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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 2018.
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 1681 SPDRs and 153 FPRs (as of March 2019),
and there are currently 142 SPDRs (as of July 2019).

July 2019
RIKEN
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[Note]
In the list of Publications (origibal papers) at the end of each report, those marked with an asterisk (*)

indicate peer review journals.
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and electrophysiological phenotypes dependent on

oestrogen”, submitted
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sive expression map of neuropeptides in the adult
zebrafish brain”, 24th Japanese Medaka and Zebraf-
ish meeting, Nagoya, Aug. (2018)
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Matter, Gravity and Quantum Spacetime
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Reaction of 4D Conformal Fields on Static Geome-
try”, Journal of High Energy Physics 1811,056
(2018).

S.i.Sasa, S.Sugiura and Y.Yokokura, “Thermodynami-
cal path integral and emergent symmetry”, Physical
Review E 99, no. 2, 022109 (2019).
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* Yuki Yokokura, “A Self-consistent solution of evap-
orating black holes”, Sigrav2018, Sardinia, Sep
2018.

* Yuki Yokokura, “Energy-momentum tensor inside
evaporating black holes”, Strings and Fields 2018,
YITP Kyoto University, Jul 2018.

* Yuki Yokokura, “A Self-consistent solution of evap-
orating black holes”, 15th Marcel Grossmann Meet-
ing, University of Roma, Jul 2018.
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and strings, Osaka City University, Japan, Decem-
ber, 2018.
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Study on anomalous transport phenomena through geometrical method
and its application to high energy plasma

TR A AR R OO FLI 7 R J 7 o
THRIIVF—FAIHERTH O, ThETHIR
MERTFRMZRDIZRRZAETEEDELT
BRAZRYIFERICH U CEIENTE . LA L. i
RIS T3> TN R P D TR FE ) Ik
HLUT, fikNZE WS 702 — Lotk Bi%

WEEZFHTeNbhoTER, ZO—HIH,
R A IV T 2V I A VB EFERTR) T4
MFMEZIE > T & & WIS TeBIRAEL S &
WS A FIVIESEIR (Chiral Magnetic Effect) T
H3, Fle. A O ZADNFICEB VT,
RN R — VORI - MEDATREIC IR > T &
T AR AT NG TAY VAT
DA FHICHIZE S 5 T E W AHEIC R > TE TV
%o IRFUFEEIC YT BAMEEOMIETIE, TDKS
IR PRI R BRI R S 2 X B R OWIZE 21175 >
Tzo AFICZENZENOMFENAZ/RT

A Y s 2 S IEHD R R A T R A
b A0 TISHENTETVEA, &K
W TR A VRO X A I 7 X zidilkd %
TR Sk, IR 1A 0 kI
o CE UTe, Boniciih i iZ A e mid
BRI 2 HRMN A S EVERh LB,
W7 oV 24 VAT 2MERTZET T
. \AFVEHPERBTEREND 74— - J)V
—F 2 e TIARITDAE Y ZAF 27 ADELbIC
EISHDIRER B DIC TR > TV 5, AWIZRIIHIZES
MET 55257 LTz,

MR A T IVERFREEH T 254,
KA T IVEEEGHFISEIN LT, RS Hefil L 7z /51
NERPEIE L TV A A FIVIEEADE (Chiral
Magnetic Wave) & WS MM FLEI NS, &K
MR TR, H A FIVEESED . KRR sGEEIC
BOTHEUBHRZ AT I 7 A Z 5558 (X
7o BN D THREEMHIN S FEZHWE T & T,
BRI 55 X TR SN B HINEE Y T AN

WF 7% 4 IC %4 A48 Hongo, Masaru
Z N2 R BERLE T a5 L
(B #IH &%)
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Hongo M., Sogabe N., Yamamoto N. : “ Does the chiral
magnetic effect change the dynamic universality
class in QCD?”, Journal of High Energy Physics, 11,
108 (2018)

Hongo M : “Nonrelativistic hydrodynamics from quan-
tum field theory: (I) Normal fluid composed of spin-
less Schrodinger fields”, to be published in Journal
of Statistical Physics (2019)
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Hongo M.: “Revisiting hydrodynamics from quatum
field theory”, Colloquium on Nonequilibrium phe-
nomena in strongly correlated systems, JINR, Apr.
(2018)

Hongo M.: “Hydrodynamics as optimized/renormal-
ized perturbation theory”, Multi-Scale Problems Us-
ing Effective Field Theories”, INT, May (2018)

Hongo M.: “Anomlaous hydrodynamics from projec-
tion operator method”, Quark Matter 2018 The 27th
International Conference on Ultra-relativistic Nucle-
us-Nucleus Collisions, Lido, May (2018)

Hongo M.: “Path-integral formula for local thermal
equilibrium”, New Frontiers in QCD 2018, Kyoto
university, June (2018)

Hongo M.: “Driven-dissipative chiral condensate”, Re-
cent Developments in Quark-Hadron Sciences, Kyo-
to university, June (2018)

Hongo M.: “Anomlaous hydrodynamics from projec-
tion operator method”, Open Problems and Opportu-
nities in Chiral Fluids, Santa Fe, July (2018)



Hongo M.: “Anomaly-induced transport in local ther-
mal equilibrium”, Workshop on Recent develop-
ments in Chiral Matter and Topology, National Tai-
wan University, Dec. (2018)
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Development of molecular imaging using X-ray free-electron laser

AWZED HIE XA A HE 7L —%— X-ray
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157 TIC XFRD RS X N B & XFRD Y Tz - Tz B
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TEAE DB TFIRED 3 XoThEIENRIN T Z %,

AEEIF, OF 2 L MOYXRE A — VRO n
fbt. @XFEL D &g, 02007 —<ICBLT
Wi xtris > 7z,

DITDWVTIE. WD XL IV A TH Uil
DERA=T RO X VA THEST S XKy
7 e XE 7 a—7ik ) (. Inoue et al., PNAS 113,
1492 (2016)) 7ZHWTXHRA A— ik Zz nl gk
T5T AL TR ZI TG>T, TTTE Y
BUE L, BESICHE U e XE-RIHTREH 5 iRk
DEFHEENRRIRET ST LB ERT S, XA1Y
TV REREE LT, RUHte Sa—7Yeomk
MIFEAZE 2 7S 5 70— TS K % X AR 72 K
WKHIET 5 T &L TRY THIBRHEZEDOXAYEY FD
HEEN M ORI Z L2/ Z % T LIk Lz,

