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Foreword

This Annual Report is a compilation of the research reports submitted by the Special Postdoctoral
Researchers (SPDRs) and Foreign Postdoctoral Researchers (FPRs) working at RIKEN in fiscal 2017.
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 1668 SPDRs and 153 FPRs, and there are currently
143 SPDRs and 3 FPRs at RIKEN.

July 2018
RIKEN
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What is Cellular Differentiation and De-differentiation?
Arabidopsis Root Hair Cells As a Model System
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org/10.1093/pcp/pex083. * corresponding author
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Establishment of Planetary High Energy Physics by Multi-wavelength
Remote Sensing Using Space Telescopes
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M. Fujimoto (2018), Response of Jupiter’s Aurora to
Plasma Mass Loading Rate Monitored by the Hisaki
Satellite During Volcanic Eruptions at lo, Journal of
Geophysical Research Space Physics, 123, doi:
10.1002/ 2017JA025029. *
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Electron-Spin-Based Quantum Computing in Silicon
Multiple Quantum Dots
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Research on Majorana fermions in hybrid
semiconductor-superconductor devices

AT HhiT e, ThASDRATFTHHEX
etk - cH B, ok ik, JET—XY
TUMRICRES Ll r R Y L ANER L
B, RAHEENCH U TlEN s b, #ELiC
SO M RO IVEFEFRORTFE Y DS L
WOBIRKXORELTHZHED TS, TOWER T
BT HHRE LT, S He DBIHRENIRAE, Sr,RuO,
R UPt 7% E D p I RE A, 528 1R —)VIRiEx
EDNRBENTVEH, HfHSH &V S BRI TR
BHEICZESDOEVEERET VIR SN Tz,

S TN T BN 4 A VR Y N S O e = 2 N E
R FRIRIC BT S Ok A RBTES T L
MRIBENTLRE., CoRCBVWTYITHRTD
ARk - Mtz B U7eWEe il owise 7 )V — 7%
HDICIERICI TN T WS, BIfE, CORICET S
< 3T SR T OFIEIIRE A RIS K o TIRIERER
BEDELESTEY, ZO MR h)lattEzsl
FNHREANCIEL L, B PIEERLBEANCISH T %
CeZHEEL LIMENERL TV,

AW TIE, 220 5T~ I TR
BRI 2 F17d %, 1 DHIE. P8k 8L
A A T ORI S B U, Fhis %
HEFIC AN T i B s UM E R g O VL 2 H AR
9, 2DHIIE. 3T FHRFRRI ORI R IE T
BEMI L, BB B 533 T FhirOR
Ak HiEd,

A, PSR nAsE PR a7 Y U
BBV T, BUBEEFROBINEG X O pec
KBRS a7V RO ZAR T, TDFR
BT, I T FHRTFHEBT S M ARa Uil
TIIEUSENH D 4 Il 72 % EFREN TV S D,
Bz L ic &k b, 35 ki O R ILE
BEREGZINTORY, SR, BHREARE)IE DS
Szt d s 2 ik D, R RBLEE R
BIIL, 7F—MEEBXI TG TERT ST LI

W 7% % IC 4 8k K Kamata, Hiroshi
2 AN W9t = AFEER e o 2 —

RPERES AT LRI NV —T
(Gl S o - P 1))

Yilie, EHIC, mRAPENEIC X > T, #{mghiH
2R T VY R ATy I BXUYakTIV Y
HEZ OBINC SN LTz, CTORERIZ. CoikhcE
FRRWT a7y ARMERRER C L 2R L
THO ., S AR OMEZRELT 5 &Ik D,
<3 TR OER - AR E NS,

@OGEHRZE Oral Presentations

CER)

Kamata H.,Deacon R.,Matsuo S.,Baba S.Li K., Xu
H.,Ishibashi K.,Tarucha S.: “Josephson radiation of
nanowire Josephson junctions”, 2571 *[SERk& %)
RemTHmoglinHE =, B#5F, 8H2017)

HFIK, Deacon R., #EE)X, KA, LiK.,
Xu H., ARG, AR "Ry at
TV UHERICBI BV a7V VHEERE, H
AYBLAZ 201 THERBRE, AT, 97 (2017

HfHIK, Deacon R., #EEr{%, LHfEA, LiK.,
Xu H., REFHEE : “mAsE TS a TV >
PR BT B F TR R, HAYR AR 0
TEERARZ, T, 37 (2018)

@ KX %2—%%K Poster Presentations

(#ER)

Kamata H., Deacon R., Matsuo S., Baba S., Li K., Xu
H., Ishibashi K. and Tarucha S.: “Josephson radia-
tion of InAs nanowire Josephon junctions”, Interna-
tional Conference on Electronic Properties of Two-
Dimensional Systems (EP2DS-22), Pennsylvania,
USA, 8H(2017)

Kamata H., Deacon R., Matsuo S., Li K., Xu H., Ishi-
bashi K. and Tarucha S.: “Josephson emission of
InAs nanowire Josephon junctions”, The 2nd Inter-
national Symposium on Dynamics in Artificial
Quantum Systems (DAQS2018), Tokyo, 1 H(2018)



XXVII-017

Transformation of Dinitrogen to Ammonia and Organonitrogen

Compounds by Using Multimetallic Transition Metal Hydride Complexes
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Nitrogen is essential for life and is very inert. Indus-
trially, ammonia is synthesized from H, and N, under
extremely harsh conditions. Chemists have long
searched for a low-energy process for transformation
of N, by using transition metal complexes. Previously,
researchers used low-valent transition metal species or
combination of transition metal complexes with strong
reducing reagents to activate N,. Some catalytic trans-
formations are even reported, however, these reaction
systems require the sacrifice of an excess amount of
strong reducing agents and proton agents. An alterna-
tive approach is the direct reduction of N, by transition
metal hydrides, which avoids the use of extra reducing
agents and proton sources, and may provide an entry to
homogeneous catalyst systems for the synthesis of NH;
from a mixture of N, and H,. Previously we reported a
trinuclear titanium polyhydride complex that cleaved
and hydrogenated N, under mild conditions. In this re-
search we try to convert dinitrogen to ammonia and
organonitrogen compounds by using multimetallic
transition metal hydride complexes. In the first two
years, I have synthesized and investigated the chemis-
try of a series of Ti hydride complexes with substituted
cyclopentadienyl (Cp) ligands and complexes with
constrained geometry. The modification of ligand re-
sulted in the formation of complexes with varying
structures (binuclear, trinuclear, tetranuclear or hexa-
nuclear), which showed different reactivities toward
N,. In the past one year, functionalization of the result-
ing nitrides or imides has been explored through reac-
tion with CO, CO, and isocyanide, in which the forma-
tion of N-C bonds was observed. On the other hand, in
order to liberate ammonia from the reaction system and
thus achieve catalytic ammonia synthesis, a second
metal hydride such as LiH or KH was added to the sys-

tem of titanium nitrides or imides. However, the reac-

Center for Sustainable Resource Science
Laboratory Head: Zhaomin HOU

tion led to the dissociation of Cp ligands.

Besides, we have found that the nitrogen atom in a
pyridine or quinoline ring was easily extruded at a tri-
nuclear titanium hydride framework through cleavage
of the two C-N bonds. Hydrolysis of the pyridine-de-
rived hydrocarbon skeleton at the titanium framework
with H,O led to unprecedented cyclopentadiene and
ammonia, while treatment with HCl gave the corre-
sponding linear nitrogen-free hydrocarbon products
and ammonium chloride (Nature Communications
2017, 8 (1), 1866.). In contrast, the reaction of the tita-
nium hydride complex with tert-butyl or trimethylsilyl
substituted pyridines resulted in the cleavage of C-N
and C-C bonds. The hydrodesulfurization of thiophene
and benzothiophene by the trinuclear titanium hydride
complex has also been investigated. These results indi-
cated that multimetallic transition metal hydrides pro-
vided a versatile platform for the activation and trans-
formation of aromatic skeletons. Relevant manuscripts

are in preparation.
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Development of interface-specific ultrafast spectroscopy for the study
of interfacial water dynamics
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Hyperpolarized NMR spectroscopy of fluorouracil with
dynamic nuclear polarization at room temperature

&S (Nuclear Magnetic Resonance: NMR)
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Development of non-invasive optogenetic tools to reveal the
mechanisms of sleep and wake cycle
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Spatial Representations of Self and Other in the Hippocampus
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System-Level Understanding Of Intercellular Synchronization
Mechanism In Mammalian Circadian Clock
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Systems Neurophysiology of Mouse Models of
Autism Spectrum Disorder
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Functional Elucidation of Eosinophils and Eosinophil-Derived Lipid
Mediators in the Resolution of Inflammation

WF 78 #5 K %4 BEER PEB - Tsobe, Yosuke

WIRIER D —FE T 3 2 hF RERIZ . AT I Al i 2
MR ZE U, RICHEHERELT LIVF—IcB
WTHRET A7 2 72—l THE L EZABNT
Tz —HTERE, IBEDIgAFEES, FHCHEED
YEEIC BT U RO B G- S, AR
DOHEFFIC B D 2 I ER D HTHIBS RN TEH S T v
%, TNETICHKAE., SMERIEDUHIAN b igEk
MIIEBIICHERE L. RIEDOIURZRHET S &,
B R ChFRBERIC BT 2 NN A e 25 12/15- V)
RETHFF—E (12/15-LOX) HZ DBERE D 54
WKHEETHE T LZHBLTWS, AMFETIEZD
VEBSRE DRI 728, TN FE TISRIENHIAZ &
TRRA RSB ZHEERD 8 VA7V T —
Lzt iz, o, SRR IHO I HEERICRFEIT
BRI, MEERFERN v 77T FR T A
DIFMZ1T> TE Tz, THIC, 12/15-LOXIC &K D
T NVER T ZREA T+ T—2—0D, x>
INT B ZAET % T2 OFHEABHFEICH O .
foctilior v 72 R LTz,

AAEPEIT BV TIZLL EOWE & ik U, 4 BEER,

% A WE 58 = GRGEWIER AR 2 —

A Z A0 — LT — L
(s AH @

BERUT12/15-LOXHRIEE A 7 ¢ =— 2 —D{EH]

B0 - 7z,

(D) UFEEERFF BN/ 12/15-LOX / w 7 7 T v
A0 DO DOHIFESAE « 55T T IVICHEH
L. FHREIE 5P OHERFIC 35U B IEEERD 12/15-
LOX OFBEPEIC DOV TG 2175 T2,

(2) FIENCRIH DU FEERIC RIS FEBIT B H5 5N
T-OUFFBERFFRI /v 77 7 b A DK
ZIT, BFRERR OB R FIRBUC KT 5 4% 1
DFHIT O 211785 T2,

(3) IFE AT 4 T— X2 — D5 T DDV D
MICDNT, FEERBHVORGGZ "% d 5T
VT VAR,

@MO5E3 % Oral Presentations

(EN*-25)

FEASTESG © w3 NEIAE O BERETE O R4 IC 2 x K
RIS O TR AT, B AR gE Y R
AV T« ) HFWRHREERES, Rk, 5H (2017)



XXVII-030

BEFRAOSTHERFT IHMORAREL,

SN MR EICE X B HEORN

Controlling the gene expression variance and analyzing the effect of the
variance on cellular differenciation
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Development of molecular imaging using X-ray free-electron laser
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Precision Spectroscopy of the Hyperfine Splitting in Muonic Hydrogen
Atom for the Determination of the Proton Radius
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In this research, I derived new rigorous results on
Quantum Chromodynamics (QCD). Taking into ac-
counts recent developments about topological phases
of matters, I succeeded to compute the new topological
feature of 3-flavor massless QCD. The quantity I com-
puted is renormalization group invariant, and thus it
gives a rigorous constraint on 3-flavor massless QCD
even how it is strongly coupled. Furthermore, I devel-
oped the method that applies this result to the phase
diagram of QCD under flavor-symmetry-twisted
boundary condition. As a result, the whole phase dia-
gram under symmetry-twisted boundary condition can-
not show the trivial gapped phase. In the zero-tempera-
ture limit, our constraint on the phase diagram becomes
true even if we undo the symmetry twist, and thus it is
valid also for the zero-temperature finite-density 3-fla-
vor massless QCD.

I also unveiled the new feature of the gradient flow
defining Lefschetz thimbles. Since this is an important
technique to understand the mathematical properties of
the path integral and the sign problem in finite-density
QCD, this result is expected to be useful for practical
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application of the Lefschetz thimble method to the sign

problem.
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Nuclear Equation of State with the Three-Body Interaction and
Its Application to High-Energy Astrophysics
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Observational study of nucleosynthesis in X-ray superburst using
the MAXI-NICER cooperation
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Study of magnetar formation through observations
of supernova remnants
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Search for the Isotope-differential EDM of Xe Atoms with the
Double-species Nuclear Spin Maser
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Exploring Quantum Chromodynamics at Finite Temperature

and Density Using Complex Analysis

Name: Hiromichi NISHIMURA
Host Laboratory: Theory Group,

With Y. Tanizaki and J. Verbaarschot, we have made
a new proposal to improve the Lefschetz thimble tech-
nique to tame the fermion sign problem in quantum
chromodynamics. We have argued that the convention-
al gradient flow defining Lefschetz thimbles generical-
ly blows up, and thus one needs to monitor the diver-
gence of gradient flows with great care in numerical
computations. Instead of doing that, we propose a new
gradient flow equation that also defines Lefschetz thim-
bles and does not suffer from blow-ups. We show its
theoretical foundation by providing a geometric inter-
pretation of the change in the gradient flows, and also
prove rigorously that our new flow equation does not
have blow-ups. In some examples of one-dimensional
integrals with a sign problem, we numerically construct
the complex contours using the new gradient flow to
see how it works in practice. By appropriately choosing
the regularization parameters of the new gradient flow,
we check that it solves the sign problem as the conven-
tional flow equation does.

With R. Pisarski and V. Skokov, we have studied
phase transitions in SU(Infinity) gauge theories at non-
zero temperature using matrix models. Our basic as-
sumption is that the effective potential is dominated by
double trace terms for the Polyakov loops. As a func-
tion of the various parameters, related to terms linear,
quadratic, and quartic in the Polyakov loop, the phase
diagram exhibits a universal structure. In a large region
of this parameter space, there is a continuous phase
transition whose order is larger than second. This is a
generalization of the phase transition of Gross, Witten,

and Wadia. Depending upon the detailed form of the

Nishina Center for Accelerator-Based Science
Laboratory Head: Dmitri KHARZEEV

matrix model, the eigenvalue density and the behavior
of the specific heat near the transition differ drastically.
We speculate that in the pure gauge theory, that al-
though the deconfining transition is thermodynamical-
ly of first order, it can be nevertheless conformally

symmetric at infinite N.
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Quantum transport phenomena at domain wall or heterojunction
of magnetic topological insulator
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Electron Microscopic Study on External Field Response and
Dynamics of Magnetic Skyrmions
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Study of Higher-Dimensional Frustrated Quantum Spin Systems by
Numerical and Analytical Approaches
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Profile of Femtosecond X-Ray Pulses with a Hard
X-Ray Split-and-Delay Optical System at SACLA,”
International conference on X-ray optics and appli-
cations 2017 (XOPT2017), Yokohama, Japan, April
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Functional properties of strongly correlated quasicrystals
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Theoretical study of topological metallic states
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Polymerization of Heteroatom-containing Olefins

by Rare-Earth Catalysts

Name: Chunxiang WANG

Host Laboratory: Advanced Catalysis Research Group

The metal-catalyzed copolymerization of ethylene
with heteroatom (such as O and S)-containing function-
al olefins has been considered to be the most straightfor-
ward and atom-efficient route for the synthesis of func-
tionalized polyethylenes. Copolymers produced from
the copolymerization of ethylene with disubstituted ole-
fins such as 1,1-disubstituted or 1,2-disubstituted ole-
fins are expected to exhibit superior material properties
and higher stability when compared to those with
monosubstituted olefins. However, disubstituted olefins
have higher steric demands than that of monosubstitut-
ed olefins, and show much lower reactivity towards co-
ordination/insertion of a monomer and subsequent
propagation. In the present study, the heteroatom-assist-
ed copolymerization of ethylene with disubstituted ole-
fins catalyzed by rare-carth metal catalysts was devel-
oped. It was found that the interaction between the
heteroatom in a disubstituted olefin and the rare-earth
metal atom in the catalyst can dramatically raise the po-
lymerization activity and enable its copolymerization
with ethylene, leading to the formation of a new family
of functionalized polyethylenes. Both cis- and trans-
1,2-disubstituted olefins readily copolymerized with

ethylene to produce copolymers with similar structure
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Center for Sustainable Resource Science
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and property. The findings of this research will enable
the polymerization of a broader range of functionalized
disubstituted olefins in the future, and gain widespread

use in other related monomers.
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Wang, C., Luo, G., Nishiura, M., Song, G., Yamamoto,
Y., Luo, Y. and Hou, Z.: Heteroatom-assisted olefin
polymerization by rare-earth metal catalysts. Sci.
Adv. 2017, 3,e1701011.*
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Wang, C., Wang, H., Nishiura, M. and Hou, Z.: Prepa-
ration method for homopolymer and copolymer of
polar olefins (patent application) application no.
2017-049096, filed on 14 March 2017.
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Wang, C., Luo, G., Nishiura, M., Song, G., Yamamoto,
Y., Luo, Y. and Hou, Z.: “Heteroatom-assisted olefin
polymerization by rare-earth metal catalysts” 66th
Symposium on Macromolecules, Matsuyama-city
Japan 2017, September 20-22.

Computational Investigation of the Reaction Mechanism in

Bovine Heart Cytochrome ¢ Oxidase

Name: Bo THOMSEN

Host Laboratory: Theoretical Molecular Science Laboratory

Currently we are investigating the hydration of Bo-
vine Heart Cytochrome ¢ Oxidase (BHCcO) using en-
hanced sampling techniques in molecular dynamics

simulations. While modern crystallography methods

Cluster for Pioneering Research
Laboratory Head: Yuji SUGITA

are able to resolve water, they often do so under condi-
tions that does not reflect those of the working protein.
We are therefore aiming to elucidate the hydration of

several water containing channels in BHCcO, most im-



portantly the H-channel. The function of the channel in
BHCcO and other CcOs of the A family has for a long
time been controversial, with suggestions ranging from
it being essential for proton transport to it having no
function at all.

We are currently preparing models for BHCcO using
the Charmm36 force field with modifications for the
redox active groups responsible for the electron trans-
port and reduction of oxygen in CcOs; Cu,, Cug, Heme
A and Heme A;. The models will be used in a simula-
tion scheme were water is pulled into the H-pathway to
increase hydration of the pathway. Further investiga-
tions of the protonation states of several key residues
will be needed once the hydration of the pathway has
been sampled. Time has therefore been spend learning
continuum electrostatic and quantum mechanics/mo-
lecular mechanics (QM/MM) methods for calculation
the pK, in complex environments.

The main method used in this study is molecular dy-

namics, and it is therefore critical to have an accurate
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force field parametrization of the BHCcO structures
used in the study. The force field parameters of the re-
dox active sites of BHCcO are currently being investi-
gated using quantum mechanical methods. The force
field of especially heme A is important to the water
contents of the H-pathway, sine the hydroxyethylfarne-
syl group of heme A and the side of the porphyrin is in
direct contact with water in the pathway. All of these
study elements will hopefully lead to a clearer picture
of the function of the H-pathway in BHCcO, and to the

publication of the findings within the next fiscal year.
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Thomsen B., Sugita Y. and Yagi K.: “Investigating the
Hydration of Polyamide 6 using Theoretical Differ-
ence Infrared Spectroscopy” 253rd American Chem-
ical Society National Meeting and Exposition: Ad-
vanced Materials, Technologies, Systems and

Processes, April 2-7.

Bimodal Glycosyl Donor Protected by

2-0O-ortho-tosylamido-benzyl Group

Name: Feiqing DING
Host Laboratory: Synthetic Cellular Chemistry Laboratory

Stereo-controlled O-glycosylation is essential in
achieving formation of specific glycosidic linkage of
various oligosaccharides of biological interest. Exten-
sive efforts have been made to develop “ideal” glyco-
syl donors by optimizing leaving groups and activators,
along with protective groups and reaction conditions,
in order to maximize the efficiency of glycosylation in
term of chemical yield, selectivity, and operational
simplicity. In a majority of cases, it is now possible to
get desired oligo-saccharide using a series of suitably
prepared donors for each linkage of target oligosaccha-
rides. For the next step, development of a single type of
donors universal for the synthesis of all isomers of the
oligosaccharide is not only important issue for the solu-
tion-phase oligosaccharide synthesis but also rather

difficult issue to be solved for solid-phase synthesis. In

Laboratory Head: Yukishige ITO

our preliminary study, a highly versatile glucosyl do-
nor having C2-0-TsNHbenzyl ether as bimodal direct-
ing group has been developed for glucosylation, which
exhibited a- or [3-stereoselectivity by adjusting the
catalyst, solvent, concentration and temperature. Utili-
ty of this “single donor” approach was demonstrated by
assembly of all four isomers of naturally occurring tri-
saccharides D-Glc-(1—2)-D-Glc-(1—6)-D-Glc. Clari-
fication of its mechanistic detail, optimization of reac-
tion conditions, and expansion to other sugar

components will be subjects of future study.
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Ding F.Q., Ishiwata A. Ito Y.: imodal Glycosyl Donor
Protected by 2-O-ortho-tosylamido-benzyl Group.
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1. Ding F.Q., Ishiwata A. Ito Y.: “Stercodivergent O-
Glycosylation by a “Single Donor”: Preparation of
Anomeric Isomers of Triglucosides.” 9th Asian
Community of Glycoscience and Glycotechology
Conference, Department of Chemistry, The Univer-
sity of Hong Kong, Hong Kong, China, December
17-21, 2017.
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1. Ding F.Q., Ishiwata A. Ito Y.: “Stereoselective and

Divergent Synthesis of Anomeric Isomers of Triglu-
cosides Using a Single Donor.” Systems Glycobiol-
ogy and Beyond —Toward :a bridge between funda-
mental research and applied science.” RIKEN, Wako
City, Japan, November 16-17,2017.

2. Ding F.Q., Ishiwata A. Ito Y.: “2-O-(ortho-tosylami-
dobenzyl) Glucosyl Donor for Stereoselective Prepa-
ration of All Possible Anomeric Isomers of D-Glc-
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versity, Kiryu, Japan, November 18-19, 2017.
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Junichi Kaneshiro, Tomohiro Shima, Yasushi Okada,
Tomonobu M. Watanabe, Taro Ichimura : “Second-
Harmonic Generation Microscopy as a Tool for De-
tection of Structural Information in Biopolymers”,
The 24th Congress of the International Commission
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Mechanical Analysis of Multicellular Dynamics during
Three-Dimensional Tissue Morphogenesis
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Development of a Bioinformatic Method to Identify Novel
Chromatin States Based on Multiple Epigenomic Datasets
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Cell-population Genomics in Germ Line

PN BT, HAND S/ L3 DNA R
RED BB GO 7 K b —2 ZFIC K O #l
HI CIEIEFR—ICHERF SN TV S D, BT LEET
MlE—TIEMED, X HICTDT ) LRI
RRROEIACEMMICRIHE NS b5,
H75 2 23 X OURE LR O FHRIFH R 72 4%
THUINTT / LOZERAERE., EYHE L OSKE)
NEeUTRIMITEIET 5, — /1. FUALICED
TeERD S BH L EZMRRICHEHE AR, B
THOK A5 1 D70 LEHITL D Hi3Ei3 N % 32k
VSTV ARLEHS> TR ==V T ENS, A
Wik, B 1oy Wi & 7z de novo 2494
ZREDNAY =T VI KDEEL, H—{H
Kicd 2k oOhT YL DORES Y/ Lk

W 2% H IX % JR [E—BB  Hara, Yuichiro
% AW B ST A T AR 2 —

o7 FRCH LR L= b
(kT2 B

£, MDA EZ K S T D, HEHWVIEHE
IKENTOL D ZRT BT ZANE T S, ZD
TeDITARWZEIE, THIFEDNA S — o v JIc &

DAE S NIRE T DT LA &K1 DZRSHEIC
BT 2RBMZIRS LEDLE T, W17/ LIKED
7z de novo ZERE BN ZRGICE S F TICHIRRE N %
M2NRT %,

AAERE X, loss of function TdH > TEHAEICH <
EEZBNBWMEBNF%ONT O A RTINS
a2 RNA-seqic KO [AE L. 1t DNA > —
vV EITI DD T a—F—F— TR
DAFEBICREMAEER, 755 TICHE DNA &~
=y ToNnAsay FEEBEZITo TWa,
DI2EEGOBH LM A3 HAEDOR D 5,



spermatogonia, L7 ;7 VH SFFUH T
« 77 VWD spermatocytes, #5 kA 2 il
#, round spermatids, elongating spermatid 22
WY =2 =Tz O THEI LTz, ThHD6ROH]
7z ZnZNHWVTRNA-seq 217 7z,

2) HEWHIE e SREIE T NI LR T A (EANT
o) o, REMEROERZTT>TW0a, T
DA T ATIE, ZREDBHEROBXZ 20
i EALTWVa,

3) 1M — Lt DDA 1y Iz
A U7z,

Ko AWMFEOFANBAFED T2 DITIRSE U TN EE

IR SN, EROFIEZHTNT B A R

TH¥HI9 % small RNA D[FE &7 7z,

@i LEREK Publications

U159,

Hara Y., Takeuchi M., Kageyama Y., Tatsumi K., Hibi
M., Kiyonari H., and Kuraku S.: “Characterizing
asymmetric fates of duplicated genes through whole
genome analysis on Madagascar ground gecko.”
submitted*.

Nishimura O., Hara Y., and Kuraku S.: “gVolante for
standardizing completeness assessment of genome
and transcriptome assemblies.” Bioinformatics, doi:
10.1093/bioinformatics/btx445, (2017)*

Kadota M., Hara Y., Tanaka K., Takagi W., Tanegashi-
ma C., Nishimura O., and Kuraku S.: “CTCF binding

landscape in jawless fish with reference to Hox clus-

XXVIII-032

ter evolution.” Scientific Reports, 7, Article number:
4957, (2017)*

@OEEHE Oral Presentations

JERE—BD, PrNAR, SLEHE, IREAR, HIEZ,
WL, T Y AT 7983 7 LY EY: ik
RS UTeBhgzsi & LLig s /) Lk D15,
201 TR EAE MR AR PR A RERKRE (Con-
Bi02017), #fi, 12H (2017)

JERE—B0, PrNARD, SLEHE, IREAERE, HILEZ,
TERREE, TESRTE: <Y ATy 7 LYv®VS )/
LSS T LIS 5 A E s 1
AL, AL 22551910 K 22, BU#E, 841 (2017)

@ KX 4%—%%K Poster Presentations

Hara Y., Tatsumi K., Kiyonari H., and Kuraku S.:
“Madagascar ground gecko, yet another experimen-
tal system for amniotes.” The CDB 29th meeting
“Mavericks, New Models in Developmental Biolo-
gy,” Kobe, Oct. (2017).

