ~ 120 ms. The pressure measured
at the UPStFFﬂF position of bending magnet §{8
was 3.5 * 10 Torr in case (c¢) and 3.7 X 10
Torr in case (d).

Figure 2.3.10 exhibits decreases the
bremsstrahlung yields with beam blowup. This

behavior indicates the existence of the trapped-

in

ion cloud in the beam even in single-bunch
operation.
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Fig. 2.3.10 Bremsstrahlung yields for the single
bunch operation at stored currents
of (a) 38 mA and (b) 21 mA. Dips in
the yields exhibit an existence of
the trapped-ion cloud, even in the
single bunch beam, which is diffi-
cult to explain by the simple theory
applied to the present PF ring.

3. IMPROVEMENTS

3.1 1INJECTION

The 2.5-GeV positron beam was injected into
the storage ring and stored on December 20, 1985.
We obtained a maximum current of 5.5 mA and a
beam 1lifetime of about 120 hours after several
hours with the linac beam of 2 mA, 10 nsec and 2
Hz. The linac is supplying a positron beam of 10
mA and 2 nsec at 25 Hz for TRISTAN. In order to
accumulate positrons quickly, it is necessary to
replace kicker magnets, septum magnets and their
power supplies. At present, four new kicker
magnets were designed and installed in the
storage ring. They are excited by four existing
power supplies. The septum magnet and power
supplies are now under construction.

3.1.1 New Kicker Magnets for Positron Injection
Four new kicker magnets were designed and
constructed for positron beam injection. They
are window frame type magnets and are made of
ferrite core. A coil of two turns was chosen to
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Core case

Ferrite core

Fig. 3.1.1 Schematic drawing
magnet.
produce a uniform field with

inductance.

location of coll were
"TRIM".

computer code

of

Power lead

the kicker

smallest self

The dimensions of ferrite core and
optimized by using
To enclose

the
the maximum

beam excursion estimated by a tracking program,

we need two
aperture of

types
180w x

of magnets,
80h for Kl and K2,

one with wide
and the

other with narrow aperture 130w x 80h for K3 and

Ka.

listed in Table 3.1.1.

the magnets 1is shown in Fig.

fields
coil.

shown in Fig. 3.1.2.

The specifications of the new magnets are
A schematic drawing of
3.1.1.
were measured by using a small
One of the results of field measurement is
The old kicker magnets in

Magnetic
search

the storage ring were replaced with new magnets

in August of 1987.

Table 3.1.1 Specifications of the kicker
magnets
Type Kl, K2 K3, K&
Core length 300 mm 300 mm
Number of turns 2 2
Dimensions of window 180mm x8 0mm 140mm x80mm
Maximum current 5000 A 5000 A
Self inductance 5.8 yH 4.8 yH
120071
VR
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400}

7
/

i
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Fig. 3.1.2 A result

of

the

30 4050 60 70 80

(cm)

measurement of

magnetic field of the kicker magnet.



The new kicker magnets were set outside of
their ceramic vacuum ducts. The inner wall of a
ceramic duct was coated with titanium of thick-
ness about several microns. This coating did not
affect the field penetration through the chamber.
The end of ceramic duct was metallized with
nickel and soldered to a kovar attachment. The
strong fringing field caused spark discharge on
the boundary between the nickel and titanium
coating. To suppress this discharge, we shielded
the boundary of the duct with a permalloy thin
sheet.

3.1.2 Electron Beam Injection with the New

Kicker System

From October of 1987 electrons were injected
with the new set of kicker magnets and ceramic
ducts. The parameters of the new kicker are
listed in Table 3.1.2. The beam current passing
through the BT was measured with current trans-
formers (CT). Fig. 3.1.3 shows the waveforms
observed with CTl placed at the entrance of the
beam transport line, and CT7 at the end of the
transport line. We observed an electron beam
pulse of 23.4 mA and 800 ns at CTl, and 13.7 mA

and 300 ms at CT7. Under these conditions,
accumulation rate of about 2 mA/sec has been
obtained. The accumulation rate was measured as

a function of the magnitude of injection bump.

Table 3.1.2 Parameters of the kicker magnets
(injection bump of 23 mm and -1

mrad)
beam peak pulse
deflection current length
(mrad) (A) (usec)
kicker 1 2.561 1702 6
kicker 2 2.599 1725 6
kicker 3 2.789 1830 6
kicker 4 2.099 1488 6
- 2 +
< O..
N
c
(9]
@0
P fo—ot
2 200n sec
()
Fig. 3.1.3 The electron beam pulse from the
linac. The upper trace 1is (Tl
installed at the entrance of beam

transport line 1.e, the end of the
linac. The 1lower trace 1is CT7
installed at the end of beam trans-
port line.

The result 1is shown in Fig. 3.1.4. With an
injection bump magnitude of about 24 mm, we
obtained a maximum accumulation rate of about 4
mA/sec. The accumulation efficiency (the ratio
of the amount of accumulated charge to that
passing through the injection point) divided by
the RF capture efficiency 1is about 50%.

The short pulse beam from the linac was
injected to fill a single bunch of the storage
ring. Under the condition of the linac beam of
180 mA and 2 ns, an accumulation rate about 0.3
mA/sec was obtained.

Accumulation rate (mA/sec)
N

o +—r—r1

16 18 20 22 24 26 28
Magnitude of injection bump (mm)

Fig. 3.1.4 Accumulation rate as a function of
the magnitude of injection bump.

3.1.3 Measurement of Energy Spectra of the
Electron Beam from Linac

The energy spectra of the electron beam from
the linac were measured by using the slit which
is located inlfhe middle of beam transport line
(BT) and CT3 . Fig. 3.1.5 shows the geometry
of the energy analyzing system on BT. The
analyzing slit was fixed at an energy resolution
of 0.05%. Spectra were taken by changing the
current of bending magnet (BTBM). Energy spectra
were measured by varying RF phases of injector

section of the linac (accelerator guide O0-1).
BM Linac
3 ¢
BM
slit
(width  0.05°%)
T
AN
3
time
Fig. 3.1.5 Geometry of the energy analyzing

system on BT,
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Future electron storage rings will demand
lower vacuum than that of the present Photon
Factoryti%here the typical vacuum 1is lower than
o> L 0 Torr with no beam and lower than
5 * 10 Torr with the beam of 250 mA. It f{is
reported that the structure with an antechamber
can get low vacuum by separating the beam space
of the duct from the photo-desorption source in

the antechamber. On the other hand, the
experimental results mentioned above indicate
that the antechamber will be cleaned quickly

while the beam space will be cleaned slowly. We
propose that scattered photons should be
constructively utilized for the beam cleaning.
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3.4 BEAM ORBIT SHIFT DUE TO CHANGE IN EXCITING
CURRENT OF SUPERCONDUCTING VERTICAL WIGGLER

Beam position shift occurring every 5 hrs
was found to be strongly correlated to the liquid
helium transfer to the superconducting wiggler.
Hence we decided to reexamine the power supply
circuitry of the wiggler.

Generally, the power supply for super-
conducting magnet 1is connected to an external
protection resistor in parallel to the supercon-
ducting coil to bring the heat energy out of the
magnet in case of quenching. When the resistance
of the current feedthrough increases, the current
in coil decrecases or vice versa, because the
power supply keeps the total current flowing the
coil and resistor to be constant,

In the wvertical wiggler, the evaporated
helium gas passes through the current feedthrough
and carries out the joule heat. But the quantity
of the evaporated helium 1s 5-15 g/sec when
1iquid helium 1is transferred while about 1 &/sec
when not transferred. When helium 1is trans-
ferred, the temperature decreases at the current
feedthrough, which is cooled by the evaporating
helium. This will cause the coil resistance to
increase,

Figure 3.4.1 shows the movement of the light
position measured at 12 m downstream from the
source point by changing the exciting current.
To suppress the fluctuation, several methods are
considered.

(1) To control the pressure in the cryostat and
keep a constant flow of helium gas at the
current feedthrough.

