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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



“w B M® /Contents

ERPZSPIMITEELR /Special Postdoctoral Researcher Reports

H2X  Contents 7

E R4S RIMAFEEE R /Foreign Postdoctoral Researcher Reports

Hx / Contents 177




CAL i)
BT OARBICHT T2ik EFEK (Publications) DJFEEFMEFEDS B, *HZf LIt D
BEGHRIEDND S Lab THBH T LR LET,

[Note]
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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
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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
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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
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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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International conference on X-ray optics and appli-
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(2017)

MERERICL>THEESINZI ALY - BOEXRFOERIARE
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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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Laboratory Head: Zhaomin HOU

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.

@ Poster Presentations

International Conferences

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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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

AWEORMHE, TE¥F LHAED KL S IH
HEREZ I L C V20T 22 L Th b, Z
DT, ZREOTEY ) LT —2h iy
OxF IR RR T 5 TiEz2HET %, MlEE
U7/ LEiziiboD, e A b VEMivIaxF
U VWS TS ) LOL RV TOZEIC K
D, BIZTHETO T 7 A )V EELE ., LM
FLIREEZED i, %%/ L TOIES /) LoD
HAGbE (FaxFUIkEE) NLEs )/ Loty
NBEREN IR E BT DICEETH %, LETIE, A
—DHIRE CE OIS ) LY — VTV A
TEHTEHRNCE STz, ZDIz, ThHDT
—Zh57uxF UIREEFRET S LT #Hik
MV ATLETIES ) LEDBHZAS NI TE
5LiEN B, L Lahs, BHFEOFIETIE,
BILET ) LT —2OERMERIBIR. A7 —)VDiE
Wik ENEH SN T — 2 iR ENTED . B
Hora<F VIRERZOMFREEZRE LTV 3,
AT TIE AT —INAERY = —7 L M &%,

F 7% & 1K % Bl % Ozaki, Haruka
Z AW = SR o 2 —

INAKALTHT AV AIEFEL= v
(g R4 =)

HRSR— 28T A— 2307 LIS TE 5%
JE R zZRMHT 5T, B0 axF U IKETY
WOAE N2 R 7z wlikd %,

AR, FLORA TOTES ) LT — 2 %]
M3 eZHBEL. T— 2N/ TS5 A 2D
i & FEREN 22 PR D FEMTICHL O FLATE . BRI
ZAMRETHBEI N R M b — %)L
RNA ¥ —7% ~ A iRamDA-seq D 7 — 2 7= W T,
TN —RNA (eRNA) % 1 Hilfd L)L TRt
% L&kFATz, eRNA RN Ol G HIHH T
HZLZUNY—DOENZKML TG N5 T
B, eRNADKHIIZTZ NV — W05 TS/ L
IRREDEHUZ EIKkd 5, —/5. RamDA-seq Tldi
ETOREBEFTE S5, eRNALHIETE
nE. A OMITOIEY J LIKEE & 8578
ZFEIRFIE Lz T — 2ty MRS N5 LR h
7z

%9, RamDA-seq D7 — X H 5 eRNA 7z fi 9
I T T4 BAF Uiz, XiC, <9 ARMEEH



f7z LA ERICRERYIY > TV > 7 LT Ml
RamDA-seq Z il L7z 7 — 2 Zf@ifiLiz & T A,
FEIT eRNA DRI T E, DD, Ml b DMl T/
It U TS T % eRNA % 1,000 &L BRI Uz,
EHIT, AR TR E REH 2R 9 BIE 1O A
FHBE9 % eRNADMEIET B Z Wb o Tz,

@:ELHER Publications

(S0

Hayashi T., Ozaki H., Sasagawa Y., Umeda M., Danno
H. and Nikaido 1.: “Full-length total RNA sequenc-
ing from single cells uncovers dynamics of recursive
splicing and enhancer RNAs”, Nature Communica-

tions, in print*

@OEEHZX Oral Presentations

JEMRREE, MRETREE, TR, BEFER, MR,
TREREE  C—Hile b — XJVRNA ¥ —F Ak
RamDA-seqC & % —flllJld = > /N> ¥ — RNA fig
Bi”, RNA7Ra Y747 I—74 272017, ¥
BIRKHEE, 11H (2017)

XXVIII-031

Jelmgt, PAETRER, T, MIEPRR, MEHRAR,
TR IR N — RNAMRITIC X B
A AN — PO BRAE”, 55 9 Il B a2
FoOz, ZHESHAT, 10 (2017)

JR 3 T 2N Y — RNAFENTIC & B iR
HHIOMR L Z DT DT — X fghrEih”, &
6 [ 2E a PR AR 2l i K (MBMP 2017), E
EEALBed, 9 (2017)

Ozaki H., Hayashi T., Sasagawa Y., Danno H., Umeda
M. and Nikaido I.: “Single-cell enhancer RNA anal-
ysis in mouse embryonic stem cells”, NIG Interna-
tional Symposium 2017 - Commemorating the 30th
Anniversary of DDBJ, Mishima, Shizuoka,
May(2017)

@F X4 —%K Poster Presentations

Jeli %, B EORER, )1 vEF, M e, M
RAR, TRER il 2N Y — RNAfi#
MTIZINY =D 5 EZHAS”, NGSBI
DE WS HpZER, SWElGT, sA (2017

RN, SEERRADT / LBEREEREALT

Cell-population Genomics in Germ Line
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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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Mechanical control of Epithelial Invagination by a
Spatiotemporal Propagation of ERK Activity
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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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EMBL Symposium: Mechanical Forces in Biology,
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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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.
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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)

Seminars

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
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and Related Topics - EXA2017, Vienna, Austria,
Sep. 2017

Gongyo S.: “Interactions between Decuplet Baryons
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
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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, 044325 (2017) (published)
Nuclear deformation in the A=100 region: Compari-
son between new masses and mean-field predictions
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Phys. Rev. C 96, 014310 (2017) (published)
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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

— 111 —



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

Laboratory Head: Shigehiro NAGATAKI

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-

XXIV-014

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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tion in a liquid crystal triggered by thermodynamic
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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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conductivity”, 28th International Conference on
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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,
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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
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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., Tanaka K.: “Exploiting Glycine Propargyl
Ester Reactivity for Biological Applications” 6th
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Large-scale Molecular Dynamics Simulat