WF 7% & I % HEE BYRIES Inoue, Ichiro
2 AN WF 7 = REHEREEM e v 2 —

E— L5 A VEFEF— L
(FisE  RAE B

R 7 AT O R, R TS 107 = L MDY
FEJE TR A4S & DV I & M. interatomic potential
surface R & K 2L T % T &I K > THFZEND
Ry TN 207 = LD SAL 2 T LN
MR 0Tz, TOWRE, FEAICT 2 LML
— P —Z B U 72182 T % non-thermal melting &
WHOBIREANZZALDE ST AU TH B, XA
YE 2 RICIRS 9 08 O XFEL Z e i U7z
B 1 non-thermal melting B2 C % T & DBMERIIE
Teo TNHORRBBUEREGRX E LTHD TV
B TH %,

@DV TR, TRV T o—F ] e T
7= XFEL @l LD A F— L2 dGE LTz, T D5k
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Val—R2EMENBHANNEZ2DDE T a ViC
. TOMICXFELZ Btk g 572D F = v %
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THRRO7 VY2 b—2FIld T Lick>T, i
KX & HAROEmY, %D B SO XFEL 2
BT BT EeHTES, COFEEZAVEILET
SACLAIZ BTl O XFEL & ik L THI6F5 &
DEHEDXFEL 23 EE 2 T LT LTz, C
DFEHIX. Nature Photonics pblc ZH XN, rHH
IKHIRENZ TETH %,

3R O FEERI AR I A OEINIC L 7] H
(NTH 2 1571 XERHEMRHTIE DI E TIEIEKT
ot OO, TORBICITE. ()7 = L
BTl 2 XA XA —VMBEOMI, Gi)ykILT7¥
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kui T., Goto S., Inubushi Y., Kimura H., Kinjo R.,
Ohashi H., Togawa K., Tono K., Yamaga M., Tanaka
H., Ishikawa T., and Yabashi M.: “Generation of nar-
rowband X-ray free-electron laser via reflection self-
seeding”,

accepted to Nature Photonics *.

Inoue I., Hara T., Inubushi Y., Tono K., Inagaki T., Ka-
tayama T., Amemiya Y., Tanaka H., and Yabashi M:
“X-ray Hanbury Brown-Twiss interferometry for de-
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Phys. Rev. Accel. Beams 21, 080704 (2018)*.

Tamasaku K., Shigemasa E., Inubushi Y., Inoue I,
Osaka T., Katayama T., Yabashi M., Koide A., Yo-
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copper”, Phys. Rev. Lett. 121, 083901 (2018)*.

Harries J. R., Iwayama H., Kuma S. lizawa M., Suzuki
N., Azuma Y., Inoue 1., Owada S., Togashi T., Tono
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cence, free-induction decay, and four-wave mixing:
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263201 (2018)*.

Inoue T., Matsuyama S., Kawai S., Yumoto H., Inu-
bushi Y., Osaka T., Inoue I., Koyama T., Tono K.,
Ohashi H., Yabashi M., Ishikawa T., and Yamauchi
K., “Systematic-error-free wavefront measurement
using an X-ray single-grating interferometer”, Rev.
Sci. Instrum. 89, 043106 (2018)*.

Matsuyama S., Inoue T., Yamada J., Kim J., Yumoto
H., Inubushi Y., Osaka T., Inoue I., Koyama T., Tono
K., Ohashi H., Yabashi M., and Yamauchi K., “Nano-
focusing of X-ray free-electron laser using wave-
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Rep. 8, 17440 (2018)*.

Kohmura Y., Zhakhovsky V., Takei D., Suzuki Y.,
Takeuchi A., Inoue 1., Inubushi Y., Inogamov N.,
Ishikawa T., and Yabashi M., “Nano-structuring of
multi-layer materials by single x-ray vortex pulse
with femtosecond duration”, Appl. Phys. Lett. 112,
123103 (2018)*.

(ke

FEEOVRIER, REGHS © “XfN—FE=w 7L
— 22— [HERD 1005 5 W X FRE — L2 581
B EHA T AY b =T = 2 — & 760,
23-25 (2018) .

@O5EHRZX Presentations

(IS 2

Inoue I., Osaka T., Inagaki T., Goto S., Hara T., Inu-
bushi Y., Kinjo R., Ohashi H., Tanaka T., Togawa K.,
Tono K., Tanaka H., and Yabashi M.: “Reflection
self-seeding at SACLA”, XOPT2018, Yokohama,
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Inoue I.: “Optics developments at SACLA: harmonic
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Inoue I.: “High energy pink beamline”, APS-ESRF-
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M.: “Temporal diagnostics of femtosecond e-bunch-
es via X-ray intensity interferometry”, IBIC2018,
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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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Cu+Au collisions at v SNN=200 GeV”, Phys. Rev.
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1. Laser spectroscopy of the hyperfine splitting in mu-
onic hydrogen, muonf*# & NIBHERNIZE 2y, Osaka,
Jan. (2019).

2. Residual polarization and hyperfine transition rate
in muonic hydrogen, Hr*A I ZE 5t BIHIR
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(2018).

3. Laser spectroscopy of the ground-state hyperfine
splitting in muonic hydrogen atom, Symposium for
Muon and Neutrino Physics 2018, Osaka, Sep.
(2018).

4. Precision Spectroscopy of Exotic Atoms Involving
Muon, NuFact2018, Virginia, Aug. (2018).

5. Laser spectroscopy of the hyperfine splitting in mu-
onic hydrogen atom by a measurement of decay elec-

tron asymmetry, Nucleon Spin Structure at Low Q: A
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hyperfine splitting in muonic hydrogen atom,
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Lepton Flavor Physics with Most Intense DC Muon
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BOWE , Kyoto, Oct. (2018).