(2) To include a protection resistor inside the
feedback loop in the circuit of power supply.

(3) To add a shunt resistor in series to the
superconducting coill for another feedback
loop.
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Fig. 3.4.1 Beam movement due to the change in
the current of each power supply.
(a) main power supply.

(b) sub-power supply.

second method. However,
inductance as the
supply, the power

We employed the
since there 1s only a pure
external load to the power
supply system became unstable. Another resistor
must be therefore added parallel to the coll
during current change. The resistor should be
removed after exciting the coll, because it {is
undesirable as mentioned above. However 1t
should be gradually removed to avoild current
oscillation,

In the beginning, the resistors were added
by three steps and removed at the end of ex-
citation. But beam was often dumped by the
current oscillation and the wiggler was quenched.
Presently the resistor is replaced by an electric
resistor as shown in Fig. 3.4.2 to reduce a
sudden change of the resistance. After exciting
the magnet, the resistance increases continuously
Then the resistor circuit 1s completely opened

when the electric resistor value sufficiently
large. Finally the electric resistor 1is de-
creased. The steps 1In reversed order are taken

in de-excitation.

The wiggler magnet 1is now operated by the
method described above. However, it became
sensitivity to noise. A beam fluctuation orig-
inating from the change of wiggler current due to
external noise 1is occasionally seen. The third
method will be tried as next step.









3.6 BEAM CHANNEL

3.6.1 General

Users' experiments started with 8 beamlines
(25 experimental stations) in FY 1983. Up until
the end of FY 1986, twelve beamlines (BL-1, 2, 4,
7, 8, 9, 10, 11, 12, 14, 15, 21) were 1in
operation. In this year, four beamlines (BL-6,
16, 17, 27) have been commissioned. In addition,
constructions and installation of six beamlines
(B1.-3, 5, 13, 18, 19, 28) are in progress. The
summary of beamline status in FY 1987 is shown in
Table 3.6.1.

Most of the front ends are fabricated to
extract SR of 40 mrad wide from the exit port,.
Its angular width is 1limited by the adjacent
quadrupole magnet in the next straight sectiom of
the ring. The front end 1includes a vacuum
protection system, a radiation safety system and
an  evacuation system with vacuum gauges and
valves.

The vacuum protection system consists of an
acoustic delay line (ADL), a fast closing valve
(FCV) and pneumatic {isolation valves. In addi-
tion, a water-cooled SR absorber and a 40 cm-
thick stainless steel beam shutter are installed
as a radiation safety system. These components
are 1independently controlled by a distributed
control system; a computer network with a star

topology. The network includes 1) ‘'outlying
nodes" with microcomputers and 2) a 'central
node"” computer. FEach front end has one outlying
node that 1s connected to the central node
(LS1-11/23) via optical fiber links in a star
topology.

At the downstream end of a beam channel for
VUV experiment, mirrors are installed for VUV
spectrometers, made of CVD (chemical vapor
deposition) SiC to withstand the high power
density of SR. SiC is resistant against thermal
deformation and radiation damage. On the other

hand, a pair of beryllium windows is attached to
the end of the splitting section for X-ray
experiment. Degradation in the efficiencies of

these optical elements caused by contamination is
a serious problem encountered in beam lines. A
resuscitation of the contaminated elements is
desirable since the deposition rate of contami-
nated layers is expected to be proportional to
the accumulated photon flux at the mirrors. We
have studied a recovery of the efficiencies by
applying DC oxygen-discharge cleaning of carbon
contaminated mirrors and gratings. The results
are described in detail in the next section.

3.6.2 New Beam Channels

As shown in Table 3.6.1, the following beam
channels were designed and under construction in
FY 1987.

BL-3

The beam line BL-3 will be set on the so-
called zero-degree line, so that the synchrotron
radiation from the two bending magnets B2 and B3
can be extracted to serve for VUV and soft X-ray
experiments. Since the BL-3 1s set 1in the
vicinity of RF cavities, all components of the
front end had to be newly designed not so as to

interfere with the RF cavities.
radiation will be available
seventeen mrad from B3.

A seven mrad of
from B2 and a

BL-13

BL-13 1s a beam 1line for the multipole
wiggler with 27 poles which provides a total
radiation power of 5.5 kW and used for hard X-ray
experiments. The construction of this beam line
i1s a joint project of the following national
institutes; the Institute of Physics and Chemical
Research, National Research Laboratory of
Metrology, National Institute of Research for
Inorganic Materials, Electrotechnical Laboratory,
and National Laboratory for Industrial Chemistry.
The beam line 1is being constructed by the Insti-
tute of Physics and Chemical Research while
branch lines and experimental apparatus at the
experimental hall are arranged by the other four
institutes.

BL-18

The beam line BL-18 uses the radiation from
the normal bending magnet(B18), and will be
served for VUV experiments. The construction of
BL-18 started in FY 1987 under a second joint
project between ISSP (Institute for Solid State
Physics) of University of Tokyo and KEK-PF. The
BL-18 1is about 10 meters long, and synchrotron
radiation of 2.5 mrad is transferred to branch
line 18A. Proposed experiments are mainly
related to photoemission from surfaces and
interfaces.

BL-28

The beam line BL-28 will use synchrotron
radiation from a wiggler/undulator with permanent
magnets, and will be served for circularly
polarized VUV and soft X-ray experiments. This
beam line is a unique beam line that can handle
both wiggler/undulator radiation with the angular
width of 7 mrad * 3.5 mrad and the bending
radiation of 5 mrad wide from B28. The extracted
circularly polarized synchrotron radiation is fed
to a grazing-incidence grating-monochromator, and
synchrotron radiation from B28 to a double
crystal monochromator for X-ray experiments.,

The total power of the permanent wiggler/un-
dulator 1is estimated to be 4 kW at the stored
current of 500 mA. A special heat absorber made
of copper was designed to withstand such high
power synchrotron radiation. The absorber is
wedge-shaped with an angle of 18,4 degrees to
reduce the power density at the surface.

The BL-28 1s located near the 1injection
point where the kicker and septum magnets are
placed for electron beam injection. Therefore
the BL-28 have to pass through the 2.3 m-thick
concrete shielding wall near the bending magnet
B28 to transport the synchrotron radiation to the
experimental hall,

AR-BL-1
The AR-BL-1 is a new beam line to be
constructed at 6 GeV TRISTAN Accumulation Ring

(AR). This beam 1line will be operated under
parasitic operation of AR, and will be served for

72



Table 3.6.1

Summary of Beamlines in FY 1987

Beamlines Affiliation Source Spectral range Status
BL-1 Nippon Telegraph and bending magnet (BI) VUV and Soft X-ray in operation
Telephone Co. (NTT)
BL-2 KEK-PF 60-period permanent Soft X-ray in operation
magnet undulator
BL-3 KEK-PF bending magnet (B3) VUV and Soft X-ray under construction
BL-4 KEK-PF bending magnet (B4) X-ray in operation
BL-5 KEK-PF permanent magnet VUV and Soft X-ray under construction
wiggler/undulator
(under design)
BL-6 KEK-PF bending magnet (B6) X-ray in operation
BL-7 University bending magnet (B7) VUV and X-ray in operation
of Tokyo
BL-8 Hitachi Ltd. bending magnet (B8) VUV and X-ray in operation
BL-9 Nippon Electrical bending magnet (B9) VUV and X-ray in operation
Co. (NEC)
BL-10 KEK-PF bending magnet (B10) X-ray in operation
BL-11 KEK-PF bending magnet (BIl1) VUV and Soft X-ray in operation
BL-12 KEK-PF bending magnet (B12) vuv in operation
BL-13 The Institute of 27-pole multipole wiggler Hard X-ray under construction
Physics and ChgTical
Research
BL-14 KEK-PF superconducting Hard X-ray in operation
vertical wiggler
BL-15 KEK-PF bending magnet (B15) X-ray in operation
BL-16 KEK-PF 53-pole permanent magnet Soft X-ray in operation
wiggler/undulator
BL-17 Fujitsu Ltd. bending magnet (B17) VUV and X-ray in operation
BL-18 1SSP and KEK-PF bending magnet (B18) VUV and X-ray under construction
BL-19 [SSP and KEK-PF permanent magnet vuv under installation
multi-undulator
BL-21 KEK-PF bending magnet (B21) white, visible in operation
light and X-ray
(branch line)
BL-27 KEK-PF bending magnet (B27) infrared and white under installation
BL-28 KEK-PF 25-pole permanent magnet circularly polarized under construction
wiggler/undulator VUV and Soft X-ray
AR Test Port KEK-PF bending magnet of Hard X-ray under installation
Accumulation Ring (AR)
AR-BL-1 KEK-PF 4l-pole multipole wiggler Hard X-ray and under construction

