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Director-General Hiroki Nakamura

Institute for Molecular Science

Okazaki, Japan

Report
of my visit of the Institute for Molecular Science (IMS), October 15-17, 2007

During my visit of the IMS on October 15 to 17, 2007 the opportunity was given to me to meet the leading scientists of the
Department of Photo-molecular Science including the Laser Research Center for Molecular Science and of the UVSOR facility. |
had intensive open discussions of the current scientific work with inspiring displays of scientific ideas and analyses of the present
frontiers of research. The present report is focused onto this Department and all subsequent statements refer to the Department and
not necessarily to the IMS in general. The informal interviews of the group leaders provided information about future developments
and of possible shortcomings due to the limitations of available funds. I also visited several labs and the UVSOR facility giving me
direct insight in the experimental investigations and the developed experimental techniques. The level of sophistication of the acquired
and self-built instrumentation is impressive and is highly competitive to the equipment and facilities in other world-wide leading

research institutions in the field.

Professor Hiromi Okamoto investigates collective electronic excitations of nano-structured air:metal interfaces by the help of
scanning near-field spectroscopy, which is a field of particularly great interest. The experimental techniques involve one- and two-
photon induced luminescence, surface-enhanced Raman scattering and different approaches of near-field transmission measurements
providing state-of-the-art images of nanoplatelets, -rods and other structures with a spatial resolution of 200-50 nm. Most important,
a time resolution of 100 fs was implemented in the interface spectroscopy using ultrashort laser pulses. The inventive combination
of local, temporal and spectral information provides a deeper understanding of the observed features, e.g. of longitudinal plasmon
resonances of gold nanorods. The work has been also extended to molecular nanowires observing longitudinal propagation of the
optical excitations.

Professor Yasuhiro Ohshima has been developing methods for the optical manipulation of quantum state distributions. Current
activities are focused on nuclear motions, i.e. rotational and low-frequency vibrational wave packets relevant for chemical processes.

Both ultrashort laser pulses and laser sources with high spectral resolution are used to study molecules at low temperatures in the
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supersonic expansion including molecular clusters. The investigations pave the way for a fully state-resolved measurement of reaction
dynamics. To this end, new techniques have been developed. An example is excitation pulse sequences representing significant
progress for the manipulation of quantum state distributions.

A remarkable achievement are the measurements of phase-controlled interferences of vibrational wave-packets of Professor Kenji
Ohmori, investigating small molecules in the supersonic expansion. Using highly reproducible femtosecond laser pulses attosecond
time resolution is obtained using a special, amazingly stable Michelson interferometer that generates the phase-controlled linear
superposition of two excitation pulses. It is demonstrated that the phase information of the pulse pair is transferred to the vibronic
excitation of the molecules e.g. I, yielding both the amplitude and phase information of the wave function of the molecular ensemble.
In addition the population distribution of vibrational eigenstates is measured with narrow-band ns-pulses. The results of this work
allow novel quantum computational applications, e.g. the development of logical quantum gates.

Coherent control is also the key word for the work of Professor Akiyoshi Hishikawa, studying atoms and molecules with high-
intensity sub-10-fs laser pulses in the range of 105 W/ecm2. Under such conditions the external laser field is comparable with the
internal Coulomb field of the molecules leading to new phenomena. An example is the Coulomb explosion of hydrogen sulfide, the
dynamics of which was studied by coincidence momentum imaging of the fragment ions. The results were interpreted in terms of
charge-transfer states that control the structural deformation. It was shown that the explosion process can be manipulated by the help
of the polarization of the laser pulse. For other molecules the same imaging technique provided evidence for transient hydrogen
migration that competes with the dissociation process. The generation of attosecond pulses via high-harmonic generation in neon is
in progress implementing even higher temporal resolution in these investigations.

Considerable progress was achieved in the field of diode-pumped lasers by Professor Takunori Taira, who demonstrated novel
laser systems with high cw output power exceeding 300 W. The properties of the developed microchip solid state lasers and nonlinear
frequency conversion schemes are striking and will attract considerable technological interest. The impact on the fundamental research

of the IMS is not obvious.

It is an important function of the IMS to make advanced instrumentation available for guest scientists, in particular beam lines
of the UVSOR facility. Under the direction by Professor Nobuhiro Kosugi and in collaboration with Professor Masahiro Katoh
important progress has been achieved. Installing bending-magnet and undulator beamlines the upgrading of the system to UVSOR-
Il was completed with reliable operation for beam energies of 750 MeV. Options for a further increase of emittance and photon
energies in the soft X-ray region are pursued at the present, demonstrating the special expertise of Professor Katoh. An example is
the free-electron laser of UVSOR-II, the short-wavelength limit of which has been shifted below 200 nm, with a pulse duration of
10 ps and a maximum output power of 1 W. Using the laser bunch slicing technique with a synchronized femtosecond Ti:Sa laser,
intense THz pulses are now available in the 1 ps range.