2. Laser Spectroscopy of the Muonic Hydrogen Atom
and Measurement of the Proton Radius, /e i i
PSS, Atami, May (2018).

Exploration of QCD phase diagram at finite baryon densities by

using path integral via Lefschetz thimbles

Name: Yuya TANIZAKI
Host Laboratory: Theory group

In this research, I derived new rigorous results on
Quantum Chromodynamics (QCD). I found a new
anomaly of QCD with massless quarks, which says that
the baryon number symmetry becomes anomalously
broken under the background discrete vector and axial
gauge fields. This property does not depend on the en-
ergy scale by anomaly matching argument, and thus we
can set the constraint on possible dynamics of QCD.
Using this result, I rule out the Stern phase, which is an
exotic scenario of chiral symmetry breaking, not only
at zero baryon density but also at finite baryon density.

I found that the very similar anomaly appears in the
effective description of SU(N) spin chain, and I gener-

alized the Haldane conjecture based on this observa-

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

tion. This put the strong constraint on the phase struc-
ture of SU(N) quantum spin chains, and showed that
the low-energy physics must break the magnetic trans-
lation symmetry spontaneously or show the conformal
behavior described by SU(N) level 1 Wess-Zumiono-
Witten model.
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Y. Hirono, Y. Tanizaki, Quark-hadron continuity be-

yond Ginzburg-Landau paradigm, [arXiv:1811.
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the role of Skyrmions in chiral symmetry breaking, J.
High Energy Phys. 08 (2018) 171*

Y. Tanizaki, T. Sulejmanpasic, Anomaly and global in-
consistency matching: 0 -angles, SU(3)/U(1)"2 non-
linear sigma model, SU(3) chains and its generaliza-
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of Hilbert Spaces, Semi-classics and Anomaly
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ing in bosonic quantum field theory and spin chains,
Phys. Rev. B 97, 144201 (2018)*
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photocurrent in asymmetric Weyl semimetals from
the helical magnetic effect, Phys. Rev. B 98, 014305
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C. Kozcaz, T. Sulejmanpasic, Y. Tanizaki, M. Unsal,
Cheshire Cat resurgence, Self-resurgence and Quasi-
Exactly Solvable Systems, Comm. Math. Phys. 364
(2018) 835%*
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Yuya Tanizaki, “Application of new anomaly to QCD
vacua”, XIIIth Quark Confinement and the Hadron
Spectrum (Confinement XIII), Maynooth Universi-
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Yuya Tanizaki, “Exact Resuslts on Massless Z3-QCD
via Anomaly Matching”, 15th Workshop on Non-
Perturbative Quantum Chromodynamics, Institut
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Nuclear Equation of State with the Three-Body Interaction and
Its Application to High-Energy Astrophysics
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(DREB2018), Matsue, Japan, July, (2018).

Exploring Quantum Chromodynamics at FiniteTemperature and

Density Using Complex Analysis

Name: Hiromichi NISHIMURA
Host Laboratory: Theory Group

One of my current goals is to compute the effective
potential for the Polyakov loop in pure SU(N) Yang-
Mills theory beyond two-loop order. The Polyakov
loop is the order parameter for the confined-deconfined
phase transition. At two-loop order, the minimum of
the potential corresponds to completely broken Z(N)
center symmetry. The pressure up to two loops is thus
given by perturbative Yang-Mills theory without the
holonomy, (the Polyakov line). At three loop order and
beyond, the effective potential is not known. Because
the holonomy acts as a screening mass, it is expected to
change the infrared behavior that controls the order g3,
where g is the coupling. Therefore including the holo-
nomy at higher-loop order is crucial to compute the
equation of state, which is an important theoretical in-
put for the heavy-ion collision experiments done at
BNL and CERN.

With C. Korthals-Altes, R. Pisarski and V. Skokov,
we partially computed the effective potential for the
Polyakov loop at order g* and g* in the Feynman gauge.
To proceed further, the results we have obtained have
to be complemented by additional contributions that
come from the delta function constraints of the
Polyakov loop. Then the gauge invariance has to be

checked explicitly as a test of the consistency of the

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

calculation. We have developed a new approach to
compute sum-integrals using the so-called Poisson re-
sumption formula. For the spatial part of the momen-
tum integral at order g#, we find that computing in con-
figuration space is most efficient. We have been able to
evaluate most sum-integrals at order g* using the con-
figuration-space technique for spatial momentum and
the Poisson resummation formula for the Matsubara
sum. To compute the rest of the sum-integrals, a more
elaborated approach might be required. The inclusion
of quarks should be straightforward. This is work in

progress.
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Original Papers

H. Nishimura, C. Korthals-Altes, R. D. Pisarski and V.
Skokov: Thermal effective potential for the Polyakov
loop to higher loop order, arXiv:1811.11736
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H. Nishimura: Thermal effective potential for the
Polyakov loop to higher loop order, Talk given by
HN at XIII Quark Confinement and the Hadron
Spectrum, Maynooth, Ireland, 31 July - 6 August
2018.
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Quantum transport phenomena at domain wall or heterojunction of
magnetic topological insulator
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Yoshimi R., Yasuda K., Tsukazaki A., Takahashi K. S.,
Kawasaki M. and Tokura Y.:” Current-driven mag-
netization switching in ferromagnetic bulk Rashba
semiconductor (Ge,Mn)Te”, Science Advances 4,
eaat9989 (2018)*.
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Yoshimi R.  “Quantum anomalous Hall effect in topo-
logical insulator heterostructures”, 2018 E-MRS
Spring Meeting, Strasbourg, France, June 19th,
2018.

Yoshimi R., Yasuda K., Tsukazaki A., Kawamura M.,
Takahashi K. S., Kawasaki M., Tokura Y. : “Unidi-
rectional magnetoresistance in a bulk Rashba ferro-

magnet”, American Physical Society, Boston, United
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Electron Microscopic Study on External Field Response and
Dynamics of Magnetic Skyrmions
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of topological spin textures between skyrmion and
meron in a chiral magnet”, Nature 564, 95-98
(2018)*
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Z., Tokunaga Y., Rennow H. M., Arita R., Arima T.,
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K., Niitsu K., Shindo D., Kanazawa N., Tokura Y.
and Arima T.: “Observation and analysis of current-
driven motion of magnetic domain boundaries in a
chiral-lattice helimagnet FeGe”, 19th International
Microscopy Congress, Sydney, Australia, Sept.
(2018)
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Study of Higher-Dimensional Frustrated Quantum Spin Systems by
Numerical and Analytical Approaches
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Vacuum Utilizing Innovative Crystal Fabrication Techniques
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Theoretical Study on Spin and Heat Transport Phenomena Driven
by Temperature Gradient
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Review B, 99 024404(2019)*

