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I. PREFACE

This volume covers the third-year activities
of the Photon Factory, as it was opened as a
national synchrotron radiation faciclity produ-
cing abundan photons from ultraviolet through
hard x-rays. The number of users from all over
the universities and governmental institutes
already overflowed from our computer memory limit
of 1000 registrations at the end of 1984, and
about 250 experiments proposed are being carried
out in 1985. Such busy programs of experiment
have been neatly performed with stable machine
operation achieved by the accelerator crew.

The total operation time limited by the
budget of FY 1985 was 2600 hrs, increasing by 400
hrs from that of the previous fiscal year. This
increase led to accelerator operation in a two-
week mode; the storage ring is operated con-
tinuously for 240 hrs per two weeks from Wed-
nesday morning through Saturday moring of the
next week. About two thirds of the operation
hours were devoted to users: experiments, and the
rest was spent for tune-up of the machine and
accelerator studies.

The linear accelerator, serving as the inje-
ctor of the Photon Factory Ring and 6 GeV Accumu-
lation Ring of TRISTAN, has been operated more
stably by improving the whole system including
assembly of the high power klystrons.

Positrons are essential to the colliding
beam facility, TRISTAN. They are also benefit to
the Photon Factory; positron beams do not trap
positive ions or positively charged fine
particles as do electron beams, and a good beam
stability of the ring can be achieved by positron
storage. For these purposes, the final
assembling of the positron linac was completed by
the end of March, and the first positron beam
with a current of 2.3 mA was successfully accele-
rated to the energy of 250 Mev. Acceleration up
to the energy of 2.5 GeV and test operation of
the PF Storage Ring with positrons is scheduled
at the end of 1985.

The light source, 2.5 GeV electron storage
ring has been running stably through the year
without any significant accidents. A very nice
record was established that the operation time
consumed by machine failure was only 0.7 % of the
total. Various types of instabilities were over-
come, and a beam life time as long as 13 hrs at a
storage current of 150 mA was achieved even with
operation of the vertical wiggler at a field
strength of 5 T. As the next stage of develop-
ment, efforts have been made to increase the
stored current, and the ring was operated suc-
cessfully at 450 mA with a beam lifetime of 200
minutes when the electron energy was 2.05 Gev.

Various experiments as reported in this
volume were carried out in the 25 stations on the
9 beam lines. The wiggler was opened for general
users from the fall run 1984 in operation
compatible with experiments at the rest of beam
lines. Operation time of the wiggler amounted to
61 % of the total time of the ring operation.
The wiggler beam line has been very busy,

throughout the year, with experiments of X-ray
topography, stugture analysis under high-pressure
ambience (2X10° atmospheres), angiography, and
protein crystallography. The 120-pole permanent
magnet undulator was also powerful in trace
impurity analysis of 1ight elements, X-ray micro-
scopy, atomic and molecular photoionization. Al1l
these experiments have demonstrated importance of
insertion devices.

Participation from industry is enhanced in
1985. During FY 1984, 1125 station-hours in
total were devoted to 36 experiments for the
following items; 2 for lithography, 2 for photo-
reaction crystal growth, 5 for crystalline
imperfection, 6 for impurity analysis, 13 for
catalysis and amorphous materials by EXAFS, and 8
for miscellaneous. InFY 1985, 22 applications
have been received by the end of October and the
sum total amounted to 1059 station-hours.

The joint research programs between KEK and
industry were also enlarged; 5 programs were
executed in 1984, Now, 8 programs are running on
various subjects such as characterization of
semiconductor crystals and devices. KEK’s
partners are Nippon Electric, Hitachi,
Mitsubishi, Fujitsu, Toshiba, Sanyo, and so on.

The experiment in the PF started with 8 beam
lines having branch lines since it was opened to
users. Now, new beam lines, BL-7, BL-8, and BL-
27 have been constructed in collaboration with
the Research Centre for Spectro-Chemistry of
Faculty of Science, University of Tokyo, Hitachi
Works> group, and KEK/HITACHI joint research
group for development and evaluation of optical
elements, respectively. Four beam lines are
under constraction; BL-6 and BL-16 by KEK, BL-9
and BL-17 by Nippon Electric and Fujitsu,
respectively. In FY 1986, two beamlines, BL-5
and BL-19, are expected to be approved for KEK.
The Photon Factory ring has 28 bending magnets
and 24 of them are ready for extracting
radiation. Now, 18 beam ports will be occupied
at the end of FY 1986.

The third annual users> meeting was held
with 250 participants in November 1985. 133
papers were presented in the Poster Sessions.
Future plan such as improvement in emittance was
the subject of hot discussion.

To keep close communication between the in-
house staff and users, the Jjournal "Photon
Factory News" has been published five times a
year with about 40 pages for each issue.

We would like to acknowledge kind coopera-
tion of visitors from outstanding laboratories
abroad. They are Dr. Alastair MacDowell from
Daresbury Laboratory, and Prof. H. Winick from
SSRL. Their interactions with our stuff were
very beneficial and fruitful.

On behalf of all the PF staff members and
users, I would record here our warmest acknow-
ledgements to Prof. Sasaki, the former director,
for his great contributions to the Photon Facto-
ry. Professor Sasaki recognized importance of
synchrotron radiation very early and built a UV
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ring in the Institute of Nuclear Study in 1974.
This is one of the oldest dedicated machines in
the world to my best knowledge. He joined the PF
in 1980 and continued his enthusiastic endeavour

to bring the PF to completion until his
retirement at the end of March, 1985. Our
activities today are owing to his outstanding
leadership.

Jun-ichi Chikawa
Director



II. ORGANIZATION AND OPERATION

1 Organization

The functional organization and structure of
three Departments in Photon Factory, 1i.e.,
Injector Linac, Light Source and Instrumentation
Department is shown in Fig. 1 , along with
members of Advisory Council of Photon Factory and

Photon Factory Program Assessment Committee (PAC)
as of August in 1985. One of changes is that at
the expiration of the term of ex-Director in
Photon Factory, Prof. Chikawa arrived at its post
in April of 1985. There has been a slight
gradual increase in members of subdivision in
each Department.

Fig. 1 Organization and members of the Photon Factory
Injection A. Asami
— System Y. Ogawa
S. Ohsawa
Accelerator 1. Sato
Guide H. Matsumoto
| A. Enomoto
K. Kakihara
Injector Linac
— —_— RF Source S. Anami
J. Tanaka S. Fukuda
T. Shidara
- Y. Saito
H. Hanaki
N. Matsuda
H. Honma
K. Nakao
Director Control K. Nakahara
| Y. Urano
J. Chikawa I. Abe
Y. Ohtake
Magnet & Orbit M. Kihara
r— Y. Kamiya
_A. Araki
Advisory Council
of Photon Factory KF H. Kobayakawa
|| M. Isawa
Prof. S. Akimoto, Univ. of Tokyo S. Sakanaka
Prof. Y. Iitake, Univ. of Tokyo S. Tokumoto
Prof. T. Ishii, Univ. of Tokyo
Prof. T. Ito, Univ. of Tokyo Vacuum M. Kobayashi
Prof. H. Inokuchi, —t H. Kitamura
Institute for Molecular Science Y. Takiyama
Prof. N. Kato, Nagoya Univ.
Prof. H. Kuroda, Univ. of Tokyo Light Source Control, Monitor S. Shibata
Prof. T. Sagawa, Tohoku Univ. — — T. Katsura
Prof. M. Tokonami, Univ. of Tokyo K. Huke C. 0. Pak
Prof. T. Mitsui, Osaka Univ. — N. Kanaya
Prof. A. Asami, Photon Factory K. Haga
Prof. M. Ando, Photon Factory T. Igarashi
Prof. M. Kihara, Photon Factory A. Mishina
Prof. I. Sato, Photon Factory
Prof. S. Shibata, Photon Factory Beam Channel S. Sato
Prof. J. Tanaka, Photon Factory ] T. Koide
Prof. T. Namioka, Tohoku Univ.
Prof. K. Huke, Photon Factory Injection, T. Yamakawa
Prof. T. Yamakawa, Photon Factory — Wiggler T. Mitsuhashi
Prof. N. Sakabe, Photon Factory T. Shioya




(continued)
VUV and Soft T. Ohta
Photon Factory X-rays T. Miyahara
Program Assessment ] H. Maezawa
Committee K. Itoh
A. Yagishita
Prof. H. Iwasaki, Tohoku Univ. H, Kato
Prof. J. Ikeda, Osaka Univ.
Prof. T. Ohi, Kyoto Univ. Instrumentation X-rays N. Sakabe
Prof. S. Okada, Univ. of Tokyo = M. Ando
Prof. H. Kamimura, Univ. of Tokyo J. Chikawa T. Nakajima
Prof. T. Namioka, Tohoku Univ. T. Matsushita
Prof. T. Shida, Kyoto Univ. Y. Satow
Prof. S. Sugano, Univ. of Tokyo - S. Sasaki
Prof. S. Minomura, Hokkaido Univ. Y. Amemiya
Prof. F. Marumo, M. Nomura
Tokyo Institute of Technology N. Kamiya
Prof. Y. Yamada, Osaka Univ. T. Ishikawa
Prof. J. Tanaka, Photon Factory H. Kawata
Prof. K. Huke, Photon Factory
Technical A. Mikuni
Support A. Koyama
B T. Kosuge
A. Toyoshima

Table 1

Change of running proposals

Scientific proposals

1983
1984
1985

Scientific proposals submitted by users,
which were reviewed and rated by PAC, based
largely on reports obtained from outside non-PAC
referees, are constantly increasing from year to
year as in Table 1. The PAC meets twice yearly,
generally in March and September. Deadlines for
receipt of proposals for full consideration at
the forthcoming PAC meeting are the middle of
January ‘and the middle of July in each year. The
allocation of experiment time for approved
proposal is valid for twenty-four months.

