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Foreword

This Annual Report is a compilation of the research reports submitted by the Special Postdoctoral Re-
searchers (SPDRs) working at RIKEN in fiscal 2019. The outline of the programs is as follows.

The programs

Creativity is required for the rapid advance of science and technology that will benefit Japanese soci-
ety and contribute to the international community. To fill this need, RIKEN, in collaboration with the
former Science and Technology Agency (currently a part of the Ministry of Education, Culture, Sports,
Science and Technology), launched the Special Postdoctoral Researcher (SPDR) Program in fiscal
1989. In fiscal 1997, the program was expanded to accommodate a larger number of candidates, and
the program management was transferred to RIKEN. From fiscal 2016 the SPDR program has been
merged with the Foreign Postdoctoral Researcher (FPR) program, launched in fiscal 2007 to provide
young foreign researchers with similar opportunities, to form a new SPDR program to support excel-
lent young researchers from Japan and overseas.

Program Features

The SPDR program offers young researchers with creative and innovative ideas an environment in
which they can pursue independent research and prepare themselves to play a major role in advancing
basic science. Fields covered include mathematical sciences, physics, chemistry, biology, medicine,
engineering, and any other fields related to research now being conducted at RIKEN.

SPDRs must have a PhD at the time of application, and must be able to independently pursue research
themes decided on the basis of what they want to pursue and how that fits in with the research being
conducted at RIKEN.

Candidates are recruited every year through open application, and selection is made by a committee
comprised of outside experts as well as RIKEN scientists. Selection is based on submitted documents
and interviews. From 2018 the SPDR contract has become a multiple-year contract valid for three (3)
years in order to provide an environment with greater stability for the researchers so they are able to
focus on carrying out their research.

Host laboratories must provide the SPDRs 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.

Since October 2008, revisions have been introduced in the program regulations to ensure a better work-
life balance, such as allowing program extension when an SPDR has to take time off for childcare.

Since the program started, there have been a total of 1730 SPDRs and 153 FPRs (as of March 2020),
and there are currently 140 SPDRs (as of September 2020).

September 2020
RIKEN
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Functional analysis of hypothalamus as a higher olfactory center
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Precision Spectroscopy of the Hyperfine Splitting in Muonic Hydrogen Atom
for the Determination of the Proton Radius

AWHFEETIE, S a4V e OFFEIRRET
B3I 24V IKEF T OFLEIRREIC 51T 2 MRS
& L— =53¢ U TR 1~ Zemach 4% 72 F25R 11
WKRET B eZHEELTWVWS, ThXTIC,
20174 EISER Z AT 57200 L—Y — D
BHFEZ . 20184EE 13 2 a4 VHAKRFEFEZ VT
EALBRICHES 2 24 Y A U NIEES KR O
MEGEZTT > oo 201942 1E. R 24 VIKEE T
ZARHEDIKFEAF AR THERR L, HHESEHPTD I 24
Y AE VI K o THIEIREIC 1 % 2 24
VA U, BXU I 24 KR E AT
DR & AE Hiflized % C LI K> TidRbd
R OWHEZ KDz, I a4 A U EllgIkIC
&% 3 2 A VIKEFFORE VElEEING YT
Ho, BYTFAVA - vIal—varEHHLE
FHl R T — 2T R D TV B, RFTRS RN E & &
DI, X LTRRENSTETH S,

Ko, TNKTalm - B2 D T E 7oKk
RSN Z T BERUC & % BLZEfikH 2RI U 7z @ ik
IKERE Z il i L. WGt - Bz T 720 o7
WIBROPEREEE I, L—P—HIC K 2 BRER L
JilIRREDF s X O X 2 A VKB F 7O E KIS
XoTHhES, KUAEMIC K % 525 T AL
MREV—J TAE VR K > Tl IkED
MRS 5%, —F. AR B B2
INFzI 2 A VIRER T Z ORI T Tl
JE PR DI 0 b & A U REZIC K B
B DS Z R Te DI E S /M LE DY RO, iR
DI 24 Y AE VEHEHIEIC K - TR I hEdikiE
DAtz N TSI DO ZHIE L, Whoks
HTEHBRATEETIZH S L DD, [EAKERENAH X
DENEREITD 5B kRN LTz, BEikokHEZ
B E LTHWS 7 A7 ¢ 7 &SRS SR
N, WU TS I Aok E 2B U TR
LT BVATLORBDZTREREB T LN TE
7zo

W 7% % IC % i BB KRE Sohtaro Kanda
Z A WE 2% = BAThBIZEAES

AR PR AR
(s Al HeZ)

@5 ERZE Publications

1.S. Kanda et al., “Negative muon spin rotation with
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field to solve the proton radius puzzle”, RIKEN APR
Vol. 52 (2019) 180.

2.Y. Ueno, et al., “New Precise Measurement of Mu-
onium Hyperfine Structure”, Proceedings of Science,
PoS(ICHEP2018)466. (2019).

3. A. Adare et al. “Multiparticle azimuthal correlations
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Phys. Rev. C 99, 024903 (2019).
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6. A search for Majoranality of neutrinos in muon de-
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10. Development of instruments for the proton radius
measurement at RIKEN, International workshop
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Yasuko Hisano, Yayoi Nozaki, Hisako Ohba, Mana-
bu Toyoshima, Chie Shimamoto, Chinatsu Tabata,

Yuina Wada, Takeo Yoshikawa: “Thiosulfate pro-



motes hair growth in mouse model.”, Biosci Bio-
technol Biochem., Biosci Biotechnol Biochem.,
83(1); 114-122, 2019

2.Chie Shimamoto-Mitsuyama, Tetsuo Ohnishi, Sha-
beesh Balan, Hisako Ohba, Akiko Watanabe, Moto-
ko Maekawa, Yasuko Hisano, Yoshimi Iwayama,
Yuji Owada, Takeo Yoshikawa: “Evaluation of the
role of fatty acid-binding protein 7 in controlling
schizophrenia-relevant phenotypes using newly es-
tablished knockout mice.”, Schizophrenia Research,
doi: 10.1016/j.schres.2019.02.002 (Epub ahead of
print), 2019

3. Tetsuo Ohnishi, Shabeesh Balan, Manabu Toyoshi-
ma, Motoko Maekawa, Hisako Ohba, Akiko Wata-
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Yasuko Hisano, Chie Shimamoto-Mitsuyama, Yayoi
Nozaki, Kayoko Esaki, Atsuko Nagaoka, Junya Mat-
sumoto, Mizuki Hino, Nobuko Mataga, Akiko
Hayashi-Takage, Kenji Hashimoto, Yasuto Kuniid,
Akiyoshi Kakita, Hirooki Yabe, Takeo Yoshikawa:
“Investigation of betaine as a novel psychotherapeu-
tic for schizophrenia.”, EBioMedicine 45; 432-446,
2019 (Fwif)
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Shabeesh Balan, Motoko Maekawa, Chie Shimamo-
to-Mitsuyama, Yoshimi Iwayama, Hisako Ohba,
Akiko Watanabe, Takashi Ishii, Norihiro Shibuya,
Yuka Kimura, Yasuko Hisano, Yui Murata, Tomonori
Hara, Momo Morikawa, Kenji Hashimoto, Yayoi
Nozaki, Tomoko Toyota, Yuina Wada, Yosuke Tana-
ka, Tadafumi Kato, Akinori Nishi, Shigeyoshi Fuji-
sawa, Hideyuki Okano, Masanari Itokawa, Nobutaka
Hirokawa, Yasuto Kunii, Akiyoshi Kakita, Hirooki
Yabe, Kazuya Iwamoto, Kohji Meno, Takuya Kata-
giri, Brian Dean, Kazuhiko Uchida, Hideo Kimura,
Takeo Yoshikawa: “Excess hydrogen sulfide and
polysulfides production underlies a schizophrenia
pathophysiology.”, EMBO Molecular Medicine,
11(12); 10695, 2019
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Chie Shimamoto-Mitsuyama, Kayoko Esaki, Tetsuo
Ohnishi, Motoko Maekawa, Yoshimi Iwayama, Sha-
beesh Balan, Brian Dean and Takeo Yoshikawa: “Al-
tered lipid metabolism of the corpus callosum of pa-
tients with schizophrenia”, 6th Congress of AsSCNP,
Fukuoka, Octorber, 2019

Towards Understanding Dark Matter using

Lattice Quan s Techniques

Name: Enrico RINALDI
Host Laboratory: Quantum Hadron Physics Laboratory

The Large Hadron Collider (LHC) and the biggest
underground detectors for dark matter searches have
come up empty handed in their recent searches for this
elusive form of matter that makes up approximately
85% of all mass in our Universe. Both colliders and
underground detectors have been only able to place
new limits on the mass and interactions of dark matter,
under the assumption that dark matter is a particle be-
having according to some commonly used models.

Another avenue for discovering dark matter and new
physics beyond the Standard Model (BSM) is with pre-

RIKEN Nishina Center for Accelerator-Based Science
Laboratory Head: Tetsuo HATSUDA

cision low- energy nuclear experiments, such as the
neutron lifetime, neutron-anti-neutron oscillations or
neutrinoless double-beta decay. Precise measurements
of these nuclear observables can be compared to theo-
retical predictions coming from non-perturbative lat-
tice QCD calculations in the Standard Model in order
to understand possible deviations hinting towards BSM
effects.

This year I have published a pair of papers, one PRL
and a corresponding PRD with more details, with col-

leagues from Lawrence Livermore National Laborato-



ry that calculates for the first time the largest QCD ma-
trix elements that govern the transition of a neutron to
its own antiparticle, a process that violates baryon
number and can be used in theories of baryogenesis to
explain why our universe is dominated by matter in-
stead of antimatter. Our results are relevant to the ex-
perimental community searching for this process in
detectors. These papers were submitted during the pre-
vious fiscal year.

The importance of new physics beyond the Standard
Model and in particular new strong dynamics, was the
focus of a dedicated White Paper that I wrote with col-
leagues from universities and National Laboratories in
the USA. Lattice quantum field theory techniques that I
applied successfully in my SPDR research were high-
lighted in the paper and submitted to the European
Physics Journal for publication.

Moreover, with colleagues from the UK and Ger-
many, | have submitted a paper to the Journal of High
Energy Physics studying the confinement/deconfine-
ment transition in a simple matrix model to highlight a
novel phase which might be relevant to describe black
holes in quantum gravity using microscopical gauge

degrees of freedom.

@Publications

Papers

Enrico Rinaldi, Georg Bergner, Norbert Bodendorfer,
Masanori Hanada, Andreas Schafer, Pavlos Vranas:
Thermal phase transitions in Yang-Mills matrix
model. arxiv:1909.04592, submitted to JHEP*

Enrico Rinaldi, Richard Brower, Anna Hasenfratz,
Ethan Neil, Simon Catterall, George Fleming, Joel
Giedt, David Schaich, Evan Weinberg, Oliver Wit-
zel: Lattice gauge theory for physics beyond the
Standard Model. arxiv.1904.09964 submitted to
EPJ*

Enrico Rinaldi, Henry Monge-Camacho, Evan
Berkowitz, David Brantley, Andre Walker-Loud,
Chia Cheng Chang, Arjun Gambhir, Nicolas Garron,
M. A. Clark, Thorsten Kurth, Balint Joo, Amy Nich-

olson, Brian Tiburzi, Pavlos Vranas: Short range op-
erator contributions to OnuBB decay from LQCD.
arxiv:1904.12055, published as proceeding™

Enrico Rinaldi, Evan Berkowitz, David Brantley, Ken
McElvain, Andre Walker-Loud, Chia Cheng Chang,
M. A. Clark, Thorsten Kurth, Balint Joo, Henry
Monge-Camacho, Amy Nicholson, Pavlos Vranas:
Progress in Multibaryon Spectroscopy. arx-
iv:1902.09416, submitted FY18 and now published
as proceeding

Enrico Rinaldi, Sergey Syritsyn, Michael L. Wagman,
Michael I. Buchoff, Chris Schroeder, Joseph Wasem:
Lattice QCD determination of neutron-antineutron
matrix elements with physical quark masses. arx-
iv:1901.07519, submitted FY18 and now published*

Enrico Rinaldi, Sergey Syritsyn, Michael L. Wagman,
Michael I. Buchoff, Chris Schroeder, Joseph Wasem:
Neutron- antineutron oscillations from lattice QCD.
arxiv:1809.00246, submitted FYI8 and now pub-
lished*
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Rinaldi E.: Signals of composite dark matter. “Strong
dynamics for physics within and beyond the Stan-
dard Model at LHC and future colliders” at ECT*,
Trento, Italy, September (2019)

Rinaldi E.: Towards a non-perturbative study of quan-
tum gravity corrections. “Quantum and Gravity in
Okinawa” at OIST, Okinawa, Japan, July (2019)

Rinaldi E.: Nuclear matrix elements for baryogenesis.
“Frontiers in Lattice QCD” at YITP, Kyoto, Japan,
April (2019)

ascale computing. RIKEN Nishina Center, Wako, Ja-
pan, July (2019)

Rinaldi E.: The data science of physics. Arithmer Inc.,
Tokyo, Japan, June (2019)

Rinaldi E.: Composite Dark Matter. RIKEN Nishina
Center, Wako, Japan, May (20

Rinaldi NL Research Center, BNL, Upton, NY, March
(2019)
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Regulation of Mucosal 1gG by the Neonatal Fc Receptor

Name: Alexis VOGELZANG
Host Laboratory: Laboratory for Mucosal Immunity

Local immune cells are essential for the homeostasis
of intestinal epithelial cells, yet persistent immune in-
flammation can have many damaging local effects. We
performed comparative transcriptional profiling of co-
lonic epithelial cells under homeostatic conditions in
comparison to immune-deficient mice (rag!-/-) or ani-
mals displaying chronic inflammation to bacterial anti-
gens (rorgt-/-). We identified dysregulation of epitheli-
al glycosylation pathways in the inflamed colon.
Matched glycan analysis of the IgA found in the gut of
WT and rorgt-/- shows that this too differs between in-
testinal homeostasis and disease, particularly the nature
of the outer-most residues. It remains unclear whether
this is due to the inflamed status of the epithelium or
the altered bacterial populations. In order to examine
IgA glycans in the absence of the confounding pres-
ence of bacteria, we have developed an organoid co-
culture system to isolate IgA glycan modifications
added by plasma cells and epithelial cells during ho-
meostasis and inflammation. This work will continue
in the laboratory of Sidonia Fagarasan in mouse mod-
els of immunity and the germ-free system, while I have
submitted a Marie Sklodowska Curie fellowship appli-
cation to build on these studies with human inflamma-
tory bowel disease patient samples in the lab of Dr
Ahmed Hegazy at the Charite hospital in Berlin, Ger-
many in 2020.

During my SPDR, my analysis of the metabolomics
profiles of either resting or activated immune cells has
led us to a new understanding of how immune cells
may collaborate by differential metabolite production
during inflammation. This is relevant in the epithelium
where both plasma cells secreting IgA and CD8 T cells
are present in the intestines in high numbers in both
health and disease. Our metabolic profiling of IgA plas-
ma cells has shown that they uptake upstream metabo-
lites such as amino acids, and secrete metabolites that

can influence the behavior of nearby effector CDS cells

RIKEN Center for Integrative Medical Sciences
Laboratory Head: Sidonia FAGARASAN

through multiple pathways. In collaboration with Dr.
Baihao Zhang I investigated these interactions using in
vitro metabolite tracing experiments with cultured CDS8
T cells, using a tumor model system to discover the
relevance of these interactions to effector T cell activity
in vivo. We have now completed an additional analysis
of peripheral plasma metabolites derived from human
cancer patients before and after treatment with
Nivolumab immunotherapy in collaboration with Kyo-
to University researchers to supplement our prelimi-
nary mouse studies. These studies are currently being
prepared for publication in 2019 or early 2020. I will
continue to work on these collaborations as an external
research consultant for Sidnoia Fagarasan and her Mu-

cosal Immunity laboratory.
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1. Suzuki K, Vogelzang A, Fagarasan S: MZBI1 folding
and unfolding the role of IgA. PNAS 2019,
116(27):13163-13165.

2.Vogelzang A, Guerrini MM, Minato N, Fagarasan S:
Microbiota - an amplifier of autoimmunity. Curr
Opin Immunol 2018, 55:15-21

3.Nakajima A, Vogelzang A, Maruya M, Miyajima M,
Murata M, Son A, Kuwahara T, Tsuruyama T, Ya-
mada S, Matsuura M, et al.: IgA regulates the com-
position and metabolic function of gut microbiota by
promoting symbiosis between bacteria. J Exp Med
2018, 215:2019-2034.

4. Guerrini MM, Vogelzang A, Fagarasan S: A Hen in
the Wolf Den: A Pathobiont Tale. Immunity 2018,
48:628-631

5.Reece ST, Vogelzang A, Tornack J, Bauer W, Zedler
U, Schommer-Leitner S, Stingl G, Melchers F,
Kaufmann SHE: Mycobacterium Tuberculosis-In-
fected Hematopoietic Stem and Progenitor Cells Un-
able to Express Inducible Nitric Oxide Synthase
Propagate Tuberculosis in Mice. J Infect Dis 2018,



217:1667-1671.

6.Beigier-Bompadre M, Montagna GN, Kuhl AA,
Lozza L, Weiner J, 3rd, Kupz A, Vogelzang A, Mol-
lenkopf HJ, Lowe D, Bandermann S, et al.: Myco-
bacterium tuberculosis infection modulates adipose
tissue biology. PLoS Pathog 2017, 13:¢1006676.

7.Jandl C, Liu SM, Canete PF, Warren J, Hughes WE,
Vogelzang A et al. IL-21 restricts T follicular regula-
tory T cell proliferation through Bcl-6 mediated inhi-
bition of responsiveness to I1-2. Nat. Comm. 2017,
8:14647.

8. Tornack J, Reece ST, Bauer WM, Vogelzang A et al.
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Human and Mouse Hematopoietic Stem Cells are a
Depot for Dormant Mycobacterium tuberculosis.
PloS One 2017 12(1):e0169119.

9.Perdomo C, -+ Vogelzang A, Kaufmann SH and
Kupz A. Mucosal BCG Vaccination Induces Procec-
tive Lung-Resident Memory T Cell Populations
against Tuberculosis. MBio 7(6). Pii: e01686-16.
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Heavy Quark and Exotic Hadron-Nuclear States
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Yamaguchi Y., Hosaka A., Takeuchi S. and Takizawa
M.: “Heavy hadronic molecules with pion exchange
and quark core couplings: a guide for practitioners”,
arXiv:1908.08790 [hep-ph] 1-72 (2019)

Yamaguchi Y., Garcia-Tecocoatzi H., Giachino A., Ho-
saka A., Santopinto E., Takeuchi S. and Takizawa
M.: “Heavy quark spin symmetry with chiral tensor
dynamics in the light of the recent LHCb pen-
taquarks”, arXiv:1907.04684 [hep-ph] pp.1-14
(2019)

Shimizu Y., Yamaguchi Y., Harada M., “Heavy quark
spin multiplet structure of Pc(4312), Pc(4440), and
Pc(4457)”, arXiv:1904.00587 [hep-ph] pp.1-4
(2019)



Shimizu Y., Yamaguchi Y., Harada M., “Heavy quark
spin multiplet structure of Pc-like pentaquark as P-
wave hadronic molecular state”, Prog. Theor. Exp.
Phys. 2019, 123D01 pp.1-25 (2019)*
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with tensor force”, The 24th European conference on
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few-body problems in physics, University of Surrey,
Guirford, UK Sep. (2019)

Yamaguchi Y.: “Workshop on Chiral and heavy quark
symmetries in quark-hadron physics”, Osaka Uni-
versity, Osaka, Japan Aug. (2019)

Yamaguchi Y.: “Role of the tensor force in the heavy
hadronic molecules”, The 18th International Confer-
ence on Hadron Spectroscopy and Structure (HAD-
RON2019), Guilin, China Aug. (2019)
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Baryon-Baryon interaction from Lattice QCD and its application
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Morita Kenji, Gongyo Shinya, Hatsuda, Tetsuo, Hyodo
Tetsuo, Kamiya Yuki and Ohnishi Akira: “Probing
OmegaOmega and pOmega dibaryons with femto-

scopic correlations in relativistic heavy-ion”, Phys.
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Shinya Gongyo for HAL QCD collaboration, “Baryon-
Baryon interaction from lattice QCD”, Lattice 2019
(Plenary talk), Wuhan, China, Jun. 2019

Shinya Gongyo for HAL QCD collaboration, “Partial
wave decomposition in lattice QCD”, International
Molecule-type Workshop Frontiers in Lattice QCD
and related topics, Kyoto, Japan, Apr. 2019

Nuclear Mass Measurement of Super-Heavy Elements

by Multi-Reflection Time-of-Flight Mass Spectrometry

Name: Marco ROSENBUSCH
Host Laboratory: SLOWRI Team,Instrumentation Development Group

A new research proposal for symbiotic operation
with in-beam gamma experiments at BigRIPS is pres-
ently under consideration by the RIBF program advi-
sory committee (PAC). In-beam gamma spectroscopy
of many exotic isotopes including the region around
78Ni, 19081, and the island of inversion around *°Ti are
proposed. We plan to measure those isotopes and oth-
ers delivered by BigRIPS at the same time by replacing
the beam dump (where ions are usually lost) with our
gas-cell + MRTOF setup.

The multi-reflection time-of-flight mass spectro-
graph (MRTOF MS) for those symbiotic experiments
at the at the BigRIPS facility has been finalized M.
Rosenbusch et al., NIM B 463, 184-188 (2019)], and a
chamber containing ion traps for injection into the
MRTOF MS has been attached. Furthermore, a periph-
ery for a Rb* ion source has been developed and as-
sembled to provide constant electric fields around the
surface of the source independent of the source posi-
tion inside the setup. The new ion source is presently
being installed at the trap chamber. Stable high-voltage
power supplies for the MRTOF MS ion mirrors have
been ordered and are delivered.

The proto-type gas-cell developments and tests (see

RIKEN Nishina Center for Accelerator-Based Science
Laborarory Head: Hironobu ISHIYAMA

last report) were extended to include now the capability
to use different frequencies for ion transport dedicated
to different ion masses. For the final setup to move to
the F11 position at BigRIPS, the mechanical support,
the outer gas-cell chamber, and the inner gas-cell
chamber (a copy of the prototype setup) have been as-
sembled and ion-transport carpets can be inserted soon.

Scientific co-work for nuclear masses in collabora-
tion resulted in fruitful new results. This includes the
evaluation of rare-earth nuclei with mass numbers
A=50~80 [W. J. Huang et al., Eur. Phys. J. A 55, 96
(2019)] and nuclear mass measurements of isotopes
around the neutron number N=20 [P. Ascher et al,,
Phys. Rev. C 100, 014304 (2019)]. Many more results
have been published for developments including an on-
line test of ion stopping from BigRIPS [T. Sonoda et
al., PTEP 11, 113D02 (2019)], a new MRTOF MS for
the study of atomic clusters [S. Knauer et al., Int. J.
Mass Spectrom. 446, 116189 (2019)], a new detection
technique combining MRTOF MS and laser spectros-
copy [S. Lechner et al., Hyperfine Interact. 240, 95
(2019)], and the finalization of the alpha-TOF frame-
work as reported before [T. Niwase et al., NIM A 953,
163198 (2020)]. A publication of my theory framework



on the mass accuracy of an MRTOF MS with a time-

dependent ejection of ions from a storage trap has been

finalized and is available online [M. Rosenbusch et al.,

IJMS

116346  (2020)  https://doi.org/10.1016/].

1jms.2020.116346.

@Publications

Conceptual Study on Parasitic Low-energy RI-beam
Production with in-flight separator BigRIPS and the
first stopping examination for high-energy RI-beams
in the parasitic gas cell

T. Sonoda, ..., M. Rosenbusch, ... 20 authors

Prog. Theor. Exp. Phys. 11, 113D02 (2019)
https://doi.org/10.1093/ptep/ptz120

Development of an “ a -ToF” detector for correlated
measurement of atomic masses and decay properties
T. Niwase, ... , M. Rosenbusch, ... 15 Authors

Nucl. Instr. Meth. A 953, 163198 (2020)
https://doi.org/10.1016/j.nima.2019.163198
Fluorescence detection as a new diagnostics tool for
electrostatic ion beam traps

S. Lechner, ... , M. Rosenbusch, ... 13 Authors
Hyperfine Interact. 240, 95 (2019)
https://doi.org/10.1007/s10751-019-1628-1
High-stability, high-voltage power supplies for use
with multi-reflection time-of-flight mass spectro-
graphs

P. Schury, M. Wada, H. Wollnik, M. Rosenbusch
Rev. Sci. Instr. 91, 014702 (2020)
https://doi.org/10.1063/1.5104292

Evaluation of high-precision atomic masses of A ~
50-80 and rare-earth nuclides measured with ISOL-
TRAP

W. J. Huang, ... , M. Rosenbusch, ... 18 Authors
Eur. Phys. J. A 55,96 (2019)
https://doi.org/10.1140/epja/i2019-12775-5

A multi-reflection time-of-flight setup for the im-
provement and development of new methods and the
study of atomic clusters

S.Knauer, ... , M.Rosenbusch, ... 8 Authors

Int. J. Mass Spectrom. 446, 116189 (2019)
https://doi.org/10.1016/j.ijms.2019.116189

Mass measurements of neutron-rich isotopes near N
=20 by in-trap decay with the ISOLTRAP spectrom-
eter

P. Ascher, ..., M. Rosenbusch, ... 17 Authors

Phys. Rev. C 100, 014304 (2019)
https://doi.org/10.1103/PhysRevC.100.014304
Inverse odd-even staggering in nuclear charge radii
and possible octupole collectivity in 2!7:218219At re-
vealed by in-source laser spectroscopy

A. E. Barzakh, ... , M. Rosenbusch, ... 67 Authors
Phys. Rev. C 99, 54317 (2019)
https://doi.org/10.1103/PhysRevC.99.054317

A new multi-reflection time-of-flight mass spectro-
graph for the SLOWRI facility

Marco Rosenbusch, ... 16 Authors

Nucl. Instr. Meth B 463, 184 (2019)
https://doi.org/10.1016/j.nimb.2019.05.058

First steps in the development of the Multi Ion Re-
flection Apparatus for Collinear Laser Spectroscopy
S. Sels, ..., M. Rosenbusch, ... 16 Authors

Nucl. Intr. Meth. B 463, 310 (2019)
https://doi.org/10.1016/j.nimb.2019.04.076

@Oral Presentations

Superheavy Elements 2019, Hakone,
01.12.2019 - 05.12.2019
Talk: Dynamic Ejection-Field Correction for MR

ToF Mass Spectrometry of SHE
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Study of Strangelets, Lightning and M teors from Space,

Balloon and Ground with Next Generation, Ultra-Sensitive Detectors

Name: Lech Wiktor PFOTROWSKI
Host Laboratory: Computational Astrophysics Laboratory

In FY2019 I was mostly involved in Mini-EUSO ex-
periment. Mini-EUSO space mission is a small photo-
multiplier based camera to be observing Earth UV
emission from International Space Station. The instru-
ment has been successfully delivered to the Interna-
tional Space Station on 22.08.2019 and we are awaiting
the first data. In the final stages of preparation I was
involved in space qualification tests performed in
Rome, and later in calibration with point and diffuse
light sources. In addition, I continued to develop the
off-line data storage format and quick-view and analy-
sis tool for the telescope and other telescopes in the
EUSO family.

In addition I developed initial track reconstruction
and classification tools for Mini-EUSO using deep
learning techniques. The results were presented on &
13l 7725 L= a YEAhFEKRS in Fukui,
Japan.

However, through most of the FY2019 I was focus-
ing on the search for strangelets in the “Pi of the Sky”
experiment data. This was an on-ground optical experi-
ment for monitoring large part of the sky - at it’s peak
1.5 sr - with 10 s time resolution, in search for GRBs
optical counterparts. I was a member of the team before
I came to Japan. Strangelets generate meteor-like sig-
nal which was not in the scope of interest of the ex-
periment, therefore I had to write track finding algo-
rithm and a simulator of strangelets for setting up
detection limits. The work is almost completed at the

moment of writing this report.

RIKEN Cluster for Pioneering Research
Laboratory Head: Toshikazu EBISUZAKI

@Publications

Papers

Capel F., et al., Mini-EUSO (Extreme Universe Space
Observatory) data acquisition and control software,
accepted for publication in Journal of Astronomical

Telescopes, Instruments, and Systems

@0Oral Presentations

International conferences

Piotrowski L., Overview of the results from EUSO-TA,
JEM-EUSO Collaboration Meeting, 11.06.2019,
Lodz, Poland

Piotrowski L., The search for strangelets - preliminary
flux limits from Pi of the Sky experiment and per-
spectives for EUSO missions, JEM-EUSO Collabo-
ration Meeting, 11.06.2019, Lodz, Poland

Piotrowski L., Quick view and data analysis for
Mini-EUSO, JEM-EUSO Collaboration Meeting,
12.06.2019, Lodz, Poland

Japanese conferences

Piotrowski L., Linear Track Algorithm for Moving Ob-
jects, 30.08.2019, % 13 M7 /&I L— g v

Japanese conferences

Fifrré2eatim=s, Fukui, Japan.

@Poster Presentations

Piotrowski L., Results and status of the EUSO-TA de-
tector, 07.2018, Madison, USA

Piotrowski L., Limits on the flux of heavy stable macro
particles from the “Pi of the Sky” project, Madison,
USA
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Collision of Largest Structures in the Universe

Name: Liyi GU
Host Laboratory: High Energy Astrophysics Laboratory

Galaxy clusters - these enormous cosmic objects are
thought to form gradually, starting from individual gal-
axies encountering each other due to the effect of grav-
ity. The process passes on with the formation of groups,
which then merge into bigger and bigger clusters
through collisions. When galaxy clusters collide,
shocks are excited at cosmological scales, transforming
most of the kinetic energy carried by the cluster gas-
eous halos into heat and cosmic rays. Since clusters are
huge, the collision takes billion years to complete.

In one of my research projects, I tracked the dramat-
ic collision down to its beginning - the moment when
two massive clusters touch each other for the first time.
The first ‘kiss’, so-called pre-merger phase, has been
left largely under-studied, as it has a short duration and
is therefore hard to find. The target sources, 1E 2216
and 1E 2215, are shown in Figure 1.

