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The UVSOR facility: a short appraisal

Introductory remarks

UV SOR is known mainly in the international community for its fine work in molecular photionisation, photochemistry and
macromolecular physics. The author of this brief survey, aformer scientific director of BESSY with research interestsin molecular
photoionisation and surface science, has been familiar with the research carried out at UV SOR for many years, but visited the

facility itself for the first time during his stay at IMS from 213 — 24t October 2001.

Status of the beam lines

The machine has four straight sections two of which are used for insertion devices—a linear undulator (BL3A) and an undulator
for circularly polarised light (BL5A), which isalso used as an optical klystron for afree electron laser experiment. BL3A is equipped
with an irradiation facility as well as with a constant deviation SGM used for the study of dissociative multiple photoionisation,
unique among synchrotron radiation facilities. On BL5A thereisahighly flexible SGM with an energy range of 5-250 eV whichiis
used for high resolution spin- and angle-resolved photoemission studies of solids and surfaces. More insertion device beam lines are
planned following an upgrade of the machine which is discussed below. There is also an impressive monochromator park on the
bending magnet beam lines, including afurther eight grazing-incidence monochromators and two crystal monochromators. A variable
line spacing PGM has just finished trials on a bending magnet beamline (BL4B). Altogether there is atotal of twenty measuring
stations, including normal-incidence monochromators and beam lines for white light and IR. Eleven of these stations are used by

outside users, i.e. by scientists from ingtitutions other than IMS.
A brief overview of the research programme

Itisnot possible in such a brief account to do justice to the extensive research programme. The examples of world-class research
work chosen by the author in the following are necessarily subjective and certainly influenced by his own research interests, aswell

as by some of the very fine talks he heard at a symposium held during his visit.

Both fluorescent decay and laser-induced flourescence have been used to study the photofragmentation of molecules such as
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H>0, OCS and CH3CN following excitation with UV synchrotron radiation as well as to characterise the fragments. Similarly, the
coincidence techniques PIPICO and AEPIPICO have been employed to study fragmentation in core-ionised CF,4, CD3OH and
CH3CO, CD3CN, respectively. The latter study was particularly interesting in that two-body dissociation with rearrangement was
found to accompany N 1s resonant Auger decay to give CD,* and DCN* alongside the “normal” products (C,D3*" and N*) and (CDz*
and CN*). Similarly exciting isthe increased level of understanding of core level photoabsorption of diatomic molecules acheived
by both new experiments and theory. In particular, avery simple experiment has recently been conceived for the new variable line-
spacing PGM in which two identical detectors register the photoion current at 0° and 90° to the E vector of the incident synchrotron
radiation. Since the absorption cross section will be largest when the transition dipole is aligned parallel to the E vector the aniso-
tropy in the ion distribution will reflect the symmetry of the excited states. Thus for alinear molecule it is possible to distinguish
between final states of t and o symmetry. In the case of corelevel excitation of N, apreviously unidentified state of 1 symmetry was
found at 419 eV in the region of the ¢ shape resonance. Recent cal culations by the same group show that this could be a bound state
involving atriple excitation. Combined synchrotron radiation and laser experiments are likely to play a more important role at
UVSOR in the future: The technique has already been used to study the time dependence of photo-induced phase transitions in
inorganic systems as well as of the surface photovoltage (SPV) effect in semi-conductors. It was found, for example, that both for
the GaAs(100) surface and for a GaAs-GaA sP superlattice that the laser-induced photoel ectron core level shift is due to the SPV and
that its decay can be observed on a microsecond timescale. Beamline BL6A2 has been upgraded for experiments of this kind and
combined with afacility for photoemission investigations on surfaces with a spatial resolution in the micron range. A deeper
understanding of the preparation and properties of Si surfaces has also been obtained, in particular of the hydrogen adlayersresulting
from etching techniques. Infrared reflection-absorption spectroscopy played an important role in these measurements. Single crystal
surface science studies at UV SOR have also shed new light on the chemisorption of simple molecules on metal surfaces. For
example, it was shown that N,O adopts a lying-down geometry on the Pd(110) surface and already dissociates at about 120 K,
giving rise to several N, desorption states and leaving oxygen on the surface. Studies of the electronic structure and molecul ar
orientation of polymer films continue at UV SOR, if not with the sameintensity asin the past. Recently, angle-resolved photoemission
and NEXAFS have been used to show that the heterocyclic pendant group in poly(9-vinylcarbazole) exhibits alarger average tilt

angle at the surface than that expected on the basis of random orientation.

