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Report on the scientific activities at the Department of Vacuum UV Photoscience and UVSOR following a visit to IMS on

9-11 January, 2006

Prof. Joseph Nordgren
Uppsala University

Department of VUV Photoscience
Professor Nobuhiro Kosugi

The successin keeping the UV SOR facility at a continued competitive level is undoubtedly to alarge part thanksto the insightful
and talented management of professor Kosugi. At the same time he is pursuing molecular physics research, experimental aswell as
theoretical, at an internationally well-recognized level. Thisis a noteworthy achievement. The main areas of interest are in the study
of chemical bonding and excitation dynamics, in molecular interaction in clusters and molecular solids, and also in solid state
physics. The experimental methodsthat professor Kosugi isusing are symmetry-resolved photoabsorption, photoemission spectroscopy
and lately soft X-ray fluorescence spectroscopy. He is also conducting a research programme in quantum chemistry, and he has
developed widely used codes for theoretical calculations related to molecular inner shell spectroscopy.

Among the studies conducted by professor Kosugi one notices an application of the angular resolved photoion yield technique
in the assignment of featuresin photoabsorption spectra, e.g. that of acetylene. By analyzing this spectrum using calculated potential
energy surfaces the C1s-30,* valence state coupled via a bending mode with the t* state together with the 3soy Rydberg state was
found to be responsible for a particular observed feature. An interesting approach is also the use of blue respectively red shifts of
photoabsorption features to determine geometrical conformations in molecular clusters, and a noteworthy achievement is the
measurement of a shift of the Ar 2p-4sline due to the 0.4 pm reduction in bond length induced by lowering the temperature from 16
K to 8 K. Quite noteworthy is also the study on the electronic structure of DNA by resonant photoemission, where it could be
concluded from evidence of local character of unoccupied states that conductivity is associated with electron hopping rather than
charge transfer.

Among significant experimental system developments made in professor Kosugi’s group the recent design of anew kind of soft
X-ray fluorescence spectrometer is particularly interesting. This design is based on imaging non-spherical grazing incidence optics
(Wolter type) and a transmission grating. This design has unique features and already with the present grating and detector (future
performance enhanced components are likely to become available) the performance isimpressive.

Professor Kosugi, who has awide international network and collaborations, hislist of published papers steadily increasing, isan
internationally renown and respected scientist, who continues to contribute to the basic understanding of core and valence

photoionization processes in a significant way.
Associate professor Akiyoshi Hishikawa

Professor Hishikawa cameto the Institute in 2003, and he is conducting a research programmein ultra-fast dynamics of molecules

inintense laser fields. The study of conditions at the atomic level where perturbative methods completely fail as the strength of the
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externd field is comparable to that of the internal field is of considerable interest. Modern lasers are able to produce such conditions
and professor Hishikawa is focussing on structural deformations and multiple bond breaking using a recently developed method,
coincidence momentum imaging. The technique allows the determination of the momentum and gjection directions of al the fragment
ions g ected in the dissociation induced. By analyzing the correlation of the determined momentum vectors professor Hishikawais
reconstructing the nuclear motion evolution on the “light dressed” potential energy surfaces. This allows detailed information to be
obtained regarding the dynamics of the intense laser field induced state.

Issues like how the molecular orientation with respect to the polarization of the laser light influences the Coulomb explosion
evolution has been studied in detail by professor Hishikawa. Among the successful studies carried out in recent time one on the
dissociation of acetonitrilein intense laser field is particularly informative. By varying the laser pulse width the effects of structural
deformation and alignment could be controlled and the gjection directions determined in a selective manner. This allowed the study
of paths and time scale of the migration of hydrogen in the dissociation process. Professor Hishikawa is also pursuing higher
harmonic generation of laser light to produce VUV radiation, afield of great interest and expectations.