Shitade Atsuo, Watanabe Hikaru and Yanase Youichi:
“Theory of orbital magnetic quadrupole moment and
magnetoelectric susceptibility”, Physical Review B,
98 020407(2018)*
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Shitade Atsuo, Watanabe Hikaru and Yanase Youichi:
“Theory of orbital magnetic quadrupole moment and
magnetoelectric susceptibility”’, APS March Meeting
2019, Boston Convention and Exhibition Center,
Boston, United States, Mar.(2019)

Shitade Atsuo: “Theory of the thermal Hall effect”, Av-
enues of quantum field theory in curved spacetime,
Keio University, Jul.(2018)

Shitade Atsuo, Watanabe Hikaru and Yanase Youichi:
“Theory of orbital magnetic quadrupole moment and

magnetoelectric susceptibility”, International Con-



ference on Magnetism 2018, Moscone Center, San
Francisco, United States, Jul. (2018)
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Theoretical study of topological metallic states
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FH. R. Takahashi, N. Sugimoto, Semiclassical Lattice
effects on interband tunneling of a two-state sys-
tem J. Phys. Soc. Jpn. 87, 104701 2018.

Z.. R. Takahashi, N. Sugimoto, “Current control of
systems with a Peierls distortion by magnetic
field” Phys. Rev. B 98, 155111(2018).
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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 func-
tional olefins has been considered to be the most
straightforward and atom-efficient route for the synthe-
sis of functionalized polyethylenes. Copolymers pro-
duced from the copolymerization of ethylene with di-
substituted olefins such as 1,2-disubstituted olefins are
expected to exhibit superior material properties and
higher stability when compared to those with mono-
substituted olefins. However, disubstituted olefins have
higher steric demands than that of monosubstituted ole-
fins, and show much lower reactivity towards coordi-
nation/insertion of a monomer and subsequent propa-
gation. In the present study, the heteroatom-assisted
copolymerization of ethylene with disubstituted olefins
catalyzed by rare-earth metal catalysts was developed.
It was found that the interaction between the heteroat-
om in a disubstituted olefin and the rare-earth metal
atom in the catalyst can dramatically raise the polymer-
ization activity and enable its copolymerization with
ethylene, leading to the formation of a new family of

functionalized polyethylenes. In most of the cases, the

XXVII-017

Center for Sustainable Resource Science
Laboratory Head: Zhaomin HOU

trans-comonomers showed higher activity than that of
the cis-ones. All of the functionalized polyethylenes
obtained showed a melting point of 119-127 ° C. The
structures of the obtained copolymers were confirmed
by NMR analysis. It was found that the copolymers
generated from cis- and frans-internal olefins showed
almost the same microstructures. Moreover, the com-
parison of the 'H and '3C NMR spectra of copolymers
with those of several model compounds supported the
assignments. 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.

@ Oral Presentations

Conferences

Wang, C., Nishiura, M., and Hou, Z.: “Scandium-cata-
lyzed Copolymerization of Ethylene with Function-
alized Internal Olefins”, 12th SPSJ International
Polymer Conference, Hiroshima Japan, 2018, De-

cember 4-7.

Computational Investigation of the Reaction Mechanism in

Bovine Heart Cytochrome ¢ Oxidase

Name: Bo THOMSEN

Host Laboratory: Theoretical Molecular Science Laboratory

Our studies have this year focused on sampling the
hydration of the H pathway of Bovine Heart Cyto-
chrome ¢ Oxidase (BHCcO). The nature of this path-
way has been surrounded with controversy after it was
suggested along with the initial X-ray crystallographic

images of BHCcO. Both in a previous study and in our

Cluster for Pioneering Research
Laboratory Head: Yuji SUGITA

preliminary standard MD trajectories it was found that
water molecules do not reside in the lower parts of the
proposed H pathway in BHCcO. Given the limited tim-
escale accessible for simulation of membrane proteins
in membrane (~1 pus) however, it is possible that the

simulations performed so far are not sampling the dy-



namics related to hydration of the H pathway exten-
sively enough.

In an effort to probe the free energy barriers and time
scales and free energy barriers for moving water mol-
ecules in the lower parts of the H pathway a constant
force pulling simulation method was implemented in
Genesis, our locally developed MD program. The re-
sults of applying a constant force to a water molecule,
pulling it deeper into the pathway effectively, would be
a faster reaction rate than that of an unbiased simula-
tion. The rate depends on the pulling force as well as
the unbiased free energy barrier and the location of said
barrier. One can thus run a number of simulations to
obtain an average rate for each pulling force, and then
repeat this for several forces in order to obtain the free
energy barrier, barrier location and unbiased rate con-
stant.

For both the Reduced and Oxidized form of the pro-
tein it was found that the barrier for water moving up
through the lower part of the H pathway is significant,
that is well above the thermal energy available at body
temperature. It is therefore unlikely that the process of
hydrating the H pathway occurs in the two forms of the
protein studied here. This matches well with previous
findings, and with the fact that the lower parts of the H
pathway are dominated by many hydrophobic residues.

Along with the study of the hydration of the H path-
way in BHCcO there has also been work done on two
other projects resulting in three publications, of which

one was accepted during this fiscal year. The other two

XXVIII-018

are expected to be published in the beginning of the
next fiscal year. The two projects are focused on calcu-
lating the IR spectrum of hydrated polymer mem-
branes, and calculation anharmonic vibrational Franck-

Condon factors for small molecules.

@ Publications

Books

Yagi K, Otaki H, Li P-C, Thomsen B, Sugita Y “Weight
Averaged Anharmonic Vibrational Calculations: Ap-
plications to Polypeptide, Lipid Bilayers, and Poly-
mer Materials” In press (Wiley VCH)

@ Oral Presentations

Thomsen B “Calculating Vibrational Properties of
Molecules with MidasCpp”, Seminar Tachikawa
Laboratory - Yokohama City University, July 27t

Thomsen B “From Medium Sized Molecules to Mem-
brane Proteins and a Journey from Denmark to Ja-

pan”, European Research Day, September 29t

@ Poster Presentations

Thomsen B, Sugita Y “Constant Force Pulling Simula-
tions for the Hydration of the H channel of Cyto-
chrome ¢ Oxidase” Danish Chemical Society Annual
Meeting 2018, August 23,

Thomsen B, Sugita Y “Computational Investigation of
the Hydration of the H Channel of Bovine Heart Cy-
tochrome ¢ Oxidase” 20™ European Bioenergetics

Conference, August 25™,

Bimodal Stereodivergent Glycosylation with Bimodal

Glycosyl Donors

Name: Feiqing DING
Host Laboratory: Synthetic Cellular Chemistry Laboratory

O-Mannosylation is essential in order for achieving
assembly of biologically relevant oligosaccharides
such as glycoprotein N-glycan. Despite of its impor-
tance, the mannoside, especially f3-one, is one of the

most difficult linkages to synthesize stereoselectively.

