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Report to the Director General of IMS Visit October 2012

This visit concerned progress in hiring top quality new young faculty and a brief discussion of the detailed report on UVSOR

written by Adam Hitchcock. A brief discussion of IMS'sinternational impact was held with Dr. Ohmine.

| was impressed by all the new faculty. They all have broad and compelling research programs and for the most part were
impressively mature in their scientific thinking and multi-pronged approaches to their research. | very much hope thistype of hiring
can continue, as the energy and interactiveness these young scientists bring will help to revitalize the Institute. A problem, discussed
in previous reports, of bringing their groups up to critical mass quickly will influence the impact of their research, particularly inthe
international context. | strongly recommend that the Institute facilitate efforts to bring in top quality students and postdoctoral

researchers, perhaps by advertisement, holding ‘ open house’ at IM S, and whatever strategies may be appropriatein thelocal context.

| received interesting descriptions of projects in the synthetic chemistry of multinuclear sandwich compounds, on molecular
electronics and on advanced optical methods to study fundamental questions of quantum mechanics. Thefirst two projects are from

new full professors at IMS and are very encouraging for the future of the Institute.

I now turn to amore difficult topic. | believe that the existing policy on promotion from Associate to Full Professor at IMS needs
updating. | fully understand that any potential change in protocol needs full and careful consideration. However | am persuaded that
thelong-term impact of these exciting young researcherson IM Swould be greater if they knew that, werethey to be highly successful,
they could plan for along-term career at IMS. Thisvesting in the future of the Institute will make them more willing to take on tasks
that benefit the I nstitute as awhole and in shaping IM S sfuture. Such efforts might include leading proposal s to bring important new

research centers or initiativesto IMS, for example.

The report on UV SOR was very comprehensive, despite having only a single author. It was very encouraging to see that the
majority of the beamlineswere at the state of the art and that a series of upgrades has been successfully completed. The opportunities
for increasing international participation in UV SOR as aresult of the shutdown of NSLS at Brookhaven and the limited number of
initial beamlines at NSLS |1 were briefly discussed. To capitalize on this opportunity, a process to review and selectively accept
proposals from international users is needed. | strongly support the development of new light source techniques at UV SOR and

through international collaborations.

A discussion, necessarily preliminary because of incomplete facts, of theinternational standing and impact of IMSwas held with
Director General Ohmine. Based on the available information, IMS compares well with good US Chemistry departmentsin citations
per paper, being less cited only than Berkeley and Harvard, the top two ranked chemistry departments in the US. To follow on, |

suggest that the Director General assign a senior faculty member to assemble asensible set of quantitative measures—perhaps based
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on the Shanghai Jioaotong World University Rankings M ethodol ogy (http://www.shanghai ranking.com/ARWU-M ethodol ogy-2012.
html). A full discussion of theresults of thisanalysiswith senior IMSfaculty in Autumn 2013 could prove very valuablefor planning

purposes.
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Review of Beamlines and Science at UVSOR

1. Overview

| was asked by the Director General to review the present status and future directions of science using UV SOR from the perspectives
of

* international activities

* application to molecular science

* in-house contributions and challenges in the area of molecular science

My comments are based on therecent (2010, 2011) annual reportsand aseries of nine one-hour sessionswith UV SOR researchers
and UV SOR users from other departmentsin IMS and other institutions. | thank all the presenters for the careful work they put into
their presentations, which allowed me considerable insight into the present status and future directions. | was particularly struck by
the relative youth and enthusiasm of many of the presenters which speaks well for the vitality of UVSOR and IMS.

Here | make selected comments on each presentation / area of research / status of the instrumentation. After that | make some
general observations on how these current activities position UV SOR relative to other facilities with strong research programs in
molecular science, and where | think there are opportunities for improving international participation and enhancing the relevance
of UVSOR research to the overall mission of IMS, which | take to be primarily fundamental research into systems and phenomena

where the perspective of the molecular unit is a strong organizing principle.

