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PREFACE

This is the Activity Report for 1994 reporting the research activities at the UVSOR
facility. The number of users are still increasing, and we are improving the performance of
the light source and beamlines. Professor Volker Saile, Director of CAMD of the Louisiana
State University, and Professors Takehiko Ishii and Motohiro Kihara, Directors of SOR-
RING(SRL-ISSP) and Photon Factory, were invited in order to evaluate the research
activities of UVSOR in November 1993 and in August 1994. Professor Saile's report is
summarized as follows:

1. A clear mission statement and strategic planning are required to maintain highest
standards and competitiveness in the future. The recommended mission is "Synchrotron
Radiation Research and Applications in Chemistry." Support with highest priority is
recommended for the strongest programs in chemistry research: "Photo-assisted Chemical
and Surface Reactions", "Chemical Spectroscopies in the VUV and soft X-ray range",
"Infrared Applications of Synchrotron Radiation", and "Molecular Crystals and Films."

2. Continuous minor and major improvements of the accelerator system are required.

3. An evaluation of number and performance of beamlines is recommended. Consider to
reduce the number of beamlines and develop new highly competitive instruments, e.g., a
high resolution soft x-ray monochromator. A sufficient number of competent staff is
required to rearrange UVSOR's beamlines.

Professors Ishii and Kihara reached almost the same conclusions. We are very grateful to
them for encouraging us to improve and enhance the accelerator system and the
beamlines. Some of the improvements are reported in this issue.

As reported 1n the last 1ssue Dr. Makoto Watanabe moved to the Tohoku University in
October 1993, and furthermore Dr. Goro Isoyama moved as a full professor to the Osaka
University in March 1994. The UVSOR has only three chairs for the associate professor.
Two of them were unoccupied at the beginning of FY94. Very recently we could have
new associate professors, Toyohiko Kinoshita and Hiroyuki Hama. Dr. Kinoshita came
from the SOR-RING(SRL-ISSP) of the University of Tokyo in October 1994 and is actively
working as a main member of the beamline staff together with Dr. Masao Kamada. Dr.
Hama was promoted from a research associate of UVSOR in January 1995 and continues
to work as a chief m accelerator physics.

The facility has reached its limit of capacity. We have started to discuss the next 10
years. The FY95 will be an important year for UVSOR.

February 1995

Nobuhiro Kosugi

Director of UVSOR ‘ -
ﬁi
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Present Status of
Light Source and Beam Lines




Status of the UVSOR Accelerator Complex in 1994

Hiroyuki HAMA, Toshio KINOSHITA and Jun-ichiro YAMAZAKI

UVSOR Facility, Institute for Molecular Science, Okazaki 444 Japan

In 1994, the UVSOR storage ring and its accelerator complex were
operated for almost a whole year except some minor unexpected shutdowns
and two-week shutdown terms for hardware maintenance in Spring and
Summer. Scheduled beam time was properly consumed as shown in Fig. 1. In
Spring shutdown term, a new power supplier for the deflector magnet in the
synchrotron replaced the old one. Severe drift of output current from the old
power supplier had disturbed stable beam injection for long time. Both control
systems of the deflector and the fast kicker were also improved by connecting
with the CAMAC highway of the computer control system, and extraction of
the accelerated beam is now very stabilized with the new power supplier and
the control system.

Progress in operation of the superconducting 4T wiggler has been under
way since it was installed. The wiggler operation has become into routine
operation because a hardware trouble concerning a helium leakage was almost
fixed. The operation time of the wiggler in multi-bunch mode increased by 10
% of whole beam time over the last year. The beam orbit with the wiggler
operation has been also improved by a computer code of multi-dimensional
iterative optimization method that is linked with a control system "UCOSS".

1994

MachineStudy
Multibunch

1 Multibunch(Wiggler)
[ ] SingleBunch

1993

Fig.1 Machine time consumption in 1994. Summarized a term from January to December.



Because of ambiguity of the ring parameters, the orbit correction has not been
completed yet. This method is, however, a quite powerful tool (see Fig. 2), so
that correction for the wiggler operations with low magnetic fields (2 Tor 1.5T)
will be hopefully achieved.

The double-cavity rf system has been used in the whole beam time even
single-bunch mode. Although there was a trouble in operation of the harmonic
cavity due to the beam-induced field, the beam has become stable by changing
the operation method after the machine study in April. Typical beam lifetime
in multi-bunch mode is 4 hours
at 200 mA and 8 hours at 100 mA 4

as shown in Fig. 3. It should be Ei F t ; 'b'r'e'vl(’)hg" | "' r i '
noted that a partial filling 0 Eﬁ\ A AA ' /__
technique is normally used to LT T VA
suppress an effect of ion- ’é‘ ;——Und#1 Wg! . :
trapping (among 16 buckets, 13 & | AR S TS U NI i
buckets are filled), therefore ~— 4 e a S MR NSR N
stored current in one bucket is >oc-> . c'orrec*gedl : £
relatively higher than previous 0 " 2 i AA A’j
operation, and the vertical beam - ; W K1kl ]
size is almost same as that in 4:"‘& LRl SRR
single-bunch mode. Because ~G bedieBreielanlinh b ib
control of the harmonic cavity 0O 10 20 30 40 50
has been mannually operated, a Position (m)
suitable control software is  Fjg 2 Beam orbit correction (vertical) for the 4 T
necessary and now under wiggler operation.