Hara Y. and Kuraku S.: “Reconstruction of amniote
phylome: a lesson of utilization and modification of
the existing ortholog dataset.” Quest for Orthologs 5,
Los Angeles, USA, Jun. (2017).

Hara Y.: “Cell population genomics in germ line.”
RIKEN Kansai Joint Retreat, Awaji, Jul. (2017).

Hara Y. and Kuraku S.: “Heterogeneous ortholog re-
tention is driven by disparity between genomic
fields.” CDB Symposium 2017, Kobe, Mar. (2017).

Jnay /- brEEEVESICRET S

EIEEDSF X H = X LR

Molecular-level Analysis to Elucidate Physiological Roles of
Glucosinolates in the Producing Plants

Jnay /) L— I TIC200 i EAEIS
NBW—THETH O . TH R EDEHK
CHAHM, HIBOFHREERNOTEHZ E, AHIC
EOTHRLEAFENMEBEME VR B, Tz, FFEDT

Wk 2% &5 K 44 210 §E/T Sugiyama, Ryosuke
2 A Wt 7% = REEE IR AR 2 —

Ry A7 LT — L
(FiEE ~FH 5%

ay ) L— s fRYncHiib AERID IS B T &
"o, TNSZFTIEYIIFREM RN & UTE T
INTVD, —J5., Wnce->Ttorivay/1L—
M&. AU 2L ANRBATEYIE T b % & AR



. WA S QA miEE 2 T 5> F e LT
HIETB EEBEILNT VS, SENEFRERE
WKIGCTH/vay / L— MM EPERET SN T
WA D, AT, Zvay/L—hid
RISHD L ZHEEIC IS U T Rz 2 EEZ D DM I
AH UK, BIE, Zvas / L— s OWNEAERE
PTEICBE S 2 WF8d. A RIC & 2 REVRYfigthT 7%
E. WAL ~)L « HERLNVORIRICE EX -5
TV3EDONEL &5, AFETIE. WEY—
TACHFEYI OB - VER it 217 > T E T2 TS
L. Znvay/L—rVEHADZ A LES 1L
~NIVTHRIAT 5 2 L2 HIET . AMEAYIREORES
Btk & AEPIEMEOBIRZH S MCT B T &, X
REPEMIOAFEREFZR L WV S B LD RV T—<
ANOBRR7Z ) Ta <. FEEDWEEZ RS 0 RO
FEavbha—)LikE, Zivay/L—raalEmo
HHEEZ S BICED B T LICE DN S,
AEREE, FPIRHERN T OREEFBIC BV T HEE
EEZLNS [T)ay /) L— Rt )
WEH U zit- 7z,
D uA X XS RAEOHY 2 B w0 ik T
REEFBIZZ L. WIYHHER OB 2 b IS T

XXVIII-034

270ay /) L—kORR7Tat XDz
5 Uiz,

2) BAR THBI S, Z)vay /) L— kDo
Tt R G9 % & TRE NS BAEL T RE
23 U, SRA YAz O T MG SR 21T -
7zo

3) GO X Z R — Lt mdg 7e sy —v
E LT, BERNMKSN)UeZ)vay /L—h
7 Otk Z LA AR L T,

@O5EH*X Oral Presentations

CEe)

FAlgeEST, Sy, FHESE @ <flRkEFH Ik
LW ILas ) L— DS RCS 2 052, 56
590 HAKEY) L BESA 24 2%, ALIBE, 3 (2018)

@ KX 4%—F&K Poster Presentations

€]

Sugiyama R., Kuwahara A., Hirai Y. M.: “Side chain-
dependent functional differentiation of glucosino-
lates and their roles in Arabidopsis”, Glucosinolate
Conference 2017, Berlin, Germany (2017)

EMNERRE [BEw] ORRICET H =L HEROAIH

Development of Novel Protection Methods for Sheath Blight Disease
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Comprehensive analysis of the neural progenitor behaviors and division
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Development of Technology to Rescue the Defective
Spermatogenesis Ability
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M2 F5D GS MDA « 77 HiA T & 5 Tk %27
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Mechanical control of Epithelial Invagination by a
Spatiotemporal Propagation of ERK Activity
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RN D O ERK GG T DO P AT
VT BRBRTH S,

Ko, KEEOMFOREfL LT, FEilcE
WTHIOZEE® 2 4 VEiEDERICHWS T
Ya—A2—70urJ Lo %, [FED Sami [#
+ & ORI TIT > T2

@O5EHRZX Oral Presentations

Yosuke Ogura, Fu-Lai Wen, Mustafa M. Sami, Tatsuo
Shibata, Shigeo Hayashi: “Intercellular propagation
of EGF-ERK signaling by relay mechanism directs
epithelial invagination”, Taiwan-Japan Joint Meet-
ing on Bioimaging for Young Researchers, Academia
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signaling relay directs mechanical force required for
epithelial invagination”, 18th international Congress
of Developmental Biology, Singapore, 6 (20174F)
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Heidelberg, 7H (20174)
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Functional Study of ER Stress-Responsive Transcription
Factors in Plant Development
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Regulation of Inflammatory Responses in the Central Nerve
System by Gut Microbiota
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F Rz L 2D2 < 7 A2k MOG R 54 T il 2
H U TAS S, THIR OB 2555 % 2 LIS
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DEEFBT % T & TMOG R THlE % ML
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Pathogenesis of Experimental Autoimmune Enceph-
alomyelitis”, 18th International Congress of Muco-
sal Immunology, Washington D.C.,USA, Jul.(2017)
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Optogenetic Identification of a Physiological Memory Trace
in the Hippocampus
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The Control of Post-mitotic Neuronal Development by

Pre-synaptic Thalamocortical Inputs

Name: Timothy YOUNG

Host Laboratory: Laboratory for Molecular Mechanisms of Thalamus

The unique barrel ‘hollow’ and ‘septa’ arrangement
of cortical neurons is a well-described feature of rodent
primary somatosensory cortex. Together, these com-
partments make up whisker-related neuronal circuits
for processing sensory information, but each receives
separate inputs from the thalamus and consists of dis-
tinct circuit-specific neuronal types. Despite these dif-
ferences, these barrel cell types cannot be separated by
their electrophysiological properties, moreover, a de-
tailed molecular characterization is lacking. We there-
fore aimed to identify specific markers that can be used
to distinguish between hollow and septal neuronal
identities within mouse barrel cortex, allowing for fu-
ture genetic dissection and greater understanding of the
development/function of sensory circuits.

Using in situ hybridization, we identified specific
hollow- and septa-related patterns of gene expression
that may serve as the basis for barrel formation/func-
tion. A close spatiotemporal relationship between these
expression patterns and innervation by thalamocortical
afferents (TCAs) was observed over the first postnatal
week. Sparse YFP-labelling of neurons by in utero
electroporation revealed a similar temporal relation-
ship between TCA innervation and barrel cell morphol-
ogy. Disruption of neural activity within the pathway

(infraorbital nerve transection or TeNTxTCA overex-

Development
Brain Science Institute
Laboratory Head: Tomomi SHIMOGORI

pression) had little effect on reciprocal patterning of
hollow/septa genes. Changes in barrel marker expres-
sion, however, could be induced by alterations in TCA
innervation patterns. Here, we found ectopic TCA in-
nervation of reeler mutant cortex corresponded to loca-
tions of hollow-marker expression. Moreover, barrel
hollow gene expression was reduced by the absence of
TCA innervation (using Celsr3 conditional mutants),
whereas septa markers were no longer restricted and
expanded into neighbouring layer IV cortical regions.
Strikingly, loss of barrel hollow markers in the Celsr3
mutant also corresponded to a shift from septa/pyrami-
dal cell types at the expense of hollow/spiny stellate
cells. Together these data suggest that extracortical in-
puts provide important cues to shape sensory cortical
circuits, driving specific gene expression that likely
underlies development of barrel hollow and septal
functional compartments.

In order to identify such TCA-specific genes, a ribo-
tag approach known as the TRAP method was utilized.
mRNAs specifically isolated from TCA axon terminals
within the cortex at the time of barrel formation were
collected and subjected to RNA sequencing. Bioinfor-
matics analyses indicated a number of putative genes
enriched within barrel TCA axons, however, due to the

nature of these experiments (low yield, high variabili-



ty), additional screening and replicates are needed for
confirmation. Furthermore, we also performed micro-
array analyses using Celsr3 mutant samples to identify
potential TCA-regulated genes that are critical for neu-
ronal identity in barrel cortex. Preliminary data point to
a possible role for TGF-beta signalling in barrel forma-
tion. Studies using Smad7 conditional knockout mice
are underway in order to confirm and further elucidate

such a novel role of this pathway in cortical develop-
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Semiconductor Nanowires-Based Spin qubits

Name: Jian SUN
Host Laboratory: Advanced Device Laboratory

In the past fiscal year, I have studied the helical gap
in Ge/Si core/shell nanowire. Helical state, exhibiting
spin momentum locking, is predicted to emerge in 1D
ballistic semiconductor nanowires (NWs) possessing
strong Rashba spin-orbit interaction under an appropri-
ate applied external magnetic field. Such a helical state
is a key ingredient for the realization of Majorana zero
modes, and has application for spin filtering, and Coo-
per pair splitters. A distinct experimental signature of
the helical state is a re-entrant conductance gap feature
at the 2e%/h conductance plateau as different portions of
the band dispersion are probed. Recently the helical
state has been experimentally detected in the lowest
sub-band of InAs and InSb NWs. Hole systems offer
several potential advantages for spintronics and quan-
tum information processing application, having an ef-
fective spin of J = 3/2, momentum and spin are strong-
ly coupled, enabling pure electric spin manipulation.
Additionally, hole spin lifetimes can be significantly
prolonged in the presence of confinement.

I did the experimental measurement of helical hole
states in a quantum point contact formed in a Ge/Si
core/shell NW. Owing to a large valance band offset ~
0.5 eV between Ge and Si, holes are naturally accumu-
lated in the Ge core and strongly confined by the inter-
face with the Si shell. The dopant-free growth leads to
the high mobility with mean-free-path up to ~500 nm.

Laboratory Head: Koji ISHIBASHI

In addition, both Ge and Si lack nuclear spin which
through hyperfine coupling is the typical leading con-
tributor to the limit of spin coherence times for I1I-IV
based qubit devices. More importantly, a strong dipole-
coupled Rashba type SOI is predicted in Ge/Si NWs as
a result of the quasi-degeneracy in its low energy va-
lence bands, as such Ge/Si NWs are a promising mate-
rial system to investigate helical hole states. The helical
hole state is detected as a re-entrant conductance fea-
ture on conductance plateaus observed at integer mul-
tiples of 2e%*h. The helical spin-gap feature is con-
firmed by both magnetic field dependence and angular
dependence, from which we can also extract a strong
spin-orbit energy E,, = 2.8 meV and large Landé g-
factor of 4.7. They show good agreement with previous
theoretical predictions and our previous weak anti-lo-

calization measurements.

@ Publications

Papers

Sun J., Deacon R. S., Wang R., Yao J., Lieber C. and
Ishibashi K.: Helical Hole State in Multiple Conduc-
tion Modes in Ge/Si Core/Shell Nanowire. Submit-
ted *

@ Oral Presentations

Conference



Sun J., Deacon R. S., Wang R., Yao J., Lieber C. and
Ishibashi K.: Helical Hole State in Ge/Si Core/Shell
Nanowire. To be presented in JSAP spring meeting
2018, Tokyo, March 17-20, 2018.

Sun J., Deacon R. S., Wang R., Yao J., Lieber C. and
Ishibashi K.: Helical Hole State in Ge/Si Core/Shell
Nanowire. To be presented in MEXT project meet-
ing, Atsugi, Feb. 15-16, 2018.

XXVIII-048

@ Poster Presentations

Sun J., Deacon R. S., Wang R., Yao J., Lieber C. and
Ishibashi K.: Helical Hole State in Ge/Si Core/Shell
Nanowire. The 2nd CEMS International Symposium
on Dynamics in Artificial Quantum Systems, Tokyo,
Jan. 15-17,2018.

RE7 7 A NPOBINEFERVEEBRAL —Y - DR

Development of Super-Radiance Laser with Cold Atoms
in a Hollow-Core Fiber

A OENE, a7 h4EThHhs T 7 AN (h
727 7 AN) hHI88S i1 OB it B %% R
U T S B 2 OO L—Y — EHORMETH
B

FAPECRRER & W o FWHR I B 51 B YR O
PCIROGIERSMETE28DTHD., HirzkE
BEEEDIEA & TN B R FIRGETD 1 DT H %0
TR, SHWOHEETH S 18K OREICT TIC
FELTVS, ZO7, 5% T OV D
FEO RO BECRS IS 2 B2 72 0 BT LT K b
BB DD, Yk FRERT O L—Y —DJE %
LEALICA A RISIRER S AT LDBIERICE R TH
O LA 7o Vb, AT O K Z R L
2> TWz, ZTTEALNTVRODE OGS
ZHENFE UTHHTE L TH B, REGIHIE
JE R 2 & DR FDBURT 2 2 Z DX ERIH TN
X, e RIS T IERIC LT 5 JH iU
oo ns, 561, FEMOBREHS
ZRIRT % & JCOMETARERINC R D . e
DT =2 ZIFHEANFE LTRHTE %,
CTOX I NPT E SN TS D, PO
WKERDR T2 b Ty 79 % I i sz X
57ab—L VAL WS MENS > T2, 7 T T WA
FHhze 7 7 AN 2EA L, R ERIET S
Mz LTS b BB ATz, 2T 7 ANHTIRA

Wk 2% 35 KK 44 WY #1—  Okaba, Shoichi
2 A WF 7% 2B DR T AANISe

IOAN) =T+ T ANTET I —T
BrzEflo > =7V v TWEF— L
FilsE &HFWHHR)

iz &3 5a 0 ARSI, B2 o
v 79 % DICRHEILRIE R T 7 A IND R E 2R
T&E%, TNCED. FT v TENZE Rz fER:
LEDHE, FTHlEzMAs LN TE, +0
18INT =% R B DD LCTE DS WIEHRE 5

ns e ns,
AAEREE, WEERE L [RIRRIC 22 T 7 A N D
WIS BII LTz,

(1) th7e7 7 A 73eh0D 888y 5l -4 [ D R B 5 7%
227 7 AN Hy TIVER T n7 VAR K -
THEERE L TBIIL., ZORHEZRANT,

(1 —a) BHEHHRIC X > TS SN 2% a3
BHOBHOa—)te Fssd, 20
JERBOE R RE T B T LT, BREHED
JERE DI AT B
WAF ATz,

(1—b) BMEBISIC X > THEHE N3 e 0UE
A (BHDEAE REDE 80 2
E L. RS, ZOMEDEDZEmE— R
IAERDR D P BUS T B2 AN
Tz

(2) 727 7 A NI 461nm D HEIEYE &8 A L,
ZOWNET 7 AINDH S ARE U
LT EICEKo T, W7 7 A NHDFE %
IEHZANCBIINL 72,



3) W 2V A TiZEe T 7 A Ml D S R U
YN R 2 A IR L VALY a) i e

Wiz,

XXVIII-049 A research on diffraction limit breaking through by using micron
antenna array for real-time THz image system

Name: Zhengli HAN

Host Laboratory: Tera-Photonics Research Team

Metamaterial with double-layer split ring resonators
(SRRs) array is proposed for the terahertz (THz)-wave
near-field imaging system based on the different fre-
quency generation (DFG) with nonlinear crystal DAST
(Diethylaminosulfur trifluoride). Different from the
traditional THz-wave near-field imaging with single
probe by needle or aperture, in this work the metamate-
rial works as an array of the near-field probes that re-
serve the object near-field information and transfer it to
the THz-wave detection system with DAST crystal.
The proposed concept is expected to benefit the appli-
cation of THz-wave near-field imaging with real-time
performance.

THz wave is an electromagnetic wave located be-
tween the infrared and microwave. Because of the
unique fingerprint properties of THz wave to many
molecules, THz-wave researches have attracted lots of
interests. THz-wave spectroscopy and imaging system
are realized in laboratory and recently in commercial,
associated with the development of several types of
THz-wave source and detector. Among the THz-wave
imaging techniques, near-field imaging with high reso-
lution is desired for the applications, such as observing
the interaction between THz-wave and matter, and the
molecule analysis for bio research. However, the tradi-
tional THz-wave near-field imagining technique usu-
ally employs a signal probe which consumes long time
with raster scanning to obtain an image. A near-field
imaging system with real-time performance is expect-
ed in the THz-wave research community.

Recently THz-wave detection with DAST crystal
frequency up-conversion was demonstrated in our

group and THz-wave far-field imaging was also inves-

Center for Advanced Photonics
Laboratory Head: Hiroaki MINAMIDE

tigated. In this work, we propose to add film metamate-
rial on the DAST surface for a THz-wave near-field
imaging system. Film metamaterial design uses dou-
ble-layer SRRs with a polymer as the substrate. Under
THz wave incidence, SRRs get resonance at resonant
frequency, resulting in the electric field enhancement at
local region, where this property also hold for other fre-
quencies near by the resonance, due to the natural low
quality factor of the SRR resonance. For instance, at
0.88 THz, each SRR works as an antenna pixel to con-
fine the electric field of the incident THz wave into the
gap (capacitor) of metallic patterns at the center of the
SRR Iattice, where the electric field distribution was
calculated by COMSOL and HFSS simulation. The en-
hanced electric field reinforces the up-conversion effi-
ciency of the nonlinear DAST crystal, resulting in im-
proving the detection signals of the image. Meanwhile,
since the film metamaterial can transfer the near-field
of object from one layer SRR (attaching object) to the
other layer SRR (attaching DAST), the detection sig-
nals reserve the near-field information of the object.
Therefore, the metamaterial works an effective array of
the near-field probe for the real-time THz-wave imag-
ing system.

During this year, the film metamaterial device was
developed by photo-lithography technique. We used
THz TDS (THz time domain spectroscopy) to test the
device spectra performance, which is well agreed with
the simulation. A novel THz-wave phase shifter based
on the film metamaterial with double-layer metallic
patterns was also investigated. We analyze the effects
introduced by the near-field coupling between the dou-

ble-layer metallic patterns and the mechanism of the



high transmission of the THz-wave phase shifter. The
near-field coupling plays an important role in the THz-
wave device performance, and it is also a key factor in

the THz-wave near-field imaging which is undergoing.
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Realization of Real-time Label-free molecular imaging system
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Yasuhiro Maeda, Kazuo Kurokawa, Yoko Ito, Akihiko
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Bioimaging for Young Researchers, Taipei. 11H
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Towards Understanding Dark Matter using Lattice Quantum

Field Theories Techniques

Name: Enrico RINALDI
Host Laboratory: Computing Group

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.

This year I have published a Phys. Rev. D paper with

Nishina Center for Accelerator-Based Science
Laboratory Head: Taku IZUBUCHI

colleagues at Brookhaven National Laboratory (BNL)
that describes a new model for dark matter, which also
explains in a unified framework the mystery of neutri-
no masses. Our model therefore contains a solution for
two of the missing ingredients in the Standard Model
(SM) of particle physics: dark matter and right-handed
neutrinos. Without right-handed neutrinos, the neutri-
nos of the SM have no mass. But this goes against the
recently observed (and recognized with the 2015 Nobel

prize in physics) neutrino flavor oscillations.
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In the framework we envisioned, dark matter is a
composite meson of new dark quarks, while the right-
handed neutrino is a composite neutron of those same
quarks. These composite objects stem from a new
strongly interacting sector at high energy. We investi-
gate several possible signatures of the new sector, such
as the production of gravitational waves from a decon-
fining transition in the early Universe that could be de-
tected today, or the in-flight decay of dark mesons that
could be produced in high energy collisions at the
LHC.

The deconfining transition in the early Universe is
expected to happen for our model of dark matter be-
cause the theory describing the high-energy regime is
similar to QCD with light quarks. In fact, the QCD
transition itself is studied in experiments at RHIC,
BNL, but it can be studied with first principles numeri-
cal lattice QCD simulations. Together with a team from
BNL and Europe, we have performed state-of-the-art
lattice QCD simulations of a hot quark-gluon plasma,
like the one present in experiments, and investigated
the properties of charge fluctuations. Our results, pub-
lished in a Phys. Rev. D paper, compare favorably to
the experimental observations, suggesting that the lead
ion collisions happening every second in the experi-
ments at RHIC are actually producing a plasma that is
described by the microscopic theory of QCD.

The common theme of lattice quantum field theory
simulations is what makes this research unique. It links
studies of QCD, directly applicable to experimental re-
sults, to dark matter searches and other exotic beyond
the SM models. Lattice gauge theory simulations can
also be used to investigate the possibility of a quantum
theory of gravity, by means of the gauge/gravity dual-
ity, or to probe the internal structure of the nucleons
and nuclei we are made of.

I have submitted for publication two papers about
the aforementioned applications of lattice simulations.
The first was submitted to the Journal of High Energy
Physics. It describes numerical results of a new tech-
nique to obtain information about the geometry of
black holes, such as their horizon radius, utilizing a
gauge theory and the gauge/gravity correspondence.

The second was submitted to Nature and it is on the

second revision now, awaiting formal acceptance. It
describes a groundbreaking first-principles result for
the strength of the interaction between a pion and a
nucleon, the so-called axial coupling, which deter-
mines important nuclear processes, from the decay of a
free neutron, to the nuclear fusion in the Sun and the
abundance of light nuclei at the time of nucleosynthe-
sis.

It is a lattice QCD calculation performed with the aid
of the largest supercomputers in the USA and it
achieves an unprecedented precision thanks to a newly
developed algorithm, considerably boosting our ability
to study nuclear physics processes (e.g. neutron stars)
from first-principle simulations of QCD in the coming

years.
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Chang C. C., Nicholson A., Rinaldi E., Berkowitz E.,
Garron N., Brantley D., Monge-Camacho H., Mona-
han C., Bouchard C., Clark M. A., Joo B., Kurth T.,
Orginos K., Vranas P. and Walker-Loud A.: Nucleon
axial coupling from Lattice QCD. arxiv:1710.06523,
EPJ in print*

AokiY.,Aoyama T., Bennett E., Kurachi M., Maskawa
T., Miura K., Nagai K.-i., Ohki H., Rinaldi E., Shi-
bata A., Yamawaki K. and Yamazaki T.: Flavor-sin-
gletspectrum in multi-flavor QCD. arxiv:1710.06549,
EPJ in print*

Berkowitz E., Nicholson A., Chang C.C., Rinaldi E.,
Clark M. A., Joo B., Kurth T., Vranas P. and Walker-
Loud A.: Calm Multi-Baryon Operators arx-
iv:1710.05642, EPJ in print*

Papers

E. Rinaldi, E. Berkowitz, M. Hanada, J. Maltz and P.
Vranas: Toward Holographic Reconstruction of Bulk
Geometry from Lattice Simulations. arX-
iv:1709.01932 JHEP submitted*

H. Davoudiasl, P. Giardino, E. Neil and E. Rinaldi:
Unified scenario for Composite Right-Handed Neu-
trinos and Dark Matter. Phys. Rev. D96, 115003
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Petreczky, E. Rinaldi, H. Sandmeyer, C. Schmidt, C.
Schroeder, S. Sharma, W. Soeldner, R.A. Soltz, P.
Steinbrecher and P. M. Vranas: Skewness and Kurto-
sis of Net Baryon-Number Distributions at Small
Values of the Baryon Chemical Potential. Phys. Rev.
DY6, 074510 (2017) published*

Berkowitz E., Brantley D., Bouchard C., Chang C. C.,
Clark M. A., Garron N., Joo B., Kurth T., Monahan
C., Monge-Camacho H., Nicholson A., Orginos K.,
Rinaldi E., Vranas P. and Walker-Loud A.: An Ac-
curate Calculation of the Nucleon Axial Charge with
Lattice QCD. arxiv:1704.01114, “Nature” submit-
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Submitted FY 16, now published:

AokiY.,Aoyama T., Bennett E., Kurachi M., Maskawa
T., Miura K., Nagai K., Ohki H., Rinaldi E., Shibata
A., Yamawaki K. and Yamazaki T.: Light flavor-sin-
glet scalars and walking signals in N=8 QCD on the
lattice. Phys. Rev. D96, 014508 (2017) published*

Berkowitz E., Bouchard C., Chang C. C., Clark M.,
Balint J., Kurth T., Monahan C., Nicholson A.,
Orginos K., Rinaldi E., Vranas P. and Walker-Loud
A.: Mobius domain-wall fermions on gradient-
flowed dynamical HISQ ensembles. Phys. Rev. D96,
054513 (2017) published*
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Rinaldi E.: How to test the gauge/gravity duality with
lattice simulations. “Quantum gravity, string theory
and holography”, YITP, Kyoto, Japan, April (2017)

Rinaldi E.: Many-flavor theories on the lattice. “Lattice
for Beyond the Standard Model Physics”, Boston
University, Boston, USA, April (2017)

Rinaldi E.: Flavor-singlet spectrum in multi-flavor
QCD: SU(3) with Nf=4,8 and 12. “Lattice 2017,
Granada, Spain, June (2017)

Rinaldi E.: Lattice Field Theory results on new strong

dynamics. “Old and new strong interactions from

LHC to future colliders”, ECT*, Trento, Italy, Sep-
tember (2017)

Rinaldi E.: Petaflops computing for the search of New
Physics. “Interdisciplinary Theoretical and Compu-
tational Physical Sciences”, Tokyo Institute of Tech-
nology, Tokyo, Japan, October (2017)

Rinaldi E.: Dark interactions and supercomputers.
“Brookhaven forum 2017: in search of new para-
digms”, Brookhaven National Laboratory, Upton
NY, USA, October (2017)

Rinaldi E.: Exploring signals of conformality in theo-
ries with many flavors: a LatKMI report. “Continu-
um and Lattice Approaches to the Infrared Behavior
of Conformal and Quasi-Conformal Gauge Theo-
ries”, Stony Brook University, Simons Center for
Geometry and Physics, Stony Brook, NY, USA,
January (2018)
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Rinaldi E.: What lattice gauge theory can do for Dark
Matter searches. Universita di Roma 1, La Sapienza,
Roma, Italy, February (2017)

Rinaldi E.: Beyond the Standard Model Physics with
Lattice Simulations. Universita di Roma 2, Tor Ver-
gata, Roma, Italy, March (2017)

Rinaldi E.: The nucleon axial charge from lattice QCD.
RIKEN, BNL, Upton, US, May (2017)

Rinaldi E.: How to Test the Gauge/Gravity Duality
with Lattice Simulations. University of Oregon, Eu-
gene, US, May (2017)

Rinaldi E.: The nucleon axial coupling from Lattice
QCD. RIKEN Nishina Center, Wako, Japan, October
(2017)

Rinaldi E.: The nucleon axial charge from Lattice
QCD. Lawrence Livermore National Laboratory,
Livermore, CA, USA, January (2018)
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Regulation of Mucosal IgG by the Neonatal Fc Receptor

Name: Alexis VOGELZANG
Host Laboratory: Laboratory for Mucosal Immunity

FcRn binds to conserved elements of the Fc portion
of IgG at low pH, transports IgG across polarized epi-
thelial barriers, and chaperones IgG between endocytic
and degradative compartments. In the first year of this
project, we surveyed expression of FcRn in our chosen
C57Bl6 model. Histochemical analysis of FcRn ex-
pression had indicated positive expression in intestinal
compartments, yet addition of fcrn-/- tissue controls to
our panel showed no expression over background in
C57BI6 mice during homeostasis. In addition, RT PCR
analysis of epithelial cells compared to immune cells,
confirmed an absence of baseline transcription in the
gut tissue. My previous studies established a role for
FcRn in the lung, maintaining gradients of IgG sub-
types in the lumen. In contrast in the gut, IgG is not
actively transported into the lumen in the absence of
inflammation in this mouse strain. These studies sug-
gest that there is no role in homeostasis in mice, mak-
ing them a poor model for human baseline FcRn ex-
pression and fecal IgG secretion.