Since 1983, users meeting jointly with PF
staffs have been held annually toward the end of
fall in every year. As is called by the name of
"Photon Factory Symposium'", one of main purposes
is that users should present progress reports on
their own running proposals in this one year
independently of completion or incompletion of
them. The 3rd Photon Factory Symposium was held
this year (1985) on November 3-rd and 4-th.
Approximately 250 persons with 130 reports almost
in progress were in attendance in spite of ideal
weather for an outing in two consecutive
holidays. In addition to users' reports
presented in two poster sessions which were
followed by discussion sessions guided by the
chairpersons, there were held three hot panel

discussions on stabilization of 1light source,
near future project in view of present PF
utilization, vision of earthly synchrotron

radiation etc. The program for the Symposium and
the authors' abstracts in Japanese are available
in every time as a special issue stored in PF

101
189
255 (as of August, 1985)

bureau.

Photon Factory Symposium, that meets once a
year as Star Festival, has produced many valuable
remarks and orientations in all aspects of PF
operation, improvement, development, and plans of
PF for future. Almost concurrently with
arrangements for Photon Factory Symposium, a
periodical "Photon Factory News (ISSN 0288-691X)"
written in Japanese has started and played a part
to cultivate the germ of the cooperation spirit
between users and PF staffs. It has been issued
bimonthly up to #5, vol.3 in back number as of
October, 1985, fulfilling an important role both
nominally and virtually. From now on, events of
PF whether large or small will be clonologically
etched on "Photon Factory News'.

Symbolic cover mark of Photon Factory News



2. OPERATION

Generally there have been three dedicated
runnings to experimental groups a year, i.e.,
spring cycle, fall cycle and winter cycle.
Until this winter cycle, Photon Factory had been
operated in weekly running mode as reported in

Since spring cycle in 1985 FY over 2600 hrs per
year as in Fig. 2 Photon Factory has been
operated in both modes, that is, a 96 hour,
five-day week mode and two 240 hour, eleven-day
week mode as shown in Table 2.

Figure 3 shows the plan of the experimental
hall in Photon Factory, adding the new beam lines

Activity
changing operation time are depicted in Fig. 2.

Report

1982/83.

Details of ever

which are mostly under

examination now.
Table 2 Operating schedule

A 96 hour, five-day week schedule

Sun. Mon. Tues. Wed. Thur. Fri. Sat.
A * * * U U U M
B * * T U U M *
C * * ) U U M *

Two 240 hour, elever-day week schedule

and the placement of their experimental stations
construction

Sun. Mon. Tues. Wed. Thur. Fri. Sat. Sun. Mon. Tues. Wed. Thur. Sat.

A * * * * M U ] U U M U U M
B * * * T U U U U M U U U *
Y * * * M U U U U M u U U *

A: 1:00 a.m, - 9:00 a.m.

B: 9:00 a.m. - 5:00 p.m.

C: 5:00 pom. - 1:00 a.m.

M : Machine study, U : Users beam time

T : Tuning

hrs
3000

"f_ring operation time

2500

user time

2000 |

(65 % of total operation
time)

net user time

(88 7% of user time)

1500

wigqgler operation

(50 % of net user time)
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from compilations kindly furnished by Prof. K. Huke.
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2A
4A
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Solid Surface Analysis
X-ray Lithography
Photo-Chemical Reaction Experiment
Undulator Experiment

Dispersive EXAFS

Ultra-Trace Element Analysis

X-ray Diffraction by Liquid and Melt
X-ray Camera

X-ray Diffraction under High Pressure
X-ray Diffraction at Low Temperature
Soft X-ray Photoemission Spectroscopy
(Plane Grating Monochromator)

Surface Photo-Chemical Reaction

(1 m Seya-Namioka Monochromator)

EXAFS and X-ray Diffraction

Soft X-ray Solid State Spectroscopy
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EXAFS (Double Crystal)

X-ray Lithography

X-ray Tomography

Crystal Structure Analysis (Minerals)
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Fig. 3
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Plan of the storage ring and
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VUV Gas Spectroscopy
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VUV High Resolution Spectroscopy
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(10 m Grazing Incidence)
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High Speed x-ray Topography

X~-ray Radiography

X-ray Diffraction by Gas

X-ray Topography

X-ray Interferometer

Radiation Effect on Cells

High Resolution X-ray Diffraction
X-ray Beam Monitor

the experimental hall.









1. Introduction

The 2.5 GeV injector linac has been reliably
operated and has stably provided 2.5 GeV electron
beams for the PF 2.5 GeV storage ring and the
TRISTAN Accumulation Ring (AR) during FY 1984.

As a beam lifetime of the PF ring was
increased over 10 h, a frequency of the injection
to the PF ring has been reduced to a few times
per day. In the remaining times between the PF
injections, the linac beams have been injected
into the AR, in which the wmost part of
accelerated and stored beams has been used for
calibration of numerous detectors for the TRISTAN
experiments and for machine study of the AR.
Consequently, the injection frequency for the AR
was very high; typically it was a few times per
hour.

During FY 1984, total operation time of the

linac including accelerator study time of the
linac itself was over 2,500 h (Table 1.1). As an
increase of the operation time has gradually

loaded on the linac staff, substantial improve-
ments to facilitate the operation and the
maintenance had to be made.

In the ordinary beam injection into the PF
ring, the long pulse beam (0.2 - 0.8 us, 30 - 50
mA and 1 pps) is provided for the multibunch mode
operation; on the other hand, the short pulse
beam for the AR (1.5 ns, 100 mA and 1 - 10 pps)
synchronized with rf of the AR is required for
the single-bunch mode operation. These two
operational modes are quite different for the
injector linac. Switchover between them must be
made as promptly, easily and reliably as
possible. To meet the requirements, the electron
gun system and the synchronized trigger control
system have been improved.

Internal arcing of the high power klystrons,
which has been the most serious problem for the
linac since the initial operation, 1s getting
Letter by improvements of the cathode assembly
and the production process of the klystron. With
this progress, the fault rate of the klystions
has been reduced from 3 times/h+4l klys. 1o 2
times/h+4lklys. during FY 1984,

Study of the high-power rf windows has been
remarkably advanced. A newly installed rf
ceramic window is liable to break, especially at
rapid rise of the rf power, due to a multipactor

effect. To reduce the breakdown rate, enough
high-power rf conditioning 1s necessary. A
properly deposited TiN thin film (%50 A thick)
was fairly effective to suppress the multi-
pactoring on the ceramic window surface.
Hcwever, the break such as puncture and fracture
of the windows due to the multipactoring depends
on microstructure of the high alumina ceramics as
well.

The studies of the high-power rf windows (rf
and mechanical structure, ceramic materials,
multipactor suppression films, etc.) are now
continued with every possible effort.

Fiscal year 1984 is the last year of the 3
years program of the positrorn generator construc-

tion. In the linac department, the construction
of the positron generator was well advanced
inspite of other heavy routine jobs such as

scheduled operation and maintenance of the PF
linac. The accelerator guides, focussing,
vacuum, beam transport and control systems were
all installed at their positions, and the final
assembling of the whole system was completed by
the end of March.

The first electron beam acceleration test
was performed in April 1984, and the first
positron beam was successfully accelerated to the
energy of 250 MeV in July. At the initial
positron generation the primary electron beam was
200 MeV, 1.6 A and 1C ns, and the accelerated
positron beam current was 2.3 mA.

In August, the positron beam current was
increased up to 2.8 mA, which corresponded to the
conversicn efficiency of 0.17 %. Acceleration of
the positron beam up to the energy of 2.5 GeV and
injection into the AR is expected in October.

Table 1.1 Summary of linac operation time.
PF Linac Positron Generator
Period Operation Time (h) Period Operation Time (h)

Period II. FY 1984

Oct. 2 - Dec. 22, 1984 284

Dec. 23, 1984 - Jan, 15, 1985 shutdown
Period III, FY 1984

Jan. 16 - Mar. 16, 1985 720 Apr. 13 - Apr. 18 30

Mar. 17 - May 7 shutdown
Period I, FY 1985

May 8 - Jul. 6, 1985 864 Jul. 19 - Jul. 26 120

Jul. 7 - Sep. 30 shutdown Aug. 7

SUM 2,568 SUM 150

Total (PF linac + Positron generator)

2,718 h



10

2. Electron linac
2.1 Operational status of microwave source

In the period from August 1984 to July 1985,
the microwave system had been run stably with the
total operaticn time of 2,600 hours (including
high power processing of main klystrons and
accelerator guides). The microwave drive system
composed of the main booster amplifier and 5
sub-booster amplifiers had operated satisfac-
torily. The modulators for the high power
klystrons had operated stably except for a few
small troubles. The major troubles of the
microwave source in this period were also the
high power klystron failures.

Fourteen klystron assemblies were replaced
with new ones. The details are as follows.