Planned upgrade and future emphasis

Asisnow widely known, an undulator is a periodic magnetic struture, or insertion device, which is inserted into the straight
section of a storage ring, causing the electron (or positron) beam to oscillate transversally about its prescribed orbit. The intense
beam of radiation produced in the forward direction is strongly peaked at one wavelength on account of the quasi-coherent addition
of the radiation emitted from the points of maximum excursion. UV SOR is a so-called second-generation synchrotron radiation
source which was planned and constructed at atime when the principle of the undulator was already known, but essentialy untested.
Third generation sources built in the last ten years are those which contain a large number of straight sections for undulators and
wigglers. These, rather than the bending magnets, then provide the most important sources of synchrotron radiation on the storage
ring. (The periodic excursions from the orbit are larger in the wiggler due to a stronger magnetic field and there is no quasi-coherent
addition of the emitted radiation.) UV SOR has currently two undulators and a short wiggler with superconducting magnets which is

intended as a “wavelength shifter.”
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A modification to the lattice of the storage ring (“upgrade”) is currently in the planning stage. Thiswill create—without changing
the circumference—four new short straight sections which can also be used for insertion devices. The new lattice can be created by
replacing al the separate quadrupole and sextupole magnets of the old lattice with “ combined function” magnets which have both
quadrupole and sextupole fields. The bending magnets would remain unchanged. A further attractive feature of the upgrade would
be the lower emittance (27 nm-rad as opposed to 165 nm-rad) which is an important factor in obtaining high spectral resolution and
high photon flux on the various monochromators installed on the beam lines. The use of specially constructed in vacuo undulators
with gaps as narrow as 10 mm will give access to the photon energy range up to 500 eV with thefirst and third harmonics. The short
length available (1.5 m) for the undulators in the new straight sections means that the flux and pseudo-monochromaticity will be
somewhat lower at these photon energies than on storage rings with electron energiesin the 1-2 GeV range. However, UV SOR will
still become competitive in this important soft x-ray region where very exciting work is currently being performed at facilities such

asMAX Il (Lund), ALS (Berkeley), ELETTRA (Trieste) and BESSY Il (Berlin).

At the same time, the author of this report is of the opinion that it is very important to maintain, and to expand, the undulator
capacity for photon energies from 10 to 100 eV. Storage rings with electron energies of the order of 750 MeV optimally provide first-
harmonic undulator radiation in this photon energy range. The last few years has seen areduction in the number of such facilities
available world-wide. BESSY | has been closed; Super-ACO in Orsay will suffer the same fate when the construction of SOLEIL
begins; MAX | isused as part of theinjection system for MAX I1; the ISSPring in Tokyo has been dismantled; further, it is not clear
how long the UV ring in Brookhaven will remain in operation. UV SOR has the unique opportunity—particularly with the upgrade—
of becoming the prime facility world-wide offering undulator radiation of very high spectral brilliance in the far UV up to 100 eV
primarily for experiments in surface and solid state physics, for fundamental photoionisation studies (e.g. in the inner valence

region) and for photochemistry.

The scientific programme aready has many highlights, afew of which have been described briefly above. In line with the mission
of IMS the main thrust of these activities liesin photochemistry (including surface photochemistry), molecular photoionisation and
polymer science. However, there are several areas, particularly in surface and solid state physics, which are not as strongly represented
as they could be, even though UV SOR has a very good monochromator park. (After the upgrade it will no doubt improve further! )
Thisimbalanceisall the more surprising since the ISSP ring is no longer in operation and one might have expected that outside users
particularly in the area of solid state physics would have shown greater interest in coming to Okazaki. It therefore seems necessary—
parallel to the implementation of the upgrade—to recruit new users or to initiate new activities at IMS itself in areas such as high
energy and high angular resolution photoemission, spin-polarised photoemission, high spatial resolution photoel ectron microscopy
and photoel ectron diffraction. Thiswould establish UV SOR as an important multi-disciplinary, and internationally unique, facility

with its most important areas of research focussed on the far UV.

M. Bradshaw

Garching, November 2001
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June 27, 2001
Professor Koji Kaya
Director General
Institute for Molecular Science
Okazaki National Research Institutes
Myodeaiji, Okazaki 444-8585
Japan

Dear Professor Kaya:

| have read through the reports of IM S research on spectroscopy and photoinduced processes. It made very interesting reading and
| was very impressed with the scope of the IMS effort. | could make specific statements about some projects but | don’t think that
would serve you much purpose. The research is often excellent and there are some internationally outstanding components in
traditional branches of molecular science and in the areas of new materials, photochemistry and biophysical sciences. While the
quality and breadth of sciencein IMSis exceptional when the projects are taken on an individual basis, there are major programmatic
areas where IM S could take international leadership in a broader sense.