Various publications point to FcRn upregulation dur-

ing infection, thus we performed mRNA sequencing of

Center for Integrative Medical Sciences
Laboratory Head: Sidonia FAGARASAN

resting wildtype compared to rorgt-/- mice, a model of
infiltrative spontaneous colitis with increased IgG pro-
duction in LN and gut, as well as immunodeficient
ragl-/- mice. Again, we saw no differences in fcrn gene
expression in the epithelial cells from these animals,
suggesting diffusion rather than transport underlies IgG
secretion in these animals. However, this data has re-
vealed new pathways of interest for my research study-
ing the responses of epithelial cells in the gut to im-
mune infiltration. I propose the new topic "Dissecting
Epithelial Cell Inflammatory Responses in the Gut for
research continuing in 2018 financial year (see Appen-
dix 2).

In addition, I have optimized the isolation of colonic
crypts and generation of immortal organoid culture
methods for analysis of epithelial response to inflam-

matory cell subsets.
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son-baryon molecules coupled with five-quark
states”, International workshop on Hadron and Nu-
clear Physics 2017 (HNP2017), Saitama, Japan, Dec.
(2017)
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Equation of State of nuclear matter and its application to
compact star phenomena

R T R T & O R R BISRIE,
BHP - Za— 8V 2R EORGHES, i
FORYEEOMGES T & UTHEERMENRTH
%, AWZEREOHME. Zh 5 ORKEIROM
AR R HORPIEIRRE R X ORESRZ Hi5 L.
U UEIEONE L < 7 i KIKBIR DO A =
ALOMEZERE-HLUTHHT S L TH S,

AR, 2 7axPEopzse LT (.2) &,
S7OBRREBHGADISHE LT (3.4) ZiEdTz,

(1) BNk 172 O T 22 mikic D < — s
HAtRE R M O il i I R R e B
U 7o IE—hRHAREL R RN U KRB/ X
T—REVER UTze F N7 1 oL s
VI alb—¥ g i, RESTENXOME DV
BIBRICHZWENINETOTEKL D/
SN bR, ez lRie ol
Rt 2 360 99 BAERISOSR T — 2 2 1Rk
L7

Q) RO & A3 )V LR O— kP E R
BT, 0k & BIRARNICR RS, i+
DR & R % R IC i b 3 % 3R 21T >
Tzo TNE TORAETRIEFREAGEDHRD L
B 5 Uit bR 3RS Ny - 7e .
AWFFEC K O PP E R & A B I 4
PAEEICED UL T B LR e, mEE R
DT RHEH OIS BN Z W 5 LTz,

W 7% % IC % 5 8 Furusawa, Shun
Z A W 7% = PR REAE ST HEE 7 L — T

P& e T R BT B 225 T — L
(s #IH #%5)

(3) IRuERRX L g EAER SR T — 2 %2, i#H
ERREECITEIOKNEREN RN
k=2 —F Y/ ORIEIRICET L, &1l
YRS ) AR R R 2
K=a2—FV /O THRTZ 2 Herk
VaNY: RN RA P N O et

@) R e g R ROCR T — 2 %2, A—
IN— VY 2 — 2t W Teidemn D 2 Rock
WO ELEM Uz —a— MY Jik%
B U iR < TSR0 D 2 e i 2 J s st
HTHO, InFTHNGNEh>Tc=a—F
V) DEAF IR ERIPAS NI UTE,

@i LEHEK Publications

et 39
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pernovae in Spatial Axisymmetry with Full
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from Lattice QCD”, Reimei2017 international work-
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Nuclear Mass Measurement of Super-Heavy Elements by

Multi-Reflection Time-of-Flight Mass Spectrometry

Name: Marco ROSENBUSCH
Host Laboratory: SLOWRI Team

A new evaluation code based on a maximum-likeli-
hood algorithm has been developed for treatment of the
nuclear mass data from the recent successful experi-
ments (see report FY2016). This code allows to inves-
tigate the mathematically poorly defined additional
uncertainties for the extraction of measurement values
from raw data. This is achieved by automatically ap-
plying multiple data fits under different conditions and
thus covering possible instabilities from each single fit.
Precise data analysis of 219-214Ra and 2!0-214Ac isotopes,
measured by a multi-reflection time-of-flight mass
spectrometer (MRTOF MS), was performed using the
new code. It has been observed that for data sets with
poor statistics, the new code can provide realistic un-
certainties approaching that of the Birge-ratio from
high-statistics data. Several of the Ra and Ac isotopes
were measured only by indirect methods before, i.e.
through their Q , value from decay data. Their masses
could now be confirmed by first direct mass measure-
ments [Rosenbusch et al., submitted to PRC]. The new
code has been further used to analyze nuclear mass data
from the very exotic isotopes 777%7°Cu measured at the
ISOLDE facility at CERN. The result is a first nuclear-
structure study of the highly-desired isotope 7*Ni from
just one proton away [Welker et al., Phys. Rev. Lett.
119, 192502 (2017)]. This result combined with other

Nishina Center for Accelerator-Based Science

Laborarory Head: Michiharu WADA

experimental data from isotopes in the vicinity yields a
first consolidated confirmation of the doubly-magic
character of 7Ni. This also confirms novel PFSDG-U
shell-model calculations that predict a new island of
inversion for lighter N=50 isotopes (lower proton num-
ber) by the lowering of the 0," state (intruder) below
the 27 state.

Furthermore, the theory of possible mass accuracy
considering an ion ejection with dynamic increase of
the ejection field from the preparation trap has been
treated analytically. For low-energy nuclear mass mea-
surements ions are stored and cooled in a preparation
radio-frequency (RF) trap and later ejected towards the
MRTOF MS to be mass analyzed. This electric ejection
field must be applied using a switch and is thus not in-
stantaneously present but increases in time until the full
field is present. If the ions are ejected in that way, a new
mass dependency arises and can harm the correctness
of the measured mass value. This study can influence
the future treatment of raw time-of-flight data from our
experiments and is of high importance for the commu-
nity (manuscript in preparation).

A prototype for a radio-frequency ion carpet with a
novel planar design has been constructed and tested for
the future facility SLOWRI. The goal of the new de-

sign is to stop and efficiently transport ions produced at

— 109 —



the SRC accelerator in a helium-gas environment. As
the mass determination with an MRTOF MS requires
low-energy ions, such a gas cell must be used to stop -
the relativistic motional energies of the reaction prod-
ucts behind the target. Improvements of the design are

still necessary and the project is presently ongoing.

@ Publications
- First Direct Mass Measurements of Nuclides around -
7Z=100 with a Multireflection Time-of-Flight Mass
Spectrograph
Y. Ito, P. Schury, M. Wada, ... , M. Rosenbusch, -
(total: 22 authors)
Phys. Rev. Lett. 120, 152501 (2018) (published) -
- Precision mass measurements of 58 ——63Cr: Nu-
clear collectivity towards the N=40 island of inver-
sion
M. Mougeot, ... , M. Rosenbusch, ... (total: 25 au-
thors)
Phys. Rev. Lett., accepted (2018) (in pint) -
- Binding Energy of 7Cu: Probing the Structure of the
Doubly Magic ®Ni from Only One Proton Away
A. Welker, ... , M. Rosenbusch, ... (total: 18 authors)
Phys. Rev. Lett. 119, 192502 (2017) (published)

- Atomic masses of intermediate-mass neutron-defi-

V. Manea, ... , M. Rosenbusch, ... (total: 28 authors)
Phys. Rev. C 95, 054322 (2017) (published)
Precision mass measurements of cesium isotopes-
new entries in the ISOLTRAP chronicles

D. Atanasov, ... , M. Rosenbusch, ... (total: 20 au-
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J. Phys. G: Nucl. Part. Phys. 44, 044004 (2017) (pub-
lished)

Mass-selective ion ejection from multi-reflection
time-of-flight devices via a pulsed in-trap lift
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Phys. Rev. C 96, 014310 (2017) (published)
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A. Welker, ... , M. Rosenbusch, ... (total: 18 authors)
Eur. Phys. J. A 53, 153 (2017) (published)
- Penning-trap mass spectrometry and mean-field
study of nuclear shape coexistence in the neutron-

deficient lead region
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XXVIII-060 Study of Strangelets, Lightning and Meteors from Space, Balloon
and Ground with Next Generation, Ultra-Sensitive Detectors

Name: Lech Wiktor PIOTROWSKI
Host Laboratory: EUSO Team

In FY2017 I was involved in three experiments with-
in EUSO framework: EUSO-SPB, EUSO-TA and
Mini-EUSO. I spent March 2017 in NASA facility in
Wanaka, New Zealand, preparing the launch of the
EUSO-SPB (Super Pressure Balloon), focusing on fi-
nal integration, tests and launch procedures. Following
my return to Japan, I organised a shifting station in
RIKEN and trained more than 11 people, including
RIKEN, University of Tokyo and University of Saita-
ma researchers, for management of the incoming bal-
loon flight. The Japanese RIKEN station was one of the
3 in the world, the other being in Europe and US, for
time coverage convenience. EUSO-SPB launched on
24th of April and flew for 12 days. Its main operating
time - night - was Japanese day, therefore RIKEN’s
shifting station was the main station responsible for the
flight duration. I was acting as the station’s manager
and the experiment expert. The flight was a big success,
collecting over 27 hours of data, over a factor of ten
more than the EUSO-BALLOON flight in 2014. The
data analysis allowed us to measure changing UV
emission from ground, sea and clouds and compare it
to infrared images, as well as identify an unexpected
source of false triggers - cosmic rays directly hitting the
detector. The work of vetoing these events in future ex-
periments has started. The scheduled length of flight
was between 30 and 100 days, but the mission ended
prematurely due to a leak in the NASA’s balloon mate-
rial, before registering an ultra-high energy cosmic ray
event. Initial results of the mission were presented at
the 35™ International Cosmic Rays Conference in
Busan, Korea in July 2017 and the overall scientific pa-
per is in the final stages of preparation.

In parallel I was working on the Mini-EUSO space
mission - a small photomultiplier based camera to be
observing Earth UV emission from International Space

Station. The instrument is in the final stage of integra-

Global Research Cluster
Laboratory Head: Marco CASOLINO

tion and tuning. We were able to observe both labora-
tory sources as well as night sky including airplanes
and the Moon. The data is analysed using the format
and software that [ have created.

The third experiment that I have been working on,
EUSO-TA, is an on-ground telescope similar to EUSO-
SPB and Mini-EUSO. Following campaigns in 2015
and 2016, we have decided to perform an upgrade of
the instrument to increase its observational capabilities
to the same level of the newer missions. In November
2017 we have dismounted the current focal surface in
Utah, USA and started working on new readout elec-
tronics and software trigger. In addition, we have start-
ed working on automatisation of the experiment, mak-
ing successfull tests of remote operations of the
telescope’s container shutter door, power supplies and
webcams. Remote operations will allow for much

higher duty cycle compared to previous years.
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Abbott B., et al., Multi-messenger Observations of a
Binary Neutron Star Merger, Astrophysical Journal
Letters, Volume: 848, Issue: 2, Article Number: L12,
Oct 20 2017

Abdellaoui G., et al., Cosmic ray oriented performance
studies for the JEM-EUSO first level trigger, Nucle-
ar Instruments & Methods In Physics Research Sec-
tion A - Accelerators Spectrometers Detectors And
Associated Equipment, Volume: 866, Pages: 150-
163, Sep 11 2017

Abdellaoui G., et al., Meteor studies in the framework
of the JEM-EUSO program, Planetary and Space
Science, Volume: 143 Special Issue: SI Pages: 245-
255, Sep 1 2017

Review Articles

Casolino M., Klimov P., Piotrowski L., Observation of
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ultra high energy cosmic rays from space: Status and
perspectives, Progress of Theoretical and Experi-
mental Physics, Volume: 2017, Issue 12, 1 December
2017
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Fenu F., et al., Simulations of mini-EUSO observations
of UV phenomena in the atmosphere, Proceedings of
35th International Cosmic Ray Conference

Piotrowski L., Belov A., Capel F., Mini-EUSO data
processing and quasi-real time analysis, Proceedings
of 35th International Cosmic Ray Conference

Capel F., et al., Mini-EUSO flight software and opera-
tions on ISS, Proceedings of 35th International Cos-
mic Ray Conference

Piotrowski L., The EUSO-TA detector: status and per-
formance, Proceedings of 35th International Cosmic
Ray Conference

Plebaniak Z., et al., Point Spread Function of EUSO-
TA detector, Proceedings of 35th International Cos-

mic Ray Conference
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Piotrowski L., Ku pomiarom UHECR z orbity - wyniki
1 perspektywy eksperymentéw z rodziny JEM-EU-
SO, Seminarium Zakladu Astrofizyki Narodowego
Centrum Badan Jadrowych, 26 October 2017
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Piotrowski L., Belov A., Capel F., Mini-EUSO data
processing and quasi-real time analysis, 35th Inter-
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XXIV-001

Dark Matter or Charge Exchange

Name: Liyi GU
Host Laboratory: Tamagawa high energy astrophysics laboratory

Though theoretically expected, the charge exchange
emission from galaxy clusters has not yet been confi-
dently detected. As suggested in [1], a detection of
charge exchange line emission from galaxy clusters
would not only impact the interpretation of the newly-
discovered 3.5 keV line (known as the “dark matter”
line, [2]), but also open up a new research topic on the
interaction between hot and cold matter in clusters. We
aim to perform the most systematic search for the O
VIII charge exchange line in cluster spectra using the
RGS grating on board the European XMM-Newton X-
ray satellite. By the residual stacking, we do find a hint
of a line-like feature at 14.82 A, the characteristic
wavelength expected for oxygen charge exchange.
This feature has a marginal significance of 2.8 sigma,
and the average equivalent width is 2.5 x 10* keV. We
further demonstrate that the putative feature can be
hardly affected by the systematic errors from continu-
um modelling and instrumental effects, or the atomic
uncertainties of the neighboring thermal lines. Assum-
ing a realistic temperature and abundance pattern, the
physical model implied by the possible oxygen line
agrees well with the theoretical model proposed previ-
ously to explain the reported 3.5 keV line. Our results
suggest that the “dark matter” line is merely normal
atomic emission from the mixing of hot and cold mat-
ter in the cluster center. The search for real dark matter
particles has to continue.

The Hitomi spectrum of the Perseus cluster, obtained
just before the termination of the Hitomi mission, of-
fers an unprecedented view of the energy range around
the “dark matter” line, as well as an excellent bench-
mark of the atomic modeling for the hot collisional
plasma. We reported the non-detection of the “dark
matter” line at its expected energy, while the Hitomi
spectrum is consistent with our interpretation based on
the charge exchange model. The Hitomi results also

show that, for such line detection using high resolution

Nishina Center for Accelerator-Based Science
Laboratory Head: Toru TAMAGAWA

X-ray spectroscopy, an accurate atomic code is as im-
portant as the astrophysical modeling and instrumental
calibration aspects. Substantial updates of atomic data-
bases and targeted laboratory measurements are needed
to get the current codes ready for the data from the next

Hitomi-level mission.

References:

[1] Gu, L., Kaastra, J., and Raassen, A.J.J.: Anovel sce-
nario for the possible X-ray line feature at ~3.5 keV.
Charge exchange with bare sulfur ions, Astronomy &
Astrophysics, 584, L11, 2015

[2] Bulbul, E., Markevitch, M., Foster, A., et al: Detec-
tion of an Unidentified Emission Line in the Stacked
X-Ray Spectrum of Galaxy Clusters, the Astrophysi-
cal Journal, 789, 13,2014
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Laser-drien axion dark matter search experiment using
superconducting detector
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First-principle investigation of QCD phase structure from
non-perturbative properties of quarks and gluons
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deconfinement transition”, The 35th International
Symposium on Lattice Field Theory (LATTICE
2017), Granada, Spain, Jun. (2017).
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plex Langevin method by modifying a theory”, the
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Takahiro M. Doi, Shoichiro Tsutsui: “A way to avoid
the global sign problem by modifying the Lefschetz
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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

This fiscal year was very exciting for my research,
because for the first time a binary neutron-star merger
has been directly observed, namely by means of gravi-
tational waves as well as electromagnetic radiation.
Before the event was observed, I contributed to a study
investigating the impact of neutrino-oscillations on the
r-process nucleosynthesis in black-hole tori formed af-
ter neutron-star mergers. The study found quite a strong
such impact, but only on the neutrino-driven winds,
which are subdominant in these systems compared to
viscously/magnetically driven outflows. The study sug-
gests that the impact will be stronger if hyper-massive
neutron stars (instead of black holes) are formed after a
merger. Shortly after the merger event was observed, I
contributed to a study which proposed a new method of
constraining the radius of a neutron star, and thereby
the nuclear equation of state, from the observational
signals of a neutron-star merger. Based on the observed

merger, this study implies a new lower bound on the
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radius of a typical neutron star of 10.7 km. Using the
proposed method, future observations of neutron-star
mergers will allow to formulate even tighter constraints
on the radius, from below as well as from above. I have
spent significant effort on several more projects during
this fiscal year, however, with not yet published results.
Firstly, I was conducting a comparison of codes for
simulating core-collapse supernovae in two dimen-
sions (i.e. assuming axisymmetry). All code compari-
sons have been done so far using the assumption of
spherical symmetry, which is much more simple be-
cause of the absence of turbulence and stochasticity.
The results of this study, which will likely be submitted
still in the present fiscal year, prove that the ALCAR
code (of which I am a main co-developer) produces ac-
curate results, and they will help guiding the develop-
ment and testing of future, multidimensional supernova
simulation codes. Secondly, as an ongoing project I

was and still am constructing models to investigate the
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propagation of jets of short gamma-ray bursts through
the environment formed after a neutron-star merger.
Thirdly, another ongoing project is the development of
long-term evolution models of hyper-massive neutron
stars, which can be formed as remnants of neutron-star
mergers. Please see Appendix 2 for more details con-

cerning ongoing projects.
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Multimessenger Search for the Origin of Neutrinos

Name: Haoning HE

Host Laboratory: Astrophysical Big Bang Laboratory

The origin of the IceCube neutrinos is still an open
question, and in the 35th International Cosmic Ray
Conference, the IceCube collaboration reported a new
extremely soft neutrino spectrum, revealing a new
piece of puzzle on the origins of neutrinos. Upper lim-
its from diffuse gamma ray observations suggest that
the neutrino sources are either distant or hidden from
gamma-ray observations. It is possible that the neutri-
nos are produced in jets that are formed in the core col-
lapsing massive stars and fail to break out, the so called
choked jets. We study neutrinos from the jets choked in
the hydrogen envelopes of red supergiant stars. Fast
photo-meson cooling softens the neutrino spectrum,
making it hard to explain the PeV neutrinos observed
by IceCube in a one component scenario, but a two-
component model can explain the spectrum. Further-
more, we predict that a newly born jet-driven type-II
supernova may be observed to be associated with a
neutrino burst detected by IceCube.

The High-Energy Stereoscopic System (H.E.S.S.)
has detected an extended region of diffuse TeV gam-
ma-ray emission along the Ridge in the central 200 par-
sec of the Galaxy, indicating a peta-electrovolt accel-
erator (‘PeVatron') in the Galactic Center. We assume a
past hypernova locating in the Galactic Center, since an
individual supernova remanent can not accelerate par-
ticles to PeV energy over 1000 years. We simulate the
acceleration of CRs in the hypernova remanent (HNR)
and meanwhile their confinement and escape. The es-
caped protons diffuse around the galactic center and
interact with protons in the interstellar medium, then
produce gamma-ray emission and neutrino emission.

We find out that the past hypernova in the Galactic

Laboratory Head: Shigehiro NAGATAKI

Center can contribute to H.E.S.S. observations at ener-
gy above 10 TeV, and predict a cutoff of the gamma-
ray spectrum at 100 TeV, which can be tested by the
further observations. Under the constraint of H.E.S.S.
observations, we also derive the contribution of the
HNR to the IceCube observations around the Galactic
Center, which is consistent with the current IceCube

observations.
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He H., Nagataki S., Kusenko A., Fan Y. and Wei D.:
Neutrinos from Choked Jets accompanied by Type 11

Supernovae, the Astrophysical Journal, submitted*
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Supernovae, Theories of Astrophysical Big Bangs,
Wako Japan, November (2017)
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Neutrinos from Choked Jets accompanied by Type 11
Supernovae, PACIFIC 2018 symposium, Akaigawa
Japan, February (2018)

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 ex-
tended our calculations to transition form factors of
singly charmed baryons.

[1] The axial or pseudoscalar transition is relevant to
studying the strong decay of a X.(2455) particle with
quark content (uuc) or (ddc), which decomposes into a
A (udc) and a m (ud or dii). It is possible to extract
the A X . -coupling constant from a pseudoscalar form
factor calculation and calculate the decay width of the
process for which there is data from several experimen-
tal collaborations. The latest and most precise experi-
mental determination of the decay width comes from
the BELLE Collaboration [S. Lee et al. (Belle Collabo-
ration), Phys.Rev. D89, 091102 (2014)] and puts the
PDG world average for £.(2455)** (uuc) to
I'=1.891392 Mev [K. Olive et al. (Particle Data
Group), Chin.Phys. C38, 090001 (2014)]. We have uti-
lized the ab initio lattice QCD method in this work to
numerically simulate the process and calculate the de-
cay width. We pay great attention to identifying and
quantifying the systematic errors that might plague a
reliable extraction of the relevant parameters. On the
physical quark mass point, our calculations have yield-
ed a value of I'=1.65+0.28 +0.30 MeV where the
first error is statistical and the second is a combination
of several systematical errors. This result is in good
agreement with the world average. This work estab-
lishes our foundations and confirms the reliability of
the method to extract such phenomenological quanti-
ties from first principles calculations. In the following
works, we plan to investigate the strong decays of other

charmed baryons, which are relevant to experimental

Nishina Center for Accelerator-Based Science
Laboratory Head: Emiko HIYAMA

interests.

[2] From a phenomenological and heavy-quark point of
view, the E'. (E.) system is particularly interesting.
Since the mass difference between E', and Z, is smaller
than mass of the m, it is expected that there is no strong
transition between these baryons and most probable de-
cay mode is electromagnetic. This has, in fact, been
observed by experiments, however, there is no decay
width determination available yet [K. Olive et al. (Par-
ticle Data Group), Chin.Phys. C38, 090001 (2014)].
On the other hand, these baryons have the same quark
content, Isc |l € {u,d}, but belong to different layers of
SU(4) multiplet, in other words, have different wave
functions. In addition, they contain three different
quarks in different scales, making this system and ideal
laboratory to probe heavy-quark dynamics. In this
work, we calculate the electromagnetic transition form
factors of these baryons in lattice QCD close to the
physical point. This calculation allows us to give pre-
dictions for the decay width of positively charged =',*
and neutral 2,° baryons as I, + = 5.468 £ 1.5 keV and
I5, 0 =0.002 £ 0.004 keV, respectively. These results
are quite interesting since compared to the other mod-
el-dependent methods, we predict a smaller width for
2'.* and an essentially zero width for ='.°, for which
other methods report a finite value. We also analyze the
form factors to identify the individual quark contribu-
tions. We find that while the light and strange quark
contributions have similar magnitudes, charm quark
contribution is smaller (larger) for =, (E.) indicating
the different roles of the charm quark depending on the
internal dynamics of the baryon. Magnetic moments of

these baryons are extracted as well.
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Initial Conditions of Molecular Dense Cores with the Chemical evolution
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Developing Portable Atomic Clocks with 10E-18 Uncertainty

Name: Andrew HINTON

Host Laboratory: Space-Time Engineering Research Team

The recent development in the field of optical lattice

clocks (OLCs) has opened many exciting opportunities

Center for Advanced Photonics
Laboratory Head: Hidetoshi KATORI

to explore fundamental physics, such as the time varia-

tion of the fine structure constant, and to function as a
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tool for metrology applications like relativistic geode-
sy. In the laboratory these devices can reach incredible
uncertainties of a part in 10'8, outside the current limit
of the SI definition. To assess the performance of such
clocks there is a growing need for portable reference
clocks to enable intercontinental comparisons where
fiber and satellite links are insufficient. Development
of portable systems will also enable future applications
in remote locations such as seismic monitoring or iner-
tial navigation.

The portability aspect of OLCs - which encompasses
the size, weight and power of components - has been
investigated in this work. An OLC can be decomposed
into three core subsystems: an atomic system (vacuum,
trapping lasers, electronics), clock laser (oscillator) and
an optical comb (counter). Currently the trapping lasers
and electronics represent the largest volume in the ex-
periment; one focus of this work was reduction of these
components. Modular containers for optics and elec-
tronics were designed to be compatible with the indus-
try 19" racking standard to enable integration with
other laboratory equipment and aid compactness. These
containers were designed to be mechanically robust
and water-cooled to minimize perturbations when op-
erated outside a temperature-controlled laboratory.

Custom mounting structures for optics and light sourc-
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es were designed to be compatible with the new con-
tainers.