I collected a total of 100-hours X-ray observations
with XMM-Newton and Chandra, and 30-hours radio
observations with LOFAR and GMRT. This project is a
collaboration mainly with Dr. Akamatsu, Prof. Kaastra,
and Dr. de Plaa from SRON, and Dr. van Weeren and
Prof. Rottering from Leiden. We reported the result in
a Nature Astronomy paper [1].

The two clusters are connected by a very hot (> 10
keV) gas bridge, on both sides of the bridge a shock
front is seen propagating from the inside out along the
equatorial plane. The ‘equatorial’ shock is somewhat
surprising, since most shocks found in the merging
clusters propagate along the vertical axis of the merger.

This discovery indicates a missing piece in the fun-
damental understanding of the shock excitation during
cosmic structure formation. The physics driving the
shocks, the bulk motion of the encounter gas halos, will
be probed with the micro calorimeters on board XRISM
and Athena missions. The new instruments might also

help to understand the role of these shocks in the struc-

RIKEN Cluster for Pioneering Research
high energy astrophysics laboratory
Laboratory head: Toru TAMAGAWA

ture formation history.

@Publications

Papers

[1] Gu, L., Akamatsu, H., Shimwell, T. W., Intema, H.
T., van Weeren, R. J., de Gasperin, F., Mernier, F.,
Mao, J., Urdampilleta, 1., de Plaa, J., Parekh, V.,
Rottgering, H. J. A., and Kaastra, J. S. Observations
of a pre-merger shock in colliding clusters of galax-
ies, Nature Astronomy, 3, 838, July 2019.

[2] Gu, L., Raassen, A. J. J., Mao, J., de Plaa, J., Shah,
C., Pinto, C., Werner, N., Simionescu, A., Mernier,
F., and Kaastra, J. S. X-ray spectra of the Fe-L com-
plex, Astronomy & Astrophysics, 627, A51:24, July
2019.

[3] Smith, R., Hahn, M., Raymond, J., Kallman, T.,
Ballance, C.P., Polito, V., Del Zanna G., Gu, L.,
Hell, N., Betancourt-Martinez, G., Cumbee, R.,
Costantini, E., and Corrales, L. Roadmap on cosmic
EUV and X-ray spectroscopy, Journal of Physics B,
in press*®

[4] de Plaa, J., Kaastra, J. S., Gu, L., Mao, J., Raassen,
T., SPEX: High-resolution spectral modeling and fit-
ting for X-ray astronomy, proceedings of ADASS
XXIX conference, December 2019

[5] Mernier, F., Werner, N., Lakhchaura, K., de Plaa, J.,
Gu, L., Kaastra, J., Mao, J., Simionescu, A., and Ur-
dampilleta, I. How do atomic code uncertainties af-
fect abundance measurements in the intracluster me-
dium? Astron. Nachr. in press, November 2019

[6] Mao, J., Mernier, F., Kaastra, J. S., Gu, L., Mchdi-
pour, M., and de Plaa, J. the impact of improved
plasma diagnostics on modeling the X-ray universe,
Journal of instrumentation, 14, 07, pp. C07012, July
2019

[7] Tamura, T., Fabian, A. C., Gandhi, P., Gu, L., Ka-

mada, A., Kitayama, T., Loewenstein, M., Maeda,



Y., Matsushita, K., McCammon, D., Mitsuda, K.,
Nakashima S., Porter, S., Pinto, C., Sato, K., Tombe-
si, F., and Yamasaki, N. an X-ray spectroscopic
search for dark matter and unidentified line signa-
tures in the Perseus cluster with Hitomi, Publications
of the Astronomical Society of Japan, 71, 50, June
2019

@Oral Presentations

Conferences

[1] Gu, L. “Observational Evidence for a Pre-Merger
Shock in Colliding Clusters of Galaxies”, SKA sym-

posium-cosmic magnetism,  NAOJ, Japan,
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[2] Gu, L. “Plasma and atomic astrophysics”, XCalibur
2019, Winchester, 2019/07/15
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Unveiling the Origin of an Explosive Event in the Galactic Center
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Shinya Nakashima, Katsuji Koyama, Q. Daniel Wang,
Rei Enokiya: “X-ray Observation of a Magnetized
Hot Gas Outflow in the Galactic Center Region”,
Apl, 875,32 (2019)

@OEE K Oral Presentations

Shinya Nakashima “Recent progress in X-ray observa-
tions of outflows from the Galactic Center”, Galactic
Center Workshop 2019, Yokohama, Japan, October
24 (2019).
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First-principle investigation of QCD phase structure from
non-perturbative properties of quarks and gluons
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Tsutsui S., Doi T.: “Distribution of solutions of the
fastest apparent convergence condition in optimized
perturbation theory and its relation to anti-Stokes
lines”, Annals Phys. 409, 167924 (2019) *
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Nucleosynthesis and Jets in Neutron-Star Mergers

and the Explosion Mechanism of Massive Stars

Name: Oliver JUST
Host Laboratory: Astrophyisical Big Bang Laboratory

Early on during this fiscal year I finished a collabora-

tion project with a student at MPA Garching, Germany

RIKEN Cluster for Pioneering Research
Laboratory Head: Shigehiro NAGATAKI

on neutrino transport, of which the paper has been suc-

cessfully accepted. The paper presents the first flux-



limited diffusion scheme in a general relativistic frame-
work. This scheme can be used in the future to study a
neutron star newly born in a core-collapse supernova or
resulting after a binary neutron star merger. I also wrote
and contributed to two proceedings articles. Moreover,
I made significant progress in the construction of my
numerical models of jets and hyper-massive neutron
stars, which both are an outcome of neutron-star merg-
ers. Several problems had to be overcome, e.g. con-
cerning the jet injection and the convergence of my
primitive variables solver in my relativistic simula-
tions. These problems are now solved and the simula-
tions run robustly. Results of my jet simulations are
currently being investigated together with my collabo-
rators Dr. Hirotaka Ito at ABBL (who is a GRB emis-
sion expert) and Prof. Stephane Goriely in Brussels
(who is a nucleosynthesis expert). In the meantime I
investigate my simulations of hyper-massive neutron-
stars that I have also constructed this year. Moreover,
another study about the nucleosynthesis yields of black

hole torus systems is currently in the making.

@Publication

Original Papers

Rahman N., Just O., Janka H.-Th.: NADA-FLD: A
General Relativistic, Multi-dimensional Neutrino-
Hydrodynamics Code Employing Flux-limited Dif-
fusion, MNRAS, 2019, 490, 3545 *

Just O., Bauswein A., Goriely S., Ito H., Janka H.-Th.,

Nagataki S.: How to interpret observations of neu-
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tron-star mergers? IOP Proceedings, 2019, in print *

Bauswein A., Friedrich Bastian N., Blaschke D., Chat-
ziioannou K., Clark J.A., Fischer T., Janka H.-Th.,
Just O., Oertel M., Stergioulas N.: Equation-of-state
Constraints and the QCD Phase Transition in the Era
of Gravitational-Wave Astronomy, AIP, 2019, 2127,
020013 *

@Oral Presentation

Conference

Just O.: “How to deal with neutrinos in simulations of
neutron-star mergers and core-collapse superno-
vae?”, Nuclear and Astrophysics Aspects for the R-
Process, Trento, Italy, July 2019

Role of Neutrinos in Neutron-Star Mergers, Japan-Isra-
el Meeting in High-Energy Physics, RIKEN, Tokyo
(Japan), July 2019

O. Just: “What can we learn about the r-process and
nuclear equation of state from neutron-star merger
observations?”, GSI FAIRNESS Workshop, Genova,
Italy, May 2019

Workshop

Just O.: “What can we learn from observations of neu-
tron-star mergers?”, R-EMU collaborative center
meeting, RIKEN, August 2019

@Poster Presentation
Just O.: “Nucleosynthesis and Jets in Neutron-Star
Mergers and the Explosion Mechanism of Massive

Stars”, SPDR report poster session, January 2020

CONFINEMENT AND DECONFINEMENT IN QCD WITH

EFFECTIVE FIELD THEORIES AND HIGHER-ORDER
PERTURBATIVE CALCULATIONS

Name: Matthias BERWEIN
Host Laboratory: Quantum Hadron Physics Laboratory

I started fiscal year 2019 by finishing the publication
of paper (1). After quite a long time of deliberating
with my coauthors and several rewrites, this rather

technical but fundamentally interesting project was fi-

RIKEN Nishina Center for Accelerator-Based Science
Laboratory Head: Tetsuo HATSUDA

nally concluded. It deals with the apparent contradic-
tion that effective theories for heavy quarks are typi-
cally formulated in terms of nonrelativistic fields,

which seems to break Poincaré symmetry, and yet the



effective theory is expected to be fully equivalent to the
underlying fundamental theory, which is relativistic.
This issue is resolved by showing through explicit con-
structions that transformation laws of the heavy quark
fields can be defined for all generators, if the generators
are allowed to depend on the fields. Thus, the full sym-
metry is restored if the parameters of the effective the-
ory obey certain constrains. This is particularly useful
in the construction of new effective theories, as these
constraints reduce the number of free parameters to be
determined.

After I previously obtained the perturbative two-
loop result for the static quark potential in the Maximal
Abelian gauge from my employment at Tohoku Uni-
versity, there remained several open questions. In 2019
I had several meetings with my collaborators about
how to proceed. Since none of the avenues we explored
ultimately yielded promising results, we finally agreed
to publish the finished result on the potential as a stand-
alone paper (2) and leave the open questions for later.
The publication process itself was free of problems and
finished at the end of 2019.

At the center of this research lies the phenomenon of
Confinement in QCD. A popular explanation links it to
the phenomenon of superconductivity by observing the
analogy in the behavior of the respective fields. There
exists a certain class of gauges, the Maximal Abelian
gauge among them, in which the analogy becomes
more prominent, as the gauge condition introduces
magnetic monopoles in the gauge fields, which may
condense in a similar fashion to how the condensation
of electrons in Cooper pairs causes superconductivity.
Lattice simulations have produced ample data to sup-
port this notion, yet analytic results to compare with are
scarce. This is why the result of our perturbative calcu-
lation is so interesting.

It also highlights the difficulties involved. While
there are technical challenges involved, as the number
of relevant Feynman diagrams is larger by an order of
magnitude than in the corresponding calculation in

Feynman gauge, for instance, the most difficult issue is

of a fundamental nature. Perturbative calculations typi-
cally are performed in a class of gauges depending on a
certain parameter xi, where only the particular value
xi=0 corresponds to the original gauge condition.
While the Maximal Abelian gauge allows one to sepa-
rate the monopole contribution through an Abelian pro-
jection, this projected result requires a renormalization
of the xi parameter in addition to the gauge coupling in
order to remove all ultraviolet divergences. However,
the renormalization group equations for xi make it im-
possible to take the limit to zero, thereby prohibiting an
evaluation in exact Maximal Abelian gauge. We have
searched for a way to circumvent this problem, but to
no avail. This is why I have decided to start a new line
of research on the suggestion from my supervisor.

The gradient flow formalism has gained fast popular-
ity among the lattice community for its ability to stabi-
lize calculations with a lot of noise. The central concept
is the extension of the fields in a new dimension, the
flow time t. Real world results are then obtained
through extrapolation of the flow time to zero. As a
relatively new field, there remains a lot of work to be
done. As my specialty are perturbative calculations, I
would like to contribute new results to complement lat-
tice studies. While the energy-momentum tensor in the
vacuum is already well studied, in medium studies are
still lacking and should provide ample opportunities for
interesting discoveries in the future. I am presently
studying the existant literature to prepare for this proj-

ect.

@Publications

1.) Poincaré invariance in NRQCD and potential
NRQCD revisited, Matthias Berwein, Nora Bram-
billa, Sungmin Hwang, and Antonio Vairo, Phys.
Rev. D 99, 094008 - Published 9 May 2019

2.) Perturbative static quark potential in Maximal Abe-
lian gauge, Matthias Berwein and Yukinari Sumino,
Physics Letters B, Volume 799, 10 December 2019,
135014
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waves”, Appl. Phys. Lett., 115, 032603, (2019).

Multimessenger Search for the Origin of Neutrinos

Name: Haoning HE

Host Laboratory: Astrophysical Big Bang Laboratory

The origin of IceCube neutrinos is still an open ques-
tion. Since there is no significant anisotropy detected
for the neutrino skymap, the galactic sources should
not be the dominant sources of neutrinos. However, as
the increasing of the statistics by time, the galactic and
nearby sources might be observed by IceCube or Ice-
Cube Genll as significant sources. The future observa-
tions by the high energy gamma-ray detectors Cheren-
kov Telescope Array (CTA) and the Large High Altitude
Air Shower Observatory (LHAASO) will help to find
those galactic and nearby neutrino source candidates.

In our galaxy, if a supernova is associated with mo-
lecular clouds (MCs). Protons are accelerated by the
supernova remanent (SNR), and the high energy tail of
the accelerated protons will escape from the SNR. The
escaped protons propagate around, and interact with
the MCs, then produce high energy neutrinos and gam-
ma-rays. We make predictions for the future observa-
tions by LHAASO and IceCube on such a SN associ-
ated with MCs source.

The High-Energy Stereoscopic System (H.E.S.S.)
has detected an extended region of diffuse TeV gamma-
ray emission around the Galactic Center (GC), indicat-
ing a peta-electrovolt accelerator (‘PeVatron’) in the
GC. We assume a past hypernova locating in the GC.
We simulate the acceleration of CRs in the hypernova
remanent (HNR) and meanwhile their confinement and
escape. We find out that the past hypernova in the GC
can contribute to H.E.S.S. observations at energy above
10 TeV, and predict a cutoff of the gamma-ray spec-
trum at 100 TeV, which can be tested by the further
observations. We estimate the counts of neutrinos from
the GC region that can be detected by IceCube, and

find out that it is consistent with the current IceCube

RIKEN Cluster for Pioneering Research
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observations. We make predictions for the future obser-
vation on the GC for CTA and LHAASO, their future

observation will constrain our model.
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trophysics in Multi-Messenger Era, Nanjing China,
May (2019)

Probing the Heavy-Flavored Hadron Structure from Lattice QCD

Name: Kadir Utku CAN
Host Laboratory: Strangeness Nuclear Physics Laboratory

As an on-going Turkish-Japanese collaborative ef-
fort on charmed baryon phenomenology, we have con-
tinued our calculations on the form factors of charmed
baryons and kept focusing on spectrum calculations.
We have taken the initial steps to investigate the exotic
pentaquark states as well.

[1] In this contribution we have detailed our calcula-
tions of the spectrum of the baryons that contain at least
one charm quark. In the charmed baryon sector, exper-
imental data is available mostly for the singly charmed
baryons. Recently LHCb Collaboration have reported
several (), states and the observation of a doubly
charmed E , baryon. From ab initio theoretical calcu-
lations on the other hand, it is possible to provide post
dictions and predictions for charmed baryons and
hence test and expand our understanding of the strong
interactions. The wealth of lattice QCD results in the
literature about charmed baryon spectroscopy are fo-
cused on the ground states of these baryons. The agree-
ment between the theoretical and experimental results
is remarkable and a big achievement for the lattice
method. However, excited states are harder to calculate
and just a few lattice groups tackle this problem. In our
work, we not only calculate the masses of the ground
states of the charmed baryons, but also, extract the
masses of their first few excited states via employing a
variational approach over several baryon operators.
Our ground state results are in very good agreement
with the available experimental results and the predic-
tions of other groups. We find good agreement for the
excited states as well and provide predictions for the

masses of the yet unobserved excited charmed baryons.
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Final results and the details of this analysis will be pre-
sented in a future paper.

[2] In this work we present a quark model calculation
of compact ssscC pentaquark states. By employing a
suitable Hamiltonian and the state-of-the-art Gaussian
expansion method for solving the five-body system, we
predict four sharp resonances with the quantum num-
bers along with their masses and widths,
JP =1/27 (E = 5180 MeV, T = 20 MeV),

5/27 (E = 5645 MeV, T = 30 MeV),

5/27 (E = 5670 MeV, T = 50 MeV) and

1/2% (E = 5360 MeV, T = 80 MeV), Note that we
have taken the relevant meson-baryon thresholds into
account and checked the genuineness of these states via
employing the real-scaling method. These four reso-
nances are candidates for compact pentaquark states
from the current best quark model, which should be
confirmed by experimental searches or ab initio lattice

QCD calculations.

@Publications

Papers

[1] Kadir Utku Can, Huseyin Bahtiyar, Guray Erkol,
Philipp Gubler, Makoto Oka, Toru T. Takahashi,
Spectrum of the Charmed Baryons in 2+1-flavor Lat-
tice QCD, JPS Conf. Proc. (conference proceedings,
accepted)

[2] Qi Meng, Emiko Hiyama, Kadir Utku Can, Philipp
Gubler, Makoto Oka, Atsushi Hosaka, Hongshi
Zong, Compact ssscc pentaquark states predicted by

a quark model, Phys. Lett. B (in press)



@Oral Presentations

Conferences

15th Rencontres du Vietnam, Perspectives in Hadron

XVI1i-009

Physics, September 22nd - 28th, 2019, Quy Nhon,

Vietnam.

tEEELSERIFPFREIATOMRRMFE

B/ BRERTBROFETIVOBSE

Establishing the Star and Planet Formation Scenario by Revealing the
Initial Conditions of Molecular Cloud Cores with the Chemical Evolution
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Development of Portable Atomic Clocks with 10E-18 Uncertainty

Name: Andrew HINTON

Host Laboratory: Space-Time Engineering Research Team

Atomic clocks play an important role in modern
physics as precision tools for tests of fundamental con-
stants, geodesy, and improved navigation references, to
name but a few examples. Highly efficient generation
of ultracold atoms in a portable format is an important
enabler for many of these applications to become real-
ity. In general, an atomic frequency measurement has a
limited achievable instability defined by the quantum
projection noise (QPN), which scales as the square-
root of the cycle time divided by the number of mea-
sured atoms. Whilst optical lattice clocks already en-
able one to approach 107'® uncertainty with low
instability by interrogating many atoms trapped in an
optical lattice; there is now a global effort on methods
to reduce the cycle time and approach QPN limited sta-
bility. In this work we present one approach to improve
the stability of optical lattice clocks by using a novel
cooling scheme to reduce dead time in measurements.

Atomic species, such as strontium and ytterbium,
commonly used in clocks have a low vapour pressure

which necessitates heating to several hundred Kelvin to

RIKEN Center for Advanced Photonics (RAP)
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obtain a reasonable flux of atoms. In order to reduce
this temperature to p K levels, typically two stages of
cooling are employed - a broad-line cooling which re-
duces the temperature of the hottest atoms and a nar-
row-line cooling which reduces the temperature fur-
ther. As these two cooling transitions share a common
ground state, it is impossible to operate them simulta-
neously in the same physical location and so cooling is
necessarily done in a time-sequential manner. Our
method reduces atomic temperature from significantly
hotter than ambient to a few p K in a continuous man-
ner by physically separating the broad-line and narrow-
line cooling regions and transporting the atoms over a
distance of 42 mm. Efficient transport is enabled by
utilising cooling on a metastable transition which has
two essential benefits. Firstly, the lower atomic tem-
perature achieved by the metastable cooling as com-
pared to the broad-line cooling reduces atomic spatial
expansion during the transport, allowing the atoms to
be readily recaptured. Secondly, the metastable cooling

shares no transitions with broad-line or narrow-line



cooling allowing it to be continuously operated without
perturbing standard cooling procedures.

In this way, we realised continuous generation of
cold strontium atoms with a temperature < 10 pK.
Work is underway to achieve dead-time reduced spec-
troscopy measurements by loading the cooled atoms
into a moving 1D optical lattice which acts as an “atom
conveyor belt” for continuous clock interrogation.

To meet the growing need for compact and portable
quantum devices, the experiment has been realised in a

small, bespoke vacuum system which fully integrates
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most of the necessary optics and electromagnetic fields
for atomic cooling and clock measurements inside an

ICF152 nipple with a length of approximately 300 mm.
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Study of Baryon Structure with Strangeness and Charm
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Single-particle Energies and Strengths Around '°Sn and 132Sn

Name: Frank BROWNE
Host Laboratory: Radioactive Isotope Physics Laboratory

The objective of the research project is to enhance
our knowledge of magic nuclei and their immediate
neighbors through spectroscopy following nuclear re-
actions. Experiments on '9%:1328n are to be conducted in
the near future. Analogous investigations into the non-
canonically doubly magic 3*Ca isotopes have been car-
ried out through direct reactions, the likes of which
shall be employed in the 19%-1328n studies. Building on
last year’s achievements of identifying new excited
states in 3*Ca, the microscopic structure of these states,
as well as the previously reported states, have been ex-
perimentally characterized. This was achieved through
measuring the exclusive momentum distributions of
the outgoing 3*Ca reaction residues in coincidence with
the population of excited and ground states. For neu-
tron knockout from 3°Ca, the momentum distribution
of >*Ca in coincidence with population of its ground-
state is consistent with an f-wave neutron removal,
whilst showing a p-wave distribution for both the 3*
and 27 states. This confirms the aligned/anti-aligned
v (fs2'py ") configuration of the 3*/27 states as well as
the f5,, ground-state of >>Ca. Analysis of neutron evap-
oration channels has also provided evidence of an un-
bound state of 3*Ca lying at ~4 MeV, about 0.6 MeV
above the neutron separation energy. This state has a
similar energy as 4" states predicted from both effec-
tive interactions and those derived from ab-initio theo-
ries. A spectroscopic factor, derived from the GXPF-
1Br interaction, of ~1.25 for the p;, orbital in the
neutron-removal from Ca is suggestive of a signifi-
cant population of an unbound 47 state at this energy.

Regarding the one-proton-removal from 3°Sc, the reac-
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tion predominantly populates what is expected to be a
3- state which predominantly de-excites to the 2™ state
with a small branching to the 3" state. The reaction has
a small branch to the direct population of the 2* state. It
is anticipated that the parallel momentum distributions
of the **Ca in coincidence with the population of the
ground-state will reflect an f-wave removal and the 3~
state an s-wave. Equipped with the experimentally sup-
ported spin-parity values of the excited states, mean-
ingful comparison can be made to theoretical
predictions. A good agreement of levels is found with
the GXPF1Br interaction, although the 3* and 3- states
are predicted to be higher in energy. The positions of
the 2* and 37 states are very well reproduced by calcu-
lations employing interactions derived from chiral
EFT. It is noteworthy that the GXPF1Br interaction
predicts an N=34 shell closure as robust as that of
N=32, whilst the chiral EFT interactions predict a less
robust N=34 closure. Recently, the robustness of the
N=34 closure has been experimentally suggested to be
greater than that of the N=32, providing an interesting
conflict between the interactions that results of the cur-

rent study shall be able to resolve.
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Theoretical study of strongly correlated bosons in ultracold atomic gases
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boundary conditions”, Physical Review B 100,
174435 (2019).
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Development of spin-polarized STM luminescence spectroscopy and

its application to investigation and control of photon-spin conversion dynamics
in a two dimensional semiconducting material
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Noninvasive Synthetic Therapy: Organic Synthesis of

Therapeutic Molecules within Living Systems
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In the field of targeted drug delivery, the primary aim
within the last few decades has been to establish mech-
anisms that can control and localize the release of bio-
active drugs. Aside from the plethora of research fo-
cused on utilizing small molecule-based bioorthogonal
reactions, there is increasing interest in exploiting the
chemoselectivity and catalytic properties of abiotic
transition metal catalysts. Unfortunately, efforts in this
field are largely limited by two main factors: 1) the
rapid quenching of metal catalysts by biological com-
ponents, and 2) the limited number of water-compati-
ble, metal-catalyzed, dissociative reactions. To combat
this, the present study focuses on the development of
biocompatible artificial metalloenzymes (ArM) de-
signed for therapeutic applications. While exploring
serum albumin-based ArMs, observations found that
metal catalysts bound inside the hydrophobic binding
pocket could be resistant to inactivation from biologi-
cal thiols (i.e. glutathione). For the first part of this
project, albumin-based ArMs were investigated for use
in potential biological applications. In one case, inves-
tigations were conducted to develop an anticancer ther-
apy that was used to successfully activate a drug pre-
cursor against various cancer lines (i.e. HeLa, A549,
SW620) via ring-closing metathesis. In another case,
albumin-based ArMs also displayed the viability to be
adapted into turn-on fluorescent biosensors for the phy-
tohormone ecthylene gas. These probes were subse-
quently used to detect both exogenous- and endoge-
nous-induced changes to ethylene biosynthesis in fruits
and leaves. In the second part of this project, the focus
has been on developing water-compatible metal-cata-
lyzed reactions that can be adopted into ArMs for drug
release strategies. With this goal in mind, a novel gold-
triggered alkyne-based cyclization reaction was devel-
oped, which leads to the release of a secondary amine.

Application of this reaction was then applied for the

RIKEN Cluster for Pioneering Research
Laboratory Head: Katsunori TANAKA

controlled release of secondary amine-containing anti-
cancer drugs (i.e. Endoxifen, Fluorouracil) tested
against various cancer cell lines (i.e. HeLa, A549, PC3,
MCEF7). Overall, the results of this project should help
to advance the future development of targeted drug re-

lease therapies within living biological systems.
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Exploration of Optimal Shapes of Chiral Catalysts through
Regression Analysis of Digitized Molecular Structures
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Search for Novel Natural Compounds Targeting Serine Biosynthesis
and One-Carbon Metabolism in Cancer Cells
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Therapeutic In Vivo Synthetic Chemistry: Transformation of Toxic Acrolein into
Pharmacologically Active Heterocyclic Compounds in Live Animals

A rapid and accurate intraoperative method to diag-
nose the presence of breast cancer on the edge of the
surgically resected tissues, which can be performed di-
rectly in the operating room, is highly required. How-
ever, the current histological analysis method for deter-
mining surgical margins is time-consuming. Previously,
we discovered 1,3-dipolar cycloaddition reaction be-
tween aryl azide and acrolein, which proceeds without
a catalyst to give 4-formyl-1,2,3-triazoline derivative.
The reaction proceeds with high reactivity and selectiv-
ity even under physiological conditions. We have suc-
cessfully utilized the click reaction as a simple and ro-
bust method for detecting acrolein generated by live
cells. Subsequently, we also reported that cancer cells
produce a remarkable amount of acrolein, while healthy
cells only release a negligible amount of acrolein.

Herein, we utilized the azide-acrolein click reaction-
based method to discriminate breast cancer lesion from
the normal breast gland, which resected from breast
cancer patients. This method is the first example of the
organic synthetic chemistry-based approach that not
only able to visualize the cancer tissue but also able to
distinguish morphology of the resected tissue only
within few minutes and has potential clinical applica-
tion for breast-conserving surgery. Moreover, we also
show that cancer drug-conjugated aryl azide reacts se-
lectively with acrolein, which released from cancer
cells to deliver the drug only in the targeted area. The
ability to perform chemical reactions with cancer me-

tabolites at the cancer area and induce drug delivery at
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the desired site is highly advantageous for cancer ther-

apy.
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Characterization of physical properties of water involved in
barrier function of the stratum corneum in the skin epidermis
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The Mechanism of the Acquired Traits Inheritance in Plant Pathogenic Fungi
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Revealing Fundamental Rules of the Intracellular Metabolic Changes
During Cell Fate Change.
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Engineering synthetic biology tools to aid single-cell and ‘omics’

techniques for studying RNA localization and local translation

Name: Callum John Christopher PARR
Host Laboratory: Laboratory for Advanced Genomics Circuit,

One possible means to regulate the biogenesis, in-
cluding localization of RNA is through base and sugar
modifications in the RNA molecule. However, current
methods to determine such ‘epitranscriptomic’ signa-
tures are in their infancy and suffer three major limita-
tions: (i) over reliance on antibody enrichment which
still requires very deep-sequencing (ii) inherent non-
specific pull down through antibody-epitope interac-
tions, and (iii) can only discover one particular chemi-
cal modification at a time. Additionally, using NGS
data we can only form correlative conclusions between
a particular RNA modification and biological conse-
quence on the RNA molecule. This is further compli-
cated that many different modifications may exist on
the same RNA molecule, leading to synergies, potenti-
ation, and attenuations.