Based on my reading of the IMS Annual Report | want to mention three areas of possible development where awide variety of
spectroscopic and photochemical methods will be absolutely necessary in order to make significant advances. Some aspects of these
fields are represented already but do not appear, at least from my reading, to be main thrusts. These areas are: molecular scale
devices; biodynamics in the post-genomics era; and the physical chemistry of the environment.

The last several years have witnessed a revolution in polymer electronics, fullerenes and carbon nanotubes, self-assembled
monolayers, metallocene catalysts, combinatorial libraries, nanocrystals, and many others. Some of these discoveries have already
madeit into commercial products. However, shouldn’t we as molecular scientists be moving toward molecular scale devices? This
shift requires learning how to optically detect and change the properties of individual molecules in condensed phases, to control
nanocrystals and mesostructured materials on the molecular scale, to demonstrate single electron devices, and fabricate molecule-
sized elements with sufficient complexity to allow internal propagation of information, aswell as communicating to it with nanowires,
laser beams, or by other means. Molecule scale based research will involve studies of quantum phenomena, size and scaling laws,
electronic structure, phase diagrams, kinetics and thermodynamics of self-assembly, surface and interface effects, surface attached
molecules, unique structured nanocrystals, cluster-assembl ed matter, mesoscopic and mesoporous structures, fluctuationsand collective
phenomena, digital properties of single molecules, thermal fluctuations, and kinetics for single objects vis-a-vis ensembles. Probe
molecules need to be designed for efficiency, stability, control of coupling between units having simultaneous readout, designer
architectures and self-replication. | note that IMS has excellent projectsin the field of molecular nanotubes, ionic interactions, soft
materials and molecular self assembly.

Molecular science is beginning to face the challenges presented by regulatory networks; in my view it can move toward the
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chemical bond understanding of functional genomics and molecular biology. This move will require more knowledge of the storage
and transfer of energy and information, networking, information distribution, molecular motors, genomics, specia properties of soft
materials, and mechanisms of self-assembly. It was molecular scientists who made possible the field of structural biology whereby
the structures of the molecules and assembliesthat are essential to life are obtained at atomic resolution. In the future the achievement
of molecular scale moving pictures of complex biological processes will generate significant technological and conceptual progress
that will also greatly advance other fields of chemistry and materials science. For example, various approaches to rapid time resolved
diffraction and spectroscopy over the widest possible range of time scales are needed. Single molecul e imaging methods combining
optical tweezers, confocal and near-field microscopy, and AFM are permitting the observation of individual proteins, motors,
photoreactive molecular systems and assemblies belonging to a variety of length scales undergoing change over many orders of
magnitude of time. A number of different dynamic scanning tunneling microscopies and multidimensional spectroscopic analogues
of NMR in the terahertz, infrared and optical regime can greatly extend our knowledge of structural changes. Of course the basic
chemical processes of molecular science are involved, such as electron transfer, proton transfer, energy transfer, structural control of
barrier crossing, tunneling and elementary reaction dynamics, nonlinear dynamics, self-assembly and the dynamics of water. Many
of these phenomena are aready studied at IMS especially in areas related to creative applications of vibrational spectroscopy to
questionsin structural biology. However the influence of the post-genomic challenges are not yet evident. We need the devel opment
of toolsfor the investigation of single cells, biological sensors, micro electro-mechanical systems, for rapid processing of structural
information, and for creating a molecular biology laboratory on asingle chip.

Last but not least, the chemistry of the environment also requires an understanding of fundamental mechanisms at the molecular
level, through devel opments of heterogeneous reactions, kinetics at the interface between solids, liquids and gases, and afundamental
understanding of radical-molecule reactivity.

I hope this discussion proves useful and could at least form the basis for your discussions of new directions and needsin molecular

science. | very much enjoyed meeting you last month.
Sincerely yours,
Robin M. Hochstrasser

Donner Professor of Science
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January 3, 2002
Professor Koji Kaya
Director General
Institute for Molecular Science
Okazaki National Research Institutes
Nishigonaka 38
Myodaiji, Okazaki 444-8585
JAPAN

Dear Professor Kaya:

Itismy very great pleasureto report on my first visit asaforeign councilor, over the period December 1 — December 8, 2001. In
your letter to me, you ask that | pay particular attention to the faculty of the Department of Electronic Structure, the Department of
Molecular Structure and the UV SOR facility. In addition, you specifically ask me to comment on your new molecular nanoscience
initiative. All of your faculty were extremely gracious and generous of their time in providing me all of the materials | needed to
carry out this report in the four days available. It was a very stimulating visit, and | am delighted to report on the visit in the

remainder of this|etter.