Stabilization of the laser frequency is typically real-
ized with a Fabry-Perot cavity consisting of two high-
reflectivity mirrors separated by a low-expansion glass
substrate to minimize temperature-induced length
changes. In the laboratory the substrate is supported
loosely to minimize vibration-induced length changes.
For a portable system it is undesirable to have the sub-
strate loosely supported as it is likely to move and
cause damage. To make a rigidly mounted cavity sys-
tem the optimum mounting structure was simulated
and designed such that the squeezing forces induce
fractional length changes of less than 5x10°!'. A com-
pact vacuum system that is sufficiently pumped by a
small, low power ion pump was designed to house the
mounted cavity to further reduce temperature-induced
length changes with the goal to eventually include this

entire system in remote applications.
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Study of Baryon Structure with Strangeness and Charm
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Group Theoretical Study of the Pairing Symmetry and Mechanism in Multi-Component
Superconductors and its Application to the First-principles Calculations
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Theoretical study of strongly correlated bosons in ultracold atoms
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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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A theoretical study for fermionsic topological phases
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Direct Observation of Local Spin Dynamics in Various Frustrated
Systems by a Freely Changeable Optical Lattice

BEN TS AR L—v a3 vDHBAEVRTR
Wi iAo, Bl R A VIR A
EiAZ EOBRFHMNFET 2 2 LA BEMNICHISD N
TEO., FRTELHEMEINE LS ICE->TER, C

WE7E & K% IUAR K Yamamoto, Ryuta
2 A WE 2% = AR A v 2 —

RYIZERIEAF IV AWML=y b
(s fEkE 20

D &K 5 BRI YEINSIER IS BIIRZR O S D7D
RRIN PR 9 2 ETIRIRE U THBRIC K 2 MG
MRODLENTWVD, UL, @HEEAPTIER O
MAMEMZ5¢ IO BRS T E DN 72, Ph

— 132 -



MRED B R E 2 Rk EZKBTET, 2L DHEA.
FLERAG IR & PG & D LR, MEEDBXITIEE BN ROE
ZHOBRENDH D, AW TIE., HHETRICE
RO R o4 O E BRI & 22N
FHASRERIC X A RO IR 2 a8 %
TET, BENT S AR L—a vk DR
BABIRORAE Y RZFHB L, AEVHHPAE Y
A A F 27 ADE BN ZE U TR R &R
DD 5 T e HINE LTV, HHE 5
TR L—Y—TYEP O T ZHET 5720, [#
AP TR O T E WV ER O BER7: £ Z2T1E
ICHMET AT EMNTE D, THUCK D FEFSEI &
MDD A 5%, iz, BHETRTIEET
SURSAMEE & MHEN B A& T O A ¥ 2o 72 BB
Wi X CEIET 2 8d0kind 0. T OFHliZziGH LT
W A BT ED X S B A V0D
KEINTWB2DN, FLEMMCHLZIMZS T
ETAREYMIEED K S R REZK T D
M REOHIAMESENZ T AW ENS, X
TZERPENAIZ R & > TIEE O IR 2 s
5T LENEERTD. BRARRIENT I AL
—2 3 YDHBAEVRITH U TH MRz

XXIV-022

H5TLTEHLEZDND, AFEEIE LElOWIZEZ
HEXE ™ B 72 DICRAELRT] R T 3 % HERIEIE D%t
X UBIFZITV. Rl 3 MOIEH &R LTz,

(D) BSIRE TR r&AZmH L., & (R—
A EREIAR) ZRBILU Tz,

Q) B AN TS AN L—2avDH % Al T%
REER L. R HmBaE E TIHE Ui P&k 7z
EALK,

(3) ZEMENIAHA TR OEIEZ R L. #2750
2 — 2 DRI LTz,

@O5EH %X Oral Presentations

AR, R —F falsiel: “=Asric ko
v TENTR— AGEHEAD I, HARYH Y2
HT3EMERR 2, R HRER Y (P v 278 R),
3H (2018)

@ KX 4%—%Z%K Poster Presentations

Yamamoto R., Nakamura I. and Fukuhara T.: “Towards
quantum simulation of frustrated spin systems with
single site-resolved imaging”, DAQS2018, The Uni-
versity of Tokyo, Jan.(2018)

BMCHEMERTIEFSARRICE TS FFROY HIHEOERIRA
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Hong Kong, China, Jun. (2017)
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Physics of novel 3D hierarchical structures of inorganic nanosheets:
towards innovative designable materials
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Satoshi Aya*, Fumito Araoka*: “Orientational transi-
tion in a liquid crystal triggered by thermodynamic
growth of interfacial wetting sheets”, J. Vis Exp.,
DOI: 10.3791/55729 (2017)

Fumito Araoka*, Alexey Eremin, Satoshi Aya, Guksik
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nipulation of topological structures and real-time
imaging at a nano-scale”, Proc. SPIE, DOI:10.1117/
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ture-dependent anchoring in liquid crystals mediated
by thermodynamic smectic wetting sheets”, Appl.
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Satoshi Aya*, Fumito Araoka*: “Interfacial dynamics
of light-responsive azo-dendrimer wetting sheets”,
Ist International Symposium on Nanotechnology
and Mesophase Engineering, Osaka, June(2017)

Satoshi Aya*, Fumito Araoka*: ““Inversed” tempera-
ture dependence of anchoring strength triggered by
interfacial wetting”, 14th EUROPEAN CONFER-
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Satoshi Aya*, Fumito Araoka*: “Programmable pattern
formation in anisotropic liquids mediated by topo-
logical defects”, 10TH LIQUID MATTER CON-
FERENCE, Slovenia, July(2017)

Satoshi Aya*, Fumito Araoka*: “Unusual temperature
dependence of anchoring torque in liquid crystals
triggered by surface-localized structures”, 10TH
LIQUID MATTER CONFERENCE, Slovenia,
July(2017)
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Field Theoretical Study of Thermal Response Phenomena in
Topological Materials
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Nakai R., Ryu S. and Nomura K.: “Laughlin’s argu-
ment for the quantized thermal Hall effect”, Physical
Review B, 95 165405(2017)*.
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Nakai R., Ryu S. and Nomura K.: “Quantization of the
heat polarization in twisted spacetime”, APS March
Meeting 2018, Los Angeles, United States, Mar. 8,
2018.
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Nakai R., Ryu S. and Nomura K.: “Gauge-invariance
argument for the quantization of the thermal Hall
conductivity”, 28th International Conference on
Low Temperature Physics, Gothenburg, Sweden,
Aug. 12, 2017.

Nakai R., Ryu S. and Nomura K.: “Gauge invariance in
quantized thermal transport phenomena”, Novel
Quantum States in Condensed Matter 2017, Kyoto,
Japan, Nov. 9, 2017.
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Emergent Quantum Many-Body Phenomena
in Non-Equilibrium Ultracold Atoms
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Nakagawa M. and Kawakami N.: “Symmetry-protect-
ed topological phase transition in one-dimensional
Kondo lattice and its realization with ultracold at-
oms”, Phys. Rev. B 96, 155133 (2017)*

Takasan K., Nakagawa M. and Kawakami N.: “Laser-
irradiated Kondo insulators: Controlling the Kondo
effect and topological phases”, Phys. Rev. B 96,
115120 (2017)*
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Nakagawa M.: “Strongly correlated topological pump-
ing from symmetry-protected topological phases”,
Novel Quantum States in Condensed Matter 2017,
Yukawa Institute for Theoretical Physics, Japan,
Nov. (2017)
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Nakagawa M. and Kawakami N.: “Interaction-Induced
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Crossover of Fermionic Symmetry-Protected Topo-
logical Phases in One Dimension”, International
Conference on Topological Materials Science 2017,

Tokyo Institute of Technology, Japan, May (2017)

Nakagawa M.: “Topological pumping in strongly inter-
acting bosons and fermions”, The 2nd CEMS Inter-
national Symposium on Dynamics in Artificial Quan-

tum Systems, University of Tokyo, Japan, Jan. (2018)
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Defect Engineering and Topological Phases in SKyrmion Systems
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Iwasaki J. and Rosch A.: “Nonreciprocal Current along
Skyrmion String in Chiral Magnets”, Topology Mat-
ters, Mainz, Germany, July (2017)

Iwasaki J. and Rosch A.: “Nonreciprocal Current along
Skyrmion String in Chiral Magnets”, SKYMAG
2017, Paris, France, May (2017)
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Noninvasive Synthetic Therapy:

Organic Synthesis of Therapeutic Molecules within Living Systems

Name: Kenward VONG

Host Laboratory: Biofunctional Synthetic Chemistry Laboratory

Control of drug release within localized areas of the

body has become a hotly pursued research topic within

Laboratory Head: Katsunori TANAKA

the last decade. Unique from the numerous groups that

have focused on small molecule-triggered drug release
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methodologies, this present study explores the possi-
bilities of metal-catalyzed drug release strategies. A
novel transformation was discovered and developed
based on a gold-triggered N,N-disubstituted 2-ethynyl-
benzamide cyclization reaction. In this transformation,
gold-coordination to an alkyne moiety promotes cycli-
zation with a nearby carbonyl moiety. The addition of
the carbonyl group onto an alkyne is believed to be pro-
moted by an N-linked electron donating group (ex/
methyl group). Subsequent hydrolysis then allows the
release of an amine, which needs to be a secondary
amine. Since several drug classes contain secondary
amines, examples being Endoxifen (active metabolite
of the anticancer drug Tamoxifen) and monomethyl au-
ristatin E (antineoplastic agent), this chemical reaction
is envisioned to be applicable for a number of drug
therapies. To further understand and improve upon re-
action kinetics, structure-activity relationship (SAR)
studies were performed where the main points of em-
phasis were substitutions of the alkyne moiety, aromat-
ic moiety, and on the secondary amine. This work was
able to show various trends that strongly influence
amine release kinetics. The most significant observa-
tion was that substitution with a strong electron with-
drawing group on the aromatic moiety could lead to
two-fold higher yields compared to the model reaction.
To transition the drug release reaction for in vivo ap-

plications within living biological systems, Endoxifen

and Doxorubicin (via modified 4-aminobenzylcarba-
mate chemistry) linked compounds were synthesized
and are currently being tested in various adaptations
within cell-based and animal-based studies. Overall,
these results should become the foundation for the fu-
ture development of organ-localized, gold-catalyzed

drug release therapies within living biological systems.
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Vong K., Tsubokura K., Nakao Y., Tanei T., Noguchi
S., Kitazume S., Taniguchi N., and Tanaka K.: Can-
cer cell targeting driven by selective polyamine reac-
tivity with glycine propargyl esters. Chem. Commun.
published*
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Vong K., Tanaka K.: “Propargyl-assisted Selective
Amidation Applied to Peptide Conjugation and Tu-
mor Cell Imaging” 5559RI KRG LSRR,
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Vong K., Tanaka K.: “Exploiting Glycine Propargyl
Ester Reactivity for Biological Applications” 6th
RIKEN-Max Planck Joint Research Center for Sys-
tems Chemical Biology Symposium, Naha JP, Apr
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Large-scale Molecular Dynamics Simulations of Folding Pathways of
Transmembrane Self-assembling Peptides in Lipid Bilayers and its
Application for Designing Novel Peptide Assemblies
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a planar lipid bilayer by single channel current re-
cording”, PSSJ Archive, 10, e086(2017)*
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Investigation of Novel Functionality of Organic Devices induced by
Self-Assembled Monolayers on the Metal Oxcide surfaces.

A, RO L7 ram s A LT H
e AR WO T2 T8 2T DWW T OWIZEAEE AL

ThNTV3, TNETOWMRTIE. AEEGAT

INA ZADTEREN DT, A7 Rl A F

7% # I % W IE3S Nakano, Masahiro
2 A WF 7 = BIRYER A e v 2 —

AFEST T HEREM L VL — 7
(s & s M)

D T 3 )V F—LN\)Vix E7N)L 7 T oYkl
MELLTITbNTE, —/i T AW E A
;T UV AR HBOTHBE SR & SRR LY O 5
iz H RS 7 (SAM) ICX b Efid 5 C

— 140 —



LT, FEaMEM BT 2R Lz, 9%
bbb, BMEHERLTZSAMELERK N T VYA XIC
Huizha, RS NzEBAOBBICLC T, b
VYRR p B 2 iEn BIC LT B, L0
9 & O T »H % (M. Nakano et al., Advanced
Materials, 2017, 29, 1602893), HEH Tl SAMIT X
2 RmEiE. ZnEBT R VF—0EE,. &LL<
BEm b7y 7oK TV AR Z
FEEBRLDDOFERT UL a2, THUTH L,
R D SAMEBHHIC X > TTFNNA ZAHDF ¥ U 7 H
EHEGZEEIN, FEDRESE L TLES VD
TRl HitERATHS, Thid. AT N1
AAFET B2 BT 22 L T, TNETOF
% OV hOPERIE) 720 TS S o 7z
HRREME D BT B A[EMEN B 2 T L 2 KT
%o AWFHCBNTIE, ZLOEBET/NA ANED
ARHEA—REY ORI ERZ YT, Th2ff
BT % Tk LCSAMEBRcEH Lz, A
B 1 8k — BB b P i i 72 Bk 4 72 SAM T L.
SAM & B8k & O BEAERIC X D FE81d 2 8T
AR THEREME ORR & Z DMl Z st D Hi & 4
%, AWEICK D, ThE TITARVE FHEGENED A
Lk EINBT LT, SAM LHIAG DY AL
EARDFIRIEHIEDNYI O NS C LI TE
2o

AL, T TICHEREHO iR Ei% (M.
Nakano et al., Organic Letters, 2016, 18, 3376) 7%
HEL LT, SAMEHATDYE 7DD HRE
ROERKZ ATV, it Lic, AL IeARE
wiE, AN VA2, ARETORREE. BX
UHBSEREAET INA IV SR L LTHEN:
Ktk Z R Uiz, 720 SAMOFIZDOWVWTE A%

XXIV-030

fro, LEMRZTOEMTHEC OV TR ZRS
TENTE,

@i LEHX Publications

et 39

Hamonnet J., Nakano M., Nakano K., Sugino H., Ta-
kimiya K. and Tajima K: “Bis(naphthothiophene di-
imide)indacenodithiophenes as Acceptors for Organ-
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Exploration of Optimal Shapes of Chiral Catalysts through Regression
Analysis of Digitized Molecular Structures
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Super-Strong Magnetic Field-Induced Block Copolymer Assembly

Name: Xiaoyu LI

Host Laboratory: Emergent Bioinspired Soft Matter Research Team

Unfortunately, common hydrocarbon-based block
copolymers we have tested so far do not show particu-
lar response to even super-strong magnetic field. There-
fore, no results have been obtained in this direction.

However, during experiments, other interesting phe-
nomena have been discovered based on the current re-
search projects from the same team. It was found that
the titanium-deficient titanium nanosheets (TiNS,
chemical formula [Tij ¢, 130,]1°°%, with a thickness
of 0.75 nm and lateral size of up to 20-30 microns)
aqueous dispersion, upon mild UV irradiation, can gen-
erate unusual high content of Ti3" species. During this
process, the pristine white TiNS change to purple color,
which is darkened with longer irradiation time. It is
found that this transition requires minimum content of
organic ionic species in the aqueous dispersion, proper
pH value (~7), and most importantly, the low level of
oxygen. This transition usually occurs in minutes, de-
pending on conditions. The purple TiNS can be changed
back into their original white state by simply bubbling
air for seconds. This interconversion between white
and purple TiNS is non-destructive and fully reversible
so that all the physical properties of the TiNS after cy-
cles of interconversion remain unchanged, including
pH values of the dispersion, hydrodynamic diameter
and zeta-potential of the TiNS, and the crystalline
structure of the TiNS. The TiNS after cycles also re-

main intact, demonstrating the non-destructive nature

Center for Emergent Matter Science
Laboratory Head: Yasuhiro ISHIDA

of this transition process. The purple TiNS are demon-
strated to be able to initiate the polymerization of vinyl-
containing monomers (such as N-isopropylacrylamide
to form hydrogels, or styrene to form microcapsules),
and also reduce metal ions (such as Au") into nanopar-
ticles.

The generation and existence of Ti** is confirmed by
electron paramagnetic resonance measurement. TEM
electron diffraction experiment also shows that the
crystalline lattices are changed after UV irradiation on
the TiNS, and the diffraction pattern matches that of
Ti,O5 from literatures very well. Meanwhile, high con-
tent of Ti*" also changed the semiconductive nature of
the original TiNS toward more insulating side, as con-
cluded from our field-effect transistor measurement.
Moreover, the TiNS containing sufficient amount of
Ti3* forms Ti**/Ti*" mixed valence species, resulting in
completely different magnetic properties and also dif-
ferent alignment behavior in magnetic field from the
original white TiNS. The original TiNS are purely dia-
magnetic and aligned perpendicularly to the magnetic
field direction in aqueous dispersions. Meanwhile, the
purple TiNS, as confirmed with M-H measurement, are
paramagnetic, and can be attracted by magnetic field.
Furthermore, these purple TiNS (in aqueous disper-
sion) can be aligned parallelly to the direction of mag-
netic field. Although the photo-response (photocatalyt-

ic or photovoltaic) properties of titanium dioxide have
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been extensively studied, the reversible interconver-
sion of the magnetic properties of these materials is
discovered for the first time. Besides interests for fun-
damental research, these responsive TiNS may also be

applied in smart display or windows in the future.
@ Oral/poster Presentations
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Therapeutic In Vivo Synthetic Chemistry: Transformation of Toxic Acrolein
into Pharmacologically Active Heterocyclic Compounds in Live Animals

The objective of this research is to synthesize phar-
macologically active compounds by utilizing our origi-
nal reactions directly in live animals. Recently, I seren-
dipitously uncovered that aryl azides can react with
acrolein in a click manner, without the use of any cata-
lyst, to produce 4-formyl-1,2,3-triazoline derivatives.
The reaction shows impressive reactivity and selectiv-
ity, even under physiological conditions and in the
presence of various interferences. Furthermore, by uti-
lizing a fluorescence-labeled phenyl azide, I have suc-
cessfully applied the click reaction directly in live cells
to detect and visualized endogenous acrolein released
from oxidatively stressed cells. Herein, I expand the
utility of azide-acrolein click reaction to transform the
toxic acrolein into pharmacologically active com-
pounds directly in live mice. We called this strategy
“therapeutic in vivo synthetic chemistry”.

This year I found a fluorescence-labeled phenyl
azide that can selectively image acrolein of the cancer
cells, whereas no method has been reported in literature
for the detection of acrolein in cancer cells. Moreover,
by collaborating with Department of Breast and Endo-
crine Surgery - Osaka University, we ensured that this
method is applicable to discriminate normal and breast

cancer tissue. Our method is superior to any other tech-
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Z A WE 7% 2 PR RE S b2 A g

(FisE W yalit)

niques so far reported, since it could sensitively visual-
ize cancer morphology and localization in resection
stump during surgical operation. Our inexpensive
probe and easy-to-perform method has potential to be
applied to current breast-conserving surgery in the hos-
pital. At the same time, since these results clearly
showed that our fluorescence-labeled phenyl azide is
selective against cancer cells, next year [ will utilize the
compound to synthesize anticancer drug directly in

mouse model of cancer.
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Tumor by Using the Orthogonal Reactivity of
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Elucidation of underlying mechanism in plant morphogenesis by
spatiotemporal multi-scale analysis
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Characterization of physical properties of water involved in barrier function
of the stratum corneum in the skin epidermis

KIFEMEENCT RS T L DTERVREELYE
ThdEILELOENTED,. MEARNICEITSK
R RRIBICD A HERN FTHBELEZIEN S,
Y BRAERE DD 20T, IKDFERICED XK 5 &
REZRE-LT0ENRIEEAEHSMIINTY
Tho e, WL FIHFUTI N > TT NIV YHRD
AEINEZ & LT EMTN O/KFLREES KSRGS
3y hU—=TEBEiE Vo KO- i g
BEMRERICRIIL TS, 2D, TINILVY
Bl g R Hic VT kOE” &R ERED
BRI 72 3 9 2 B e A BRI 72 % IR L C
W53, TTTAREERZ, 7NV HiZ VTR
JE R R DIk 2 iR T B T2 DR 2 HiR
L. (1) KOYMERHT D12 DE T IVinilk, 55
T Q) 7 LAt oYz v iz B—Hiae
IO AT,

(1) 7Ki&20 GHz IS IFHIT K E i oy i 2
HLTEDH, TNE TIDHEME— RidDebye
METXRBT 200 &N Tz, L
L. 50 MHz ~ 400 THzIZ % % /KDy
HMEZIT>T28 T A, 50 THzLL LoD i i %
Il T & Debye BT IVAFERffZ 1 & A EFBIT
TTViEWVnZ e REINE, TTTHRALIE
Debye &7 )L T L T 72BN R % 9253
T EL D AN TRl JE e B3 (SFM) &
TFIWERATS L TTOMBRRRT S
CICRIILTzTzd, TNV BVWTE T
DETFIVEHWVS C & TX O IEMIC/KRANIKGE
ERFHREE vy MU= T EBEOFHEATT R B
EEZIBNS,

Q) FINIVYEOREEZEE pm ~Emm LT
BB, EEEEE TR B8 %K
OFENERUDBINT 2 LN TE R0, L
MU, REEEH T ORI EEN R E
Wizs, BRIl LNV T/KOER#ERTE S
TENXOEELL, ZTTAWIETIE. EH L

Wk 7 & K 4 Ff 2—BB Shiraga, Keiichiro
Z AW 2 mEEmER At 2 —

BRI T— Ly
(s Ra HEfT)

B pm A O SEEER 2 S U TR B0
ZAbd % CMOS HlRan Z M L 747 L A
Y 2 72 o T HL T D 7Kk O 52 1k Y 75 B
21775 o Teo FERMEPHI DAL R 2T Lz &
Ch, Ol TRBEESD &M
U HeLa flifld 7% single-cell LNV CTEITE %
TEMHLNERD, IHITHRILTY VEEIR
X o THIRIN TEKFUKEIG DA LT3
e RMENT,

@ LEH#EK Publications

(i s

Shiraga K., Adachi A. and Ogawa Y.: “Characteriza-
tion of the hydrogen-bond network of water around
sucrose and trehalose: H-O-H bending analysis”,
Chemical Physics Letters, 678 59-64(2017)

Shiraga K., Ogawa Y., Tanaka K., Arikawa T., Yo-
shikawa N., Nakamura M., Ajito K., Tajima T.: “Co-
existence of komotropic and chaotropic impacts of
urea on water as revealed by terahertz spectroscopy”,
The Journal of Physical Chemistry B, 122 1268-
1277(2018)

@O5EHZ* Oral Presentations

CEE)

A —BR, DIEE—: LT F LY I3e %
IO T RITANK DR, TR 29 4R FLASE
PAETGHRHE Y VR TI T I T IV 0 eHih
Oisctiho M 1, AR, 5 (2017)

FAPE—E8, IE—, FREN, s, HE
FLEB: “Characterization of the hydrogen-bond net-
work of water around sucrose and trehalose investi-
gated with broadband spectroscopy”, 355 [B17EY)
YA AE R, BEA, 9H (2017)

FIE—BE . “JAIEKT F NIV o0tz o T8k
Bt o BOKEL EROMBAEHRHE”, B—E7 27

— 147 -



7+ IV AWSER, EHE, 11H Q017)
EAE BB, NIEE—, HPR—BR, A, R
BN, R N - ERFICHEED <Kk
D5 FRHHRBI ORI, YR T L 7
FINVYREEOR IV, B3, 12H (2017)

XXIV-036

@F X4 —%K Poster Presentations

CEE)

FIfE—RE . “T Iy otz o T B2 e N
D K7 OVERHM”, BEFAR S R T L T
%% - <) ARTHIBEHII O BUR & Ak,
e, 6 H (2017)

FURBOREREEZERICLE [BEBVEORIE] xH=XLOEH

The Mechanism of the Acquired Traits Inheritance
in Plant Pathogenic Fungi
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The functional significance of large cytoplasmic volume
in mammalian oocytes
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Revealing Fundamental Rules of the Intracellular Metabolic
Changes During Cell Fate Change.
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Evolutionary Origin of The Vertebrate Thyroid Gland
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Engineering synthetic tools to aide single cell and

‘omics’ techniques for studying RNA localization and
local translation in the context of neurological disease

Name: Callum PARR
Host Laboratory: Cell Conversion Technology Team

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-

Center for Life Science Technologies
Laboratory Head: Jac Woo SHIN

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
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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. Recurrent neural networks
(RNNSs) can be trained to decipher from this raw signal,
the sequence of standard ribonucleotides (uridine, cyti-
dine, adenosine, and guanosine) as it passes through
the pore. Modifications of standard ribonucleotides
may also be hidden within this raw signal and teased
out using further training sets for RNNs. The advantage
is that we can measure as different modifications as we
trained the base-caller to recognize. Furthermore, as it
is single-molecule sensing, we can have true quantita-
tive and stoichiometric measurements of population of
RNA molecules. We will now begin to test the discov-
ery of base-analogs, 4-thiouracil, and 5-ethynyluridine

using nanopore sequencing on synthetic RNA mole-

XXIV-042

cules versus unmodified synthetic molecules before
moving to cell-based systems.

To provide causative evidence that a certain RNA
modification leads to a biological consequence, new
RNA-targeting CRISPR-Cas systems allow for site-
specific modification when fused to functional domains
such as deaminases, methylases, or demethylases. We
will use this versatile system to write and erase certain
RNA modifications marks in a site-specific manner
with single-nucleotide resolution to decipher the func-
tional roles of such modifications with respect to RNA
localization and local translation.

Ultimately, we set out to decipher how RNA modifi-
cations alters the life-cycle of RNA molecules, such as
mRNA in particular with focus in its localization with-
in specialized cells such as neurons. We hypothesize
that RNA modification can regulate the interaction to a
class of proteins called RNA binding proteins. In turn,
this regulated RNA localization is believed to be vital
for the fine temporal and spatial control neuronal func-
tion. Therefore, dysregulation of such RNA modifica-
tion may be associated with numerous neurological

disease.
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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
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Mechanochemical Studies of Epithelial Sheet Folding Induced

by Cell-Cell Junction Remodeling

Name: Fu-Lai WEN
Host Laboratory: Laboratory for Physical Biology

Epithelial tissue consisting of inter-connected polar-
ized cells is one of the key animal tissues, which covers
body surfaces and lines internal organs and cavities.
The epithelial cell polarity (asymmetry) endows epi-
thelial tissues with distinct biochemical and mechani-
cal properties along the apical, basal, and lateral sides
of cells. Hence, polarized epithelial tissues are capable
of sensing and responding to stimuli arising at different
sides of the cells for proper execution of tissue func-

tions. Although it was recognized that such intracellu-

Quantitative Biology Center
Laboratory Head: Tatsuo SHIBATA

lar polarity (asymmetry) is crucial for endowing epi-
thelial tissues with normal morphology and
bio-functions, the mechanism by which epithelial cell
polarity regulates cell and tissue behaviors is poorly
understood. To address this issue, in the present study
we investigate the physical mechanisms underlying a
novel tissue folding that requires remodeling of epithe-
lial cell polarity. Specifically, we aim to understand
how the interplay between mechanical forces that de-

form cells and epithelial cell polarity that regulate forc-
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es collectively sculpt the tissue morphology. To this
end, we first identify the mechanical conditions for
shaping epithelial tissues, and then explore how the
mechanical conditions are regulated by intracellular
epithelial polarity. We recently develop a mathematical
model for the morphological changes of a cross section
of monolayered epithelial tissues. We showed that in
the absence of external forces, epithelial tissues can
spontaneously undergo folding when the mechanical
properties (e.g. elasticity and tension) at the apical,
basal, or lateral sides of tissues are modulated. We are
now extending this model by considering how cell me-
chanical properties are modulated by remodeling of
epithelial cell polarity. Taken together, both mechani-
cal and bio-chemical perspectives revealed in our study
will comprehend our understanding of epithelial tissue
morphogenesis regulated by intracellular epithelial po-
larity. Since remodeling of epithelial cell polarity is
fundamental to many biological processes including
pathological conditions such as wound healing and tu-
mor metastasis, our research could provide crucial in-
sights into epithelial polarity-regulated cellular behav-

iors in diverse systems.
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@ Publication

Original Paper

[1] Wen F. L., Wang Y. C. and Shibata T.: Epithelial
sheet folding induced by apical or basal-lateral mod-
ulation: geometrical features, mechanical inference,
and boundary effects. Biophys. J., 2017,
112(12):2683-2695, published*

@ Oral Presentations

Domestic Conference

[1] Wen F. L., Wang Y. C. and Shibata T.: Modeling
autonomous folding of epithelial sheets, 50th Annual
Meeting of the Japanese Society of Developmental
Biology, Tokyo, Japan, May 2017.