Soft X-ray

*) Branch lines are constructed by following national institutes; National Research Laboratory of
Metrology, National Institute of Research for Inorganic Materials, Electrotechnical Laboratory,
and National Laboratory for Industrial Chemistry
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hard and soft X-ray experiments such as angio-
graphy, which use the synchrotoron radiation from
a 4l-pole multipole wiggler, its amount of the
total power being 3.7 kW,

3.6.3 Oxygen—d}§2§arge Cleaning of Mirrors and
sratings

Mirror

The degradation in optical-element effi-
ciency due to carbon contamination has long been
recognized as a serious problem encountered in a
synchrotron radiation beam lines. The resuscita-
tions of carbon-contaminated mirrors and gratings
were studied by oxygen-discharge cleaning in the
Photon Factory. A test piece studied was the
mirror which had been used as the first horizon-
tal beam deflector at a 2° glancing angle in the

undulator beam line (BL—ZB)j) The mirror 1is
Pt-coated and made of CVD-SiC”’. Three portions
with different degree of contamination before

cleaning were shown in Fig. 3.6.1; a highly con-

taminated, narrow dark stripe along the center
line (A), a round contaminated part with light
brown (B), and the remaining portion (C). The

contamination in (A) had been produced by highly
brilliant radiation from the undulator under a
relatively poor vacuum (v 1 x 10 ' Torr) in the
initial period of the beam-line operation. The
contamination in (B) might have resulted from a
back flow of oil vapor, as it was directly facing
a turbomolecular pump but had never been struck
by radiation. No apparent contamination was seen
in the part of (C). However, a close comparison
of the part with a clean mirror revealed a slight
change in color, which would also be caused by
0il vapor. The measurement of reflectance showed
that the degradation of reflectance was
significant in the part of (A) and 1its reflec-
tance was much lower than 1 % over the entire
energy range of measurement (see Fig. 3.6.1(b)).
The spectrum for the part of (B) exhibited no

feature of platinum but essentially similar
features of carbon. The spectrum for the part of
(C) also indicated an effect of contamination,

though it still retained the spectral features of
platinum.

Fig. 3.6.1(b) shows the history of reflec-
tance recovery of the ZEﬁft (A) during the
cleaning of the mirror™’~"’. The mirror was
exposed to an oxygen plasma. The first
high-power cleaning of about 45 W was made for 45
min. With this treatment, the contaminated
overlayers were almost completely removed. The

second cleaning was made at a low power of about
26 W for 35 min. Then the remnant of
contamination disappeared and a satisfactory
recovery of the reflectance to that of platinum
was attained. In order to examine the effect of
the exposure to reactive atomic oxygen, the
mirror was further exposed to the plasma at a
medium power of about 32 W for a longer time of
100 min. A slight improvement of the

reflectance was observed for the photon energies
below about 10 eV, while some decrease was
observed above 10 eV. This should be ascribed to
the change in optical properties of the surface
(i.e., surface oxidation). The above facts
indicate that there exists an optimum exposure
time for the cleaning of mirrors.

Fig. 3.6.1
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Efficiency spectra of the inside-
first-order of a 1200 1lines/mm
grating before and after the clean-
ing, obtained at an angle of inc-
idence of 23°. The blazed wavelength
at the angle of incidence is denoted
by an arrow.
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Fig. 3.6.5 Efficiency spectra of the inside-
first-order of a 1200 1lines/mm
grating before and after cleaning,
measured at an 88° angle of inci-
dence. The positions of the carbon K
edge and the blazed energy are

denoted by arrows. The small dip at
the carbon K edge after cleaning 1s
not originated from the grating
itself,

clearly show that the contaminated grating looked
like a mirror.

The cleaning of the grating significantly
improved 1its efficiency, especlally over the
energy range between 12 and 32 eV, except the
efficiency of the zeroth order at high energies.
From these experimental results, we can conclude
that the inside-first-order efficiency around the
blazed energy was improved by the recovery of the
blaze and the efficiency at the other energy by
the recovery of the reflectance of the coating
material on the whole surface of the grating.

The conclusion 1is also supported by the
measurement of the grating with scang}ng electron
micrographs as shown in Fig. 3.6.4. It can be
seen that before cleaning the grating grooves
were covered with contamination deposits, while
after cleaning the sharp-edged structures of the
original facets were recovered,

The grating was further exposed to oxygen
plasma for 30 min. to find the optimum exposure
time. This second discharge was made at a power
of about 23 W. The results measured for the
inside-first-order 1is shown in Fig. 3.6.3. The
improvement of the efficiency was found to be
negligible in this case. This fact indicates that
the long-time exposure does not improve the
efficiency so much. 1In other words, the recovery
of the _efficlency saturates within several
minutes. ) We measured the efficiency spectra of
a gold-coated grating with 1200 lines/mm (blaze
angle of 1°47') over the energy range from 100 to
1000 e before and after cleaning of the
grating ). The cleaning was made 1in two steps.
The first cleaning was made at 22 W for 25 min,
and the second at 21 W for 15 minutes. The
measurement used a thin silver film as a filter
for the region covering the carbon K edge. The
inside-first-order efficiency was remarkably
improved by the cleaning, but a deep dip still
remained at the carbon K edge. This dip was also
observed in the zeroth-order spectrum which can
be compared with the usual reflectance spectrum.
The depth of the dip is almost the same order as
that observed in the reflectance spectrum of a
"clean" platinum coated mirror. Thus we suppose
that the K-dip 1s not originated from the
remaining carbon layer on the grating surface but
from the another origin, for example, carbon
contamination of the spectroscopic system used
during measurements. The remarkable recovery of
the efficiency of the grating with a thi &er (250
nm) silver filter is shown in Fig. 3.6.5 °., From

these results 1t can be concluded that the
grating efficlency has been significantly re-
covered and improved by a factor of 17 at the

carbon K edge. It is also noted that the peak
spectrum after cleaning agrees very well with the
calculated blazed energy denoted by an arrow in
the figure.

Other results of cleaning in the 100-1000-eV
are given in the section for users' reports of
this issue,
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1. BEAM LINES, OPTICS AND INSTRUMENTATION
1.1 Beam Lines and Optics

To meet increasing demands of light sources
for scientifc research and industrial applica-
tions, we have started construction of four new
beam lines in the PF storage ring. These are (1)
BL-16 which accepts brilliant synchrotron radi-

ation (SR) froml)a newly designed multipole
wiggler/undulator °, (2) BL-13, under the col-
laboration of the national laboratories 1in

Tsukuba and KEK-PF, which utilizes SR from a
multipole wigger, (3) BL-17, under the collabo-
ration of Fujitsu Laboratories and KEK-PF, which
utilizes SR from a bending magnet and (4) BL-19,
under the collaboration of the Unviersity of
Tokyo and KEK-PF, which accepts brilliant SR f ?m
the revolver, a new type of undulator
Recently new scientific opportunities have been
developed with SR of higher energy and we have
decided to construct a new beam line at the
TRISTAN Accumulation Ring which is operated at an
accelerating energy of 6.5 GeV.

Besides the construction of new beam lines,
continuous efforts have been made to improve the
design and performance of the old beam lines.