Department of Electronic Structure

The activities of this department are an extremely well integrated and coordinated set of programs. The complementary nature of
the various studies enhances all of them, and also provides for strong coupling with the theoretical group. Professor Nishi isvery
successfully carrying out aresearch program that extends from macro sized objects to small molecule dynamicsin liquids. Hisnew
work on cluster molecular magnets is spectacularly good and may well lead to very useful results. Hiswork on condensed phase
dynamics and structure of clusters continues to be outstanding and recognized internationally. Thiswork is complemented beautifully
by the broad-based cluster studies of Professor Fujii, carrying out a broad series of programs of infrared and visible ultrafast
dynamicsin selected molecular clusters. Thework ontime-resolved ion dip spectrawith infrared excitation is spectacul arly successful,
and will certainly be emulated in many locations. Although Professor Fujii is carrying out many projects, they areall quiteinteresting
and successful, and he has the energy to devote to each of them!

Also of specia notein this Department is the program of time resolved photoel ectron imaging studies originated by Associate
Professor Suzuki. Hisvery clever use of rotational coherences to obtain important alignment-free dynamical information on an

ultrafast timescale is extremely clever and has caught the broad attention of the international dynamics community. Professor
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Suzuki is afrequent lecturer on reaction dynamics at many major conferences and institutions throughout the world. He isthe
central figure in the strong Japanese program in molecular reaction dynamics. Heis also extremely dedicated to the education of
students and his broader roles as a scientist.

Associate Professor Tsukudais arelative newcomer to IMS, but | have known much of hiswork in gas phase and cluster science
that was carried out with Professor Kondow. Inashort timeat IMS, Tsukuda has assembled aremarkable tandem time of flight mass
spectrometer to study metal clusters that have been dispersed in liquid phases, and he has also begun characterization of transition
metal clusters encapsulated within dendrimers. Thiswork, now in itsinfancy, seemsto me to be one of the very important future
directions of cluster science, and tiesin beautifully with the earlier work of Tsukuda and with the work of his collaborators at IMS.

Overall, he represents an outstanding addition to the faculty of IMS.

Department of Molecular Structure

Professor Okamoto is establishing a very exciting new program to carry out near-field optical spectroscopy with femtosecond
resolution. He has some very exciting ideas to carry out studies of energy transfer in nanostructures, studying transient species
ultrafast resolution. Inavery competitive field, hisideas stand out as very promising and innovative. Thiswork, which isjust now
bearing thefirst fruits of success, represent an important and significant addition to IMS and will play akey rolein your new studies
of nanomaterials.

Professor Kitagawa continues to be aworld leader in the application of time resolved resonance Raman spectroscopy to important
biophysical problems. He continues to be active in aremarkably broad area of problems. The work on ultrafast dynamics of
myoglobin and the structures of reaction intermediates in Cytochrome c; oxidase are especially noteworthy. By judicious use of
collaborators and finding ways to obtain sample materials, he has been extremely successful in applying state-of-the-art physical
methodol ogies to important problems in biophysical chemistry.

Associate Professor Kato has established an important reputation for himself and for IMSin his studies of fullerene chemistry. In
newer work, | find his high-field ESR studies of endohedral fullerenes encapsulated by two metalloporphyrins connected by rigid
hydrocarbon groups to be especialy interesting and exciting. These systems provide arigid framework for the interaction for three
spatially separated, high-spin systems, and can provide direct information on important chemical interactions. His very new work
on Raman spectroscopy of relaxation in liquid crystals holds great promise and fits very nicely into the new materiasinitiatives at
IMS.

Associate Professor Moritais carrying out very interesting and exciting fundamental studies of trapping metastable helium atoms
using doughnut mode laser beams, and studying atoms and ionsin liquid helium. The studies of excitation of metal atomsin liquid
helium provide a very important contrast to the corresponding studies in finite He clusters, and the studies of fine structure changing
collisions of atomic ions with molecules provides important new insight into anisotropic interactions. The trapping and cooling
ideas are very, very clever and innovative; it is unfortunate that Professor Morita's group has been so small, for it is very difficult to

competein this areawith asmall group.