[2] Wen F. L., Wang Y. C. and Shibata T.: Physical
mechanisms of epithelial morphogenesis, RIKEN
Symposium: Behavior and Logic of Cellular Sys-
tems IX, Wako, Japan, April 2017.

@ Poster Presentations

International Conference

[[TWenF. L., Wang Y. C. and Shibata T.: Autonomous
epithelial folding driven by mechanical modulations,
EMBL Symposium: Mechanical Forces in Biology,
Heidelberg, Germany, July 2017.

Deciphering a Hypothalamo-hippocampal Circuit in

Goal-directed Spatial Navigation

Name: Shuo CHEN
Host Laboratory: Laboratory for Circuit and Behavioral Physiology

Decision-making during goal-directed navigation is
a highly evolved behavior requiring a coordination of
perception, learning and memory, and planning. In the
past year, by using an array of circuit interrogation
techniques including viral tracing and optogenetics, I
have successfully identified a crucial role of the neural
circuit from hypothalamic supramammillary nucleus
(SuM) to hippocampal dentate gyrus (DG) in mice per-
forming a T-maze delayed non-match to sample task.

This progress has filled the gap on a wide circuit map

Brain Science Institute
Laboratory Head: Thomas MCHUGH

that bridge to the hippocampus for making decisions
during spatial navigation. At first, I performed brain-
wide 3D mapping of SuM efferents by taking advan-
tage of a SuM-Cre transgenic mouse line that allows
specific expression of fluorescent proteins at SuM. Af-
ter brain tissue clearing, high-resolution 3D reconstruc-
tion of an atlas of SuM efferents was achieved, indicat-
ing strong projections from SuM to hippocampal DG.
Next, I employed targeted optogenetics to test the func-

tion of SuM-DG circuit in goal-directed navigation.
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Cre-dependent channelrhodopsin-2 (ChR2) or archaer-
hodopsin (ArchT)-expressing adeno-associated virus
(AAV) was injected to SuM. For the ChR2-transfected
mice, application of 488 nm laser at DG terminals
showed no effect on the task performance. However,
when 532 nm laser was applied to the ArchT-transfect-
ed mice, I found a dramatic decline of the T-maze per-
formance, indicating that inhibition of the SuM-DG
circuit significantly impaired the animal's spatial work-
ing memory during goal-directed navigation. Finally,
to obtain an anatomical insight into the distinctive
functions of the SuM-DG circuit, I performed immuno-
histochemistry (IHC) to map task-dependent cFOS ex-
pression in the SuM and examined overlapping be-
tween cFOS immunoactive cells and Cre-dependent
YFP expression. Extensive overlapping was found at
the lateral SuM in animals that performed the goal-di-
rected navigation task. Considering that SuM neurons
projecting to hippocampal DG are mainly located later-
ally, this result is in good agreement with the finding
that the SuM-DG circuit supports spatial working

memory.

@ Publications

Paper

Chen S., Weitemier A.Z., Zeng X., He L.M., Wang
X.Y., Tao Y.Q., Huang A.J.Y., Hashimotodani Y.,
Kano M., Iwasaki H., Parajuli K.L., Okabe S., Loong
Teh D.B., All A.H., Tsutsui-Kimura I., Tanaka K.F.,
Liu X. and McHugh T.J.: Near-infrared deep brain
stimulation via upconversion nanoparticle-mediated

optogenetics. Science. in print*

@ Oral Presentations

Conference

Chen S.: “Near-infrared optogenetics enabled by up-
conversion nanoparticles” HHMI Janelia From Light
to Sound Frontiers in Deep Tissue Imaging, Ashburn
USA 2017, June 4-7.

@ Poster Presentations

Conference

Chen S.: “Near-infrared deep brain stimulation via up-
conversion nanoparticle-mediated optogenetics”
Gordon Research Conference Photosensory Recep-
tors and Signal Transduction, Lucca Italy 2018,
March 4-9.
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Biochemical Dissection of Novel Sphingolipids in the Pathophysiology
of Psychiatric llinesses
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Identification of disease-protective loss-of-function (LoF) variants

for drug development - a novel reverse genetics approach based
on 200,000 Japanese individuals

Name: Xiaoxi LIU
Host Laboratory: Laboratory for Genotyping Development

Loss-of-function (LoF) variants, including nonsense
mutations, frameshift insertions/deletions (indels), and
spicing-site variants, are capable of disrupting the pro-
tein sequence and structure. Although LoF variants are
well known as causes of various rare mendelian dis-
eases, their distribution and roles in healthy individuals
as well as in patients of common complex diseases are
largely neglected. A recent study estimated that human
genomes typically contain approximate 100 genuine
LoF variants with ~20 genes completely inactivated
(MacArthur et al. Science 2012), which indicated that
there is an unappreciated role of LoF in the human
health. However, it remains unknown how individuals
with causal LoF variants are protected against the dis-
eases and whether those LoF variants also confer the
risk of common diseases.

Despite it is generally believed that the LoF variants
have damaging impacts and are harmful for human
health, several studies shown there is an opposite sce-
nario in which LoF variants may actually protect
against diseases including HIV, type 2 diabetes
(T2DM), and Alzheimer disease. In realizing such
genes could be novel drug targets, these discoveries en-
able an alternative approach for the drug development
by designing and utilizing chemicals or antibodies that

disable or inhibit those candidate genes which inacti-

Center for Integrative Medical Sciences
Laboratory Head: Yukihide MOMOZAWA

vated by LoF variants. However, it is yet unknown how
many protective LoF variants exist in the human ge-
nome and whether they are population specific or not.
To address above questions, in this study, we are car-
rying out a large-scale genetic study to comprehensive-
ly identify and annotate LoF variants, and to examine
their effects on various health conditions including 47
different common diseases in 200,000 Japanese indi-
viduals. We designed a hybrid approach by combining
the whole-genome sequencing technology (WGS),
deep target-resequencing, and computational method
including imputation and association statistical analy-
sis. With this study, we expect not only to gain an un-
precedented insight into the genotype-phenotype rela-
tionship but also to identify LoF variants that either
cause or protect against common diseases - which may
server as targets of novel therapeutic agents.
Our research design includes three main steps.
(1) Creation of a high-resolution and population-
specific LoF variation map
(2) High accuracy Imputation for 200,000 individuals
and statistical analysis to determine protective LoF
(3) We will carry out statistical analysis to identify
protective LoF variants that are associated with the
common diseases based on the case-control study

design.
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The overview of the research plan is shown as in the

following figure

| Create list of LoF variants based on BBJ1K WGS data | FY2017

Target sequencing on 16,000 samples to determine AF and
make reference panel for imputation

FY2017

| Imputation analysis to determine LoF in 200,000 samples | FY2018

| Association analysis to identify LoF related with diseases | FY2018

Functional analysis of the LoF which show strong FY2019
association with diseases

Figure 1. Outline of the study design and schedule

XXIV-049

We have finished the step 1-2 in the FY2017 as out-
lined in the plan. We performed the variant annotation
for variants in 1037 whole-genome sequencing data
and we curated a list of loss-of-function of 8599 vari-
ants which are highly reliable. We found on average
each individual carries 30 LoF variants.

By statistical power analysis, we found the LoF with
allele frequency >= 0.005 is suitable for association
analysis given the current sample size of the BioBank
Japan cohort. Furthermore, We performed the target-
sequencing of the LoFs with AF >= 0.005 (n =1,538)
on 16,000 samples to created the imputation reference

panel and the experiments were done.

Impacts of hierarchical visual processing on decision making:

investigation with projection-specific optogenetic manipulation

Name: Tadashi Tsubota
Host Laboratory: Laboratory for Neural Circuit and Behavior

The main purpose of this research is to identify dif-
ferential roles of lower- and higher-order visual areas
on decision making based on visual information in
mice. For this purpose, complex decision-making tasks
are necessary to be trained for mice. However, it was
difficult to obtain trained mice (learners) with a high
yield (> 50%) and a short training duration (< 1 month)
with manual trainings by experimenters. Therefore, an
automated platform for behavioral trainings of deci-
sion-making tasks was developed (Publications #1).
This platform increased the yield of learners (~67%)
and dramatically (~10 fold) reduced training durations.
During FY2017, 12 mice have learned the complex ori-
entation discrimination task. Two-photon calcium im-
aging of hundreds of neurons spanned across lower-
and higher-order visual areas is currently being
performed using some of these learners. This experi-
ment can reveal time courses of choice probability de-
velopment in different visual areas. Therefore, along
with future experiments with optogenetic perturba-

tions, it will reveal differential contributions of those

Brain Science Institute

Laboratory Head: Andrea Benucci

areas on decision making.

To attain the purpose of the study, it is also necessary
to develop a method for selective optogenetic perturba-
tions of functionally identified neurons. Two different
techniques have been tested during FY2017: one using
neuronal activity-dependent promoters (eSARE, Ca-
Flare, etc.) and the other using patterned-light illumina-
tion with a digital micro-mirror device. During optimi-
zation of the latter technique, it was found that pairing
of patterned optogenetic stimulations can reorganize
functional connectivity among visual cortical neurons
in vivo. More specifically, paired optogenetic stimula-
tions of a single orientation-tuned neuron and sur-
rounding neuronal populations in the layer 2/3 of the
primary visual cortex can change orientation represen-
tation of surrounding populations in a manner depen-
dent on functional preference of the single neuron. This
finding itself is novel and quite important for advanc-
ing our understandings of functional specificity and
plasticity of in-vivo cortical recurrent connectivity.

The finding was presented in international conferences
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(Publications #3 and #4) and has been submitted to a
journal (Publications #2) during FY2017. Therefore,
the research project is developing multilaterally be-

yond the initial expectation.

@ Publications

Original Papers

1. Aoki R, Tsubota T'., and Benucci A.: “An automat-
ed platform for high-throughput mouse behavior and
physiology with voluntary head-fixation”, Nature
Communications 8: 1196 (2017)*

("Double first authors)

2. Tsubota T., Frandi E., Benucci A.: “Sensory repre-

sentation plasticity driven by single neurons in the
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mouse cortex”’, Submitted*

@ Poster Presentations

International Conferences

3. Tsubota T., Frandi E., Benucci A.: “Plasticity for
stimulus selectivity in the visual cortex of adult mice
induced by patterned optogenetic stimulation”, Soc.
for Neurosci. 47th annual meeting, Washington DC,
USA, November (2017)

4. Tsubota T., Frandi E., Benucci A.: “Plasticity of
functional representation in visual cortical neurons
of adult mice induced by patterned optogenetic stim-
ulation”, The Japan Neurosci. Soc. 40th meeting,
Chiba, Japan, July (2017)
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HMAEZEEXK 4 Elucidation of Decision Making Mechanism in the
Telencephalon of Adult Zebrafish using Virtual Reality
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@OFEREK Oral Presentations

Makio Torigoe, Islam Tanvir, Hisaya Kakinuma,
Hideaki Shimazaki, Chi Chung Alan Fung, Tazu
Aoki, Tomoki Fukai, Hitoshi Okamoto: “/n-vivo im-
aging of telencephalic neural activities in adult ze-
brafish performing decision making task in the
closed-loop virtual reality environment”, The 40
Annual Meeting of The Japan Neuroscience Society,
Chiba, Japan, Jul. (2017)
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Makio Torigoe, Islam Tanvir, Hisaya Kakinuma,
Hideaki Shimazaki, Chi Chung Alan Fung, Tazu
Aoki, Tomoki Fukai, Hitoshi Okamoto: “/n-vivo im-
aging of telencephalic neural activities in adult ze-
brafish during decision making task in the closed-
loop virtual reality environment”, XS 7 T
=7 N&DTVRIY7 \2017, Tokyo, Japan, Dec.
(2017)

Makio Torigoe, Islam Tanvir, Hisaya Kakinuma,
Hideaki Shimazaki, Chi Chung Alan Fung, Tazu
Aoki, Tomoki Fukai, Hitoshi Okamoto: “/n-vivo im-
aging of telencephalic neural activities in adult ze-
brafish performing decision making task in the
closed-loop virtual reality environment”, 44th Naito
conference, Hokkaido, Japan, Oct.(2017)

Reversing the Chromatin Defects in An Adult Circuit to Rescue

An Autism Syndrome Model in Drosophila.

Name: Yun Jin PAI
Host Laboratory: Laboratory for Genetic Control of

Autism spectrum disorders (ASDs) are characterized
by cognitive deficiencies and impairments in social in-
teractions. They are considered neurodevelopmental
disorders, with cognitive deficits occurring due to the
disruption of neurodevelopmental programs. In ASD
animal models with mutations in chromatin regulators,
learning deficits can be rescued at adult stages by re-
versing the loss of chromatin regulation. I intend to un-
derstand the mechanisms underlying the cognitive de-
fects in Drosophila ASD models and how adult-stage
rescue is achieved in this model. As ASD symptoms
remain predominantly untreatable, complicated by
their relatively late onset, findings from this work may
contribute to development of therapeutic interventions
to reverse the symptoms in adolescents and adults.

In order to assess cognitive and behavioural pheno-

Neuronal Architecture
Brain Science Institute
Laboratory Head: Adrian MOORE

types in the fly, I began by establishing a social space
assay utilizing a two-dimensional triangular chamber
design [adapted from McNeil et al (2015) J. Vis. Exp.
(105), €53242] that allowed for quantification of near-
est neighbour distances and positional tracking over a
period of time. The assay successfully showed in-
creased nearest neighbour distances and decreased cen-
trophobism in Drosophila white mutants (previously
reported to have defects in vision, serotonin and dopa-
mine production, and courtship conditioning) when
compared to Oregon wild type flies. I conducted a pre-
liminary screen of RNAi knockdown lines of select
genes associated with chromatin modification and a
pan-neuronal driver and found that, contrary to expec-
tation, nearest neighbour distance was reduced in two

of the candidates screened: Chro and Trl.

— 162 -



Defects in dendritic morphology have been reported
in Drosophila models of neurological disorders includ-
ing syndromic autism models such as Fragile X. Using
drivers specific for class IV dendrite arborisation (da)
neurons, [ found defects in dendrite morphology in
Chro knockdown animals as well as in knockdown of
other genes involved in chromatin organisation, tran-
scriptional control, and housekeeping, such as Sens?2,
Cct5, and Tcpl. The complex morphology of class IV
neurons is regulated by the transcription factor Knot.
When Knot is overexpressed in morphologically sim-

ple class I neurons using a UAS transgene construct, an

XXIV-052

overbranching phenotype is observed. Knocking down
Chro, Cct5, and Tcpl in the presence of UAS-Knot was
able to partially rescue the overbranching phenotype,
suggesting an involvement of those genes in transcrip-

tional regulation and dendrite morphology.

@ Oral Presentations

Conferences

Pai Y.J. “Reversing the Chromatin Defects in An Adult
Circuit to Rescue An Autism Syndrome Model in
Drosophila.”, OIST Developmental Neurobiology
Course 2017, Okinawa, July 23 — August 7 (2017).
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Verification of the new cortico-basal ganglia pathway and reconstruction of the
concept of the basal ganglia functions by Magnetic Resonance Imaging
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Neural basis of odor-taste multisensory integration in Drosophila

Name : Hongping WEI

Host Laboratory : Laboratory for Circuit Mechanisms of

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 feeding behavior is
called proboscis extension reflex, or PER. In my pre-
liminary data, I found that besides tastants, odors alone
can also evoke PER, which indicates that PER is a mul-
tisensory behavior.

In this work, I will try to identify and functionally

characterize multisensory neurons and circuits that are
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Sensory Perception
Brain Science Institute
Laboratory Head : Hokto KAZAMA

involved in PER. I started to record neural activity in

gustatory receptor neurons (GRNs) with calcium imag-

ing using two-photon microscopy since last August.

The progress includes:

1) Genetically encoded calcium indicator GCaMP6s
was expressed in different subtypes of GRNs using
Gal4/UAS binary expression system. And GCaMP6s
expression was confirmed by immunohistochem-
isty.

2) I developed a preparation, which is suitable for GRN
recording and successfully recorded sucrose-in-
duced calcium increases in the sugar sensing GRNs.

3) I examined GRN responses to odorants and found
that GRNs are activated by several food-related
odorants, including both attractive and aversive
ones. The activity of sugar-sensing, bitter-sensing,
and low salt-sensing GRNs has been recorded, and I
found that they show different odor tuning proper-

ties. I am currently in the process of data analysis.
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Elucidation of molecular mechanism of CAPON induced
neurodegenerationin Alzheimer’ s disease
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CAPON (carboxyl-terminal PDZ ligand of neuronal
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Shoko Hashimoto, Ayano Ishii, Naoko Kamano, Naoto
Watamura, Takashi Saito, Toshio Ohshima, Makoto
Yokosuka, and Takaomi C. Saido
Endoplasmic reticulum stress responses in mouse
models of Alzheimer disease: overexpression para-
digm versus knock-in paradigm J. Biol. Chem.,
293(9)3118-3125, 2018
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Hiroki Sasaguri, Per Nilsson, Shoko Hashimoto,
Kenichi Nagata, Takashi Saito, Bart De Strooper,
John Hardy, Robert Vassar, Bengt Winblad, and
Takaomi C. Saido
APP mouse models for Alzheimer’s disease preclini-
cal studies.

EMBO J. 2017 Sep 1;36(17):2473-2487

Shoko Hashimoto and Takaomi C. Saido
Critical Review: Involvement of Endoplasmic retic-
ulum stress in the etiology of Alzheimer’s disease.
Open Biology, 8: 180024, 2018,

@O5E3 % Oral Presentations

A7, BEE . Ay, FEE. vukEkE
B “TIVRFF DV RIADDT IV INA < — P B
I RUF TN 201 7T4EE LR AR PSS
[Fl4ERXAEZS (Conbio2017), A, 20174E12H6H

@ KX 4%2—%%K Poster Presentations

Shoko Hashimoto, Naoko Kamano, Yukio Matsuba,
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XXIV-055 Proteinaceous Nanostructures for Intracellular Sensing Fabricated By
Direct Laser Writing in a Temperature-Controlled Microfluidic Device

Name: Daniela SERIEN
Host Laboratory: RIKEN-SIOM Joint Research Unit

In the present study, direct femtosecond laser expo-
sure induces multi-photon cross-linking to fabricate
proteinaceous microstructures on top and inside micro-
fluidic glass devices. It was found that using a glycerol

water solvent was beneficial for the fabrication because

RIKEN Center for Advanced Photonics
Laboratory Head: Koji SUGIOKA

it reduced the cavitation bubble formation risk and in-
creased the refractive index match to the glass micro-
fluidic devices. These changes allow integration of 3D
microcomponents into glass microfluidics. Two differ-

ent proteins were integrated into the same microfluidic
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device highlighting the potential of versatile applica-
tion in medical devices and total analysis systems. Fur-
ther, we discovered that photoinitiator-free fabrication
can be achieved. This finding is beneficial for the ap-
plication of intracellular sensing because there will be
only exposure to the protein(s) of choice. Photoinitia-
tor-free high-aspect ratio structures with a simplified
pentamode design show less deformation than with a
woodpile design after drying or simulated force appli-
cation. Removing the risk from entrapped remaining
photoinitiator causing unwanted influence to the ex-
periment or analysis, our finding carries important im-

pact for any medical application of this technology.
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Growing Au Nanorod Arrays on a Au Nanoplate for

Plasmonic Pt-Catalyzed H, Generation

Name: Guoqing WANG
Host Laboratory: Bioengineering Laboratory

The present study is indeed aimed at preparing a
gold super-nanostructure for plasmon-enhanced photo-
catalysis. In the past year, I have demonstrated as a
proof-of-concept that deposition of Au atoms on single
Au nanoplates could form nanowire arrays with the aid
of a shape-directing ligand. Herein, the amphiphilic
molecule with strong binding to Au, 4-mercaptoben-
zoic acid (MBA), is chosen for restricting the deposi-
tion of Au on Au nanoplates. In a previous study, island
growth of quasi-spherical Au nanoparticles has been
documented (Wang, et al., Chem 2017, 3, 678). Here,
the symmetry-breaking mechanism is thought to be due
to the dynamic but selective inhibition of the emerging
Au islands at the initial growth stage in the presence of
high-concentration MBA (Feng, et al., J. Am. Chem.
Soc. 2015, 137,7624.). With the continuous Au deposi-
tion on the less MAB-capped sites, the freshly depos-

ited Au could gradually evolve into nanowire configu-

Laboratory Head: Mizuo MAEDA

ration. Meanwhile, the elongation of the nanowires is
accompanied with the plasmonic red shift. The analysis
of MBA concentration effect indicates that one-dimen-
sional nanostructures are hardly formed at a low MBA
concentration. With increasing MBA amount, there is a
higher trend of confining the island growth into one-
dimension. Furthermore, some ligands with similar
molecular structures to MBA are tested. Interestingly,
one-dimensional nanostructures could be occasionally
formed, even including nanotubes. In summary, the
above results are, to my knowledge, the first report on
synthesis of hierarchical Au nanostructures involving

discrete shapes.
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Enhancement of mathematical model of unconscious inference
and application to computational psychiatry
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Growth and Characterization of AlGaN based UV LEDs/LDs

on AIN template on sapphire substrate or AIN substrate.

Name: Muhammad Ajmal KHAN
Host Laboratory: Quantum Optodevice Laboratory

(I)- Research and development of the ultraviolet rays-A
(UV-A) with wavelength 320 - 400 nm, are aimed to be
used for, skin treatment, making electronic compo-
nents, making 3D printing, making medical equipment,
painting, coating, making inkjet printer, and flexo
screen etc. On other side the UVA applications can be
used in the UV cure (resin hardening, print, the paint-
ing), UV adhesives, etc. In 2015, Hamamatsu photon-
ics successfully demonstrated to AlGaN based LD be-
low 330 nm shortest wavelength which is grown on
GaN templates with threshold current density of 25 kA/
cm? (pulse current, 10 ns, 5 kHz, RT). But the GaN can
absorb major amount of light therefore we decided for
paradigm shift to use AIN template on sapphire sub-
strate. Initially in the Hirayama Lab, the UVA LED de-
vice structure was optimized by optimizing both the
buffer n-AlGaN layer and then multi quantum wells
(MQWs) layer for the target of UVA LED device struc-
ture on AIN template in the LP-MOVPE. First three
specimens of MQWs were optimized as a function of
the film thickness by varying the growth time, like 10,
15 and 20 sec under the same growth condition and
then photoluminescence (PL), emission peak position
as well as internal quantum efficiency (IQE) were in-
vestigated. Subsequently we optimized the buffer
growth condition and then the desired PL emission
around 326 nm were successfully achieved from the
QW grown by 15 sec growth time with max IQE at RT
around 30%. Next, as a first trial we attempted for the
complete UVA LED device, based on the n-Alj,s.
032GaN buffer layer and optimized MQWs on the AIN
template. Briefly speaking, 4- pm thick AIN template
on (0001)-sapphire substrate having the FWHM of the
XRC values of (0002) and (10-12) planes are 200 and
300 arcsec respectively were used for the growth of
UVA LED structure in LP-MOVPE. Subsequently two
stacks of AlGaN graded layers including Si-doped n-

Center for Advanced Photonics, Riken
Laboratory Head: Hideki HIRAYAMA

Al »5.30GaN current spreading layer were grown on the
epitaxial AIN template on sapphire substrate for UVA
LED devices at the growth temperature 1130° C and
pressure 76 Torr. Next an over layer of active region
consisting of a three-fold Al ,,GaN(2.5nm)/Al, ;,GaN
(5nm) MQWs for 326nm wavelength, emission respec-
tively were deposited. As we know that it is very chal-
lenging to achieve a reasonable hole concentration hav-
ing shallow donor energy level in an AlGaN alloy with
high Al mole contents, therefore two fold thin p-
Al ,Gag 3N layer (10nm) were inserted as an multi
quantum blocking (MQBs) layers between MQWs and
p-AlGaN layer. At the end (150nm)-thick Mg-doped p-
AlGaN with an average aluminum content of 30-35%
and relatively thin p™-AlGaN (50nm) p-contact layers
with highly Mg-doped were grown. The Ni(20nm)/
Au(100nm) for the p-electrode were deposited on the
LED device in the physical evaporation system. During
the performance evaluation, a single peak electrolumi-
nescence (EL) around 326+3 nm from UVA LEDs
were achieved. EQE was found still as low as 0.4 %
with output power around 0.1mW at the driving dc cur-
rent 8mA. In this study we did not optimized the p-Al-
GaN, especially the EBL layer to further improve the
EQE and LEE. In the next experiment, we used the
growth condition with minor modification, where we
changed the two stack of n-AlGaN buffer layers com-
position to Ga(sccm)/Al(scem):8/23 and 9/23 respec-
tively with growth temperature 1150° C and pressure
76 Torr. Thanks to the EBL Ga(sccm)/Al(sccm):9/30,
where the performance of the UVA LED device were
slightly improved, the EQE were enhanced from
0.42 % to 0.55%. Especially the maximum output
power was quite improved from 0.1 mW to 3.2 mW for
UVA applications. But we still need to overcome sev-
eral research challenges like further reduction of TDDs
in n-AlGaN and p-AlGaN.
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(IT)-Smart and high-power UVB LEDs both for
(300-320nm)-band and for (280-300nm)-band light
sources are strongly demanded for many applications
including vitamins D3 production in human skin, im-
munotherapy (psoriasis, vitiligo), and enriching phyto-
chemicals in plants. The main purpose of this work is to
develop efficient AlGaN based 310nm- and 295nm-
band UVB LEDs grown on the low TDDs AIN tem-
plate. Especially to focus on Narrow Band, NB control
(310nm) UVB LED, through developing a novel crys-
tal growth technique of high-quality of graded stacks of
AlGaN buffers, high IQE from AlGaN based multi
quantum well (MQWs) and highly reflective p-elec-
trode. Briefly speaking, 4- pm thick AIN template on
(0001)-sapphire substrate having the FWHM of the
XRC values of (0002) and (10-12) are 200 and 300 arc-
sec respectively were used for the growth of both
310nm-and 295nm-band UVB LED structure. Subse-
quently a four or two stacks of AlGaN graded layers
including Si-doped n-Aly 5.4 G 4.0 5N current spread-
ing layer were grown on the epitaxial AIN layer on sap-
phire substrate for 310nm-and 295nm-band UVB LED
devices. Next an over layer of an active region consist-
ing of three-fold Alj;5Gaggs.9 67N (1.5-2.50m)/
Al 44Gag 5N (6-6.7nm)  or Al 40Gag 60N (2.5nm)/
Al sGay sN (6-6.7nm) MQWs for 295nm and 310nm
emission wavelength respectively were deposited with
total thickness of the device around 2 pm. But the per-
formance 310nm-band UVB LED were deteriorated
and might be caused by the miscibility gap effect and
the presence of SRH (non-radiative) recombination in
the MQWs may not be ignored. We successfully opti-
mized the AlGaN based MQWs on n-AlGaN current
spreading layer using LP-MOVPE and IQE around
47% from 295nm-band UVB MQWs with single peak
emission 295nm and IQE around 30-35% from 310nm-
band UVB MQWs with single peak emission 310nm-
315nm were successfully achieved. In the case of Al-
GaN based 310nm-band UVB, a narrow band, NB
(310%3nm) on AIN template on sapphire, with maxi-
mum output power, 7.1 mW just on wafer level mea-
surement were successfully realized. In the case of
295nm-band UVB, when we replace the Ni p-electrode
by highly reflective p-electrode of Ni(1nm)/Mg(200nm)

and also used the novel AlGaN current spreading layer
then the EQE were enhanced from 2.7% to 3.5% at
20mA and subsequently maximum output power was
also improved from 9.8 mW to 12.6 mW. These two
result shows great hope for the medical treatment by
monochromatic UVB radiation at 310nm, which is
ideal wavelength for inducing HBGT1 without death of
cell in human body and equally applicable for the phy-
tochemical enrichment in the plants. Producing of 2.4
times more efficient vitamin D3 in human skin by us-
ing 293nm-band UVB than the normal sunlight. Con-
ventional LED has electrical resistance of approx.
90 Q and we need to reduce it further by interfacial
passivation by highly-doped Si in SiNx between n-Al-
GaN and AIN substrate as well as also between n-Al-
GaN and p-AlGaN respectively. Especially the inter-
face layer between MQWSs and barrier is very critical
due to the coupled problem of point defects, trap cen-
ters or TDDs generation in the active region due to the
miscibility gap effect, which is caused by the abrupt
changes in the composition of the III and V materials
for 310nm-band UVB range emission. SRH type non-
radiative recombination at the barrier and QW may
causes the degradation of radiative efficiency (1))
due to the Al composition difference between QW and
barrier. LEE can be improved by p-AlGaN layer trans-
parency, highly reflective Rh/Ru electrode and lens-
like resin encapsulation. LEE can also be enhanced by
the introduction of photonic crystal (PhC) in the p-Al-
GaN above the MQBs. Highly conductive p-AlGaN is
very challenging because of its large activation energy
of acceptors and therefore as a next attempt to struggle
for the thin layer of h-BN on the p-AlGaN layer. Car-
rier injection efficiency (CIE) can be improved through
optimization of a MQBs (electron-blocking) and above
all to further reduce the TDDs in all layers including
n-AlGaN, MQWs and p-AlGaN by new growth condi-
tion of AIN on nano-Patterned Sapphire Substrate (na-
no-PSS). In short words, several time improvement is
expected in the external quantum efficiency and output
power of the UVA- and UVB-LED by using highly re-
flective electrodes Rh/Ru and combining a transparent
p-AlGaN contact layer either with a PhC or h-BN, and
then reducing TDDs/point defects in the AlGaN buffer,
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MQWs and p-AlGaN on AIN template grown on nano-
PSS. Such high performance, smart and environmen-
tally safe UV-B and UV-A LED devices could be useful

both for medical and agricultural applications.