Cluster for Pioneering Research
Laboratory Head: Yukishige ITO

Therefore various valuable approaches to synthesize
both a- and f-mannosides stereoselectively have
been reported. Here we report a novel strategy to obtain
both anomers from a single mannosyl donor equipped
with C2-o0-TsNHbenzyl ether (2-O-TAB) by switching



reaction conditions. This “single donor” approach
might significantly simplify oligosaccharide synthesis
and has been employed for effective assembly of all
four isomers of trisaccharide D-Man-(1—2)-D-Man-
(1—6)- a -D-Glc-OMe. The further application of this
approach to sterecontrolled assembly of all types of
glucans using TAB as glycosyl donors will be subjects

of future study.

@ Publications

Papers

Ding F.Q., Ishiwata A. Ito Y.: Bimodal Glycosyl Donor
Protected by 2-O-ortho-tosylamido-benzyl Group.
Org. Lett. 2018, 20, 4384-4388;

Ding F.Q., Ishiwata A. Ito Y.: Bimodal Stereodivergent
Mannosylation Using 2-O-(ortho-Tosylamido)ben-
zyl Group. Org. Lett. 2018, 20, 4833-4837,

Ding F.Q., Guy A. T., Greimel P., Kamiguchi H., Hira-
bayashi Y.. Ito Y.:Squaryl group modified phospho-
glycolipid analogs as potential modulators of GPRSS.
Chem. Commun. 2018, 8470-8473
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International conferences

1. Ding F.Q., Guy A. T., Greimel P., Kamiguchi H.,
Hirabayashi Y.. Ito Y.: “Squaryl group modified
phosphoglycolipid analogs as potential modulators
of GPR55.” 29th International Carbohydrate Sym-
posium - ICS 2018, Lisbon. University of Lisbon,
Portugal, July 14-19, 2018.

Domestic conferences

1. Ding F.Q., Ishiwata A. Ito Y.: “Stereodivergent
Mannosylation Using 2-O-(ortho-Tosylamido)ben-
zyl Group”, HiSIHIFCCAY Y RI I LT T A Y
ALYV ALF T +—F212018 (Forum of Young
Glycoscientists), filis, HA, 31th July, 2018.

2.Ding F.Q., Ishiwata A. Ito Y.: “Stereodivergent
Mannosylation Using 2-O-(ortho-Tosylamido)ben-
zyl Group” GlycoTOKYO2018, HLAWEZET,
HA, 1st Dec, 2018, poster presentation 7.

3. Ding F.Q., Ishiwata A. Ito Y.: “Stereodivergent Gly-
cosylation with Bimodal Glycosyl Donors” Gly-
coTOKYO2018, HE £WIZEHT, HA, lst Dec,
2018, Oral Presentation.
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Osada H.: “Hitoyol A and B, Two Norsesquiterpe-
noids from the Basidiomycete”, “Structures and Syn-
thesis of Hitoyopodins: Bioactive Aromatic Sesqui-
terpenoids Produced by the Mushroom Coprinopsis
cinerea”, Org.Lett., 20 6294-6297(2018)*

Kato N., Furutani S., Otaka J., Noguchi A., Kinugasa
K., Kai K., Hayashi H., Thara M., Takahashi S., Mat-
suda K., and Osada H.: Biosynthesis and Structure-
Activity Relationship Studies of Okaramines That
Target Insect Glutamate-Gated Chloride Channels,
ACS Chemical Biology, 13 561-566(2018)*
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Junnosuke Otaka:*“Small molecules produced by Co-
prinopsis cinerea”, The 9th Japan-korea chemical

biology Symposium, Inchon, Korea, Mar. (2018)
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Junnosuke Otaka and Hiroyuki Osada:*“Novel Second-
ary Metabolites Isolated from the Mushroom Copri-
nopsis cinerea” , L3I 2= —a3rD7n
YT 47, KR, 1 (2019)
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Molecular-level Analysis to Elucidate Physiological Roles of
Glucosinolates in the Producing Plants
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Nakazaki, A., Yamada, K., Kunieda, T., Sugiyama, R.,
Hirai, M. Y., Tamura, K., Hara-Nishimura, 1. and
Shimada, T.: “Leaf ER bodies identified in Arabi-
dopsis thaliana are involved in defense against her-

bivory.”, Plant Physiol. in print*

@MOEEH*X Oral Presentations

(EINY2)

FALgES T, Faidi -, FHESE © TR Z SR
BB 70Vay /) L— oy iR, 5560
I HARY R A 22 A0l 3 H (2019)

@K X4 —%K Poster Presentations

(PR

Sugiyama R., Kuwahara A. and Hirai M. Y.: “Gluco-
sinolate breakdown in Arabidopsis thaliana without
tissue disruption”, 11th International Plant Sulfur
Workshop, Conegliano, Italy, Sep. (2018)
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Development of Novel Protection Methods for Sheath Blight Disease
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chida K: “Benzothiadiazole, a plant defense inducer,
negatively regulates sheath blight resistance in
Brachypodium distachyon”, Scientific Reports, 8,
17358 (2018)*
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Comprehensive analysis of the neural progenitor behaviors
and division modes in the developing cerebral cortex
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Fujita 1., Shitamukai A., Kusumoto F., Mase S., Su-
etsugu T., Konno D., Matsuzaki F.:“Regenerative
plasticity of the epithelial structure in radial glia dur-
ing the early mammalian brain development”
ASCBIEMBO 2018 Meeting, San Diego, USA, Dec.
(2018)