The first set of problems may be resolved through
the newest generation of commercial sequencers that
measure ionic current within a protein pore as a mole-
cule passes through it. Deep neural networks can be
trained to decipher from this raw signal, the sequence
of standard ribonucleotides (uridine, cytidine, adenos-
ine, and guanosine) as it passes through the pore. Mod-
ifications of standard ribonucleotides may also be hid-
den within this raw signal and teased out using further
training sets. As it is single-molecule sensing, we can
have true quantitative and stoichiometric measure-
ments of population of RNA molecules. We will now
begin to test the discovery of base-analogs, 4-thioura-
cil, and 5-ethynyluridine, and natural occurring modi-
fied bases such as pseudouridine (V) and N'-methylp-
seudouridine (ImV¥) using nanopore sequencing on

synthetic RNA molecules versus unmodified synthetic

RIKEN Center for Integrative Medical Sciences (IMS)
Laboratory Head: Jay SHIN

molecules before moving to cell-based systems.
Initially using a select number of training sequences,
paired samples with completely unmodified RNA or
where every uridine was modified was used to train a
classifier for the particular modification using a recur-
rent neural network. This builds on top of the standard
model used for basecalling native RNA raw signal as
so can discern between native ribonucleotides as well
as the modification being tested. In addition to calling
modified bases this also improved the overall percent
identity to the reference (70% to ~98% modal percent
identity). However outside of the limited context it per-
formed badly on endogenous RNA. To this end an arti-
ficial cDNA library was generated from human, mouse,
and yeast total RNA populations with the addition of
T7 polymerase promoter added at the 5* end so as to
permit the in vitro transcription from this dsSDNA tem-
plate pool. Furthermore a more realistic substitution
rate of 30% modified was used for training. To identify
which positions are modified for creation of ground
truth reference data set we used statistical modelling to
identify raw signals inconsistent with canonical bases.
Models trained on data generated with 5-EU- or ImV -
modified RNA allowed for nucleotide resolution iden-
tification of these modifications on test data and in-
crease percent identity to ~ 96% from ~94 %. Now we
are assessing the accuracy of the models using various
experimental and statistical methods. Ultimately we
wish to apply these models to detect modifications in
endogenous RNA from various subcellular compart-
ments and detection of base-analogs in metabolic label-

ling experiments.
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A Study of the Coordination Dynamics between Cell Division and Differentiation by
Combination of Imaging and Digital RNA Sequencing for Single Cells

AWZEEME. MO RZE - HMEBRICET 54
L PFBIAT 2 T L NV TRT L, e
{LDHIBEREZIASNICT BT & TH B, TDizd
i, H - O BEMETmG (X7 dm) L 4E
fnr7Bl (RNA-seq) ZRFFEHIIL, 5Nk
HOT—2y e (aEa—%2—) 128
&, H-HIR O BERMETmG A 5 2 OMIKAN O 48
(G HBlZ SRS TS 5 7 b DI - it 75
v N T+ —LZRT ZREND D, T OFEHiEH
W, Ml (BIiEIR) ONH - bz BRERH
R LT 2 A LS T AT L— L - fiiiaic
HLUT, EETRHEZEO Y TS (FHlT5) C
LRI L, AZEHMNZ R EE 5,

AR X, DUFOIEICED #lA T,

(1) WMBEITA A=YV T Lk Ofilaz > —2
IV VTS 500RRATET Sy b T+ — L4
DBH%E

ARIERT T b7 —LiF, ) BB TESL
EH—filEs2A#BTE Yy 77 v L, Eic
PCR 7’ L— MW %Ry by A5 L BEirF
HEsE ) &, G 2B U 7z H—Hfla N O RNA %
V=PIV UTT BT T ATA
T —EES AT LWV S 2DODHENEY AT L
MHMRENTVWS, ThzHvws2eT,. ¥
1,000l 0> (BHHHEF fe O % ta0) S0 5 i 1
+RNA-seq D7 —Zt v b Z 10 HE THIG3 % C
EWRETH B, I HIC, BhliZzig Uz L CHlli
BEY T TTBHT LT, Mldoding GEbrE.
JEREZLSS) %, MM & HHEAERH LTV 2 i
& Z OB OEE FHBZR O 5 T & & nlhE
THb, £leo RKFERT T v b7+ —LIFIERICH
AN < AR SISO MRS S O fth o
B S AT LOBAR, DA I v 7 A 75
v N T A —LOEAENRETH S, AFBRT T b
7 4 — LT BT % R B SRR e G T T b

W 2% & K % /I Z8K Taisaku Ogawa
2 A W2 = EaiRER A v 2 —

Afids A7 LERE TR = > b
(GUiGEE (N s

%o 3 TITHWINAN D BRI Z 32V, JLFRFE 72
Bt rhTH %,

(2) BEW A8 72 O T2 G ARENTIC K 2 Mo kIR
REZ2 RIS 2 ikt THE DB YE

JER B (BRI, A7, M55
M5, SR 73 (LIRRE 2 BEb S FI & 8 5 iR
WLz Ule LRI, ¥4 % 0 {LIRED
MGz B EOmG L. ThSZ2HHTE %
XM EEET NV ZRMET ST LT, 90%IC
ILOKSREToOMLIRREZFG 2 C LIcI Lz, C
MUCPE S 2 HER &R TETP TH 5. T OfftT
BAfic BT, BN D S 3l 2 520 L[R2
BT TH %,

@i L% Publications

(im0

Yazaki, J., Kawashima, Y., Ogawa, T., Kobayashi, A.,
Okoshi, M., Watanabe, T., Yoshida, S., Kii, I., Egami,
S., Amagai, M., Hosoya, T., Shiroguchi, K., Ohara,
0. “HaloTag-based conjugation of proteins to bar-
coding-oligonucleotides” Nucleic Acids Res. 48, 2,
e, (2019)

@O5E¥ %X Oral Presentations

€=

Ogawa, T. and Shiroguchi, K. “An automated system
for combining single-cell RNA-seq with live cell im-
aging and its applications for Singularity Biology”,
The 57™ Annual Meeting of the Biophysical Society
of Japan, Miyazaki, Japan, Sep. (2019)

@ FK X% —%&K Poster Presentations
€]
Ogawa, T. and Shiroguchi, K. “Development of an au-

tomated system to take datasets of images and se-



quences for the same single cells”, AGBT general

XVII-026

meeting, FL, USA, Feb. (2020)

E—{RDNABR YA IV IBIRICLZ ) ARRENAD

ZRTT/LBEOKE
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Discovering of the Mechanism of Active Hypometabolism Through
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Endogenization and excision of human herpesvirus 6

in human genomes

Name: Xiaoxi LIU

Host Laboratory: Genome Immunobiology

The genome of human herpesvirus 6 (HHV-6) is in-
tegrated within the nuclear genome of about 1% of the
human population, but how this came about is not
known. Integration of HHV-6 occurs into the telomere
and has recently been associated with polymorphisms
affecting MOV10L1. MOVI0LI is located on the sub-
telomere of chromosome 22q (chr22q) and is required
to generate PIWI-interacting RNAs (piRNAs), which
silence foreign genetic elements in the germline. Reac-
tivation of integrated HHV-6 into an infectious virus is
also unclear. In vitro, recombination of the full-length
viral genome along the terminal direct repeats (DRs)
leads to viral excision from the telomere and reactiva-
tion, but the expected single DR “scar” has not been
described in vivo. We analyzed whole-genome se-
quencing data from 13,040 subjects, including 7,485
from Japan. We found an association between integrat-
ed HHV-6 and polymorphisms on chr22q in Japanese
subjects. However, association with the reported
MOVI10LI1 polymorphism was driven by physical link-
age to a single ancient endogenous HHV-6A variant
integrated into the telomere of chr22q in East Asians.
We resolved the junction of the human chromosome
with this viral genome using long read sequencing. Un-

expectedly, an HHV-6B variant has also endogenized

RIKEN Hakubi Research Team,
RIKEN Center for Integrative Medical Sciences
Laboratory Head: Nicholas PARRISH

in chr22q; two endogenous HHV-6 variants at the same
locus thus account for 72% of all integrated HHV-6 in
Japan. We also report subjects who carry only one por-
tion of the HHV-6B genome, a single DR, supporting
in vivo excision and viral reactivation. Using WGS
data from North American families, we show that the
incidence of HHV-6 integration into the germline is
lower than its prevalence, and that integrated HHV-6 is
not associated with the reported variant in MOV 10LI1.
Together these results explain the recently reported as-
sociation between integrated HHV-6 and MOV10L1/
piRNAs, suggest exaptation of HHV-6 in its coevolu-
tion with human chr22q, and clarify the evolution and
risk of reactivation of the only intact non-retroviral ge-

nome known to be present in human germlines.

@Publications

Papers

Xiaoxi Liu et al., Prevalence and spectrum of patho-
genic germline variants in Japanese patients with
early-onset colorectal, breast, and prostate cancer,
JCO Precision Oncology, 2020 (In press)

@Oral Presentations

Xiaoxi Liu et al., Recurrent endogenization of human



herpesvirus 6 on chromosome 22q in East Asians,
the 11" INTERNATIONAL CONFERENCE ON
HHV-6 & 7, Quebec, Canada
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Xiaoxi Liu et al., Identification of chromosomal inte-
gration site of human herpesvirus 6 (HHV-6) by
Nanopore long-read sequencing, the 42rd Annual
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Elucidation of Decision Making Mechanism in the Telencephalon of
Adult Zebrafish using Virtual Reality
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Chung Alan Fung, Takuya Isomura, Hideaki Shima-
zaki, Tazu Aoki, Tomoki Fukai and Hitoshi Okamo-
to. “Future state prediction errors guide active avoid-
ance behavior by adult zebrafish.” BioRxiv, DOI:
10.1101/546440,

@O5EX %X Oral Presentations

Makio Torigoe, Tanvir Islam, Hisaya Kakinuma, Chi
Chung Alan Fung, Takuya Isomura, Hideaki Shima-
zaki, Tazu Aoki, Tomoki Fukai and Hitoshi Okamo-



to. “Future state prediction errors guide active avoid-
ance behavior by adult zebrafish.”, The 42" Annual
Meeting of the Japan Neuroscience Society. Niigata,

Japan, July, Symposium.

@ KR % —3%3%K Poster Presentations

Makio Torigoe, Tanvir Islam, Hisaya Kakinuma, Chi

XVII-031

Chung Alan Fung, Takuya Isomura, Hideaki Shima-
zaki, Tazu Aoki, Tomoki Fukai and Hitoshi Okamo-
to. “Future state prediction errors guide active avoid-
ance behavior by adult zebrafish.”, The 14®
International Zebrafish Conference (IZFC), Suzhou,

China, June

Reversing the Chromatin Defects in An Adult Circuit to Rescue

An Autism Syndrome Model in Drosophila.

Name: Yun Jin PAI
Host Laboratory: Laboratory for Neurodiversity

Next-generation sequencing studies in patient co-
horts of neuropsychiatric and autism spectrum disor-
ders have highlighted the importance of chromatin re-
organization during neurodevelopment. In ASD animal
models with mutations in chromatin regulators, learn-
ing deficits can be rescued at adult stages by reversing
the loss of chromatin regulation. In addition, defects in
dendritic morphology have been reported in Drosophi-
la models of neurological disorders including syn-
dromic autism models such as Fragile X. I intend to
understand the mechanisms underlying the cognitive
and morphological defects in Drosophila ASD models
harbouring mutations in chromatin regulator genes at
the epigenomic and transcriptomic level.

I established a social space assay to screen for be-
havioural phenotypes in the fly, and found that adult
flies to exhibit abnormal nearest neighbour distance
when compared with wild-types. Knocking down
Chro, Trl and G9a in dopaminergic neurons produced a
nearest neighbour distance phenotype, as did knocking
down Chro, Trl and ElonginC in mushroom body gam-
ma (MBy) lobe neurons only, suggesting a neuron
type-specific role. To further investigate the role of
these genes at the transcriptomic and chromatin level
and to more easily study their effects on neuronal mor-
phology, I switched to a fly larval sensory neuron mod-
el and conducted a morphology screen. I found that, in

addition to Chro, other related genes that precipitated

RIKEN Center for Brain Science
Laboratory Head: Adrian MOORE

morphological defects in class IV dendrite arborisation
(c4da) neurons include Sens2 (a novel transcription
factor), Cctl, and Cct5 (cytoskeletal protein folding).
The complex morphology of class IV neurons is
known to be regulated by the transcription factor Knot.
Interestingly, overexpression of Sens2 resulted in a
similar overbranching phenotype as with Knot, sug-
gesting a role for Sens2 akin to Knot in c4da develop-
ment. Antibody staining of these genes in wildtype lar-
vae revealed that levels of Knot, Sens2 and Chro
decrease over time from 72 to 120hr after egg laying
(AEL), while levels of Pfdn2 (which binds to CCT
members) first increase from 72 to 96hr AEL, and then
decreases by 120hr. A series of genetic interaction
studies utilizing loss-of-function models of Knot,
Sens2, Cctl, Cct5 and Actin42A revealed a possible
feedback mechanism from cytoskeletal proteins in reg-
ulating growth and maturation of c4da neurons, which
may be differentially controlled by Knot and Sens2.
Utilizing a CAGE transcriptional profiling dataset in c4
neurons that is available in the Moore lab and carrying
out promoter motif analyses on them, I discovered that
ElonginC, Cctl, Cct5 and Actin424 are amongst a
group of effector genes which contain motifs bound by
Sens2 and Chro-associated proteins and that they col-
lectively play a role during the ¢4 expansion process. I
am currently focusing on elucidating the mechanism of

Chro and its role in chromatin regulation in ¢4 neurons.
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Yoong L.F., Pai Y.J. and Moore A.W.: Stages and tran-
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Res. (2018) in print
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sophila Meeting, Cold Spring Harbor, New York
USA 2019, October 1-5.

Pai Y.J., and Moore A.W.: “How do neurons undergo
massive size expansion from birth until adulthood?”
Ist RIKEN CBS Retreat, Chiba, Japan 2019, Febru-
ary 25-26.
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Pai Y.J., and Moore A.W.: “How do neurons undergo
massive size expansion from birth in the embryo un-
til adulthood?” RIKEN CBS Retreat, Chiba, Japan
2019, February 25-26.

Neural basis of odor-taste multisensory integration in Drosophila

Name: Hongping WEI

Host Laboratory: Laboratory for Circuit Mechanisms of Sensory

We perceive the world with multiple sensory sys-
tems of various modalities. Information obtained
through these systems is integrated in our brain for us
to form perception and to make action selection. How-
ever, because of the complexity of the human brain,
how multisensory inputs are integrated in the brain at
cellular and circuit levels remains poorly understood.
The aim of my study is to investigate how information
about taste and odor is integrated in the brain to guide
feeding behavior in Drosophila. When sucrose solu-
tion, a taste stimulus, is presented to the taste neurons
on the legs or a mouth, a fly will extend its mouthpart,
the proboscis, and try to drink. This behavior is called
proboscis extension reflex (PER), which is the initial
step of feeding behavior. In my preliminary data, I
found that besides tastants, odors alone can also evoke
PER, which indicates that PER is a multisensory be-
havior.

The aim of my study is to investigate how taste and
odor are integrated and then guide feeding behavior in

Drosophila. This year, [ have been focusing on the cel-

Perception
RIKEN Center for Brain Science
Laboratory Head: Hokto KAZAMA

lular and molecular mechanisms of odor-evoked PER.

My progress includes:

1) By comparing the level of PER in fed and starved
flies, I found that odor-evoked PER is state depen-
dent, starvation enhances PER.

2 ) To test if this odor-evoked PER is mediated by the
olfactory system, I silenced olfactory receptor neu-
rons by expressing potassium channel kir2.1 using
Orco- Gal4. Expression of kir2.1 reduced, but did
not eliminate the responses. It suggests that the gus-
tatory system is sufficient to induce odor-evoked
PER.

3) To examine the contribution of gustatory system and
identify the neurons responsible for odor-evoked
PER, I silenced three different subtypes of GRNs re-
spectively by expressing kir2.1 in them.

First, we silenced sweet-sensing Gr5a neurons. Con-
trol flies exhibited robust PER to odors, Gr5a-silenced
flies only showed weak responses, indicating that these
GRNE are necessary for odor-evoked PER.

Second, I used Gr66a to drive the expression of



kir2.1 to silence the bitter sensing neurons. When bitter
neurons were silenced, the flies showed an enhance-
ment in PER level compared with control flies. This
indicates that in control flies bitter sensing neurons
suppresses PER to odors, and this suppression is elimi-
nated when bitter sensing neurons are silenced.

Third, I examined the contribution of water-sensing
neurons in odor-evoked PER. There is no difference in
PER level between control and silenced flies. So water
sensing neurons are not required for odor-evoked PER.
4) To test the involvement of gustatory receptors, I ob-

served odor-evoked PER in a Gr5a receptor mutant

and found that PER is nearly undetectable in the mu-
tant.

Therefore, Gr5a gustatory receptor is necessary for
odor-evoked PER.

The role of Gr5a receptor in odor-evoked PER was
also verified by other two evidences,

* Down regulation of Gr5a using RNAi reduces
odor-evoked PER.
* Gr5a GRNs in Gr5a mutant flies do not respond to
odors.
5) With the help of Ka Chung Lam, I tracked proboscis
movement over time with deeplabcut, which is a

method for markerless pose estimation based on ma-
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chine learning. Proboscis movement can be traced
automatically, that makes data analysis faster and
more efficient.

6) I examined if GRNs can integrate odor and taste
stimuli. I presented sucrose solution with or without
banana odor on the tip of the proboscis. Presentation
of 0.25% sucrose alone induced PER at 20 % prob-
ability, and this percentage increased to 60% when
banana odor was co-applied. Importantly, this en-
hancement was observed even in flies where olfac-
tory organs are removed. These results suggest that
GRNs function as an odor-taste multisensory inte-

grator.

@Oral Presentations

Wei HP, Lam KC, Kazama H. “Gustatory receptor neu-
rons act as an odor-taste multisensory integrator in
Drosophila” CBS Young Investigators Seminar,
Saitama Japan, 2020 Jan 24
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Elucidation of Molecular Mechanism of CAPON Induced
Neurodegeneration in Alzheimer’s Disease
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XVII-034 Proteinaceous Nanostructures for Intracellular Sensing Fabricated By
Direct Laser Writing in a Temperature-Controlled Microfluidic Device

Name: Daniela SERIEN

Host Laboratory: Advanced Laser Processing Research Team

In the present study, direct femtosecond laser expo-
sure induces multi-photon cross-linking to fabricate
proteinaceous microstructures. We discovered that fab-
rication from pure protein precursor can be achieved.
This finding is beneficial for the application of intracel-
lular sensing because there will be only exposure to the
protein(s) of choice. We study pure proteinaceous mi-
crostructures made from two biologically relevant fam-
ilies, serum albumin proteins and fluorescent proteins.
Serum albumins and fluorescent proteins are applied in
biomedical studies to influence binding properties and
to label by fluorescence, respectively. All of our re-
search effort now considers microstructures made from
pure protein precursor. By removing the risk from en-
trapped remaining photoinitiator causing unwanted in-
fluence to the experiment or analysis, our finding car-
ries important impact for any medical application of
this technology.

Using methods such as Raman spectroscopy and
scanning electron microscopy, we provide evidence
that chemical cross-linking in the pure protein precur-
sor is induced by laser exposure. We show the chemical
cross-linking by acid-catalyzed hydrolysis. These ob-
servations are further supported by FTIR spectroscopy,
documenting the disappearance of protein bands dur-
ing the hydrolysis process. Understanding the cross-
linking mechanism is important to predict necessary
protein precursor conditions and to predict fabrication
results for improved device fabrication. We continue to
revise our detailed understanding regarding the rela-
tionship of fabrication conditions and fabricated fea-
ture sizes.

We successfully fabricated fluorescent microstruc-
tures from pure precursor of recombinant blue, green
and red fluorescent protein. The comparison for fluo-
rescent proteins is complicated by the different absorp-

tion and emission spectra of each variant. We continue

RIKEN Center for Advanced Photonics
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to investigate the retention of fluorescence and also the
shift in the respective fluorescence emission of the mi-
crostructures made from fluorescent protein. Most no-
ticeably, we find a dependence of the fabrication condi-
tions such as total accumulated fluence. By repeated
investigation of aged samples, we discovered that their
fluorescence after fabrication has a promising shelf
life. This finding provides a promising outlook for the
application of fluorescent protein microstructures in

biomedical devices.
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Serien D., and Sugioka K.: Three-dimensional printing
of pure proteinaceous microstructures by femtosec-
ond laser multiphoton cross-linking, ACS Biomateri-
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DOI: 10.1021/acsbiomaterials.9b01619
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Enhancement of mathematical model of unconscious inference
and application to computational psychiatry
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By the Minamata Convention on Mercury, regula-
tion on Mercury use will be stricter from this year of
2020. More explicitly, ultraviolet - B (UVB LEDs) de-
vices are strongly needed for both medical and agricul-
tural applications such as those in immunotherapy

(psoriasis, vitiligo), vulgaris treatment (310nm), plant
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growth under UVB lightning (310nm), prevention of
plant diseases (294nm), the production of vitamin D5 in
the human body (294nm) and production of phyto-
chemicals in the green leaves of vegetable (310nm).
Currently most of the UV-light sources are based on

mercury UV-Lamps, which are severely toxic and haz-



ardous. Therefore, environmentally safe and clean ma-
terials are needed for the crystal growth and fabrication
of ultraviolet - B (UVB) and -A (UVA) light - emitting
diodes (LEDs) and UV laser diodes (UV LDs). Among
such materials, semiconducting aluminium gallium ni-
tride (AlGaN) - based UVB LEDs and LDs grown on
AIN template is one of the best options. Because, varia-
tion of the aluminum composition (x) in Al, Ga,N
makes it possible to control the bandgap between 6.2
eV (AIN) and 3.4 eV (GaN) for application in the NB-
emission of UVA, UVB and UVC LEDs as well as UV
LDs. Some other advantages of using AlGaN materials
for UVB LED light sources are: (1) the possibility of
high internal-quantum-efficiency (#;,,) from the multi-
quantum-wells (MQWs) at NB-UVB emission, (2) the
possibility of growing both p- and n-type semiconduc-
tors in the wide-bandgap spectral region, (3) AlGaN is
mechanically hard, UV-transparent and the devices
may have long life-times, and (4) it is free from harm-
ful (toxic) Arsenic, Mercury and Lead. AlGaN-based
ultraviolet - B (UVB) light - emitting diodes (LEDs)
and UVB laser diodes (LDs) have the potential to re-
place toxic mercury UV-Lamps. Therefore, we are
struggling for both AlGaN-based UVA and UVB LEDs
(325-340nm) and UVB laser diodes (294nm) respec-
tively using low-pressure metalorganic vapor-phase
epitaxy (LP-MOVPE) reactor. However, growth of Al-
GaN materials on AIN template has many challenges.
However, two big challenge of high threading disloca-
tion densities (TDDs) in the AlGaN crystal and low
hole density in the Mg-doped p-AlGaN layer grown on
AIN temaplet are still remaining and under hot debate
among the nitride communities. The most sever chal-
lenge is the existence of high dislocation densities
(TDDs) in the low cost AlGaN materials grown on C-
sapphire substrate. Some groups and companies are
growing to the AlGaN epilayer directly on the single
crystal bulk AIN substrate, which is quite expensive as
well as having issue with optical transmission of UV
lights. For opting to the low-cost growth option of Al-
GaN crystal on AIN template, we have the challenging
issue of large lattice mismatch (LM) at the interface of
AIN and C-sapphire substrate. For instance, AlGaN-
based crystal growth of UVA LEDs on C-Sapphire with

emission wavelength between 320 nm - 350 nm can be
confronted with high level of vertically propagating
TDDs (total-TDDs ~10'°-10'! cm2) in both n-AlGaN
buffer layer (BL) as well as in the n-AlGaN electron
injection layer (EIL). Such high TDDs were caused by
the large LM of =16 % between AlGaN crystal and
sapphire substrate. To reduce these TDDs, an “ammo-
nia (NH;) pulsed-flow multilayer (ML) growth” tech-
nique was introduced and good quality of AIN template
layers were successfully grown on c-plane (0001)-sap-
phire substrates in the SR-4000 reactor at Riken. The
full width at half maximum (FWHM) values of the X-
ray rocking curves (XRCs) of AIN template for the
(0002) and (10-12) planes of approximately 200 arcsec
and 350 arcsec, respectively (total-TDDs ~5 X 108 cm
2) were achieved. But still the epitaxial growth of Al-
GaN on an AIN template can have a LM as large as ~
3% for UVA as well as ~ 2% for UVB AlGaN, depend-
ing on the molar ratio of the Al-contents in the grown
layers. These LM at the interface of AIN template and
AlGaN layers generates high TDDs in the n-AlGaN
EIL underneath the MQWs. It is well known fact that
the internal-quantum-efficiency (7;,) is strongly de-
pendent on the crystalline quality including point de-
fects in the MQWs, whereas the crystalline quality of
MQWs is further dependent on the vertically propagat-
ing TDDs in the n-AlGaN EIL. In this report, the re-
duction of these TDDs in the n-AlGaN EIL and fabrica-
tion of relatively high efficiency UVA and UVB LEDs
are briefly discussed. First the AlGaN-based UVA
LEDs are discussed in the next section.

(I)- UVA LEDs with wavelength 320 - 350nm: UVA
LED, light sources are strongly demanded for both
medical and photochemical applications. The most
challenging issue is the existence of a high level of
TDDs in the Al,Ga, N EIL underneath MQWs, which
are caused by the LM of 2.8% between AIN template
and AlGaN BL. A second challenge is the existence of
strong spontaneous and piezoelectric polarization
charges induced at the interfaces of the active layers
when IlI-nitride materials are grown on c-sapphire.

On these two issues, very little work has been done
so far to improve the performances of (326-342nm)-
band AlGaN UVA LEDs grown on AIN templates on



sapphire substrate. In our previous work on AlGaN-
based UVA LED, the FWHM value of the XRCs along
(10-12) plane were found to be as high as 793 arcsec
(high level of edge-type TDDs) in the slightly relaxed
n-AlGaN EIL (70% strained). To reduce these TDDs in
the UVA AlGaN materials, we choose two strategies to
address these issues, either by introducing a reasonable
number of AlGaN-based superlattices (SLs) as a buffer
layer between the AIN template and n-AlGaN EIL or to
grow a thick and highly relaxed n-AlGaN EIL (Ga-rich
condition) on the over layer of n-AlGaN BL with re-
spect to the fully relaxed AIN template at relatively
high growth temperature (without SLs).

In the first strategy, we aim for the suppression of
vertically propagating TDDs in the n-AlGaN BL in-
cluding highly relaxed (relaxation ratio ~ 80%) n-Al-
GaN EIL by introducing the idea of Si-doped n-
Alg37Gag 63N/n-Alg 27Gag 73N
between AIN template and n-AlGaN BL for the demon-
stration of 341 nm UVA LEDs. When the conventional
n-AlGaN BLs were replaced with n-AlGaN SLs-based
BLs (with suitable number of periods upto ~ 70) in the
UVA MQWs, then the FWHM XRCs in the n-AlGaN
EIL for (0002) and (10-12) planes respectively, were

reduced to 346 arcsec and 431 arcsec and the total

superlattices  (SLs)

threading dislocation densities (TDDs) were supressed
to approximately ~ 1 X 10° cm™. Finally, when the con-
ventional Ni (20 nm)/Au (150 nm) p-electrodes were
replaced with highly reflective (reflectivity ~ 84%) Ni
(1 nm)/Mg (200 nm) p-electrodes in the n-AlGaN SLs-
based UVA LEDs, the EQE was enhanced from 0.7 %
to 1 % at 45 mA under the CW-operation at RT. Conse-
quently, the maximum light output power (L) was also
improved from 2.1 mW to 2.5 mW at 341 nm. The LEE
was improved by introducing a highly reflective Ni/Mg
p-type electrode as well as using highly transparent
Mg-doped p-AlGaN contact layer. The demonstration
of UVA LED is promising for the realization and rein-
forcement of UVA LD structure grown on AIN tem-
plate and it can be a potent device for opening a path to
new applications.

As a second strategy, an idea of highly relaxed n-
AlGaN EIL underneath the MQWs for the suppression
of both TDDs and piezoelectric effect was introduced

(without SLs BLs). When the Ga-rich n-AlGaN EIL in
the UVA LED was relaxed up to 75%, the FWHM val-
ues of the XRCs for the (10-12) planes were reduced
from our previous value of approximately 793 arcsec to
564 arcsec. However, carrier confinement and trans-
port issues in the MQWs were observed. To resolve
these issues of carrier confinement and transport, we
provide a short roadmap for experimental efforts to re-
alize an 7,,, beyond 53% in an AlGaN UVA-MQWs.
Briefly speaking, a Ga-rich, highly relaxed (relaxation
ratio ~75%) and 2um-thick AlIGaN BL based UVA
LED structure (c-sapphire/AIN template/Si-doped n-
AlGaN BL/ Si-doped n-AlGaN EIL/MQWs (active re-
gion)/MQB-EBL/p-AlGaN Hole Injection Layer
(HIL)/p-AlGaN Contact Layer)) with a single peak op-
eration at 326 nm emission was successfully demon-
strated. The relative transmittance of UVA light ~ 85%
through the p-AlGaN side of the UVA LED was con-
firmed. When a Ga-rich and highly relaxed ~ 75% n-
AlGaN EIL was introduced underneath the MQWs of
UVA LED, a maximal L of 3.1 mW under 127 mA on
bare wafer conditions under cw-operation was demon-
strated. The issue of carrier's confinement in the UVA-
MQWs was suitably suppressed, by increasing the Al-
alloy difference between quantum-well-barrier (QWB)
and quantum-well (QW) from 6% to 14%. Finally,
when the thicknesses of QWB, QW and ud-AlGaN FB,
respectively, were reduced to 12 nm, 3 nm and 10 nm
in the 326nm-band UVA-MQWSs, a record internal-
quantum-efficiencies (#;,,) of 62% at 200 K and 53% at
300 K were achieved. The improved UVA-MQWs
structure with 53% #;,, is a promising way to enhance
the external-quantum-efficiencies (,,,) of the AlGaN-
based UVA emitters with various option-based hetero-
junctions. Based on our knowledge, this is the highest
value of 7;,, from AlGaN-based UVA-MQWs grown on
AIN template, measured as a function of excitation
power density. The remaining challenge was to opti-
mize the potential barrier height of ud-AlGaN FB as
well as the activation of holes in the p-AlGaN hole in-
jection layer (HIL) for highly efficient AlGaN-based
UVA LED and LD devices in the near future. In the
next section the crystal growth and device fabrications
0f294-310nm UVB LEDs will be discussed.



(II)-High power UVB LEDs with emission wavelength
294nm-310nm: We began our research and develop-
ment of AlGaN UVB LED devices here at Riken since
2017, with medical science (294-310nm) as well as ag-
ricultural applications (310nm) in mind.

First, the crystal growth and device fabrication of
310nm UVB LED will be discussed. Previously, the
internal-quantum-efficiencies (1;,) were enhanced
from 47% to 54% in AIGaN UVB MQWs. However,
some non-linear behavior in L and #,,, of 310nm-band
UVB LEDs were observed. First, the influence of both
the number of n-AlGaN BLs and the type of p-elec-
trodes on the recovery of linear behavior in the L and
e Were investigated. It was found that the nonlinear-
ity in the L and #,,, of UVB LED is independent of the
number of BLs as well as type of p-electrodes. There-
fore, finally the dependence of nonlinearity in the L and
Nlex: ON the thickness of quantum-well-barrier (7qypg) of
multi-quantum-wells (MQWs) were also considered.
Subsequently, the issue of nonlinear behavior in the L
and 7., was resolved by the thickness reduction of
Towg from 25 nm to 10 nm in the MQWs. Similarly, a
reasonable value of improvement in both the L and 7,
respectively, up to 12 mW and 2.2% of 310nm-band
UVB LED were realized under continuous-wave (cw)
at room temperature (RT) were achieved. Such im-
provement is attributed to the optimal distribution of
electron-hole pairs inside the MQWs, which is caused
by the reduction of Tqyyp for efficient hole transport
across the MQWs. Previously, in all devices of 310nm-
band UVB LEDs including the best LED, where 32%
relaxed n-AlGaN EIL underneath the MQWs were
used (2018). However, in recent results, a relatively
thick 3.4 pm n-AlGaN BL and highly relaxed (relax-
ation ratio ~ 50%) n-AlGaN EIL underneath the MQW:s
was introduced (2019). It was found that the 3.4 pm-
thick n-AlGaN BL and 50% relaxed n-AlGaN EIL
grown on AIN template serves as a pseudo-substrate to
release the strain in the quantum-well-barriers (QWBs)
and to avoid extended defects or Al-alloy composition
fluctuation in the active region (MQWs) of UVB LEDs.
The first QWB of MQWs between n-AlGaN EIL and

MQWs is quite critical for the stress reliving function

to suppress the piezoelectric field. Hence, it was con-
firmed that the relatively relaxed (50%) n-AlGaN EIL
underneath the MQWs is key to further suppress the
piezoelectric filed in the MQWs. In addition to that, the
radiative and nonradiative recombination rates of exci-
tons and their effects on #,,, of AlGaN-based UVB
MQWs was also investigated.