2.1 Facility and Light Source Resear ch (Masahiro KATOH, Director, UV SOR)

The synchrotron source, after updating to UV SOR-111 in early 2012 (thisyear!), isavery competitive facility relativeto al other
sub-1GeV SR sources. The most recent upgrade has significantly reduced the emittance and has freed up spacefor additional insertion
devices(total 6). Thishas provided an opportunity for adding anew, very competitive beamlinefor science (BL4U, STXM), anumber
of other beamline and end-station upgrades, and conversion of BL1U into avery versetile platform for advanced light source generation
experimentation. Thelatter isan important aspect of asynchrotron facility asit provides ongoing challengesfor the accel erator group,
opportunities for collaboration with other accelerator light source facilities, and can lead to large improvements in light source
technology, which may be a platform for a future upgrade of UV SOR. At the same time there appear to be too many challenging
initiatives under way—free electron laser development, coherent THz systems, fs dlicing, and laser Compton gammaray generation.
It was not clear which of these had priority or which had a potential or actual user community. The latter should be an important
principlein guiding priorities for further investment and development in this area.

It was noted that some beamlines have challenges with operation in the current top-up mode. The fraction of the time devoted
to top-up injection, and thus perturbation of the storage ring is 20% (12 seconds each minute), due to rather short lifetime of the
electron beam just after the upgrade to UV SOR-I11. The present 12 seconds (12 injections) per minute seem long relative to those at
other SR facilities. The number of top-up injectionswill decrease as the electron beam lifetime and the injection efficiency improve

asin UV SOR-II. Efforts should be made to improve the top-up injection procedure, as soon as possibl e, not only to reducethefraction
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of thetime, but also to reduce any perturbations of the beam position or size associated with thetop-up. Thisis particularly important

for brightness dependent experiments such as STXM.

2.2 Spectroscopy of Liquid Systems (BL3U: Masanari NAGASAKA, KOSUGI Group, IMS)

The liquid spectroscopy instrumentation developed at UV SOR is better than versions | have seen at the ALSand CLS. Thisisa
very rapidly developing areaof SR sciencewith tremendous potential for both fundamental and applied studies. The cluster apparatus
on BL3U is also an outstanding piece of equipment. Together with the gas, liquid and solid spectroscopy capabilities at BL3U and
other UV SOR beamlines, the ensembleisideally suited for systematic studies of the evolution of structure (electronic, magnetic and
geometric) from isolated molecules/atoms, to the solid state. The session on cluster and liquid spectroscopy at the recent ICESS-12
meeting (St. Malo, France, Sep. 2012) was one of the best of that conference in my opinion.

The plans that Nagasaka outlined to extend the methods to in situ electrochemistry, liquid-solid interfaces; solid—gas interface
and in situ chemical and photochemical reactions are very exciting and will be some of the outstanding research from UVSOR in
the next few years. This area should be supported fully. There is also very strong synergy between these spectroscopy studies and
sciencewith similar goalsbut with lateral spatial resolution, that will be performed on the BL4U STXM, which should be operational

and open to various classes of users by spring 2013.

2.3VUV, EUV and X-Ray Absorption and Photoemission Spectroscopy of Solids and Gases

(BL2A, BL4B, BL5B, BL6U: Eiji SHIGEMASA, UV SOR)

BL 2A (double crystal monochromator) provides the highest energy photons at UV SOR. Despite being non-competitive rel ative
to similar BL at other SR facilities, due to the low critical energy at UV SOR, it operates well and has a small but steady use by a
number of Japanese research groups, primarily for materials science using X-ray absorption. It was noted that the publication rate
was low which may reflect the non-competitive nature of this beamline. For alow energy ring like UV SOR a better choice to cover
the high energy range would be a grating monochromator, which, with suitable multilayer mirror technology, can provide quite high
performance up to 34 keV.

BL 5B features an unusually wide photon energy range (6-600 €V) and a very large chamber equipped with avery flexible 6-axis
goniometer. It is apparently one of only afew beamlines in Japan that are capable of characterizing large optical elementsin avery
flexible way. The research carried out on this beamline is primarily of a service character. At other facilities (e.g. ALSBL 6.3.2),
there are active research programs in devel oping coatings and characterizing optics for semiconductor EUV lithography. This could
be an areafor future research at BL5B.

BL 4B, the first soft X-ray beamline at UV SOR with high energy resolution, has produced some high quality molecular and
materials science in recent years, based on research by in-house and external users. The newer BL3U undulator line coversasimilar
energy range and is now the preferred beamline for spectroscopy research in this energy range. However BL4B still has an active
research program in magnetic materials (see discussion of the presentation by T. Yokoyamain section 2.7).

