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Formulation of Supersymmetric Model on Lattice
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Role of Vector Mesons in the Chiral Restoration at Finite Temperature and Density
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Characterization of EFHC1 and Understand the Pathology of Juvenile Myoclonic Epilepsy (JME)
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Study of Particle Acceleration in Galaxy Clusters with Suzaku
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Study of the generation mechanism of space storms
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A United Design of Carbon-Nanotubes and

Silicon Nanotechnology for Quantum-Dot Based Nanodevices

Chemically bottom-up produced silicon nanowires
(SINWSs) with a diameter of a few tens of nanometers could
be attractive building blocks for extremely small quantum-
dot based nanodevices. The proposed original design aims to
employ SiNW quantum dot (QD) single-electron transistors
(SET) to probe single-spin dynamics in a QD at a higher tem-
perature (all current qubits working at milli-Kelvin) and to
realize a full Si double-SiNW-dot structured spin-qubit. In
the last year, single-electron tunneling through a single SINW
dot was realized in our work, but was suffered by an extremely
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low temperature. Manipulating three-dimensionally confined
electron is still an open question. This year, | have explored
nanowire-diameter dependences of electrical properties to op-
timize device fabrication processes.

To allow the SET to work at a temperature higher than
4.2 K, I scaled the diameter of SiNW down to increase the
charging energy and quantum confinement. I prepared
three SINW-dot SETs with three typical diameters (70,
30, and 15 nm). The comparison indicates that the charg-
ing energy can be significantly increased by two orders of



magnitude when the diameter is scaled down from 70 to
15 nm. The working temperature has been increased from
400 mK to 12 K. Quantum effects arise when the diameter
is reduced less than 30 nm. Zero-dimensional energy spac-
ing like what happened in a carbon nanotube is expected
by optimizing the dimension of SINW. | also found that
the sample with the diameter of 15 nm was suffered by
unsatisfied crystal quality and low carrier concentration,
which give rise to complicated Coulomb diamond struc-
tures. The scaling turns out to be important for a SINW-
dot nanodevice aiming at high temperature working. How-
ever, much more efforts are needed to improve the quality
of SiNWs with a diameter of 10s nm.
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Epigenetic Regulation of Helper T Cell Development and Allergy
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Precise Measurement of Kaonic Helium-3 X-rays

K TR T ORI, B EARH 08
WX D EBHEEHOATIHHE SN ERSTRE
TENFHLENTW D, AIETIE, HoRES Y 2
Y R 7 PXHEEH 2 F O TKR A v L35 T
X#EWET 5 LT, ZORKIERN (2p) DT 7 b
X HeVorlETciE L, K= RV F—MRTOKHh
B E BT OMEERIZOVTIHNS, R
PARCO/ N1 v EEiik N OKI8BRE — A 5 1 ~
WZBWTirbh s A%, 200941 ABIAE. J-PARC
50GeV AL Y U ZbENFE VEA—=VIZHD T
E—ADEREIN, E—ATF4 YOFEITHbIT
B 2009EEIZT = F WEEITH -

ARAEFE I, WARANY T A3 E )3y FY 7 b
BB DORIAT 5 720 ARBEEIZL3 KT THE - 75
ENDBWARNY 7 Z3ER L VEBIZY Y ay K 7
M EPre-AMP (1B - ~1 W) %28ty MEE L
WV E 85, MIEEOREDDKEFE, Pre-AMPIZ200
KDL EORE TR W EBEL W LD IO LN
TED. 13K, 02 WOHH Y A7 A L OWITK
LW Z L THbH, £2T. ERBEAFTARE 72
5Pre-AMPA %, WAREFTHH S NI2FOHIZ
EL, MAEEZEOBRY — IV FTETORIKAZZIT
105 R ERLREDE#D . ZORE., Pre-
AMPOfEbH Y2 —% % H\vT200 K. 10 WO LA
Wi Th, BV 214 KI5 2 LI
L7ze SNIIEBRERANOKRELESTH S,

@O %X Oral Presentations
(EIB 2R

lio M., Ajimura S., Beer G., Bhang H., Buehler P., Busso

WFge & K % 2 MK Tio, Masami
=z N BF 98 £ A RnESE e v 5 —

Tl S vh AR
(rgE  al A=)

L., Cargnelli M., Chiba J., Choi S., Curceanu C., Enom-
oto S., Faso D., Fujioka H., Fujiwara Y., Fukuda T.,
Fukuda Y., Guaraldo C., Hanaki T., Hayano S. R., Hirai-
wa T., Hirtl A, lliescu M., Ishikawa T., Ishimoto S.,
Ishiwatari T., Itahashi K., Iwai M., Iwasaki M., Kienle
P., Marton J., Matsuda Y., Mizoi Y., Morra O., Nagae
T., Noumi H., Ohnishi H., Okada S., Outa H., Pietre-
anu D., Sada Y., Sakaguchi A., Sakuma F., Sato M.,
Sekimoto M., Sirghi D., Sirghi F., Suzuki T., Tatsuno
H., Tokuda M., Tomono D., Toyoda A., Tsukada K.,
Widmann E., Wunschek B., Yamazaki T., Yim H. and
Zmeskal J.:
and Kaonic Atoms at J-PARC", 18th International Con-
ference on Particles And Nuclei (PANICO08), Eilat, Is-
rael, Nov. (2008)

(N & 355)

UBHESE, BURROK, SRR, EHEGE, KL
W, ORISR, B, KHEBE, KER, B
Wz, WREROE, ook, S, SRR,
BARSER T, BHRA, Ak, ESHHT, &Sk
REfi, FUEFRETL, AHEASSE, AKLA, FERE,
WA JE S, B, BRI, A,
B, T-IENER, 3L, %41, BeerG., Bhang
H, Choi S, Yim H., A% —, Buehler P., Cargnelli
M., Hirtl A., Kienle P., Marton J., Widmann E.,
Zmeskal J.,, [ H4E—, Curceanu C., Guaraldo C.,
Iliescu M., Pietreanu D., Sirghi D., Sirghi F., Faso
D., Morra O. and Busso L.: "K [ 75 P #A
EEED 12D DWARNY 7 A3 ORFET", HA
PBl2x 2008 SEFKF R &, 1B RAE, 9H (2008)

" Experimental Research of Kaonic Nuclei

— 143 -



XX — 002

EMF VEREEORPRFEELLL

D=9 - GW—F2 - TSATHERICET IHME
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Konno D., Shioi G., Sitamukai A., Matsuzaki F.: "Roles
of mitotic spindle orientation in neuroepithelial progen-
itors during mammalian brain development”, 41st An-
nual Meeting for the Japanese Society of Developmen-
tal Biologists (Jointly sponsored by the International
Society of Developmental Biologists), Tokushima, Ja-
pan, May (2008)

Konno D.: "Roles of mitotic spindle orientation in self-
renewaland neurogenesis of mammalian neural pro-
genitors", Joint Meeting French and Japanese Societ-
ies for Developmental Biology: Frontiers in Devel-
opmental Biology, Presqu'ile de Giens, France, Sep.
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(2008)

Konno D.: "Roles of mitotic spindle orientation in neural
progenitors during mammalian brain development", 3rd
Joint Meeting RIKEN CDB-HELMHOLTZ Center
Munich, Kobe, Japan, Mar. (2008)
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synthesis of silver nanocrystals", Chemical Physics
Letters, Vol.462 pp92-95 (2008)
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Furusawa K., Hayazawa N., Taguchi A., Abe H., Kawata
S.: "Two-photon fluorescence based tip-enhanced near
field scanning optical microscopy (NSOM) with a sili-
con tip", 8th Workshop on Extreme Photonics “"UlI-
trafast meets Ultracold", Gamagori, Japan, Nov. (2008)

Hayazawa N., Ishitobi H., Tarun A., Taguchi A., Kawata
S.: "Excitation of Gap-mode based on focused surface
plasmon polariton for tip-enhanced spectroscopy", 10th
International Conference on Near-field Optics, Nano-
photonics and Related Techiniques (NFO10), Buenos
Aires, Argentina, Sep. (2008)
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Foreword

This Annual Report is a compilation of the research reports submitted by the Foreign Postdoctoral Researchers
(FPRs) working at RIKEN in fiscal 2008.