The research of Professor Kosugi is at the fore-front of inner-shell excitations dynamics of molecules in the vacuum UV that
were studied by resonant photoelectron spectroscopy and soft X-ray emission spectroscopy. The wide range of interests includes
VUV and X-ray spectroscopy of free molecules, molecular clusters and solids.

Another IMS group using the UVSOR system is the one of professor Koichiro Mitsuke who has an impressive record of publications
on photoionization and photofragmentation phenomena. His most recent work that is concentrated on the multiple ionization of Cg

and C7o and the photoabsorption of metallofullerenes in the soft X-ray region will receive great interest of the scientific community.
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He has developed a new design of a ZEKE photoelectron spectrometer that utilizes the UVSOR storage ring.

An important application of the UVSOR machine in the infrared is devoted to strongly correlated electron systems investigated
by Professor Shin-ichi Kimura. The electronic structure of bulk metallic glasses and multi-element amorphous alloys was obtained
by synchrotron light photoemission spectroscopy and compared with theoretical simulations advancing the understanding of the
glass forming ability of these compounds. The results are significant.

Professor Eiji Shigemasa also benefits from the UVSOR facility in his investigations of molecular inner-shell processes of gas-
phase molecules in the soft X-ray region. Topics are multi-electron processes induced by single photon absorption that reveal the
properties of multiply excited states (including decay dynamics) and the dissociation dynamics of core-excited molecules. In this
context an innovative momentum imaging spectrometer for anions was developed. Examples are double photoionization of Ne, Xe
atoms and N, molecules, photo-fragmentation of CF, and electron correlation in the Auger decay of noble gases. Very detailed,

quantitative results were obtained in these studies.

In summary | can say that the scope of scientific interest is wide spread and addresses the key areas of fundamental research in
molecular science. The expertise of the scientists is excellent. The scientific output as confirmed by the numerous publications in

the leading international journals is significant, in spite of short comings to be addressed below.

Comments

One general impression is that the research groups in the institute are not very large, especially the number of graduate students
and post-docs is rather small. Although the limited size may allow for a larger number of different activities, under-critical size limits
the progress of the scientific work. In fact, comparing the structure of the groups with other places in Europe and North America the
shortage of graduate students and post-docs is evident. It is proposed to attract more graduate students to the institute, intensifying
in this way also the collaboration with universities. The effort required for the training of students is paid back by the contribution
of young coworkers to the research. Most important, the acquired expertise may be furtherly used in subsequent post-doc activities.

In other words the availability of highly gifted post-doc researchers is notably favored by a reasonable PhD-program.

The obvious explanation for the present lack of graduate students and post-docs in the Department of Photo-Molecular Science
obviously is the lack of funds for these purposes. The Department should make an effort to enlarge funds available for stipends and
scholarships as well as for current expenses required for the intensified experimental activities. In addition, the personal support of
the individuals has to improved, i.e. the size of the stipends that seems unattractive for students from abroad. | understand that the
IMS is involved in collaborative programs in this respect, but | seriously doubt that the financial frame of these programs compares

with the actual requirements.

Another point in the personal structure is the limited size of the technical staff both of the Department and of the UVSOR facility.
Compared to the situation for related research at Max Planck Institutes and German universities there is a notable difference and the
size of the technical staff appears to me as non-optimal. | propose to re-consider the number of technicians that directly contribute
to the experimental investigations. Again, this includes a financial problem since additional resources would be required for a larger

technical staff.
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The funds available for instrumentation at the IMS appear unsatisfactory. The present situation at the IMS obviously reflects the
result of a world-wide trend that until recently politics supported projects in technology and applied research rather than fundamental
science. Since molecular science is rapidly developing the relation between basic research and applications is rather close and a
sound balance between the different directions of research and development has to be regained. This was recognized in the meantime
and the mentioned trend stopped in several industrial countries. An example here is Germany where substantial additional funds have
been made available for selected institutions towards basic research. To my understanding similar plans are being discussed in Japan
and positive decisions in this respect are urgently needed to maintain first rank research. | wish to emphasize that the IMS with the

Department of Photo-Molecular Science should participate notably in such an improved funding.

Garching, December 19th, 2007

A. Laubereau
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