Fujita 1., Suetsugu T., Kishida C., Tsunckawa Y.,
Konno D., Fujimori A., Matsuzaki F.:“Induction of
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Mechanical control of Epithelial Invagination by a Spatiotemporal
Propagation of ERK Activity
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A switch-like activation relay of EGFR-ERK signaling
regulates a wave of cellular contractility for epithe-
lial invagination. Developmental Cell 16;46(2):162-
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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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Optogenetic Identification of a Physiological Memory Trace in the Hippocampus

A, HAZ ORI DWW T O E 73 2 Ml
Bt GUPEIEBS. memory engram) HWMEHEWNICIEKE
NZTENHLMTIZ->TER, LHL, ZTNHEH
EDOEIIJEREN, EDXSITHKEEL TS DH
BARZELDHOEXTH S,

AZEET
D) A IRIRM 258 9 T2 D D in vivo T ORI

HaiGE) N 2 — > 7z [HEd %

2) FLIRUREED bRl Z2 A 2 728 Din vivo TD

PRGBS 2 — > Z2 [ ET %

TEZHNET S,

EZTOZEHYOMMNT, HBEDED K S AihH)
Zil U CidlEz kL. EDX S &ih#)izm U Cadls
ZHIEHMLTVEDhZIHEMCT BT &id, allE
Wi L U TS oMz Mgd 5 L THHT
H5,

AAEEETE, G L 72w o R d5e 7 L,
WFZEEHY 1D ISR LT, 385 CA1 TRUEIEE DB

WF 9% & K 4 1 fE Kazumasa Z. Tanaka
Z A WF 72 B MR AR EUIgEE v 2 —

PRREIENEE - F B E PR T — L
()& Thomas J. McHugh)

REND &I TN S HEAMNEA 6-12Hz (21— %
%) O TRIEMICN— X MEBIZ RS T EHD
hote, TOWHSZ—F, TNSHIahEED
FLEHICE b S WA ALNED o Tz, £i2T
DR S 2 — 1%, in vitro TO E A mAEIC T
WHNZHE T bV EFBL T, — 28
T Ok LTz S— A MG D R HIIHE IS T c-Fos D
ARG LTWE LR LTS, X/, H
12) 1Tk L TiE. R CH 25 e 2 h
LIS & DB T ¥y — REME D #7x 2 ZH6
B> TWVB T EARENTZ, TNE OB
REF LDl 2Bt hEPTH 5,

SAEREFR D O A B X URFEEICIE, BILT
TN S 2 — > LR EGLE - AR & DK BIR ORI
ICINO T & & BT, ARFZEETEZIRAE S & 785
OTUY Y MFESET, WELEEHO XD
WG PR 2 HiE T,



@5 LR X Publications

U139,

Satoshi Iwano, Mayu Sugiyama, Hiroshi Hama, Akiya
Watakabe, Naomi Hasegawa, Takahiro Kuchimaru,
Kazumasa Z. Tanaka, Megumu Takahashi, Yoko
Ishida, Junichi Hata, Satoshi Shimozono, Takashi
Fukano, Hideyuki Okano, Shinae Kizaka-Kondoh,
Thomas J. McHugh, Tetsuo Yamamori, Hiroyuki
Hioki, Shojiro Maki, Atsushi Miyawaki*, “Engi-
neered bioluminescence emission beyond natural
limits for single cell through-body imaging” Science,

accepted.

@O35A%XR Oral Presentations

XXVIII-027

CisiET i)

FHFRRIE © U SOIRESIC K % 24RITSIRB .
BRI 20— ARG 4 7 (2017)

(EWN¥2)

M v #1 1E : “Physiology of Hippocampal Memory
Engram”, il & @ XIbkRE Y. BHRA LR
i, 9H (2017)

(HER~2)

Kazumasa Z. Tanaka: “Contextual Representation
within the Hippocampus”, 2" Annual Conference
of Neuroscience Society of Nepal, 5H (2017)

o f1 1E : “Physiology of Hippocampal Memory
Engram”, HAHRER} 2222017 SRR A,
THERRE, 7H Q017

The Control of Post-mitotic Neuronal Development by

Pre-synaptic Thalamocortical Inputs

Name: Timothy YOUNG

Host Laboratory: Molecular Mechanisms of Brain Development

The mammalian neocortex displays considerable di-
versification among its cell types, underlying the com-
plexity of neural circuits involved in processing infor-
mation within different brain regions. The unique
barrel ‘hollow’ and ‘septa’ arrangement of cortical
neurons in rodent primary somatosensory cortex is a
well-described example of such neuronal diversity.
Cytoarchitecturally, the majority of excitatory neurons
in layer IV barrel cortex have spiny stellate morpholo-
gy, situated in barrel hollows, possessing asymmetrical
dendritic fields oriented towards dense axon terminals
projecting from the thalamus. By contrast, pyramidal
neurons are associated with the barrel septa, receiving
distinct inputs and considered part of separate whisker-
related circuits. The mechanisms that give rise to these
distinct cell-types are not fully understood.

In this study, we first aimed to identify specific mark-
ers that can be used to distinguish between hollow and

septal neuronal identities within mouse barrel cortex,

Center for Brain Science

Laboratory for Molecular Mechanisms of Brain
Development

Laboratory Head: Tomomi SHIMOGORI

allowing for further genetic dissection of these sensory
circuits. Using in situ hybridization, we identified spe-
cific hollow- and septa-related patterns of gene expres-
sion that may serve as the basis for barrel formation/
function. Further, a close spatiotemporal relationship
between these expression patterns and thalamocortical
afferent (TCA) innervation was observed over the first
postnatal week. Sparse YFP-labelling of neurons by in
utero electroporation revealed a similar temporal rela-
tionship between innervation and the development of
cortical neuron morphology, highlighting important
roles for TCA input in barrel development. Disruption
of neural activity within the pathway (infraorbital nerve
transection, Kir2.1 over-expression, and genetic mu-
tants) had little effect on reciprocal patterning of barrel
genes and neuronal morphologies. Changes in barrel
marker expression, however, were induced by altera-
tions in TCA innervation patterns. Here, we found ec-

topic TCA innervation in the cortex of reeler mutant



mice corresponded to locations of hollow-marker ex-
pression. We further demonstrated, using Celsr3 con-
ditional knockout (cKO) mice, that TCA innervation is
required to turn on ‘hollow’ marker and restrict ‘septa’
marker gene expression in the cortex, and that these
patterns of expression likely underlie the specification
of barrel cell-types. Interestingly, the lack of L4 spiny
stellate neurons we found in Celsr3 cKOs suggested a
possible default ‘higher-order’ state upon which TCA
innervation helps to further pattern the cortex into pri-
mary sensory areas. While neuronal activity appears to
have later roles in refining these circuits, our data sug-
gest that TCAs provide specific molecular cues to initi-
ate early events in the diversification of barrel cortex,
driving specific gene expression that likely underlies
development of barrel hollow and septal functional
compartments.