Three of them were replaced because of the
troubles of high power pulse-transformer
assemblies (two troubles duec to the filament

transformer and one due to water leak). Three
klystrons were replaced due to their instabil-
ities and one of them was installed again in the
klystror gallery after being tested at the
assembly hall. There were 8 failed klystrons.
The main causes of them were internal arcing (7
tubes) and window breakdown.

Table 2.1 shows the operational performance
of tubes during the past 4 years up to July 1985.
Seventy-two tubes have been used since 1982.
Twenty-eight tubes failed ir these periods and
their MTBF was 13,400 hours. The mean age of
living tubes was 6,200 hours and the mean age of
failed tubes was 3,600 hours.

Table 2.1 Cumulative usage hours during the past
4 years.
Peroid Total Failed Living MTBF
Tubes Tubes Tubes (h)
No. Mean Age No. Mean Age
1982/4-1983/3 53 11 1,300 42 2,900 13,500
1983/4-1984/3 63 20 2.300 43 4.200 11,200
1984/4-1985/3 70 25 3,100 45 5,800 13,600
1985/4-1985/7 72 28 3.600 4  6.200 13,400

Table 2.2 shows the more detailed analysis
about the operational status corresponding to
individual production years. This table also
shows that the main causes of the tube failures
were internal arcing and window puncture. Also
there is such a teandency that the MIBF increases
gradually year by year owing to improvements.

Table 2.2 Status corresponding to the year of production.

An Jmportant factor on the linac operation
is the klystron fault rate, btecause many favlts
lead to interruption of beam injection into the
PF ring or the TRISTAN Accumulation Ring. Table
2.2 shows also the fault rate corresponding to
each of the production years. Table 2.3 shows
the fault rate and the applied voltage from
October 1982 to July 1985. It indicates a
tendency that the fault rate decreases year by
year.

Table 2.3 Operational status (fault rate)}.

Period Fault rate  Average of applied
Year Month (per day voltage (kV)
per 41 tubes)

1982 10 - 12 3.5 236
1983 1 -3 4.4 238
5 -7 4.6 239
10 - 12 3.3 241
1984 1 -3 2.6 243
5-17 2.4 242
10 - 12 2.6 241
1985 1 -3 2.1 239
5-1 1.5 241

Some efforts to improve the tube have been
continued at the manufacturer. One of the main
improvements was made for processing of
production. Vacuum firing of the gun assembly by
induction heating were performed sufficiently for
outgassing by using oil-free pumps. The thermal
shield of the gun heater led drastically to the
improvement of the heater power-emission
characteristics. A double vacuum baking vessel
was also developed at the manufacturer, and
klystrons which were produced in the vessel will
be delivered in the near future.

""Standby" tubes are those waiting for

retesting. '"Unused" tubes are those which have not been used in the klystron gallery
at all.
Year No.of Living Tubes Failed Tubes
Total Mean Age(h) MIBF
Tutes gz;ﬁng No'o.f.u:z;w"kins F;:itd:;“ V?ll;;.;ge ::;:i Cause Failed Living (h)
Tubes  Standby Unused Pousitron Tubes Arcing Window Ochers Tubes Tubes
1979 4 9 0 0 0 —_ —_ 4 2 1 1 3,902 — 3,902
1980 20 7 1 n 0 .. 238 12 6 5 1 3,502 8,709 9,307
1981 20 11 1 7 0 0.7 240 8 4 2 2 3,676 8,901 17,028
1982 9 4 1 0 0 1.2 233 4 4 0 0 3,412 6,247 11,221
1983 13 11 0 0 2 1.0 241 0 0 0 [ -—_— 4,513 _—
1984 13 7 0 2 &4 0.4 245 0 0 0 0 —_ 1,454 _
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The intensity of the luminescence for this coated
window is lower than that for uncoated windows by
30 dB, and no heating is measured. Figure 2.16
shows the luminescence pattern for the window,
only a quarter of whose ceramic window surface
was coated by TiN film. The difference of the
luminescence intensity between the coated and
uncoated area is noticeable. Also the difference
of the electron bombardment effect on the ceramic
disk surface can be seen in Fig. 2.17. 1In the
coated area, there is neither yellow coloring nor
shiny stains. Thus, it can be concluded that the
TiN coating on the ceramic window suppresses the
multipactor.

(4) Sputter coating apparatus

To prepare the TiN coated ceramic disks for
the waveguide windows, a DC magnetron sputtering
apparatus has been designed and constructed. To
obtain the well-controlled TiN film suitable for
the rf window performance, it 1is necessary to
characterize the fundamental properties of the
film. The system 1is designed so as to make it
feasible to observe in-situ the surface in the
initial stage of the film growth and to analyze
the contents of the film without breaking the
vacuum. A schematic drawing of the apparatus is
shown in Fig. 2.18. The whole system is bakeable
to obtain the ultra high vacuum (UHV), and is
evacuated with a turbo-molecular pump, a Ti
sublimation pump and an ion pump. The ceramic
disk 18 thermally cleaned by a radiation heater.

The characterization of ceramic surface and the
coated film is carried out with an Auger electron
spectroscopy (AES) and an Ar ion gun. The AES
system can be separated by the gate valve during
sputtering in which pressure is about 1073 Torr.
The plasma can be characterized by a Langmuir
probe, a quadru-pole mass spectrometer and a
monochromator. The thickness of the film 1is
monitored by a quartz oscillator. The bias
potential of the ceramic disk can be applied by
the grid mesh located between a shutter and the
disk. After sputter coating, the system is again
reached to the UHV of 10”7 Torr and the AES
system can be operated. Figure 2,19 1is an
example of AES results observed for the TiN film
coated on the ceramic disk. The small peak of
carbon compared with the large peaks of Ti+N and
Ti indicates that the TiN film containing less
contamination can be produced with this
sputtering system.

fon-Gun

—

QMs

—

Langmuir Probe

? 1
\
Thickness Monitor

o=
Shutter

==

Fig. 2.18 Schematic drawing of DC magnetron sputter apparatus.

AES:

Auger electron spectroscopy; QMS:

quadru-pole mass spectrometer.
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Positron focussing system

The positron focussing system functions as a
phase space transformer between the diverging
large momentum beam emitted from the radiator and
the small transverse momentum beam matched to the
transport system of the accelerator; this phase
space diagram is shown in Fig. 3.7.

In the generator the focussing system called
the "quarter wave transformer" is adopted. This
system consists of a high-field, short-range
uniform solenoid and the following long low-field
uniform solenoid. Figure 3.8 shows an example of

P rmax
PHASE SPACE
ACCEPTED AT
RADIATOR
r
max
PHASE SPACE
ACCEPTED BY
LOW-FIELD SOLENOID
Fig. 3.7 Phase space diagram of the quarter-wave

radius, Pr:
positron

transformer; r: beam

transverse momentum of the
beam.
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Fig. 3.8 Measured axial field strength along the
beam axis, and computed beam envelope
of the matched beam.
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matched beam calculated for the field distribu-

tion shown in the same figure and the beam
parameters listed in Table 3.2.
Momentum acceptance of the quarter wave

transformer is shown in Fig. 3.9.

Positrons captured with the transformer are
focussed and accelerated to about 250 MeV at the
end of the positron linac; along the linac 8 sets
of triplets and one doublet are placed because of
the large emittance of the positron beam.

Table 3.2 Positron beam parameter.

Emittance 0.15 neMeV/cecm
Source radius 0.15 cm
Transverse momentum 1 MeV/c
Longitudinal momentum 9 MeV/c

1.0
= s
3
4w 0.5
=1
&
2 S
o
0 'l L L A [ A 1 n [l
0 10 20
POSITRON MOMENTUM (MeV/c)
Fig. 3.9 Energy spectrum of the positron beam

captured by the quarter wave trans-—
former when the field strength is 12 kG
and the effective length is 76 mm.

Beam transport between the positron linac and 2.5
GeV linac

Positrons accelerated to 250 MeV by the
positron linac are transferred to the PF 2.5 GeV
electron linac at the middle point of the Sector
1, where the electron beam from the gun of the PF
linac is accelerated up to the same energy as the
positrons. The beam transport 1line for this
transfer is 30 m long, and is composed of two 30°
deflecting magnets and quadrupole singlets as
shown in Fig. 3.10, which shows also a calculated
beam profile along the beam transport line.

Table 3.3 Beam switch yard parameters.

Momentum acceptance *4 7
Horizontal beam size 50 mm
Vertical beam size 20 mm
Positron beam energy 250 MeV
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temperature changes. So a new temperature
regulation system of cooling water for cavities
was installed to cure instabilities.

Stabilization of the transverse beam insta-
bilities by octupole magnets: Six octupole
magnets with an integrated strength of 200 T/m2-A
per magnet have been installed at diametrically
symmetric point of the Ring. In the routine
operation, these octupole magnets are used with a
current of 3 A and both of the vertical instabil-
ity caused by ion trapping and the horizontal
instability caused by a deflecting mode of the RF
cavity has been fairly suppressed at least below
150 mA of the stored current.

Observation of bremsstrahlung: Using a lead
glass Cerenkov counter, we have continuously
monitored bremsstrahlung coming out of the beam
position at the curved section of a bending

magnet. It was found that a burst of
bremsstrahlung yield was closely related to a
short lifetime mode in which the lifetime
suddenly became shorter though there was no

change in the measured value of the vacuum
pressure. There are many speculation about this
phenomenon, but further study must be necessary.
The two-beam instability caused by ion trapping
was also studied using the bremsstrahlung
measurement and we could observe the time rate of
ions trapped by electron bunches.

