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Report to the Director General of the visit to IMS August 2013

This report for the Director General of the Institute of Molecular Science (IMS) provides a summary of my impressions of the
research activities at the IMS, based on my visit to the Institute on Aug 19-22. During that visit | met with each of the Directors of
the Research Divisions as well as with the group leaders in the Photonics Division. I also visited UVSOR, and read the annual report
of the Institute, together with Prof. Adam Hitchcock’s report on UVSOR from October 2012, as well as the general response of Prof.
Graham Fleming from his visit around the same time.

My comments should be understood as a particular personal view of the state of activity at IMS rather than as an evaluation,
which would be neither appropriate nor feasible for an individual to conduct.

Overall, it is clear that the IMS comprises a group of outstanding scientists conducting excellent research at leading edge of a
wider range of fields, some with a closer connection to molecular science than others. In all cases scientists are addressing important
research topics. The research staff is clearly among the top in their areas, as indicated by the number and quality of publications in
leading journals, invited talks at major international conferences and external grant income. | was particularly impressed by the
excellent group of young researchers who have independent positions, and the exciting research questions they are addressing.

The diversity of research activity and the creative autonomy encouraged in the IMS have together led to a broad and capability
across many fields of molecular science. A consequence of this approach is that each group is relatively small, comprised of a
Professor and one or two Assistant Professors with perhaps a couple of postdoctoral research assistants and a graduate student. It
may be worth reflecting on whether this structure is limiting the potential achievements that are possible within the Institute. In many
areas, there is a need for a “critical mass” of coordinated activity in order to take ideas beyond the proof-of-principle stage, and to
really be one of the agenda-setting groups in the world.

For instance, a major emerging research area is that of ultracold molecular gases. There is only a small emerging research activity
at IMS in this area, surprisingly: Prof. Ohmori’s work in the photoassociation of ultracold 8’Rb atoms into diatomic molecules by
means of picosecond laser pulses. While this is addressing an important theme in coherent control in collaboration with the top theory
groups in Europe, it will be important to increase the level of activity to embrace the many possibilities for molecular science derived
from large densities of ground state molecules contained in optical traps. Plans for this are in hand, but progress to a world-leading
activity will require investment in equipment and personnel.

This field is also an area where maintaining a competitive research environment would likely require a greater group size than
currently appears to be possible at IMS. Other areas too, such as Chemical Biology or Quantum Information Science, are actively
growing elsewhere in the world, and it would be good to engage in some scoping activity for future new activities in these areas to
which IMS could make significant contributions. Of course, appointing outstanding individuals with a mandate to take forward their
own research is absolutely important, but this can be tensioned against areas of expertise that the IMS wishes to develop in order to
continue to be a world-leading research institute in 20 years time.

Any such discussion may also involve a consideration of whether the appointment structure is appropriate to the aspirations of

the Institute. The present structure has many similarities to a university, with the exception that there are not internal promotions

2880 0000000



from Assistant Professor. This structure underpins the individual creative autonomy that provides the ideas-generation mechanism
that lies at the heart of scientific discovery. Yet there are limitations to such a structure. For example, the difficulties in recruiting
sufficient number of high quality graduate students into the Graduate School without an undergraduate programme. On the other
hand, neither are there the advantages of group size that are usual attributes of a research institute, such as the MPG institutes, where
there are fewer autonomous leaders and more research capacity in each group by means of larger numbers of permanent and
postdoctoral research staff.

The issue of whether internal promotion from Assistant to Associate Professor might also be considered. There is value in the
current policy of bringing in young researchers for an extended period in which they develop their own research programmes, as this
“leavens” the research culture and brings forward new ideas. Nonetheless, it is currently not possible to keep on some of these
individuals. This is a loss of great intellectual capability that is not obviously the optimal strategy for developing the best ideas to
the greatest degree. | concur with Prof. Fleming that enabling these researchers to have a stake in the long-term success of the IMS
will ensure the long-term success of the Institute. The risk in appointing young people to permanent positions very early in their
careers could be mitigated by rigorous “tenure”-type reviews at an appropriate stage. Indeed, such evaluations might be applied more
broadly periodically across the staff.