The FPR Program

The Foreign Postdoctoral Researcher (FPR) program was launched in fiscal 2008 for foreign young scientists
who have demonstrated creative and innovative ideas and who can be expected to contribute to the advancement
of RIKEN's research, and to lay the foundations for a truly global RIKEN that actively encourages foreign
participation in its activities. By inviting researchers from other countries, RIKEN hopes to achieve a stimulat-
ing research environment that transcends national boundaries, and to thereby become a global leader of scien-
tific endeavor.

Foreign Postdoctoral Researchers are expected to make full use of RIKEN's research environment and to apply
their creative and innovative ideas, under the direction of RIKEN's laboratory heads, to the research currently
being conducted at RIKEN.

Program Features

The Foreign Postdoctoral Researcher program offers aspiring young foreign researchers the opportunity to pur-
sue innovative research at RIKEN under the direction of a RIKEN laboratory head. Fields covered include
physics, chemistry, biology, medicine, engineering, and any other fields related to research now being con-
ducted at RIKEN.

FPRs must have a PhD in the natural sciences or expect to be awarded a PhD at the time of application, and must
be able to pursue innovative research at RIKEN under the direction of a RIKEN laboratory head.

Candidates are recruited every year through open application, and selection is made by a committee comprising
outside experts as well as RIKEN scientists. Selection is based on submitted documents. The primary criteria are
originality, potential, and benefits to the research of the host laboratory. The FPR's contract is for one fiscal
year, renewable up to a maximum of three years on the basis of annual evaluation.

Host laboratories must provide the FPR with an environment conducive to independent research, sufficient
research space, and support for the use of required research facilities and equipment, as well as guidance from

the laboratory head.

Participants in the FPR program are eligible for RIKEN employee welfare programs, such as childcare leave,
that are directed at helping all employees achieve a good work-life balance in research, childbirth, and childcare.

A year has passed since the FPR program was launched and there are now 38 FPRs at RIKEN.

January 2010
RIKEN
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[Note]

In the list of publications (original papers) at the end of each report, those marked with an asterisk (*)
indicate peer review journals.
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Electrons on Helium as Quantum Bits

Surface-state electrons on liquid Helium form an ideal
non-degenerate two-dimensional electron system. As the
Coulomb interaction between electrons in essentially
unscreened, the system has been used to study many phe-
nomena associated with strongly-interacting electron sys-
tems such as the transition to the Wigner solid at low tem-
peratures. Recently, it has been proposed that under ap-
propriate conditions electrons on Helium may also be used
to study quasi-one dimensional phenomena such as melt-
ing in one dimension and reentrant melting due to struc-
tural phase transitions.

Recent advances in microfabrication technology have
allowed the study of surface-state electrons in confined
geometries using devices such as microchannel arrays,
single-electron traps, field-effect transistors and charge-
coupled devices. However, the realisation of a truly one-
dimensional electron system has not yet been achieved.
As a first step towards this goal we have measured the
transport properties of electrons in a small microchannel
in which the confinement potential along the central axis
of the channel may be controlled on the scale of the inter-

Name: David REES

Host Laboratory: Low Temperature Physics Laboratory
(Laboratory Head: Dr. Kimitoshi KONO)

electron separation (typically ~ 1 um).

We made transport measurements of electrons bound
to the surface of superfluid 4He in a microchannel of width
10 um. A set of electrodes 2 um beneath the Helium sur-
face, fabricated in a split-gate configuration using elec-
tron beam lithography, are used to control the current along
the microchannel as in a point contact device. As the split-
gate bias Vsc is swept negative the current decreases to
zero. The value of Vs at which the current is suppressed
is dependent on the AC driving voltage applied to the elec-
tron system. We explain our results using a simple model
in which a potential barrier created by the split-gate elec-
trodes must be overcome in order to allow current to flow
in the microchannel. We also demonstrate that the forma-
tion of the Wigner solid (WS) at temperatures below 500
mK leads to a nonlinear response at high electron veloci-
ties due to the decoupling of the WS from the underlying
dimple lattice. The control of electron transport in such
confined geometries may offer new possibilities for
mesoscopic experiments with electrons on the surface of
liquid Helium.

Uncovering the Physics of Accreting Black Holes in New X-ray Surveys

My research has expanded greatly in many different
directions during 2008-2009:

1) In October, | issued a European/RIKEN/NASA
PRESS-RELEASE on the discovery of very rapid (<1 sec-
ond) brightness fluctuations from stellar-mass black holes.
My study is the fastest one to-date using large telescopes
sensitive to visible-light radiation. The combined visible-
light+X-ray emission points to the presence of strong mag-
netic fields around these black holes:
http://cosmic.riken.jp/pg/flickering/ and

Name: Poshak GANDHI

Host Laboratory: Cosmic Radiation Laboratory
(Laboratory Head: Dr. Kazuo MAKISHIMA)

http://www.riken.jp/r-world/research/results/2008/081017/

This result was widely publicized on science/news
websites around the World. I presented the work at four
international conferences (in America, Spain, UK and in
RIKEN) and received excellent feedback. Finally, an en-
tire new set of similar rapid-variability observations pro-
posed by me has been approved to be carried out in sum-
mer 2009.

This entire project has been a great extension of my
research from 'super-massive' black holes to much smaller
(but greatly variable) 'stellar-mass' objects.

— 209 -



2) As part of my main proposed research for 2008, | am
carrying out a multi-wavelength survey of massive black
holes in the local Universe. Using the Very Large Tele-
scope in Chile, | observed a large sample of black holes at
mid-infrared wavelengths. Correlating the observed infra-
red power with the energy output at other wavelengths
(e.g. X-rays) gives crucial information on the close envi-
ronments around black holes. Large ‘clouds' of dust and
gas are falling on to the black hole and feeding it, result-
ing in huge amounts of energy that finally emerges as very
bright radiation.

I have found that all such growing black holes follow a
very close relationship between the emission at different
wavelengths. | have submitted a paper in November 2008
to a premier European journal on this work:
http://cosmic.http://cosmic.riken.jp/pg/paper_aa_submit.pdf

and am now awaiting the results.