In the following a description is given on
the construction and improvement work done 1in
1987.

1) 1In this issue.
2) In this {issue.

Light Source Department.
Light Source Department.

Beam Line 16

Beamline 16 1is designed for use of radiation
obtained from a 53 pole hybrid permanent magnet
(NdFe and permendur) wiggler/undulator device
installed 1in the straight section between the
bending magnets 15 and 16. The maximum magnetic
field of 1.5 tesla is obtained with a gap of 18

BL-16

mm and a period of 12 cm. With a larger gap, the
device can be operated as an undulator, the first
harmonic of which covers a photon energy range of
40 eV - 400 eV, In the X-ray region, an intensi-
ty gain of about 100 is expected. The calculated
spectra or brightness of the source can be found
in last year's activity report (p.80).

The beam 1line consists of an undulator
branch and a wiggler branch as schematically
shown 1in Fig. 1. The undulator radiation 1is
reflected sideways by a Si1C mirror. A new
monochromator of quasi-Rowland circle mounting is
being designed for this branch line.

By tranlating the SiC mirror out of the beam
line center, X-ray beams obtained under wiggler
mode operation can be guided into the X-ray
branch. Two 0.2 mm thick water cooled Be windows
separate the ring vacuum from the beam 1line
vacuum. Before the Be-windows 5 carbon foils of
0.1 mm thick are inserted to absorb the low
energy part of the synchrotron radiation. The
X-ray optics of this branch beam line 1is being
constructed in three steps. In the first phase,
only a sagittal focusing double-crystal
monochromator is installed. 1In the second phase,
a one-to-one vertically focusing mirror made of
S1C will be 1installed before the monochromator.
In the third pahse, this mirror will be used as a
collimating mirror to make the beam incident on
the double-crystal monochromator. A refocusing
mirror will be installed behind the monochro-
mator. The beamline and the sagittal focusing
monochromator will be commissioned in winter of
1987 - 1988. The estimated maximum heat load on
the first crystal of the monochromator is 4 - 5
kW. A good solution is not yet found to handle
such a big heat 1load. A cooling scheme to
directly flow water in channels in the crystal is
being considered.
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Fig. 1
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Beam Line 13

BL-13 1is a newly constructed hard X-ray
beamline which will wutilize radiation from a
multi-pole wiggler to be inserted in a straight
section between the bending magnets Bl12 and B13.
BL-13 has been designed and, built by four nation-
al laboratories in Tsukuba and the Institute of
Physical and Chemical Research in collaboration
with KEK-PF based on a project funded by the
Agency of Sclence and Technology. Two branch
beam lines BL-13A and BL-13B have been con-
structed in FY1986. A multi-pole wiggler and
front-end section will be installed in FYI987.
Bl.-13 has been designed to accept 5 mrad of
radiation from a 29-pole_ wiggler magnet and
additional 2 mrad for a future VUV branch beam
line BL-13C. Although BL-13A and BL-13B are both
hard X-ray beam lines separated with a front-end
UHV section by Be windows, optical components and

beam transport systems have been_fesigng to be
compatible with high vacuum (10 - 10 Torr)
for future low energy experiments. Upstream

masks and slits are placed in UHV chambers in
front of Be windows (200 um x 2). A part (I
mrad) of the incident white X-ray beam (5 mrad)
is split into BL-13A by a so-called branch beam
line monochromator. A hard X-ray monochromatic
beam 1is provided to the experimental hutch in
BLL-13A whereas either monochromatized or white
X-ray beam 1s available at two experimental
hutches BL-13B. and BL-13B_, which are tandemly
placed and useJ in a time—s%are mode.
Layout of BL-13 is shown in Fig. 2.

* National Rescarch Laboratory of Metrology,
National Institute of Research for Inorganic
Materials, Electrotechnical Laboratory and
National Laboratory for Industrial Chemistry

BL-13A

BL-13A is a hard X-ray branch beam line with
an energy range of 4 - 30 keV. A branch beam
line monochromator is a horizontal double crystal
monochromator capable of providing a fixed output
beam position. Asymmetrically cut Si crystals
and a grazing incidence geometry are used to
split the 1incident beam. The position of a
second crystal goniometer mounted on a computer-
controlled linear slide table which keeps the
deviation of output beam position constant.

BL-13B

The optics of BL-13B consist of a sagittal
focusing double crystal monochromator and a
focusing mirror. In this monochromator, a
mechan{sal link originally designed by Matsushita
et al. is replaced by a computer controlled XY
stage. Horizontal acceptance of this monochro-
mator is 4 mrad and covers an energy range 4 - 25
keV using Si(ll1l) and S1(220) reflections. A
bent-flat mirror (Pt-coated fused quartz, 150(W)

mm x 580(L) mm) 1is placed behind the focusing
monochromator, which 1s designed to (1) verti-
cally focus the monochromatized beam and (2)

reject higher harmonics to cover the energy range
below 21 keV with a glancing angle of 4 mrad.
Optical components are controlled through a CAMAC
system by a 32-bit minicomputer (DGE, ECLIPSE
MV7000) .

1) T. Matsushita, T. Ishikawa and H. Oyanagi:
Nucl. Instr. and Meth. A246, 377-9 (1986).
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Fig. 2 Layout of Beam Line 13.
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Beam Line 19

Construction of beam line 19 1s now proced-
ing under collaboration between the Synchrotron
Radiation Laboratory of the Institute for Solid
State Physics, the University of Tokyo (SRL-ISSP)
and KEK-PF. This beam line is desigq3d to accept
radiation emitted from an undulator™”, called a

revolver, and divided into two branch beam lines,
BL-19A and BL-19B. BL-19A will include a grazing
incidence monochromator, which will <cover a

photon energy range from 20 to 300 eV and will be

devoted to spin-polarized photoelectron spec-
troscopy. BL-19B will cover a photon energy
range from 10 to 1000 eV by means of a plane

grating monochromator and will be dedicated to
the photoelectron spectroscopic studies of solids
at various temperatures. At present (August
1987), only the construction of the front-end of
the beam line 1s completed. The construction of
the whole system including experimental appara-
tuses will be finished in the summer of 1988.

Activity Report of SRL-ISSP, the University
of Tokyo 1986

1)

Beam Line at the TRISTAN Accumulation Ring

The PF storage ring has a wiggler beam line
BL-14 from which high energy X-ray photons are
available. Each of three stations accommodates
an experimental set up optimized for the vertical
polarization of X-rays available from the magne-
tic field. At BL-14A mostly protein crystallog-
raphy 1s under way using either a four circle
diffractometer or the Arndt camera; EXAFS measur-
ements for the 4f metals are also performed. At
BL-14B development of Mossbauer source fabri-
cation 1s under way, where vertical axes are also
used as goniometers. In case of multiple pre-
cision axes this function 1is quite useful 1in
arranging goniometers on the same horizontal
incidence plane. The energy used there 1is 14.4
keV. At  BL-14C a high resolution Compton
scattering experiment 1s wunder way. Further
there exists a great amount of demand for high
energy X-ray photons from high pressure-high
temperature experiments, angiography, nuclear
excitation by electron transition and magnetic
scattering by 4f metals.

On the other hand, the fundamental energy of
an undulator spectrum 1is proportional to the
square of the ring energy, and, 1if wundulator
X-ray photons greater than 10 keV in energy are
required, it is necessary to proceed to a higher
energy storage ring.

Under these requirements, recently a design
has been started for a beam line sing a insertion
device 1in the TRISTAN Accumulation Ring (AR)
which is currently used as an injector into the
Main Ring. The machine parameters of AR are as
follows; energy: max 6.5 GeV; current: 20 mA;
field strength: 0.86 - 0.93 T; bending radius:
23.3 m; critical photon energy: 26.4 keV; number
of straight sections for the insertion devices:
23 emittance: 310 nmerad (present) and 130 nm-rad
in the near future.