The “export” of talented researchers to permanent positions in universities has provided IMS with excellent connections to the
Japanese academic research community. It could be worth exploring how to use these connections to develop closer ties with
Universities—more joint projects, for instance—that will bring in graduate students on shared activity, as well as increased opportunities
for competitive research income.

The third element of research capacity is the graduate students. Here the role of SOKENDAI Graduate School is clearly critical
in sustaining the vitality of the research environment. There appears to be insufficient numbers of students for the current needs.
However, it is not clear to me where the problem really lies, and it would be good to develop a plan of action to address the challenge.
If positions at universities are more attractive to students, what is the reason for this? Are they unaware of what IMS has to offer?
Avre universities offering better stipends and working conditions (e.g. funding for conferences)? Is the research and social community
environment at universities more conducive to developing a cohort of students in each year? Understanding these issues might enable
the problem to be tackled.

Finally the management of intellectual property (IP) deserves a proper review. It appears that there is significant potential for
even greater exploitation of IP arising from the IMS activities, and capturing this would probably be in the best interest of the institute.
There are established models whereby this is facilitated without perturbing the “blue skies” approach to research that is an IMS
hallmark, and it could lead to a new aspect to the research culture that would make the IMS an even more attractive opportunity for

the best research staff and graduate students (many of whom will not go on to work in academic research).

Department of Photo-Molecular Science
This Division supports a broad portfolio of research primarily in optical techniques for materials and molecular science, including
especially ultrafast science, as appropriate for the study of molecular dynamics. | found the research to be of very high quality, with

major innovations and discoveries across all groups.
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Laser Science: Assoc. Profs. Taira and Fuji

The technology developed by the groups working in this area including both the development of laser systems as well as
applications, is having a major impact in several areas. Prof. Taira’s “laser sparkplug” project is garnering high visibility for the IMS
in non-traditional industries. It is clearly innovative and excellent quality research.

The development of new sources and measurement techniques of ultra-short optical pulses for ultrafast science is a relatively
new activity that has potential applications for research in several other IMS groups. It would be good to see this potential realised,

since the broad expertise in molecular science at IMS is an advantage not enjoyed by attoscience groups elsewhere.

Nano-Optics and Nano-Materials: Prof. Okamoto
The visualization of optical fields on the nanometer spatial scale is a key advance for nano-science. The techniques of near-field
microscopy developed in this group have great potential for the study of molecular complexes, aggregates and other nano-structures

by virtue of the great control over e.g. chirality that is possible using designed nano-antennae.

Coherent Control: Prof. Ohmori and Dr. Takei

IMS has a good international reputation in this area, due to several noteworthy accomplishments by this group in the manipulation
of quantum states of small molecules for applications such as information processing at the quantum level. The possibilities for
scalable new technologies based provide a great opportunity. IMS is well positioned to explore the potential given the conjunction
of experimental and theoretical expertise in the Institute.

The emerging projects combining ultrafast optical methods with ultracold matter promises to open new territory for discovery,
including in the study of correlations between atoms in a dense cold gas induced by dipole—dipole correlations. In this area particularly,

perhaps stronger connections to the IMS Theory Groups could be made, as well as the international experts that are already engaged.

Coherent Control: Prof. Oshima

The control of the rotational and vibrational degrees of freedom in molecules provides new approaches for spectroscopy, and the
work at IMS is exploiting this opportunity (for example, in the correlation between molecular orientation and ionization). This group
has developed a suite of novel methods using ultrafast lasers to orient collections of molecules and observe their coherent motion.
Tools for more comprehensive control, such as complete population transfer using “ladder climbing” approaches promise to yield
new insights into the structure of molecular states. Application of these to larger molecules is highly challenging, and the group is
making progress in this direction: It will be important to ensure the fruits of this approach are commensurate with the efforts involved.