Briefly speaking, ultimately the issue of nonlinearity
in the /-L and /-5, were successfully overcome during
the operation of 310nm-band UVB LEDs. Subsequent-
ly, the #,,, up to 4.8% and L up to 29 mW in the 310nm-
band UVB LED under pulse-operation was achieved.
Such improvement in the 310nm-band UVB LED is
attributed to the optimal distribution of electron-hole
inside the MQWs after reduction of Ty for efficient
hole transport as well as relaxing of n-AlGaN EIL un-
derneath the MQWs up to 50%. This result of 310nm-
band UVB light emission is expected to be promising
for the treatment of immunotherapy, vulgaris treat-
ment, plant lighting for phytochemical enrichment and
cancer treatment.

Next, crystal growth and device fabrication of
(294-300nm)-band UVB LEDs are discussed. Previ-
ously, a reasonably improved crystalline quality of
Mg-doped p-AlGaN HIL and p-AlGaN contact layer
were grown for UVB LEDs. In addition to that, high
relative UVB-light transmittance > 90% through p-Al-
GaN layers for the applications of (290-320nm)-band
UVB LEDs were als realized. However, the problem of
high TDDs in the n-AlGaN EIL (low #,,, ) and hole in-
jection toward the MQWs still remaining. As we know
that the hole-transport from p-AlGaN side of UVB
LED into the multi-quantum-wells (MQWs) is strongly
dependent on the thickness (7;5) and Al-contents in the
undoped (ud)-AlGaN final barrier (FB). Briefly speak-
ing, the influence of Ti on the performance of AlGaN-
based UVB LEDs with peak emissions band of 290-
300nm  were investigated.  Especially,  the
photoluminescence (PL) efficiency from MQWs of the
UVB LED devices were investigated and compared to
the electroluminescence (EL) spectra as a function of
Trp- Subsequently the dependence of PL efficiency
(Min)> Noxe and L on the Tz of UVB LEDs were attempt-

ed, using the same growth condition for all samples



except variation in Tp. When, T was set to 6-7nm, a
value of improvement in the #,,, and L, respectively, at
emission band of 295-300nm under cw at RT were
achieved. A reasonable improvement in the L up to
17mW at 80mA of UVB LED, was successfully
achieved by using a thin ud-AlGaN FB (Al:55%) of
approximately 6nm, using highly transparent p-AlGaN
layers as well as using highly reflective Ni/Al p-elec-
trode. When, the 75 was set to approximately 6 nm,
and also the band dip at ud-AlGaN FB/MQB-EBL in-
terface was minimized in the UVB LED, a value of im-
provement in the 7., of 5.6% under 30mA, at 300nm
emission was successfully demonstrated on bare-wafer
condition, under the cw-operation at RT. This improve-
ment in the device performance, is attributed to the op-
timally thinner 7%y as well as having suitable potential
barrier height of ud-AlGaN FB, which is not only pro-
moting the hole transport toward the MQWs but at the
same time also suppressing the Mg-diffusion from the
p-AlGaN HIL side toward the MQWs of UVB LED.

For 294nm-band UVB LED, the carrier confinement
issue in the MQWs was further investigated. Especially
the Al-alloy difference between quantum-well-barrier
(QWB) and quantum-well (QW) was enhanced in the
context of carrier confinement in the MQWs. Further-
more, one new design of moderately Mg-doped p-type
multi-quantum-barrier  electron-blocking-layer  (p-
MQB EBL) was introduced into the 294nm-band UVB
LED devices for both the electron blocking as well as
for promoting to the hole transport. For 294nm-band
UVB LED, when the Al-contents were increased from
48% to 55% in the ud-AlGaN FB, and the Al-contents
difference between QWBs and QWs of MQWs were
also increased from 15% to 20%, the maximum L was
greatly enhanced from 17 mW to a record value of
32mW on bare-wafer under pulse-operation at RT.
Similarly, the maximum #,,, were also improved from
5.6 % to 6.5 % under pulse-operation at RT, using Ni
(1nm) /Al (200 nm) p-electrode and moderately Mg-
doped p-MQB EBL.

Very recently, some remarkable improvements in the
hole injection efficiency toward the UVB MQWs were
realized by using new technique of Al-graded and Mg-

doped (p-type) multi-quantum-barrier electron-block-

ing-layer (Grad p-MQB-EBL). When 3.4pum-thick n-
AlGaN buffer layer (BL) (relaxation ratio ~ 42%) was
used and the flat-type multi-quantum-barrier electron-
blocking-layer (MQB-EBL) was replaced by Grad p-
MQB-EBL, L as well as 7., respectively, were re-
markably enhanced from 17 mW and 5.6%,
respectively, to a record value of 42 mW and 9.1% on
bare wafer condition at RT (2020). Similarly, in the
310nm-band UVB LED the maximum L was remark-
ably improved from 7.1mW to a record value of 29
mW with 7, 0f 4.9%.

This result of 294nm-band UVB light emission is ex-
pected to be promising for production of vitamins D5 in
both human body as well as in animal body too. In the
future, some pressing challenges in the AlGaN-based
UVB LEDs, namely: further reduction of TDDs in the
n-AlGaN EIL underneath the MQWs (for the enhance-
ment of 7,,,), activation of the Mg-atoms in the p-Al-
GaN layers (high hole injections toward the MQWs)
and reduction of operating voltages (by Flip-chip tech-
nology) are still remaining. Importantly, such control-
lable multi UVB-wavelength emitters may extend ni-
tride - based LED to previously inaccessible areas, for
example, UVB laser and other futuristic devices such

as Sensors.

(IT)-AlGaN-based 290nm UVB Laser Diodes (LDs):
AlGaN deep-ultraviolet (DUV) laser diodes (LDs)
have the potential to be used as compact, highly effi-
cient, high-power light sources. The applications for
DUV-LDs include sterilization and fine machining of
metals or other advanced materials, utilizing the advan-
tage of the very high absorption coefficient of UV light
in these materials. Recently, we successfully fabricated
AlGaN DUV LD structures based on growth tech-
niques used for fabricating highly efficient AlGaN
LEDs. Laser mirror facets using a laser stealth-dicing
(SD) process was fabricated. With current injection of
0.1 kA/cm? and under continuous wave (CW) opera-
tion, spontaneous emission at a wavelength of 277 nm
from the DUV LD structure with a relatively high ex-
ternal quantum efficiency (EQE) of over 4% was ob-
served. We also observed stimulated emission by opti-

cal pumping from the AlGaN DUV quantum wells with



low threshold exciting power density of 68 kW/cm? at
room temperature. Very recently using Al-graded po-
larized cladding layer (GPCL) in the revised UVB LD
structure at 290nm emission, where as high as 3 kA/
cm? injections current density was achieved on bare-
wafer condition under pulse operation at RT.

Based on these achievements, we are making great
strides to enhance the power of UV devices (emitters)
and raise the research levels of III-Nitride community
at global scale. We believe that these efforts can con-
tribute to the development of sustainable society in
lined with the 17% sustainable goals (SDGs) of UN.
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onlinelibrary.wiley.com/toc/18626319/2019/216/18
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“Analysis of efficiency droop phenomena in AlIGaN-
based multiple quantum wells using rate equations of
exciton recombination”,

The 67th JSAP Spring Meeting, Sophia Univ., 2020,

March 12-15.
[5] Ajmal Khan M., Maeda N., Jo. M., Fujikawa S.,
Yamada Y., and Hirayama H.: 42mW light power

@Oral Presentations
Conferences
[1] Ajmal Khan M., Maeda N., Jo M., Matsuura E.,

Kashima Y., Yamada Y., and Hirayama H.: AlGaN
UVB LEDs at 310nm emission with High Efficiency
and Light Power Using Partially Relaxed n-AlGaN
Buffer Layer. (< Oral 1192>)

12th International Symposium on Advanced Plasma
Science and its Applications for Nitrides and Nano-
materials (ISPlasma2020), Nagoya University, Na-
goya, Japan, 2020, March 8-11.

[2] (Invited Talk ) Ajmal Khan M., Maeda N., Jo M.,
Kashima Y., and Hirayama H.: High performances
of AlGaN-based UVC and UVB LEDs with relaxed
buffer layer as well as using p-type graded multi-
quantum-barrier electron-blocking layer. (11280-40)
SPIE Photonics West, San Francisco, California,
United States, 2020, Feb 1 - 6.

[3] Miyoshi H., Takeda R., Nakao H., Kurai S.,
Murotani H., Ajmal Khan M., Maeda N., Jo M.,
Hirayama H., and Yamada. Y: AlGaN %% & & 1-
FRP RIS 350 B Ihke - it « JFHEH FHG &
— ~ O REAKAAE”, =hrdz, KHECE,
EthAn, AR, BRI, M. Ajmal Khan, #ijH
POR), e Es, FILFEe, (D —, 5567 RS
Bl A A At s (R RE, 20204E3 1
12 ~ 15 H . “Excitation density dependence of ra-
diative and nonradiative recombination rates of ex-
citons in AlGaN-based multiple quantum wells”
The 67th JSAP Spring Meeting, Sophia Univ., 2020,
March 12-15.

from AlGaN-based 302nm-band UVB LEDs: a way
forward for UVB LDs. (OD3-3)

The 9th Asia-Pacific Workshop on Widegap Semi-
conductors (APWS2019)

Okinawa Institute of Science and Technology
(OIST), Okinawa, Japan, 2019, Nov 10-15.

[6] Murotani H., Miyoshi H., Takeda R., Ajmal Khan

M., Maeda N., Jo M., Hirayama H., and Yamada Y .
Radiative and Nonradiative Recombination Rates of
Excitons and Their Effects on Internal Quantum Ef-
ficiency of AlGaN-based UV-B MQWs. (CH3-4)
The 9th Asia-Pacific Workshop on Widegap Semi-
conductors (APWS2019)

Okinawa Institute of Science and Technology
(OIST), Okinawa, Japan, 2019, Nov 10-15.

[7] (Invited Talk) Ajmal Khan M., and Hirayama H.:

Past, Present and Future of AlGaN-based UVB LEDs
and LDs for real world applications.

International Electron Devices and Materials Sym-
posium (2019 IEDMS), New Taipei City, Taiwan,
2019, October 24-25.

[8] Murotani H., Miyoshi H., Takeda R., Nakao H., Ku-

rai S., Ajmal Khan M., Maeda N., Jo M., Hirayama
H., Yamada Y.: Analysis of efficiency curves in Al-
GaN-based multiple quantum wells using rate equa-
tion based on radiative and nonradiative recombina-
tion of excitons (2). (19p-E310-10)

The 80th JSAP Autumn Meeting, Sapporo Campus,



Hokkaido University, Hokkaido, Japan, 2019, Sep
18-21.

[9] BCHIASDE: *, =hffdz *, W iy, |R9EE
#*  AHER*, M. Ajmal Khan***, §ij I F] *+*,
B, FILFER, “UV-B1if AlGaN Rit - H
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[10] Miyoshi H., Takeda R., Nakao H., Kurai S., Muro-
tani H., Ajmal Khan M., Maeda N., Jo M., Hirayama
H., Yamada Y.: Analysis of efficiency curves in Al-
GaN-based multiple quantum wells using rate equa-
tion based on radiative and nonradiative recombina-
tion of excitons. (19p-E310-9)

The 80th JSAP Autumn Meeting, Sapporo Campus,
Hokkaido University, Hokkaido, Japan, 2019, Sep
18-21.

[11] Wang K., Maeda N., Ajmal Khan M., Li Zh., Wu
Y., Tao. T, Liu B., Zhang R., Hirayama H.: MBE
Grown p-Type AlGaN and Deep Ultraviolet Light
Emitting Diodes. (Oral: Th50)

4th International Workshop on Ultraviolet Materials
and Devices-4 (IWUMD-4), Saint Petersburg, Rus-
sia, 2019, Sep 8-13.

[12] (Keynotes) Ajmal Khan M., and Hirayama H.:
Problems and Latest Achievements in AlGaN-Based
Deep-UV LEDs.

4th International Workshop on Ultraviolet Materials
and Devices-4 (IWUMD-4), Saint Petersburg, Rus-
sia, 2019, Sep 8-13.

[13] Ajmal Khan M., Takeda R., Miyoshi H., Yamada
Y., Fujikawa S., Maeda N., Jo M., and Hirayama H.:
Achievement of Internal Quantum Efficiency up to
53% at 326nm-UVA Emission from AlGaN QWs
with Engineering of Highly Relaxed Buffer Layer.
(Fr-3o)

4th International Workshop on Ultraviolet Materials
and Devices-4 (IWUMD-4), Saint Petersburg, Rus-
sia, 2019, Sep 8-13.

[14] (Invited Talk) Ajmal Khan M., Maeda N., Jo M.,

Matsuura E., Kashima Y., Yamada Y., and Hirayama
H.: Current Status and Future Directions of High
Power AlGaN-Based UVB LEDs with Emission of
280nm-320nm. (407.01)

13th International Conference on Nitride Semicon-
ductors (ICNS-13), hosted in Bellevue, Washington,
Seattle’s Eastside, USA, 2019, July 7-12.

[15] Murotani H., Miyoshi H., Takeda R., Ajmal Khan

M., Maeda N., Jo M., Hirayama H., and Yamada Y.:
Role of exciton recombination processes on internal
quantum efficiency in AlGaN-based UV-B multiple
quantum wells. (702.03)

13th International Conference on Nitride Semicon-
ductors (ICNS-13), hosted in Bellevue, Washington,
Seattle’s Eastside, USA, 2019, July 7-12.

[16] Ajmal Khan M., Maeda N., Jo M., Matsuura E.,

Kashima Y., Yamada Y. and Hirayama H.: Realiza-
tion of High Light Output Power in AlGaN-Based
UVB LED at 3104-2nm Emission Using Highly Re-
laxed (50%) n-AlGaN Electron Injection Layer.
(A10.03)

13™ International Conference on Nitride Semicon-
ductors (ICNS-13), hosted in Bellevue, Washington,
Seattle’s Eastside, USA, 2019, July 7-12.

[17] Ajmal Khan M., Maeda N., Jo M., Yamada Y., and

Hirayama H.: Current Challenges and Future Direc-
tion for AlGaN Based UV-B LEDs grown by LP-
MOVPE. (Q020P)

The 2019 Spring Meeting of the European Materials
Research Society (E-MRS), Nice, France, 2019,
May 27-31.

[18] Ajmal Khan M., Maeda N., Jo M., Yamada Y., and

Hirayama H.: Effect of 4 u m-thick Buffer as well as
50% relaxed n-AlGaN Electron Injection Layer on
the Performance of 308nm UV-B LED. (10p-W541-
12)

The 66" JSAP Spring Meeting Tokyo Institute of
Technology Ookayama Campus, Tokyo, Japan,
March 9-12, 2019.

[19] Ajmal Khan M., Maeda N., Jo M., Yamada Y. and

Hirayama H.: Improved Current Injection in AlGaN-
Based 310 nm-UVB LED for Real World Applica-
tions. Accepted for oral: (</8aF100>)



12t International Conference on Plasma-Nano Tech-
nology & Science (ISPlasma2019), , Nagoya Tech-
nology of Institute, Nagoya, Japan, 2019, March 17-
21.

[20] Ajmal Khan M., Maeda N., Yamada Y. and Hi-
rayama H.: Improvement in EQE of 294 -303 nm
AlGaN UVB LED by increasing the Emission Effi-
ciency from Multiple Quantum Well (MQW).
(OD14-3)

The International Workshop on Nitride Semiconduc-
tors 2018 (IWN 2018), Kanazawa, Japan 2018, Nov
11-16.

[21] Ajmal Khan M., Maeda N., Jo M., Yamada Y. and
Hirayama H.: Over 20 mW operation of 303 nm Al-
GaN UVB LED with p-AlGaN transparent contact
layer. (21a-146-9)
79th JSAP Autumn Meeting, Nagoya Congress Cen-
ter, Nagoya, Japan 2018, Sep 18-21.

[22] Ajmal Khan M., Matsumoto T., Maeda N., Jo M.,
Kamata N. and Hirayama H.: Investigation of crys-
tallinity and current injection issue in 310nm-AlGaN
UVB LED grown on AIN template in LP-MOVPE.
(Mo4.4)

International Symposium on Growth of III-Nitrides
ISGN-7, Warsaw, Poland 2018, August 05-10.

[23] Ajmal Khan M., Matsumoto T., Itokazu Y., Maeda
N., Jo M., Kamata N. and Hirayama H.: 325nm
Emission From Highly Transparent AlGaN UVA
LEDs grown on AIN Template in the LP-MOCVD.
(64-1.2)

The 19th International Conference on Metalorganic
Vapor Phase Epitaxy (ICMOVPE-XIX), Nara, Japan
2018, June 03-08.

[24] Ajmal Khan M., Matsumoto T., Maeda N., Jo M.,
Kamata N., and Hirayama H.: Narrow Band Milli-
watts power operation of AlGaN based UVB LED
for Medical Applications. Mo-A4.4
International Conference on UV LED Technologies
& Applications (ICULTA-2018), Berlin, Germany
2018, April 22-25.

[25] Ajmal Khan M., Matsumoto T., Maeda N., Jo M.,
Kamata N., Hirayama H.: EQE enhancement of Al-
GaN Based Lower Bound (295+2 nm) UVB-LED
by using high reflective Ni/Mg electrode for medical

applications. (19a-E202-6)
The 65% JSAP Spring Meeting, WASEDA Universi-
ty, Tokyo, Japan, March 17 - 20, 2018.

[26] Ajmal Khan M., Itokazu Y., Matsumoto Y., Mina-
mi S., Maeda N., Jo M., Kamata N., and Hirayama
H.: Characterization of AlGaN based Lower Bound
(280-300nm) UVB LED device grown by MOCVD.
(<06pE070>)
11™ International Conference on Plasma-Nano Tech-
nology & Science (ISPlasma2018), Meijo Universi-
ty, Nagoya, Japan, 2018, March 04-08.

@Poster Presentations

[1] Maria Cecilia da Silva Figueira, Trellakis A., Birner
S., Ajmal Khan M., Hirayama H.: Optimizing Al-
GaN-Based UVB LEDs Using Experimental Device
Data in the Nextnano Software. (4P02.05)
13th International Conference on Nitride Semicon-
ductors (ICNS-13), hosted in Bellevue, Washington,
Seattle’s Eastside, USA, 2019, July 7-12.

[2] Ajmal Khan M., Maeda N., Jo M., Yamada Y., Hi-
rayama H.: Progress in 303-310 nm-Band AlGaN
Based UVB-LED for medical applications.
jspsl62.jpn.org
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[3] Ajmal Khan M., Maeda N., Jo M., Yamada Y., Hi-
rayama H.: Progress in High-Efficiency AlGaN-
based UVB-LEDs for both Medical and Agricultural
Applications.

The 7th RAP Symposium, Suzuki Umetaro Hall,
Wako Campus, RIKEN, Japan, 2019, Dec. 9 - 10.
[4] Ajmal Khan M., Maeda N., Jo M., Yamada Y. and

Hirayama H.: Development of 304-310nm-Band
UVB LEDs for Both Medical and Agricultural Ap-
plications. (P-83)
The 6th RAP Symposium, Wako, Saitama, Japan,
2018, Nov.19-20.

[5] Ajmal Khan M., Maeda N., Jo M., Yamada Y. and
Hirayama H.: Progress in 303-310 nm-Band AlGaN
Based UV-B LED for medical applications.
22T S| /N V7 NV NN By e i BV 52 [
WEZERT 2018, Sep 27-28.

[6] Matsumoto T., Ajmal Khan M., Itokazu Y., Maeda



N., Jo M., Kamata N., and Hirayama H.: Milliwatt
power UVA LEDs developed by using AlGaN super-
lattice (SL) buffer layers fabricated on AIN/sapphire
templates. (P1-22)

XVII-037

The 19th International Conference on Metalorganic
Vapor Phase Epitaxy (ICMOVPE-XIX), Nara, Japan
2018, June 03-08.

Generation of single-cycle short-wave infrared pulses via

BBO-based optical parametric amplifier

Name: Yu-Chieh LIN

Host Laboratory: Attosecond Science Research Team

We demonstrate the amplification of sub-cycle puls-
es in the short-wave infrared (SWIR) region by using a
cascaded BBO-based optical parametric amplifier
(OPA) chain, for the first time to the best of our knowl-
edge. By virtue of the tailored wavelength of the pump
pulse of 708 nm, we successfully obtained a gain band-
width of more than one octave for a BBO crystal. The
division and synthesis of the spectral components of
the pulse in a Mach-Zehnder-type interferometer set in
front of the final amplifier enabled us to control the dis-
persion of each spectral component using an acousto-
optic programmable dispersive filter inserted in each
arm of the interferometer. As a result, we successfully
generated 0.73-optical-cycle pulses at 1.8 pm with a
pulse energy of 32 pJ. This result will ensure the gen-
eration of 1-mJ-class sub-cycle pulses by simply add-
ing an OPA stage with a 10-mJ-class pumping source in

the future.

@Publications

Papers

Y. C. Lin, Y. Nabekawa, K. Midorikawa, “Optical para-
metric amplification of sub-cycle shortwave infrared

pulses,” Nature Communications, 11, 3413, (2020).

@Oral Presentations

Conferences

Y. C. Lin, “Optical parametric amplifier of a sub-cycle
shortwave infrared pulses,” the RIKEN-KPSI Sym-
posium, Feb. 13th-14™ Ise-shi, Japan (2020).

Y. C. Lin, Y. Nabekawa, K. Midorikawa, “Sub-optical-

RIKEN Center for Advanced Photonics
Laboratory Head: Katsumi MIDORIKAWA

cycle shortwave infrared pulses generation in a cas-
caded degenerate optical parametric amplifier”, Ul-
trafast Optics XII from Oct. 6"-11th in Brac, Crotia
(2019).

Y. C. Lin, Y. Nabekawa, K. Midorikawa, “Dispersion
control of an over-octave spanning shortwave infra-
red spectrum for the amplification of single-cycle
pulses” CLEO/Europe-EQEC Conference from June
23™_ June 27" in Munich, Germany (2019).

Y C. Lin, Y. Nabekawa, and K. Midorikawa, “Optical
parametric amplification of short-wave infrared
monocycle pulses in BBO crystals pumped by red
femtosecond pulses” Conference on Lasers and
Electro-Optics from May 5%- May 10™ in San Jose,
California, USA (2019).

Y. C. Lin, Y. Nabekawa, K. Midorikawa, “Generation
of single-cycle infrared pulse via BBO-based optical
parametric amplifier,” The 39" Annual Meeting of
Laser Society of Japan, from Jan. 12t to Jan. 14™ in
Tokyo, Japan (2019).

@Poster Presentations

Conferences

Y. C. Lin, Y. Nabekawa, K. Midorikawa, “Stabilization
of a Mach-Zehnder interferometer in the sub-cycle
OPA system,” The 7th RAP Symposium from Dec.
9t to Dec. 10™ in Wako-shi, Saitama-ken, Japan
(2019).

Y. C. Lin, Y. Nabekawa, and K. Midorikawa, “Genera-
tion of single-cycle shortwave infrared pulses in

BBO-based cascaded optical parametric amplifier”



The 8th Advanced Lasers and Photon Sources from
April 22th - April 25th in Pacific Yokohama, Kanaga-
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wa Prefecture, Japan (2019).
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The Identification of Common Molecular Mechanism between
Cancer Stem Cells and Fetal Epithelial Stem Cells
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@OEE K Oral Presentations

(#ER)

WHINESE, HAFE: “The dynamic epithelial transition
of developing trachea unveiled by single cell RNA-
seq”, Keystone Symposia - Poster Abstracts
Endoderm Development and Disease: Cross-Organ
Comparison and Interplay, 77 A VU 71, 2 H (2018
)

HINTESE, RATE: “LEF LRI %508 R
il o> [v] 4 P 1 5+ 0 AL ARG O iR Bl ~ single cell
RNA-seqZ VT, 5558 8] HAPEILAR22 232 A4l
A, KB, 411 (20184F)

WIE S, AT : “The dynamic epithelial transition
of developing trachea unveiled by single cell RNA-
seq”, BBS51M FAEEY A, Wi, 6 H (20184)
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KU S HRAEDOE RN, NEROME

Categorical and Dynamical Study of Algebraic varieties
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@i L% Publication
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Genki Ouchi, On entropy of spherical twists, with an
appendix by Arend Bayer, Proceedings of the Ameri-
can Mathematical Society, DOI: https:/doi.
org/10.1090/proc/14762 (Published electronically)

@OEE K Oral Presentation

Genki Ouchi, Derived categories of K3 surfaces, abe-
lian surfaces and symplectic resolutions, Japanese-
European Symposium on symplectic varieties and
moduli spaces, ETS-Zurich, Switzer- land, June 3-7,
2019.

Genki Ouchi, Derived categories of K3 surfaces, abe-
lian surfaces and symplectic resolutions, Interaction
between Algebraic Geometry and QFT, Moscow in-
stitute of physics and technology, June 24-28, 2019.

Genki Ouchi, Automorphism groups of cubic fourfolds
and K3 categories, Tokyo-Seoul Conference 2019,
university of Tokyo, November 29, 2019.
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Research on Relative Theory of Algebraic Cycles and Algebraic K-theory
WF 2% & K 44 =F 5022 Miyazaki Hiroyasu
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@i L% Publications

€139

H. Miyazaki: “Cube invariance of higher Chow groups
with modulus”, J. Algebraic Geom., 28 (2019).

@O5EX %X Oral Presentations

H. Miyazaki : “On motives with modulus”, Mathemat-
ics - String theory Seminar, Kavli IPMU, January
(2020).

H. Miyazaki : “Topologies on modulus pairs and rela-
tion with Nisnevich topology”, “Modulus Day”’,
University of Milan, Italy, November (2019).

H. Miyazaki : “On algebraic cycles with modulus”,
Boston University - Keio University Workshop 2019
(Number Theory), Boston University, June (2019)

H. Miyazaki : “Homotopy property for algebraic cycles
with modulus”,
KAIST, Republic of Korea, June (2019).

H. Miyazaki : “Mayer-Vietoris squares for motives

Algebraic Geometry Seminar,

with modulus”, International Workshop Motives in
Tokyo 2019 (University of Tokyo, Japan, February
(2019)
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Anomalous transport phenomena on the basis of the
phase-space topological field theory
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The N-body problem in astrophysics

Name: David HERNANDEZ

Host Laboratory: Particle simulator research team

I completed two projects while at RIKEN since
March 1, 2019, which I will describe. They are both
related to N-body symplectic integration. The N-body
problem describes N point particles interacting through
pairwise forces. In our case, the pairwise force is New-
tonian gravity. Newtonian gravity is long-range, mean-
ing particles far away impact the dynamics of any giv-
en particle. It also has no scale, so it can act on long or
short time or distance scales. This problem has no ana-
lytic solution, but it describes a wide range of dynam-
ics: galaxies, planetary systems, or stellar clusters are
all N-body problems at lowest approximation. To un-

derstand these systems, we need to be able to evolve

Center for Computational Science
Laboratory Head: Junichiro MAKINO

them over their dynamical timescales. Numerical inte-
grators provide a tool to evolve these systems, but they
suffer from varieties of error. Symplectic integrators
control some of this error. Typically, symplectic inte-
grators show no energy error drift in time so that the
error is bounded. Thus, symplectic integrators have be-
come the default tool for exploring a wide range of dy-
namical phenomena.

In my first project I explored whether Nbody integra-
tors should always be symplectic. If we just break sym-
plecticity at one point in phase space, will the accuracy
of its solutions become secularly worse, or is it OK to

allow this? This has important implications for codes,



because they are usually not exactly symplectic. 1
found that by just breaking symplecticity at one point
in phase space, the performance degraded significantly.
I investigated this for regular orbits where chaos does
not exist (the Kepler problem, the simple harmonic os-
cillator) and in a subsequent project, I investigated this

issue for chaotic orbits. Again, enforcing symplecticity

XVIiI-005

was important for the accuracy of the orbits. Another
important issue for Nbody orbits is the differentiability
class order of the Hamiltonians the integrators are de-
rived from. This should be as close to infinite as possi-
ble.

My work will help in the solution of dynamics prob-

lems in astrophysics over long timescales.
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Formation and Evolution of Globular Clusters in
High-Resolution Cosmological Simulations
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The study on quantum gravity and thermalization in terms
of quantum entanglement
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Signature of quantum chaos in operator entanglement
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Revealing the diversity of type la supernovae and chemical evolution
of the Universe approaching by ultra precision X-ray spectroscopy
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Development of new techniques in lattice QCD for future colliders
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Paleoenvironmental Science, UMD, US, May
(2019).
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Sakiko Ashikaga et al, JPS Conf. Proc 26 (2019)
024005

Scanning Tunneling Microscopy/Spectroscopy Investigation of

‘Drumhead’ Topological Surface States

Name: Christopher BUTLER

Host Laboratory: Emergent Phenomena Measurement Research Team

The target of this project is to search for novel phe-
nomena emerging from the enhanced density of state
associated with peculiar drumhead surface states in to-
pological ‘nodal-line’ semimetals. Such phenomena
may include various density wave orders or even two-
dimensional superconductivity. Materials which may
host such a drumhead state even in the presence of
spin-orbit coupling remain exceedingly rare. Few can-
didate materials have been proposed within the last
year, and only one of these materials, namely Co,MnGa
has been experimentally demonstrated to host drum-
head states. However, this material has a cubic struc-
ture (space group Fm3m, rather than a layered structure
which would be amenable to good crystal cleavage
necessary for STM measurements. Another candidate
material, for which there is not a concrete confirmation
of whether it hosts a drumhead state is CaAgP. Crystals
of this material have been stabilized, but the crystal
sizes which have been achieved so far are still very
small (~0.3 mm, or less, across the short axis of the
crystal), which presents an experimental challenge for
STM measurements. Hence, observation of drumhead
surface states has not yet been achieved in this project,
although there remain avenues to pursue. Experiments
are being performed on the material BaNiS,, which has
properties overlapping with those of some materials
which have been predicted host drumhead states, such
as non-symmorphic symmetry (P4/nmm space group)
and Dirac nodal lines. Quasiparticle interference and
Landau level spectroscopy measurements have been

successfully performed, along with ab initio calcula-

RIKEN Center for Emergent Matter Science
Laboratory Head: Tetsuo HANAGURI

tions, in order to identify the momenta and energies of
the Dirac nodal features in the band structure. The role
of non-symmorphic symmetry in the fundamental scat-
tering process underlying quasiparticle interference
measurements may be of interest here.