Three other related papers with my collaborators on this
work have already been accepted (see Horst et al. 2008,
2009 and Hoenig et al. 2008 in my publication list).

3) As part of RIKEN's strong involvement in JAXA's
Suzaku X-ray satellite mission, | have contributed to the
study of mysterious 'Ultra-luminous X-ray sources
(ULXs)'. One leading model on the underlying nature of
these objects is that they are 'Intermediate-mass black holes'
(long sought-after sources with masses ~10° - 10° Suns).
The Suzaku satellite offers sensitivity over a very wide
energy range, better than any other current X-ray mission
in the World. Suzaku is thus our best chance to under-
stand the nature of ULXs and in RIKEN we have been
investigating several of these objects in detail (see pub-
lished Isobe et al. 2009 and Miyawaki et al. 2009 papers).

Furthermore, in new Suzaku proposals submitted for
2009, |1 am expanding my work to understand powerful
radio+X-ray emission from the very largest black holes in
the Universe. The proposal results will be made available

in a few months.

4) Finally, I have also begun to work on the detection
of organic molecules in space with new visible-light data
and on the detection of the very first and earliest galaxies
in the Universe. Both projects are in collaboration with
post-doctoral researchers at RIKEN.
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USR Study of Cu-Spin Fluctuations
in Electron-Doped High-T_Superconducting Cuprates

1. Background

In order to describe the mechanism of the high-T. su-
perconductivity, a stripe model of spins and charges is
suggested to be a probable one. The existences of stripe
correlations of spins and charges have been established in
hole-doped systemsi2, Especially, dynamical stripes have
been theoretically suggested to play an important role for
the appearance of superconductivity®!. On the other hand,
the stripe correlations have not yet been clearly observed
in electron-doped systems even though the high-T. super-
conductivity actually appears. In the case of electron-doped
systems, electrons are doped in the Cu-3d state although
holes in hole-doped systems are doped in the O-2p state.
Due to this difference, the high-Tc superconductivity of
electron-doped systems has been argued to be essentially
different from that of hole-doped systems. Thus, the dy-
namic property of the electronic state of electron-doped
systems is now recognized to be important to understand
the role of stripes to the superconductivity. However, be-
cause of difficulties of sample preparations the study of
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electron-doped systems has not been progressed so much
and clear answer has not been achieved yet.
2. Objective

The main purpose of the present study is to elucidate
whether the dynamical stripe is a key phenomena for the
high-T. superconductivity or not. | aim to clarify the dy-
namic property of Cu-spin fluctuations in electron-doped
systems by muon-spin relaxation (USR) method since SR
is a powerful technique to study the dynamic property of
Cu spins. In order to investigate the dynamic property of
stripes, a pinning effect by impurities has been suggested to
be a good way to be studied. In hole-doped cuprates, dy-
namic stripes tend to be pinned and statically stabilized by
nonmagnetic Zn impurities. Thus, | try to judge the exist-
ence of dynamic stripes in electron-doped systems through
the impurity pinning effect and chose La,.«LNn«Cui.,ZnyO,
(Ln=Y, Ce) samples for the present study. The advantage
point of this sample rather than other types of electron-doped
system is that the absence of rare earth moments such as
Pr3* moments in Pr;,LaCe,CuO,. Using La,.«Ln,Cus.,Zn,O4
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(Ln=Y, Ce) samples, we can directly observe the behavior
of Cu-spins and the effects of impurity to them. Thus, this
system would be a good candidate to achieve the answer to
my objectives of this proposed study. In the first year of my
FPR, I concentrated to prepare high quality samples of La,.
«LnCu1.,Zny0,4 (LN=Y, Ce).

3. Results and Discussion

First, various samples of La,Y«Cus.,Zn,O, with x =0,
0.1,0.2,0.3, 0.4, 0.5, 0.8 and y = 0 were synthesized at
various temperatures as low as 350 - 400°C for 24 - 300 h
in air or in Ar gas flow by direct precipitation from the
molten KOH/NaOH eutectic mixture. To judge the qual-
ity of the samples, each sample was characterized by X-
ray diffraction measurement. The electron-doped cuprate
that usually has T'-type structures was not obtained for all
samples by the present preparation method. The peaks of
samples with x = 0 which is growing in Ar gas flow at
350°C for 300 h and x = 0.3 and 0.4 which prepared in air
for 400°C at 24 h are dominated by T-type structure which
is usually observed in the hole-doped system. For other
samples, the impurity peaks of CuO and La(OH), were
observed indicating that the synthesize is not going well.
The reason for explaining the results is still in investiga-
tion. For instant, the suitable conditions such as tempera-
ture and time are one of the important factor to obtain T'-
type structures.
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Studies of Asymmetry Dependence of Nuclear Correlations
and (SPIN)-Isospin Response

The ongoing investigations aim at pursuing a global un-
derstanding of single particle behavior in strongly corre-
lated systems. Atomic nuclei are a unique case in Nature
because their components (the nucleons) are characterized
by both spin and isospin (proton and neutron) degrees of
freedom. This makes them the only strongly correlated 2-
fermion systems that can be studied experimentally. The
collective many-body dynamics of these systems affects
directly how each single particle moves inside the nucleus.
Learning about the properties of single particle motion (for
example, energies and spectroscopic factors) and how these
change with proton-neutron and spin asymmetry has two
important consequences: it gives us direct information on
correlations and it serves as a basis to develop shell model
interactions applicable to exotic nuclei.

The work required to pursue this program is divided in
(i) the development of ab-initio many-body techniques
suitable for accurate studies of single particle properties
in nuclei and (ii) the actual calculations for asymmetric
isotopes.

Calculations are based on many-body Green's functions
theory. The Faddeev random phase approximation (FRPA)
method is employed to study the interplay between nucle-
ons and collective modes. This approach has been intro-
duced in recent years and had been applied to the *O
nucleus only. Studies of correlations require similar cal-
culations up to medium size nuclei in the pf shell. This
extension has been pursued during FY2008 and required
substantial developments in the computational codes in
order to cope with exponential grown of configuration
spaces as the number of nucleons increases. At the mo-
ment of writing, complete results for *Ni have been
achieved and are being prepared for publication. Calcula-
tions in models spaces up to 10 oscillator shell show a fair
convergence with respect to the model space and repro-
duce the experimental spectroscopic factors available for
this nucleus.

Preliminary calculations of spectroscopic factors have

Name: Carlo BARBIERI

Host Laboratory: Theoretical Nuclear Physics Laboratory
(Laboratory Head: Dr. Takashi NAKATSUKASA)

been performed for asymmetric nuclei and have been pre-
sented in conference proceedings [number 3 in the inter-
national conferences list, below]. A dependence on the pro-
ton-neutron asymmetry is observed in the FRPA, with the
spectroscopic factors becoming smaller with increasing
nucleon separation energy. These results appear to con-
firm other theoretical estimates based on optical model
analyses and on nucleonic matter. However the dependence
on asymmetry seen in heavy-ion knock-out experiments
is stronger than the theoretical predictions.