@ Publications

Papers

Review articles

[1] M. Ajmal Khan, Noritoshi Maeda, Takuma Matsu-
moto, Masafumi Jo, Yuki Akamatsu, Ryohei Tanabe,
Yoichi Yamada, and Hideki Hirayama, AIGaN based
ultraviolet-B light-emitting diodes (UVB-LED) with
milliwatt output power for medical and agricultural
applications. (submitted)

[2] M. Ajmal Khan and T. Suemasu, Donor and accep-
tor energy levels in impurity Sb-, In-, Ag- and Cu-
doped semiconducting BaSi, thin films for device ap-
plications, Energy Procedia, 124 (2017)612-620.

[3] M. Ajmal Khan, Y. Sato, K. Sawano and Y. Ishika-
wa, Enhancing the Short Circuit Current Density
Due to the Influence of the Si-buffer Layer at the
Hetero-Interface of Strained Epi-Si, , Ge, (x < 0.10)
Heterojunction Solar Cell, J. Phys. D: Appl.Phys.
51, 185107(2018).

[4] M. Ajmal Khan and T. Suemasu, Donor and accep-
tor levels in impurity-doped semiconducting BaSi,
thin films for solar cells application, Phys. Status
Solidi A, 1700019 (2017).

@ Oral Presentations

Conferences

[1] M. Ajmal Khan, T. Matsumoto, N. Maeda, Masa-
fumi Jo, Norihiko Kamata, and Hideki Hirayama,
Narrow Band Milliwatts power operation of AlGaN
based UVB LED for Medical Applications, (Oral:)
International Conference on UV LED Technologies
& Applications (ICULTA-2018), April 22-25, 2018,
Berlin, Germany.

[2] M. Ajmal Khan, Takuma Matsumoto, Noritoshi
Maeda, Masafumi Jo, Hideki Hirayama, Norihiko
Kamata, EQE enhancement of AIGaN Based Lower

Bound (295+nm) UVB-LED by using high reflective
Ni/Mg electrode for medical applications, (Oral:19a-
E202-6), The 65th JSAP Spring Meeting, March17-20,
2018, Waseda University, Tokyo, Japan.

[3] M. Ajmal Khan, Y. Itokazu, T. Matsumoto, S. Min-
ami, N. Maeda, Masafumi Jo, Norihiko Kamata, and
Hideki Hirayama, Characterization of AIGaN based
Lower Bound (280-300nm) UVB LED device grown
by MOCVD, (Oral:Accepted) 11t International Con-
ference on Plasma-Nano Technology & Science (IS-
Plasma2018/IC-PLANTS2018) March 04-08 Meijo
University, Nagoya, Japan.

[4] M. Ajmal Khan, Yuri Itokazu, Takuma Matsumoto,
Noritoshi Maeda, Masafumi Jo, Hideki Hirayama,
Norihiko Kamata, Exceeding 30% IQE of AlGaN
quantum well 304 nm UVB emission and single peak
operation of 326nm UV LED, (Oral: 5p-A301-13),
The 78" JSAP Autumn Meeting, Sep 05-08, 2017,
Fukuoka, Japan.

[5] M. Ajmal Khan and T. Suemasu, “Donor and Ac-
ceptor Levels in Impurity-doped Semiconducting
BaSi, Thin Films for Solar Cells Application 7th In-
ternational Conference on Silicon Photovoltaics,
SiliconPV 2017, April 02-05, 2017, Freiburg, Ger-
many

[6] (Invited talk) M. Ajmal Khan, Y. Ishikawa and T.
Suemasu, “Design, Growth and Characterization of
different materials for wide-band gap (Si-NWs, P-a-
SiOxCy:H thin film), medium gap (BaSi,) and small
band gap (SiGe) Solar cells applications Under the
Renewable Energy Curriculum of both “The GREEN
Program, USA and “Iceland School of Energy’s Pro-
gram, Reykjavik University, Iceland, March 10,
2017.

@ Poster Presentations

[11M. Ajmal Khan, Y. Itokazu, T. Matsumoto, S. Min-
ami, N. Maeda, M. Jo, H. Hirayama, N. Kamata, De-
velopment of UVB LED for medical applications,
(Poster: PS-69), The 5th RAP Symposium, Nov.2930,
2017, Sendai, Japan.
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XXIV-060

Optical Parametric Amplification of an Over-one-octave

Spanning IR Spectrum Using BBO Crystals

Name: Yu-Chieh LIN

Host Laboratory: Attosecond Science Research Team

We generate ultrabroadband, self-phase-stabilized,
infrared pulses centered at wavelength of 1.75 um by a
708-nm pumped two-stage optical parametric amplifi-
cation (OPA) operating at signal-idler degeneracy for
beta-barium borate (BBO) crystals. The pump source is
a lab-built Ti:sapphire-based chirped-pulse amplifica-
tion (CPA) system composed of a regenerative ampli-
fier and a four-pass amplifier. Via this two-stage CPA
system, an intense ultrashort pump pulse with energy
of 1.8 mJ, duration of 60 fs, and repetition rate of 200
Hz is generated. The pump wavelength is specifically
tuned at 708 nm for the realization of the broadest gain
bandwidth in the BBO crystals of the OPA system. The
combination of the 708-nm pump source and two-stage
amplification in the OPA enables the generation of
more than one-octave spectral bandwidth ranging from
1 to 2.3 um, corresponding to a transform-limited pulse
duration of 5 fs (0.9 optical cycle). On the other hand,
the resulting pulse is passively carrier-envelope-phase
(CEP) stabilized since it is the difference frequency
generation between the pump and the signal arising
from the same source. To determine the stability of
CEP, we performed a long-term CEP measurement of
the amplified pulses using an f-to-2f interferometer.
The CEP was directly measured without additional
spectral broadening due to the ultrabroad spectral
bandwidth we have obtained. The stabilization is dem-
onstrated here for 10 minutes, during which the CEP
drift is measured to be around 467 mrad. These results
would contribute to further applications on high energy

physics and high harmonic generation.

@ Oral Presentations

Conferences

[1]Y.C. Lin, Y. Nabekawa, R. Amani, K. Midorikawa,
“Ultrabroad-band infrared spectrum amplified in a

BBO crystal using intense red femtosecond pump

Center for Advanced Photonics
Laboratory Head: Katsumi MIDORIKAWA

pulses,” The 38th Annual Meeting of Laser Society
of Japan, Jan. 24th-26th in Kyoto, Japan (2018).

[2]Y.C. Lin, Y. Nabekawa, R. Amani, K. Midorikawa,
“Passively CEP-stabilized, over one-octave-band-
width infrared pulses amplified in a BBO crystal by
708-nm femtosecond pump pulses,” The 6th JSAP-
OSA Joint Symposia in the 78th JSAP Autumn Meet-
ing 2017, Sep. 5th-8th in Fukuoka, Japan (2017).

[3]Y.C.Lin, Y. Nabekawa, R. Amani, K. Midorikawa,
“More than One-octave Spanning Infrared Spectral
Amplification in a BBO Crystal Pumped by a Red
Femtosecond pulse,” The 24th Congress of the Inter-
national Commission for Optics, Aug. 21th-25th in
Tokyo, Japan (2017).

[4]Y.C.Lin, Y. Nabekawa, R. Amani, K. Midorikawa,
“Optical parametric amplification of a more than
one-octave bandwidth pulse in a BBO crystal
pumped by a 712-nm tuned Ti:sapphire laser pulse,”
Nonlinear Optics Topical Meeting, Jul. 17th-21th in
Waikoloa, Hawaii, USA (2017).

@ Poster Presentations

Conferences

[1]Y. C. Lin, Y. Nabekawa, K. Midorikawa, “Over
one-octave bandwidth, passively-CEP-stabilized in-
frared laser pulses amplified in BBO crystals,” The
10th Photon Frontier Network Symposium, Jan. 23th
in Kyoto, Japan (2018).

[2] Y. C. Lin, Y. Nabekawa, K. Midorikawa, “Optical
parametric amplification of an over-one-octave span-
ning IR spectrum using BBO crystals,” CREST
meeting, Dec. 21st in Tokyo, Japan (2017).

[3]Y.C. Lin, Y. Nabekawa, K. Midorikawa, “Genera-
tion of utrabroadband infrared pulses in a BBO crys-
tal pumped by red femtosecond pulses,” The 2nd
International Symposium on Attosecond Science,
Aug. 26th in Saitama, Japan (2017).
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[4]Y.C. Lin, Y. Nabekawa, K. Midorikawa, “Genera-
tion of UV vortex beams by laser pulse filamentation
in air,” The 8th Asian Workshop on Generation and
Application of Coherent XUV and X-ray Radiation,
Mar. 27th-29th in Hsinchu, Taiwan (2017).

XXIV-061

[5]Y.C. Lin, Y. Nabekawa, K. Midorikawa, “Genera-
tion of Intense Femtosecond Vortex Beams,” Photon
Frontier Network Symposium, Jan. 24th at Chiyoda-
ku, Tokyo, Japan (2017).
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Towards Linking Core-Collapse Supernova Modelling with Observations

Name: Annop WONGWATHANARAT
Host Laboratory: Astrophysical Big Bang Laboratory

Core-collapse supernova (CCSN) is the final stage of
evolution of a massive star whose mass is approximate-
ly 10 times greater than that of our Sun. The detailed
description of how such massive star explodes still re-
mains unresolved for several decades, despite the fact
that the basic concept of the explosion mechanism was
proposed since over fifty years ago. Astrophysicists
have studied the problem extensively using both nu-
merical simulations and observational data. However,
a direct connection between theory and observations of
CCSNe has not been firmly established. Past research-
es in this field have been focusing either on the explo-
sion mechanism or on the late-time evolution of CC-
SNe separately due to the complexity of the problem.
Only recently with the advancement of large-scale
computing power that three-dimensional (3D) simula-
tions considering both the explosion phase and the late-
time evolution become possible. This type of simula-
tions is considered computationally very challenging
due to the vast length and time scales that need to be
covered in such simulations.

In FY2017, I published my research on a three-di-
mensional long-time CCSN simulation of a stripped
envelope supernova in the Astrophysical Journal.
Based on this research work press releases were issued
at RIKEN and the Max-Planck institute for Astrophys-
ics in Germany. Results from this research work sup-
ports the idea that the supernova that gave birth to the
Cassiopeia A (Cas A) supernova remnant may be pow-
ered by neutrinos because the simulation results repro-
duce several basic properties that are observed from
Cas A, despite the fact that the simulation was not fine-
tuned. Firstly, the nucleosynthesis production of nickel
and titanium in the simulation can account for the ex-
pected amounts of these two elements in Cas A rem-

nant. The large amount of titanium was difficult to re-

Laboratory Head Shigehiro NAGATAKI

produce in previous studies, but can be accounted for
by our result. The major production channel for titani-
um is found to be the alpha-rich freeze-out process oc-
curred in expanding high entropy ejecta. Secondly, the
distribution of iron produced by our simulation shows
remarkable agreement with the overall observed mor-
phology of the element in Cas A remnant. In addition,
the distribution of titanium in our simulation concen-
trates in the hemisphere opposite to the NS kick direc-
tion, a result which is consistent with recent observa-
tions by the NuSTAR satellite. Finally, we find that for
the same explosion energy the lack of an extended hy-
drogen envelope results in the ejecta being expelled at
much higher velocities than in the case of a red supergi-
ant star with a massive hydrogen envelope. The maxi-
mum velocities of nickel and titanium in our simulation
are comparable to the values reported in the literatures.
Our results therefore lend strong support to the neutri-

no-driven explosion mechanism.

@ Publication

Original Paper

Wongwathanarat A., Janka H.-Th., Miiller E., Pllumbi
E., and Wanajo S.: Production and Distribution of
4Ti and Ni in a Three-dimensional Supernova
Model Resembling Cassiopeia A. The Astrophysical
Journal published*

@ Presentation

International Conference

Wongwathanarat A.: “Production and Distribution of
44Ti and 56Ni in a Three-dimensional Supernova
Model Resembling Cassiopeia A” CSI: Princeton --
A Definitive Investigation of the Core-Collapse Su-
pernova Cassiopeia A, April 17-19
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Discovery of new mechanisms driving colorectal cancer and new therapeutics

Name: Kendle MASLOWSKI
Host Laboratory: Laboratory for Intestinal Ecosystem

This study has sought to understand the mechanisms
of Salmonella-induced colorectal tumor regression.
The first two years of this project established a treat-
ment protocol with aromatase A-deficient Salmonella
typhimurium (STmA?°A) and started to look into the
mechanism of tumor regression using RNA sequencing
and metabolomics analysis. I developed successful
treatment of colorectal tumors in mice with STmA°A
and identified changes induced by STmA°A treatment
that involved restoration of epithelial characteristics in
tumors and altering the metabolic environment. In the
last year (FY2016) I extended these studies to a second
model of intestinal tumorigenesis as well as using an in
vitro method using tumor-derived organoid cultures,
and further assessed the mechanism of STmAA-
induced tumor regression.

Using a genetic model of small intestinal cancer
(Apc™™* mice) I could significantly reduce tumor bur-
den and size by treating these mice from § weeks of age
until 18 weeks with oral STmA°A, This model of can-
cer is characterized by very high burden of tumors in
the small intestine, around 70 to 90 per mouse, and
STmA®°A treatment reduced that to 20 to 40 per mouse.
Similar to results observed using a model of colitis-as-
sociated colorectal cancer (CAC), STmA?#°A treatment
of Apc™"* mice also altered transcription of genes as-
sociated with stem cell expansion or mesenchymal
phenotypes.

In the previous year, we conducted preliminary me-
tabolomics analysis on CAC-bearing mice treated with
STmA¥A for 6 weeks. We have now increased the
number of samples analyzed and can indeed find altera-
tions in the metabolic landscape of STmA°A treated
tumors. Of the changes observed, the most striking thus
far are the reduction of some amino acids, metabolic
intermediates of the TCA cycle (e.g. succinate) and
critical mid or endpoint metabolites (pyruvate and lac-

tic acid). Furthermore, succinate is considered an onco-

Centre for Integrative Medical Sciences
Laboratory Head: Hiroshi OHNO

metabolite, so reduction in STmA2™A treated tumors is
consistent with a reduction in the tumorigenic environ-
ment. Additionally, we have conducted the metabolo-
mics analysis on tumors from mice treated for just 24
hours and see that many of these changes occur at this
early time point. Therefore, we sought to analyze initial
events following STmA®°A treatment that are tumor
cell-intrinsic by using organoid cultures derived from
tumors. Organoids model the complete architecture of
the colonic epithelium (from stem cells in the crypt
base to mature cells types such as enterocytes and gob-
let cells). I isolated the stem cells from tumors of the
small intestine and colon of Apc™™* mice and from the
colon of CAC-induced WT mice. These organoid cul-
tures were then infected with STmA°A (or no infection
for control) and were analyzed after 24 hours. Interest-
ingly, I found that infection of tumor organoids in cul-
ture could replicate the many changes I observed in
vivo, both in gene transcription and metabolite chang-
es. Therefore, the effect of STmA®°A on tumors is tu-
mor cell intrinsic, i.e. involvement of immune cell re-
cruitment is not necessary. In line with this observation,
I could not detect any difference in the levels of IL-163
and TNF-a in non-treated and STmA*A-treated tu-
mors in vivo.

And, finally, I employed scanning electron micros-
copy to visualize STmA?°A localization in detail. This
revealed that STmA®°A occur in large colonies within
the tumor. I could find them in necrotic regions as well
as within crypts. With this method, it is difficult to vi-
sualize intracellular bacteria. I am using fluorescence
confocal microscopy to study this, and that work is on-
going.

In summary, this project sought to determine wheth-
er intestinal tumors could be treated with attenuated
Salmonella and to ascertain the mechanisms. I have
successfully employed two models of in situ intestinal

cancer to show that STmA¥°A treatment can signifi-
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cantly reduce tumor burden and size. I have shown that
this is mediated by changes in the metabolic landscape
of infected tumors, which I hypothesize places meta-
bolic competition on the tumors (that STmA°A wins
and tumor cells lose), and that tumors undergo a re-
verse of mesenchymal transition to re-establish normal
epithelial characteristics which likely contributes to the
complete removal of tumors or at least reduction in tu-
mor size. Furthermore, in vitro methods of tumor or-
ganoids could replicate many of these findings, indicat-
ing that STmA*°A treatment directly affects tumor

cells.

@ Review articles
Other
Maslowski K., Kanaya T., Ohno H. (2016) Innate im-

mune pathways of the intestinal epithelium protect-
ing against infection and tumourigenesis. Clinical
Immunol. & Allergol. 66(3), 294-300. (review in

Japanese).

@ Oral Presentations

International seminars

Maslowski KM.: “Epithelial innate immunity protects
against pathogens and tumourigenesis— Future pros-
pects for bacterial therapies”. University of Birming-
ham, United Kingdom. 14t July 2016. Invited semi-
nar.

Maslowski KM.: “Epithelial NAIPs in host defence
against pathogen and carcinogenesis”. CRUK Man-
chester, United Kingdom. 19" July 2016. Invited

seminar.

Olfactory Coding Strategy of Second-order Olfactory Neurons

Name: Meng-Tsen KE

Host Laboratory: Laboratory for Sensory Circuit Formation

Dendritic spines are specialized protrusions from the
dendrite that serve as postsynaptic recipient of excit-
atory synaptic input and compartmentalize postsynap-
tic responses. Being the major sites of information pro-
cessing and storage in the brain, increase or decreases
in spine numbers may correlate with the activities of
afferent synaptic terminals. Changes in dendritic spine
number and morphology are also found to be linked
with neuropsychiatric disorders. Although the dendritic
spine distribution is crucial to understand synaptic inte-
gration mechanisms within a neuron, the geometrical
distribution at a whole-neuron scale is not fully estab-
lished. In previous light microscopy studies, quantita-
tive analysis of spine morphology has been limited due
to diffraction limit of light. Electron microscopy (EM)
provide nanoscale segregation of dendritic spines.
However, in the EM, quantification has been limited to
just a part of a neuron due to difficulty in large-scale
reconstructions. To fill in the gap between EM-based

and light microscopy-based connectomics, we recently

Center for Developmental Biology
Laboratory Head: Takeshi IMAI

established a tissue clearing agent, SeeDB2, which is
optimized for deep-tissue high-resolution imaging un-
der super-resolution microscopy. A combination of
SeeDB2 method and volumetric super-resolution im-
aging enabled light microscopy-based connectomics at
the synaptic scale, with rich genetic and chemical in-
formation. We performed comprehensive mapping of
dendritic spines in layer 5 cortical pyramidal neurons.
Because resolution was constant throughout >100 mi-
cron thickness with super-resolution microscopy, we
could trace a long apical dendrite at high resolution and
reliably count the number of spines on apical, oblique,
and basal dendrite. We found that spine density was
highly biased along long apical dendrites, demonstrat-
ing >10-fold differences. The biased spine distribution
on apical dendrites was emerged during adolescence
stage. Spine density bias was less evident in basal and
oblique dendrites in layer 5 as well as layer 2/3 neu-
rons. Size distribution of dendritic spine heads was

consistent throughout all dendrites. Dendritic geometry
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rather than dendritic shaft diameter better explained the @ Oral Presentations

biased distribution of spine density along apical den- Ke M.-T. and Imai T.: “Dynamic regulation of spine
drites. Our results provide an important platform to un- density in cortical pyramidal neurons” Japan Neuro-
derstand synaptic integration in different types (apical, science Society Yokohama Japan, 2017 July 20-23

basal, and oblique) of dendrites in cortical pyramidal

neurons.
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Origin and Evolution of Planetary Systems in the Milky Way

Name: Steven RIEDER

Host Laboratory: Particle Simulator Research Team

In this year, I finished my study of the early evolu-
tionary phase of embedded star clusters. Star clusters
start with a more complex structure than when they are
older. This initial structure may have an impact on the
appearance and parameters later in its life, and may
also influence the number and quality of interactions
between stars. As such, we studied this initial phase by
modelling initial conditions on the observations of
young, embedded star clusters. As these observations
cannot tell us all the required parameters, we set out a
strategy to determine the impact of each of the un-
known parameters, particularly the amount of gas, the
spread in the Z-direction, and the velocity spread. To
simulate these clusters, we used the AMUSE frame-
work to simulate the effects of gravity, gas dynamics

and stellar evolution together. We presented the results

Advanced Institute for Computational Science
Laboratory Head: Junichiro MAKINO

at conferences and submitted an article to the MNRAS

journal.

@ Publications

Papers

Sills, A., Rieder, S., Scora, J., McCloskey, J. and Jaffa,
S: Dynamical evolution of stars and gas of young
embedded stellar sub-clusters, Monthly Notices of
the Royal Astronomical Society, published *

@ Oral Presentations

Conferences

Rieder, S.: Simulations of young star clusters: the
MYSTIX case, MODEST-17 “Under Prague's Starry
Skies”, September 18-22

Quantum Chromo Dynamics in Extreme Conditions

Name: Vladimir SKOKOV
Host Laboratory: Theory Group,

The computation of observables in high energy QCD
involves an average over stochastic semi-classical
small-x gluon fields. The weight of various configura-
tions is determined by the effective action. We intro-
duce a method to study fluctuations of observables,
functionals of the small-x fields, which does not explic-
itly involve dipoles. We integrate out those fluctuations
of the semi-classical gluon field under which a given
observable is invariant. Thereby we obtain the effective
potential for that observable describing its fluctuations
about the average. We determine explicitly the effec-
tive potential for the covariant gauge gluon distribution
both for the McLerran-Venugopalan (MV) model and

for a (non-local) Gaussian approximation for the small-

Nishina Center for Accelerator-Based Science
Laboratory Head: Dmitri KHARZEEV

x effective action. This provides insight into the corre-
lation of fluctuations of the number of hard gluons ver-
sus their typical transverse momentum. We find that the
spectral shape of the fluctuations of the gluon distribu-
tion is fundamentally different in the MV model, where
there is a pile-up of gluons near the saturation scale,
versus the solution of the small-x JIMWLK renormal-
ization group, which generates essentially scale invari-
ant fluctuations above the absorptive boundary set by
the saturation scale. Further we studied fluctuations of
the conventional and linearly polarized Weizsédcker-
Williams gluon distributions at small x are defined
from the two-point function of the gluon field in light-

cone gauge. They appear in the cross section for dijet
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production in deep inelastic scattering at high energy.
We determine these functions in the small-x limit from
solutions of the JIMWLK evolution equations and
show that they exhibit approximate geometric scaling.
Also, we discuss the functional distributions of these
WW gluon distributions over the IMWLK ensemble
at rapidity Y ~ 1/a _s. These are determined by a 2d
Liouville action for the logarithm of the covariant
gauge function g"2 tr A*(q)A”+(—q). For transverse
momenta on the order of the saturation scale we ob-
serve large variations across configurations (evolution
trajectories) of the linearly polarized distribution up to
several times its average, and even to negative values.

The CGC approach to calculation of the double in-
clusive gluon production was extended by including
high density effect in the CGC wave function of the
projectile (proton). The main result is that these effects
lead to the appearance of odd harmonics in the two par-
ticle correlation C(k,p). We find that in the high mo-
mentum limit, |k|,[p| > Qs, this results in a positive
c1{2}. Additionally when the magnitudes of the two
momenta are approximately equal, [k|/|p| = 1, the den-
sity effects also generate a positive third harmonic
c3{2}, which translates into a non-vanishing v_3 when
the momenta of the trigger and associated particle are
in the same momentum bin. The sign of ¢3{2} becomes
negative when [k|/|p| > 1.1 suggesting an interesting ex-

perimental signature.