In order to identify TCA-specific genes, a ribo-tag
approach known as the TRAP method was utilized.
Further, microarray analyses were performed using
Celsr3 mutant samples to identify potential TCA-regu-
lated genes critical for neuronal identity in barrel cor-
tex. Preliminary data point to a possible role for Smad7
upstream in controlling spiny stellate specification.
Developmental Smad7 expression was associated with
septal neurons, while absent in spiny stellate neurons.
Over-expression of Smad7 in L4 neurons resulted in
down-regulation of barrel hollow genes and up-regula-
tion of septa-related genes. Furthermore, ectopic

Smad7 resulted in more pyramidal neurons at the ex-
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pense of spiny stellate neurons. Interestingly, Smad7
appeared to have a conserved role in ferret visual cor-
tex, where its over-expression had a similar effect on
the normal proportions of spiny stellate vs pyramidal
neurons. Experiments using Smad7 conditional knock-
out mice are underway in order to confirm and further
elucidate its novel role in TCA-dependent cortical de-

velopment.
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Regulation of Lipid Homeostasis by Brain-type Fatty Acid Binding
Protein in Psychiatric Disorders
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Development of Super-Radiance Laser with Cold Atoms in a Hollow-Core Fiber

AMZEOHMEZ, a7 h2eTcH 27 7 AN (h
727 7 A I8) D HI38S [+ DB i B %% R
U T I 2 O/ L— — RO T H
%

JEPBCRIE & 0o TR B 5 ) B YR O
HTIREMERNETEZEDTHO ., Hilziz)H
PR DA & TN B TIRTD 1 DT H %4
TREFHE. SWOHETH 2 18K DREIC T TIC
FELTVS, T, 5H%IE T DYk D
B0 RS 2 B 2 I IS LT a6
WD B D, Yeks TREEE O L —Y — DS 18K
LEARIC AR R HRIR S 27 LAJERICEH R TH

WF 2% 44 K 44 : [Ys #1—  Okaba, Shoichi
Z AW B ORI 2 —

KT =7 Y T F— I
(s &FIFHR)

O SHICIT 7oV E, AIRE DK & 7R & 7%
> TV, ZTTEZLNTVZDOWE OGS
YN UTHHT ST e TH B, ARG
PRz £ DR THIS T 52 2D EHHTH
X, e IRADIE S T IERIC T R E iU
FoXMEons, 51, FHEMOBMEGBIS
ZRIHT 5 & CORBEHTTIMMNRHICZ D .
WD —7IZIFHELE P E L TR TZ %,
COX I HPIBITREEIN TV BZ D, B
WKEBOE 72 b5 779 % F- DI i 7z X
57t —L VALV MENSH - 12, Z T T A
EHZET 7 AN RE AL, BT 2T



M ZINF B B R Tz, T 7 ANRTIRA
HZefih & 13 a0 . EH R dIc. Hizbo
v TG % DICRETREIE 2 T 7 A INDOE T 2 HEHF
TE5%, TNCKD, bTv T EINDE RN
LEM5E, FETHEREzMASZENTE. 5
58T — 2B DD EULE L D i WD B
ns LI nsg,

AEEEX, WEEEIC T Tz DN 2T 7 A4 73 hdD
88Sr Ji AR M DR N BIG D SRS R & Bl & D L
REMLICE LDHBDIIT>TVS (1), THIK
FERICHT T, X OPEEIREZUET 5 12D OH
LWHIZET7 7 A NGl 217> 72 (2),

(1) FEBaAs IR & PGh & DL, AR OE & AvET
BHllyIal—yvalilkedidiroT
BO. BE. BETREMHEERR T 7 14 NORE
— FOREZHim L T\ 5,

Q) HLOHZET 7 ANE, 522 E T+ h=w I
YRFry v S K-oTHRZIATICHLIAD S

XXVIII-030

e, BUERHOWTWAHHZET 7 AN B R D |
X ORI EDEZ AT ICH A B T &
MTEZEMRENS, BIER, ZDT7 7 A4
DFTEWBHE AT FIVORESR, L—F DK
v TV YT T AR EITV, KRR 728 AT
% 1= DU, FHliZ1T> T2,

@OEEHRZEX Oral Presentations

CE)

PG —, FUHE: “h2ET 7 A N—hicBiT %
BE Sr TR OB , HoRIRAP ¥V RY
7 L BB AT SiARME KRR &R —)b, 11 H
(2018)

@ KX %—%%K Poster Presentation
Shoichi Okaba, Hidetoshi Katori:“Super-radiance in a
hollow-core photonic crystal fiber”, 13th US-Japan

Joint Seminar, Kanazawa, Sept.(2018)

Terahertz-Wave Photonics with Metamaterials

Name: Zhengli HAN

Host Laboratory: Tera-Photonics Research Team

Metamaterial composed of two-dimensional sub-
wavelength structures shows ability to build functional
devices to control electromagnetic wave propagation,
especially for the relative rare commercial available
devices in the terahertz (THz) wave region. Among
THz metamaterial researches, film metamaterial is ex-
pected to benefit both the THz-wave components and
the THz-wave optical system because of the film intrin-
sic property of thinness and compactness. In this re-
search summary, three sections will be presented on the
metamaterial for THz-wave devices, metamaterial unit
structure inter/intra couplings, and metamaterial apply-
ing to a THz-wave near-field imaging system.