developing.
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We experienced serious
hardware failures for the
inflector and a control system of
the synchrotron. It was
concluded that both cases were
caused by deterioration of

Lifetime (h)
(@)]

electric devices, i.e., condensers

1 L 1 ‘ 1 1 1 I 1 1 | I 1 1 1

T T I T T E LI T I T LI

and ICs. Since such parts are for
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specific purposes, it is usually

difficult to fix. An efficient 50 100 150 200 250

counterplan against deterioration Beam Current (mA)

is highly desired. Fig. 3 Beam lifetime in multi-bunch mode plotted
as a function of the beam current. Data were taken
for a week in December.



Beam Lines in 1994

Masao Kamada
UVSOR Facility, Institute for Molecular Science

. In 1994, eighteen beam lines were operational. The open beam
lines SI_B, 2131, 3A1, 3A2, 5B, 6A1, 7A, 7B, and 8A) were used tﬁf
126 outside groups, while the in—house beam lines (1A, 2A, 2B2, 3B,
4A, 4B, 6A2, 6B, and 8B2) were used by the groups in IMS as well as
28 outside collaborationg groups. The "beam times used in 1994 are
listed in the following tables (in Japanese). _
Besides them, a 15-m Constant Deviation Monochromator covering
the spectral range of 30-600 eV is now ready for gas—phase and solid-
state e}_i;iggments at beam line 8B1. Another new monochromator
(SGM- IN) which is a combination of the improved version of the
constant  deviation —monochromator and the normal incidence
monochromator is under construction at beam line 5A. o
The UVSOR facility is opened to all researchers from universities
and goverment research-institutes. Beam times are available for the
private companies with the payment of the beam-time fee. Foreign
researchers can use the beam time in the collaboration with Japanese
researchers. In 1994, many foreign researchers visited the UVSOR
fac111t_11 to carry out their experiments at 2B1, 3A1, 5B, 6Al, and 6A2.
he station master system introduced three years ago to support
systematically a variety of experiments will be continued for future with
a slight change in the ‘member list. All users for open beam lines(*) are
requested to contact with the following station masters and/or the
supervisers to discuss the action plans of the experiments in details.

Beam Line | Station Master Sub Master Supervisor
1B M. Hasumoto S. Tanaka M. Kamada
2B1 S. Tanaka E. Nakamura M. Kamada
3A1 M. Kamada A. Hiraya M. Kamada
3A2 E. Nakamura A. Hiraya T. Kinoshita
5B S. Kimura M. Hasumoto T. Kinoshita
6A1 0. Matsudo S. Kimura M. Kamada
TA O. Matsudo T. Kinoshita T. Kinoshita
7B T. Kinoshita M. Hasumoto T. Kinoshita
8A K. Sakai T. Kinoshita T. Kinoshita
8B1 A. Hiraya E. Nakamura T. Kinoshita
*The persons who wish to use the in-house beam lines are

recommended to contact with the representative of each beam line, which
is listed in the Appendix of the UVSOR Activity Report.
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BL1A Soft X-Ray Beamline for Photoemission-Photoabsorption
Spectroscopy

BL1A is a soft x-ray beamline for photoemission-photoabsorption spectroscopy. The
beamline is equipped with a focusing premirror and a double crystal monochromator[1]. The
monochromator serves soft x-rays in the energy range from 585 to 4000 eV by using several
kind of crystal. The throughput spectra of the monochromator crystals are shown in Fig.1. In
the energy range from 830 to 1800 eV, a pair of beryl crystals is used with the typical energy
resolution (E/AE) of 1500. Beryl is known to be damaged easily by x-ray irradiation. We have
found that the beam intensity from a new beryl crystal is reduced to about 60% of the initial
value after 8 hours irradiation due to the damage. The energy width is broadened by about 20 %
at the same condition. In order to obtain spectra efficiently, the irradiation area on the first
monochromator crystal is changed every day by moving the crystal position. We are planning to
coat the crystal surface thinly with Al and/or insert the Al filter to suppress the x-ray irradiation
above Al K-edge (1560 eV).

Recently, a new ultra-high-vacuum (UHYV) apparatus for photoemission-
photoabsorption spectroscopy has been constructed at the beamline. The detailed design and
performance are reported in this issue. The apparatus is equipped with a high-performance
electron analyzer (SES-200) manufactured by SCIENTA. Using the apparatus, it has become
possible to measure the resonant photoemission spectra. The soft x-ray absorption spectra can
be measured in the electron and fluorescent x-ray yield modes. The electronic structure of
transition metal compounds and catalytic samples has been studied by the methods.