BL 6U is the most modern and competitive of the beamlines supervised by Shigemasa. Its variable angle, variable line spacing
PGM monochromator provides good intensity with outstanding energy resolution. It was noted that the minimum undulator gap that
can be achieved at present is 13 mm, whereas the design specified a 10 mm minimum gap. The reason for this should be identified

and repaired if possible, since there are some photon energies that cannot be reached due to the out-of-spec minimum gap. The two
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end stationsfor BL6U are each internationally competitive. The gas phase Auger el ectron photoion coincidence (AEPICO) apparatus
isideally suited for studies of molecular photoionization dynamics with high energy electrons, and complements research at other
facilities which use the Cold Target Recoil 1on Momentum Spectrometer (Col TRIMS) approach. The MBS-A1 photoemission end
station is also very competitive internationally and has been adapted for two-dimensional electron spectroscopic studiesin gas phase.
Consistent with its competitive character, thereareanumber of outstanding international collaborators (Lablanquie, Simon, Piancastelli)
using thisinstrument.

The gas phase exampl es presented by Shigemasa, along with those in the 2011 UV SOR annual report are excellent examples of
modern synchrotron based molecular dynamics and photo-physics science. | particularly admired the studies of ultrafast dissociation
in C 1s excited CF,4 (p. 53) and the electronic Doppler result in S 2p excited OCS (p. 56). BL6U is one of the outstanding examples
of molecular science research at UV SOR and should continue to be well supported. Identification of suitable collaborators and
independent researchersfrom theinternational community should be atarget for increasing theinternational visibility of the molecular
science program at UV SOR.

| note that Shigemasa and his group members are now using the SACLA X-ray free electron laser for advanced molecular
photophysics studies. This is a very good development for UV SOR. Opportunities of using research at UV SOR to complement

SACLA research, possibly resulting in joint publications, should be encouraged.

2.4 X-Ray Absorption, X-Ray Emission and Angle Resolved Photoemission of Solids

(BL3U, BL6U: Hiroyuki YAMANE, KOSUGI Group, IMS)

BL3U is aworld class facility for X-ray absorption, X-ray emission and resonant X-ray scattering. This has enabled some
exceptional research by UVSOR and outside researchers. The examples of XAS characterization of organic conductors and
semiconductors for organic LED, organic electronics, and organic photovoltaic systems were fascinating. | draw particular attention
to in operando measurements which used the difference of FY_NEXAFS spectra induced by applied potentials or currents to
characterize the changes in molecular structure of electronic states (PRL 107 (2011) 147401). Thisis one of the first in operando
soft X-ray studies of a device material to my knowledge. It revealed the surprising result that the electronic structure changes are
associated with ¢ states, rather than the & states normally believed to be involved in the conductivity of organic conductors and
semiconductors. These results have important implications for the field of single molecule electronic devices, which is a very hot
topic and target of development at many research facilities around the world.

The X-ray emission spectrometer has exceptional performance relative to similar facilities at other SR centers. The energy
resolution is below 100 meV at 140 €V X-ray energy, which is very competitive. The efficiency of the novel transmission grating
spectrometer is probably the highest in the world for soft X-ray spectrometers. It has been used for studies of a number of interesting
systems, including DNA polymers (poly(G-C), poly(A-T)) and N-doped graphene nano flakes (J. Phys. Chem. C 116 (2012) 16251).
The higher performance transmission grating which is planned for the XES spectrometer will further improve energy resolution and
possibly efficiency. The future plan to apply XES and RIXS techniques to in operando studies of molecular devicesisrealy at the
cutting edge of international SR science with X-ray emission spectroscopy.