The optical technology developed by this group may have applications in other areas, and this might be considered for the future.

Quantum Information Science: Research Assoc. Prof. Shikano

The appointment of Dr. Shikano as a new principal investigator in the area of many-body quantum correlations in larger systems
from a bottom-up perspective opens important new territory for IMS, and could link very well to experimental activity both within
the Photonics Division and elsewhere, especially CIMoS. The international connections that Dr. Shikano has will also be helpful in
bootstrapping the Institute’s profile in this area. His excellent work already has a high profile in that respect.

The opportunity for stronger connections and applications in both experimental quantum information science (QIS) and in nano-

science could be further bolstered, perhaps by an additional appointment across these areas.
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Photochemistry: Prof. Kosugi

The conjunction of experimental and theoretical expertise in the application of X-ray spectroscopy to the study of local environments
of atoms and molecules in solids, liquids and interacting systems is a world-leading capability of this group, and has clearly leveraged
the resources of both the IMS facilities and international collaborations to excellent effect. Innovative experimental and computational
approaches to a broad range of problems has led to a significant number of high quality research outputs. A particularly exciting
development from both and scientific and instrumental point of view is the high-spatial resolution soft X-ray microscope enabling

2-D spectroscopy.

Synchrotron Accelerator Research: Prof. Katoh
Clearly the outstanding work of this group has ensured that UVSOR remains a competitive machine of its kind internationally.
I was impressed by the upgrade activity that has been undertaken by the group, especially the world-leading THz beams, and the

vision for the future in the generation of coherent synchrotron radiation. This provides an important resource for IMS.

Photochemistry with Soft X-Rays: Assoc. Prof. Shigemasa

The utilization of fluorescence spectroscopy as a means for understanding atomic and molecular processes in strong fields has
yielded some very interesting observations from samples irradiated by ultrashort EUV and X-ray free-electron-laser pulses at the
SPring-8. In particular the pioneering work of the group in coherent nonlinear optics at such wavelengths is an opportunity to be

exploited.

CIMoS (Research Center of Integrative Molecular Systems)

The recent establishment of this research center opens new vistas for synergies across research divisions to address the critical
question of how autonomous function emerges in systems based on molecular components. The imaginative combination of life
sciences, organic chemistry, materials science and nanotechnology should make for world-leading science in this important area.
This activity seems to me to reflect a unique character of research institutes (as opposed to Universities)—they have the capacity to
establish research centers that are able to address long-term foundational questions which require concentrated attention from a wide
range of disciplines over a long period. This is a necessity if serious progress is to be made. It is a model that might be used in other

areas to stimulate cross-divisional fertilization of ideas for “big questions” in molecular science.

UVSOR

I begin my comments on this facility with the disclaimer that | am not an expert on synchrotrons. Further, the expert review of
this facility last year by Prof. Hitchcock has already provided relevant important comments.

It is clear that UVSOR occupies an important niche in Japanese and indeed in international synchrotron capability by virtue of
its 0.75 GeV beam energy. The current research undertaken on the machine takes significant advantage of this niche and attracts a
number of both internal and external users delivering high quality research.

The IMS user community is clearly producing excellent research on this machine, and has a vigorous programme of research
for the next several years. This activity, however, will not saturate the machine capacity.

The possibility for X-ray imaging using scanning methods will provide a new capability for nano-science that could open up

new areas. Investment will be required in order for this potential to be realized.
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Primarily, it will be important to articulate a clear vision for the machine for the future, if it is to remain a world-leading facility
for research in the next decade. Is the wavelength region likely to continue to be a critical one for molecular science? How should
other unique features, such as the beam brightness, be exploited? What new beam lines should be developed and which current lines
closed?

Such scoping activity could identify the emerging key areas of molecular science to which UVSOR could contribute a unique

capability, which might be used to direct investment in establishing IMS or joint IMS/University groups to exploit such capabilities.