The FRPA method, developed nuclear structure stud-
ies, has also been applied in a collaboration to calculate
the ground state and ionization energies of simple atoms.
First ionization energies agree with the experiment at the
level of ~10 mH or less [number 4 in the international
conferences list]. Calculations with similar accuracy are
expected to provide information required for developing
the proposed quasiparticle extension to density functional
theory.
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Investigation of Charge Density Wave Crystals with Scattering
and Photo Emission Spectroscopy (PES) with Soft X-rays

At the moment of writing this research report, about 5
and a half months passed since the start of the FPR fel-
lowship. In this period the research activity has been con-
centrated in the familiarization with the instrumentation
that is necessary to carry out the experiments. Particular
attention has been dedicated to the angle-resolved photo-
emission machine, since more difficult to operate than the
diffraction one. Three experiments have been carried out
in collaboration with other members of the research group
(Dr. J. Miyawaki, Dr. Y. Takata and Dr. A. Chainani) in
order to be able to carry out the basic operations neces-
sary to clean the sample surface, move the sample through
the different experimental chambers and acquire the data.

At the start of the fellowship the vacuum system was
not provided with the necessary transfer chamber to insert
the samples in vacuum. Given the sensibility of
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dichalcogenide samples (the main topic of the research
activity) to the high temperatures necessary to produce the
ultra-high vacuum, photoemission experiments have not
been carried out on these samples yet.

However the necessary equipment has been designed
and checked and commissioned to an external company
(B.Ze5t22#k X 45 41) which is in charge of the manufac-
turing. The delivery is expected by the mid of February.

Diffraction measurements were carried out on VS2
samples, one of the types of samples whose study was in-
cluded in the research proposal. Given the very few data
available on such a compound, these preliminary measure-
ments were done to check if the quality of the crystals
themselves and to determine the feasibility of a synchro-

tron radiation experiment.

Synthesis of Oligosaccharyl Donors for Creation of Glycoproteins
with Biosynthetic Machinery

N-Linked glycosylation has been considered to be spe-
cific to eukaryotic system for a long time. Recently, it has
been revealed that Gram-negative bacterium Campylobacter
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jejuni has N-glycosylation system which involves the trans-
fer of oligosaccharide on lipid carrier, undecaprenyl-pyro-
phosphate (Und-PP), to the asparagine side chain of pro-
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teins under the control of an oligosaccharyl transferase (OST,
PgIB) having a relaxed glycan specificity. However, details
of this glycosylation process and following protein quality
control have not been clearly demonstrated. The purposes
of this research are acquirement of large quantity of highly
pure Und-PP-linked glycan substrates to study bacterial N-
linked glycosylation and development of general efficient
N-linked glycosylation on the acceptor proteins using C.
jejuni OST with unique substrate flexibility.

To study and engineer this protein N-glycosylation pro-
cess, efficient synthesis of Und-PP-linked glycan substrates
is desired, although these Und-PP-linked compounds could
be acquired in a very small amount from native sources.
Syntheses of bacterial ([E]s,[Z]7)-undecaprenol and Und-
PP-linked glycans including intermediates of C. jejuni N-
glycan biosynthesis were successfully accomplished ac-
cording to the annual plan of FY 2008.

The stereoselective and efficient synthesis of bacterial
([Els:[Z]7)-undecaprenol was achieved by chemical syn-
thetic pathway. Undecaprenol was found to be recognized
as a key polyprenol anchor to membrane in the biosynthe-
sis of bacterial cell surface polymers. Although it could
be acquired by isolation from the natural sources or bio-
synthesis with isoprenoid residues, general and efficient
synthetic methodology has not been established yet. Syn-
thesis of the undecaprenol commenced with the prepara-
tion of three building blocks, which are all trans-
geranylgeranyl p-tolyl sulfone and two oligoprenyl chlo-
ride derivatives. Coupling of sulfone with isoprenoid build-
ing blocks and subsequently both reductive elimination of
sulfonyl group and deprotection of benzyl ether of result-
ant product with Li-EtNH, reduction gave desired
([E]s,[Z]7)-undecaprenol, which was converted to
undecaprenyl phosphate (Und-P).

For efficient and general applicable strategy of various
Und-PP-linked glycans, unprotected sugar and acetyl pro-
tected hemiacetal were considered as a starting sugar moi-
ety and a key intermediate, respectively. Construction of
Und-PP linkage of natural bacillosamine as well as un-
natural tetra-N-acetylchitotetraose was accomplished via
coupling between Und-P and sugar phosphate obtained
from hemiacetal. Acetylation of bacillosamine followed
by chemoselective deacetylation in the presence of acti-
vated molecular sieves afforded hemiacetal. Phosphory-

lation of hemiacetal with tetrabenzyl pyrophosphate pro-
vided exclusively a-dibenzyl phosphate, which was sub-
jected to hydrogenolysis to give a-phosphate. Coupling
between a-phosphate and Und-P followed by deacetylation
gave desired Und-PP-linked bacillosamine. In the case of
tetra-N-acetylchitotetraose, general acetylation was not
suitable due to its solubility, although the yield of
peracetylated compound was improved under sonication
conditions. Synthesis of the Und-PP-linked tetra-N-
acetylchitotetraose was accomplished by above similar
manners. In addition, the application to a synthesis of Und-
PP-glycan from trisaccharyl derivative including
bacillosamine [GalNAc,Bac], which is found in the bio-
synthesis of glycan substrate for OST from C. jejuni, was
demonstrated as the above synthetic strategy. Conversion
of multiple azide into acetyl-protected compound followed
by similar 4-step manners including chemoselective
deacetylation followed by phosphorylation,
hydrogenolysis, and coupling with Und-P gave a desired
Und-PP-linked trisaccharide efficiently.

In FY 2008, chemical synthesis of bacterial undecaprenol
and various Und-PP-linked glycans possessing not only
natural glycan but also unnatural one were successfully ac-
complished. This synthetic method for Und-PP-linked gly-
can would provide various substrates as a useful tool for
the study of bacterial protein N-glycosylation.
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Development of Novel Regio-and Stereoselective Polymerization and
Copolymerization Catalysts Based on Rare Earth Metal Complexes

The copolymerization of conjugated dienes with ethyl-
ene has attracted much attention because of the industrial
importance of the resulting materials and the availability
and low cost of the starting monomers. However, this co-
polymerization is very difficult since the two classes of
monomers behave differently toward a polymerization
catalyst. So far, the copolymerization has been limited only
to that of butadiene with ethylene, whereas the copoly-
merization of isoprene with ethylene has never achieved
to date. The search for new catalysts for the copolymer-
ization of isoprene and ethylene is therefore of much im-
portance and interest.