An outstanding program of angle-resolved photoemission from molecular solids and thin films on BL 6U was also described by
Dr. Yamane. The system for these studies is one of the best in the world, achieving < 5 meV overall energy resolution (photon &

electron), ability to cool to 13 K, and a 5-axis motion system that allows rather complete band structure studies with the sensitivity
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needed to track band dispersion in organic systemswhich are typically much smaller than the dispersion in semiconductor and metal
systems. The achievement of these technical capabilities in an instrument constructed at IMS is a tribute to the excellence of the
Equipment Development Center which isareal asset for UVSOR and IMS. The quality of the preparation chamber and its ability to
allow for preparation of organic thin films in a system also used for semiconductor and other samples was noted. There is strong
international participation on BL6U. A number of interesting examples were outlined, including: Band alignment at the interface
between carbon nanotubes (CNT) and a SiC substrate in CNT rafts prepared surface decomposition of SIC (Maruyama); spin—orbit
(Rashba) band splitting in 1-d Pt nanowires (Yeom); nanoscale phase separation in DNA Watson-Crick (G-C) multilayer films
(Friedlein); and valence band dispersion in metal phthal ocyanines (Yamane). Thelatter project, amajor effort by Dr. Yamane, showed
very fascinating temperature dependent dynamics results which gave important insights into intermolecular interactions and how
these can be tuned by adding substituents to the phthal ocyanine or changing the metal. Since the molecular filmswhich are the focus
of these studies are easily damaged by synchrotron radiation, it is essential to be able to prepare very uniform samples which can
then be used to circumvent radiation damage by scanning the sample to fresh areas during the measurements. This system is one of
the best in the world for ARPES studies of organic solids.

Dr. Yamane identified a number of improvements that could be made to further enhance the performance of thisfacility. These
include alarger analyzer (e.g. D80 VG Scienta) to improve efficiency; anew analysis chamber; and addition of an O, dosing system
to remove carbon contamination on the BL6U optics. To the extent these will facilitate new molecular science, UV SOR/IM S should

seriously consider these requests.

2.5 Scanning Transmission X-Ray Microscopy (BL4U: Takuji, OHIGASHI, UVSOR)

BL 4U isanew soft X-ray undulator beamline with adedicated STXM end station. STXM isarelatively new spectromicroscopy
technique which has may applications in both fundamental and applied science. The planned science program is very ambitious.
Further development of the instrumentation and techniques (cryo spectromicroscopy, cryo-tomography, ptychography) will require
substantial effort, and should be staged after reliable basic operationisachieved. The STXM project at UV SOR will have asignificant
advantage relative to other STXM facilities, asIMSis able to provide on site sampl e preparation (ultramicrotomy, focused ion beam
milling, high end optical microscope with encoders and micromanipulators, etc.). BL4U & the STXM end station are part of the
Nanotechnology Platform Project in Japan. This is very appropriate and will link the STXM to the on site analytical transmission
electron microscope (TEM), which isan excellent complementary research tool. The presence of scanning Raman and IR microscopes
(both lab and UV SOR based) provide additional complementary analytical microscopy techniques. Efforts should be madeto facilitate
multi-technique studies, for example, by devel oping sharable sample mounting and methods to quickly locate the same spatial regions

of samplesin the different microscopes.

2.6 Solid State Science (BL1B, BL5U, BL6B, BL7U: Shin-ichi KIMURA, UVSOR)

BL 7U and BL5U, both dedicated to angle resolved photoemission (ARPES) of surfaces and solids, are the 1% and 2" most
popular beamlines at UV SOR, asjudged by usage, ratio of allocated to requested shifts, and numbers of publicationsin high profile
journals. BL7U is among the very best facilities world wide for condensed matter electronic structure studies using low energy
photons. Usually researchersturn to beamlineswith higher photon energy (>100 eV) if they need additional sampling depth to ensure

they are sampling bulk properties. At BL7U very low outgoing electron energies are used, asthese are also bulk sensitive. The energy
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resolution of 2 meV (electron and photon combined) isonly surpassed by afew other linesintheworld. The Applell insertion device
means that the full polarization properties of samples can be explored. A range of outstanding condensed matter science is taking
place on BL7U including: Detailed studies of Fe-based superconductors; exploration of charge density wave effects at the surface
of graphite; investigation of organic conductors. The ongoing devel opment of conventional optical focusing techniquesfor UV light
to achieve sub-micron spot sizesin the 7-9 eV photon energy could lead to some world-unique capabilities which would complement
higher photon energy nano-ARPES lines at the ALS (Maestro) and Soleil (Antares). The potentia for using such afacility to study
laterally heterogeneous surfaces was illustrated with a novel system of electronic phase separation which is suspected to occur in
K-(Et).,Cu[N(CN).]Br on the sub-micron spatial scale. BL7U should invite more international users.