2.2 MEASUREMENT OF BETATRON FUNCTIONS

The betatron function is one of the funda-
mental quantities characterizing the motion of
particles in the storage ring. Therefore,
measurement and comparison with theoretical
values of actual betatron functions around the
ring is useful to confirm performance of the
storage ring.

There are two methods of measuring the
betatron function; the orbit deformation method
and the quad shunt method. The orbit deformation
method is that the closed orbit deformation is
measured at every location of position monitor,
when a steering dipole is excited to produce a
certain amount of deflecting angle. It is
necessary, however, to assume the phase advance
between the steering dipole and the position
monitor, to reduce to values of the betatron
functior from the measured closed orbit distor-
tions. Therefore, the orbit deformation method
has not been adopted in the present experiment.
The quad shunt method is the one that has been
commonly adopted. If the strength of a quadru-
pole magnet is changed by shunting the quadrupole
magnet current, the betatron frequency shifts by
Av according to the following relation

av = = [B(s)k(s)ds,

where k is a perturbation of the focal constant K
at the azimuthal position s with K = (1/B p)
(dB/dx). B(s) 1is the betatron function at the
location of s. 1If we assume that the betatron
function is constant over the quadrupole magnet,
one c3an estimate the value of the betatron
function at the position of the quadrupole by
measuring the change in the betatron tune when
the perturbation k 1is applied. Calibration of
the integrated field gradient versus current for
quadrupole magnets has been done in advance.
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Ambiguity in the absolute value of calibration is
of the order of 1 percent.

The shunt circuit actually used in the
present experiment 1s the electronic shunt
circuit which is commercially available as the

general purpose equipment <for testing power
supplies. It has a capability of shunting a
power loss of up to 300 W in the electronic

shunt,

The measurement of the betatron function has
been done at the rather small stored current of
20 mA, because the tune spread becomes wider at
larger currents. Sextupole magnet currents were
set zero during the experiment. But octupole
magnets that are normally used for providing
Landau damping were excited with 0.5 A, because
the wvertical instability occurs without them.
For a change in the quadrupole current of 10 A,
the change in the betatron cscillation frequency
is about 20 kHz for B ~ 10 m. Since a measure-
ment error of the betatron frequency is about 0.1
kHz, the estimated error of the betatron function
is around 0.1 m.

kesults of the measurcecment are shown in Fig.
1. 1In the figure are also shown the theoretical
values. The Photon Factory storage ring has the
superperiodicity of two, and each superperiod has
a symmetry point at the middle. As seen in Fig.

2.2.1, symmetry of the betatron function Iis
preserved in the actual ring.

When the vertical wiggler is excited,
however, it is expected that symmetry of the

betatron function arcund the ring must be broken
because of an introduction of local gradient
error due to the wiggler magnet. As described in
the Photon Factory Activity Report 84/85, the
tune shift is generated when the wiggler magnet
is excited. Since the wvertical wiggler is
essentially & set of rectangular magrets where
the magnetic field lies in the horizontal direc-
tion, the horizontal tune should change when the
wiggler is excited. Actually, the vertical tune
also changes because of sextupole field component
existing in the wiggler magnet. Effectively,
there are field gradient errors in both horizon-
tal and vertical directions at the location of
the vertical wiggler. Although it is desirable
to compensate the gradient error locally by
additional quadrupoles localized nearby, the tune
shift is at present compensated by changing the
strength of the focusing and defocusing quadru-
poles in the normal cells. As seen 1in Fig.
2.2.2, there is a large amount of beat in the
betatron function around the ring. The
distortion of the betatron function (AB/B) in the
existence of field errors can be estimated if the
field gradient error 1is identified. For a
locelized gradient error, the curve of AB/B
around the ring shows a pattern whose principal
harmonic is twice of the betatron tune. The
solid lines shown in Fig. 2.2.2 represent the
theoretical curves estimated in this manrer.
Effects on the beam dyramics of the distor-
tion of the betatron functions have not yet
clarified. Experimentally, the stable region in
the tune diagram becames narrower in the opera-
tion of the wiggler compared with that of without
the wiggler. To identify the reason of the
lifetime shortening in the operation of the
wiggler, it 1is 1intended to compensate the
gradient error locally by shunting the current of
two nearby quadrupole magnets (Ql42 and Ql43).
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2.3 BEAM INSTABILITIES
2.3.1 Coupled-Bunch Instabilities and Cavity
Temperature Control

As reported in the last year's Activity
Report, three types of coupled-bunch instabil-
ities have been observed in the Photon Factory
storage ring. All these instabilities have been
known to be caused by higher order mode
resonances of accelerating cavities. Although
the resonance width of each higher order mode is
narrow, the resonant frequency is different for
different cavities due to mechanical tolerances
of each cavity. The resonant frequency also
depends on the temperature of the cavity.
Therefore, if the temperature of each cavity is
changed independently, the frequencies of higher
order modes can be shifted so as to avoid hitting
resonances and to make the threshold current
higher. For this purpose, a temperature regula-
tion system of coocling water for accelerating
cavities was installed during the summer shutdcwn
of 1984. It can regulate temperature of inlet
water for each cavity from 15 to 25°C with a
stability of 1°C.

We have intensively studied how the resonant
frequencies change with cooling water tempera-
ture, and tried to find the optimum set of
temperature for four cavities. Figure 2.3.1
shows the dependence of the threshold current of
the longitudinal instability on water tempera-
ture. The longitudinal instability is caused by
the TMOll-like mode of the «cavity with the
frequency of 758 MHz. By changing temperature of
each cavity and taking the dependence of the
threshold current on the accelerating frequency,
we could identify where the resonant frequency of
each cavity is. It can be seen from Fig. 2.3.1
that, at the present operating frequency,
dangerous cavities are No.2 and No.3, and the
threshold current of the instability can be
raised appreciably by raising the water tempera-
ture for these cavities. It should be noted,
however, that this longitudinal instability does
not lead to Dbeam drop-out, but leads to
horizontal blow-up. When the vertical wiggler is
in operation, the lifetime becomes short, because
of the narrow horizontal aperture in the wiggler.

Figure 2.3.2 shows the dependence of the
instabilities on water temperature.
The transverse instabilities are caused by the
TM111- arnd TM110-like modes whose resonant
frequencies are 1070 and 830 MHz, respectively.
As seen in Fig. 2.3.2, the resonant frequency for
the TMlll-like mode shifts to higher values when
the water temperature becomes high, while the
resonant frequency for the TM110-like mode shifts
to lower values. As the results, the threshold
current of the transverse instabilities at the
present operating tune becomes low if water
temperature for all cavities is 25°C. Since the
beam current drops by occurrence of the
transverse instabilities, they should be avoided

transverse
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Fig. 2.3.1 Dependence of the threshold currents

of the 1longitudinal coupled-bunch
instability on the RF accelerating
frequency. The threshold currents
were also measured by changing water
temperatures for each cavity
independently. Numbers 1 to 4
represent the cavity numbers.
Temperature sets for cavities
to 4:

(20,20,20,20)°C,
(20,20,25,20)°c,
(20,25,25,20)°C,
(25,25,25,20)°C,
(20,27,27,20)°C.
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by choosing proper values of betatron tune and
water temperature.

As seen in Fig. 2.3.1, temperature for
cavities should be high for the longitudinal
instability, but low for the transverse instabil-
ities. In actual operations to compromise
between these. We choose a proper set of
operating temperatures and the value of
horizontal betatron tune. In this way we have
avoided the transverse coupled-bunch instabil-
ities, and made the threshold of the longitudinal
instability two times higher.
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Fig. 2.3.8 Damping rates of the horizontal

betatron oscillation as a function
of the octupole magnet current.
Horizontal and vertical tunes were
5.27 and 4.21, respectively.
Temperature set of cavity cooling
water was (15,15,15,15)°C, sextupole
magnet currents were OA, and stored
beam current was 30 mA.
The closed <circles denote the
damping rates measured with the beam
position monitor and open circles
with the quad-photo diode at Pc = 89
kW. The open squares are data taken
with the quad-photo diode at Pc =
116 kW.

impedance Z is taken to 54 M2/m, which
corresponds to the coupling impedance for two
cavities, since 1t is reasonable to consider from
Fig. 2.3.2 that two cavities are dominant to the
1nstabilit{ at the present conditions. wg 1s 5.6
x 107 .

sec”
The calculated threshold is 2.1 mA which is
in good agreement with the above measured

threshold minimum. Although agreement is rather
poor at large octupole magnet currents, Eq. (1)
is considered to reproduce the measured threshold
currents.

2.4 IMPROVEMENTS OF VACUUM SYSTEM

2.4.,1 Outlines

The vacuum system of the storage ring has
been well operated for three years. The average
vacuum pressure of 5 X 10_10 Torr has been
obtained along with the beam Jlifetime of 1800
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function of the
current. Betatron tunes are the
same as Fig. 2.3.8. The temperature
set was (23, 25,25,23)°C and Pc =
116 kW. Sextupole magnets were all
set to OA. The solid curve denotes
thresholds calculated using measured
damping rates.

minutes
current
current

or more at 150 mA, the
usually stored 1in the ring. At beam
more than about 150 mA, however, a
problem arose that some of the vacuum components
were heated up because they were not cooled by
water but exposed to incident synchrotron
radiation. In this summer shutdown, therefore,
absorbers against the synchrotron radiation were
inserted into the vacuum chambers in order to
shade the components and thereby to protect them
from being heated up and then to reduce thermal
desorption of gases.