Alongside the above measurements on BaNiS,,
progress has been made interpreting previous measure-
ments on the correlated insulator 17-TaS,. As well as
determining the inter-layer stacking of the planar
charge-density-wave layers, the impact of this stacking
on the overall electronic properties was elucidated.
This helps to understand the nature of the insulating
ground state of this material - whether it is a Mott insu-
lator or simple band insulator - and this is highly rele-
vant to the recent discussions of whether 17-TaS, hosts
the elusive quantum spin liquid phase. The findings are
also relevant to understanding this material’s metal-in-
sulator transitions. Notable progress has been made,
within the last year, to understand the observation of a
series of sharp, equally spaced tunneling conductance
peaks in the upper Hubbard band. These are reasonably
interpreted as a Franck-Condon series resulting from
sequential tunneling of electrons from the STM tip to
the surface, which in turn excites phonons correspond-
ing to the amplitude mode of the CDW. The long life
time of these injected electrons on the CDW lattice
sites tempts us to recognize them as ‘doublons’, char-
acteristic excitations of a Mott insulator.

A manuscript describing the inter-layer stacking in
17-TaS,, and its consequences for the electronic struc-

ture, is under review (see below). Another manuscript



describing the observation of the Franck-Condon series
of conductance peaks, and their interpretation, is in

preparation.
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Butler, C. J., Yoshida, M., Hanaguri, T. and Iwasa, Y.:
“Mottness versus unit-cell doubling as the driver of
the insulating state in 17-TaS,.” arXiv:1908.08221

(2019), (under review, Nature Communications).
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“Three-dimensional stacking of two-dimensional
charge density waves in Mott insulating 17-TaS,.”,
IBS-RIKEN Joint Conference, IBS, Daejeon, Korea
2019, October 17-18.

Butler, C. J., Yoshida, M., Hanaguri, T. and Iwasa, Y.:
“Mottness versus unit-cell doubling as the driver of
the insulating state in 17-TaS,.” Annual Meeting of
the Physical Society of Taiwan, Pingtung, Taiwan
2020, February 5-7.

Butler, C. J., Yoshida, M., Hanaguri, T. and Iwasa, Y.:
“Mottness versus unit-cell doubling as the driver of
the insulating state in 17-TaS,.” American Physical
Society (APS) March Meeting, Denver, Colorado,
USA 2020, March 2-6.
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“Inter-Layer Correlations and Emergent Electronic
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Excitations in 17-TaS, Investigated Using STM.”
CEMS Symposium on Emergent Quantum Materi-
als, The University of Tokyo, Tokyo, Japan 2019
May 22-24.
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Butler, C. J., Yoshida, M., Hanaguri, T. and Iwasa, Y.:
“Mott or Not? - An STM/S Investigation into the Na-
ture of the Insulating Ground State of 17-TaS,.” In-
vited Talk, Department of Physics, National Taiwan
University, Taipei, Taiwan 2020, February 10.

Butler, C. J., Yoshida, M., Hanaguri, T. and Iwasa, Y.:
“Mott or Not? - An STM/S Investigation into the Na-
ture of the Insulating Ground State of 17-TaS,.” In-
vited Colloquium Talk, Institute of Physics, Aca-
demia Sinica, Taipei, Taiwan 2020, February 11.
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Butler, C. J., Yoshida, M., Hanaguri, T. and Iwasa, Y.:
“Inter-Layer Correlations and Emergent Electronic
Excitations in 17-TaS, Investigated Using STM.” A3
Foresight Meeting, Sogang University, Seoul, Korea
2019, June 30 - July 2.
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Butler, C. J., Yoshida, M., Hanaguri, T. and Iwasa, Y.:
“Spectroscopically Distinct Surfaces of the Three-
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Correlated Electron Systems (SCES) 2019, Okaya-
ma, Japan 2019, September 24-28.
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Theoretical Studies on Quantum Critical and Quantum Magnetic Phases
by Coupled-Wire Construction Method
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* Nakamura M. and Furuya S. C: “Extraction of topo-
logical information in Tomonaga-Luttinger liquids”,
Phys. Rev. B,99, 075128 (2019)

* Furuya S. C, and Nakamura M.: “Polarization ampli-
tude near quantum critical points”, Phys. Rev. B,99,
144426 (2019)
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straints on quantum phases with twisted boundary
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Theoretical Study of Dynamical Responses of Systems
with Geometric Phases
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Spin Hall Effect in Noncoplanar Spin Structures
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Coherent phonon/magnon generation driven by
photoinduced phase transition
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Observation of inverse optical magnetoelectric effect
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Current generated by longitudinal modulation of
spin textures with spin-orbit interaction
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* Kurebayashi D. and Nomura K. : “Theory for spin
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Scientific reports 9 (1), 5365 (2019)*.
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cally-driven Domain Wall Motion in Quantum
Anomalous Hall States”, Journal of the Physical So-
ciety of Japan 88 (8), 083704 (2019)*.

+ Kurebayashi D. and Nagaosa N. : “Theory of cur-
rent-driven dynamics of spin textures on the surface
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(13), 134407 (2019)*.
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Focus Workshop on “The Future of Spintronics”,
Iwate, Japan, Jan. (2020).
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Denver, USA, Mar. (2020).
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insulator”, CEMS Symposium on Emergent Quan-
tum Materials, Tokyo, Japan, May. (2019).

* Kurebayashi D. and Nomura K. : “Theory for spin
torque in Weyl semimetal with magnetic textures”,
International workshop spintronics 2019, Peru, Oct.
(2019).

* Kurebayashi D. and Nagaosa N. : “Current-driven
dynamics of spin textures on a surface of topological
insulators ”, Gordon Godfrey Workshop on Spin, To-
pology and Strong Electron Correlations, Sydney,
Australia, Nov. (2019).

Exploring On-Surface Photo-Synthesis under

Ultrahigh Vacuum Conditions

Name: Chi ZHANG

Host Laboratory: Surface and Interface Science Laboratory

In FY2019, I mainly studied (1) on-surface cycload-
dition reaction; and (2) on-surface self-assembly of one
tripod molecule by combination of scanning tunneling
microscopy (STM) and density functional theory
(DFT) calculations.

(1) Metal-mediated dehalogenative cycloaddition re-
action.

Dehalogenative cycloaddition reaction is a powerful
strategy to generate new ring scaffolds with
n-conjugated features on a surface, and thus holds
great promise toward atomically precise electronic de-
vices or nanomaterials. The ortho-dihalo-substitution
provides a good strategy to realize cycloaddition. How-
ever, the limited understanding of intermediate states
involved hinders mechanistic exploration for further
precise design and optimization of reaction products.
In this study, we clarified a metal-mediated dehaloge-
native cycloaddition reaction pathway by visualizing
the step-by-step evolution of stable local minima (com-
peting surface-stabilized radicals and organometallic
intermediates) toward cycloaddition products in real
space. We chose the 2,3,6,7,10,11-hexabromotriphen-
ylene (HBTP) molecule as the precursor with threefold

ortho-dibromo-substitutes for possible dehalogenative

RIKEN Cluster for Pioneering Research
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cycloaddition into two dimensions on Ag(111). By the
combination of high-resolution STM imaging and DFT
calculations, we further established the stepwise metal-
mediated cycloaddition pathway on Ag(111), along
with the competition between radicals and organome-
tallic intermediates. Our results provide the experimen-
tal and theoretical understandings into the on-surface
dehalogenative cycloaddition reaction and further hal-
ogen-based syntheses, which should be significant for
the precise design and optimization of n-membered
carbocyclic or heterocyclic architectures.

(2) Self-assembly of one three-dimensional tripod
molecule.

Upright orientation of a molecular adsorbate is one of
the most practical keys for controlling surface function-
alities by using self-assembled monolayers. However,
lateral interactions between the upright molecules be-
come more complex than planar molecules since they
are not confined in a single plane. In this work, we stud-
ied 1,8,13-tris(mercaptomethyl)-triptycenes (TMMT)
molecule self-assembled on Ag(111). Through com-
bined analysis of experimental and theoretical results
of individual TMMTs, we verified their upright orienta-
tion on Ag(111). DFT calculations further show a weak



C-H " intermolecular interaction between the tripty-
cene units and a strong S-Ag molecule-substrate inter-
action. Our results provide a fundamental insight into
the formation of upright-oriented molecular assemblies
in which the stabilizing forces are not confined two-
dimensionally. We reveal that the S atoms, methylene
groups, and the triptycene unit of the TMMT molecules
play different roles in the self-assembly process. Such
fundamental understanding is of important consider-
ation in the design of precursor molecules to achieve
precisely-aligned functional surfaces and therefore to

establish three-dimensional molecular architectures.
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1. Zhang C., Kazuma E. and Kim Y.: Atomic-scale vi-

sualization of the stepwise metal-mediated dehaloge-

XVIiI-020

native cycloaddition reaction pathways: competition
between radicals and organometallic intermediates.
Angew. Chem. Int. Ed., 2019, 58, 17736-17744.*

2. Chaunchaiyakul S., Zhang C., Imada H., Kazuma E.,
Ishiwari F., Shoji Y., Fukushima T. and Kim Y.:
Self-assembly growth of an upright molecular pre-
cursor with a rigid framework. J. Phys. Chem. C,
2019, 123, 31272-31278.*
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Molecular Simulation of Heme Transport and ATP Hydrolysis
by a Heme Transporter
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Tamura K., Sugimoto H., Shiro Y., Sugita Y.: “Chemo-
mechanical Coupling in the Transport Cycle of a
Heme ABC Transporter”, The Journal of Physical
Chemistry B, 123, 7270-7281 (2019).*
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Access Mechanism of the Mitochondrial ADP/ATP
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Carrier with Molecular Simulations”, the 2 nd Tokyo
ATPase Workshop, B 5{, 9H (2019).

Tamura K.: “Atomistically Deciphering Alternating
Access Mechanism of the Mitochondrial ADP/ATP
Carrier with Molecular Simulations”, &3 19 [A]H A&
HAHMARER, #7, 6 71(2019).

@ FK X% —%&K Poster Presentations

€]

Tamura K., Sugita Y.: “Free Energy Analysis for the
Conformational Changes of a Heme ABC Transport-
er BhuUV-T”, the 5 th International Conference on
Molecular Simulation (ICMS2019), Jeju, 11 H
(2019).

Tamura K., Sugita Y.: “Free Energy Analysis for the
Conformational Changes of a Heme ABC Importer
BhuUV-T”, 33 57 [nl HAZEWW P A 4R 2%, B IR, 9
H(2019).
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Thiophene-Fused Diradicals: In-Depth Investigation of their Unprecedented
Reversible-Polymerization and Application to Singlet Fission
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XVIII-022 Development of Quantum Spectroscopy beyond the Classical Limit

Name: Korenobu MATSUZAKI
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Absorption spectroscopy is undoubtedly one of the
most widely used spectroscopic techniques. It enables
us to identify and quantify the chemical species con-
tained within a sample. An absorption spectrum is ob-
tained by measuring the number of photons transmitted
through the sample and normalizing it against the num-
ber of incident photons. Since the number of incident
photons cannot be measured directly, a separate refer-
ence measurement is necessary to estimate it. This pro-
cedure, however, introduces an error, because the num-
ber of photons in the reference measurement cannot be
made exactly the same as the number of incident pho-
tons in the sample measurement due to the statistical
uncertainty of the number of photons emitted from a
classical light source. The error due to this mechanism,
the so-called “shot noise”, is usually considered to be
unavoidable, because it arises from the intrinsic prop-
erty of classical light such as laser.

Contrary to this common belief, there is actually a
chance to break this limit when “nonclassical” light is
used as the light source. Nonclassical light, or quantum
light, is a state of light that cannot be described within
the framework of classical electrodynamics. Entangled

photon pairs, where two photons exist as a pair, are a

RIKEN Cluster for Pioneering Research
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typical example. Last year, using entangled photon
pairs as the light source, I developed a novel absorption
spectrometer and demonstrated that it is indeed possi-
ble to measure absorption spectra with the noise level
suppressed below the shot-noise limit. This year, with
further optimizations of the experimental setup, a noise
suppression as large as 30% below the shot-noise limit
was achieved.

In order to highlight the strength of sub-shot-noise
absorption spectroscopy developed in this study, three
dilute binary mixture solutions containing two kinds of
dye molecules (Rhodamine 6G and Thiazole Orange)
were prepared and used as samples. Absorption spectra
of each solution were measured by sub-shot-noise ab-
sorption spectroscopy, and the concentration of each
dye molecule was estimated from the obtained sub-
shot-noise absorption spectra. As a comparison, the
same procedure was repeated also using conventional
absorption spectra. With the conventional absorption
spectra, the three sample solutions could not be clearly
distinguished by the estimated concentrations, because
the concentration was not estimated precisely enough
due to the noise in the absorption spectra. That is to say,

the precision of the concentration estimation was lim-

— 100 —



ited by the shot noise, which is intrinsic to all the con-
ventional measurements. With sub-shot-noise absorp-
tion spectra, on the other hand, the concentration of
each species could be estimated with higher precision
because the noise level in the absorption spectra was
suppressed below the shot-noise limit. As a conse-
quence, the concentration difference among three solu-
tions was clearly observed. This result shows that the
concentration resolution achieved by sub-shot-noise
absorption spectroscopy has surpassed that of conven-
tional absorption spectroscopy, which is fundamentally
limited by the shot noise. In this sense, it is possible to
say that a “superresolution” measurement of the con-
centrations was realized by sub-shot-noise absorption

spectroscopy developed in this study.
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interfaces: Theory and experiment. J. Chem. Phys.
151 (6), 064701 (2019).

[2] Hail C. U., Holler C., Matsuzaki K., Rohner P.,
Renger J., Sandoghdar V., Poulikakos D. and Eghlidi
H.: Nanoprinting organic molecules at the quantum
level. Nat. Commun. 10, 1880 (2019).
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Theoretical Analysis on the DNA Repair Mechanism of
Blue-Light Photoreceptors
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ta Y.: “Effects of Antifreezeing Protein from Rhagi-
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Dynamics Study”, Chemistry Letters, 48 223-226
(2019)*
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“Chapter 22: Liner Combination of Molecular Orbit-
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of the fragment molecular orbital method. Subtitle:
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(2019)
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Molecular Level Investigations of Organic Photoelectric Conversion
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Visualization of Dynamic Compaction of Nucleosome Using

Photoactivable-FRET

Name: Sooyeon KIM

Host Laboratory: Laboratory for Cell Systems Control

In the present study, we aim to develop novel bio-
analysis based on a single-molecule fluorescence mi-
croscopy and investigate heterogeneity among individ-
ual single cells and samples with low expression

number. Single molecule fluorescence imaging is a

RIKEN Center for Biosystems Dynamics Research
Laboratory Head: Yuichi TANIGUCHI

cutting-edged technique that reveals molecular-level
spatial information of individual molecules in biologi-
cal samples at the limit of resolution. If this technique
is successfully applied to various bioanalysis, such as

electrophoresis, chromatography, immunostaining,

— 103 -



etc., we can achieve great improvement of the detec-
tion limit up to a real ‘single-molecule’.

Last year, we have established an experimental and
analytical procedure of single-molecule fluorescence
gel and capillary electrophoresis using our home-built
light-sheet microscope, PISA microscope. In FY 2019,
we have carried out (1) a preparation of fluorescently
labeled single cell lysate and (2) analysis of biomole-
cules through its light scattering. Using a single-cell
picking/handling instrument, a droplet containing a
single cell could be easily prepared, and was further
processed to label fluorescence dye and run gel electro-
phoresis. So far, we have succeeded to distinguish tens
of protein bands from three to five cells by single-mol-
ecule fluorescence gel electrophoresis. In order to ap-
ply this technique to a single cell, optimization of fluo-
rescence dye concentration and extraction of target
biomolecules are still required. Besides, ultrasensitive
2D gel electrophoresis and single-cell western blot
have been successfully realized by combining a PISA
microscope and corresponding commercial machines.

Furthermore, the potential of light scattering for bio-
analysis has been evaluated. According to Young et al.
(Science, 2018, 360, 423), intensity of scattered light is
proportional to the size of the particle. In the case of

protein, its molecular weight is mostly proportional to
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the size of the protein, indicating the intensity of scat-
tered light can be used to measure molecular mass of a
certain protein. Currently, we are trying to develop the
optimized microscopic system to study not only fluo-
rescence, but also light scattering phenomenon by in-

teraction between light and biomolecules.
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XVIII-027 Cancer Targeted Delivery of Peptide-Assembled Carriers Equipped
with Dual Aptamer Ligands
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Host Laboratory: Emergent Bioengineering Materials Research Team

Aptamer-ligand conjugates for cancer targeting: Fo-
late receptor-a (FR @) was identified as cancer cell
targeting receptor which is overexpressed in many
types of cancer. Peptide aptamer which enhances the
binding affinity of folic acid (FA) with FR o, was se-
lected using in silico methods. The negative selection
was carried out with folate receptor- 8 (FR f3) which is
expressed in normal cell albeit in low level. Two differ-
ent types of peptide aptamer and ligand (FA) conjuga-
tions were explored for in silico analysis. The first de-
sign involved, folic acid was conjugated with unnatural
amino acid (4-azido-L-phenylalanine) of peptide ap-
tamer through click reaction of DBCO-amine as a

spacer molecule. Folic acid was directly conjugated

RIKEN Center for Emergent Matter Science
Laboratory Head: Ito YOSHIHIRO

with unnatural amino acid (4-amino phenylalanine) of
peptide aptamer as a second design of aptamer-ligand
conjugate. Peptide sequences which enhances the bind-
ing affinity of FA with FR a and decreases the binding
affinity with FR 3, were recognized based on binding
score values. Then, the selected sequences of aptamer-
ligand conjugates were chemically synthesized and
analyzed using binding affinity studies. Two aptamer-
ligand candidates from each ligand design were identi-
fied as a potential targeting system for FR o . Presently,
the modification of aptamer-ligand conjugates with
nanoplatform is underway for in vitro and in vivo anal-
ysis.

Peptide based nano-assembly as a drug carrier: Am-
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phiphilic polypeptide, Sar;,-(Aib-Leu), (S30L12) was
synthesized and studied the assembly behavior of poly-
peptide under aqueous condition in presence of small
ratio of organic co-solvent such as ethanol (EtOH) and
acetonitrile (CH;CN). Interestingly, nature and compo-
sition of co-solvent critically affected the self-assembly
behavior of S30L12. The co-solvent EtOH showed the
formation of nanotube morphology from S30L12 un-
der aqueous condition at rt, whereas CH;CN trapped
the meta-stable intermediates, namely twisted and heli-
cal ribbon morphologies. Particularly, EtOH strength-
ened hydrogen bonding network of water molecules,
which influences assembly behavior of S30L12. ACN
accumulated at hydrophobic core of nano-assembly,
and thus inducing kinetic behavior of nano-assemblies.
These behaviors of co-solvents were resemblance with
the behavior of native protectant and denaturant osmo-
lytes on peptide’s stability. As results, unnatural organ-
ic small molecules (EtOH and CH;CN) were identified
with the behavior of osmolytes on peptide assembly.
To make cancer environmental responsive drug deliv-
ery system, hybrid nano-assembly of polypeptide
S30L12 and synthetic lipid was proposed. Presently,
chemical conjugation of S30L12 and synthetic lipid
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with redox linker is underway to prepare the multi-

stimulus responsive peptide carriers.
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Investigating the Role of an RNA Methyltransferase:

Fibrillarin in Neural Stem Cells

Name: Quan WU
Host Laboratory: Laboratory for Cell Asymmetry

The purpose of this study is to understand the func-
tion of Fibrillarin (Fbl), a methyltransferase of Nm
modification on RNA, during neurogenesis. I have
proved that neural stem cell (NSC)-specifically knock-
out of Fbl caused microcephaly with disrupted neuron
layers. Moreover, I collected single cells from control
and mutant mice at several time points and performed
RNA-seq analysis. Bioinformatics analysis suggests
that NSCs in mutant mice failed to change their fate
properly. These results indicate that Fbl is an important

regulator of NSC fate.

RIKEN center for Biosystems Dynamics Research
Laboratory Head: Fumio MATSUZAKI

In this year, I further investigated the targets of Fbl
during neurogenesis. Using ribosome profiling, I found
that Fbl selectively facilitates translation of its target
mRNAs whose 5’UTRs are characterized by a ploy (U)
motif or the highly organized secondary structure.
Among these genes, | identified Ezh2 and Kdmo6b,
which encodes a methyltransferase and a demethylase
of H3K27me3, respectively, as important targets of
Fbl. Inhibition of H3K27me3 delays temporal pattern-
ing transition and impedes neurogenesis. The pheno-

type of inhibition of H3K27me3 was similar with that
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observed in Fbl mutant mice. Next, I proved that Fbl
promotes translation of Ezh2 and Kdm6b though inter-
nal ribosome entry sites (IRES) elements on their
5’UTR. Knocking out 5’UTR of Ezh2 and Kdmo6b af-
fected protein level but not mRNA level of these genes,
indicating that these elements are required for transla-
tion of these genes through Fbl. Nm sites are detected
in both mRNA and rRNA. However, Nm on mRNA
have been proved to disrupt tRNA decoding and sup-
press translation. According to these results, downreg-
ulation of translational efficiency after the deletion of
Fbl may ascribed to the Nm sites on rRNA. Indeed, I
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detected several sites on rRNA that reduced their meth-
ylation level after the deletion of Fbl. Therefore, I pro-
vided a model in which Fbl-dependent Nm modifica-
tion on rRNA may facilitate ribosome to recognize

IRES elements on 5’UTR and promote translation.
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The cortical mechanism of hallucinatory perception
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Coherent X-ray Diffraction Imaging of Three-dimensional Structures
of Whole Biological Cells in Specific Phases on Cell Cycles
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Development of a deep learning-based method to predict gene
regulatory networks in morphogenesis
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Watanabe, S., Kanno, Y., Takahashi, N., Aoi, Y., Kasa-
hara, H., Umeda, M. and Seo, M.: “Identification of
an Arabidopsis NRT1/PTR FAMILY protein in-
volved in root gravitropism”, The 23rd International
Conference on Plant Growth Substances, Paris, Jun
(2019)

Analysis of 3D biological shapes for the interpretation

of structural biology data

Name: Sandhya P. TIWARI

Host Laboratory: Computational Structural Biology Research Team

We proposed an alternative computational strategy
to efficiently interpret single particle data, by matching

a small number of images against a library of biological

RIKEN Center for Computational Science
Laboratory Head: Florence TAMA

shapes. To build a library of biological shapes, we as-
sembled a data set of 3D structures from existing re-

sources, e.g. the Electron Microscopy Data Bank,
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which we reduced to a non-redundant set of low-reso-
lution biological shapes with normalized volumes.
Then, we simulated theoretical 2D data from this data
set of shapes. In the first part of our work, published in
2018, we focused on matching real space images simu-
lated from cryo-EM maps, showing that our strategy is
also useful for exploring new cryo-EM data. We were
able to retrieve matches for three examples, using five
input projection images each, against a small library
from 250 shapes. In the second part, we matched five
2D XFEL diffraction patterns each from another three
examples, against a library of simulated diffraction pat-
terns from 1628 EM models. As diffraction patterns are
in Fourier space, we implemented an algorithm to de-
fine the region that captures the overall shape of the
particle in the 2D data for matching. We aim to com-
plete this part of the algorithm in FY2020. Moreover,
we addressed the often-overlooked parameter of the
pixel size in cryo-EM, which describes the magnifica-
tion of the image produced by the experiment. While
efforts are made to refine and validate this parameter in
the analysis of cryo-EM experimental data, there is no
systematic protocol in place. Since the pixel size pa-
rameter can have an impact on the resolution and ac-
curacy of a cryo-EM map, and the atomic resolution
3D structure models derived from it, we propose a
computational protocol to estimate the appropriate pix-
el size parameter. In our protocol, we fit and refine
atomic structures against cryo-EM maps at multiple
pixel sizes. The resulting fitted and refined structures
are evaluated using the GOAP (generalized orienta-

tion-dependent, all-atom statistical potential) score,

XVIII-035

which we found to perform better than other commonly
used functions, such as Molprobity and the correlation
coefficient from refinement. Finally, we describe the
efficacy of this protocol in retrieving appropriate pixel
sizes for several examples; simulated data based on
yeast elongation factor 2 and experimental data from
Gro-EL chaperone, beta- galactosidase, and the TRPV1
ion channel. Lastly, we wrote a review article summa-
rizing the current status of hybrid/integrative model-
ling, where I highlighted the future of XFEL data inter-

pretation.
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Studying Biomolecules”, Journal of Molecular Biol-
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cal Information and Modeling, [Epub ahead of print]
(2020).
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Identification of Molecular Mechanisms Underlying the Evolution
of Bacterial Chape Diversity by Experimental Evolution Approaches
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Biomedical Transition from Lab to Clinic: a study of the

conditions required to produce safe and functional biomedical grade
retinal pigment epithelium (RPE) directly from somatic cells.

Name: Cody KIME
Host Laboratory: Laboratory for Retinal Regeneration

In 2019, Dr. Kime continued to advance his cell re-
programming research with two model systems: induc-
ible retina pigment epithelium (iRPE) from somatic
cells, and inducible 2C-like state derived blastocyst-
like-cysts (iBLC). The iBLC system was published in
Stem Cell Reports demonstrating the induction of 2C
genes and synthetic embryogenesis from pluripotent
stem cells. Expanding that study, Dr. Kime has carried
out extensive new experiments involving metabolism
and 2C-like state stability are ongoing with new col-
laborations in Denmark and Taiwan. Dr. Kime’s iRPE
system has received the most focus, with continued sta-
bility and RPE-like cell generation in bulk. The RPE-
like cells have been transplanted into many albino rats
wherein pigmented and BEST.:EGFP (maturation re-
porter) expressing cells were found to grossly survive,
integrate, and mature in-vivo. Stable iRPE were also
prepared along with their donor cell type, fibroblasts,
and a positive control model of iPS-derived RPE (iPS-
RPE): these 4 cultures were sampled for 10X Chromi-
um 5’ scRNA-seq experiments with very high-quality

libraries aligned to the human genome. Initial NGS

RIKEN Center for Biosystems Dynamics Research
Laboratory Head: Eisuke NISHIDA

analysis shows promising results that among stably re-
programmed cells, many iRPE are very similar to iPS-
RPE with respect to numerous molecular criteria.

Dr. Kime also led his team to revisit epigenetic regu-
lation and plasticity in cell reprogramming with drugs/
small-molecules that are known to increase cell plastic-
ity. Interestingly, for the most part, the core iRPE re-
programming system and medias may be superior to
the effects of such drugs as several experiments con-
trolling for dosage found either no effect, or toxicity,
across the range of doses, and little to no observable
reprogramming improvement. Some experiments with
WNT pathway modulation had colony efficiency gains
and other minor effects, and thus such iRPE reprogram-
ming experiments with WNT continue at lower priori-
ty.

Dr. Kime also optimized new media/transfectant
conditions for bi-daily mRNA-based reprogramming
to prepare the iRPE system for biomedical grade and
automated applications. Several iRPE and candidate
reprogramming factors were produced as mRNAs for

use in this system. Dr. Kime has also developed new
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theoretical approaches for reprogramming retinal cells
in-vivo toward the future medicine of in-vivo eye re-
generation. Dr. Kime continued service as a staff re-

viewer for the journal Bio Protocol.
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Elucidation of the Novel Activation Mechanism of NK Cells by IL-4 and
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Development of Ultra-high Efficiency AlGaN Deep-UV Emitters

using Nano-photonic Light Extraction Scheme

Name: Joosun YUN
Host Laboratory: Quantum Optodevice Laboratory

In order to obtain highly efficient AlIGaN Deep-UV
emitters, it is essential to increase the generated photon
numbers per time in a unit area of quantum well (QW).
However, many AlGaN-based photonic devices such
as light-emitting diodes (LEDs) and Quantum cascade
lasers (QCLs) have been reporting phenomena related
to the strong electron scattering processes which can
disturb the efficient photon generation of the target de-

vices. In this fiscal year, we focused on investigating

RIKEN Cluster for Pioneering Research
Laboratory Head: Hideki HIRAYAMA

the additional scattering mechanism in the AlGaN-
based quantum well system, which barely exists in the
matured material system, such as GaAs-based hetero-
structure devices.

Firstly, we derived the dipole scattering self-energy
for non-equilibrium Green’s function (NEGF) simula-
tion in order to investigate how largely carrier transport
is influenced by the dipole scattering process. Extract-

ed results showed that the consideration of dipole scat-
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tering would be important more and more as the Al
compositional ratio of quantum well approaches near
between 0.5 and 0.6. However, this dipole scattering
was not so strong enough to block the intersubband
transition of electron or to trigger electron overflow.
The calculated full-width half-maximum (FWHM) of
the spectral density was about 37 meV in the case of
Al sGa sN/Alj 4Gay N superlattice structures when
polar optical phonon (POP), interface roughness, and
dipole scattering were considered for the NEGF simu-
lation. Secondly, we calculated the magnitude of the
random electric field generated due to the interface
roughness of GaN/AlGaN QWs. From this calculation,
we revealed that the total root-mean-square of the ran-
dom electric field induced by the disorder of interfaces
is unexpectedly large, i.e., sub-mega-volt per centime-
ter, even at 0.1 Al compositional ratio in an AlGaN bar-
rier. The very high magnitude of the random electric
field may contribute to both the difficulty of the inter-
subband transition of GaN/AlGaN QCLs and the effi-
ciency droop of AlGaN-based LEDs. Also, these high
field magnitudes can contribute to the polarization-in-
duced doping based on the Poole-Frenkel effect.