Reference
[1] A.Hiraya et al., Rev. Sci. Instrum.,6 3 (1992) 1264.
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Fig.1. Throughput spectra of double crystal monochromator at BL 1A measured by using an
electron multiplier with Au first dynode. Intensity is normalized by 100 mA ring current.



BL1B and BL7B: Seya-Namioka Monochromator

BL1B and 7B are beamlines for standard optical measurements in the visible to
vacuum ultraviolet region. There in no particular difference among these two
beamlines. The multipurpose UHV chamber is nstalled at the focal point of the Seya-
Namioka monochromator. It is easy to handle and obtain optical spectra ( absorption,
reflection, emission, and excitation, etc. ). Samples usually measured are solids, but it
is possible to measure the liquid, gases, and biological samples with a LiF window.

These can also be used for the time-resolved measurements, for instance, an

investigation about
lifetime of luminescence, Gratings :G1;2400, G2;1200, G3;600 /mm

when the UVSOR storage ( Changeablecin the vacuum )
ring is operated in the Spectral range: 300 ~ 6500 A
single-bunch mode. Resolution :~1 A

Summary of the | Period : 178 ns ( Single bunch operation )

specification are listed in | Bunchlength : 0.4 ns ( Single bunch operation )
Table 1. It is noted that the
No.2 grating ( G2 ) in Table 1
BL7B have been 600 /mm
in spite of 1200/mm since January 1994.

The overall spectra from the monochromators are shown below.
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BL2B1: Soft-X ray beamline for solids and solid surfaces

BL2B1 is a beamline in order to study solids and solid surfaces by the use of
photoabsorption and photoelectron spectroscopy. A 2-meter grazing incidence
monochromator ( ‘Grasshopper’ type, Mark XV; Baker Manufacturing Co.) is
installed. Three kinds of grating are prepared ( 600, 1200, 2400 /mm ), and 2400 I/m
has been installed since April 1994. The energy range for this grating is from 95 eV to
1000 eV. The resolving power is better than 600 at C-K edge (about 290 eV). Figure 1
shows the photoelectron yield from the Au mesh (10%-transmission) located near the
position of a sample. The dip

around 300 eV is due to carbon [ Fig. 1
contamination ~ of  optical ~4[
elements. Ez 3-_
The analyzing chamber is g |
installed at the focusing point of Sot
the monochromized light. The & |
pressure is less than 1x10" Torr. El I
A double-pass CMA with a < | : o
coaxial electron gun, a LEED U5 200 400 600 800
Photon energy (eV)

optics, an ion-gun for sputtering,
and a sample holder which can be cooled with liquid nitrogen and heated, etc. are
equipped for ‘in-situ” measurements in the analyzing chamber. The photoelectron
spectroscopy including CIS (Constant initial state spectroscopy), CFS (Constant final
state spectroscopy) can be measured using CMA which is controlled by a personal
computer. Samples can be transferred to the analyzing chamber from the air, through
the preparation chamber in which sample treatment (e.g. cleaving, filing, and
deposition) can be made.

Figure 2 shows an example of spectra measured at BL2B1. These are K-L; 3
edge absorption spectra of KCI .
an(gi metallircI:)K films deposited on Fig2 K-L, ,edge
the sample holder made of Mo.
Spectra are measured via a partial
photoelectron yield by the use of
the CMA. The spin-orbit splitting
(L, and Lj) of the initial state of
metallic K and KCI are clearly
observed, and the splitting due to
the final state of KCI are also
clearly observed.

1 " 1 i I
295 300 305
Photon Energy (eV)



BL3A1 Irradiation Port with Undulator Radiation

A planar-type undulator installed in a long straight section of the
UVSOR storage ring provides an intense quasi—-monochromatic radiation
to the beam line 3A1 or 3A2. The undulator consists of 24 sets of
magnets, a period length of which is 80 mm. The photon-energy range
from 8 to 50 eV can be covered by the fundamentals, although the large
amounts of higher harmonics are mixed into the spectral distribution with
increasing the K-value. The beam line 3A1 has no monochromator
between the undulator and a sample chamber. The undulator radiation
is introduced into samples through a pinhole (1 or 2 mm in diameter
before the premirror chamber), a toroidal focussing mirror, another
pinhole(1 mm in diameter near the sample chamber), and filters (Al, Sn,
and In). A three-stage differencial pumping system is available to be
installed for the experiments such as etching and CVD. A typical
spectrum distribution measured at BL 3A2 is shown in Fig. 2, where the
undulator gap is 60 mm and the value of photon flux is 10™-10"
phs/s/mm?.

A variety of experiments by using the intense undulator radiation
such as photo-desorption, SR-CVD, photo-etching, and light-
amplification induced by core-level excitation have been carried out in
recent years. The irradiation effects of vacuum ultraviolet radiation to
useful semiconductors and amorphous materials have also been measured
at this station. The luminescence from high-T, superconductors, the
fluorescence yield of which is very low, can be obtained with the
undulator radiation. The decay time measurements of luminescence have
also been carried out on many samples under single-bunch operation.