In this year a device producing circularly
polarized SR 1is under fabrication. This particu-
lar beam line 1s designed so that one can perform
magnetic Compton scattering experiments with 60

keV X-ray photons. Of course normal Compton
scattering experiments are also possible.
Furthermore, a double-crystal monochromator to be
installed will provide us with monochromatic
parallel circularly polarized X-ray photons with
a fixed exit beam position.

Improvement of AR as a synchrotron radiation
source will naturally be necessary; Especially a
much longer 1life time of beams and the stability
of an electron orbit over a long period is quite
crucial. So far the longest life time is only 60
minutes and the beam deviation 1s 1.5 mm.
Brilliant SR from the insertion device will be
needed in a couple of years. In order to meet
this requirement, joint work between the TRISTAN
group and the PF group is now being planned.

Beam Line 1|

In this beamline, the branch beam lines were
modified this year as follows;

(1) At BL-1A a low conductance beam duct with a
160 1/sec ion pump was introduced in order
to decrease the effect of gas desorption
from the pre-mirror to the beam splitting
section and to utilize the whole SR beam. A
laser port for adjustment of the beam axis
was also installed.

(2) At BL-1B a vacuum chamber for
stimulated desorption experiments by syn-
chrotron radiation was set. Furthermore,
this branch beam line was split into two by
inserting a 6 deg Pt coated fused quartz
mirror, one a conventional straight line for
the short wavelength X-ray lithography, and
the other a new line for long wavelength
X-ray lithography. This splitting 1is for
the effective use of BL-1B.

At BL-1A, we succeeded in the soft X-ray
monochromatization as well as VUV monochro-
matization by wusing the Grating/Crystal Mono-
chromator (GCM) for the first time. This mono-
chromator was installed at BL-1A in order to
provide a monochromatic beam with an energy
ranging from VUV to soft X-rays, namely from 50
eV to 5 keV, for the combined surface analysis of
photoemission spectroscopy, surface EXAFS, and
other kind of analysis of solid samples such as
semiconductors. Last year VUV monochromatization
was performed in the energy range from 50 eV to
400 eV by using a 1200 g/mm grating. This year
synchrotron radiation in the 400 - 900 eV range
was monochromatized by using 2400 g/mm gratiﬁg
with a 2 deg blaze angle under the "on blaze"
condition which is a merit of the GCM. An oxygen
K-edge EXAFS measurement of several oxide films
including GaAs plasma oxides was carried out
using this monochromatic beam.

Then, the plane mirror and the grating were
changed into the InSb double crystal in the GCM.
By developing original energy scan software, soft
X-rays in the energy range from 2.7 keV to 4.0
keV were successfully monochromatized. The
photocurrent measured with an Au photocathode was
about 20 pA. A Cl K-edge EXAFS measurement was

photo-

carried out on a cleaved NaCl crystal and a
Cl-contaminated Si substrate by detecting Cl Ka
radiation by using this monochromatic beam.
However there are still some problems to be
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Imaging Plate (Storage Phosphor)

It 1is important for structure analysis to
use a two-dimensional detector having a high
quantum detection efficiency (DQE) and a wide
dynamic range. Moreover, high counting rate
capability 1s 1inevitably required in order to
make the best use of the high X-ray flux of
synchrotron radiation. A storage phosphor screen
called an '"Imaging plate" was developed for

diagnostic radiography by Fuji Photo Film Co.
Ltd. It was found recently that the imaging
plate is also very useful for experiments of

X-ray diffraction. The imaging plate stores an
X-ray image without any substantial fading for
several days (half 1life is about 16 days) and

then the stored 1image 1s converted into
time-series signals via photostimulated
luminescence (PSL) emitted by a scanning laser

beam as shown in Fig. 15.

The imaging plate (IP) 1s a flexible plastic
plate cogted with a photostimulable phosphor
(BaFBr:Eu'). The IP 1is used like photographic
film but repeatedly by erasing stored images with
irradiation of visible light. The grain size of
the phosphor is about 5 um, and the resolution is
limited to about 150 um due mainly to scattering
of laser beam 1in the phosphor layer with a
thickness of 150 um.

Storing X-ray images and emitting the PS&
are by the following process: Electrons of Eu
ions are released to the conduction band by X-ray

irradiation and trapped at quasi-stable levels
due to vacancies of Br 1ions (F-centers). By
stimulating with visible 1light, the trapped

electrons return to excited Eu” lons through the
conduction band and then emit PSL to return to

the gound state.
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The 1imaging plate has a high
efficiency for X-rays as shown Fig. 16,
PSL. radiation 1s effectively
response time of 0.8 us under visible 1light
stimulation such as a He-Ne laser beam. The
intensity of PSL is linear to the incident X- raZ
intensity 1in the range from to s
photons/pixel (pixel size = 100 x 100 ¥m7). The
dynamic range of PSL is five orders of magnitude.
The wavelength of PSL is 390 nm, sufficiently far
from that of the stimulation 1light, to be
detected with a high quantum efficlency with a
conventional photomultiplier. The back ground
noise of the system 1is less than _the signal
height of 3 photons per 100 x 100 um”~ for MoKa,
This noise level 1is favorably compared with the
intrinsic chemical fog level of X-ray film which
is, in general, equivalent to the level for about
1000 photons per the same area. Non-uniformity
of response is less than 1.6 %Z over the entire
active area. Image distortion 1s less than 1.0
x.

absorption
and the
released with a

Together with these characteristics, the
high sensitivity and wide dynamic range of the IP
enable us to obtain high-quality images with low
X-ray doses or with a very short exposure time.
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1.3 Summary of beam lines and optics

Table 1 X-Ray beam lines and optics

Branch Horizontal Typical Photon Flux Monochromator Energy Energy Mirror Line Vacuum
Beam Acceptance Beam Size at Sample (Crystal) Resolution Range (Gas)
Line Angle (mrad) (H mm x V mm) Position (AE/E)x10" ¢ (keV)

BL-4A 6 50 x &4 Double Crystal Si (1l11) N2 4 v 20 None Vacuum

(6 x 1) (Sagittal Focusing)

BL-4B 4.5 50 x5 Double Crystal Si (l1l1) vo2 4 ~ 35 None Vacuum
BL-4C 4 4 x 1 Double Crystal Si (l1l1) N2 4 ~ 20 None Vacuum
Sagittal Focusing
BL-6A, 0.1 10 x 3 Plane (1l11) 7.5 8 ~ 17 Vacuum
BL-6A; 4 2.5 x 1 Bent Si (111) 5 ~ 25 Bent Plane Vacuum

(a = 0, 6.0°, 7.8°, 9.5°, Fused Quartz
11.4°, 13.7°, 16.5°)
BL-6B 4 None 4 ~ 30 Vacuum
(6 if required)
BL-6C, 0.5 10 x 5 None 8 ~ 30 Vacuum
(4 in future)
BL-6C, 0.5 5 x5 Channel-Cut Si (111) 7.5 8 v 12 Vacuum
BL-7C 4 8 x 1 4 x 10%/7mm? Double Crystal Si (111) 2 4~ 20 None Vacuum
(8 keV, 100 mA) Sagittal Focusing (6~ 13)
3 x 1010 when focused
(when focused)
BL-8C 5 50 x 5 2 x 105/mA+mm? Channel-Cut v 2 S v 40 None Vacuum & He
(Hitachi) at 10 keV with Si (200), Ssi (111),
si (111) Si (400)

BL-9C 5 150 x S Double Crystal Si (1l11) N2 5 ~ 25 None Vacuum
(NEC) Sagittal Focusing

BL-10A 1 10 x 3 Si (111), Si (220) 50 5 ~ 25 None Helium

Ge (111), InSb (111) ~o5

Quartz (100), PG (002)
Curved Si (1ll1) (a ~ 4°, 8°)
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BL-10B 2
BL-10C 4
BL-14A 1.28
(Vertical)
BL-14B 2.2
BL-14C 1.3
BL-15A 2
BL-15B 0.14
BL-15C 2
BL-16X 4
(under
construction)
BL-17C 1

(Fujitsu)