Professor Hishikawais arelative newcomer at IMS and he has built up his activities during the last two years. The publication
record of professor Hishikawa speaks for his talent, and one notices that he has a significant number of papers with more than 10

citations, one showing close to 50 citations.

Professor Tsueno Urisu

Professor Urisu has a background in surface chemistry and work at the NTT company before coming to IMS 14 years ago, and
he has since then been engaged in synchrotron radiation (SR) induced surface reactions to produce surface structures on silicon. SR
stimulated surface reactions show distinct advantages in terms of material selectivity, high spatial resolution and low contamination,
and it istherefore very suitable for fabrication of nanostructured materials. Professor Urisu has been pursuing this research at IMS
and he has applied various characterization techniques in his work, such as STM and AFM.

Lately, professor Urisu has to some extent switched gears and focussed on the field of biomaterial function, applying his great
knowledge base and skills in surface science, silicon microstructuring and characterization techniques. A project of dignity in
professor Urisu’s research programmeis to realize a reliable method for sensing ion channel activity by means of a patch clamp
method. Here he has to fabricate device structures that allow him to access a single ion channel in alipid membrane and apply an
electronic circuitry for signal detection. There are anumber of difficulties and obstacles that have to be mastered in order to attain
reliable and accurate measurement conditions, and professor Urisu is pursuing a path towards realization of thisgoal. In thiswork he
needs (and has ample access to) expertize in anumber of different fields. This makes hiswork truly an advanced multi-disciplinary

activity, and Professor Urisu keeps publishing at an impressive pace together with his collaborators.

Associate professor Koichiro Mitsuke

Professor Mitsuke has extensive experience in the field of molecular photoionization research. A peek in the bibliographic
database shows an impressivelist of frequently cited publicationsfrom hiswork. Heis particularly engaged in the study of photoinduced
fragmentation that takes place as a result of the decay of highly excited states through autoionization, predissociation, vibronic
coupling and internal conversion. Such studies reveal detailed information about the dynamics of the dissociation processes.

Professor Mitsuke has constructed an instrument for study of two-dimensional photoel ectron detection, which monitors the
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electron yield as a function of incoming photon energy and electron kinetic energy. This instrument is used to obtain information
about the dynamics of the photofragmentation process. Furthermore, he is also studying the fluorescence that can be emitted from a
highly excited state or by being induced by laser light in order to detect the dissociation fragments. Examples of studies conducted
in recent time by professor Mitsuke using fluorescence detection, are the photofragmentation of water and the neutral dissociation
of HI. In another kind of experiment professor Mitsuke is using laser light to combine with synchrotron radiation in order to study
photodissociation of highly vibrationally excited molecules, in particular aiming at selective bond breaking.

In studies of fullerenes professor Mitsuke has shown that these mol ecules can store considerable amounts of energy as delivered
by a high energy VUV photon without dissociating. Thisis explained in terms of aredistribution of energies into the very many
different modes of vibration, which renders the molecule high stability against fragmentation. Endohedral fullerenes have also been
subject to study by professor Mitsuke in several cases, highlighting the photoabsorption enhancement and interference effects due to
the metal atom.

Professor Mitsuke conducts carefully designed experiments and with insight and advanced analysis he is able to keep his

scientific output at ahigh level, providing new knowledge of great interest to the community.

UVSOR Facility
Professor Masahiro Katoh

The UV SOR facility was subject to a major upgrade during 2003 under the very able leadership of professor Katoh. By changes
in the magnetic | attice the emittance could be lowered from 160 nm-rad to 27 nm-rad. By that this facility takes afore-front position
among low-energy storage rings, and in addition, by constructing in-vacuum undulators highly brilliant soft X-rays could be delivered
without impairing the life-time properties. The changes also gave room for more straight sections, which is a prerequisite for the
further development of the facility in terms of performance and availability. The whole operation was carefully planned and executed
without unnecessary disturbance to the operations.