[X10_93H T T T | S |
s U1 GAPSOMmM
R G2
2 r 5 .
Parmanent magnet E
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< |
3L E B
1B &2 gl i}
Electron  UWLIHTLE 29
beam <L : o |
1 - Pt : T
ok — -
One period 20 40 80 80 700

Photon Energy (eV)

Fig. 1 Schematic drawing of undulator Fig. 2 Typical spectrum of undulator



BL3A?2 Gas-Phase Dissociative
Photoionization Apparatus

This machine has been constructed to study the
formation of multiply-charged ions and thier dis-
sociation processes. The monochromator is constant-
deviation grazing-incidence type with 2.2 m focal
length and covers wide wavelength range from the
region around the first ionization potentials of almost

(=~ 100 nm)

all molecules to the region where

ARH
multiply-charged ions are effectively produced (~10 -
nm) . High intensity photon beam is available by T : EH)
introducing the radiation emitted from the undulator hl oD . i i
n |

to the monochromator. The apparatus contains an S POSTMAROA

entRuce  TRAIIMG CHAMBER
angle-resolved time-of-flight mass spectrometer prewinon  SME o eur (]

(M- M) (59)

(TOFMS) equipped with automatic data acquisition ==

photoionization, we detcet the coincidence signals of E 3

system for photoion-photoion coincidence measure-

ments. [For full understanding of dissociative multiple

two fragment ions produced from a parent ion,
“Coulomb

and measure the angular distributions

evaluate the kinetic energy release in
explosion”,
for the fragment ions. The sensitivity with respect to
high-speed ions (several tens of electron volts) is
in comparison with commercial

much improved

TOFMS.

Application

This apparatus allows us to measure the partial cross sections for the multiple ionization of
polyatomic molecules and the branching ratios for various fragment channels. On the basis of the
kinetic energy distribution of the fragment ions, we have discussed the detail of dissociative

potential energy surfaces relating to double photoionization.

Speciflications
. 2.2 m constant-deviation grazing-incidence

210 - 100 nm

Monochromator

Spectral range

Resolution

Mass spectrometer
Mass Resolution

Length of the drift tube
Rotatable Angle

2 0.009 nm at 13 nm

. double-field time-of-flight tyvpe
> 300

02-1m

20 - 90° with respect to the photon beam



BL5B Calibration Apparatus of optical elements

BL5B has been constracted to calibrate optical elements. The beam line consists of a plane
grating monochromator (PGM) and a calibration chamber (Fig. 1). The calibration chamber is
equipped with a goniometer. The beam line is able to accommodate an additional
experimental apparatus downstream after the chamber. The spectral range of the PGM is 2 -
240 nm (Fig. 2) and the resolution is 500 + 200 in this range. The volume of the calibration
chamber is ~ 0.5 m’, and the pumping system evacuates the chamber to a operating pressure
(less than 3 x 107 torr) from the atmosphere during ~ 1 hour. The goniometer, which was
installed for the characterization of optical components, has six degrees of freedom: coaxial
rotations of sample and detector, X-Y translation of a sample, and interchange of samples and
filters. They are driven by vacuum pulse
motors. Since the polarization of SR is Photon energy (eV)
essential for such measurement, axis of the

1240 124 12.4

rotation can be made in either horizontal or
vertical direction.

By using the chamber, and also by using
the ultrahigh vacuum chamber on the beam

line downstream, various researches such

P ey b

as 1) calibrations optical components, 2) s

measurements of reflectivity spectra of

B

materials in the photon energy range 10 -

200 eV, 3) measurements on photo-

stimulated desorption from solid rare gases

10’ 102

condensed on a cryogenic surface, and 4) Wavelength (A)

Electron multiplier intensity (pA/1kV at 1mA)

time resolved detection of photoemission

after the irradiation of VUV light using an Fig.2.  Throughput spectra of BLSB detected by an

- electron multiplier.
electron streak camera, have been carried P

out.
Plane Grating Monochromator !_Eha‘mbe;A b Chamber B . .
(calibration chamber) Fig.1.  Schematic figure of
Differential Rare gas BLS5B spectrometer system.
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BL6A1

Fourier Transform Far-Infrared Spectroscopy

Although the synchrotron radiation (SR) is a strong light source in the vacuum ultraviolet
region, the spectral distribution extends down to the far-infrared region. Since the bunch of

electrons is very small, the brightness is higher
than a conventional light source. This property
of SR is powerful especially for small samples.
As a matter of fact the intensity of UVSOR is
10 times larger than the high-pressure mercury
lamp when the sample size is smaller than 3 mm.
The far-infrared spectrometer of BL6A1 was
constructed to measure the absorption or

reflection of such a small size.

Specification
method :transmission or reflection
spectral range :33 pm ~ 2 mm (300 ~ 5 cm™,
37 ~ 0.6 meV)
resolution 0.1 cm™
temperature 9 ~350 K
pressure 0 ~ 20 GPa (using a

diamond anvil cell)

It becomes possible by using UVSOR as a
light source to do the spectroscopic study in the
far-infrared region on small samples. Recently
many attractive materials such as copper oxide
superconductors, strongly correlated electron
systems, superionic conductors and so on are
investigated. Since SR is a highly collimated, it
1s powerful for the spectroscopic experiment at
low-temperature, under high-pressure and under
high-magnetic field where the solid angle is

restricted to a small range.