10

2.6

60

20

1 3 x 108 /7mn?
(10 keV, 100 mA)
with Si (311)

1.5 A~ 1040 jomm?
(8 keV, 100 ma)

38

30

40

1.3 9 x 10!0 /6mm?
(8.0 keV, 150 mA)

5

6

1

5

Channel-Cut Si(311)
Double Si (111)
Double Si (220)

Double Crystal Si (1l1l1)
Fixed Beam Position

Double Si (111)

Double Si (331)
Double Si (553)

Double Si (111),
Si (220), Si (311)
Sagittal Focusing

Double Si (1l11)

Curved Ge (1l11)
(@=8.0°)

None
None
Double Crystal
Si (LLl)

Sagittal Focusing

None

30
15
25

e e e

w W
o
wwn o

S SRE,

. e e

~ w0~
4

N~

10 5.6 v 12,

3.5V 34

4 ~v 35

2 4 v 35

48

None

Bent Cylinder

Bent Cylinder
for Vertical
Focusing,
Pt-cated
Fused Quartz

None

None

Cylinder,
Fused Quartz

None

None

Currently None

Quartz (plane)

Vacuum

Helium

Vacuum
(line)
He (mono-
chromator)

Vacuum

Vacuum

Vacuum
and He

Vacuum
Vacuum

Vacuum

Vacuum




Table 2 VUV and SoftAX—réy beam lines and optics

Monochromator Pre - Mirrors Refocusing Mirrors
. - 1)‘

Branch Monochromator Grating Groove Blaze Resolution Wavelength Type Radius of Angle of Material Coating Dimensions Horizontal Type Radius of Angle of Material Coating Dimensions Beam Size
Beam (Crystal) Density (A) Range (A) Curvature Incidence Material (mm) & Vertical Curvature Incidence Material (mm) (mm)
Line (% /mm) (mum) Acceptance (mm)

(mrad)
" T
BL-1A Grating/Crystal Au-Coated 1200 A/AA v 2000 2 ~ 2000  Paraboloidal 89° Fused Pt 500*%80%x50°  4.0"x0.5Y  paraboloidal 89° Fused Pt 500t xg0¥x508 4V
(NTT) Monochromator Original . Quartz Quartz
InSb(111) 2d=7,4806 A B
S1(111) 2d=6.27064 A
h

BL-1B Filtered White Plane 88° ~ 89° siC 1.2"%4.07 19 mud

(NTT) )
= ° h v I v

BL-1C Filtered White Toroidal 36 Fused Pt 2.0 %4.0 2%10
(NTT) Quartz

BL~2A Double Crystal InSb(111) 2d=7.4806 A 7.3~ 2.0

Monochromator

with Constant

Exit Beam
BL-2B;  Fresnel Zone Plate 30 v 15 Plane S 88" $iC Pt 120%x60"x15" B

Microscope

* R o L \ A h v

BL~2By 10m Grazing Incidence  Hitachi 2400 8 AX=0.004 A, 6~ 25 Plane 86.85° ~ 88.83 sic Pt 1207%60 %15 0.14 %0.4

Monochromator with Au-Coated 1200 16 AX=0.008 A 6 "~ 50 Concave 8903 89° Pyrex Pt 90¢X15t

Fixed lncidence Angle Replica for 10u-10u Concave 7527 89° Pyrex Pt 907 =15

of 89° (pyrex) Slits

BL~7A Grazing Incidence Plane 1200 A/BX ~ 500 12 ~ 1200 Bent R=7.83x10% 1.6° Quartz Pt 750%140%30 6x1 Toroidal R=2.58%10" 1.7° Quartz Pt 200%60%18 2%1
(RCS) Au-Coated Cylinder p=420 p=0.09

(Hitachi)

BL-7B Im Seya-Namioka Concave 1200 380 A/AN > 1000 275 ~ 2500 Cylinder 1600 15° Cu Pt 250%80=30 6x4 Toroidal R=2510 10° Quartz Pt 60%80%20 1x1

(RCS) Au-Coated 2400 960 p=200
(Ritachi, B&L) 1600
X - £l

B1-8A Grazing Incidence Plane 2400 5 AJBA N 10 3 7 ~ 100 Plane ® 1° Quartz Pt 400%x170%40 0.5°%1.0" Bent 6.5%10" 1° Quartz Pt 160%50%5 5%1

(Ritachi) Self-focusing 800 80 80 ~ 300

BL-8B Double Crystal InSb(l11) AfBA N 1073 0.04 ~ 1.5 Toroidal R=1,6%103 5 mrad Quartz Ni 500%120%30 6%2
(Hitachi) Beryl(1010) p=1,7%102

81(220), (422)
BL-9A Plane ® 0.85° 8iC 400%170%40 5x%0.33
(NEC) Cylinder 309.5 - 0.85° sicC 400%170%40 5%0.33
* t h
BL-11A  Grasshopper Mark VII  Hitachi 2400 16.6 AX=0.02 A, 10 ™ 145 Spherical 360000 88° Fused Pr 400%x170%x40%  1.3"x0.4Y Bent RV3000 89° Pyrex Pt 220" 24%x6t 80, 3Y
2m Grazing Incidence Au-Coated 1200 33.3 AX=0.04 A 10 v 290 Quartz . Cylinder
Fixed Incidence Angle  Replica for 10u-10m Spherical 28000 88° Fused Au 300
of 88° (2GH) (Pyrex) Slits Quartz
BL~11B Double Crystal Ge(111) 2d=6.53 A AE=leV at 2KeV 2.7 ™~ 6.2 Bent p=300 89° Fused Pt SSOLXIAOWXBOt A.OhXO.Gv thlv
Monochromator InSb(111) 2d=7,4806 A AE=0.8eV at 2KeV 3~ 7 Cylinder R~950000 Quartz
(Dx) Beryl(1010) 2d=15.9 A AE=0,6eV at 1KeV 8 v 16
BL-11C  lm Seya-Namioka Hitachi 2400 785 AX=0.3 A at 500 A 400 ™~ 1500 Plane 77.5° siC none 2501xIOOWXAOE 4.8"3.0" Toroidal p=2000 72.5° Pyrex Au 90" x50%x 10" ~1g
Constant Deviation Au-Coated 1200 785 for 50u~50u Slits 400 ~ 3000 Concave 5600 42.5° Fused Pt 100 7%1007%20 R=125
of 70° (SSN) Replica Quartz
Hicachi 1200 785
Al-Coated
Replica




Monochromator Pre - Mirrors Refocusing Mirrors

Branch Monochromator Grating Groove Blaze Resolution Wavelength Type Radius of Angle of Material Coating Dimensions Horizontal Type Radius of Angle of Material Coating Dimensions Beam Size
Beam  (Crystal) Density (a) Range (A) Curvature Incidence Material (mm) & Vertical Curvature Incidence Material (mm) (mm)
Line ’ (% /mm) (am) ’ Acceptance (mm)

g . (mrad)
BL-11D  7m Grazing Incidence B & L 2400 32 A/BA ~ 1700 80 % 150  Cylindrical p=750 86° sic Pr 400%60%x40°  1.5"x2.0" Toroidal =400 77° BR-7 Au 60740105 0.5%x0.5"
Constant Deviation Hitachi 1200 116 for 251-251 120 ~ 300 Plane 86° Fused Au s0*x40"x10" - R=3100 '
Monochromator (CDM) Au-Coated 600 460 Slits 240 ™~ 600 Quartz N c
o+ B = 154° Replica Concaye 4000 86° BK~7 Au 50*%40"%10
BL-12A  lb Seya-Namioka BolL 2400 508 AA=0.4 A at 500 A 350 ~ 1000 Cylindrical  p=1850 8o° sic nome  250%x200%x40°  2.4"x1.5"  Plane —_ 80° Pyrex Pt 40*x40% 10" g
Constant Deviation Au-Coated 1260 536 for 100u-100u 350 ~ 2000 Spherical 6250 45° Fused Pt 1009x20t Toroidal p=340 70° Pyrex Pt 40™x40%x10"
of 70° (GSKW) Replica Slits Quartz R=2000
Plane — 80° Pyrex Pt 401x40wx10t
BL-12B B&l Plane 80° sic none  280°x100%x40°  5.0"x3.67
Pt—Coated 1200 1500 Concave 4321 35° Pyrex Pt 1107%20
Replica Concave 2188.5 45° Pyrex Pt 110%%20°
6.65n Formal B&L A/BA=2.5 x 105 A 400 ~ 2500
Incidence Off-Plane Os-Coated 1200 5500 at ~ 800 A
Eagle Mounting Replica
(6VOPE) Hyperfine
Os-Coated 4800 900
Replica
BL-12C Channel-~cut Double InSb(111) 2d=7.4806A 3~ 8 plane e 89° sic Pt 400x100x40 1.0HX0.6v
Crystal or white