Some

initial beam

other vacuum chambers were also
modified to install new octupole magnets and skew
quadropole magnets, which would improve the
quality of the beam at higher currents.

There are 24 SR exit ports prepared for the
beam channels in the ring, of which the 20 exit
ports called 'normal' exit ports have the same
structure while the other 4 exit ports have
different structures. Most of the normal exit
ports have been already occupied with beam
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channels, but three exit ports among the remains
were restricted with regard to the available
angular width of the radiation. Therefore, to
overcome this restriction, the three B-ducts (the
vacuum chambers in bending magnets) were replaced
with the newly designed B-ducts with wider exit
port that makes available the radiations from the
upstream bending magnet.

All the gate valves with elastomer seal were
also replaced with metal gate valves to reduce
outgassing from them in single bunch operation.

2.4.2 Improvements

Duct absorber

About eighty percent of the vacuum chambers
in the ring are made of aluminum alloy and the
remains of stainless steel. The aluminum alloy
chambers are the extruded ones with passes of
cooling water integrated in their walls, but the
stainless steel chambers had neither pass nor
pipe of cooling water before the improvements.
Bellows and flanges were also made of stainless
steel because no flange or bellow made of
aluminum alloy was available at the time when the
vacuum system was designed.

When exposed to intense synchrotron
radiation, such a chamber or a component made of
stainless steel was heated up and then became a
source of thermal desorption of gases. In this
summer shutdown, therefore, radiatior absorbers

called ‘'duct absorber' have been set into
appropriate places so that the downstream
chambers and components can be shaded and

protected from being heated up by the radiation.
The 1location of an absorber and 1its depth
inserted into the chamber were determined by
taking account of both the necessary length of
the shadow to protect the incident radiation and
the aperture required for the injected beam. The
absorbers for the aluminum chambers were made of
aluminum alloy and welded directly on the
chambers. The absorbers for the stainless steel
chambers were made of copper, some of which were
brazed directly on the chambers while the others
mounted with flanges. All of the absorbers are
cooled by water.

Crotch absorbers

Each B-duct has a crotch at its downstream
side, The crotch is a fork in the B-duct where
the inside wall of the exit port meets the
outside wall of the downstream part of the
B-duct. Since the radiation intensity at the
crotch is at least about eight times higher than
that at any other place, the crotch was protected
by an absorber mounted in front of it even before
the improvement., But this absorber called
'crotch absorber' was somewhat makeshift one,
being made of a copper plate that was brazed on
stainless steel tubes and cooled by water. As

the beam current increased, the temperature of
the copper plate rose up because thermal
conductivity was low in the brazed region. Then
it turned out that none of the crotch absorbers
mounted along the ring were pertinent to storing
a beam with much higher current. It also turned
cut that unnecessary photons of synchrotron
radiation went down through the exit port and
then impinged on the wall of the beam channrel to
generate photoelectrons; those generated around a
gate valve in the beam channel (the gate valve
serves to separate the vacuum of the beam channel
from that of the ring) might damage the sealing
material (Viton-A) of the gate valve and then
cause a small vacuum leak through it.

New crotch absorber was designed to improve
its thermal conductivity, the whole of it being
made of a copper block instead of being made up
of an assemble such as the old one. A water pass
bored through the copper block makes it possible
to cool the block directly. The new crotch
absorber was also designed to reduce unnecessary
radiation incident on around the gate valve 1n
the beam channel.

Cooling water system

As many absorbers were added to the vacuum
chambers, it followed that the system of cooling
water was considerable dimproved. One of the
improvements 1is that the flow rate of cooling
water can be measured by a flow meter with a
magnetic rotator, mounted on the return pass of
the cooling water. All the flow meters are
linked to the interlock system and also thelr
output signals are monitored by a micro-computer.

Modification of some vacuum chambers

The bore diameter of new octupole magnets
and skew quadropole magnets was chosen to be 120
mm in order to generate strong fields. At their
locations to be installed, however, the chamber
width was 152 mm for the stainless steel chambers
and 192 mm for the aluminum alloy chambers.
Therefore the vacuum chambers at their locations
were newly designed to fit them to the new
magnrets, and installed in the ring in this summer
shutdown so that the magnets can be also
installed during this autumn run.

The following processes were taken to change
the cross sections of the stainless steel and
aluminum alloy chambers. Each of the stainless
steel chambers was cut down in the middle of 1it,
and then new flanges were welded at both the cut
ends to connect a new chamber with a round cross
section and its diameter of 106 mm. The new
chamber has a cooling water pipe made of copper
and also at both ends has transition pileces so as
not to increase the chamber impedance.

For each of the aluminum chambers to be
modified, a new round chamber was made of
aluminum alloy. It also has transition pileces at
both ends, and an extruded pass for cooling
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south cavity station? (2) What mechanism of the
desorption can explain the behavior of the
pressure as seen in Fig, 2.5.1? Recently it was
found that one of the tuners of south cavities
was set eccentrically. This tuner may resonate
with one of the components of the frequencies of
the wake field, caused to outgas by heating or

discharging. This is probably the reason of (1).

2.6 CONTROL

So far the computer control system of PF
storage ring has partly accomplished its purpose
by controlling individual components of the ring
and the subsystems made up of many components
(the magnet system and the RF system and so on),
and yet it was unsatisfactory from a point of
view that the control system should interconnect
the individual controls and serve as an unified
system to operate the ring. Moreover the control
system had not so enough flexibility as to meet
the increasing requirements for it. Therefore we
decided to rebuild the computer control system.
In the ©beginning, we have been gradually
replacing all of the old control computers with
four 'super' mini-computers from last April. The
new computer system has been working well, much
better than the previous ore. Presently the
computer control by this system is still limited
to the individual controls of the ring components
and subsystems, In this autumn, however, the
network system to connect the computers to each
other will be 1in operation. With this new
computer system, the control group 1is now
encouraged to reconstruct the control system as a
whole.
2.6.1 Improvement of Computer Control System
The reasons why the old computers (AICOM
C-6) was replaced with the 'super' mini-computers
(FACOM new 32-bits computers: one S-3500 arnd
three S-3300) are as follows. (1) In qsder to
support the old network system, PFX 7, the
operating system of the old computer became so
large that available memory region for users was
decreased and also the speed of the loading and
execution of application programs was slowed
down, and as a result the performance of the
network was reduced. (2) The reliability of the
hardwares such as memory and disk was low, and
then the cost of maintenance was increasing. (3)
The programing language was PF-BASIC ’, an

Table 2.6.1

interpreter language, so that the processing
speed was insufficient and PF-BASIC had no means
to divide a program into subprograms with
reasonable size, 1.e., to make a program with
modular structure like the ones written in a
high-level language. Thus, the maintenance of
the control programs became more difficult as
they became large in size.

In the April of 1985, new control computers
with a new network system were installed, and
also the old general-purpose computer, M-200, was
replaced with M-360MP (24 MB). The new computer
system is shown in Fig. 2.6.1, and a comparison
between the new and old computers is given in
Table 2.6.1. The new system is about 30 times
larger in the processing power than the old one,
and about 6 times larger in the memory capacity
and about 10 times larger in the disk capacity,

respectively.
Even with the increased ability of the
computer system, however, there are a few

problems we should take care of. It is required
to develop more elaborate multi-task system for
the real-time control, because the total number
of computers decreased. The user manageable part
of memory and disk will not be proportional to
the increased total amount of their capacities
because larger system softwares are required not
only to manage large computers but also to
accommodate to higher multiplicity of tasks.

$-3500

$-3300 M-360 MP

$-3300 $-3300

FSL: Flexible System Link

Fig. 2.6.1 Physical connection diagram of the
control computers of Photon Factory

storage ring.

Comparison between old and new computers for the control system.

0ld New

Computer AICOM C-6 FACOM S-3500 FACOM S-3300
Quantity 1 3
Memory size  (MB) 1 16 8
Processing speed (us)

Floating add/subt. 27 0.36 0.99

Floating multiply 135 0.48 1.08
Disk capacity® (MB) 40 826 628

(* per one computer)
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Fig. 2.6.2 Logical structure of the computer
control system of Photon Factory
storage ring.

The logical structure of the real-time

control in the new system is shown in Fig. 2.6.2.
S-3500 is the nucleus of this structure and it
can communicate with other computers. Each
$-3300 can almost independently make 1 - 2
processes that handle the data from various
components of the ring and control the
components. S-3500 controls many kinds of
functions on the console and serves as a
man-machine interface to all processes in other
computers. It also plays a role as the center of
data control. Through S$-3500, data such as
operational log are transferred to and stored in
M-360MP. This general-purpose computer, M-360MP,
can make a large calculation such as COD
correction using data already sent from S-3500,
and then it can automatically return the results

to S-3500. In addition, S-3500 can deal with the
control processes themselves transferred from
S$-3300.

The programing language in the new system is
FORTRAN 77 that makes it possible to write a
program with modular structure. A1l I/0
processings such as CAMAC and GPIB, as well as
network processings can be treated in the form of
subroutine call in  FORTRAN programs. An
interactive debugger, TESTFORT, 1is prepared to
test a program and it can check one line after
another in a source program.