Fig. 2.
0.1) under magnetic field.

Reflectivity spectra of La;, Sr,CuO; (x =~

Reflectivity

Sample Chamber

Fig. 1. Schematic drawing of spectroscopic system.
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BL6A2 Photoelectron Spectrometer for Solids and Surfaces

A Plane Grating Monochromator (PGM) consists of pre—mirrors, a
plane grating, focussing mirror, and a post-mirror, with an exit slit. It
covers the wide spectral range from 2 to 130 eV with exchanging two
gratings and 5 focussing mirrors. A typical photon flux is about
10"'phs/s/100 mA at 90 eV with a resolving power of 700. Angle-
integrated and angle-resolved photoelectron spectrometers are available
at BL6A2. The overall resolution of the angle-integrated cylindrical
retarding—field analyser is fixed to be 0.3 eV, while the angle-resolved
hemispherical analyser has a resolving power of 100 with an angular
resolution of 1.1°. The optical system including an ICCD system can
be installed to detect the fluorescence from the samples through a quartz
lenze and a sapphire window. The standard instruments for surface
analysis such as Auger, LEED, Ion gun, and Gas doser are installed in
the analysing chamber, the base pressure of which is 1.2x10™° Torr.
The samples are transfered from an air-lock chamber to the analysing
chamber through a preparation chamber.

The photoelectron spectroscopy is a powerful method to know the
occupied states of many materials. The [II-V semiconductors, layered
materials, dielectric films,
and metallic substances have
been investigated at BL6A2, AU YIELD
as well as the clean and -
adsorbed  surfaces of
semiconductors (Si, Ge, and
GaAs). The angle-resolved
photoelectron spectra have
also been observed to know
the band dispersion.
Moreover, the time response
of the photo-desorption of
excited-state alkali atoms
from alkali halides has been s ;
observed by using the TAC : T/ B—T
system under a single-bunch PHOTON ENERGY (eV)
operation.
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Fig. 1 Typical spectral distribution



BL6B Fourier-Transformed Far-Infrared Spectrometer

BL6B has been designed to measure reflectance on small samples with high
precision over FIR-IR regions. The optical system of BL6B consists of the following
three parts: (1) beamline optics in ultrahigh vacuum (1x10”®° Torr), equipped with
interchangeable four kinds of exit-window without breaking the vacuum, (2) adjusting
optics between the beamline and a spectrometer, (3) a Bruker IFS-113v spectrometer,
which offers automatic change of six beam-splitters under vacuum (=5 Torr). A
reflectance unit is placed into a sample compartment of the spectrometer, also in the
vacuum atmosphere. Temperature dependence can be traced with a LHe flow type
cryostat from room temperature down to 4 K. An infrared microscope is applied, if
necessary, to obtain accurate reflectivity on samples smaller than millimeter size. Table 1

summarizes the optical elements used in each wave-number range.

range (cm-1) source beam-splitter optical filter (cut-on)
2000-10000 Tungsten Si on CaF, none
500-5000 Globar Ge on KBr none
150-650 Hg lamp Mylar 3.5 700 cm™
70-220 Hg lamp Mylar 12p 700 cm™
20-80 Hg lamp Mylar 23p 100 cm™
6-30 SR Mylar 1251 35 cm™

Table 1. Optical elements.

BL6B is specially suitable for the study of optical properties of organic conductors
because available size of the crystals is usually very small. We are now investigating the
electronic structure of organic conductors that have a single-particle gap appeared in far-
infrared region, caused by SDW, CDW, or superconducting transition. The
superconducting character is also discussed through the change of reflectivity versus the

temperature around the 7.



BL7A Soft X-ray Spectrometer for Solids

In the soft X-ray region from 0.5 to 5 keV,

there exist ls core absorptions of light atoms

imTEwErTY

from oxygen to calcium which take important role

in the various fields of chemistry (organic, Lo —r
inorganic. catalytic, and biological) and other .
core absorptions of heavier atoms. By measuring
the X-ray absorption, and the emission of
electrons, X-ray fluorescence, and UV-visible
light after the excitation of ls or other core

electrons of these atoms, structural and dynamic-

ITERBITY

al information of molecules, solids and catalysts,
can be obtained. The soft X-ray beam line BL7A

equipped with a double crystal monochromator

R=RAY IN[RQY

(DXM) was constructed for the spectroscopic research in the soft X-ray region. The DXM at BL7A
was designed to realize the constant offset and constant direction duning the scanning of the X-ray
energy. As shown in the figure two crystals move along each arm of an L-shaped base. The first
crystal’s surface is mounted parallel to one arm while the second crystal's surface is mounted
perpendicular to another arm so that two surfaces should be parallel. The reflection points of the
first crystal and second crsytal move along the incident SR beam axis and along the
monochromatized X-ray beam axis. respectively. The rotation center of the L.-shaped base (cross
point of the extension line of the first crystal's surface and the normal line of the second srystal’s
surface at the reflection point) is fixed on the bisectional level of the incident SR beam and the
monochromatized X-ray beam. By rotating the I.-shaped base, incident angle to the crystal’s that

is. X-ray energy can be changed with keeping the offset and direction of the X-ray constant.