Other Divisions

The briefing by the Directors of the Departments of Life and Coordination-Complex Molecular Science, Theoretical and
Computational Molecular Science, Materials Molecular Science and the Research Center of Integrative Molecular Systems was very
helpful in providing context for the IMS research activity. | will claim no expertise in many of the areas covered by these Departments
and their respective Divisions, so | cannot comment in detail on the science in which they are engaged. Nonetheless, | was impressed
again by the range and quality of activity in all Divisions. The Directors have a clear vision of what they wish to accomplish and a
rationale for taking it forward. There appeared to be very good connectivity between these Departments and the Research Centers

and UVSOR.

Overall, my impression of research at IMS is that it is of very high quality, with a great potential for continuing to maintain this

quality, based on the excellence of its researchers and its outstanding facilities and experimental infrastructure.
I. A. Walmsley
University of Oxford

10 September 2013
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Report to the Director General of IMS on visit of October 23-25, 2013

The most substantive portion of the visit concerned a thorough discussion of the new center for Integrated Molecular Systems.
This important new center has got off to an excellent start and | was impressed with the breadth and energy that Professor Akiyama
has brought to the leadership of this effort. The three components of CIMoS are well thought out and logically connected, with
ambitious goals to understand and design systems exhibiting complex emergent properties. High quality scientists including several
rising stars at IMS are involved in all three of the Divisions: Trans-Hierarchial Molecular Systems, Functional Molecular Systems
and Biomolecular Systems.

To achieve its ambitious goals CIMoS will need to develop, not as the sum of its excellent parts, but as a coherent entity that is
more than the sum of its parts. This is a difficult challenge for most institutions and it is my impression that IMS has rather little
experience in building such a coordinated effort from the ground up. The tendency is always to divide the money among the individual
groups who then prefer to operate independently. Of course there are numerous strategies for counteracting fragmentation: I strongly
suggest the Director keep a reasonable amount of money to support cross-divisional projects, organize a 1-day retreat and have very
regular (lunch?) meetings with progress reports from the Pls. On next year’s visit | would like to hear about the specific efforts to
create interaction and coordination within CIMoS as well as, of course, scientific progress. This is an exciting project.

A closely related and impressive new project centered in the joint Okazaki Institute for Integrative Bioscience was described by
Professor Kato. The ORION project involves three new departments—Biodesign, Bioorganization, and Biosensing Research—and,
with its focus on biological rather than chemical function, is highly synergystic and complementary to CIMoS. The contributions of
Professor Kato to both efforts will certainly help ensure appropriate communication and cross-fertilization of these important and
timely efforts. | very much look forward to hearing of progress in both ORION and CIMoS.

A second proposed effort that would involve a significant number of IMS Pls—*“Precision Measurement and Control of Molecular
Systems” has not been developed far enough for a detailed recommendation. It it not clear what scientific problem this project is
aimed at solving, hence the need for a new Center/Division is not clearly articulated.

On this visit the number of individual presentations was smaller than usual to allow for full discussion of the new and proposed
developments, however the talks | did hear were excellent. In particular Professor Saito gave a superb summary of a wide body of
very thoughtful and incisive theoretical investigations into the dynamics of heterogeneous systems, and Professor Kobayashi gave a
nice overview of his work on oxyhydrides.

To sum up, the visit this time revealed an Institute beginning a necessary rebuilding in order to make contributions to 215 century
molecular science as significant as those in the earlier eras of IMS’s development when simpler systems were being understood for
the first time. The magnitude of change is significant and there will no doubt be stresses and strains as a result, but the Director

General is to be congratulated on setting these important changes in motion. IMS is now set on a path to be a significant contributor
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to the next level of molecular science—that of complex systems with properties and functionalities very different from the sum of

their parts. The next few years should be very exciting at IMS.

Graham R. Fleming

January 5, 2014
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