Recently, we found that the unprecedented
copolymerizadon of isoprene with ethylene could been
achieved for the first time by using a series of half-sand-
wich scandium dialkyl complexesbearing sterically varied
mono (cyclopentadienyl) ligands
(Cp'Sc(CH,SiMe3)(THF),(1-7)(1: Cp'=CsHs,n=1;2:
Cp'=CsMeH,, n=1; 3: Cp'=CsMe,H, n=1; 4: Cp'= C;Mes,
n=1; 5: Cp'=CsMe,SiMe;, n=1; 6: R=CH,CH,PPh;,, n=0; 7:
R=CsH,Ome-0, n=0)) activated by one equivalent of acti-
vator such as [PhsC][B(CsFs)4], [NHMe,Ph][B(CsFs)4], or
B(CsFs)s under the mild conditions (1 atm of ethylene,
25°C), affording novel alternating and random copolymers
previously unobtainable with other catalysts. The struc-
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tural characterization of these neutral complexes and the
THF-solvated cationic scandium alkyl complexes as the
models of the catalytically active species by single-crys-
tal X-ray diffraction study revealed that the various steric
environments around the metal center in these catalytic
systems increased as the order of 1<2<6~=7~3<4<5. A
thorough investigation on the structure-reactivity rela-
tionship demonstrated that the copolymerization
perfomances of these catalysts strongly depend on the
steric environment around the metal center, which gov-
erns the comonomer incorporation and distribution in the
copolymer chain. Detailed NMR spectroscopic studies
showed that the copolymers obtained by the less steric
complexes 1-2 had the random microstrctures with high
isoprene incorporations ranging from 70 to 90 mol% with
dominant cis-1, 4-isoprene unit, whereas the copolymers
prepared by the more steric complexes 3-4 and 6-7
adopted the alternating microstructures containing mainly
3, 4-1P-alt-E sequence and a small amounts of trans-1,
4-1P-alt-E and cis-1, 4-1P- alt-E sequences. In contrast,
the largest steric complex 5 gave the random copolymers
with high ethylene incorporaton (ca. 60-71 mol%) under
he different comonomer concentrations. The studies on
the preliminary DFT calculation and the reactivity ratios
of copolymerization obtained from the Fineman-Ross plot
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for catalysts generated from 3, 5 and 7 suggested the
mechanism of the copolymerization reactions. These re-
sults shed new light on improving the catalytic
perfomance of the conventional Ziegler-Natta catalysts
and designing the novel, excellent catalysts for the spe-
cific selective polymerization of dienes.
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Role of Eukaryotic Aminopeptidase Enzymes in Response to Environmental Stress

Aminopeptidases (N-terminal peptidase) constitute a
diverse set of peptidases with cleave amino acids from the
N terminus of oligopeptides. They are widely distributed
in all living organisms and have several significant impli-
cations, such as roles in cell homeostasis, growth and de-
velopment, and defense.

With the advent of numerous fully sequenced prokary-
otic and eukaryotic genomes and extensive expression-se-
quence tag (EST) libraries, the diversity, evolutionary re-
lationship and functional relationships of aminopeptidases
are being revealed. In higher plants, aminopeptidases have
been extensively used as polymorphic markers, but only
few aminopeptidase genes from higher plants have been
characterized. From the complete genome sequencing of
the model plant species, Arabidopsis thaliana, it contains
over 600 sequences annotated as peptidases. Among these
sequences, 28 genes encode proteins belong to aminopep-
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tidases. In recent years, intriguing roles of plant aminopep-
tidases in meiosis and jasmonic acid signaling have been
reported and potential roles in auxin transport have also
been proposed. However, many of plant aminopeptidases
remain uncharacterized.

Thus far, implications of plant aminopeptidases are still
largely unknown. I aim to determine physiological roles
of the uncharacterized plant aminopeptidases by employ-
ing Arabidopsis thaliana as a model for study. Several
approaches have been performing. The results obtain from
this project would provide and contribute for emerging
roles of uncharacterized plant aminopeptidases and gain-
ing insight of physiological importances of aminopepti-

dases which remain largely unknown.

Research progress of Fiscal Year 2008
1. Isolation of the T-DNA insertion mutant for the
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Arabidopsis aminopeptidase

In Arabidopsis thaliana, there are 28 genes encoding pro-
teins which belong to aminopeptidases. | isolated several T-
DNA insertion mutants of aminopeptidase from SALK T-
DNA-tagged lines (http://signal.salk.edu/cgi-bin/
tdnaexpress). One mutant exhibits a decrease of vegetative
growth and delay flowering. This mutant was identified as
putative leucine aminopeptidase (AtLAP2). The homozygous
AtLAP2 was generated and identified by PCR analysis.

2. Phenotypic analysis of the null mutant of the AtLAP2
The homozygous AtLAP2 was analyzed in several as-
pects (e.g. plant development, stress response, nutrient
deprivation, and senescence). It is obvious that loss-of-
function of AtLAP2 stunts plant growth and development.
Details analysis in other aspects has been performing.

3. Spatial expression and subcellular localization of

AtLAP2

For special expression of AtLAP2, a DNA fragment
containing approximately 1 kb of the upstream region of
AtLAP2 was amplified by PCR and cloned into the binary
vector. The construct was introduced into E.coli and then
into Agrobacterium. Wild-type Arabidopsis plants will be
transformed by floral dipping. Several independent
transgenic lines will be generated and use for histochemi-

cal localization of GUS activities in the transgenic plants.

For subcellular localization of AtLAP2, a gene-specific
cDNA fragment for AtLAP2 was amplified and fused in
frame to the GFP gene at its C terminus. The fragment
carrying the AtLAP2-GFP gene was inserted in the binary
vector. The construct was introduced into E.coli and then
into Agrobacterium. Wild-type Arabidopsis plants will be
transformed by floral dipping. Several independent
transgenic lines will be generated and use for localization
of the fusion protein.

4. Create the over-expressor for AtLAP2

A gene specific DNA fragment for AtLAP2 was ampli-
fied and constructed in the binary vector. The construct
was introduced into E.coli and then into Agrobacterium.
Wild-type Arabidopsis plants will be transformed by flo-
ral dipping. Several independent transgenic lines will be

generated for further experiments.

5. Expression and biochemical characterization of AtLAP2
in E.coli
A gene specific DNA fragment for AtLAP2 was ampli-
fied and constructed in the expression vector. The con-
struct was introduced into E.coli. Recombinant protein will
be produced, purification, and further use for biochemical

characterization.

Analysis of Transcriptional Regulators Governing Establishment
of Cell-to-cell Reprogramming Network

Cell reprogramming describes a switch in one cell-fate
to that of another unrelated cell-type, and it has been well-
understood over the recent months that transcriptional
regulators such as transcription factors contribute largely
in determining such cell conversion®@, Understanding the
mechanism of this transformation sheds light onto the na-
ture of cell differentiation, cell-replacement therapy and
controlled drug screening on diseased cell. Recent endeav-

ors in cell reprogramming involved induced-pluripotent
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stem (iPS) cells® and in vivo trans-differentiation through
the ectopic expression of defined transcription factors.
However, our knowledge about the exact mechanism of
cellular reprogramming and the methods to select defined
transcription factors remain largely unexplored. Therefore,
a systematic investigation of the transcriptome (the land-
scape of all transcripts) and analysis of transcriptional regu-
lation network of multiple human somatic cells are much
needed. Such study will be beneficial to decipher the mo-

— 219 -



lecular composition of each cell type and suggest strate-
gies with improved efficiency and safety of cell reprogram-
ming.