While BL 5U isasomewhat older ARPES system with lower performance, itshigher photon energy range (up to 200 eV) provides
auseful complement to BL7U. Planned modifications to improve the performance of BL5U were described, including replacement
of the monochromator, which has a resolving power of only 3000, as opposed to the 10,000-50,000 resolving power of BL7U.
Although anumber of organic materialsare being studied with BL7U and 5U, the majority of the scienceisin therealm of condensed
matter physics of semiconductors, metals and correlated electron materials.

BL 6B provideslight inthe IR and THz range. Kimuraoutlined some exciting instrumentation devel opments, including hismagic
mirror which achieves exceptionally large angular collection of bend magnet IR radiation (only exceeded by the mirror array system
of the IRENI facility at SRC, Wisconsin), and therecent adoption of afocal planearray detector for far- and mid-IR spectromicroscopy
on BL6B. Interesting science using far-IR (THz) to study organic materials at high pressure was presented. However there has been
relatively little molecular science using BL6B despite the extensive use of synchrotron IR spectroscopy and spectromicroscopy for
molecular science at other SR facilities around the world. Given the activitiesin organic electronic materials and biosciencesat IMS,
it would seem there is excellent potential to expand use of BL6B, especialy in the mid-IR to visible range where many non-SR
scientists are actively using lab based IR spectroscopy and spectromicroscopy. | understand that Assoc. Prof. Furutani (Life and
Coordination-Complex Molecular Science, IMS) isinterested in partly-dedicated use of BL6B for bioscience applications. The new
program to provide such ‘ approved program’ time (outlined by Kimuraat the end of hisFriday presentation) seemsto be an excellent
opportunity to increase molecular science activity at the IR microscope on BL6B. Thereisalso alot of sciencewhich can be advanced
using STXM and IR microscopy in a complementary fashion. Development of identical or cross-compatible sample mounting and
fiducialization approaches (perhaps linked through the encoded stages of the optical microscopeat BL4U STXM) could significantly
facilitate that development.

BL 1B hascapabilitiesfor devel oping novel coherent THz and THz-V UV experiments using laser dlicing with amplitude modul ated
pulse trains. This is very exciting light source physics with good potential to achieve new physics. Possible molecular science
applications of the coherent THz source were outlined in the areas of protein motion and carrier dynamics in Li ion battery and
organic Dirac Fermion materials. At present the motivation is clearly exploration of novel instrumentation/light source capabilities.

Its impact on molecular science islikely to be limited, at least in the short term.

2.7 Magnetic Materials (XAS, XM CD) (BL4B: Toshihiko YOKOYAMA, IMS)
The superconducting magnetic spectroscopy system on BL 4B isacompetitive facility relativeto related systemsinternationally.
It has among the highest on-sample magnetic field at SR facilities and has a good degree of flexibility in sample mounting relative

to the field and photon polarization such that all aspects of the magnetic properties of samples can be measured. The facility is part
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of the Nanotechnology Platform Project in Japan, for which funding was recently renewed for a 10 year period. Professor Yokoyama
gave overviews of five specific research projects in the surface and thin film magnetism: Magnetic properties of Fe islands and
nanowires on W(110); Co nanorods on Cu(110)-(2x3)N; v FeN/Cu(001); Fe on SizN4/Si(111)-(8x8); VOPc/Si(111). The latter is
the only example with amolecular science flavor. In this case, a combination of polarization dependent NEXAFS and V 2p XMCD
was used to determine the structure and magnetism. Although there was a significant change in electronic structure and bonding
between monolayer and multilayer VOPc, the V 2p XM CD magnetic signature was identical indicating theV 3d character issimilar
despite the bonding change. All of the examples presented high quality datafrom very challenging low signal systems. Whilesimilar
science is being done el sewhere, Professor Yokoyama noted a major advantage of the UV SOR operation was the much lower time

pressure which allows for sufficient time to study samples requiring careful in situ preparation.