BL-16U Grazing Hitachi 1200 42.15 A/AX>1000 20 ~ 300 Spherical 205294 87° sic Pt 500x50%40 1.74x0,24 Bent Cylinder p=52.4 86.22° Quartz Pt 220x30x%8 Arb.
(under Incidence Au-Coated plane Quartz Pt 100%x40%15
construc— Replica Sphelical 1796 87° Quartz Pt 100%40x15
tion (Concave)

BL-17C Plane A 0.6° v 1° Quartz Pt 500x130%30 1.0%0.57
(Fujitsu)

* nominal value
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2.

LIST OF APPARATUSES

Format
Name of apparatus

1. General characteristics

2. Accessories

3. Other features

4, Typical Experiment

5. Station used

6. Responsibility

7. Pages in (A) "Act. Rept. 82/83", (B) "Act.
Rept. 83/84" (c) '"Act. Rept. 84/85" and (D)
"Act. Rept. 86" describing the details

X-ray

(a) X-ray fluorescence spectrometer

1. Energy dispersive type spectrometer.
Equipped with a Si(Li) detector.

Elemental analysis with very high sensi-
tivity.

2. X-Z scanning sample stage.

3.

4, Trace element analysis of semiconductor,
ceramics,sea water, human tissues etc.
Surface elemental analysis of semiconductor.

5. BL-4A.

6. A. Tida

7. V-23 in (A)

(b) Monochromatic X-ray irradiation system for
radiation biology studies

1. Usable wavelength region, 0.8 A - 3.0 A.
Beam size, typically 30 mm(H) x 3 mm(V).

2. X-Z sample scanning stage.

Ionization chambers for measuring X-ray
intensity.

3.

4, Studies on Auger enhancement of Bromine atom
using various biological samples.
Wavelength dependence of radiation effects
on biological samples.

5. BL-4A.

6. K. Kobayashi

7. V1-21 in Act. Rept. 84/85.

(c) X-ray diffractometer for liquids and melts

1. Collects intensity-data for radial dis-
tribution analysis for non-crystalline
materials such as gases, liquids, melts and
glasses.

2. 6-20 goniometer with monochromator and
analyzer,

Single-crystal monochromator with quartz and
B-alumina.

Double crystal monochromator with S1i(111).
Keramax furnace

3.

4, Energy-dispersive study of gas and liquid.
Angle-dispersive study of liquids, melts and
powder crystals.

5. BL-4B.

6. K. Ohsumi

7. V-24 1in (A)

94

(d)

[ IV,
U

(2)

w N
. .

~N oo
.

(h)
1.

Four-circle Diffractometer with a Crystal

Analyser

Enables high resolution measurement, in
momentum and energy, of internsity
distribution. Intensity measurement from

the samples at high pressures or at low
temperatures is also possible.

Liquid nitrogen cryostat,

High resolution measurement of diffuse
scattering intensity, pressure dependence
of commensurate-incommensurate transition.
BL-4C.

S. Kishimoto

p.-160 in (D)

Focusing Weissenberg camera with multi-
layer-linescreens

Useful for high resolution macromolecular
crystallography.

High signal-noise ratio.

Equipped with multi-layer-line screens.
Cooling unit by N, gas.

Wide range of w-axis rotation.

Wide 26 range.

X-ray structure determination of macro-
molecular crystal (insulin, actin-DNise I
complex, Plasminostreptin, etc.)

BL-6A,.

N. Sa%abe

VI-5 in (A)

Multi anvil high pressure X-ray system
Maximum pressure 13 GPa.

Maximum temperature 1700°C.

Sample volume (typical) 2 mm¢ x 3 mmh.

Uses white X-ray.

Two axis goniometer.

Handy type SSD.

Best quality in the world for this research
field.

Compressibility of Au at
temperatures.

Time resolved observation of B1-B2 transi-
tion of BasS.

BL-14C.

T. Kikegawa

V-26 in (A)

room and high

Low temperature X-ray diffractometer
Equipped with a three-axis goniometer
(w,20,x) mainly used for low temperature
(%0.3 K) X-ray diffraction,

Some types of refrigerators and magnets.
Available addendum limited to 500 kg in
weight.

Pelels transition in Ko 3MoO3

BL-6C .

T. Nakajima

V=25 in (A)

EXAFS spectrometer (II)

Designed for X-ray absorption spectroscopy
in transmission mode and 1in fluorescence
detection mode.

Control and data acquisition system.

Closed cycle refrigerator.
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(m)

The beam height measured from top of
optical bench 1s the same as that of
BL-10RB.

EXAFS

BI.-7C.

M. Nomura

Vertical-type four-circle diffractometer
Used for crystallographic studies and
scattering experiments.

Large X-circle (280 mm¢).

Control system with MELCOM 70/30.
High-temperature furnace.

X-rays film cassette.

Study on anomalous scattering effect.
BL-10A.

S. Sasaki

V-27 in (A)

EXAFS Spectrometer (I)

Dedicated to X-ray absorption spectroscopy
High-resolution.

Easy operation.

Control system with a microcomputer (SORD
M-223).

Closed cycle refrigerator.

Reaction chamber for catalyst.

Furnace.

EXAFS

BL-10B.

A. Koyama, M. Nomura
V-8 in (A)

Small angle X-ray scattering equipment for
solutions (SAXES)

Dedicated to small-angle scattering for
solutions, synthetic polymers.
Stopped flow apparatus.

Temperature jump apparatus.

Flash light for specimen.

Uses monochromatic beam from the
installed at BL-10C.
Measurements for Bovine
Lysozyme, Tobacco Mosaic
Membrane, etc.

BL-10C.

K. Kobayashi

V-29 in (A)

optics

Albumin,
Purple

Serum
Virus,

Ultra-high vacuum X-ray diffractometer
Ultra-high vacuum with cryo-pumping system.
Equipped with X-ray diffractometer and LEED
optics.

Super precision goniometer
torsion mechanism.
Microcomputer control system.
Nal scintillation counter system and SSD.

using elastic

Study on Si(7*7) structure.

BL-10C.
T. Ishikawa
V-34 in (A)

Time-Resolved X-ray measurement system with
ID-PSD

Time resolution up to 1| msec.

Either 256 ch. * 191 frames, 512 ch. x 95
frames, or 1024 ch. * 47 frames.

Fast data acquisition up to | MHz.

(n)
1.

95

I.SI 11/23 computer.

CAMAC modules (Time to Digital Converter,
Histogramming Memory, etc.). o
Uses monochromatic X-ray (A=1.5A).
Measurements on frog skeletal
purple membrance, Ribosome, etc.
BL-10C, BL-15Al.

Y. Amemiya

V-35 in (A)

muscle,

Horizontal-type four circle diffractometer
Specially built, but having a conventional
diffractometer configuration.

Fully computer-controlled for
tunable and precise diffraction
collection.

Computer-controlled alignment carriage with
5 stepping motor driven axes, on which the
diffractometer is mounted.

Rotation camera.

MELCOM 70/60 minicomputer with OPTRONICS
film scanner.
Mechanical
1EEE-488 bus.
CAMAC and NIM measuring system.