During my first year as Foreign Postdoctoral Re-
searcher (FPR), | have performed an integrative
transcriptome analysis of adult human mesenchymal stem
cells (hMSCs), mesenchymal-lineage committed cells
such as adipocytes, preadipocytes, osteoblasts, skeletal
muscle cells as well as non-hMSC-derived cells such as
human dermal fibroblasts. Based on quantitative RT-
PCR, oligonucleotide-based microarrays and Cap Analy-
sis of Gene Expression (CAGE) technology®™, the lin-
eage-committed cells not only showed disparate expres-
sion of transcripts but also common transcripts that were
co-expressed as mesenchymal lineage-specific genes.
Adult human mesenchymal stem cells possess multi-lin-
eage differentiation potential, and differentiated hMSCs
have recently been shown to have the ability to repro-
gram into other lineagest®, By comparing the global
gene expression profiles and their promoter activities of
undifferentiated and differentiated cells, we hope to ex-
tract keys genes which maintain adult stem cell
multipotency but also to drive other lineage-specific com-
mitments.

In order to effectively streamline multiple cell-types,
each cell-type routinely undergoes a tracking process via
the Omics Science Center (OSC) - Central Cell Bank Da-
tabase (CCBD). In collaboration with the bioinformatics
unit in OSC, we have developed a comprehensive cell
tracking system which allows cell culture users to virtu-
ally track cells from physical storage, to cell culture, to
transcriptome profiling and finally to data analysis. These
smooth transitions to maintain individual cell-type are vi-
tal in accurately exploring meta-data as well as extracting

key genes involved in cell reprogramming. We plan to
expand CCBD not only for transcriptome analysis but also
for genome, proteome and and epigenome information
from multiple somatic cell-types.

Mounting data collected by CCBD will be beneficial to
the extraction of key reprogrammable factors and the
emerging analyses will allow for the generation of ‘cell-
to-cell reprogramming network' - a complete landscape of
cell conversions between various somatic cell-types.
CCBD, in the near future, hopes to become the power-
engine for the scientific communities involved in cell re-

programming and cell-replacement therapy.
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Modeling Visually Evoked Neuronal Activity
by Non-linear Combinations of Multi-resolution Filter Responses

We construct a computational model that can predict
the responses of highly non-linear neurons, such as those
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spanning the visual ventral stream (V1, V2, V4, IT). In
particular, we address the problem of predicting the neu-

— 220 -



ral responses in the general situation such as viewing of
natural images, and not limit our stimuli to a set of pre-
defined, parameterized shape stimuli. How to find the vi-
sual filters used in the model? Unlike standard M-sequence
based strategies, we rely on techniques successfully used
in the field of computer vision (Ullman et. al. 2002), that
consist of testing a large number of image fragments at
different sizes and resolutions, and selecting a small sub-
set of image fragments that prove useful for explaining
the neural selectivity. Simulations and application to real
neural data from different cortical areas show that the
method effectively extracts information about the func-
tional role of cortical neurons in V1 and IT.
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Study on the Roles of RNA Binding Proteins on mRNA Metabolism

ABSTRACT

Gene expression is controlled at the transcriptional and
posttranscriptional levels. Posttranscriptional regulation is
exerted on several stages including mRNA stability and
translation. RNA binding proteins are considered to play
important roles in mRNA stability and translation. I have
focused on 2 RNA binding proteins including EWS and
CIRP. There are not any reports about the roles of both 2
proteins in translation, although EWS has been shown to
affect splicing and RNA shuttling, and CIRP has been re-
ported to inhibit the deadenylation of target MRNAs. Com-
pleting the research in this year, | found EWS represses
translation whereas CIRP does not exhibit any effects on
translation.

INTRODUCTION
Ewing's sarcoma gene EWS was first identified from
the Ewing's sarcoma chromosomal breakpoint t (11; 22)
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(924; q12) region as a translocation generated fusion gene
product between EWS and FLI-1. The resulting chimeric
fusion proteins from EWS and another protein in Ewing's
sarcoma are transcriptional activators with transforming
potentials. However, the cellular function of somatic EWS
remains obscure. EWS is a member of the TFT family of
proteins, which includes 2 other members, TLS/ FUS and
TAF15/ hTAFI168, all of which contain an N-terminal
SYGQ-rich region, an RNA-recognition motif, a C2/C2
zinc finger motif and at least one RGG-repeat region. They
bind RNA, specially to poly G and poly U, and both ss
and dsDNA. They have been shown to affect splicing and
RNA shuttling, and interact with RNA polymerase Il en-
zyme and TFIID complex, which indicate that they play a
role in early transcriptional initiation and elongation. EWS
localizes in ribosomal fractions of culture cells indicating
its character in regulation of translation. The elucidation
of the function of EWS will bring a novel insight in Ewing's
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sarcoma.

Cold-inducible RNA-binding protein (CIRP) was ini-
tially identified from the mouse testis by cDNA cloning
of an RNA-recognition-motif (RRM)-containing RNA-
binding protein. The expression level of CIRP increases
upon a temperature downshift. xCIRP2 inhibits mMRNA
deadenylation, and a portion of XCIRP2 is associated with
ribosomes suggesting its role in translational regulation.
It is expected that the definition of the role of CIRP on
translation will give a novel understanding on cellular
stress response.

RESULTS

To clarify the function of somatic EWS, I first investi-
gated its role in translation. In MS2 tethering assay, EWS
was found to repress translation in a dose dependent man-
ner. However, the stability of mRNAs examined by North-
ern blotting was not changed, which suggest that the re-
pression is not RNA mediated but direct to translation. In
the results of cell staining, the cytoplasmal localization of
EWS in EWS overexpressing cells also give an interpre-
tation of its participation in translation.

To investigate whether CIRP influences translation, |
performed an in vitro translation assay in a cell free sys-
tem. CIRP showed a general inhibition on translation,
whereas there were no significant differences between
control and target mMRNAs. In MS2 tethering assay, | have
got the similar results. When | examined the mRNA sta-

bility by Northern blotting, the mRNA adenylation did not
exhibit any differences between control and CIRP groups
in our system.

| prepare to continue this study in FY2009. For EWS, |
plan to screen its MRNA targets and investigate the mecha-
nism of its repressing translation. On the contrary, for
CIRP, I will consider the relationship between CIRP and
EWS because CIRP was found to bind to EWS in yeast
two-hybrid system.

1. mRNA targets screening of EWS.

Overexpress FLAG-EWS in Hela cells, do the immu-
noprecipitation with anti-FLAG antibody and extract the
mRNA binding to EWS. Synthesize the cRNA and do a
microarray to screen the binding mRNAs.

2. Confirmation of the function of EWS on translation with
determined target mMRNAs.

Perform an in vitro assay in a cell free system to exam-
ine whether EWS exhibit repression on the target mMRNA's
translation.

3. Investigation of the functional differences between EWS
and the fusion protein EWS-FLi-1.

Perform a same in vitro assay to examine whether EWS-
FLi-1 represses the mRNA's translation which is repressed
by EWS. It's expected to give a hint to the molecular
mechanisms of EWS fusion protein's carcinogenesis and
the treatment to Ewing's sarcoma.

4. Investigation of the effects of CIRP on the function of

EWS.