Specification

Scanable energy range :

CRYSTAL ) energy range
(MULTILAYER) 2d/A 1 % 3 4 5
T | : T
KAP 26. 64 0.49  1.36
(W/B4C) 25.7 0.51 L 41
Mica 19.8 0.66  1.83
Beryl 15. 965 o.82  z.27
Quartz-Y (1010) 8.512 1.53 4. 26
InSb-111 7.481 1. 74 4. 80
Ge-111 6.532 2. 00 5.55

Resolution 1046 eV (Crystal = Beryl, E = 860 eV)
Measurements : Transmission, total photoelection yield
Sample . Gas. solid (room temp. - 20 K)



BL8A Free Port

This beamline was constructed as a free port to which user can connect their own
instruments. The beamline consists of a front end, a focusing premirror chamber and a
separation chamber. Both focused and unfocused beam can be used. A general purpose
reaction chamber and a two (or three) stage differential pumping system are available for the
experiments that use gas samples without window. With using three stage diffrential
pumping system, gas pressure at the reaction chamber upto 0.5 Torr can be used while

keeping ultra high vacuum at the premirror chamber.

FOCUSING MIRROR SEPARATION
CHAMBER

specification
spectral range: whole range of synchrotron radiation from UVSOR
Acceptance angle
Unfocused beam: 25 mrad (horizontal) x 8 mrad (vertical)
0.6 mrad (horizontal) x 0.6 mrad (vertical)
(with 3mm¢ aperture before sample)

Focused beam: 7.7 mrad (horizontal) x 8 mrad (vertical)
[ Beam spot size at focus : 3 mm (horizontal) x 2 mm (vertical)
| Source - mirror distance: 2500 mm
| Mirror - focus distance: 2807 mm

Application

SR assisted Chemical Vapor Deposition
SR assisted Etching

Radiation damage

Soft X-ray microscopy

Accumulated photon echo



BL8B1 Photoabsorption and Photoionization Spectrometer

BL8B1 is the beamline for high resolution photoabsorption and photoionization
experiments mainly in the photon energy range from 200 to 800 eV where the 1s core
absorption of C, N, O atoms exist. For this purpose a constant-deviation constant-length
spherical grating monochromator (CDCL-SGM) with three interchangeable gratings was
constructed at this beamline. The CDCL-SGM has simple scanning mechanism with fixed
position of both the entrance and exit slits, as well as fixed direction of incident and exit
photon beams. The monochromator covers 30 ~ 800 eV by using three gratings (G1: R=15m;
1080 I/mm, G2: R=15m; 540 I/mm, G3: R=7.5m; 360 |/mm) with photon flux of 108 - 10°
photons/sec for 10 um slits and at 100 mA ring current (Fig. 1). Absolute photon flux was
evaluated from drain current of gold foil with assuming constant quantum efficiency of 0.073.
In the photon energy range from 180 to 800 eV, observed resolutions (E/AE = 4000 at 400 eV,
E/AE= 3000 at 245 eV) with 10um slits agree well the calculated values (Fig. 2).

Several types of gas phase experiments are possible with using an experimental chamber
equipped with a photoelectron detector (total- or threshold-), a time-of-flight ion detector, and
a built-in VUV monochromator for emission detection (under preparation). An example of
fragment-ion mass spectrum of core-excited molecule is reported in this issue (BL8B1). It is

also possible to measure absorption, electron yield, and emission spectrum of solid samples.

1. Absorption spectrum with transmission mode

2. Total electron yield and/or total ion yield spectrum

3. Emission spectrum (Visible to VUV) and emission excitation spectrum
4. Time-of-flight mass: photoelectron-photoion coincidence (PEPICO)

5. Photoion-photoion coincidence (PIPICO)

PHOTON ENERGY / eV

Fig. 1. Throughput spectra (absolute photon flux) of
CDCL-SGM for three gratings with 10um slits and at

100mA ring current.
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Fig. 2. Energy resolution of CDCL-SGM for three
gratings with 10 um slits. Solid lines: calculated




BL&B2 Angle-resolved UPS system

An angle-resolved ultraviolet photoemission spectroscopy (ARUPS) system at BL8B2
is shown in Fig.1. The ARUPS system consists of a preparation chamber with a glove box,
a measurement chamber with an accurate manipulator for temperature dependence, a new
cleaning chamber and a new sample preparation chamber. The new cleaning chamber are
also equipped with LEED/AUGER, Ar* gun and an infrared heating units. Each chamber
is evacuated by a combinaton of a sputter ion pump, a turbo-molecular pump and a Ti
getter pump with a final pressure of 107®Pa range. Synchrotron radiation from UVSOR
is monochromatized by plane-grating-monochromator (PGM) which supplies radiation in
the energy range of 2-150eV. This range covers the whole valence excitation of various
solids. A hemispherical electron-energy analyzer of 25mm mean radius can be rotated
around vertical and horizontal axes. The sample mounted on a manipulator can be also
rotated around two axes. The spot size of the zeroth-order visible light at the sample
is focused less than 1x1mm?. The total resolution is less than 0.3eV, as determined by
measuring the Fermi edge of gold. The sample are prepared on a small disk of 10mm
in diameter by methods such as vacuum evaporation and cleavage in the preparation
chamber or the glove box under Ar atmosphere.