@ Publications

Papers

A.Kovner, M.Lublinsky and V.Skokov, “Initial state
qqg correlations as a background for the Chiral Mag-
netic Effect in collision of small systems,” Phys.
Rev. D 96 (2017) no.9, 096003

K.Fukushima and V.Skokov, “Polyakov loop modeling
for hot QCD,” Prog. Part. Nucl. Phys. 96 (2017) 154

A.Dumitru and V.Skokov, “Fluctuations of the gluon

distribution from the small-x effective action,” Phys.
Rev. D 96 (2017) no.5, 056029

A.Kovner, M.Lublinsky and V.Skokov, “Exploring
correlations in the CGC wave function: odd azimuth-
al anisotropy,” Phys. Rev. D 96 (2017) no.1, 016010

@ Oral Presentations

Invited plenary talk

“Initial perspective on the ridge”, 4-th international
conference on Initial Stages in High-Energy Initial
Collisions, Polish Academy of Arts and Sciences,
Krakow, Poland, September 18-22, 2017

Seminar

“Finding the QCD Ceritical Point”, EMMI Nuclear and
Quark Matter Seminar, ExtreMe Matter Institute
EMMI, GSI Helmholtzzentrum fuer Schwerionen-
forschung, Germany, September 6, 2017

“Volume dependence of baryon number cumulants and
their ratios”, CPOD 2017: Critical Point and Onset
of Deconfinement, Stony Brook University, USA,
August 7-11, 2017

Invited talk

“Azimuthal Anisotropy in small-x DIS dijet produc-
tion”, Synergies of pp and pA Collisions with an
Electron-Ion Collider, Brookhaven National Labora-
tory, June 28, 2017

“Odd Azimuthal Anisotropy from CGC”, 2017 RHIC
& AGS Annual Users' Meeting, Beam-Energy Scan
in Small Systems, Brookhaven National Laboratory,
June 20, 2017

“CME, Isobars and Magnetic Field in Heavy Ion Colli-
sions”, 2017 RHIC & AGS Annual Users' Meeting,
Isobar Program, Brookhaven National Laboratory,
June 20, 2017

“Magnetic field in heavy-ion collisions: case for iso-
baric collisions”, XII Workshop on Particle Correla-
tions and Femtoscopy, NIKHEF, Amsterdam, The
Netherlands, June 14, 2017
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Nuclear Transmutation for the Long-lived Radioactive Waste

Name: He WANG
Host Laboratory: Radioactive Isotope Physics Laboratory

In the present work, proton/deuteron-induced spall-
ation reaction for the long-lived fission product (LLFP)
107pd has been investigated at 50 MeV/nucleon for the
purpose of nuclear waste transmutation. Together with
my previous research results on spallation reaction of
107pd at 100 and 200 MeV/nucleon, a systematic study
on the energy dependence of cross sections has been
obtained in order to find out a suitable reaction energy
for nuclear transmutation.

LLFP is one of major component in high-level radio-
active waste in spent fuel and it contains useful mate-
rial. Palladium is one of promising metals in LLFP be-
cause palladium is rare metal and has a huge potential
for industrial use. However, the palladium metal has a
radioactive isotope '°’Pd, which is a typical long-lived
fission product with a half-life of 6.5 x 10° years. In
order to reuse palladium, it is essential to search the
best mean for the transmutation of '7Pd.

My previous study on '°7Pd at 100 and 200 MeV/nu-
cleon has shown that spallation reaction could be a
promising mechanism for the '7Pd transmutation. In
particular, I have found that the production of other
LLFP nuclei becomes smaller when the reaction energy
decreases. Aiming at obtaining an optimized energy for
nuclear transmutation, I performed experimental studies
on '7Pd at a lower reaction energy --- 50 MeV/nucleon.

The experiment was carried out at the RIKEN Ra-
dioactive Isotope Beam Factory. For heavy isotopes,
the reaction study at low energy becomes more compli-
cated than that for high energy due to the difficulties in
detection and charge-state distributions. In order to
overcome the challenges, we used hydrogen and deute-
rium targets in gas phases, developed a new ionization
chamber for the determination of energy loss, and oper-
ated the ZeroDegree spectrometer in the dispersive
mode for a clear identification of each charge state. In
particular, I developed a so-called “range” analysis to

determine the atomic number by the ionization cham-

Nishina Center for Accelerator-Based Science
Laboratory Head: Hiroyoshi SAKURAI

ber. By using these techniques, all the reaction prod-
ucts were unambiguously identified.

The present results at 50 MeV/nucleon yield valu-
able information on reaction mechanism. It is found
that the cross sections for silver isotopes, which were
produced by charge-exchange channel, continuously
increases from 200 to 50 MeV/nucleon. For the light-
mass products, the deuteron-induced cross sections (o)
at 50 MeV/nucleon are almost the same as the proton-
induced ones (g,) at 100 MeV/nucleon, indicating that
deuteron-induced reaction at 50 MeV/nucleon dissi-
pates similar energy to the proton-induced one at 100
MeV/nucleon in the central collision. This observation
is consistent with the observation for o, at 100 MeV/
nucleon and g, at 200 MeV/nucleon.

The results indicate that proton/deuteron-induced
spallation reaction at 50 MeV/nucleon is promising for
transmutation of '97Pd because of a large total reaction
cross sections. Further analysis is still ongoing. The re-
sults on the energy dependence will be critical for the
optimization of beam energy for an accelerator-driven

transmutation system for LLFP.

@ Publications

Original Papers

Wang H., Otsu H., Sakurai H., Ahn, Chiga N., Doorn-
enbal P., Fukuda N., Isobe T., Kubo T., Kubono S.,
Lorusso G., Soéderstrom P-A., Suzuki H., Takeda H.,
Watanabe Ya., Yoshida K., Matsuzaki T., Shimizu
Y., Sumikama T., Uesaka M., Kawase S., Nakano
K., Watanabe Yu., Araki S., Kin T., Takeuchi S., To-
gano Y., Nakamura T., Kondo Y., Ozaki T., Saito A.,
Tsubota J., Aikawa M., Makinaga A., Ando T., Mo-
miyama S., Nagamine S., Niikura M., Saito T., Ta-
niuchi R., Wimmer K., Kawakami S., Maeda Y., Ya-
mamoto T., Shiga Y., Matsushita M., Michimasa S.,
and Shimoura S.:

Spallation reaction study for the long-lived fission
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products in nuclear waste: Cross section measureme
nts for 37Cs, %°Sr and '9’Pd using inverse kinemati
cs. Energy Procedia 131, 127 (2017). published*
Wang H., Otsu H., Sakurai H., Ahn D., Aikawa M.,
Ando T., Araki S., Chen S., Chiga N., Doornenbal P.,
Fukuda N., Isobe T., Kawakami S., Kawase S., Kin
T., Kondo Y., Koyama S., Kubono S., Maeda Y.,
Makinaga A., Matsushita M., Matsuzaki T., Michi-
masa S., Momiyama S., Nagamine S., Nakamura T.,
Nakano K., Niikura M., Ozaki T., Saito A., Saito T.,
Shiga Y., Shikata M., Shimizu Y., Shimoura S.,
Sumikama T., S6derstrom P-A., Suzuki H., Takeda
H., Takeuchi S., Taniuchi R., Togano Y., Tsubota J.,

Uesaka M., Watanabe Ya., Watanabe Yu., Wimmer
K., Yamamoto T. and Yoshida K.:

Spallation reaction study for fission products in nuclear
waste: Cross section measurements for 137Cs, ?0Sr
and '97Pd on proton and deuteron. EPJ Web of Con-
ference 146, 09022 (2017). published*

@ Oral Presentations

Domestic Conference

Wang H.: “Systematic study for the spallation reaction
of '97Pd at different energies”, ImPACT-OEDO
workshop, Center for Nuclear Study, University of
Tokyo, Wako-shi, Saitama, Japan, July 13-14, 2017

An Extended Numerical Investigation of Cosmic-ray Acceleration and

Photon Production during the Afterglow Phase of Gamma-ray Bursts

Name: Donald Cameron WARREN 111
Host Laboratory: Nagataki Astrophysical Big Bang Laboratory

This work continued previous efforts to understand
the role of low-energy electrons in gamma-ray burst
(GRB) afterglows. These electrons are swept up by the
relativistic shock front, and shock-heated to high ener-
gies, but do not participate in the Fermi acceleration
process to gain further energy (so the term “low-ener-
gy” is only by comparison). As these thermal electrons
constitute the bulk of the total population (somewhere
between 95-99% of electrons are thermal, rather than
Fermi-accelerated nonthermal), they play a critical role
in the GRB afterglow. They produce photons just like
their higher-energy counterparts do, and produce an
observable signature that has been detected in numer-
ous afterglows. Unlike the high-energy nonthermal
electrons, however, thermal electrons represent a sig-
nificant—and largely unexplored—source of photon
absorption. Our work this year showed that thermal
electrons cannot be ignored when interpreting radio ob-
servations of GRB afterglows. When included proper-
ly, key observational parameters (such as the synchro-
tron self-absorption frequency) and inferred physical
parameters (such as the energy released in the GRB)

change by a factor //NT, where NT is the fraction of

Laboratory Head: Shigehiro NAGATAKI

electrons in the non-thermal part of the distribution.
Since thermal electrons are 95-99% of the total popula-
tion, this means astrophysicists may be under- or over-
estimating physical quantities by factors of 20-100.
Future work on this topic will seek to transform this
largely numerical work into analytical approximations,
which will allow rapid application to past and future
observations. When the current body of observations is
re-examined with a thermal electron model, we antici-
pate significant repercussions to the existing theoretical

framework of gamma-ray bursts.

@ Publications

Papers

Warren D.C., Ellison D.C., Barkov M.V. and Nagataki
S.: Nonlinear Particle Acceleration and Thermal Par-
ticles in GRB Afterglows. The Astrophysical Jour-
nal, 835, 248 (2017), published.*

Ito H., Matsumoto J., Nagataki S., Warren D.C., Bar-
kov M.V. and Yonetoku D.: The Photospheric Origin
of the Yonetoku Relation in Gamma-Ray Bursts. Na-
ture Astronomy, submitted.*

Warren D.C., Barkov M.V., Ito H., Nagataki S. and
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Laskar T.: Synchrotron Self-Absorption in GRB Af-
terglows: The Effects of a Thermal Electron Popula-
tion. Monthly Notices of the Royal Astronomical So-

ciety, submitted.*

@ Oral Presentations

International Conferences/Events

Warren D.: Astrophysical Big Bangs and the people
who love them. Mercer University physics dept col-
loquium, Macon, USA, Apr 2017.

Warren D.: Nonlinear diffusive shock acceleration be-
yond the non-relativistic regime, with application to

GRB afterglows. Georgia State University astro-

physics seminar series, Atlanta, USA, Apr 2017.

Warren D.: Thermal electrons in GRB afterglows. Fif-
ty-One Ergs, Corvallis, USA, Jun 2017.

Warren D.: Thermal electron production and conse-
quences for GRB afterglows. Theories of Astrophys-
ical Big Bangs, Wako, Japan, Nov 2017.

Warren D.: Thermal Particles and Nonlinear Accelera-
tion in Gamma-Ray Burst Afterglows. Texas Sympo-
sium on Relativistic Astrophysics, Cape Town, South
Africa, Dec 2017.

Warren D.: Thermal Electrons in Gamma-Ray Burst
Afterglows. PACIFIC Meeting 2018, Akaigawa, Ja-
pan, Feb 2018.

Study on the Cluster Structure of Carbon Isotopes Using Direct Reactions

Name: Zaihong YANG
Host Laboratory: Spin-isospin Laboratory

The tetraneutron (*n), “Element 0 made purely of
neutrons, has been drawing the attention of nuclear ph
ysics community around the globe for decades. But no
firm conclusion on its properties has been drawn despi
te many experimental and theoretical efforts. This
multi-neutron system, whether existing as bound or
quasi-bound (resonances), have an extremely high imp
act on modern nuclear theories. It provides the possibil
ity to investigate “purely” the nuclear forces which is
free from Coulomb interaction, and also serves as a
mini-prototype of neutron matter to study the properti
es of extremely neutron-rich nuclear matter and will pr
ovide new insight on our understanding of the nuclear
equation of state (EOS) and compact objects in the cos
mos like neutron stars.

Earlier experimental attempts to search for a bound
“n with a wide variety of methods all failed to find posi
tive evidence. In 2002 Marques ef al. reported possible
existence of a low-lying resonant “n state, but it could
not be reproduced by subsequent attempts of other gro
ups. The resurgence of interest on this topic in recent ye
ars was triggered by the report on observation of a low-

lying “n resonance released by Kisamori et al. in 2016.

Nishina Center for Accelerator-Based Science
Laboratory Head: Tomohiro UESAKA

The measurement is clean from background because of
the high-performance SHARAQ spectrometer employ
ed, but still suffered from the low statistics. This obser
vation was nicely reproduced by recent ab initio Quant
um Monte Carlo and No Core Shell Model calculatio
ns, but was not supported by another ab-initio-type cal
culation using complex scaling method with three nucl
eon forces included.

We carried out new measurements at RIBF on the
four-neutron system populated in the decay of "H, aimi
ng to pin down the low-lying level scheme of “n and to
study the multi-neutron correlation. The secondary He
beam with an energy of around 150 AMeV was produc
ed in the fragmentation of '30, and then purified and tr
ansported with the BigRIPS beam line. "H was produc
ed in the (p,2p) reaction of 8He on the vertex-tracking
liquid hydrogen target MINOS. The recoil protons
were tracked by the TPC of MINOS and then recorded
by a Nal array (constructed from 36 crystals from
DALI2 spectrometer) surrounding the target. Charged
fragments were analyzed by the SAMURALI spectrom-
eter, and decay neutrons were detected by a combined
setup of NEBULA and NeuLAND which provides the
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highest 4-neutron detection efficiency achievable at
present. Now the data analysis is still in progress, and
high statistics will be achieved for four-neutron events

as estimated in the preliminary analysis.

@ Oral Presentations
Conference
Yang Z.: “Neutrons in extremely many-neutron sys-

tems”, Workshop on Nuclear Cluster Physics

(WNCP2017), Sapporo Japan 2017, Oct.25-27.

Yang Z.: “studies of multi-neutron systems with (p,2p)
reaction”, SAMURAI International Collaboration
Workshop 2017, Darmstadt Germany 2017, Aug.
8-11.

Yang Z.: “On the shoulders of BISOL: new opportuni-
ties for neutron-rich nuclei studies at around 150
AMeV?”, 1st User meeting for BISOL, Beijing China
2017, Mar.18-19.

Investigations of Electromagnetic-Field Induced Effects in Strongly Coupled Gauge Theories

Name: Di-Lun YANG
Host Laboratory: Quantum Hadron Physics Laboratory

Our research has been recently focused on novel
quantum effects in chiral systems pertinent to quantum
anomalies in the framework of kinetic theory. After
constructing the chiral kinetic theory (CKT) through
the quantum field theory based on the Wigner-function
approach, we further implement such a formalism to
investigate the non-equilibrium anomalous transport of
chiral fluids formed by Weyl fermions. The goal of our
study is to obtain second-order nonlinear responses
near local equilibrium stemming from quantum correc-
tions such as the chiral anomaly and side-jump phe-
nomena in the presence of both background electric/
magnetic fields and vorticity of fluids. In our study, we
firstly show that the local-equilibrium distribution
function can be non-trivially introduced in a co-moving
frame with respect to the fluid velocity when the quan-
tum corrections in collisions are involved. For the
study of anomalous transport, contributions from both
quantum corrections in anomalous hydrodynamic
equations of motion and those from the CKT and
Wigner functions are considered under the relaxation-
time (RT) approximation, which result in anomalous
charge Hall currents propagating along the cross prod-
uct of the background electric field and the temperature
(or chemical-potential) gradient and of the temperature
and chemical-potential gradients. On the other hand,

the nonlinear quantum correction on the charge density

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

vanishes in the classical RT approximation, which in
fact satisfies the matching condition given by the
anomalous equation obtained from the CKT.
Furthermore, unlike the cases in equilibrium, it is
found that the chiral magnetic effect (CME) and chiral
vortical effect (CVE) are modified by the shear and
bulk strengths. Particularly, the shear strength could
result in charged Hall currents for CME and CVE,
which propagate perpendicular to applied magnetic
fields and vorticity. These quantum corrections stem-
ming from side jumps and anomalies are dissipative
and pertinent to interactions. It is in fact that such cor-
rections are also associated with the relation between a
time-dependent magnetic field and the coupling of the
magnetic field and shear/bulk strength as a reminis-
cence of AC conductivity for CME, which is also non-
equilibrium and dissipative. Moreover, we show that
the non-equilibrium corrections for the energy-density
current should vanish based on the matching condition
obtained from the CKT with the classical RT approxi-
mation. Although the non-equilibrium effects upon
charge currents are dissipative, the second law of ther-

modynamics is still satisfied.

@ Publications
Papers
Hidaka Y., Pu S. and Yang D.: Relativistic Chiral Ki-
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netic Theory from Quantum Field Theories. Phys.
Rev. D. Published*

Hidaka Y., Pu S. and Yang D.: Nonlinear Responses of
Chiral Fluids from Kinetic Theory. Phys. Rev. D.
Published*

Hidaka Y. and Yang D.: Non-equilibrium Chiral Mag-
netic/Vortical Effects in Viscous Fluids. Submitted

Proceedings:

@ Presentation

International conferences

Yang D.: “Non-equilibrium anomalous transport of
Chiral Fluids from Kinetic Theory”, QCD Workshop
on Chirality, Vorticity and Magnetic Field in Heavy
Ton Collisions 2018, Galilio Galilei Institute, March
20th, 2018, Florence, Italy

Yang D.: “Nonlinear Responses of Chiral Fluids from

Kinetic Theory”, Workshop of Recent Developments

in QCD and Quantum Field Theories, National Tai-
wan University, November 10th, 2017, Taipei, Tai-
wan

Yang D.: “Side-Jumps and Collisions in Chiral Kinetic
Theory from Quantum Field Theories”, Strangeness
and charm in hadrons and dense matter, Yukawa In-
stitute, May 16th, 2017, Kyoto, Japan

Yang D.:*Side-Jumps and Collisions in Chiral Kinetic
Theory from Quantum Field Theories”, QCD Work-
shop on Chirality, Vorticity and Magnetic Field in
Heavy Ion Collisions 2017, University of California
Los Angel, March 27th, 2017, Los Angel, United
States

Domestic conferences

Yang D.: “Nonlinear Responses of Chiral Fluids from
Kinetic Theory”, seminar talk, Keio University, No-
vember 29th, 2017, Hiyoshi, Japan

Quantum Limited Measurement using Superconducting Circuits

Name: Zhirong LIN

Host Laboratory: Superconducting Quantum Electronics Research Team

In present study, we are developing real-time micro-
wave photon detector. Single-photon detection is an
essential component in many quantum optics experi-
ments. It is also widely applied to high-sensitivity mea-
surement approaching the quantum limit in various
fields. In optical domain, avalanche photodiodes, su-
perconducting nanowire detectors, etc. are commer-
cially available and commonly used. On the other hand,
a high-efficiency single photon detector is a long-
standing problem in microwave domain, due to weak
energy of single quanta (4 to 5 orders of magnitude
lower than single optical photon). In last two years, ser-
val microwave photodetection experiments have been
realized at time-gated-mode including our achievement
of microwave photon detection implemented with an
impedance-matched artificial A type three-level sys-
tem. The continuous microwave-photon detector is

more attractive and practical for quantum-optics ex-

Center for Emergent Matter Science
Laboratory Head: Yasunobu NAKAMURA

periments. We have tested different designs of the cont
inuous single microwave-photon detector based on
impedance-matched A system in circuit QED. In the
samples, we have observed that both continuous monit
oring of quantum state and capturing microwave pho-
tons can work simultaneously. We are approaching the
optimum design. The final experiments will be carried
out in the coming several months. Using a same sys-
tem, we also performed an experiment of quantum-
state swapping between a superconducting qubit and a
flying qubit which can be applied to realize a determin-
istic remote entanglement and distributed quantum

computation.

@ Publications
Papers
Koshino K., Inomata K., Lin Z. R., Tokunaga Y., Ya-

mamoto T. and Nakamura Y.: Tunable quantum gate
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between a superconducting atom and a propagating
microwave photon. Phys. Rev. Applied 7, 064006
(2017)* (Editors' Suggestion)

@ Oral Presentation

International conferences

Lin Z. R.: “Single microwave-photon detector using
superconducting circuits”, Forum on Frontiers of

Quantum Computation, Beijing China 2017, April

26-28 (Invited Speaker)

@ Poster Presentation

Lin Z. R., Inomata K., Koshino K., Masuda S., Yama-
moto T. and Nakamura Y.: “Quantum-state transfer
between a superconducting qubit and a propagating
microwave photon”, The CEMS International Sym-
posium on Dynamics in Artificial Quantum Systems
(DAQS), Tokyo Japan 2018, January 15-17

Structural Dynamics of Biomolecules Studied by Novel Single Molecule Spectroscopy

Name: Bidyut SARKAR
Host Laboratory: Molecular Spectroscopy Laboratory

Conformational transitions, typically occurring in
microsecond to seconds timescale,, usually govern the
function of biopolymers (such as proteins, DNA and
RNA). While there are several methods to study ms or
slower dynamics, the sub-ms regime remained rather
unexplored. Two-dimensional fluorescence lifetime
correlation spectroscopy (2D FLCS), recently devel-
oped at RIKEN, provides a unique opportunity to study
conformational dynamics in ps-ms timescale. In the
following, I describe (I) the use of 2D FLCS for eluci-
dating the ligand sensing mechanism of preQ, ribo-
switch, (II) development of dynamic quenching-based
2D FLCS (DQ 2D FLCS) for singly-labeled biopoly-
mers, and (III) implementation of pulsed interleaved
excitation (PIE) in 2D FLCS for improving accuracy.
(D) Folding dynamics and distinct binding mechanisms
of preQ, riboswitch: In this work, we performed 2D
FLCS on a FRET-pair labeled transcriptional preQ,; ap-
tamer for elucidating its ligand recognition mechanism.
It revealed ~100 us dynamics between the open (hair-
pin) and folded (H-type pseudoknot) states in the apo-
form. Similar sub-ms dynamics was observed even af-
ter the addition of the ligand (preQ,) or cofactor (Mg?"),
both of which favors folding. However, the binding
mechanisms for these two are different. While Mg?*
binds via ‘conformational selection’ mechanism, preQ,
follows ‘induced fit’ mechanism. Interestingly, this fast

~100 ps dynamics was observed in only a small popu-

Laboratory Head: Tahei TAHARA

lation of molecules, while others may follow slower
dynamics (>10ms, as reported previously). We per-
formed kinetic Monte-Carlo simulation to estimate that
~10-20% of molecules undergo the sub-ms dynamics.
Considering the bacterial transcription rate (40-80
nt/s), the slower dynamics may govern the transcrip-
tion thermodynamically. In comparison, the ps-
dynamics should provide finer regulation through ki-
netic control.

(II) Dynamic quenching-based 2D FLCS (DQ 2D
FLCS): 2D FLCS usually utilizes fluorescence lifetime
of FRET-pair labeled biopolymers to distinguish the
conformers by their inter-dye distances. We developed
a new method which employs dynamic fluorescence
quenching in a 2D FLCS measurement (DQ 2D FLCS).
For a singly-labeled biopolymer, it reports the confor-
mation-specific solvent accessibility around the fluoro-
phore. By applying DQ 2D FLCS to a singly-labeled
hairpin DNA, we could resolve ~100 ps dynamics be-
tween the ‘open’ and ‘hairpin’ states. This observation
accords well with the result of corresponding FRET-
based measurements. In addition, due to its higher sen-
sitivity for local changes, DQ 2D FLCS revealed an
additional <50 ps local dynamics, possibly between the
‘folded’ and ‘partially folded’ hairpin states. By gener-
ating state-specific Stern-Volmer plots, we further
showed that DQ 2D FLCS can be used to estimate site-

and state-specific solvent accessibility for a system un-
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dergoing ps-dynamics.

(ITIT) Multicomponent analysis by maximum entropy
method for PIE-2D FLCS: Incorporating pulsed inter-
leaved excitation (PIE), in which donor and acceptor
molecules are excited alternately, can improve the ac-
curacy of 2D FLCS for FRET-labeled molecules. In
this work, we developed the maximum entropy method
for analyzing the photon data from PIE-2D FLCS. The
analysis protocol characterizes individual species in a
mixture by their dye stoichiometry, donor fluorescence
lifetime and FRET efficiency. In addition, it also pro-
vides the system imperfections, such as the extent of
donor fluorescence leak into acceptor detection chan-
nel and the direct acceptor excitation by donor excita-
tion pulse. We verified the robustness of the developed

analysis for simulated and experimental photon data.

@ Oral Presentation

Conference

1. Sarkar B., Ishii K. and Tahara T.: “Development of
dynamic quenching based two-dimensional fluores-
cence lifetime correlation spectroscopy for studying
microsecond conformational dynamics of singly la-
beled biopolymers”. The 11! Annual Meeting of Ja-
pan Society for Molecular Science, Sendai, Japan,
2017, September 15-18.

2. Sarkar B., Ishii K. and Tahara T.: “Two-dimensional

fluorescence lifetime correlation spectroscopy re-

veals p s-dynamics and distinct folding mechanisms
of preQ, riboswitch”. The 55 Annual Meeting of
the Biophysical Society of Japan, Kumamoto, Japan,
2017, September 19-21.

@ Poster Presentation

Conference

1. Sarkar B., Ishii K. and Tahara T.: “Microsecond
folding dynamics of preQ; riboswitch studied by
two-dimensional fluorescence lifetime correlation
spectroscopy”’. KAKENHI International Symposium
on “Studying the Function of Soft Molecular Sys-
tems”, Sapporo, Japan, 2017, June 26-28.

2. Sarkar B., Ishii K. and Tahara T.: “Two-dimensional
fluorescence lifetime correlation spectroscopy with
pulsed interleaved excitation: Multicomponent anal-
ysis by maximum entropy method”. The 11" Annual
Meeting of Japan Society for Molecular Science,
Sendai, Japan, 2017, September 15-18. (Presenting
author: Dr. Kunihiko Ishii)

International Conference

3. Sarkar B., Ishii K. and Tahara T.: “Microsecond con-
formational dynamics and distinct folding mecha-
nisms of preQ,; riboswitch studied by two-dimen-
sional fluorescence lifetime correlation spectroscopy”
The 62" Annual Meeting of Biophysical Society,
San Francisco, USA, 2018, February 17-21.

Catalytic N, Fixation to Diamine with Titanium Complex

Name: Ching Tat TO
Host Laboratory: Advanced Catalysis Research Group

In this year, two research projects have bene con-
ducted.
(1) Reactivity of Multinuclear Titanium Imide Hydride
Cluster

In an attempt to broaden the scopes of N, functional-
ization into organic skeletons using the multinuclear
titanium cluster system developed in this laboratory,
(Cp’Ti)4(NH),(H), was allowed to react with benzalde-

Center for Sustainable Resource Science
Laboratory Head: Zhaomin HOU

hyde and its substituted derivatives. In serendipity, the
reactions gave moderate to good yields of bibenzyls
and (Cp’Ti)4(NH),(O),. The carbonyl group in benzal-
dehyde was reduced and underwent homo-coupling
with another reduced benzaldehyde to produce the ob-
served bibenzyl. The bridging hydride ligand in
(Cp’Ti)4(NH),(H), was transferred to the benzylic po-

sition in bibenzyl based on deuterium labelling experi-
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ments. In addition, the carbonyl oxygen was captured
into the cubane framework of (Cp’Ti),(NH),(O),. This
transformation differs from the McMurry reaction
which produces alkenes. This reductive C-C coupling
is unique for aromatic aldehydes and inert towards oth-
er carbonyl functionalities. Therefore, it tolerates sub-
stituted benzaldehydes bearing ketone, amide and ester
groups, as well as other electron donating and with-
drawing substituents. To our delight, further exposure
of (Cp’Ti)4(NH),(O), with 3 equivalents of aromatic
aldehydes under air afforded hydrobenzamides and
(Cp’Ti)g(O)g. It is best described as nitrogen transfer
from (Cp’Ti),(NH),(O), coupled with condensation/
trimerization of aldehydes to produce hydrobenza-
mides. (Cp’Ti)(O), could be effectively recycled to
Cp’TiCl; through treatment with HCI, therefore com-

pleting the synthetic cycle.
(2) Catalytic NH; Synthesis from N, and H, by Sup-
ported Molybdenum Catalyst

This work aims to fix N, to NH; directly using N,
and H, under conditions much milder than the indus-
trial Haber-Bosch process. The catalyst was prepared
by wet impregnation of molecular molybdenum clus-
ters on mesoporous supports. Modifications by (1)
changing the supporting materials; (2) addition of sec-
ond metal as co-catalyst/promoter and (3) catalyst acti-
vation methods have been investigated to enhance the
NHj; synthesis activity. Recent investigations allowed
reaction conditions from 200 to 400 °C and 10 atm to
achieve promising catalytic activity. Further studies to

optimize the reaction conditions are underway.