2.6.2 Network

The computers can communicate with each
other through the network with a taken passing
ring type, called FSL (Flexible System Link) as
shown in Fig. 2.6.1. The basic specification of
FSL is given in Table 2.6.2. FSL makes possible
program-program communications between different
computers by using the service routine, IPCF
(Inter Program Communication Facility), which is
callable from FORTRAN. IPCF also supports
communications between two programs in different
environments: one in real-time processing and the
other in interactive processing.

Furthermore, we are preparing a utility
software called DSM (Data Stream Manager) at the
upper level than IPCF, in order to make the
network system more flexible and to match the
requirements to the control system. Figure 2.6.3
shows the tree-type structure of DSM, which can
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Fig. 2.6.3 Routing structure of DSM (Data Stream
Manager).

transfer data between any two tasks either in the
same computer or different ones. The data are
transferred through input/output port called
access point. There are two kinds of access
points: transmitter and receiver. The input data
into a transmitter are broadcasted to all of the
access points defined as its correspondent
receivers. A receiver sequentially stores the
received data (sequential type) or holds only the
latest data (update type). Each routing address
can be changed interactively and independently of
the other ones by using an application program.

2.6.3 Operator Console

In the old system, the functions of the
operator console were almost fixed to each
control section (magnet, RF, beam monitor and so
on), mainly due to the fact that the old network
system did not work as expected.

With higher ability of the new network
system, the console with more flexibility than
before will be easily reconstructed. The new
console will consist of several fundamental
units, each of which 1includes 2 displays
(character/graphics) and 1 touch screen. Further
a 'mouse' or a rotary encoder (knob) can be added
to the unit. Each unit serves as a general-
purpose equipment and can control any control
section, and its assignment is easily changed.
All the console units, controlled by the console
computer, S$S-3500, can transact data and commands
with the other computers through the network.
For example, when a console task in §-3500
receives data for display from every other task,

Table 2.6.2 Basic specification of FSL
(Flexible System Link).

Communication mode N : N
Network topology Dual ring
Transmission speed 10 Mbps

Transmission method
Transmission length
Cable

No. of node

No. of processor

Token-passing
max. 192 km/ring
Optical fiber
max. 64

max. 256
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CONSOLE TASK

DISPLAY CONTROL TASK
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>
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: INTERRUPT

Fig. 2.6.4 Display routing function for operator
console.

it dynamically sets a path to one of the displays
and then delivers the data to the assigned
display (see Fig. 2.6.4).

Some of the graphic displays are actually
micro-computers (FACOM 9450-11) connected to the
console computer by GPIB. At the application
level, basic graphic plots such as bar graph,
joined line graph, scatter plot and so on, can be
readily depicted on the screens by using the
display service utility prepared for users, free
from any troublesome graphic or GPIB's routine.

Reference

1) Photon Factory Activity Report 1983/84,
p.1V-27

2.7 BEAM MONITORING IN THE STORAGE RING

2,7.1 Introduction

The beam monitoring system has been working
for three years since operation of the storage
ring started. There has been made only minor
changes without adding any new detector for last
one year. General descriptions on the system
were given in the previous reports and some new
findings are discussed here.

2.7.2 Beam Position Stability

Stability of beam position was studied in
several different conditions which had been
suspected to be the would-be reasons for the
changes of beam position. The conditions are
chosen from the operation procedures wusually
taken during users time. The conditions used
here includes simulated injection, varied beam
current and excitation of the wiggler.

Analysis of position stability was carried
out by taking two kinds of data before and after
one procedure took place and the previous condi-
tion was resumed. In this report, the meaning of
position stability is restricted to reproduci-
bility of the initial beam position.

Effect of injection simulation

effectively
related

The injection procedure is
simulated by turning on and off the

machine components by keeping the beam in the
storage ring. It requires the following compo-
nents: septums, kickers, dc bump but any real
beam from the linac.

The first set of data was taken before the
injection procedure was undertaken., The second
set was taken when all the components necessary
for the simulation were turned off and the normal
storage mode was resumed. The two were compared
by subtracting one from the other. The differ-
ence between them was as small as the accuracy of
position monitor.

Effect of beam current variation

The beam current was varied stepwise by
using the RF knockout system to check if beam
position changes. The beam current was first
accumulated up to 150 mA and reduced every 30
min, as 120, 90 and 60 mA. At each current
value, beam position was measured.

Figure 2.7.1 shows the case when the beam
current was changed from 150 to 60 mA. Between
the two current values, the closed orbit distor-
tion (C.0.D) was found to be stable within the
accuracy of position monitor.

Effect of wiggler excitation

For the wiggler mode, there are several
steps to be carefully differentiated. The
operation of wiggler is composed of a series of
procedures: (1) beam storage, (2) lowering the
superconducting coil, (3) excitation of wiggler
coil, (4) deexcitation, (5) raising the wiggler
body to get the beam leveled to the wide gap free
of magnetic field, (5) resuming the storage mode
without wiggler (6) dumping the beam for fresh
start, (7) storing beam for next run.

Two cases are chosen because they indicate
there are some effects which must be known by the
experimenters. Figure 2.7.2 shows the difference
between C.0.D. data taken in procedures (1) and
(3). This case shows the beam orbit is slightly
changed in the vertical direction by a difference
of 0.4 mm peak to peak. The difference in the
horizontal direction is, however, as large as 1.2
mm peak to peak. Figure 2.7.3 shows the results
of difference between data taken in procedures
(1) and (7). This case shows there 1is a
difference of about 0.2 mm peak to peak. This
amount of change may bother some experimenters
who use position sensitive instruments. It is
suspected that the beam is affected by the
remnant field of wiggler. It seems possible that

T 02
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Fig. 2.7.1 Beam position deviation measured for
the change of beam current from 150
mA to 60 mA. There are 45 position

monitors around the storage ring.
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2.9 BEAM CHANNEL
2.9.1 New Beam Channels

Projects to construct eight new beam lines

(BL-6,7,8,9,16,17,27; AR 1line) have been 1in
progress in the fiscal years 1984 - 1985,
Together with the existin eight beam lines

(BL-1,2,4,10,11,12,14,15),1) a total of sixteen
beam lines will become operational in the near
future. Table 2.9.]1 summarizes the new beam
lines.

Beam lines affiliated to the Photon Factory

BL-27

With the recent advent of high brightness
synchrotron radiation sources, such as undulators
and wigglers, mirror materials resistant to the
high power 1load have become and more
important. A mirror test

more
programme, in

Table 2.9.1

collaboratior with the Daresbury SRS, has been
under way using a test port at SRS for the last
two years. In order to expand the research, a
project to construct BL-27 intended for mirror

irradiation tests has been 1in progress in
collaboration between the Photon Factory and
Hitachi Ltd. in the fiscal years 1984 - 1985.
BL-27 1is also designed to allow the use of
infra-red component of synchrotron radiation
because infra-red spectroscopy by the use of
synchrotron radiation becomes more important.
Figure 2.9.1 shows the layout of BL-27,

which is being installed at the time of writing
(September, 1985). The beam exit port BP-27 is
located just downstream of the injection point,
not permitting synchrotron radiation to enter the
experimental hall, so that BL-27 is to be
installed within the ring tunnel. The maximum
horizontal beam divergence accepted is 24
mrad because of the size and location of the
nearest guadrupole magnet. The mirror chamber
for the infra-red line is designed in such a way
that radiation should be deflected vertically by
90° to be conducted to the underground floor. No

specifications for an infra-red monochromator
have been determined as yet. The differential
pumping section will produce a pressure

difference of two orders of magnitude, which will
protect the ring vacuum against outgassing from
test mirrors. The mirror irradiation chamber
will be equipped with viewing ports made of
sapphire to allow evaluation of the temperature
of the mirror surface struck by synchrotron
radiation by measuring 1infra-red radiation
emitted from the mirror. A TV camera will also
be installed to monitor the mirror surface. All
equipments are to be remotely controlled from the
underground floor. BL-27 will be used for mirror
irradiation tests for the time being, having
provision for alternate wuse for infra-red
spectroscopy in the future.

New beam lines being developed in FY 1984/1985.

Beam lines Affiliati Experimental Status as of
on Source spectral region September 1985
BL-6 KEK-PF bending magnet X-ray and VUV under construction
completed (front end
BL-7 U. of Tokyo bending magnet X-ray and VUV undgr instgllation )
(branch lines)
BL-8 Hitachi Ltd. bending magnet X-ray and VUV completed
BL-9 Nippon Electrical _ completed (front end)
ngporatignr ca bending magnet X-ray and VUV under installation
(branch lines)
50 pol
BL-16 KEK-PF magggtew g;?2273;dulator X-ray and VUV under construction
BL-17 Fujitsu Ltd. bending magnet X-ray and VUV under construction
BL-27 KEK-PF bending magnet infrared and white under installation
AR line KEK-PF bending magnet hard X-ray under installation
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surface, angle-resolved scattering measurements
as well as reflectance measurements were made for
a ‘"clean" Au-coated fused guartz mirror before
and after the discharge procedure. No change in

reflectance and scattering level was observed
over a spectral range of 5 - 40 eV after a
discharge for 10 minutes in the arrangement in
which the mirror surface did not face an aluminum
cathode. This result shows that no harmful
effect on the surface roughness was produced by
the discharge in that arrangement.