Determing the Cellular and Molecular Mechanisms of Synapse Formation
in the Zebrafish Nervous System

During the development of the zebrafish retinotectal pro-
jection, retinal ganglion cell (RGC) growth cones navi-
gate along a highly stereotypical pathway from the retina
to their primary target, the optic tectum in the midbrain.
Once they have reached the tectum, growth cones undergo
arborisation and synaptogenesis. The molecular mecha-
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nisms underlying these processes in the CNS are largely
unknown. To study the development and molecular mecha-
nisms underlying arborisation and syanptogenesis, | am
using laser-scanning confocal microscopy to visualise
single RGC axons and their arbors in vivo in living zebrafis
embryos, after labeling with GFP fusion proteins under
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the control of an RGC-specific promoter (Campbell et al.,
Neuron, 2007, 55, 231-2145.).

| have previously shown that caspase 3, a key member
of the cellular apoptotic or programmed cell death ma-
chinery is required to mediate the chemotropic responses
of growth cones (Campbell and Holt, Neuron, 2003, 37,
939-952) However, the role of caspase 3 in vivo in axon
guidance or in the processes of arborisation and
synaptogenesis is unknown. mRNA in situ hybridisation
was performed at 76 hpf when RGCs are undergoing
arborisation and synaptogenesis and found that caspase 3
mMRNA is strongly expressed in the RGC layer of the retina
and in the tectum. Furthermore, immunohistochemistry
using an antibody which specifically recognises the cleaved
and active from of caspase 3 protein strongly labels RGC
axons and the inner plexiform layer of the retina, consist-
ing of axonal and denderitic processes. Since there is very
little apoptotic cell death in the retina at this ages the ex-

pression of caspase 3 would suggest it is playing a role
independently of its role in apoptotis.

To test the hypothesis that caspase 3 plays a role in
arborisation and synaptogenesis in vivo we observed RGC
arbors in embryos where caspase 3 function in the retina
or tectum was inhibited. Time-lapse imaging revealed
that branch tip additions and retractions were reduced to
approximately half that of control arbors and that mean
total branch tip lifetimes and the proportion of branch
tips present continually during the imaging period were
increased. Furthermore, inhibition of caspase 3 function
particularly in the eye led to increased mean total life-
times of presumptive presynaptic puncta and increased
the proportion of stable puncta. These observations sug-
gest that caspase 3 is a key regulator of RGC arbor and
presynaptic puncta dynamics consistent with the hypoth-
esis that its activity prevents premature arobro matura-
tion.

Identification and Functional Analysis of Organ Size Gain-of-function Mutants
Using the Arabidopsis FOX-hunting System

Using the Arabidopsis FOX-hunting system™, | have
identified about 25 dominant gain-of-function FOX lines
that show stable and inheritable phenotypes. The devel-
opmental mutants fall into various categories, ranging from
growth phenotypes that have an impact on the develop-
ment of single cells to complex phenotypes that affect
growth of the entire plant. Most of the corresponding genes
have been isolated, and after re-transformation of the full-
length cDNAs the majority of the initial phenotypes were
recapitulated. Futhermore, | have started to examine the
phenotypes of loss-of-function alleles for some of the FOX
lines, and by doing so, my current investigations focus on
a gene, which appears to be involved in the transcriptional
control of trichome (leaf hair) growth. Plant trichomes are
highly-specialized, epidermal cells that are involved in
protecting plants against insect herbivores and UV light,
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the control of transpiration and tolerance to freezing(? I,
Moreover, trichomes are of special commercial interest,
since they have a unique secondary metabolism, allowing
the production and secretion of various natural compounds
and even currently used drugs, such as aspirine, morphine,
taxol and artemisinin. Leaf trichomes are also an excel-
lent model system to study general developmental pro-
cesses in cell differentiation, including cell shape and
growth control at the single cell level™.

The identified FOX line F26519 that displayed a tri-
chome phenotype was named windfarm, since F26519
plants have giant trichomes accompanied by an increase
in ploidy. F26519 plants over-expressed a truncated ver-
sion of a cDNA that corresponds to the AtGTL1 locus.
Interestingly, three independent null mutations were in-
vestigated and display an identical trichome size and ploidy
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phenotype, suggesting that the over-expressed, truncated
cDNA in line F26519 has a dominat-negative effect. GTL1
belongs to the GT-2 subclass of triplehelix DNA-binding
transcription factors, indicating that GTL1 is likely to be
involved in transcriptional regulation of cell size control,
most probably in termination of cellular growth. In con-
cert with this, plants that over-express full-length coding
sequence of GTL1 could not be isolated, indicating that
GTL1 plays an important role in growth repression. More-
over, the GTL1 protein is found to be nuclear-targeted,
and a promotor-GUS fusion and several GFP-fusions re-
veal that the gene is only expressed during very late stages
of trichome development. | am currently investigating the
genetic relation between gtl1 mutants and other, previously
studied trichome mutants that cause defects in trichome
initiation, patternig, differentiation, branching and
endocycle control. Preliminary results of double mutant
analysis suggest that GTL1 acts downstream of trichome
patterning, but growth- and ploidy-related processes ap-
pear to be independent of previously studied pathways®!.
To further elucidate upstream components and downstream
targets, | have already started different approaches, such
as an enhancer/suppressor screen and GTL1 promoter de-

letion analysis. These and other project will provide in-
sights into how GTL1 controls termination of trichome
development, and should further contribute to our knowl-
edge about general aspects in regulation of cell growth.
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Dissecting Plant Innate Immunity Using Chemical Genetics

Plants have evolved a diverse range of defence mecha-
nisms to combat infection by pathogens such as bacteria,
fungi and viruses. As a first line of defence, receptors on
the plant cell surface recognise broadly conserved patho-
gen molecules known as pathogen-associated molecular
patterns (PAMPS) and activate intra-cellular signalling
events that prevent and limit infection. Many pathogens,
however, are able to breach these basal defences by pro-
ducing effector molecules that allow them to evade or sub-
vert plant responses, for example by manipulating intrac-
ellular conditions in favour of pathogen proliferation.
Plants, in turn, have evolved resistance (R) proteins which
enable them to detect specific effector molecules and
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mount localised defence responses to eliminate the invad-
ing pathogen. Disease occurs if a pathogen is able to over-
come these R protein medicated responses.

Despite our knowledge of the basic framework of plant-
pathogen interactions many of the components of both the
PAMP and effector triggered immunity pathways remain elu-
sive. The aim of the Plant Immunity Research Team is to
gain insight into the molecular interactions that are involved
in plant defence pathways by characterising the genes, pro-
teins and small molecules that are required for immunity.
The objective of my research is to identify and characterise
the signalling components necessary for the generation of
resistance, so as to better understand the mechanisms used
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by plants to perceive and control pathogen infection. Although
many of the defence outcomes associated with R protein
mediated immunity are well characterised, the mechanistic
links between defence responses and R proteins remain largely
unknown. I am employing a chemical genetics strategy to
dissect the molecular events that are required for R protein
mediated plant immunity.

Chemical genetics is an experimental approach that uses
small organic molecules to probe biological processes. It
involves the screening of cells or whole organisms against
a library of organic molecules for phenotypic changes that
can be attributed to the perturbation of a specific process.
One phenotypic manifestation of the defence reaction elic-
ited by plant R proteins upon recognition of specific patho-

gen effectors is the hypersensitivity response (HR), a pro-
cess that culminates in rapid cell death at the site of infec-
tion and serves as a robust indicator of resistance signal-
ling. I am performing a screen for chemicals which perturb
the HR in the model plant Arabidopsis thaliana when chal-
lenged with a variant of the bacterial pathogen Pseudomo-
nas syringae which has been engineered to express an ef-
fector recognised by an Arabidopsis R protein. Upon iden-
tification of chemicals that affect this plant immunity path-
way both genetic and biochemical approaches will be used
to identify the molecular targets of the compounds and to
explore their role in defence signalling. Ultimately it is en-
visioned that the outcome of this research will contribute to
the engineering of durable pathogen resistance in plants.