Crystal structure analysis of antibiotics,
biotic metabolitos, proteins, etc.

BL-14A.

Y. Satow

V-30 in (A)

rapid,
data

control interfaced through

High-speed X-ray topography Camera

Equipped with two X-ray TV cameras.

Maximum load of 30 kg on sample goniometer.
Facilitates simultaneous observation of two
different Laue spots.

Microcomputer system (AIDACS-3000).

Image processor TF4110.
Work shutter for variable
(0.1%9,.9sec).

1 arc sec accuracy of 8-rotation.

Ample space around the specimen position.
Melting process of GaAs.

Magnetization process of Fe-3% Si, etc.
BL-15B, BL-14C.

H. Kawata

V-31 in (A)

exposure time

X-ray diffractometer for gasses
Equipped with horizontal -28
goniometer.

X-¢ circle motion available.
Gas cell with bolling system.
Gas cell for pressure tight experiments.
Incident beam monitor with SSD.

Uses white beam for energy-dispersive
method. Uses monochromatic beam for angle-
dispersive method.

Angle-dispersive X-ray diffraction and
Compton scattering study of carbon dioxide.
BL-15C, 14C,

T. Mitsuhashi

VI-172 in (B)

two-circle

Three-axes X-ray Diffractometer

Equipped with three precision goniometers
(Huber 410, 420, and 440).

Scintillation counter.

SSD with MCA.

Asymmetry cut plane monochrometer.

Having precision of 0.36 arc sec per pulse.



Phase-contrast microscopy.
Development of application to
diagnosis.

BL-15B.

H. Kawata

v-32, V1-97, V1-98 in (A)

medical

Precision X-ray optics

Goniometer assembly dedicated to precision
diffraction study such as double-, triple-,
and more than triple-crystal diffractometry
and topography.

Microcomputer control system.

Nal scintillation detector system.
SSD and MCA.

Ionization chamber for monitoring.
Room temperature controller.
Experimental table with air springs

1 arc sec accuracy for full rotation.
0.1 arc sec accuracy within 6°
tangential bar system.

Employs super-precision rotation mechanizm
with elastic torsion and PZT.

Detection of polarization rotation under
magnetic diffraction condition.
Structure analysis of epitaxial
substrate 1interfaces with
method.

BL-15C.

T. Ishikawa

V-33 in (A)

using

layer/
standing wave

Rapid acquisition system of two dimensional
images for medical application
Dedicated to development of
diagnosis using two—-dimensional
acquisition system.

Large exposure area (70 mmH x 120 mmV) f{s
obtained by asymmetrical reflection from a
crystal.

Usable energy is 33 KeV % 3 KeV.
Two-dimensional detector system
metal image intensifier (I.I.).
Polished Si single-crystal monochromator
with 311 reflection.

7 scanning table detector and sample.

X scanning stage for sample.

medical
image

using a

Studies on medical application to diagnosis
such as angiography, K-edge subtraction and
computed tomography.

AR-NE4AL.

K. Hyodo

EXAFS spectrometer (NEC)

Designed for X-ray absorption spectroscopy
in transmission mode and 1in fluorescence
detection mode.

Control and data acquisition system, closed
cycle refrigerator (GK s T £ 300 K).
Focused beam 1s available.

EXAFS.

BL-9C.

High-precision Triple-Crystal X-ray
Diffractometer (NEC)

Equipped with three crystal stages whose
height can be changed. Mainly used for a
grazing incidence diffraction, X-ray
topography.
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Two high-precision goniometers (0.01"/pulse
for 9, 0.004"/pulse for 20), two 220¢
goniometers (0.0002°/pulse for e,
0.0004° /pulse for 28), a 400¢ goniometer
(0.002°/pulse for ©), a goniometer for
grazing incidence diffraction.

X-ray topograph.
diffraction.
BL-9C.

Grazing incidence X-ray

Six-circle-X-ray diffractometer (NEC)
Useful for a study of crystal structure for
single crystal under various conditions
(pressure & temperature).

Closed cycle refrigerator (13 K 2T £ 300
K), image furnace (300 K £ T £ 800 K).
Single crystal X-ray diffraction. Diffuse
scattering.

BL-9C.

Soft X-ray and VUV

(a)

Monochromatic soft X-ray irradiation system
for radiation biolog¥ studieg

Usable wavelength 3 A~ 6.5 A.

Beam size, typically 7 mm (H) x 4 mm (V).
X-Z sample scanning chamber.

Biological effects of soft X-ray resonance
absorption around the K-shell absorption
edge of phosphorus.

BL-1B.

K. Kobayashi
in (D)

Gas phase resolved
spectrometer

Ultimate pressure 5 x 10 ® Torr.

Equipped with a conventional hemispherical
electrostatic analyzer and with a position-
sensitive parallel-plate electrostatic
analyzer.

Sample-gas inlet system.

A sample gas 1is confined in a gas cell.

The measurements of absolute intensity and
polarization of synchrotron radiation from
the undulator.

angle photoelectron

BL-2, BL-12A,
A. Yagishita
V-42 in (A)

VUV and Soft X-ray Reflectometer
Equipped with a goniometer,
accurate incidence angle (30 sec).
Up to 89.4° incidence angle.

Easy optical alignment.

FEasy sample exchange.

High vacuum (2 x 1079 Torr).

insuring

Equipped with ports for vacuum evaporation.
Optical constants of mirror materials.
Surface roughness.

BL-11A.

T. Miyahara

V-41, VI-78 in (A)



(d)

(g)

(h)
l.

UHV  experimental chamber for
measurements I.

Ultra-high vacuum (1 x 10719 Torr).
Fquipped with an electron-beam gun for
evaporation of samples.

Equipped with a quartz oscillator capable
of being cooled to LNT.

Sample holder with an adjustable linear
motion, capable of being cooled to LNT.
Designed mainly for very reactive metal
samples,

Absorption measurement of alkali metals,
alkali metal alloys, and rare earth metals.
VI-114

BL-11C, DBL-11D.

T. Miyahara

VI-82 in (A)

absorption

Apparatus for ARPES experiment for solid
state

Base pressure 5 x 10711 Torr.

Equipped with a hemispherical analyzer

mounted on a two axls rotation mechanism.
Some equipments for sample preparation and
characterization.

Sample bank and transfer system.

Sample gas inlet system.

Mainly for angle-resolved photoelectron
spectroscopy (ARPES) of single crystals.
BL-11D.

H. Kato
V-10 in (B)
Time-of flight spectrometer for photoion

measurements

Ultimate pressure 5 x 108 Torr.
Electrostatic lenses satisfying the
conditions of single-field space focusing
for threshold electrons and double-field
space focusing for ions.

Furnace to evaporate alkali-and
alkaliearth-metals.
The measurements of single and double-

photoionization cross
Sr.

BL-12A,

A. Yagishita

V-40 1in (A)

sections of Ca and

Multi-technique surface
(NTT)

Surface analyses such as photoemission
spectroscopy, surface EXAFS, AES, SIMS,
LEED EEL5 and 1SS in conjunction with an
MBE chamber.

CLAM analyzer, angle-resolved electron
analyzer, LEED optics, Q-mass filter, X-ray
source, ELS electron gun, auger electron
gun, He don gun.

analysis system

Surfaces and Interfaces of semiconductors
and superconductors by using SRPES and
SEXAFS.

BL-1A.

M. Oshima (NTT)
p.144-117 in (D)

Angle resolved electron spectrometer (RCS)
Electron spectroscopy for surface studies.
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Low energy electron
electron spectroscopy,
tools.

Based on beam line ADES 400 of V.G.
Photoelectron spectroscopy, surface EXAFS.
BL-7A and 7B.

H. Namba (University of Tokyo)

diffraction, auger
surface preparation

X-ray lithography (Fujitsu Lab.)
X-ray lithography.

Low-pass mirror, Energy dispersive
spectrometer with a S1(L1) detector.
White beam is available.

X-ray lithography.

BL-17C.

type
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