In conclusion, we arrived at an important conclu-
sion that the roughness-induced piezoelectric charges
may be a major scattering source in AlGaN QW de-
vices. Unintended strong random electric-field gener-
ated by these random charges can influence the polar-
ization doping, auger scattering, and carrier overflow,
which have frequently observed in the AlGaN QW
system. On the other hand, we can infer that the
roughness-induced charge may be related to the strong
scattering phenomena in all ternary or quaternary
GaN-based QWs such as InGaN or AlInGaN. Further
investigation will be necessary to advance the related

physics.
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In the previous fiscal year 2018-2019, I successfully
finished establishing a terahertz time domain spectros-
copy setup (THz-TDS) setup for the project. This in-
cluded the design and optimization of the optics setup
as well as writing LabVIEW program as a user inter-
face with the setup. Previously, I have used a InAs wa-
fer as a THz emitter and a low temperature grown
GaAs photoconductive antenna (PCA) as a detector.
Although I found that this setup can work fine, I de-
cided to improve on this setup more for this year. I
changed the emitter from an InAs wafer to a GaAs PCA
as well. The biggest advantage of this is that the PCA
antenna requires much less pump power than the InAs
wafer. Owing to this, the setup can produce a much
more stable signal since the fluctuations of the femto-
second laser source doesn’t affect much the emitted
THz intensity.

The main focus of this year is the coupling the tera-
hertz light to the scanning probe microscope (SPM) tip.
For this experiment, a gold tip prepared using electro-
chemical etching was used. I found that the alignment
of the THz light into the tip posed a great challenge
since the THz light is invisible. For alignment purpos-
es,asmall (1 x 1 pm) gold sample was used. This was
prepared by first evaporating gold on a glass slide and
removing the Au on other areas while keeping a 1 x 1
pm square at the center. I found that this is an effective
sample for the purposes of alignment. After the align-
ment was optimized, the sample was changed to gra-
phene on Au(111). On this sample, I successfully found
a modulated signal based on the oscillation of the SPM
tip. This is a clear indication the THz light have been
successfully coupled with the tip. The tip distance de-
pendence and found that it nicely correlates to what is
shown in literature. Also, in this FY, I had significant

contribution on a paper that we published in the Journal

RIKEN Cluster for Pioneering Research
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of Applied physics, in this paper, we studied the effects
of the semiconductor interface on the THz emission
characteristics of GaAs. This paper would contribute to
the future design of more efficient semiconductor THz
emitters. Also, in this FY, our paper on tip-enhanced
Raman spectroscopy in low temperature, ultrahigh vac-
uum environment was accepted in Nature nanotechnol-
ogy. In this contribution, we report on the first single
molecule resonance Raman effect combined with sin-

gle molecule absorption previously developed in our

group.
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Development of Terahertz Multifunction Devices with
Nanocarbon Materials
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Revealing the Behavior of Bose Gages in a Flat Band of
Non-Standard Optical Lattices
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DNA-PAINT Super-Resolution Imaging of RNA Polymerase and
Enhancer Assembly for Single-Molecule Kinetic Analysis
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Experimental work
1.1: Spectroscopy of PAH anion in ion storage ring:

The proposal is originally aimed to study the quan-
tum dynamical properties of a PAH molecular anion of
astrophysical relevance, namely Cy, in gas phase. Upon
excitation by external perturbation such as photon col-
lision, the molecular ions are in excited state and de-
excite via three possible ways: thermionic emission,
evaporation of small neutral fragments or emission of
radiation. The post collisional analysis of product ions/
neutrals in terms of their decay property over long time
scale (thousands of milliseconds) provides information
on, population of excited states, lifetime of metastable
states, and auto-detachment/delayed detachment pro-
cesses. The fate of processes is decided by the thermal
energy associated with the molecule. Therefore, the
studies are proposed for both room temperature (300K)
“TMU-E” and cold (4K) “RICE” ion storage ring to
understand the effect of thermal energy. Before starting
with C, (icosahedral symmetry), another small linear
molecule (pentacene) from same PAH family is chosen
to understand the problem with less complexity in
terms of theoretical modelling as well as physical pro-
cesses involved during experiment. Later the experi-
ment will be extended for the proposed one.

Pentacene (mass 278.36 amu) anion is produced us-
ing a Laser ablation source (Nd:YAG laser) and accel-
erated to 15 keV energy and then injected into TMU-E
electrostatic ion storage ring located at Tokyo Metro-
politan University. With revolution time of 76 micro-
sec, every time the rotating ion bunch is hit by a pulsed
laser, if detachment of electron occurs in laser-interac-
tion area of storage ring then neutrals are recorded on a
detector for that event in the straight path of ion beam
direction. By measuring these neutrals over storage
time as well as for different laser excitation wave-

length, the absorption spectra are obtained to observe

RIKEN Cluster for Pioneering Research
Laboratory Head: Toshiyuki AZUMA

radiative cooling of hot anion. We have observed that
the decay curves of pentacene anion are independent of
laser power stating that its due to multiphoton absorp-
tion. These results will be explained/confirmed with
help of theory (see later).

Theoretical work

2.1: Theoretical work for vibrational modes of N,O
cation:

The group at Host laboratory is involved in study of
radiative cooling process involved in dissociation of
the ro-vibrationally cooled N,O molecular cation upon
laser excitation. To reproduce the experimental obser-
vations (cooling dynamics of different vibrational ex-
cited states), there was a demand to obtain the intensity
of frequency of vibration of vibrational modes. Using
quantum chemistry calculation package GAUSSIANO09
with very advanced basis sets (DFT/ccpVdz) which
represent the wavefunctions of molecular orbitals more
accurately and then the Schrodinger equation is solved
to obtain the optimized geometry of the molecular ion.
Further the vibrational modes with their respective in-
tensities is calculated which was used in rate equations
to reproduce the experimental observations. The work
is part of the manuscript to be submitted for publica-
tion.

2.2: Theory for decay rate measurements for pentacene
anion:

To understand the competition between electron
emission and radiative cooling, using the theoretical
code existing in Host laboratory, the detachment rate
constant (using principle of detailed balance) as a func-
tion of internal energy and decay curves for different
storage time are simulated. For this theory model, the
inputs such as the vibrational level densities for both
neutral and anion, polarizability of neutral molecule,
geometry-based capture cross section were obtained.

The density of states can be obtained using the frequen-
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cy of 102 vibrational modes implementing Beyer-
Swinehart algorithm. The frequencies are calculated by
me using GAUSSIANO9 package with Density func-
tional theory based on advanced basis sets (DFT/
ccpVdz)), The detachment rate constant for experimen-
tal time window provides insight to the experimental

observations.

@0Oral Presentations

Conferences
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P. M. Mishra et al, 22nd national conference on atomic
and molecular physics, India 2019, March 25-28.

P. M. Mishra et al, Spectroscopy and dynamics group
meeting, United Kingdom 2020, January 6-8.

@Poster Presentations

Conferences

P. M. Mishra et al, [¥/EREEFEMIE] & [NT
oYY GRAEGT 7 17 5 L, Gotemba
2019, May 10-11.
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Exploration and Control of Supercooling Electronic Phase
in Orbital Degenerate System
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@5 ERZE Publications

1. Keisuke Matsuura, Pham Thanh Cong, Sergei Zher-
litsyn, Joachim Wosnitza, Nobuyuki Abe, and Taka-
hisa Arima, “Anomalous Lattice Softening Near a
Quantum Critical Point in a Transverse Ising Mag-
net”, Phys. Rev. Lett. 124, 127205 (2020) [#F#i
9]

2.N. Abe, S. Shiozawa, K. Matsuura, H. Sagayama, A.
Nakao, T. Ohara, Y. Tokunaga, and T. Arima, “Mag-
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netically induced electric polarization in Ba 3 Fe 2 O
5 CI 2 with tunable direction in three dimensions”,
Phys. Rev. B 101, 180407(R) (2020) [##¢d D ]

3. Keiichi Yano, Takahiro Hanebuchi, Xu-Jie Zhang,
Yoshimitsu Itoh, Yoshiaki Uchida, Takuro Sato,
Keisuke Matsuura, Fumitaka Kagawa, Fumito Arao-
ka, and Takuzo Aida, “Supramolecular Polymeriza-
tion in Liquid Crystalline Media: Toward Modular
Synthesis of Multifunctional Core—Shell Columnar
Liquid Crystals”, J. Am. Chem. Soc. 141, 25, 10033—
10038 (2019) [#F#id D ]

@MOEE3 %k Oral Presentations
1. Matsuura K, “Quenching of Charge-Orbital-Ordered

XVIiI-049

Manganites”, JPS meeting, Gihu, September (2019)

[oral]

@K% —FZEK Poster Presentations

1. Matsuura K, “Quenching of Charge-Orbital-Ordered
Manganites”, CEMS Symposium, Hongo, May
(2019) [poster]

2. Matsuura K, “Quenching of Charge-Orbital-Ordered
Manganites”, SCES 2019, Okayama, September
(2019) [poster]

3. Matsuura K, “Relaxation from quenched ferromag-
netic state to charge-orbital-ordered state in manga-
nites”, The 10th CEMS Research Camp on “Dynam-
ics”, Chichibu, July (2019) [poster] fth1{}

Star Formation across Mass Spectrum and Environments

Name: Yichen ZHANG
Host Laboratory: Star and Planet Formation Laboratory

My works in this year have been focused on two top-
ics listed in my SPDR research proposal, “disk forma-
tion around massive protostars” and “outflow launch-
ing and feedback”. On the first topic, I have discovered
a bipolar outflow photoionized by a very massive (~50
solar masses) star in formation (G45). The outflow is
found to be consistent with a photoevaporation flow
carrying angular momentum away from the disk. There
are indications of a jet from this source suggesting that,
despite of the strong feedback, the accretion is still go-
ing on. This challenges the previous beliefs that the
strong ionization feedback may terminate the accretion
at the late stage of massive star formation. On the sec-
ond topic, I have observed the HH46/47 molecular out-
flow and identified multiple wide-angle outflowing
shell structures in both blue and red-shifted outflow
lobes. These shells are highly coherent in the position-
position-velocity space, extending to 40-50 km/s in ve-
locity and 10,000 au in space with well-defined mor-
phology and kinematics. We suggest these outflowing
shells are the result of the entrainment of ambient gas

by a series of outbursts from an intermittent wide-angle

RIKEN Cluster for Pioneering Research
Laboratory Head: Nami SAKAI

wind. Episodic outbursts in collimated jets are com-
monly observed, yet detection of a similar behavior in
wide-angle winds has been elusive. Here we have clear
evidence that the wide-angle component of the HH
46/47 outflow experiences the same variability seen in

the collimated component.

@Publications

Papers

Zhang Y., Tanaka K. E. 1., Rosero V., Tan J. C., Marvil
J., Cheng Y., Liu M., Beltran M. T., and Garay G.:
Discovery of a Photoionized Bipolar Outflow to-
wards the Massive Protostar G45.47+0.05, Astro-
phys. J. Lett., 886, L4 (2019)

Zhang Y., Arce H. G., Mardones D., Cabrit S., Dunham
M. M., Garay G., Noriega-Crespo, A., Offner S. S.
R., Raga A. C., Corder S. A.: An Episodic Wide-an-
gle Outflow in HH 46/47, Astrophys. J., 883, 1
(2019)

Zhang Y., Tan J., Tanaka K., De Buizer J., Liu M, Bel-
tran M., Kratter K., Mardones D. and Garay G.: Dy-
namics of a Massive Binary at Birth, Nat. Astron., 3,
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517 (2019)

Zhang Y., Tan J., Sakai, N., Tanaka K., De Buizer J.,
Liu M, Beltran M., Kratter K., Mardones D. and Ga-
ray G.: An Ordered Envelope-disk Transition in the
Massive Protostellar Source G339.88-1.26, Astro-
phys. J., 873, 73 (2019)

@Oral Presentations

Conferences

Zhang Y., Tan J., Tanaka K., De Buizer J., Liu M, Bel-
tran M., Kratter K., Mardones D. and Garay G.: “The
Envelope-Disk-Outflow System in Massive Proto-
stellar Source G339.88-1.267, 2019 Spring Annual
Meeting of Astronomical Society of Japan, Tokyo
Japan 2019, March 14-17

Zhang Y., Tan J., Tanaka K., De Buizer J., Liu M, Bel-
tran M., Kratter K., Mardones D. and Garay G.:
“Massive star formation in 0.03” resolution view of
ALMA?”, From Stars to Planets II, Gothenburg Swe-
den 2019, June 17-20

Zhang Y., Tan J., Tanaka K., De Buizer J., Liu M, Bel-
tran M., Kratter K., Mardones D. and Garay G.:

“Spiraling giants: witnessing the birth of a massive
binary star”, 2019 Autumn Annual Meeting of Astro-
nomical Society of Japan, Kumamoto Japan 2019,
September 11-13

Zhang Y.: “Probing kinematics of ionized gas around
forming massive stars”, NAOJ Next Generation
VLA Workshop, Tokyo Japan 2019, September 19

@Poster Presentations

Conferences

Zhang Y., Tan J., Tanaka K., De Buizer J., Liu M, Bel-
tran M., Kratter K., Mardones D. and Garay G.:
“Massive star formation in 0.03” resolution view of
ALMA”, ALMA2019: Science Results and Cross-
Facility Synergies, Cagliari Italy 2019, October 14-
18

Zhang Y., Sakai N., Higuchi A., Oya Y., Lopez-Sepul-
cre A., Imai M., Sakai T., Watanabe Y., Ceccarelli
C., Lefloch B. and Yamamoto S.: “Rotation in the
NGC 1333 IRAS 4C Outflow”, From Stars to Planets
II, Gothenburg Sweden 2019, June 17-20
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Computational Role of Deterministic Property in Neural Networks
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@:EEHFR Publications
(JFER O

Terada Y. and Yamaguchi Y.Y.: “Linear response theo-
ry for coupled phase oscillators with general cou-
pling functions”, Journal of Physics A: Mathemati-
cal and Theoretical 53, 044001 (2020).

Terada Y., Obuchi T., Isomura T. and Kabashima Y.:
“Objective and efficient inference for couplings in

neuronal networks”, Journal of Statistical Mechan-

ics: Theory and Experiment (2019) 124010.

@O35E%#&X Oral Presentations
(P 2=3)

Terada Y., Obuchi T., Isomura T. and Kabashima Y.:
“Objective and efficient inference for couplings in
neuronal networks”, Statistical Physics and Neural
Computation on Neural Computation (SPNC-2019),
Sun Yat-sen University, China, Oct., 2019.

@K X% —%3%K Poster Presentations

(FHEF =)

Terada Y., Obuchi T., Isomura T. and Kabashima Y.:
“Objective and efficient inference for couplings in
neuronal networks”, 40 years of Replica Symmetry

Breaking (RSB40), Sapienza University of Rome,
Italy, Sep., 2019.
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Boundedness of Varieties in Positive Characteristic
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@:EEHFR Publications
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Sato K. : “Ascending chain condition for F-pure thresh-

7% H IK % Ak K Kenta Sato
Z AW B BAGE TS S L
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olds on a fixed strongly F-regular germ”, Compos.
Math., 155, no.6, 1194--1223(2019)*

@OFEREE Oral Presentations

Sato. K: “On accumulation points of F-pure thresholds
on regular local rings”, Commutative algebra semi-
nar, University of Michigan, Feb(2020)

Sato K.: “Title:Akizuki-Nakano vanishing on globally
F-split 3-folds and its application”, Algebraic geom-
etry seminar, University of Utah, Feb(2020)

Sato K.: “Akizuki-Nakano vanishing on globally F-
split 3-folds and its application”, FUARKZAAREFE (A
P ) —, KRR, 11 (2020)

Sato K.: “On the accumulation points of F-pure thresh-
olds”, HA1MIMHEGR > RID L, BB —Y
A FAR7)L, 11H(2019)

Sato K.: “Akizuki-Nakano vanishing on globally F-
split 3-folds and its applications”, 7 7 ./ Z kA K
U RHHd 2 RBOE2, JUNARYE, 11H (2019)

Sato K.: “FHIED AN HALAR20194 1
PR RZ, BIRKRY, 911 (2019)

Sato K.: “A pathology on the accumulation points of
F-pure thresholds”, S E{A[ iRt 2 F—, HaTR
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Sato K.: “Ascending chain condition for F-pure thresh-
olds”, F52I KB I VI Bk, KB 2, 5
J1(2019)

Sato K.: “Introduction to singularity theory in algebraic
geometry”, iTHEMS Math Seminar, B{L AWFZET,
51 (2019)
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Active matter physics of biological cells and
their mechanical control
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@OEE K Oral Presentations

Mitsusuke Tarama, Kenji Mori and Ryoichi Yamamo-
to: “Mechanochemical modelling of crawling cells”,
10th International Conference Engineering of Chem-
ical Complexity, Seminaris SeeHotel, Potsdam, Ger-
many, Jun. (2019)

ZHEMIFSIE : “Modeling dynamics around cells”, 3 1
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Development of gauge theory for families and its applications
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Hokuto Konno, “Positive scalar curvature and higher-
dimensional families of Seiberg-Witten equations”,
Journal of Topology, 12, no. 4, 1246-1265, (2019).

David Baraglia and Hokuto Konno, “A gluing formula
for families Seiberg-Witten invariants”, to appear in
Geometry & Topology, arXiv:1812.11691.

(Zofl: 7L7TV )

Tsuyoshi Kato, Hokuto Konno, and Nobuhiro Naka-
mura, “Rigidity of the mod 2 families Seiberg-Wit-
ten invariants and topology of families of spin
4-manifolds”, arXiv:1906.02943, submitted

David Baraglia and Hokuto Konno, “A note on the
Nielsen realization problem for K3 surfaces”, arX-
1v:1908.03970, submitted

@OEE¥ X Oral Presentations

Hokuto Konno, “The diffeomorphism and homeomor-
phism groups in dimension 4 and Seiberg-Witten
theory”, THER AP I F—, THERE, 2019
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Hokuto Konno, “Gauge theory and symmetries of 4-di-
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mensional spaces”, iTHEMS Math Seminar, FIfJF,
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Hokuto Konno, “Characteristic classes defined using
4-dimensional gauge theory”, Johnson homomor-
phisms and related topics 2019, HETK A, 20194E5
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namics Seminar, the Okinawa Institute of Science
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Hokuto Konno, “Difference between the diffeomor-
phism and homeomorphism groups of 4-manifolds”,
Four manifolds: Confluence of high and low dimen-
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Hokuto Konno, “The diffeomorphism and homeomor-
phism groups of 4-manifolds”, Floer Homotopy The-
ory and Low-Dimensional Topology, University of
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Hokuto Konno, “How to use K-theory in gauge theo-
ry”, Young mathematicians workshop on algebraic,
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Houto Konno, “Rigidity of the mod 2 families Seiberg-
Witten invariants”, HAREZ 2019 ST E
SRR, BIRKRE, 2019890 17H

Hokuto Konno, “The diffeomorphism and homeomor-
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Hokuto Konno, “Positive scalar curvature and gauge-
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Exploring the structure of the quantum gravity and the mechanism
of the spacetime emergence through AdS/CFT correspondence
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Nakatani R. and Yoshida N. “Photoevaporation of Mo-
lecular Gas Clumps Illuminated by External Massive
Stars: Clump Lifetimes and Metallicity Depen-
dence”, the Astrophysical Journal, 883 127 (2019)*

Nakatani R., Liu B. H., Ohashi S., Zhang Y., Hanawa
T., Chandler C., Oya Y. and Sakai N. “Substructure
Formation in a Protostellar Disk of L1527 IRS”, the
Astrophysical Journal Letters, 895, L2*

@MOEEHX Oral Presentations

Nakatani R., “Radiation Hydrodynamics Simulations

of Photoevaporating Protoplanetary Disks with Vari-
ous Metallicities”, r-EMU 1%t symposium, RIKEN,
Wako-shi, Saitama, Japan, Aug. (2019)

Nakatani R. Yoshida N., “KE &R LHHS +EIT
DEIMOE2EFE - TR & a7 GO E
BN, RKCARMFBHER, RARY: B2+
¥ SR, HEA, 951 (2019)

Nakatani R., Hosokawa T., Yoshida N., Nomura H. and
Kuiper R., “Radiation Hydrodynamics Simulations
of Photoevaporating Protoplanetary Disks: Implica-
tions to Metallicity Dependence of Disk Lifetimes”,
Subaru Telescope 20%M-anniversary, Hawaii, USA,
Nov. (2019)

Nakatani R., Hosokawa T., Yoshida N., Nomura H. and
Kuiper R., “Photoevaporation of Protoplanetary
Disks: Metallicity Dependence and Lifetimes”,
NAOJ Planet Formation Workshop, Tokyo, Japan,
Nov. (2019)

Nakatani R., Liu B. H., Ohashi S., Zhang Y., Hanawa
T., Chandler C., Oya Y. and Sakai N. “Substructure
Formation in a Protostellar Disk around a Class 0
Protostar”, Workshop for Protoplanetary Disks and
Exoplanets, ASIAA, Taiwan, Dec. (2019)

@K% —FZEK Poster Presentations

Nakatani R., Hosokawa T., Yoshida N., Nomura H. and
Kuiper R., “Radiation Hydrodynamics Simulations
of Photoevaporating Protoplanetary Disks with Vari-
ous Metallicities”, In the spirit of Lyot, Tokyo, Ja-
pan, Oct. (2019)

Nakatani R., Hosokawa T., Yoshida N., Nomura H. and
Kuiper R., “Radiation Hydrodynamics Simulations
of Photoevaporating Protoplanetary Disks: Metallic-
ity Dependence”, ResCEU Symposium, Okinawa,
Japan, Oct. (2019)
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One-dimensional electron systems with strong spin-orbit interaction
and the superconducting junctions
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1.Kento Ueda, Sadashige Matsuo, Hiroshi Kamata,
Shoji Baba, Yosuke Sato, Yusuke Takeshige, Kan Li,
Soren Jeppesen, Lars Samuelson, Hongqi Xu, Seigo
Tarucha, “Dominant non-local superconducting
proximity effect due to electron-electron interaction
in a ballistic double nanowire”, Science Advances 5,
eaaw2194 (2019)

2.Chen-Hsuan Hsu, Peter Stano, Yosuke Sato, Sa-
dashige Matsuo, Seigo Tarucha, Daniel Loss,
“Charge transport of a spin-orbit-coupled Tomona-
ga-Luttinger liquid”, Phys. Rev. B 100, 195423
(2019)

3. Yosuke Sato, Sadashige Matsuo, Chen-Hsuan Hsu,
Peter Stano, Kento Ueda, Yuusuke Takeshige, Hiro-
shi Kamata, Joon Sue Lee, Borzoyeh Shojaei,
Kaushini Wickramasinghe, Javad Shabani, Chris
Palmstrem, Yasuhiro Tokura, Daniel Loss, Seigo Ta-
rucha, “Strong electron-electron interactions of a
Tomonaga-Luttinger liquid observed in InAs quan-
tum wires”, Phys. Rev. B 99, 155304 (2019)

@OFEH X Oral Presentations

1.K. Kuroyama, S. Matsuo, S. R. Valentin, A. Ludwig,
A. D. Wieck, Y. Tokura and S. Tarucha, “Real-time
observation of spin-flip tunneling processes driven
by a nearby phonon source” International Sympo-
sium on Hybrid Quantum Systems 2019 (HQS2019),
Matsue, Shimane, Dec. 2, 2019
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2.Kento Ueda, Sadashige Matsuo, Hiroshi Kamata,
Yosuke Sato, Yusuke Takeshige, K. Li, Soren
Jeppessen, Lars Samuelson, Hongqi Xu, and Seigo
Tarucha, “Anomalous Shapiro steps in Josephson
junctions of ballistic InAs nanowires” International
Symposium on Hybrid Quantum Systems 2019
(HQS2019), Matsue, Shimane, Dec. 2, 2019

3. (Invited) Sadashige Matsuo “Experimental study on
superconducting junctions of a double InAs nanow-
ire” The Future of Topological Materials, Jadwin
Hall, Princeton University, USA, October 2-5, 2019

4.S. Matsuo, K. Kuroyama, S. Yabunaka, J. Muramoto,
S. R. Valentin, A. Ludwig, A. D. Wieck, and S. Taru-
cha, “Experimental study on full counting statistics
of the Pauli spin blockade effect” Quantum Designer
Physics 2019, San Sebastian, Spain, July 2, 2019

5.S. Matsuo, K. Kuroyama, J. Muramoto, S. R. Valen-
tin, A. Ludwig, A. D. Wieck, Y. Tokura and S. Taru-
cha, “Breakdown of Pauli spin blockade by phonon
irradiation in a GaAs double quantum dot” Com-
pound Semiconductor Week 2019, Nara, Japan, May
22,2019

6.Kento Ueda, Sadashige Matsuo, Hiroshi Kamata,
Yosuke Sato, Yusuke Takeshige, K. Li, Soren
Jeppessen, Lars Samuelson, Hongqi Xu, and Seigo
Tarucha, “Observation of dominant non-local super-
conducting proximity effect due to electronelectron
interaction in a ballistic double nanowire” Com-
pound Semiconductor Week 2019, Nara, Japan, May
22,2019

7.Yuusuke Takeshige, Sadashige Matsuo, Russell
Stewart Deacon, Kento Ueda, Yosuke Sato, Yi-Fan
Zhao, Ling Zhang, Cui-Zu Chang, Koji Ishibashi,
and Seigo Tarucha, “Observation of a.c. Josephson
effect in gate tunable Josephson junction on topo-
logical insulator (Bi0.2Sb0.8)2Te3 films” Compound
Semiconductor Week 2019, Nara, Japan, May 22,
2019

8. (Invited) #RFEHIK, “E4KT / HlIERO 5 2

BBV 3T FRFIGEDAA” <3 F T il
EDIGETINT T, ALK 2019/11/14-15
9.# & ¥ %, Ml AinsE, ¥ 2 /T, Sascha R.
Valentin, Arne Ludwig, Andreas D. Wieck, F2A514
18 “GaAs “HE T Fv MIBITFE/809 Y ALY
PHEER R D 5e at Buwiat” HARYIBL A2 2019 4
MFRZ, IEER, 2019/9/11

10. EHEAN, PR EDK, SRHEAR, err, fEf
#h, K. Li, S. Jeppesen,L. Samuelson, H. Q. Xu,
FAUETE “InAs T/ HIfRS a £ T7 Y VHERICBT
2T Y YO ATy TS — MEGEE HAYEE
22019 4FRTFR L IR 20194E9 H 11 H

@ FX%—%K Poster Presentations

11.Y. Takeshige, S. Matsuo, Russell S. Deacon, Kento
Ueda, Yosuke Sato, Yi-Fan Zhao, Ling Zhang, Cui-
Zu Chang, Koji Ishibashi, Seigo Tarucha, “Experi-
mental study of gate tunable Josephson junctions on
topological insulator (Bi0.8Sb0.2)2Te3” Quantum
Designer Physics 2019, San Sebastian, Spain, July 2,
2019

12. Yosuke Sato, Sadashige Matsuo, Chen-Hsuan Hsu,
Peter Stano, Daniel Loss, Kento, Ueda, Yuusuke
Takeshige, Hiroshi Kamata, Joon Sue Lee, Borzoyeh
Shojaei, Javad Shabani, Christopher Palmstrom, Ya-
suhiro Tokura, Seigo Tarucha, “Strong electron-elec-
tron interactions of a Tomonaga-Luttinger liquid ob-
served in wires formed on InAs quantum well”’, New
materials and structures in topological and correlated
systems (Gordon research conference), Hong Kong,
June 16- 21, 2019

13. Kento Ueda, Sadashige Matsuo, Hiroshi Kamata,
Yosuke Sato, Yusuke Takeshige, Kan Li, Soren
Jeppesen, Lars Samuelson, Hong-qi Xu, Seigo Taru-
cha, “Cooper pair splitting in a ballistic Josephson
junction of InAs double nanowire” New materials
and structures in topological and correlated systems
(Gordon research conference), Hong Kong, June 16-
21,2019
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Development of four-body non-adiabatic multi-channel reaction calculation
method and its application to cold antihydrogen atom reactions
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Piotr Froelich, Takuma Yamashita, Yasushi Kino,
Svante Jonsell, Emiko Hiyama, Konrad Piszcza-
towski: “Four-body treatment of the antihydrogen-
positronium system: binding, structure, resonant
states and collisions”, Hyperfine Interactions 240, 46
(16pp), 2019.*

Takuma Yamashita, Yasushi Kino, Emiko Hiyama,
Konrad Piszczatowski, Svante Jonsell, Piotr Froe-
lich: “Towards prediction of the rates of antihydro-
gen positive ion production in antihydrogen-excited
positronium reaction”, Journal of Physics: Confer-
ence Proceedings, 1412, 052012 (2020).*

@OFEH X Oral Presentations

(£R)

Takuma Yamashita, Yasushi Kino, Emiko Hiyama,
Konrad Piszczatowski, Svante Jonsell, Piotr Froe-
lich: “Towards prediction of the rates of antihydro-
gen positive ion production in antihydrogen-excited

positronium reaction”, XXXIst International Confer-
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ence on Photonic, Electronic, and Atomic Collisions,
Deauville, France, Jul. (2019).

@ FKRX%2—%&K Poster Presentations
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Takuma Yamashita, Yasushi Kino, Emiko Hiyama,
Svante Jonsell, Piotr Froelich: “Inelastic resonant
scattering of positronium by (anti)hydrogen atom”,
XX International Workshop on Low-Energy Positron
and Positronium Physics & XXI International Sym-
posium on Electron-Molecule Collisions and
Swarms, Belgrade, Serbia, Jul. (2019).

Motoaki Niiyama, Takuma Yamashita, Yasushi Kino:
“Four-body calculation of energy levels of muonic
molecule dtpe in muon catalyzed fusion”, XXXIst

International Conference on Photonic, Electronic,

XIvV-015

and Atomic Collisions, Deauville, France, Jul.
(2019).

Takuma Yamashita, Muhammad Umair, Yasushi Kino,
Emiko Hiyama: “Coupled rearrangement channel
calculation of dipole resonance states of positronic
helium atom”, XXXIst International Conference on
Photonic, Electronic, and Atomic Collisions, Deau-
ville, France, Jul. (2019).