Intelligent Gel — A substitute of the Living Organs

Development of tough nanocomposite hydrogel:

I have investigated the possibility of the development of a
mechanically tough nanocomposite hydrogel by two differ-
ent methods. Firstly, | tried by mixing charged synthetic
nanoparticles (laponite) and different types of polymers in
water. Secondly, | developed nanocomposite hydrogel of (1)
polydimethylacrylamide (PDMAPAA-Q) and (2) poly(2-
acrylamido-2-methyl-1-propane sulfonic acid, sodium salt)
(PNaAMPS) by chemical cross-linking reactions using an
organic cross-linker such as methylenebis(acrylamide) (BIS).
It should be noted that laponite is a disk like particle with a
dimension of 25 nm diameter and 1 nm thickness. Surface of
a laponite is negatively charged and edge is positively charged.
The ratio of negative and positive charges in a single particle
is about 10 to 1.

Laponites and polymers in water usually form a vis-
cous fluid. However, | observed that a particular system
such as laponite-polyacrylamide-water system form gel
when shaken. The gel again relaxes back into a viscous
fluid at rest. This phenomenon is called dilatancy. Dila-
tancy is a very important phenomenon with enormous prac-
tical application. Similar phenomenon was previously ob-
served in laponite-Poly(ethylene oxide) system[. My in-
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vestigations suggest that diatancy occurs only in neutral
polymer-nanoparticle composite system and it does not
occur if the polymers are ionic.

Compression test of the nanocomposite hydrogels show
interesting properties. | observed that PNaAMPS hydro-
gel (without laponite) is mechanically stronger than
laponite-PNaAMPS nanocomposite gel. Both ultimate ten-
sile strength (UTS) and Young's modulus (E) decrease sig-
nificantly when laponites are included in the hydrogel. This
occurs due to strong electrostatic repulsion between nega-
tively charged surface of laponite and negatively charged
polymer (PNaAMPS) networks. Experiment suggests that
it is impossible to develop a mechanically tough hydrogel
by anionic monomers and laponite.

It was observed that PDMAPAA-Q hydrogels become
stronger when laponites are included in the hydrogels. Both
UTS and E were investigated as a function of laponite con-
centration. Results suggest that both UTS and E remains al-
most unchanged within the experimental range of laponite
concentration. This behavior should depend on sample prepa-
ration. To prepare hydrogels | dispersed laponite particles in
monomer solutions. | observed that as time passes aggregates
form in the solution and they precipitate. The precipitations
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were collected and polymerized to prepare hydrogel. To ex-
plain experimental results one must examine the microstruc-
tures and the morphology of the hydrogel.

When laponite powder is dispersed in monomer solu-
tion, a part of the sample disperses as single particle; how-
ever, larger fraction of the sample disperses as aggregates
of a few laponite particles. It is reasonable to consider that
cationic monomers are electrostatically attracted by the nega-
tively charged laponite surfaces. Dispersed laponite particles
and aggregates of laponite particles adsorb monomer mol-
ecules on their surfaces. They form a kind of brash particle
and the larger brash particles precipitate. Cross-linked poly-

mer networks are considered to be grown between the ag-
gregates. Mechanical properties of the hydrogel should
strongly depend on the size of the aggregates and the length
of the polymer network between the aggregates. Compres-
sion test result suggests that size of the aggregates and mor-
phology of the hydrogel remain almost unchanged with the
increasing laponite concentration within the investigated

range of laponite concentration.

Reference:
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D. A. Weitz, Colloids and Surfaces A213 (2003) 189-197

Nano-Raman Spectroscopy of Thermo-mechanical
and Electrical Stress in Advanced Electronic Devices and Sensors

The introduction of strain in silicon and the exponen-
tial increase in the density of transistors are equally boost-
ing microprocessor performance at a fast rate. Besides,
several approaches to engineer strain in devices, such as
the use of (e-Si) on silicon on insulator and engineering
strain in two and three dimensions will lead to even more
complex strain distribution. Strain is also finding atten-
tion in nanowires and other optoelectronic components.
These also impose stringent requirements on strain char-
acterization tools. Unfortunately, the development of these
tools lags behind semiconductor technology. Most of strain
characterization tools are still problematic in nanoscale
and in many cases it is not possible with current spectro-
scopic technique. None of the existing spectroscopic tech-
nique has the capability to map the distribution of strain
on the transistor from an actual, i.e. 45nm, because they
still lack the sensitivity and resolution to characterize strain
on heterogeneous samples. Thus, development of advanced
technique for nanoscale characterization and investigation
of localized strain in the e-Si substrate are important. Sev-
eral new approaches to spectroscopic observation and im-
aging of strain in the nanoscale have been proposed.
Among the most promising candidate is Tip-enhanced
Raman spectroscopy (TERS) because it's non-destructive

Name: Alvarado B. TARUN

Host Laboratory: Nanophotonics Laboratory
(Laboratory Head: Dr Satoshi KAWATA)

and has the sensitivity to measure strain in the nanometer
region™, Recently published works have been devoted to
applying TERS on opaque samples, although early efforts
were applicable only to transparent or thin samplestt.
This research is devoted to the development of TERS
to obtain highly localized strain distribution and qualita-
tively identify impurities and defects in the e-Si devices.
In particular, we focused on the issue of image contrast
and enhancement factor for practical use of TERS on bulk
samples such as Si. The work started with building-up a
versatile TERS system capable of imaging devices with
nanoscale resolution (~10nm). The dynamic design of the
instrument provides a unique combination of features that
allow us to perform TERS in both opaque and transparent
samplest?. We optimize the excitation wavelength, illu-
mination and detection of the optical system and made
use of polarization/depolarization-controlled detection by
considering the crystalline feature of silicon materials to
significantly improve contrast between near-field and far-
field Raman signalst®l. We demonstrated the capability of
the developed system to study strain in Si/SiGe device.
We found that reducing background signal from the focus
and underlying substrate on bulk and crystalline Si samples
is a novel approach to improve contrast. We also performed
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numerical simulation using Finite Element Method (FEM)
to predict the strain resulting from the build-up of high
energy in the vicinity of sharp tip.

The main objective of this research is to put colors into
the strained area of an actual device that contains a huge
amount of device property with exceptional spatial reso-
lution. The technique developed in this work is also appli-
cable to Raman spectroscopy in crystalline samples.

References:

[1] Kawata, S. and Shalaev, V.M. (2007) "Tip Enhance-
ment”. Elsevier, Netherlands.

[2] A. Tarun, N. Hayazawa, M. Motohashi and S. Kawata,
Rev. Sci. Instrum. 79, 013706 (2008).

[3] M. Motohashi, N Hayazawa, A Tarun, S Kawata, J.
Appl. Phys. 103, 034309 (2008).
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