Professor Katoh is presently working on further upgrades and advancements of the facility. Top-up modeis under devel opment,
which will bring significant improvement in terms of average intensity. This has to be accompanied by stretching the energy of the
injection system, aswell asinstalling radiation shielding, which is already in progress.

Theimproved quality of the electron beam resulting from the recent upgrade of the UV SOR facility has brought advantagesto
the free electron laser installed in the storage ring. In test experiments the anticipated gain has been confirmed and presently work is
underway to realize anew in-vacuum optical klystron for radiation in the deep UV and VUV. Other significant technical developments
that are underway or in the planning are the coherent Terahertz radiation generation project, the slicing of the electron beam by a
laser to achieve ultra-short pulses, and plans for even further decreased emittance by another lattice change.

It is obvious that professor Katoh possesses great skills as an accelerator physicist and as aleader of the machine operations and

technical development of the source.

Associate professor Shinichi Kimura
Professor Kimura has been working at IM S since 2002, bringing in a somewhat different scientific field into the Institute of
Molecular Science, solid state spectroscopy and studies of strongly correlated condensed systems. He is using photoemission

spectroscopy as well as optical meausrement techniques based on the use of infrared radiation to study electronic structure and
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magneto-optical properties of strongly correlated materials and other materials with special electronic properties. Professor Kimura
has been and is still engaged in the design and development of experimental systems for synchrotron radiation.

The research program of professor Kimura includes studies of rare earth and transition metal systems, for instance various
cerium compounds, under different conditions such as varying magnetic field, pressure and temperature, as well as controlled
combinations of these parameters. In the studies he is able to addressimportant questions such as, for example, pseudo-gap formation,
effects of spin fluctuations at critical points, and quasi-particle behaviour. The research programme al so includes studies of organic
(super)conductors aswell as skutterudites and clathrates, compounds that have quite specia structure and display unusual electronic
properties.

In the past professor Kimura has been engaged in the design of beamlines both at UV SOR and SPring-8, and lately he hasin
particular worked on instrumentation projects at UV SOR concerning Terahertz spectroscopy at extreme conditions and the design
and reconstruction of two undulator beamlines. Also, he has been involved in a project on coherent Terahertz radiation generation.

Professor Kimura has a wide network of collaborators at Universities in Japan and overseas, with whom he has scientific
collaboration, and he shows a steady pace of publishing in good journals. He isfrequently invited to lecture at international meetings
and in colloquia at laboratories. Professor Kimurais certainly atalented scientist with afirm basis in both advanced experimental

methods and in the physics of solid matter.

Associate professor Eiji Shigemasa

The main interest of professor Shigemasa liesin the field of core excitation dynamics. This involves studies of multi-excited
states, post-collision interaction and deexcitation processes using coincidence techniques, Auger and fluorescence spectroscopy and
momentum imaging methods. Professor Shigemasa has designed experimental equipment for these kinds of experiments, including
beamlines at UV SOR, electron and fluorescence analyzers and coincidence detectors.

In various high resolution and symmetry resolved studies professor Shigemasa is addressing questions about the mechanisms
for double photoionization, the formation of negative ion fragments and metastable fragments, and the anisotropy of dissociation
product emission. In particular, the momentum imaging spectrometer designed by professor Shigemasa offers anumber of interesting
assets. It allows very large detection efficiency ; it provides information on fragment internal energies through kinetic energy
measurements and it delivers symmetry information on excited states by means of polarization dependence of transition moments.
Using atoroidal electron analyzer built by professor Shigemasa angular and energy distributions are determined, which are used to
establish potential energy curves and to elucidate details of the dynamics of the excitati on-deexcitation processes involved.

Professor Shigemasa has long standing collaboration with internationally well known scientists in the atomic and molecular
community, and especialy two Phys. Rev. Letters afew years ago on angular correlations in molecular Auger decay and non-dipole

electron emission effects in fixed-in-space molecules bear witness of this successful multi-national cooperation.
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