A contaminated Pt-coated fused quartz mirror
is shown in TFig. 2.9.3(a) before discharge
cleaning and in Fig. 2.9.3(b) after cleaning.
The mirror had been used as the second
prereflector of a Seya-Namioka monochromator for
a year. Carbon buildup due to cracking of
hydrocarbons is clearly seen in the region where
the synchrotron radiation beam struck the mirror
(Fig. 2.9.3a). All visual evidence of a
contaminant film was removed after cleaning for
20 minutes in the discharge arrangement in which

the mirror surface did not face the aluminum
cathode (Fig. 2.9.3b).
Reflectance spectra of the same mirror

before and after cleaning are compared in Fig.
2.9.4(a) for near normal incidence and in Fig.
2.9.4(b) for grazing incidence.
reflectance before the discharge procedure is
severe except in the energy region between 15
and 20 eV for near normal incidence. For grazing

The reduction in

(c) Pt ON FUSED QUARTZ 20°

20

BEFORE DISCHARGE

e=——-— AFTER DISCHARGE

100
\ {b) Pt ON FUSED QUARTZ 7s°
\
sol |
‘\
60pF
g
-4
w-
BEFORE DISCHARGE
m-

——— AFTER DISCHARGE

L I L

PHOTON ENERGY  (eV}

Fig. 2.9.4 Reflectance spectra of the Pt-coated
fused quartz mirror before and after
discharge cleanring. (a) Angle of
incidence of 20°. (b) Angle of
incidence of 75° and S polarizatior.
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incidence, on the other hand, no remarkable
difference is observed over the range above about
10 eV, while the effect of carbon contamination
1s seen below 1C eV. The reflectance after
cleaning is found to be largely restored for near
normal incidence. The absolute value of the
reflectance 1is slightly 1lower than values
reported for Pt metal 1in the literature.
However, the structures at about 10 eV, 22 eV and
32 eV, which are characteristic of Pt, can be
clearly observed after cleaning. The reflectance
data reported 1in the 1literature have been
measured on clean surfaces prepared in situ in
high vacuum environment whereas the mirror used
here was exposed to air after it was coated with
Pt. Therefore, the present result indicates the
enough recovery of reflectance of the mirror.
Other results as well as the experimental proce--
dures are presented in reference 10.

Reflectance degradation due to carbon
contamination would be most severe 1in the
vicinity of the carbon K edge at 284 eV. The
effect of the discharge on the surface roughness
might not be negligible in this shorter wave-
length region. We intend to extend this work to
higher photon energies containing the carbon K
edge by using a grasshopper monochromator. We
are also planing to 1install in situ cleaning
arrangements in a mirror chamber on a multipole
wiggler line (BL-16), which is now under design.
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3 Summary of X-ray Beam Lines and Optics
Beam Horizontal Typical Beam Photon Flux Monochromator Energy Energy Mirror Line Vacuum
Line Acceptance Spot Size at Sample (Crystal) resolution range (Gas)
Angle (mrad) (Hmm x V mm) Position (AE/E) (KeV)
4A 6 50 x 5 none white 4 - 35 none Vacuum
radiation
4B 4.5 50 x 5 none white 4 - 35 none Vacuum
raciation
4C 4 50 x 5 double crystal N2 x 1074 4 - 20 none Vacuum
Si (111)
(sagittal focusing
being prepared)
10A 1 10 x 3 1 x 109 Silicon (111) 5 x 10:3 6.5 A 25 none Helium
at 10 KeV Germanium (111) NS x 1008
with flat Pyrolytic graphite (002)
Si (111) Curved Si (111) (o 8°)
10B 2 8 x 1 3 x 108 Channel-cut Si (311) 1 x 10 4 6 ~ 30 none Vacuum
at 10 KeV Double Si (111) 3.5 ~ 15
with Si (311) Double Si (220) 5.5 a 25
10C 4 6 x 1.5 A 1010 double crystal 2 A 10 "% 4~ 10 bent cylinder Helium
at A 8 KeV Si (111)
fixed beam
position
14A 1.28 5 x 38 Double Si (111) 2 x 107 & 5.1 a 19.1 Bent Cylinder Vacuum
Double Si (331) 12.9 48 for Vertical (line)
Double Si (551) 21.1 A 78.6 Focusing, He (mono-
Pt-coated chromator)
fused quartz
14B 2.2 5 x 30 Double Si (111) 2 x 10% 5,24 57 Saggital Vacuum
Double Si (220) focusing
Double Si (311)
14C 1.3 10 x 40 Double Si (111) 2 x 1074 5.5 A 43 none Vacuum
154 2 2,6 x 1.3 9 x 1010 Curved Ge (111) A 1072 5.6 a 12.4 Cylinder, Vacuum
at 8.3 KeV (o=8.0°) fused quartz and He
(I=150mA)
15B 0.14 5 x5 3 x 104 Channel cut 7 x 10:“ 10.0 - 34. none Vacuum
at 10.5 KeV fixed exit channel cut 7 x 10_*% 3.5 - 16.
Double crystal 1.5 x 10 3
15C 2 60 x 6 White 4 A 35 none Vacuum

99
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4 Characteristics of Soft X-ray and VUV beam lines and optics

BRANCH Monochromator Grating Groove Blaze Resolution Wavelength
BEAM (Crystal) density (A) range (A)
LINES (2/mm)
Bl-A Grating/Crystal Au-coated 2400 E/AEE ~ 2000 2 ~ 2000
Monochromator original
InSb(111)
Si(l111)
Bl-B Filtered white
Bl-C Filtered white
B2-A White/2m grazing Hitachi 2400 30 ar=0.02 A 30 ~ 200
incidence (85°) Au-coated for 10u-10y
replica slits
B2-B Channel-cut double Beryl(1010) 2d=15.9 4 —— 8 A 16
crystal InSb(111) 2d=7.4806 A 3 8
Bl1-A Grasshopper Mark VII Hitachi 2400 16.6 Ax=0.02 A 10 A 145
(2GH) 2m grazing incidence Au-coated 1200 33.3 AA=0.04 A 10 ~ 290
Fixed incidence angle replica for 10u-10y
of 88° (pyrex) slits
Bl11-B Jumbo Jr. Ge(l1l1) 2d=6.53 A AE=leV at 2KeV 2.7~ 6.2
(DXM) Double crystal lnSb(lllz 2d=7.4806 A AE=0.8eV at 2KeV 3 7
monochromator Beryl(1010) 2d=15.9 A AE=0.6eV at lKeV 8 a 16
Bl1-C lm Seya-Namioka B&L 2400 694 A/8x=2000 400 ~ 1700
(SSN) Constant deviation Au-coated 1200 1300 ~ 3000 400 A 3500
of 70° replica
B11-D 2m grazing incidence B &L 2400 32 A/ax ~ 1700 80 ~ 150
(CDM) constant deviation Au-coated 1200 116 for 25u-25u 120 ~ 300
monochromator replica 600 460 slits 240 ~+ 600
a +B8 = 154°
Bl12-A Im Seya-Namioka B&L 2400 508 Ax=0.4 A at 500 A 350 ~ 1000
(GSN) Constant deviation Au-coated 1200 536 for 100,-100y 350 A, 2000
of 70° replica slits
B12-B B &L
(6VOPE) Pt-Coated 1200 1500
replica
6.65m normal B &L ax=0.003 A 400 A 2500
incidence off-plane Os-coated 1200 5500 at 500 A
Eagle mounting replica for 1l1th order
Hyperfine
Os-coated 4800 300
replica
B12-C 10m grazing incidence  Hitachi 2400 9.5 AA=0.002 A 6~ 25
(10GIM) Fixed incidence angle Au-coated 1200 10.9 AA-0.004 A 6 n 50
of 89° replica for 5)-5 slits
(pyrex)
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4 Characteristics of Soft X-ray and VUV beam lines and optics

(continued)
(PRE - MIRRORS)
BRANCE Type Radius of Angle of Material Coating Dimensions Horizontal
BEAM curvature incidence Material (mm) & Vertical
LINES (mm) acceptance
(mrad)
° h v
Bl-A Parabol-~ 89 Fused 4.0 'x1.0
oidal Quartz
° ° h v
Bl-B Plane 88° ~ 89 SicC 1.2 'x4,0
B1-C Toroidal 86° Fused Pt 2.0%x4.0"
Quartz
B2-A Plane — 88° sic Pt 120*x60"x15¢ S
B2-B _— _— e —_——
Bll-A Spherical 360000 88° Fused pe  400%x170%x40°  1.3"x0.47
(26H) Guartz .
Spherical 28000 88° Fused Au 300
Quartz
BI1-B  Bending =300 89° Fused pr  580%x140"x30°  4.0"x0.6"
(DXM) Cylinder Rn950000 Quartz
Bl1-C Plane 77.5° SicC none 2501X100wx40t 4.8hx3.0v
(SSN) Concave 5600 42.5° Fused Pt 1007x1007%x20
Quartz
B11-D Cylindrical p=750 86° SiC Pt 400“x60:x402 2.0"x2.0"
(CDM) Plane 86° Fused Au 507x40 " x10
Quartz . w ¢
Concave 4000 86° BK-7 Au 507%40 %10
BI2-A  Cylindrical 0=1850 80° sic none  250%x 00¥x40° 2.40x1,5Y
(GSN) Concave 6250 45° Fused Pt 1007x20
Quartz
° L \"/ t h v
B12-B Plane 80 SicC none 2807x100 §40 5.0 x3.6
(6VOPE) Concave* 4321 35° Pyrex Pt 110¢x20t
Concave* 2188.5 45° Pyrex Pt 1107x20
B12-C Plane 86.85° 88.83° sic Pt 120"360"?15t 0.14"x0.4"
(10GIM) Concave 8903 89° Pyrex Pt 90 ><15t
Concave 7527 89° Pyrex Pt 90¥x15
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4 Characteristics of Soft X-ray and VUV beam lines and optics