Takuma Yamashita, Yasushi Kino, Emiko Hiyama,
Konrad Piszczatowski, Svante Jonsell, Piotr Froe-
lich: “Towards prediction of the rates of antihydro-
gen positive ion production in antihydrogen-excited
positronium reaction”, XXXIst International Confer-
ence on Photonic, Electronic, and Atomic Collisions,
Deauville, France, Jul. (2019).

Nanoscopic Visualization of Non-equilibrium Electron Kinetics

via Terahertz Fluctuation in Matters

Name: Qianchun WENG

Host Laboratory: Surface and Interface Science Laboratory

In this study, a conceptually new scanning probe
technique (called scanning noise microscope, SNoiM)
is developed for studying the charge-carrier dynamics
and the associated energy dissipation process down to
the atomic scale. The SNoiM to be developed is a com-
bination of ultrahigh vacuum (UHV), low temperature
scanning tunneling microscope (LT STM) with a home-
made ultrasensitive terahertz detector (called charge
sensitive infrared phototransistor, CSIP). First, the
CSIP detector is fabricated using the electron beam li-
thography (EBL) and successfully transferred into the
low temperature (4.5 K) STM chamber. It has been
tested that CSIP detector can be properly operated in
the existing STM system and it shows sensitive photo-
response to the incident radiations from room tempera-
ture objects (when the low temperature window is
open, 300 K thermal radiation can directly enter the
STM chamber and detected by CSIP). The STM cham-
ber should be completely dark when both 77 K win-

RIKEN Cluster for Pioneering Research
Laboratory Head: Yousoo KIM

dow and 4.5 K window are closed. However, with the
sensitive CSIP detector, an unexpected background ra-
diation is measured (the effective radiation tempera-
ture, 7,4, 1s roughly estimated to be around 80 K). The
background radiation should be significantly sup-
pressed in the future SNoiM measurements because the
THz signal from the sample will be much smaller. As
for the next step, THz optics is designed and combined
with the new CSIP detector. The focus of the lens sys-
tems should be accurately align to the photo-sensitive
area (130130 pum?) of the CSIP detector. The new
CSIP detector together with the lens systems are then
incorporated into the LT STM system.

@Oral Presentations

Conferences

Weng Q.,An Z., Lu W. and Komiyama S.: “Nanoscopy
of charge kinetics via terahertz fluctuation” 25% In-

ternational Conference on Noise and Fluctuations,
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Microcity Switzerland 2019, June 18-21.

Weng Q.: “Terahertz Scanning Noise Microscopy -Im-
aging of ultrafast charge dynamics at the nanoscale-"
5t National Terahertz Conference of China, Shang-
hai China 2019, June 24-25.

Weng Q. and Komiyama S.: “Terahertz nanoscopy of
non-equilibrium carrier dynamics: A thermometric
approach” Infrared Terahertz Quantum Workshop,
California USA 2019, September 15-20.

Weng Q., An Z., Lu W. and Komiyama S.: “Imaging

XIV-016

hot-electron distribution in nanoscale electronic de-
vices” International School and Symposium on Na-
noscale Transport and Photonics, Atsugi Japan 2019,
November 18-22.

Weng Q. and Komiyama S.: “Scanning probe micros-
copy of charge-carrier dynamics via terahertz fluc-
tuation” 27t International Colloquium on Scanning
Probe Microscopy, Shizuoka Japan 2019, December
5-7.

Research topic (capitalize) New Phases and Pheneomena

from Frustration

Name: John Owen BENTON
Host Laboratory: Quantum Matter Theory Research Team

This research project investigated the properties of
various frustrated magnetic systems, with a view to
discovering novel phases of matter and new types of
emergent excitation. The project spanned three distinct
research topics. Firstly, there was an in depth investi-
gation of the properties of the frustrated magnetic
Nd,Zr,0; in collaboration with experimentalists at the
Helmholtz Zentrum Berlin in Germany. Secondly,
there was a theoretical study of the ground state phase
diagram of a model descriing rare-carth magnets on
the kagome lattice. Thirdly, in collaboration with Dr.
Tsutomu Momoi of the Condensed Matter Theory
Laboratory, there was an invesitigation of possible
nematic order in the Shastry-Sutherland compound
SrCu,(BOs3),.

The investigation of Nd,Zr,0 led to an accurate de-
termination of the exchange constants in the anisotro-
pic exchange Hamiltonian, describing the low tempera-
ture magnetism. Obtaining these parameters enables
quantitative modelling of the magnetic behavior and
sheds light on the materials behavior under and applied
magnetic field. Further experiments and theoretical
modelling revealed that the intermediate temperature
phase of Nd,Zr,O, is a highly non-trivial quantum
Coulomb phase. A deeper theoretical study of the spin

RIKEN Center for Emergent Matter Science
Laboratory Head: Akira FURUSAKI

model describing Nd,Zr,0- and related materials led to
the determination of a complete ground state phase dia-
gram and the prediction of quantum spin liquid ground
states over a large region of the parameter space.

The theoretical investigation of the kagome lattice
model led to a complete determination of possible
ground state orders in rare-earth kagome systems. A
combination of numerical and analytical methods were
used to determine the phase diagram as a function of
the microscopic exchange parameters and it was shown
that five distinct magnetic orders are possible, one of
which is predicted to be exceedingly rare.

In the case of SrCu,(B0O3),, we used a Landau theory
analysis to investigate possible nematic ordering in the
presence of an applied magnetic field, and how this is
affected by small but finite Dzyaloshinskii-Morya
(DM) interactions. It was found that DM interactions
may either change the nematic symmetry breaking
from U(1) to Z, or remove it entirely, depending on the

values of the DM interaction parameters.

@Publications

Papers

Xu J., Benton O., Anand V. K., Islam A. K. M. N, Gui-
di T., Ehlers G., Feng E. Su Y. Sakai A., Gegenwart
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P. and Lake B.: Anisotropic exchange Hamiltonian,

magnetic phase diagram and domain inversion of

Nd,Zr,0,, Phys. Rev. B 99, 144420 (2019)
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Conferences

Benton O.: Quantum spin liquids in dipolar-octupolar
pyrochlores, Strongly Correlated Electron Systems
2019, Okayama, Japan, September (2019)
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Control and measurement of open quantum systems realized in
superconducting circuits
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+J. Joo, C.-W Lee, S. Kono, and J. Kim: “Logical
measurement-based quantum computation in circuit-
QED”, Scientific Reports, 9, 16592 (2019).

* J. Ilves, S. Kono, Y. Sunada, S. Yamazaki, M. Kim,
K. Koshino, and Y. Nakamura, On-demand genera-
tion and characterization of a microwave time-bin
qubit, npj Quantum Information 6, 34 (2020).

* D. Lachance-Quirion, S. P. Wolski, Y. Tabuchi, S.
Kono, K. Usami, and Y. Nakamura, Entanglement-
based single-shot detection of a single magnon with
a superconducting qubit, Science 367, 425-428
(2020).

* K. Koshino, S. Kono, and Y. Nakamura, Protection
of a qubit with a subradiance effect: Josephson quan-
tum filter, Phys. Rev. Appl. 13, 014051 (2019).

* S. Kono, K. Koshino, D. Lachance-Quirion, A. F.
van Loo, Y. Tabuchi, A. Noguchi, and Y. Nakamura,
Breaking the trade-off between fast gate and long
lifetime of a superconducting qubit, Nature Com-
mun. 11, 3683 (2020).
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+ S. Kono: “Quantum measurement of itinerant micro-
wave photons using superconducting circuits”, Inter-
national Workshop on Solid-State Qubits, Daejeon,
Korea (2019), invited.

* S. Kono: “Generation and detection of itinerant mi-
crowave photons using superconducting qubits”,
The 5th International Symposium on Microwave/
Terahertz Science and Applications, Busan, Korea
(2019), invited.

* S. Kono: “Generation and detection of itinerant mi-
crowave photons using superconducting qubits”,
AQL Young Scientist Workshop, Hangzhou, China
(2019), invited.

+ S. Kono, K. Koshino, J. Ilves, Y. Sunada, Y. Tabu-
chi, A. Noguchi, Y. Nakamura: “Generation and de-
tection of itinerant microwave photons using a su-
perconducting qubit”, 32nd International Symposium
on Superconductivity (ISS2019), Kyoto, Japan
(2019), invited.
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* S. Kono, K. Koshino, Y. Tabuchi, A. Noguchi, D.
Lachance-Quirion, and Y. Nakamura, Breaking the
trade-off between gate and relaxation times of a su-
perconducting qubit with a Josephson quantum fil-
ter: Experiment, SQ20th, Tsukuba, Japan (2019).

+ S. Kono, K. Koshino, D. Lachance-Quirion, Y. Ta-
buchi, A. Noguchi, and Y. Nakamura, Breaking the
trade-off between gate and relaxation times of a su-
perconducting qubit, Topical Conference on Quan-
tum Computing 2019 (TCQC2019), Kyoto, Japan
(2019).
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Biophysics of chromatin remodeling: toward microscopic
understanding of cell differentiation
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Yohsuke T. Fukai and Kazumasa A. Takeuchi, Phys.
Rev. Lett. 124, 060601 (2020)
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Fukai T. Yohsuke, Tamai Keiichi, Yamaguchi Hiroki
and Hiraiwa Tetsuya: “Universal interface fluctua-
tions for absorbing-state phase transitions”, STAT-
PHYS 27, Buenos Aires,Argentina, Jul.(2019)

@K X4 —%%K Poster Presentations

(ER)

Yohsuke T. Fukai: “Interface formed by duplicating
particles (+a)”, BDR Retreat 2019, #%E, 10H
(2019)
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Rare-Earth-Catalyzed Regio- and Enantioselective

C-H Bond Functionalization

Name: Xuefeng CONG
Host Laboratory: Advanced Catalysis Research Group

The development of catalytic diastereodivergent
transformations for the synthesis of all possible diaste-
reoisomers of functionalized 1-aminoindanes from the
same set of starting materials is of great interest and
importance. In present research, we have achieved for
the first time the diastereodivergent [3+2] annulation of
aldimines with alkenes via ortho-C-H activation by us-
ing half-sandwich rare-earth catalysts having different
steric environments around the central metal atom. The
CsMe,SiMe;-ligated Sc-1 with more hindered scandi-
um center gave trans diastereoisomers of 1-aminoin-
danes, whereas the larger yttrium complex Y-3 bearing

less sterically hindered tefra-methyl cyclopentadienyl

RIKEN Center for Sustainable Resource Science
Laboratory Head: Zhaomin HOU

ligand afforded cis selective diastercoisomers. A vari-
ety of substituted styrenes containing either electron-
withdrawing or -donating substituents all reacted with
aldimine in the presence of Sc-1 or Y-3, exclusively af-
fording the corresponding frans- or cis-selective prod-
ucts in good yield and high diastereoselectivity. A
range of aromatic aldimines bearing electron-donating
and -withdrawing groups could smoothly react with
styrene, affording the corresponding products trans or
cis isomers in good yield with high diastercoselectivity
(> 19:1 d.r.). Generally, a range of functional groups,
including halogen, trimethylsilyl, dimethylamino, and

even terminal alkenyl were well tolerated, thus
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affording more opportunities for further chemical
transformations. The diastereodivergent annulation re-
action can be performed on a gram scale without detri-
tion to its efficiency, which afforded respective trans
and cis products in good yield and excellent d.r. The
intramolecular kinetic isotope effect (KIE) of the Sc-1
catalyzed annulation was found to be ky/kp = 1.1. The
intermolecular KIE of kyy/kp = 1.5 was investigated by
means of the initial rates of the two side-by-side reac-
tions of substrates 1a and la-ds. In sharp contrast, the
intramolecular KIE of ky/kp = 3.0 and the intermolecu-
lar KIE of ky/kp = 6.7 were observed for Y-3 catalyzed
annulation. These results suggest that the ortho-C-H
cleavage of the aldimine may be involved in the rate-
determining step of Y-3 catalyzed annulation, but is not
involved in the rate-determining step of Sc-1 catalyzed
annulation. We suggest that the interaction of the weak-
ly coordinating arene 7 system and the electrophilic
yttrium center is crucial to leading to the exclusive cis
diastereoselectivity. The catalytic system features ex-
cellent substrate scopes and functional group compati-
bility and high regio- and diastereoselectivity. In addi-
tion, we have achieved for the first time the
scandium-catalyzed regio- and diastercoselective [3+2]
annulation of aldimines with alkenes via sp3 C-H acti-
vation. This process constitutes an efficient route for

the synthesis of frans selective functionalized cyclo-

XIV-020

pentylamines from easily accessible starting materials.
This reaction features a broad substrate scope, high

yields, and high diastereoselectivity.
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Cong X., Nishiura, M. and Hou Z.: “Rare-Earth-Cata-
lyzed Diastereodivergent [3+2] Annulation of Aldi-
mines with Alkenes via C-H Activation” The 35th
Conference of Rare Earth Society of Japan, Osaka
University, Osaka, Japan 2019, May 15-16.

Cong X., Nishiura, M. and Hou Z.: “Rare-Earth-Cata-
lyzed Diastereodivergent [3+2] Annulation of Aldi-
mines with Alkenes via C-H Activation” The 69th
Conference of Japan Society of Coordination Chem-
istry, Nagoya University, Nagoya, Japan 2019, Sep-
tember 21-23.
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Cong X., Nishiura, M. and Hou Z.: “Rare-Earth-Cata-
lyzed Diastereodivergent [3+2] Annulation of Aldi-
mines with Alkenes via C-H Activation” The 1st In-
ternational Symposium on Hybrid Catalysis for
Enabling Molecular Synthesis on Demand, The Uni-
versity of Tokyo, Tokyo, Japan 2019, May 30-31.

Insitu B BRI ERROBMITLIBIC L 2 ZEFBHRICHOFEE

Development of Multi-Electron Transfer Theory Based on
In-situ Spectroelectrochemistry and Machine Learning
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Ooka H., Nakamura R.: “Shift of the Optimum Binding
Energy at Higher Rates of Catalysis”, J. Phys. Chem.
Lett., 10 (2019) *

Li A., Ooka H., Bonnet N., Hayashi T., Sun Y., Jiang
Q., Li C., Han H. and Nakamura R.: “Stable Poten-
tial Windows for Long-Term Electrocatalysis by
Manganese Oxides Under Acidic Conditions”, An-
gew. Chem. Int. Ed., 58 (2019) *

He D.,OokaH.,LiY., Jin F. and Nakamura R.: “Phase-
selective Hydrothermal Synthesis of Metallic MoS,
at High Temperature”, Chem. Lett., 48 (2019) *

Gkeaid)

Ooka H., McGlynn S. E. and Nakamura R.: “Electro-
chemistry at Deep-Sea Hydrothermal Vents: Utiliza-
tion of the Thermodynamic Driving Force towards
the Autotrophic Origin of Life”, ChemElectroChem,
6(2019) *
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Ooka H., Nakamura R.: “From Thermodynamics to Ki-

netics: Predicting New Catalysts By Revisiting the
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Sabatier Principle” 8th ELSI Symposium “Extend-
ing Views of Catalysis”, Tokyo, Japan, Feb. (2020)
Ooka H.: “Balancing Thermodynamics and Kinetics to
Achieve Maximum Rates in Catalysis”, iTHEMS

Weekly Meeting, Saitama, Japan, Jan. (2020)

Ooka H., Nakamura R.: “Shift of the Optimum Binding
Energy at Higher Rates of Catalysis”, The 4th Solar
Fuel Material Workshop, Seoul, Korea, Sept. (2019)

Ooka H., Nakamura R.: “Difference in the Binding En-
ergy Which Optimizes the Rates and Overpotentials
of Electrocatalysis”, 3rd International Solar Fuels
Conference-Young, Hiroshima, Japan Nov. (2019)

KRFEs, FPRET : “RE T3V F—2 5 W 7wk
ikt DR FE”, WAL EZRHMFRE, 1B, OH
(2019)

Ooka H., Nakamura R.: “Element Strategy of Oxygen
Evolution Electrocatalysis Based on the Reaction
Mechanism of Manganese Oxide, Iron Oxide, and
Iridium Oxide”, 2019 North American Catalysis So-
ciety Meeting, Chicago, USA, Jun. (2019)
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Ooka H., Nakamura R.: “Difference in the Binding En-
ergy Which Optimizes the Rates and Overpotentials
of Electrocatalysis”, 3rd International Solar Fuels
Conference/International Conference on Artificial
Photosynthesis 2019 (Joint symposium), Hiroshima,
Japan, Nov. (2019)

Ooka H., Nakamura R. “Understanding Catalytic Effi-
ciency based on the Topology of the Reaction Net-
work”, CSRS Interim Report, Wako, Japan, Nov.
(2019).

Exploring New Possibilities of Phthalocyanines through

Supramolecular Approaches

Name: Cheng ZHANG

Host Laboratory: Information Transforming Soft Matter Research Unit

Recently, researchers pay more and more attention
to polar materials due to its promising applications

such as bulk photovoltaic effects, shift-current theory,

RIKEN Center for Emergent Matter Science
Laboratory Head: Daigo MIYAJIMA

spin filter effects, and so on. The bulk photovoltaic ef-
fect involves direct current generation in noncentro-

symmetric semiconductors or insulators under light ir-
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radiation. However, most of the reported literatures
were mainly for inorganic ferroelectrics such as oxides,
chalcohalides and hybrid perovskites, while studies on
in organic materials are quite limited. We designed and
synthesized a subphthalocynine (SubPc) derivative
(SubPc-SC,,) having C;, symmetry with hexagonal
columnar liquid crystalline property exhibiting sponta-
neous polarization along the columnar axis. The polar-
ization orientation is developed under E-field applica-
tion only when cooling the sample from the isotropic
phase to liquid crystal phase. Moreover, after applying
DC E-field, the macroscopic polarization has photo-
response and can generate photocurrent under light ir-
radiation after E-field is switched off, which could be
applied in organic photodetectors. The devices based
on SubPc-SC,, can operate at 0.5 V with an ultra-low
dark current density of 0.08 pA cm and a high on/off
current ratio of 6.6 X 10? with the simple device struc-
ture, just sandwiching the SubPc-SC,, by two ITO
electrodes. This is the first example of organic photode-
tection device based on just one material with bulk
photovoltaic effects.

However, although we successfully utilized the mac-
roscopic polarization into photodetector applications,
the relationship between the polarization and photocur-
rent generation is still unclear. It is highly emergent to
develop the polar single crystals to quantitatively in-

vestigate the relationship and propose the rule/princi-

X1v-022

ple to promote the development of the field of organic
optoelectronics. Through our efforts, just by replacing
the @ -H atoms of SubPc to F atoms, we successfully
obtained the polar crystals with perfect hexagonal co-
lumnar arrangement and fully 7 -surface overlap which
is never reported yet in organic single crystals with
only one component. Now we seriously study the shift-
current theory and spin-filter effects based on this polar

crystal with good semiconductivity.
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Zhang C., Miyajima D., Aida T.: “Bulk Photovoltaic
Effects with Spontaneous Polarization of Subphthal-
ocynines” The 2019 Self-Assembly and Supramo-
lecular Chemistry GRC, Les Diablerets, Switzerland,
2019, May 18-24.

Zhang C., Miyajima D., Aida T.: “Bulk Photovoltaic
Effects with Spontaneous Polarization of Subphthal-
ocynines” Organic Photoelectronics: Theory, Mate-
rials, Interfaces, and Spectroscopy, RIKEN, 2019,
July 25-26.

Papers

Zhang C., Nakano K., Nakamura M., Araoka F.,* Ta-
jima K., Miyajima D.*: Noncentrosymmetric Co-
lumnar Liquid Crystals with the Bulk Photovoltaic
Effect for Organic Photodetectors. J. Am. Chem.
Soc. 2020, 142, 3326-3330.

Three-Dimensional Organic Semiconductors:

A Non-Fullerene Approach

Name: Mitisidike RUKEYAMU

Host Laboratory: Emergent Molecular Function Team

Three dimensional (3D) conjugated molecular sys-
tems hold the potential to further improve the electron-
ic properties of organic semiconductors via facilitating
efficient charge transport in multiple dimensions. How-
ever, in 3D molecular systems the high dimensionality
in the 7 -conjugated framework are often found to be

intransferable into a higher dimensional electronic

RIKEN Center for Emergent Matter Science
Laboratory Head: Kazuo TAKIMIYA

structure in the solid state. On the other hand, for 3D
molecular systems, it has been a challenge to balance a
high crystallinity and high dimensionality. These chal-
lenging factors thus have been largely preventing 3D
molecular structures from reaching their full potential.
Therefore, in this project, a series of four molecules

having an increased number of NTI (a thiophene-fused
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naphthalene diimide, namely naphtho[2,3-b] thiophene
diimide) from 3 to 6 attached adjacent to each other on
a benzene core (NTIx, x=3-6), finally leading to a six-
armed structure (NTI6), were synthesized using a sim-
ple direct arylation reaction in satisfactory high yields.
After thoroughly characterizing their structure using
various characteriazation techniques, their photophysi-
cal and electronic properties were investigated in de-
tails in a comparative manner. The molar extinction
coefficient of the molecules and through space elec-
tronic interaction between NTI units in the reduced
state strongly increased as the number of NTI in the
molecule increases. While NTI6 owned an exception-
ally high crystallinity with excellent solubility, other
molecules appeared to be non-crystalline. Owing to the
peripheral LUMO distribution of NTI, which resides
mainly on the outer C-C bond and the oxygen atoms,
that can create a 3D electronic structure in NTI6 and its
high crystallinity, NTI6 showed excellent electron
transport properties and photovoltaic behaviour; For

NTIG6, air-stable electron mobilities around 0.02 cm?/V.

s is extracted from field-effect transistors of spin-coat-
ed thin-films, while other NTIx molecules (NTI3-5)
showed two magnitude order lower mobility. The air-
stable and high mobility of NTI6 is certainly the high-
est among six-armed 3D conjugated molecules. Invert-
ed solar cells with NTI6: PTB7 (a donor polymer based
on  4,8-bis(5-(2-ethyl-hexyl)-thiophene-2-yl)  and
thieno[3,4-b] thiophene) blend as the active layer gave
an average power conversion efficiency over 5 %,
again largely outperforming other NTIx molecules and
six-armed 3D molecules in general. For star-shaped 3D
molecules, it has been a challenge to concurrently gain
both high dimensionality and crystallinity. Our design
strategy could thus provide an approach to this long-

standing issue.
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Matsidik R. and Takimiya K.: A Highly Cystalline Six-
armed N-type 3D Molecule with High Electronic

Performance. Under preparation.
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Development of 3D and 4D Structures of Inorganic Nanosheets based on the Control of
Electrostatic Repulsion: Toward Innovative Optical, Mechanical and Transport Functions
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Colored Water with Cofacially Aligned Nanosheets”,
Polymer, 177, 43-48 (2019).*
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XIV-024

345-348. (2019).*

@O5E¥ %X Oral Presentations

(#ER)

BT, CHEBERE, SR, Sl A, g
W, EARERE, M= RS > — F Ol
BB IS & 2 HET T DFEHL”, 2019 4F H A
pratae, D<K, 9H (2019).

BT, wERRY, e RmsE, HHE=, A
FHERE: “Mep% T/ o — b O H CHIRRLIC X 24
wE”, FesmlE iy fafins, #it, 9H (2019).

BT, WERRY, e REE, HHE=, A
PR . “MiE% T/ > — b RN @) < e 2
FIR L7255 MENA Fa s )L, Bes ulmsr 1at
ez, k9 (2019).

{E¥FfiiiZ=: “Propagating Wave by Coherent Motion of
Physically Interlocked Nanosheets”, CEMS Interna-
tional Symposium on Supramolecular Chemistry and
Functional Materials (CEMSupra 2019), 35<, 124
(2019).

BT, WERRE, e REsE, HHE=, A
K & : “Spatially and Temporally Ordered
Structure of Inorganic Nanosheets”, HAL A5
100 742y, B7H, 3 H (2020), FEERTE.

MEFBESHKICLIHEDFIVE OERBEBERASFY - IVORRE

Development of Molecular Tools to Reveal Mechanism of
Plant Hormones by Rapid Derivatization
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Development of a Fluorescent DNA Replication Reporter and Its Application
to Genome-Wide Screening of Hi-C Nuclear Compartment Regulators
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Local Degradation of Neuronal Protein in Dendrites
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Development of the high-speed super-resolution optical microscope system
and mathematical analysis of the membrane traffic dynamics of a budding yeast
based on high precision measurements using that system
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Developing a Machine Learning Algorithm to Dechipher Principles
of Histogenesis and Morphogenesis
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Unveiling Gene Expression Regulation by RNA G-quadruplex
using fluorogenic RNA
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FERVEFEICH T 3 HE6EAREA
Identification and Functional Characterization of Peptide Hormones
Secreted from the Plant Seed Coat to the Spermosphere

As a natural border the plant seed coat must com-
municate with many different cell types, both with
other seed tissues and with other soil microorganisms.
Recently small signaling peptides (SSPs) have been
shown to be an important class of plant signaling mol-
ecules, however their function’s remain largely un-
known due to their small size and vast number. Since
the seed coat is likely to mediate signaling through
SSPs, I propose to identify SSPs secreted from the seed
coat and characterize their functions. Small secreted
proteins highly expressed in seed coats will be identi-
fied from the Arabidopsis proteome and transcriptome
as putative seed coat SSPs. Loss-of-function mutants
for these seed coat SSPs will then be isolated and ana-
lyzed for seed development defects. In addition, the
microflora composition around these seeds in fields
will be surveyed to determine how SSPs mediate com-
munication with other soil microorganisms. Seed coat
has been utilized in the past for its strength in genetic
analyses, however its biological relevance has yet to be

delineated. This proposed research aims to determine

WM& K4 Y7 A A=)V Tsai, Yi-Lun
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the role of seed coat in signaling, by taking advantage
of the seed coat as a genetic model system to address
the outstanding questions concerning plant SSP func-

tions.
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Evolvability of multi-copy genomes: balance between
stability and evolution
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Functional Analysis of Predictive Coding Circuits
for Decision-Making in Zebrafish
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H., Okamoto H. : “Calcium imaging of basal ganglia
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Global and Quantitative Analysis of Neuronal RNA Granules

Name: Marek KRZYZANOWSKI

Host Laboratory: Laboratory for Protein Conformation Diseases

Expression of the genetic information consists of
several steps, including mRNA transport and transla-
tion. In neuronal cells, delivery of specific mRNAs to
dendrites for local translation allows modulation of
synaptic strength and consequently underlies higher
brain functions such as learning, memory and emo-

tions. Delivery of mRNAs to the dendrites occurs in the

RIKEN Center for Brain Science
Laboratory Head: Motomasa TANAKA

form of RNA transport granules, which contain ribo-
somes, translation factors and RNA-binding proteins.
However, despite the potential significance of RNA
granules for higher brain functions the mechanisms
governing assembly and regulating neuronal RNA
granules are unclear. Moreover, there is currently no

single established method to isolate them from a vari-
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ety of sources, to follow their dynamics or changes in a
global and quantitative way.

The scope of this research project is to comprehen-
sively investigate the composition and function of neu-
ronal RNA granules to identify novel factors involved
in RNA granule assembly, mRNA transport and local
translation. To this end, I am developing a biochemical
method to purify RNA granules from mouse brain and
cultured cortical neurons. Next, I will characterize the
composition of neuronal RNA granules with mass
spectrometry and RNA sequencing to identify their
protein and RNA components, respectively.

At this initial stage of the project I have confirmed
the presence of RNA granule marker proteins in the
biochemically isolated RNA granules and their purity
from other major cellular components. Recently, with
the use of quantitative mass spectrometry I have ana-

lyzed the protein composition of RNA granules puri-

XIV-034

fied from mouse brains of various ages. Preliminary
results identified a number of proteins potentially en-
riched in RNA granules, including some that have not
been previously characterized in the context of neuro-
nal function or local translation in the dendrites. Next,
I will validate the presence of the newly identified RNA
granule components with other methods and investi-
gate their role in RNA granule assembly and function.
In the future I will apply this methodology to mouse
models of neuropsychiatric-diseases to identify the
components of RNA granules deregulated in mental
diseases such as autism-spectrum disorders. Similarly,
in cultured neurons, I will investigate the dynamic
changes to RNA granules upon neuronal stimulation.
Together, this study has a potential to reveal a number
of mechanistic insights into the biology of RNA gran-
ules that will advance our understanding of both their

physiological and disease-related roles.

Modulation of the Strength of Emotional Memories

by High States of Anxiety

Name: Nur Zeynep GUNGOR
Host Laboratory: Laboratory for Neural Circuitry of Learning and

Central amygdala (CeA) is a brain area involved in
fear learning and expression, and contains a moderate
number of enkephalin (ENK) expressing cells. By se-
lectively expressing calcium indicators in the pENK-
cre-knock-in mice line and using a miniature micro-
scope mounted to animal’s head, the activity of pENK
cells was imaged in vivo. When the animal received
electrical foot-shocks, a strong sustained activity out-
lasting the foot-shock exposure was observed. When a
neutral auditory tone was paired with the foot-shocks,
animal learned that the tone predicts the shock. How-
ever, the pENK cells were not active during the tone.
Accordingly, the inhibition of the pENK cells during
the tone and shock did not change animals’ fear re-
sponses, suggesting that inhibition during the shock
and post-shock period might be necessary to observe

any changes in behavior. The inhibition was achieved

Memory, RIKEN Center for Brain Science
Laboratory Head: Joshua JOHANSEN

by hyperpolarizing the cells through activating the vi-
rally introduced light-sensitive proton pump archaer-
hodopsin (Arch) with a laser light delivered to the ani-
mals’ head by fiber-optic cables.

We also found that pENK cells were active during
rescue from a hot plate. In this test, the animals were
put into a chamber with an uncomfortably heated floor.
After a short exposure time, the animals were rescued
either by the experimenter’s hand, or by a small plastic
platform. pENK cells were active when the animal
made contact with either the experimenter or the plat-
form. Interestingly some pENK cells selectively en-
coded the experimenter’s hand and were consistently
active whenever they were handled, even outside of the
hot plate chamber. The rescuer platform, on the other
hand, did not acquire such a representation but in plat-

form experiments, returning home increased the activ-
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ity of pENK cells. We also observed that animals chose
to spend more time with the rescuer platform (versus
another familiar platform) in both heated and non-heat-
ed hot plate chamber. Moreover, the animals’ prefer-
ence for the rescuer platform could be modulated by
the aversiveness of hot plate test (controlled by the
level of heat and exposure times). In a mildly aversive
version, we observed that the animals were almost in-
different to the rescuer platform. However, when ani-
mals were tested with using the same parameters but
inhibiting the pENK cells with Arch, they demonstrat-
ed a strong preference for the rescuer platform. Over-
all, these results suggest that activity in CeA ENK cells
are observed during exposure to noxious stimuli and
might specifically evoke an opponent process to bal-
ance the negative effects of aversive situations and en-

code a relief signal. In the absence of such a buffering

XIV-035

mechanism, animals demonstrate exaggerated fear
learning.