2.8 Photoemission of Organic Solids (BL8B: Satoshi KERA, Chiba University)

BL 8B is a public beamline dedicated to ultraviolet photoemission spectroscopy and ARPES of organic solids. The presentation
gave astrong motivation for the research of the Chibagroup interms of the need to understand the fundamental principles of molecular
assembly in order to control electronic structure and functionality of organic materials for electronics applications. A quantum
perspective and the theme of wavefunction spreading was used to interpret recent results on: Weak band gap statesin fullerene thin
films; conduction mechanism and hole-phonon coupling as alimit to charge mobility in pentacene films; band dispersionin rubrene.
BL 8B isthe oldest beamline at UV SOR. Plansto improve the instrumentation (replace the current analyzer with amodern 2D angle-
energy electron spectrometer) and move from 8B to 2B were described and motivated by the need for higher performance to enable
use of UV-ARPES for momentum space orbital mapping of organic solids. Thisapproach was highlighted by anumber of presentations

at the recent ICESS12 meeting and is clearly atrend ininternational sciencein this area.

2.9a VUV Optical Properties (BL3B, BL7B: Shin-ichi KIMURA, UV SOR)

BL 3B and BL 7B are dedicated to studies of the optical properties (reflection, absorbance and luminescence) in the visible—and
vacuum UV regions. BL 7B is an older beamline that has recently been reconfigured to focus on ellipsometry measurements. BL 3B
has recently been moved from BL 1B and significantly upgraded to the HOTRLU system which has greatly improved flux (relative
to the previous BL 1B system), and a smaller spot size by using a Kirkpatrick-Baez focusing system. Research on the UV optical
properties of a number of interesting materials was described, including AIN and EBSTO, alayered organic—inorganic system, as
well as studies related to calibrating instruments for astrophysics. There is significant international participation and quite high
productivity (BL3B & BL 7B generated over 20% of all UV SOR publicationsinthe past 5 years), although the publicationsarerarely

in the first rank journals.

2.9b VUV Spectroscopy of Biological Molecules (BL3B, BL7B: Kazumichi NAKAGAWA, Kobe U.)

Professor Nakagawa described his program for careful transmission measurements on thin films of the individual amino acids
and DNA bases, which are used to generate absolute absorption cross-sections. Results are typically reliable to 5-10%, but often
only after asum-rule normalization correction. The motivation for thework isUV hiosensors, and connectionsto UV damagerelated
to cataracts. However there was no evidence for a direct link to those areas, and the energy range relevant to these issuesis only a

very small part of the energy range over which the absorption was measured. However, in terms of understanding the fundamental
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physics and chemistry of radiation damage, such awide range of spectral studies may be meaningful.

3. General Comments about Science and Future Directionsfor UVSOR
3a. International Competitiveness
Asoutlined in detail above, some beamlines, end-stations and research programs are more internationally competitive than others.

Of particular high quality | consider BL3U, BL6U and BL3B.

3b. Relevance to Molecular Science Mission

The liquids, electrochemistry, and chemical/photochemical reaction science, as well as the electronic structure (ARPES, XAS,
XES) studies of molecular thin films are areas of the most direct relevance to molecular science. There is a strong tradition of gas
phase spectroscopy studiesat UV SOR whichisvery relevant to molecular science. However, | waslessimpressed by theinstrumentation
and science in this area, than in other areas. Although not mainstream molecular science, the instrumentation and programs in

condensed matter electronic structure (ARPES) are very strong and definitely worth continuing.

3c. Role of In-House Contributions/Future Directions

A key aspect of UVSOR is that a large proportion of the scientific direction, instrumentation development, and beamtime is
determined by the in house scientists. Thisisin strong contrast to most other SR facilities, where it is the science and interests of
external researchers that is dominant. | consider the exceptional in-house research programs to be areal strength of UVSOR. The
quality of the science on the international scale then strongly depends on the quality of the team leaders, the researchers they attract
to their teams, and their international collaborations. IMS is fortunate to have some very talented researchers. Relative to other
facilities, the size of the UVSOR staff is very small, yet the output is outstanding, from the perspectives of quality, diversity and
quantity. Hiring of at least one additional faculty in IMS or UV SOR, at the professor or associate professor level should be (and, |
understand, is) a high priority. While the main goa should be to find a dynamic young or mid-career individua with a passion for
synchrotron-based research applied to molecular science, if there are equally good candidates, research in the area of nanoscience

would build best on the existing instrumentation and strengths of UV SOR.
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