The ARUPS system at BL8B2 are designed for measuring various organic solids such

as molecular crystals and con-
ducting polymers. Then, we mea-
sured ARUPS spectra of copper
phthalocyanine (CuPc) thin films
deposited on MoS, surface. The

freshness of the cleaved MoS, sur-
face was confirmed by ARUPS
and low energy electron diffrac-

I
\ sample preparation chamber
cleaning chamber

ARUPS measurment
chamber

tion (LEED) measurments before < infrared heating urit

the film deposition. By com-
paring the results of LEED and —
"ARUPS measurements, we deter- B "
mined the orientation of the CuPc
molecules on the MoS, surface by samele
the quantitative analysis of the
observed angular distribution us-
ing the JAC (Independent Atomic

Center) approximation method.

Fig.1 The top view of ARUPS system at BL8B2 g
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UVSOR Workshop

on

Present Status and Future Plans

of

VUV Beam Lines

for Solid-State Research

November 4, 1994 (at Room #101)

13:00- (General Features)
Opening address

Present status and plans of VUV beam lines
VUV beam lines of INSSOR

VUV beam lines of Photon Factory

VUV beam lines of BESSY

15:10-15:30 (Coffee Break)

15:30- (Photoelectron Spectroscopy)
Present and future of BL2B1 and 6A2

Present and future of BL8B2

Status of high-resolution photoelectron spectroscopy
Status of spin-resolved photoelectron spectroscopy
Constant—deviation monochromator at BL8B1

New project at BLSA

New undulator for circular polarization

17:45- (Free Discussion)

N. Kosugi(IMS)

M. Kamada(IMS)

S. Shin(Tokyo Univ.)
T. Miyahara(KEK)
T. Kinoshita(IMS)

S. Tanaka(IMS)

K. Seki(Nagoya Univ.)

T. Takahashi(Tohoku Univ.)
T. Kinoshita(IMS)

A. Hiraya(IMS)

M. Kamada(IMS)

S. Kimura(IMS)

(Remarks by T. Omata(Kanagawa Univ.), S. Hino(Chiba Univ.), Y. Ouchi(Nagoya Univ.),
K. Fukui(Fukui Univ.), T. Matsukawa(Naruto Univ.), and I. Ouchi(Tottori Univ.))

18:30-20:30 (Party)
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November 5, 1994 (at Room #101)

9:00- (Seya Region)

Present status of BL1B and BL7B M. Hasumoto(IMS)

Future plans of BL1B and BL7B S. Tanaka(IMS)

2—-photon spectroscopy M. Itoh(Shinsyu Univ.)
Expectancy from exciton physics T. Hayashi(Kyoto Univ.)
Expectancy in the window region K. Nakagawa(Kobe Univ.)
Proposal for BL7B H. Nakagawa(Fukui Univ.)
10:55- (Free Discussion)

(Remarks by K. Kan'no(Kyoto Univ.), K. Kurosawa(Miyazaki Univ.), T. Matsumoto(Kyoto
Univ.), N. Eimori(Osaka Univ.), T. Nanba(Kobe Univ.), and M. Fujita(Maritime Safety
Acad.))

11:55=13:15 (Lunch)

13:15- (BL3A1 and BLSB)

Present and Future of BL3Al M. Kamada(IMS)

Desire from irradiation experiments H. Hayashi(IMS)
Expectancy from SR-CVD experiments A. Yoshida(Toyohashi Univ.)
Present and future of BLSB S. Kimura(IMS)

Needs for calibration beam line K. Yamashita(Nagoya Univ.)
Expectancy from desorption studies K. Mitsuke(IMS)
14:55-15:10 (Coffee Break)

15:10- (Comments and Free Discussion)

Comment from quantum electronics H. Itoh(Kagawa Univ.)
Comment from user's side R. Kato(Kyoto Univ.)

Free Discussion
(Remarks by M. Ashida(Kyoto Univ.), K. Mase(IMS), T. Tsujibayashi(Osaka Dental
Univ.), M. Mori(Nagoya Univ.), and M. Watanabe(Tohoku Univ.))