In another line of experiments, we tested whether ex-
posure to stressful situations enhanced fear learning to
tones associated with foot-shocks. Exposure to a mo-
bile predator bird, bright lights and loud noise did not
affect the anxiety levels of animals, assessed in open
field exploration test. In contrast, immobilization, pred-
ator-smell and tail suspension increased anxiety levels.
However, stressed animals did not demonstrate en-

hanced fear learning.
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Gungor N. Z., Johansen J: A chronic pain in the ACC.
Neuron, 102, 5 (2019)

Research topic Investigation of manipulation of interneuron activity

on hippocampal memory formation

Name: Vladislav SEKULIC
Host Laboratory: Laboratory for Circuit and Behavioral Physiology

In mammals, the formation of new memories criti-
cally depends on the hippocampus. Although primarily
composed of excitatory principal neurons, the remain-
ing inhibitory interneurons exhibit a wide array of mor-
phological, molecular, electrophysiological, and syn-
aptic properties!. Thus, teasing apart the contribution
of different interneuron cell types is required to under-
stand hippocampal function. One prominent type of
inhibitory interneuron in the CA1 region of the hippo-
campus is the O-LM cell (oriens-lacunosum/molecu-
lare), which innervates the distal regions of the den-
dritic tree of principal excitatory neurons. O-LM cells
may play a critical role in switching information flow
between novel sensory and contextual information?.
Furthermore, impairment of CA1 O-LM interneuron
activity in a mouse model of Alzheimer’s leads to

memory deficits’. However, how O-LM interneurons

RIKEN Center for Brain Science
Laboratory Head: Thomas MCHUGH

affect local circuit computations in the CA1 hippocam-
pal region is largely unknown.

In the present study, we sought to determine local
circuit effects of O-LM cell manipulation during con-
textual fear conditioning (CFC) tasks in mice. Using
somatostatin-Cre (SST-Cre) mice, where somatostatin
is a genetic marker for O-LM cells, we measured activ-
ity of neurons in dorsal hippocampal CAl using the
Robust Activity Marker (RAM)* during new memory
formation in CFC tasks. Additionally, we co-injected
the SST-Cre mice using either excitatory (hM3D) or
inhibitory (hM4D) DREADDs, to measure the effect of
either activating or inhibiting SST neurons during con-
ditioning.

Surprisingly, CA1 pyramidal cell RAM expression
was increased upon SST cell activation compared to
when SST cells were inhibited, contrary to previous

work showing the opposite effect on principal granule
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cell activity by SST interneuron activation in the den-
tate gyrus®. Additionally, in the SST inactivation group
only, putative interneurons in stratum radiatum and la-
cunosum/moleculare showed markedly increased acti-
vation. Furthermore, SST inactivation led to increased
freezing behaviour compared to activation. Together
with the disinhibitory effect, this indicates the possibil-
ity of increased pyramidal cell recruitment during con-
ditioning arising due to lowered inhibition onto apical
and distal dendrites, resulting in greater recall during
the testing phase. Further investigation of these find-
ings will help shed light on potential CA 1-specific mi-

crocircuit functional organization in health and disease.
References:

1. Klausberger, T., and Somogyi, P., (2008) Science
321, 53.
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Molecular Changes in Sensory Neurons During Chronic

Cutaneous Inflammation

Name: Sotaro OCHIALI
Host Laboratory: Laboratory for Tissue Dynamics

The main focus of the research is to investigate how
sensory neurons interact and communicate with non-
neuronal cells such as immune cells in the context of
cutaneous inflammation.

Briefly, sensory neurons were FACS sorted form WT
and atopic dermaititis (AD) mice, and were single cell
RNA sequenced. Unsupervised clustering analyses
showed that sensory neuron subsets can be divided in
to six subsets. Differentially expressed gene (DEG)
analysis revealed that the gene expression pattern in
one of the subsets to be greatly different between the
WT and AD mice. One of the signature gene for this
subset is interleukin-31 receptor alpha (IL-31RA).

Previous publications report IL-31RA expression on
sensory neurons, fibroblasts and cultured epithelial
cells. IL-31, its cytokine counterpart, is a type 2 cyto-
kine, the levels of which are increased in the serum pa-
tients with AD and other pruritic skin disorders, and is
produced by activated T lymphocytes of the AD pa-
tients. Although, recombinant IL-31 administration has
been shown to induce itch and it is speculated it con-
tributes to the exacerbation of cutaneous inflammation,
it is unknown whether IL-31 binds to IL-31RA directly
on sensory neurons. Hence, in the first portion of the
fellowship, I have investigated whether the importance
of sensory neuron IL-31RA during cutaneous inflam-
mation.

I generated sensory neuron specific IL-31RA knock-
out mice (IL-31RA-LoxP x Navl.8-Cre) where only

the sensory neurons lack the ability to respond to IL-

RIKEN Center for Integrative Medical Sciences
Laboratory Head: Takaharu OKADA

31. When recombinant IL-31 was administered, these
mice did not show scratching behavior, while the con-
trol wild-type mice showed a robust acute scratching
behavior. Other itch inducing compounds, such as
Compound 48/80, oncostatin M and lysophosphatidic
acid, induced comparative levels of itch between the
knock-out and wild-type mice. Using a chemically in-
ducible AD model (MC903 model), I discovered that
the T cells in the skin produces IL-31 around the time
skin inflammation developed. I also showed that the
number of scratching events was reduce by at least half
in the sensory neuron specific IL-31RA knock-out mice
compared to the wild-type mice in this model.

I demonstrated the involvement of IL-31RA ex-
pressed by sensory neurons in pruritus, leading to nov-
el therapeutic strategies which target neuronal cytokine
receptors to treat disorders that are classically catego-
rised as immune diseases.

I am currently searching for other mediators that
could harness interaction and communication between
neurons and non-neuronal cells during the develop-

ment of cutaneous inflammation.

@Poster Presentations

Ochiai S., Takahashi S., Nakayama M., Shiroguchi K.
and Okada T.: “IL-31 induced pruritus is dependent
on the expression of IL-31RA by sensory neuron.”
The 48™ Annual Meeting of the Japanese Society for
Immunology, Hamamatsu, Japan 2019 December
11-13
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Single-cell Opto-transcriptomics For Deciphering Mechanisms
And Functions Of mTORC1 Signaling Heterogeneity
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“Unraveling mTORCI1 activity dynamics and its bio-
logical roles in cell cycle progression”, 2019
ASCBIEMBO Meeting, Washington DC., USA,
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logical roles in cell cycle progression”, Resonance-
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XIV-040 Ultrasensitive SERS microfluidic chips fabricated by photonic methods

Name: Shi BAI

Host Laboratory: Advanced Laser Processing Research Team

In FY 2019, three-dimensional metal-semiconductor
composite nanostructure was fabricated in a closed
glass microchannel. The glass microchannel was fabri-
cated by femtosecond laser assisted chemical etching.
In order to realize selective metallization, femtosecond
laser ablation and subsequent electroless metal plating
were used to create copper film in microchannel. We
found that since the metal nanoparticles only deposited
on rough glass surface, the laser ablated area was coat-
ed by metal film by anchor effect. To generate zinc ox-
ide nanowire, continuous wave laser (CW laser) with
405 nm wavelength was used. The sample was put into
zinc precursor (containing zinc nitrate) and irradiated
by CW laser. The laser beam was focused by a 10X
objective lens on copper film in glass microchannel.
Because the copper film absorbed the light and trans-
ferred the electromagnetic energy to heat, the zinc ox-
ide nanowire was synthesized by laser induced hydro-
thermal growth. Energy-dispersive X-ray spectroscopy
(EDS) was applied to demonstrate that the nanowire
was zinc oxide and the morphology was observed by
the scanning electron microscope (SEM). In addition,
we found that the shape and length of zinc oxide
nanowire could be adjusted by laser power and irradia-
tion time. At low laser power, the zinc oxide nanowire
became cauliflower-like shape. With increasing laser
power, the zinc oxide nanowire was turned to nanotip,
nanowire and fusiform shape. By setting the irradiation
time, the length of nanowire could be controlled from
several hundred nanometers to several micrometers. At
last, the silver nanoparticles were decorated on the zinc
oxide nanowires. The silver nanoparticles were synthe-
sized by CW laser as well. The zinc oxide nanowire
decorated glass microchip was put into silver nitrate
and trisodium citrate solution. Since the silver ions ab-
sorbed the photon from CW laser, the silver ions were
reduced to silver nanoparticle. Because the trisodium

citrate acted as the inhibitor, the silver nanoparticles

RIKEN Center for Advanced Photonics
Laboratory Head: Koji SUGIOKA

were not allowed to grow and eventually, their size was
limited to several tens of nanometers. The morphology
of three-dimensional metal-semiconductor composite
nanostructure (Ag nanoparticle/ZnO nanowire) was
observed by SEM and this kind of three-dimensional
hybrid structure will be used for surface enhanced Ra-
man scattering. Currently, I am studying on the simula-
tion of electric field excited by the three-dimensional
hybrid structure. The simulation results can reveal the
intensity of electric field and make it easier to under-
stand the surface enhanced Raman scattering as well as
how to increase the enhancement factor of surface en-

hanced Raman scattering.

@Publications

Original Paper

1.Bai S.,DuY., Wang C., Wu J. and Sugioka K.; Reus-
able Surface-Enhanced Raman Spectroscopy Sub-
strates Made of Silicon Nanowire Array Coated with
Silver Nanoparticles Fabricated by Metal-Assisted
Chemical Etching and Photonic Reduction. Nano-
materials 9, 1531, (2019).
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The 8th International Congress on Laser Advanced
Materials Processing, Hiroshima Japan 2019, May
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on Cu-Ag Double Layer inside glass microfluidic
channel for Surface Enhanced Raman Scattering”
The 67th JSAP Spring Meeting 2020, Tokyo, Japan
2020, March 12.
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for SERS sensing” The 8th International Congress
on Laser Advanced Materials Processing, Hiroshima
Japan 2019, May 22.

2.Bai S., Serien D., Obata K., Sugioka K.: “Femtosec-
ond Laser Direct Writing of Periodic Surface Nano-
structure on Cu-Ag Double Layers for Surface En-
hanced Raman Scattering” The 7" RIKEN Center
for Advanced Photonic symposium, Wako Japan
2019. December 9.

Microfluidic Assisted Synthesis of RNAi-based Cancer Nanomedicine

Name: Hei Man LEUNG
Host Laboratory: Nano Medical Engineering Laboratory

Encapsulating therapeutic drugs in nanoparticles
have potentials in the development of RNAi-based
drug delivery system for cancer treatment. However,
the lack of understanding of interactions and transport
of nanoparticles to tumor site hindered the use of nano-
medicine. The objectives of this research are to under-
stand the effect of drug carriers’ size and shape on the
interaction with cancer; and to design efficient RNAi-
based drug delivery systems for cancer therapy. To
achieve these objectives, there is a need for a control-
lable and reproducible fabrication strategy of carriers
for drug delivery. Microfluidic assisted synthesis of
polymer particles at micro- to nano- scale is currently
being developed for controlling the size and shape of
nanomaterials. The advantage of using microfluidic ap-
proach is the ability to fabricate reproducible and ho-
mogeneous micro- or nano-carriers of desired size and

shape. Photo-curable gelatin has been synthesized and

RIKEN Cluster for pioneering Research
Laboratory Head: Yoshihiro ITO

used to generate size tunable droplets with microfluidic
assisted approach. The effect of flow rate and concen-
tration of gelatin solution have on the particle size was
investigated. The results show our microfluidic devices
have excellent controlled over the size of gelatin drop-
lets, which agrees with previous literatures. In order to
optimize the design of microfluidic devices for produc-
tion and UV crosslinking of gelatin droplets, high
throughput designs have been incorporated to mini-
mize droplet coalescence and improve encapsulation
efficiency. The outcomes of this research will advance
the current strategy of drug delivery system develop-
ment with microfluidics, which enables fabrication of
homogeneous particles with size and shape tunability.
Furthermore, it is expected that the formations of drug
carriers with various shapes can be achieved by adding

microfeatures into the microfluidic device.
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Characterization of Dry-Cured Sausages Stuffed in A New Innovative

Casing Formulation Based on Terahertz Spectroscopy and Imaging

Name: Chao-Hui FENG
Host Laboratory: Terahertz Sensing and Imaging Research Team

Sausages, with the unique flavor and special “bite”,
are important gastronomic and nutritional heritage.
Natural casings are preferable for sausage manufacture
due to its special tender. However, the occurrence of
casing burst hinders rapid and efficient sausage produc-
tion. Therefore, improving the property of the casing is
highly requested. In my previous research study, I am
the first person to modify a unique natural hog casing
by using different concentrations of surfactant solu-
tions and slush salt with lactic acid. Casings were ob-
served to be more porous after modification. Neverthe-
less, research study on how other sausage casings like
sheep and beef casings respond to the casing modifica-
tion procedures have not been investigated.

Hyperspectral imaging (HSI), as an innovative tech-
nology, can simultaneously obtain both spatial and
spectral information from a subject. It is a novel meth-
od to assess meat quality in the modern meat industry
without destructing to the meat products. The applica-
tion can achieve from to classify the cooked, sliced tur-
key ham; to predict the quality, chemical composition,
microbial contaminants of beef, chicken, pork, fish,
and shrimp; to detect the fresh or stale chicken or fish;
and to discriminate the adulteration in minced lamb
patties. However, there are a few studies addressing on
identifying processed meat products using both HSI
and terahertz spectroscopy technology (THz).

With the dramatic development of source and detec-
tor components, THz technology has recently shown a
renaissance in various fields such as medical material,
biosensing and pharmaceutical industry. As a rapid and
non-invasive technology, it has been intensively em-
ployed to detect biology threats and defects, residue
detection, transgenic food, foreign body detection,
moisture content monitor, dynamical chances in seeds
and adulteration. However, the application of terahertz

spectroscopy in foodstuffs is still at infant stage in com-

RIKEN Centre for Advanced Photonics
Laboratory Head: Chiko OTANI

parison with the sophisticated and prevalent spectro-
scopic and imaging techniques like hyperspectral im-
aging, Raman spectroscopy, and NIR images. This is
because water is strong THz wave absorber, which is
the major hurdle for comprehensive application of THz
in the food industry. As a high-water content product
like casing, it is therefore a great challenge and no rel-
evant study on characterising different casings by using
THz spectroscopy has been investigated. Therefore, the
main objective of this project is to study the feasibility
of characterising different natural casings before and
after modification using THz-TDS, to potentially
broaden the application fields of terahertz spectroscopy
to food field. Following this, the dynamic changes of
quality (moisture, color, textural)/microbial attributes
in modified casing sausages are creatively to inspect
and locate by terahertz spectroscopy and images. The
overall results obtained from THz spectroscopy and

HSI will be compared.
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(impact factor: 4.258).
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factor: 7.862).
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1.Feng, C. H. (2020).: Where there is a will, there is a
way. Young Researcher News. 30, 2-4. Published.
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the Novel Techniques for Food” The All-Riken
Workshop 2019. Wako Japan 2019, December 5-6.
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Development of single-nanometer focusing system of
X-ray free electron lasers for exploring photon-vacuum interaction
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@ik LH% Publications
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S. Matsuyama, J. Yamada, Y. Kohmura, M. Yambashi,
T. Ishikawa, and K. Yamauchi: “Full-field X-ray
fluorescence microscope based on total-reflection
advanced Kirkpatrick-Baez mirror optics”, Optics
Express 27(13), 18318-18328 (2019).*

J. Yamada, S. Matsuyama, R. Hirose, Y. Takeda, Y.
Kohmura, M. Yabashi, K. Omote, T. Ishikawa, and
K. Yamauchi: “Compact full-field microscope for
hard X-rays based on advanced Kirkpatrick-Baez

mirrors”, Optica, accepted for publication.*

@OEEH X Oral presentations

(HEPE =

J. Yamada (invited), S. Matsuyama, T. Inoue, N. Naka-
mura, T. Osaka, 1. Inoue, Y. Inubushi, K. Tono, H.
Yumoto, T. Koyama, H. Ohashi, T. Ishikawa, K. Ya-
mauchi, and M. Yabashi: “Development of XFEL
sub-10 nm focusing mirrors: wavefront-corrected
multilayer KB system and upgrade to advanced KB
system”, RIAO-OPTILAS-MOPM 2019, X-ray op-
tics Owe 3.4, Cancun, Mexico, 23-27th Sept. (2019).

XIV-044

J. Yamada (invited): “XFEL sub-10 nm focusing mirror
system based on Wolter IlI-advanced KB optics”,
The 15th Symposium of Japanese Research Commu-
nity on X-ray Imaging Optics (XI02019), Sendai,
Japan, 25-26th Oct. (2019).

J. Yamada: “Advanced KB mirror optics and its appli-
cations”, The 12th 3-Way X-ray Optics Workshop,
ESRF, Grenoble, France, 10th Feb. (2020).
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=T, BB MHABGDEAREE - ISP
YEFYYRTYT L, 6D002, VA VT HNE,
1, 1710-12H (2020).
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J. Yamada, S. Matsuyama, T. Inoue, N. Nakamura, T.
Osaka, I. Inoue, Y. Inubushi, K. Tono, H. Yumoto, T.
Koyama, H. Ohashi, T. Ishikawa, K. Yamauchi, and
M. Yabashi: “Development of XFEL sub-10nm fo-
cusing system based on Wolter IlI-adbvanced KB
optics”, International Conference on X-ray Optics
and Applications (XOPT2019), XOPT-P-09, Pacifi-
co Yokohama, Kanagawa, Japan, 23-25th April
(2019).
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Development of chiral optical chromatography using superchiral light
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@i ERE Publications
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[1] Hashiyada S. T, Endo K., Narushima T., Togawa Y.
and Okamoto H. T: “Spectral properties of chiral
electromagnetic near fields created by chiral plas-
monic nanostructures®, J. Phys.: Conf. Ser., 1220
012050 (2019)*

[2] Gilroy C. T, Hashiyada S. T, Endo K., Karimullah
A. S., Barron L. D., Okamoto H., Togawa Y. and
Kadodwala M. 1 : “Roles of superchirality and inter-
ference in chiral plasmonic biodetection”, J. Phys.
Chem. C, 123 15195-15203 (2019)*

T correponding authors

@OEEH %X Oral Presentations
(RS2
[1] Yoshitake Y., Hashiyada S., Okamoto H. and Toga-

wa Y.: “The response of chiral magnetic order to chi-

ral plasmonic field”, The International Symposium
on Plasmonics and Nano-photonics (iISPN2019),
Kobe, Japan, Nov. (2019)

[2] Gilroy C., Hashiyada S., Endo K., Karimullah A. S.,
Barron L. D., Okamoto H., Togawa Y. and Kadod-
wala M.: “The roles of ‘superchirality’, optical chi-
rality dissipation and interference in biomolecular
detection with chiral plasmonic structures”, The 10t
International Conference on Metamaterials, Photon-
ic Crystals and Plasmonics (META2019), Lisbon,
Portugal, July (2019)

[3] Okamoto H., Hashiyada S. and Narushima T.: “Na-
noscale imaging and control of chiral optical fields”,
The 10™ International Conference on Materials for
Advanced Technologies (ICMAT2019), Marina Bay
Sands, Singapore, June (2019) (Invited)

(HHNZH)

[4] K, BAFREH, PR R R Rl
U 7eBRIRe T/ B b O FEEREL”, HADE
23 AE R 27 fl A T 23 Optics & Photonics Japan
2019, KBx, 12 7 (2019)

@ FX%—%K Poster Presentations
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[1] Hashiyada S., Narushima T. and Okamoto H.:
“Chiral optical near-field created by plasmonic nano-
structures®, Material Research Meeting 2019, Yoko-
hama, Japan, Dec. (2019)

[2] Ahn H. -Y., Hashiyada S., Narushima T., Lee H.
-E., Nam K. T. and Okamoto H.: “Plasmonic chirop-
tical responses of 3D continuous chiral nanoparti-
cles®, Material Research Meeting 2019, Yokohama,
Japan, Dec. (2019)

(FHNZH)

[3] MEFHIfE, HIdRY - “ERURDCRNE U 72 BRIR <
F /R 5 OMREYEHE”, B 2RI T L
F7m Dty T22pE ), DL, 121 (2019)

[4] HEHES, Mk, MARE, FIIRE: “F5
IWT'T XE VKBS DISE”, HAYRH
FR2019EMFARR, IR, 9H (2019)
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XIV-045 Tip-Enhanced Raman Spectroscopy of Homogeneous Displacement of
Aromatic Thiolates for Binary Self-Assembled Monolayers on Au(111)

Name: Misun HONG

Host Laboratory: Surface and Interface Science Laboratory

Tip-enhanced Raman spectroscopy (TERS) based on
scanning tunneling microscopy (STM) has attracted
great attention to spatially resolve chemical informa-
tion as well as topographic features of molecules in lo-
cal regions at various interfaces. Here, molecular ex-
change reactions (i.e. displacement) are investigated
for thiolate self-assembled monolayers (SAM) on
Au(111) by STM-TERS analysis. Displacement ap-
proach has been applied for fabricating binary SAMs to
render surface properties and physical/chemical behav-
iors. One adsorbate molecules are first introduced to
fully cover surface of a substrate, which is followed by
exposure to the other adsorbate molecules to displace
the pre-adsorbed species. The resultant binary SAMs
can exhibit homogeneous blending of two components
or phase segregation into each component-rich do-
mains depending on combination of adsorbates, inter-
molecular interactions during fabrication, and so on.

Among SAMs on gold surfaces, aromatic thiolates
such as benzenethiolate and its derivatives have been
investigated for both fundamental understanding of
SAMs using Raman spectroscopy and practical func-
tions of electron conduction across the films applicable
in organic devices. In this work, two types of simple
aromatic thiolates, benzenethiol and benzenemethane-
thiol, were co-adsorbed on Au(111) with progressively
increasing reaction time for displacement. Upon dis-
placement, surface concentrations of the displacing
thiolates became predominant as proven by vibrational
features in TERS spectra. On the other hands, surface
topography of SAMs obtained by STM imaging could
represent the underlying Au(111) surfaces. Even after

the binary SAM was overwhelmingly composed of the

RIKEN Cluster for Pioneering Research
Laboratory Head: Yousoo KIM

displacing thiolates, the Au surface structures partially
remained as similar as when covered with the pre-ad-
sorbed thiolates. These complementary analyses of
TERS and STM could suggest kinetically facile ex-
change of pre-adsorbed species with new adsorbates
and rather slow diffusion of underlying surface Au at-
oms during displacement. Furthermore, displacement
occurred homogeneously at least in nanometer scale as
TERS measurements at multiple local sites on one
sample showed resembling vibrational features in the
spectra. This again supports facile displacement reac-
tion of the simple aromatic thiolate SAMs on Au(111).
The achievement in here demonstrates advantages of
TERS and STM analyses demonstrating structural and
chemical states of molecules at interfaces more than

surface morphologies.

@Oral Presentations

Conferences

Hong M., Yokota Y. Hayazawa N., Kazuma E., Kim
Y.: “Development of EC-TERS towards spatial
spectroscopy of electrochemical interfaces” ECSJ
Fall Meeting, Yamanashi Japan 2019, September
5-6.

@Poster Presentations

Conferences

Hong M., Yokota Y. Hayazawa N., Kazuma E., Kim
Y.: “Tip-enhanced Raman spectroscopy of aromatic
thiol self-assembled monolayers on Au(111)” 27th
International Colloquium on Scanning Probe Mi-
croscopy (ICSPM27), Shizuoka Japan 2019, Decem-
ber 5-7.
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XIV-046

Development of a Hybrid Scanning Probe-Fluidic Nanospectroscopy

System for In-Situ Molecular Bioanalysis

Name: Maria Vanessa BALOIS

Host Laboratory: Innovative Photon Manipulation Research Team

Recently, we were able demonstrate subnanometer
resolution imaging in ambient using our home-built
scanning tunneling microscope (STM) based tip-en-
hanced Raman scattering (TERS) spectroscopy sys-
tem. Such high spatial resolution was obtained owing
to the high photon confinement of light at the tip apex,
the stable environment of the experiment system, and
our highly defined test sample, which is a membrane of
pristine monolayer graphene on an Au(lll) single
crystal substrate. Our current work focuses on: (1) the
evidence of high photon confinement through the si-
multaneous observation of both allowed and forbidden
Raman modes of graphene; (2) characterization of lo-
cal strain variations in graphene on an Au(111) sub-
strate; and (3) the possible effect of high photon con-
finement on the strain analysis of graphene.

An important evidence of the strongly confined field
at the tip apex is the observation of the forbidden D, D’,
and D+D’ Raman modes alongside the allowed G and
2D Raman modes. The forbidden modes are called
“forbidden” under diffraction-limited excitation be-
cause there are no defects to preserve the momentum
conversation by electron-phonon scattering during
double resonance. During TERS excitation of pristine
or “defect-free” graphene, however, large £ vectors are
present and can conserve the momentum through pos-
sibly non-vertical optical transitions. In our STM-
TERS system, the large wavenumber is determined by
the inverse of the field variation distance, kg~ p/d ™~ 107
cm!. This value almost spans the wavevector g of the
full phonon dispersion curve that reaches up to the
boundary of the Brillouin zone, whose value is p/a ~
108 cm™!, where a is the lattice parameter. Therefore,
momentum is conserved not only for the D and D’ Ra-
man modes, but even the D+D’ combination mode.
Hence, enabling all three forbidden modes to be detect-

able. This kind of breaking of Raman selection rules

RIKEN Center for Advanced Photonics
Laboratory Head: Takuo TANAKA

would not occur if the field is not strongly confined.
Using our high resolution STM-TERS system in am-
bient, we were able to study the as-fabricated strain
properties of a monolayer graphene membrane on an
Au(111) substrate. In particular, we successfully im-
aged local strain nano-domains that could not be direct-
ly imaged through conventional Raman microscopes.
We also observed splitting of both the G and D’ Raman
modes due to uniaxial strain. However, through the
comparison of the theoretically calculated strain and the
experimentally observed strain, it is possible that other
Raman modes are also excited during TERS excitation.
This presents an interesting challenge for both theoreti-
cians and experimentalists alike to determine the effects
of highly confined light on the measured Raman spec-
tra. Such findings will, in turn, further help in under-

standing and analyzing TERS acquired data.

@Publications

Original Paper

Balois M.V., Hayazawa N., Yasuda S., Ikeda K., Yang
B., Kazuma E., Yokota Y., Kim Y. and Tanaka T.:
Visualization of subnanometric phonon modes in a
plasmonic nano-cavity via ambient tip-enhanced Ra-
man spectroscopy. npj 2D Mater Appl 3, 38 (2019).
published*

Review article

Balois M.V., Hayazawa N., Chen C., Kazuma E., Yo-
kota Y., Kim Y., and Tanaka T.: Development of tip-
enhanced Raman spectroscopy based on a scanning
tunneling microscope in a controlled ambient envi-
ronment. Japanese Journal of Applied Physics, 58,
S10801 (2019). published*

@Oral Presentations
Conferences

Balois M.V., Hayazawa N., and Tanaka T.: “Sub-nano-
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meter Resolution Tip-Enhanced Raman Spectrosco-
py in Ambient” The International Symposium on
Plasmonics and Nanophotonics” Kobe, Japan, No-
vember 11-14 (2019).

Balois M. V., Hayazawa N., and Tanaka T.: “Sub-nano-
meter Resolution Near-Field Scanning Optical Mi-
croscopy in Ambient” The 34 RIKEN-nCOMS Joint
Symposium, Wako, Japan, August 19 (2019).

@Poster Presentations
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Conferences

Balois M.V., Hayazawa N., and Tanaka T.: “Sub-nano-
meter Resolution Near-Field Scanning Optical Mi-
croscopy in Ambient” The 7" RIKEN Center for
Advanced Photonics Symposium, Wako, Japan, De-
cember 9-10 (2019).

Balois M. V., Hayazawa N., and Tanaka T.: “Sub-nano-
meter Resolution Near-Field Scanning Optical Mi-
croscopy in Ambient” [HENT— Y RI T L
2019, Tokyo, Japan, June 28 (2019).
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A Non-invasive Brain Stimulation Approach for Revealing
the Roles of Neural Synchronization
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Onojima T., Okazaki Y. and Kitajo K., A model-based
approach to estimating phase response curves of
TMS modulated EEG oscillations, Annual Meeting
of the Organization for Human Brain Mapping, Au-
ditorium Parco Della Musica, Rome, Italy, Jun.
(2019)
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XIV-048

EBRCEFAEVBIEARLEH—KRF/ Fa—-THE—BFEOER

Single Quantum Source Capable of Manupulationg Electron Spin
at Room Temperature Based on Carbon Nanotubes
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Daichi K., Xiaojian W., Akihiro L., Jacob F., Keigo O.,
Rong X., Taiki I., Shigeo M., YuHuang W., Yuichiro
K. K., “Diameter-dependent Photoluminescence En-
ergy Observed in Color Centers of Air-Suspended
Single-Walled Carbon Nanotubes”, 53671l it #7F
PRBFAGEHE,  ERORENAF v 283
H (2020)

Daichi K., Xiaojian W., Akihiro I., Jacob F., Keigo O.,
Rong X., Taiki I., Shigeo M., YuHuang W., Yuichiro
K. K., “Vapor-Phase Functionalization of Air-Sus-
pended Single-Walled Carbon Nanotubes Using an
Aryl-Halide”, 58] 75—L 2 «F /Fa—
T T T2 URREYVRIT L, WU
At tset > 2 — DYk AR —IL3 H (2020)
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On the evolutionary mechanism of the establishment of dinosaur body plan
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- Egawa, S., Botelho, J., Bhullar, B.A.S. On the Mor-
phogenetic Historiography of the Archosaur Femur.
International Congress of Vertebrate Morphology12,
Prague Czech Republic, 2019.07
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