(REFOCUSING MIRRORS)

69

BRANCE
BEAM
LINES

Type

Radius of Angle of Material Coating Dimensions
curvature incidence Material (mm)
(mm)

Beam Size
(mm)

Bl-A

Parabol-
oidal

89° Fuzed
Quartz

B1-B

Bl1-C

B2-A

B2-B

Bll-A
(2GH)

Benting
Cylinder

RA3000 89° Pyrex Pt 220%x24¥x6"

Bl1-B
(DxM)

Bl1l-C
(SSN)

Toroidal

0=2000 72.5° Pyrex Au 90%x50¥x10"
R=125

lé

B11-D
(CDM)

Toroidal

=400 77° BK-7 Au 60*x40%x10"
R=3100

0.5"x0.5"

Bl2-A
(GSM)

Plane
Toroidal

Plane

— 80° Pyrex Pt 40 x40"x10"
p=340 70° Pyrex Pt 40%x40%x10"
R=2000 . ot
_ 80° Pyrex Pt 407x407x10

vl

B12-B
(6VOPE)

Bl2-C
(10GIM)
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5 List of Apparatuses

Format
Name of apparatus

1.
2.
3.
4.
5.
6.
7.

5.
6.
7.

(d)

2.
3.
4.

General characteristics

Accessories

Other features

Typical Experiment in Act. Rept. 84/85
Station used

Responsibility

Pages in (A) "Act. Rept. 82/83" and (B)
"Act. Rept. 83/84" describing the details

Multi-purpose
experiments
Ultimate pressure 1 x 10 7 Torr.

Equipped with two turn tables notatable the
incident light.

Double~ion chamber.

chamber for gas phase

The measurements of absolute photoab-
sorption cross sections of C3Hg and CuHg
isomers.

BL-12A

A. Yagishita

V-40 in (A)

Time-of flight
measurements
Ultimate pressure 5 x 1078 Torr.
Electrostatic lenses satisfying the
conditions of single-field space focusing
for threshold electrons and double-field
space focusing for ions.
Furnace to evaporate
alkaliearth-metals.

spectrometer for photoion

alkali-and

The measurements of single-and double-
photoionization cross sections of Ca and
Sr.

BL-12A

A. Yagishita

V-40 in (A)

Heat-pipe chamber for photoabsorption
measurements of free-metal atoms

Ultimate pressure 1 x 1077 Torr.

The pressure difference between vapor colum
and differential pumping stage is ~107.
Buffer gas inlet system.

Heated up to about 1000°C.

The measurements of photoabsorption cross
sections for 3d electrons of Xe, Cs, and
Ba.

BL-11A.

K. Ito

V-41 in (A)

Gas phase
spectrometer _
Ultimate pressure 5 x 10 8 Torr.

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

Sample-gas inlet system.

A sample gas is confined in a gas cell.

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

BL-2, BL-12A.

angle resolved photoelectron

6.

(e)
1.

5.
6.
7.

14

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

Ease of optical alignment

Ease of sample exchange

High vacuum (2 x 109 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)
UHV experimental chamber for
measurements I.

Ultra-high vacuum (1 x 10 1C Torr)

Equipped 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, BL-11D.

T. Miyahara

VI-82 in (A)

absorption

UHV experimental chamber for
measurements II.

High vacuum (1 x 10~ % Torr)
Mounts up to 5 samples.

Gas cell (160 mm in length)
Vacuum evaporater

Electron multiplier (R595).

190 mm I.D.

Core level absorption in alkali halides and
transition metal compounds.

M4,5 gilant resonance absorption in 2 =
49-57 elements.

Photoefficiency of photocathodes.
Lithography for resist polymer.

BL-11A, BL-12C.

H. Maezawa

vV-40, VI-73, VI-74, VI-76, VI-77, VI-79 in
(a)

absorption

Vacuum chamber for performance testing of
grating monochromator

Equipped a 160 mm length gas cell with 10
mm diameter propylene windows.

A sample-gas inlet system.

BL-11A, BL-12C.

H. Maezawa

V-40 in (A)

Focusing Weissenberg with multi-
layer-linescreens

Useful for high resolution macromolecular
crystallography.

High signal-noise ratio.

Equipped with multi-layer-line screens.

camera



Cooling unit by N; gas.

Wide range of Y-axis rotation.

Wide 26 range.

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

BL-4B, BL-4A,

Y. Sakabe

VI-5 in (A)

X-ray Diffractometer for gasses.

Equipped with horizontal w-26 two-circle
goniometer.

X-¢ circle motion available.

Gas cell with boiling 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, l4cC.

T. Mitsuhashi

VI-172 in (B)

X-ray diffractometer for liquids and melts.

Collects intensity-data for radial dis-
tribution analysis for non-crystalline
materials such as gases, liquids, melts and
glasses.
6 -26 goniometer with monochromator and
analyzer.

Single-crystal monochromator with quartz
and B-alumina.

Double crystal monochromator with Si(111).
Keramax furnace

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

BL-4B.

K. Ohsumi

V-24 in (A)

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

Maximum temperature 1700°C.

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

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 Bl-B2 transi-
tion of BaS.

BL-4C.

K. Ohsumi

room and high

EXAFS Spectrometer

Dedicated to X-ray absorption spectroscopy.
High-resolution.

High-quality beam.

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

Closed cycle refrigerator.

Reaction chamber for catalyst.

~N
o .

(o)

~NOoONnL W
« s e e

(p)

~N oW
. .
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EXAFS of catalysts

vIi-58, VI-64, VI-71, VI-76,
vi-78, VI-97, VI-100, VI-10l
BL10OB.

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 optics
installed at BL-10C.

Measurements for Bovine Serum Albumin,
Lysozyme, Tobacco Mosaic Virus, Purple
Membrane etc.

BL-10C.

Y. Amemiya

V-29 in (A)

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

Super precision goniometer using elastic
torsion mechanism.

Microcomputer control system.

Nal scintillation counter system and SSD.

Study on Si(7x7) structure.
BL-10C, BL-14B.

T. Ohta

V=34 in (&)

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 (&)

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.

Huber Precession/Rotation camera.

MELCOM 70/60 minicomputer with OPTRONICS
fiim scanner.
Mechanical
IEEE-488 bus.
CAMAC and NIM measuring system.

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

VI-145, VI-146, VI-127

BL-14A.

Y. Satow

V-30 in (A)

rapid,
data

control interfaced through
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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. VI-185

BL-14C2, BL-15Bl.

H. Kawata

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

medical

Time-Resolved X-ray measurement system with
1D-PSD.

Time resolution up to 1 msec.

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

Fast data acquisition up to 1 MHz.

LSI 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.
VIi-147, VI-162, VI-158, VI-170
BL-15A1, BL-10C.

Y. Amemiya

V-35 in (A)

muscle,

X-ray irradiation equipment

Assembly of a circular table (Huber 410)
with a channel-cut monochromator, slits and
irradiation chamber.

Ionization chamber for X-ray monitoring.
Controls suitable biological atmosphere for
samples.

Wide beam acceptance (4 mmV x 30 mmH).
Biological effects of inner shell ioniza-
tion on bromine-incorporated cells.

BL-4C, 15-Bl.

Y. Satow

V1-30, V1-32, V1-33 in (&)

High-speed X-ray topography Camera.
Equipped with two X-ray TV cameras.

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

Microcomputer system (AIDACS-3000).

Image processor TF4110.
Work shutter for wvariable
(0.1v9.9sec).

1 arc sec accuracy of €-rotation.

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

Magnetization process of Fe-3% Si, etc.
VIi-180, VI-182, VI-183

BL-15B, BL-14C.

H. Kawata

V-31 in (A)

exposure time

Precision X-ray optics.

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

V-16

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 layer/
substrate interfaces with standing wave
method. VI-188, VI-189

BL-15C.

T. Ishikawa

V-33 in (A)

using

Low temperature X-ray diffractometer
Equipped with a three-axis goniometer
(ws26,%x) mainly used for low temperature
(0.3 K) X-ray diffraction.

Some types of refrigerators and magnets.
Available addendum 1limited to 500 kg in
weight.

Peiels transition in Kg, 3MoOgq

BL-4C, BL-10C

T. Nakajima

V-25 in (A)

Apparatus for ARPES experiment for solid
state

Base pressure 5 x 10 11 Torr

Equipped with a double-pass cylindrical
mirror analyzer and with a bemispherical
analyzer mounted on a two axis rotation
mechanism

Some equipments for sample preperation and
characterization

Sample bank and transfer system

Sample gas inlet system

Mainly for angle-resolved photoelectron
spectroscopy (ARPES) of single crystals
VI-133, VI-135, VI-136

BL-11D

T. Miyahara

X-ray fluorescence spectrometer

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

Elemental analysis with very high sensi-
tivity.

X-Z scanning sample stage.

Flat mirror and multilayer for
bandpass monochromator.

wide

VI-24, VI-29
BL-4A

A, Iida

V-23 in (A)
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