16:40- (User's meeting)
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A picture of the experimental hall of the UVSOR facility.
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The UVSOR 750 MeV Storage Ring
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Accelerator Complex

Injector Linac

Energy 15 MeV

Energy spread ~1.6 %

Frequensy S-band 2.856 GHz
Acceleration 2n/3 traveling wave
Length 2.5 m (from gun to exit)
Klystron power ~ 1.8 MW

Booster Synchrotron

Lattice type FODO

Energy 600 MeV

Beam current 32 mA (8-bunch filled)

Circumference 26.6 m

Super cell 6

Bending radius 1.8m

Betatron number 2.25 (horizontal)
1.25 (vertical)

Momentum compaction « 0.138

Harmonics 8

RF frequency 90.115 MHz

Repetition rate 2.6 Hz

Storage Ring

Lattice type Chasman-Green

Energy 750 MeV

Critical energy 425 eV

Circumference 53.2m

Super cell 4

Bending radius 2.2m

Betatron tune 3.16 (horizontal)
2.64 (vertical)

Momentum compaction o 0.032

Harmonics 16

RF frequency 90.115 MHz

RF voltage 50kvV. .,

Emittance 1:15x 107 xm rad
1.15x 108 xm rad

Beam size 0.39 mm (horizontal)
0.27 mm (vertical)

Bunch Length 170 ps (at zero current)

Beam current Multi-bunch 200 mA
Single-bunch 50 mA

Lifetime 4 h at 200 mA

(Multi-bunch) 9 hat 100 mA

A



Additional equipments

Higher-harmonic cavity 3 x90.115MHz
Superconducting Wiggler 4T maximum
Undulator for SR

Optical Klystron for FEL

Control System

Preface: Based on Dual-host system with CAMAC loop and
friendly man-machine interface
Architecture

CPU 2 u-VAXs (3400)

05 VMS

Connection DECNET & Local Cluster
Operator console 2 VAX-Stations (DEC-Window)
Status monitors VT286s + Macintoshes
Interface CAMAC serial loop

GPIB for beam monitors
RS232C for host cpu of Wiggler
Language Fortran, C, Pascal

Pob ili'oa : Curlré'ri'ea 4

monitor  monitor  Senal driver

uadrupole

Sy Vacuum )
Hm

Eraten.

URauETSr A Caviy
dula . Cavit

Cavity

ate
Edbishbiddat

Q-Corrector
rre

BT jY-Steering
rbbetiing | MOr Transport & “m—
—— Synchrotron

GAMAF Loop

. Storage Ring CAMAC LOOD

Scheme of Accelerator Control System "UCOSS"
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Beam Lines at UVSOR

Beam
Line

BL1A
BL1B
BL2A
BL2B1
BL2B2
BL3Al
BL3A2

BL3B
BL4A
BL4B
BL5A
BL5B

BL6ALl
BL6A2
BL6B
BL7A

BL7B
BL8A

BL8B1

BL8B2

Monochromator,
Spectrometer

Double Crystal

1-m Seya-Namioka
1-m Seya-Namioka
2-m Grasshopper

1-m Seya-Namioka
None (Filter, Mirror)
2.2-m Consant Deviation
Grazing Incidence
3-m Normal Incidence
None

None

None

Plane Grating

Martin-Puplett
Plane Grating
FT-IR

Double Crystal

1-m Seya-Namioka
None (Filter)

15-m Constant Deviation
Grazing Incidence
Plane Grating

U: with an undulator
W: with a wiggler
OK: with an optical klystron

Wavelength
Region

21-3 A
6500 - 300 A
4000 - 300 A
600 - 15 A
2000 - 300 A

1000 - 100 A

4000 - 300 A

2000 -20 A

2000 - 30 pm
6500 - 80 A
200 - 1.7 um
15-8 A
15-24
6500 - 300 A

400-20 A

6500 - 80 A
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Acceptance
Angle (mrad)
Horiz.  Vert.
e 1
60 6
40 6
10 L.
20 6
(U) 03 0.3
10 4
(U) 03 03
20 6
6 6
8.3 6
(OK)
10 22
80 60
10 6
70 25
2 03
W) 1 0.15
40 8
25 8
10 1.5
10 6

Experiment

Solid
Solid
Gas
Solid, Surface & Gas
Gas

Solid & Irradiation
Gas & Solid

Gas

Irradiation
Irradiation

FEL

Calibration, Gas &
Solid

Solid

Solid & Surface
Solid

Solid

Solid
Irradiation,
User's Instrum.
Gas & Solid

Solid



LOCATION
Ultraviolet Synchrotron Orbital Radiation (UVSOR) Facility, Institute for Molecular

Science (IMS) is located ar Okazaki. Okazaki (population 320,000) is 260 km southwest of
Tokyo, and can be reached by train in about 3 hours from Tokyo via New Tokaido Line
(Shinkansen) and Meitetsu Line.

Okazaki National
Research Institute

ADDRESS
UVSOR Facility
Institute for Molecular Science
Myodaiji, Okazaki 444, JAPAN

Tel +81-564-55-7402 (Secretary, UVSOR)
+81-564-52-6101 (UVSOR)

Fax +81-564-54-7079 (UVSOR)

Telex 4537475 KOKKEN J (IMS)
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