Functional study of the Decision-Making Networks in Zebrafish

Name: Merlin LANGE

Host Laboratory: Developmental Gene Regulation

It is well documented that neuronal circuits of the
corticobasal ganglia are critical for decision-making in
mammalian. It has been classically hypothesized that
the direct and indirect pathways mediate behavioral
promotion and inhibition, respectively. However, new
reports recently challenged this classical dichotomous
model.

We have elucidated that zebrafish Danio rerio, has
partially the equivalent structure as the mammalian
corticobasal ganglia circuitry, and that zebrafish telen-
cephalon contains the direct- and indirect-like neuronal
populations essential in action selection during reward
and aversion reinforcement. By combining transgenic
animal, Rabies-virus tracing system and Scale tissue
clearing technology we generate brain wide maps of
neurons sending projection to the striatal direct or indi-
rect pathway. We discovered that the majority of the
inputs of the striatal pathway arise from the zebrafish
dorsal pallial neurons (functionally equivalent to the

mammalian cortex). Overall, our results support that

Brain Science Institute
Laboratory head: Hitoshi OKAMOTO

the corticobasal ganglia circuitry is conserved through-
out vertebrates - from Zebrafish to Primates.

Then we use in vivo two-photon imaging to monitor
the activity of the two-striatal pathways in trained ze-
brafish for either positive (i.e. food) or aversive (i.e.
electric shock) reinforcement learning. At population
level we identify two anatomically distinct neuronal
clusters during the reinforcement cue presentation, a
group of cells show excitatory response, by contrast an-
other population develop an inhibitory response. Fur-
thermore the direct pathway displays tune activity for
the positive reinforcement-learning cue while the indi-
rect pathway shows response tuning for the aversive
reinforcement-learning cue. Altogether we observed
quantitative differences between direct and indirect
striatal pathways activity related to value and reward,
providing new insights into striatal neuronal mecha-
nism for action selection. Our results reconsider the
classical view of corticobasal ganglia function mediat-

ing opposite effects, and support a model with different
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subpopulation in striatal direct and indirect pathways
having opposite activities to adapt the behavioral re-

sponses.

@ Publications

Lange M., Froc C., Grunwald H., Norton W., Bally Cuif
L. “Pharmacological analysis of zebrafish Iphn3.1
morphant larvar suggest that saturated dopaminergic
signaling oculd underlie that ADHD-like locomotor
hyperactivity.” Progress in Neuro-Psychopharmacol-

ogy and Biological Psychiatry, Feb. 2018

@ Oral Presentations

Lange M, Kakinuma H, Cherng BW, Shiraki T, Aoki
R, Islam T, Hama H, Namiki K, Miyawaki A and
Okamoto H. “Differential contribution of striatal
pathways activity to action selection after reward and
aversive learning” Japanese Neuroscience Meeting
2017, Chiba Japan

@ Poster Presentations

Lange M, Kakinuma H, Cherng BW, Shiraki T, Aoki
R, Islam T, Hama H, Miyawaki A and Okamoto H.
“Differential contribution of striatal pathways activ-
ity to action selection after reward and aversive
learning” Naito 415 symposium on decision-making
2017, Sept3-6, Hokkaido, Japan

Lange M, Kakinuma H, Cherng BW, Shiraki T, Aoki
R, Islam T, Hama H, Miyawaki A and Okamoto H.
“Differential contribution of striatal pathways activ-
ity to action selection after reward and aversive
learning”, Society for neuroscience meeting, Nov
11-15 2017, Washington USA

Lange M, Kakinuma H, Cherng BW, Shiraki T, Aoki
R, Islam T, Hama H, Miyawaki A and Okamoto H.
“Differential contribution of striatal pathways activ-
ity to action selection after reward and aversive
learning”, Zebrafish meeting for behavior and imag-
ing, Nov 15-17 2017, Rockville USA

Understanding Translation Control and Delay in Circadian Rhythms

Name: Arthur MILLIUS
Host Laboratory: Laboratory for Synthetic Biology

Most mammalian proteins have 24-hour (circadian)
cycles of production and degradation, but de novo tran-
scription is only responsible for a small fraction of this
rhythmicity. Previously, we used ribosomal profiling to
delineate how ribosomes bind mRNA in mice liver
over a 24-hour period, and compared these results to
transcription by qPCR and steady state protein accu-
mulation by mass spectrometry for select circadian
genes. We observed both a delay between mRNA syn-
thesis and translation, and a delay between translation
and protein production for different circadian genes.

Our ribosomal profiling data revealed extensive
binding of ribosomes to upstream open reading frames
(uORFs) in circadian mRNAs including a central circa-
dian rhythm gene Per2. We discovered that more uO-
RFs decrease ribosome binding in the downstream cod-

ing region. In addition, a synthetic promoter with many

Quantitative Biology Center
Laboratory Head: Hiroki UEDA

uORFs causes higher repression of a downstream re-
porter compared to that of synthetic promoters with
few or no uORFs. However, it is unclear if uORFs sup-
press the threshold required to observe expression in a
population or if uORFs directly suppress translation in
an individual cell. To distinguish between these mod-
els, we will examine expression of fluorescent report-
ers in individual cells. By comparing expression of a
red fluorescent reporter driven by a promoter with an
uORF to a green fluorescent reporter without an uORF
and vice-versa, we can determine the effect of uUORFs
in a single cell.

Because PER2 is a central component of the circa-
dian rhythm-generating circuit, it is crucial to under-
stand how this mRNA may be translationally repressed
by its uORF. Loss of the Per2 uORF in 3T3 cells in-

creases the baseline level of expression of a down-
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stream luciferase reporter. However, the physiological
relevance for the Per2 uORF in mice and humans is
unclear. We will rescue Perl/2 dKO cells and mice
with PER2 driven by a Per2 promoter lacking the Per2
uORF. We expect PER2 protein to be higher in cells
and mice with PER2 driven by a promoter lacking the
Per2 uORF. This may cause a delay in daily PER2 deg-
radation, which may lengthen the circadian period and
slow adaptation to artificially induced jet-lag. In addi-
tion, our preliminary data show that Per2 may be trans-
lationally repressed, and that this repression may be
temporally regulated by an unknown trans-acting fac-
tor. We will use mRNA crosslinking and mass spec-
trometry to identify the factor(s) binding the Per2 5'
upstream region in an uORF-dependent manner.
Circadian rhythms are linked to a wide array of bio-
logical processes including sleep, metabolism, and
proper immune system functioning. Defects in circa-

dian rhythms are related to cancer, depression, and

Determinants of Gene

Name:

Host Laboratory:

We sought to study variability in gene expression
among a population of cells (gene expression noise) us-
ing the bacterium Escherichia coli. One approach to
measure gene expression noise is to fluorescently tag a
protein of interest and then measure its expression level
in hundreds of cells using fluorescence microscopy.
Accurate measurement of noise requires a system ca-
pable of producing high quality microscope images of
thousands of bacterial cells across multiple different
samples. Although there were pre-existing sample
holders for measuring gene expression noise in E. coli,
such as the PDMS microfluidic device developed by
our laboratory head, they are often difficult to imple-
ment. Therefore, for the first part of this project, we
sought to create an easy-to-use sample holder. We set-
tled on a design for multi-sample agarose gel pad, that

had micro-patterned ‘capsules’ to hold cells still and

obesity. Therefore, understanding how mRNA transla-
tion is modulated throughout the day is crucial for de-
veloping new treatments and understanding human
health. Importantly, most mRNAs that form the core
circuit for circadian rhythms have one or more uORFs
like Per2. Understanding the uORF regulatory module
and how other trans-acting factors modulate transla-
tional repression could suggest new avenues for RNA
therapy and lead to human studies examining the im-

pact of uORFs in a wide range of disorders.

@ Oral Presentations

Domestic conferences

Millius, A. “Life in Translation: Circadian Rhythms
and Living in Japan”, JSBBA 4" Student Forum,
Kobe University 2017 (Keynote Speaker)

Millius, A. “After the 2017 Nobel Prize in Physiology
of Medicine: The future for circadian rhythms”,
Hyogo Science E-café, Kobe University 2017

Expression Noise

David PRIEST

Laboratory for single cell gene dynamics
Quantitative Biology Center

Laboratory Head: Yuichi TANIGUCHI

flat under the microscope. This device, called Capsule-
Hotel, is capable of automatically measuring gene ex-
pression noise across 24 samples, thereby permitting
high-throughput imaging. Our CapsuleHotel method
was published in Scientific Reports, detailed below.

We then used CapsuleHotel to re-measure a set of
chromosomal yellow fluorescent protein (YFP) fusion
strains originally measured and published by the Labo-
ratory Head in his 2010 paper in Science. We found
that in our system, the apparent gene expression noise
was lower than the 0.1 ‘noise floor’” measured in that
paper. We are currently conducting experiments to de-
termine the validity of this result and its possible cause,
which could be a combination of factors such as micro-
scope design, sample holder (CapsuleHotel vs PDMS
microfluidic), growth media and even location (Japan
vs U.S.).
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We also created a library of ~2000 different E. coli
strains that consisted of a chromosmal YFP fusion
strain into which one of 24 different bacterial artificial
chromosomes with a different promoter driving a red
fluorescent protein (RFP) reporter. We have measured
over 1000 of these strains to produce a matrix of YFP
vs RFP. We are currently analysing this data to identify
‘global noise factors’, YFP genes that should show
highly correlated expression to multiple RFP reporters.

@ Publication
Original Paper
Priest, David G., Nobuyuki Tanaka, Yo Tanaka, and

Yuichi Taniguchi. 2017. “Micro-Patterned Agarose
Gel Devices for Single-Cell High-Throughput Mi-
croscopy of E. Coli Cells.” Scientific Reports 7 (1).
Nature.com:17750.

@ Poster presentation

International conference

Priest, David G., Nobuyuki Tanaka, Yo Tanaka, and
Yuichi Taniguchi. “High-Throughput Microscopy of
E. coli Cells with Micropatterned Agarose Devices.”
2017 Synthetic Biology: Engineering, Evolution &
Design (SEED), Hyatt Regency, Vancouver, British
Columbia, Canada. June 20 - 23 2017.

Trans-family Grafts between Parasitic Plants and their Hosts

Name: Thomas SPALLEK
Host Laboratory: Plant Immunity Research Group

Plant diseases lead to substantial yield losses in crop
plants. These diseases are caused by plant pathogens
that comprise a wide spectrum of different organisms,
including parasitic plants. An estimated 1% of known
flowering plant species evolved mechanisms to gain
access to nutrients and water from the vasculature of
other plants. Among the different plant families with
parasitic plants, the Orobanchaceae family contains the
largest number of agricultural relevant parasitic plants.
We, therefore, studied mechanisms of plant-plant para-
sitism in the Orobanchaceae species Phtheirospermum
Jjaponicum.

Phtheirospermum is native to East-Asia and became
over the recent years a model system for molecular and
genetic studies of parasitic plant-host interactions. One
crucial step in this development was my observation
that Phtheirospermum infections of the model plant
Arabidopsis thaliana is beneficial for the growth of the
parasite and detrimental to the growth of the host plant.
I was further able to visualize transport routes from
host to parasite by using fluorescent tracers and real-
time live cell imaging. During these experiments, it

was also noted that host plants developed hypertro-

Center for Sustainable Resource Science
Laboratory Head: Ken SHIRASU

phies above Phtheirospermum attachment sides. Hy-
pertrophies result from enhanced tissue growth of in-
fected plants and are characteristic symptoms caused
by many, evolutionary unrelated parasitic plants, in-
cluding mistletoes and some Cuscuta species.

The plant hormone cytokinin is a central regulator of
plant growth. We, therefore, studied the role of cytoki-
nins in hypertrophy development. Host plants with re-
duced sensitivity to cytokinins did not develop hyper-
trophies in response to Phtheirospermum, indicating
that hypertrophy induced by parasitic plants is primar-
ily driven by cytokinin responses. Host cytokinin bio-
synthesis mutants, to the contrary, still showed hyper-
trophies above parasite attachment sites. This result
prompted us to investigate the possibility of cytokinin
transfer from parasite to host. For this, we quantified
cytokinins in wild-type host plants and host cytokinin
biosynthesis mutants. In either case, we could confirm
an increase in cytokinins upon infection with Phtheiro-
spermum. These results, together with experiments
done with transgenic Phtheirospermum roots that ex-
pressed a cytokinin degrading enzyme and showed a

reduced induction of hypertrophy, indicate the direct
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transfer of cytokinins from parasite to host.

The presence of hypertrophy was further linked to
reduced biomass losses in host plants. Cytokinins are
known regulators of nutrient allocations in plants and
their function is also exploited by other plant patho-
gens. Our data suggest that cytokinins produced by
parasitic plants can act similarly to promote parasitism
by parasitic plants. Cytokinin responses also occur dur-
ing grafting of plant shoots to plant rootstocks. How-
ever, unlike in grafting, cytokinin responses triggered
by Phtheirospermum are prolonged. The significance

of this differences is currently under investigation.

@ Publication

Papers

Spallek, T., Melnyk, C.W., Wakatake, T., Zhang, J.,
Sakamoto, Y., Kiba, T., Yoshida, S., Matsunaga, S.,

Sakakibara, H., and Shirasu, K. (2017). Interspecies
hormonal control of host root morphology by para-
sitic plants. Proc. Natl. Acad. Sci. 114: 5283-5288.

@ Oral presentation

International Conference

Spallek T., Melnyk C., Wakatake T., Kiba T., Yoshida
S., Sakakibara H. and Shirasu K.: “Using Hypertro-
phy to Study Interspecies Signalling between Para-
sitic Plants and their Hosts” 14th World Congress on
Parasitic Plants (14th WCPP), Pacific Grove, USA,
2017, June 25-30.

Spallek T. and Shirasu K.: “Multiple Transport Routes
along Vascular Junctions in Haustoria of Parasitic
Plants” Molecular Biology of Plants (MBP 2018),
Dabringhausen, Germany, 2018, Feburary 20-23.

The Function of Natural Helper Cells in the Maintenance of

Aipose Tssue Hmeostasis and Mtabolism

Name: Kafi EALEY

Host Laboratory: Laboratory for Innate Immune Systems

Obesity is associated with excessive accumulation of
white adipose tissue (WAT). In response to excess en-
ergy, WAT undergoes expansion by changing the size
of adipocytes, increasing the number of adipocytes
through recruitment and activation of adipocyte pre-
cursor cells (APCs) and dynamic remodeling of the
extracellular matrix (ECM). Chronic overnutrition,
however, results in a shift from type 2 immunity that is
associated with metabolic homeostasis and anti-inflam-
matory processes to type 1 immunity associated with
chronic low-grade inflammation, metabolic dysregula-
tion and insulin resistance. Group 2 innate lymphoid
cells (ILC2s) are a critical innate cellular source of type
2 cytokines in fat. ILC2s constitutively produce type 2
cytokines, particularly IL-5 and IL-13, and rapidly pro-
duce large amounts of these cytokines in response to
stimulation with IL-33 and IL2+IL-25. The overall

goal of this project was to characterize the molecular

Center for Integrative Medical Sciences
Laboratory Head: Kazuyo MORO

pathways by which adipose tissue ILC2s interact with
adipocytes and their precursors during adipose tissue
expansion and remodeling.

Using an in vitro transwell co-culture system, I found
that soluble factors from activated ILC2s inhibited pre-
adipocyte differentiation of mature adipocytes and in-
hibited expression of key adipogenic genes. Converse-
ly, adipocyte-derived factors inhibited ILC2 function
through inhibition of type 2 cytokine production. Using
in vivo models, I found that HFD-induced early activa-
tion of APCs was significantly blunted in Rag2”y ¢”-
mice that are deficient in all adaptive and innate lym-
phocytes, including ILC2s. Previous unpublished data
from our research group has shown that these mice are
obesity-resistant, thus my findings suggest that ILC2s
may be important in the initial activation of pathways
of APC differentiation to mature adipocytes. Interest-

ingly, although the function of ILC2s was not inhibited
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during the early stages of HFD feeding, in obese mice
fed a long-term high-fat diet, cytokine production in
ILC2s was significantly blunted. Overall these data
suggest a model whereby adipose tissue ILC2s play a
critical role in activation of APCs in response to energy
excesss, facilitating pathways of differentiation of ma-
ture adipocytes. However, chronic overnutrition leads
to the development of mature adipocytes that secrete
factors to inhibit and limit ILC2 function and excess

activation of type 2 immunity.

@ Publications

Ealey KN, Moro K, Koyasu S. Are ILC2s Jekyll and
Hyde in airway inflammation? /mmunol Rev 2017;
278(1): 207-218 (Review)

@ Oral Presentations

46" Annual meeting of the Japanese Society for Im-
munology

Ealey KN, Koyasu S, Moro K. Mechanisms for the
regulation of adipose tissue expansion and remodel-
ing by group 2 innate lymphoid cells. Sendai Japan
2017, Dec. 12.

@ Poster Presentations

46™ Annual meeting of the Japanese Society for Im-
munology

Ealey KN, Koyasu S, Moro K. Mechanisms for the
regulation of adipose tissue expansion and remodel-
ing by group 2 innate lymphoid cells. Sendai Japan
2017, Dec. 12.

Establishment of the Drug Screening System for the Treatment of NGLY1 Mutation Patients

Name:

Host Laboratory:

To investigate the ENGase specific pattern in the cell
for the screening system, RTAAN236Q), the model gly-
coprotein prone to get aggregated when its single gly-
can was cleaved during the ERAD, was added by EGFP
and RFP at the C-terminus. The cell fractionation ex-
periment showed increased solubility of non-glycosyl-
ated form of both fluorescent labeled protein and live
cell image showed endosome-like co-localization in-
stead of cytosolic localization of the non-fluorescent
labeled protein. At the same time, a aggreosome-for-
mation protein httQ91 kindly provided by Dr. Kopito
(Stanford University) was also co-expressed with
RTAAN236Q for the living cell image. The result
showed a short life of the cells baring the httQ91 pro-
tein after formation of the aggreosome, making it dif-
ficult for the observation of co-localization of the sub-
strates and impossible for the identifying a inhibitor.

To this end, the fluorescent labeling method was not
suitable for this system. Next the cells were expressed
with RTAAN236Q and the cells detected by western

blotting analysis as well as cell staining in fixed cells.

Chengcheng HUANG

Glycometabolome Team/Systems Glycobiology
Global Research Cluster

Laboratory Head: Tadashi SUZUKI

when treated with proteasome inhibitor MG132 or
bortezomib, increased amount of non-glycosylated
protein, as well as increased staining of both the glyco-
sylated and non-glycosylated protein was observed by
western blotting analysis in Double-KO cell which did
not have any deglycosylating enzyme, meanwhile,
large dots were observed in the cell staining. Similar
dots was also observed in Wild Type cells, as well as
the Ngly1-KO cell, when calculating the ratio of the
cells baring the dots, the Ngly1-KO showed slightly
higher ratio than the Double-KO cell. While whether
this aggregation is correlated with the insoluble frac-
tion of RTAAN236Q needs to be further confirmed. To
indentify whether this aggregation was specific to
RTAAN236Q, the staining of other reported ERAD
substrate was also detectecd, the result showed dot-like
staining of NHK but not TCR, suggesting the forma-
tion of the aggregation is dependent on the nature of the
substrate. The nature of the dot was also detected by
co-staining with different markers, no specific co-lo-

calization was observed when using the aggreasome
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marker vimentin, ER marker Calreticulin, the autopha-
gy marker LC3, and GlcNAc staining lectin WGA,
which needs further identification.

@ Publications

Original paper

Ishii N., Sunaga C., Sano K., Huang C., lino K., Matsu
zaki Y., Suzuki T. and Matsuo I. A New Fluorogenic
Probe for the of  Endo- f3-N-
acetylglucosaminidase. ChemBioChem. Accepted
Author Manuscript. doi:10.1002/cbic.201700662

Galeone A, Han SY, Huang C, Hosomi A, Suzuki T,
Jafar-Nejad H. Tissue-specific regulation of BMP sig

Detection

naling by Drosophila N-glycanase 1. Elife. 2017 Aug
4;6. pii: €27612.

Fujihira H, Masahara-Negishi Y, Tamura M, Huang C,
Harada Y, Wakana S, Takakura D, Kawasaki N, Tani
guchi N, Kondoh G, Yamashita T, Funakoshi Y, Suz
uki T. Lethality of mice bearing a knockout of the

Nglyl-gene is partially rescued by the additional del
etion of the Engase gene. PLoS Genet. 2017 Apr
20;13(4):e1006696.

@ Presentations

International symposium

Huang C., Harada Y., Hosomi A., Masahara-Negishi
Yuki., Seino J., Fujihira H., Funakoshi Y., Suzuki T.,
Dohmae N., and Suzuki T.: Studies on the pathologic
mechanism of NGLY| deficiency. Systems glycobio
logy and beyond. Nov. 16-17, 2017 (Wako) poster pr
esentation.

Domestic conferences

Huang C., Harada Y., Hosomi A., Masahara-Negishi
Yuki., Seino J., Fujihira H., Funakoshi Y., Suzuki T.,
Dohmae N., and Suzuki T.: Studies on the pathologic
mechanism of NGLY 1 deficiency. Consortium of Bi
ological Sciences 2017 Dec. 6~9™ 2017. (Kobe)

poster presentation.

Neural Circuit and Molecular Mechanisms in Lateral Amygdala for

Fear Memory Consolidation

Name: Bao Zhen TAN
Host Laboratory: Neural Circuits of Memory Laboratory

In the present study, we used auditory fear condi-
tioning to study the neuronal substrates of associative
learning and mechanisms of memory formation in the
mammalian brain. During this acquisition phase, ani-
mals learn that a neutral auditory tone (conditioned
stimulus, CS) predicts an aversive event, an electric
foot shock in this case (unconditioned stimulus, US).
Retrieval of this well-established memory by present-
ing a learned fear cue (CS) triggers reconsolidation
processes during which memory may be updated,
weakened or strengthened. Noradrenergic (NA) block-
ade in the rat basolateral amygdala (BLA) combined
with retrieval impairs reconsolidation of fear memo-
ries. Emotional arousal can lead to the activation of NA
cells located in the locus coeruleus (LC) and other

brainstem areas, and can cause the subsequent release

Brain Science Institute
Laboratory Head: Joshua JOHANSEN

of NA in the brain and modulate memory storage.
However, it is unclear if LC is the source of NA to the
BLA for fear memory reconsolidation, and what the
precise temporal aspects of LC-NA signaling during
retrieval and reconsolidation are. Using a Cre recombi-
nase-dependent-targeting with retrograde virus ap-
proach, I targeted the LC neurons that project to the LA
and blocked NA release in the LA specifically during
cue presentation period during retrieval using inhibito-
ry opsins and laser inhibition. I found that temporally
specific inhibition of NA nerve terminals in the LA dur-
ing cue retrieval is sufficient to attenuate post-retrieval
long term memory (PR-LTM) 24 hours later, compared
to fluorescent controls.

In the brain, encoding and storing of associative

memories requires the detection of different input sig-
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nals and translation of these associations into changes
in the number, structure, or function of synapses. Thus,
transient coincidences result in the transcriptional acti-
vation of genes encoding factors required for enhanced
synaptic transmission. CRTC1, a transcriptional cofac-
tor, senses the coincidence of two important second
messengers — calcium and cAMP, and via its nuclear
translocation, dramatically increases CREB’s tran-
scriptional activity and neural plasticity. Using immu-
nohistochemical studies, I found that auditory cue re-
trieval (and not context exposure) produces a significant
increase in CRTC1 nuclear translocation in the LA neu-
rons immediately after, and nuclear localization is
maintained and enhanced even after 1 hour, suggesting
that CRTC1 may serve to regulate long term memory
retrieval and reconsolidation in the LA. Indeed, when
CRTCI1 activity or expression was decreased via viral
expression of a dominant-negative version of CRTC1
or shRNA targeting CRTCI1 respectively, PR-LTM was
attenuated. Furthermore, optical inhibition of LC-NA
projections in the LA during cue retrieval blocks this
CRTCI nuclear translocation.

It is well established that synaptic plasticity in the
LA plays a critical role in the association of CS and US
inputs, and thus the acquisition and maintenance of fear
learning and memory. The molecular and circuit pro-
cesses discovered in our studies could represent gen-
eral mechanisms for how memories once formed, are
maintained and modulated in other neural circuits. In
addition, because fear conditioning is an established
model for anxiety disorders such as post-traumatic
stress disorder, these findings could have important
clinical implications. Understanding how the LA neu-
ral circuit connections and intracellular signaling path-
ways in this circuit engage fear memory may provide

important insights into how these disorders occur and

offer potential therapeutic targets for drug treatment.

@ Publication

Paper

#Uematsu, A., *Tan, B.Z., Ycu, E.A., Sulkes, J., Koivu-
maa, J., Junyent, F., Kremer, E.J., Witten, [.B., Deis-
seroth, K., and Johansen, J.P. Modular organization
of the brainstem noradrenaline system coordinates
opposing learning states. Nat Neurosci, 20: 1602-11.
(2017).* (*co-first authors)

Review article

Uematsu, A., Tan, B.Z., and Johansen, J.P.: Projection
specificity in heterogenous locus coeruleus cell pop-
ulations: implications for learning and memory.
Learn & Mem. 22: 444-51. (2015).*

@ Poster Presentation

International Conference

Tan, B.Z. and Johansen, J.P. “Noradrenergic control of
memory reconsolidation — from circuits to mole-
cules.” Society for Neuroscience, Washington, D.C.
USA, 2017, Nov 11-15.

Tan, B.Z. and Johansen, J.P. “Noradrenergic control of
memory reconsolidation — from circuits to mole-
cules.” Asia-MCCS meeting, Singapore, 2017, Aug
1-3.

Tan, B.Z. and Johansen, J.P. “Noradrenergic control of
memory reconsolidation — from circuits to mole-
cules.” Europe-MCCS - FENS meeting, Copenha-
gen, Denmark, 2016, June 30 — July 6.

Domestic Conference
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