UV Synchrotron Radiation Group

The UV SOR facility was commissioned about 20 years ago, and has been one of the very significant second-generation UV light

sources. During its existence, there have been alarge number of important studies, in the gas phase and especially in solids, carried
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out using thisfacility. However, thisis a second-generation light source, and it will become increasingly non-competitive as third-
generation light sources are come on line, and fourth-generation sources are on the design drawing boards. While | understand that
numerous (unsuccessful) attempts have been made in the past to upgrade this facility, it now sounds like there is areasonable chance
to carry out asignificant upgrade of thislight source. Such an upgradeis absolutely essential, if this source isto remain competitive
and to carry out gas-phase experiments or pump-probe experiments. Professor Kosugi provided a very thorough and interesting tour
of UVSOR fecility, and showed me the detailed plans for the upgrade of this facility and the programs for synchrotron research at
IMS. While there are clearly important and exciting scientific objectives, the upgrade remains critical for this facility to be

internationally competitive.

Nanostructure Science Initiative

Professor Nishi gave me athorough and exciting summary of the prospectsfor thisfacility. Ashe explained, the emphasis of this
facility will be on the molecular aspect of nanoscience, taking the fullest advantage of the wonderful treasure of expertiseat IMS.
Thisisavery important focus on nanoscience, rather than just nanotechnology or nanomaterials. Aswe continuein this exciting
new field, | am certain that it will become increasingly clear that molecular level under standing is the tool that will provide the
truly exciting new developments. In my opinion, IMS abundantly possesses the molecular-based scientific excellence that will

provide it a unique and important role in this important new area of science and technology.

Summary

Overal, | was extremely impressed with the high quality of the science and the faculty of the Institute for Molecular Science. The
Ingtitute enjoys awell-deserved internationa reputation for excellence in itsresearch in molecular science. The new faculty persons
and the new initiatives that you have proposed are directed appropriately, and promise to keep IMS as aworld leading research
organization. The balance that you are attempting to strike between basic science and technology applications is a particularly
delicate and important one, and | am very pleased to see that IMSis prepared to address the central importance of molecular science
inal of these programs. That isthe correct answer, and you deserve al of our appreciation for continuing to keep thisfocus for your

Institute.
| look forward to areturn visit to IMS!

With best wishes,

D, B onsbesgos

W. Carl Lineberger

E.U. Condon Distinguished Professor
of Chemistry and Biochemistry
Fellow of JLA
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PS. | would be remiss to write you without expressing my deep appreciation for the outstanding job that Professor Toshinori Suzuki
did in arranging my trip and the visitsto IMS faculty. His dedicated efforts made it possible for me to see an enormous amount of

IMSin four days, and | am very grateful to him.
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Evaluation of the Institute of Molecular Science Okazaki, Japan

To evaluate scientific activity and scientific value of such an ingtitution as IMSis an extremely difficult task. The activity of IMS
is so broad and diverse that a single person hardly can even understand and appreciate everything what has been accomplished
during the last few years. Since | am atheoretician, | will comment only on the work which has been done by the Departments of
Theoretical Studies.

| personally highly estimate the theoretical work carried out at IMSin the following fields:

 Studies of chemical reaction dynamics.

» Studies of electron and positron scattering with molecules.

 Studies of water clusters and of molecular processes in atmospheric environment.

 All studies of the structure of proteins.

» Non-adiabatic transitions and controlling of molecular processes including the process of molecular switching.
e Application of ultra-fast nonlinear optical spectroscopy of molecules in condensed phase.

» Studies of chemical processes at liquid solid interface.

 Studies of one-dimensional conductors.

All the contributions mentioned above are of pioneering nature and represent significant contribution to the development of
science.

There is no doubt that IMS ranks among the leading scientific centers of the world. Its scientific activity is enormous, the
members of IMS are active participants at any prestigious international conference as invited speakers or contributors of highly
appreciated papers. Personally, | highly appreciate thefact that IMSis open to foreign visitors and abroad very efficient collaboration
between IM S and many other scientific institutions of the world exists. This represents an enormous contribution to the devel opment
of not only basic science but also to the development of new technologies and new materials. | strongly recommend that IMS will

continue to support the international collaboration.
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| evaluate IMS as a highly efficient, productive and respectable institution continuously making significant contribution to the

world science.

Prof. RNDr. Jiri Horacek
Institute of Theoretical Physics
Charles University Prague
Czech Republic
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