We demonstrated a thin THz-wave phase shifter de-
veloped by a flexible film metamaterial with high trans-
mission and polarization independent properties. The
metamaterial unit structure employs double-layer un-

split ring resonators (USRRs) with a designed distance

Center for Advanced Photonics
Laboratory Head: Hiroaki MINAMIDE

between the two layers to obtain a phase retardant of
n/2, and thus a THz-wave phase shifter. Owing to the
metamaterial design, it keeps the transmission coeffi-
cient as high as 0.91. Next we demonstrated a high
transmission THz-wave quarter wave plate (QWP).
The metamaterial unit structure employs a 2-fold sym-
metric structure split ring resonator (SRR), which in-
troduces the artificial birefringence which is necessary
to build a quarter wave plate. In order to achieve the
high transmission, we use the double-layer metallic
patterns, and choose the work frequency off from in-
ductor-capacitor (LC) resonance at TE mode, while in
anti-parallel dipole resonance at TM mode.
Metamaterial unit structure can engineer the out-of-
plane couplings among different layers, as well as the
lattice couplings among neighbor units, apart from the
in-plane design of resonator structure. By controlling

those couplings, one can have more options to control



electromagnetic wave, such as cloaking a resonator,
creating extreme phase jump, singularity, etc. We dem-
onstrated resonator cloaking and 2 1 phase jumping by
control the out-of-plane coupling in vertical direction
of metamaterial unit structure.

THz wave near-field imaging is essential for THz
wave applications. A novel real-time THz wave near-
field camera is proposed by integrating the metamate-
rial device with the nonlinear crystal detection, omit-
ting the spatial scanning capability. The metamaterial
with double layer SRRs works as probe array for the
near-field of the objects, and transfer the near-field sig-
nals to the crystal DAST (4-dimethylamino-N-methyl-
4-stilbazolium tosylate). The nonlinear effect of fre-
quency up-conversion occurs at the DAST surface
under the THz wave signals and the infrared IR, pump.
Then an IR camera captures the up-converted IR,,
which is used to extract out THz wave near-field image.

The metamaterial device is a flexible film with me-
tallic patterns covered on both sides. The metallic pat-
terns control the metamaterial near-field coupling and
digitalize the image into pixel array. If the object does
not absorb THz wave, the metamaterial transfers the
object near-field signal to the DAST crystal through the
near-field coupling within the SRRs for the frequency
up-conversion, otherwise no coupling and no up-con-
verted signals in the IR camera. Electric field distribu-
tion for the SRR near-field coupling through the lattice
center is investigated through simulation, where the
enhanced electric field has a benefit to improve the
nonlinear efficiency, resulting in a high S/N ratio and a

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

Another avenue for discovering dark matter and new
physics beyond the Standard Model (BSM) is with pre-
cision low-energy nuclear experiments, such as the
neutron lifetime, neutron-anti-neutron oscillations or
neutrinoless double-beta decay. Precise measurements
of these nuclear observables can be compared to theo-
retical predictions coming from non-perturbative lat-
tice QCD calculations in the Standard Model in order
to understand possible deviations hinting towards BSM
effects.

This year I have published a PRL paper with col-
leagues in the California Lattice Collaboration (Callat)
that calculates for the first time the largest contribution
to neutrinoless double-beta decay coming from new
heavy BSM particles. This contribution is usually ne-
glected in studies of neutrinoless double-beta decay
because it is difficult to estimate without large numeri-
cal simulations. We have shown that this contribution
is in fact large and our result is compatible with expec-

tations coming from using effective field theory tech-
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niques.

With the same collaboration I have also published a
paper on Nature, calculating with high accuracy the
nucleon axial coupling, a property that dictates how
fast the neutron decays into proton, electron and anti-
neutrino. This calculation is a benchmark lattice QCD
calculation which provides the first step towards pre-
cisely calculating the neutron lifetime directly from the
Standard Model. In fact, the experimental measure-
ments of the neutron lifetime show a large discrepancy
among different methodologies and several dark matter
models have been put forward to explain such differ-
ence. However, it is important to know the full theo-
retical prediction from the Standard Model, before
pointing to BSM contributions. A follow-up study we
have performed using the two top supercomputers in
the world was accepted as one of the six finalists to the
Gordon Bell award at this year’s supercomputing con-
ference SC18.

Separately, with colleagues from Lawrence Liver-
more National Laboratories, I have calculated the QCD
matrix elements that govern the transition of a neutron
to its own antiparticle, a process that violates baryon
number and can be used in theories of baryogenesis to
explain why our universe is dominated by matter in-
stead of antimatter. We have submitted two papers, one
to PRD with a lot of technical details and one to PRL
with a summary of our results which are relevant to the

experimental community searching for this process in



detectors.
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Local immune cells are essential for the homeostasis
of intestinal epithelial cells, yet persistent immune in-
flammation can also have many damaging local effects.
A comparative transcriptional profile of colonic epithe-
lial cells under homeostatic conditions in comparison
to immune-deficient mice or animals displaying chron-
ic inflammation to bacterial antigens shows that inter-
ferons deliver a dominant signaling mechanism in the
epithelium during dysbiosis derived from either in-
flammatory innate (rag/-/-) and adaptive (rorgt-/-) lym-
phocytes. Interferon-dependent pathways such as anti-
gen presentation were strongly unregulated compared
to WT tissues, and surface expression of key molecules
in vivo was confirmed by flow cytometry.

My analysis of the metabolomics profiles of either
resting or activated immune cells has lead us to new
understanding of how immune cells may collaborate by
differential metabolite production during inflamma-
tion. This is relevant in the epithelium where both plas-

ma cells secreting IgA and CD8 T cells are present in
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the intestines in high numbers in both health and dis-
ease. Our metabolic profiling of IgA plasma cells has
shown that they uptake upstream metabolites such as
amino acids, and secrete metabolites that can influence
the behavior of nearby effector CDS cells through mul-
tiple pathways. We will dissect these interactions using
in vitro metabolite tracing experiments with cultured
CDS8 T cells, and use a tumor model system to discover
the relevance of these interactions to effector T cell ac-
tivity in vivo.

In addition, glycan analysis of the IgA found in the
gut of WT and rorgt-/- shows that this too differs be-
tween homeostasis and disease, particularly the outer-
most residues. It remains unclear whether this is due to
the inflamed status of the epithelium or the altered bac-
terial populations. In order to examine IgA glycans in
the absence of the confounding presence of bacteria,
we are developing an organoid co-culture system to
isolate which IgA glycan modifications that are sepa-
rately added by plasma cells and epithelial cells during

homeostasis and inflammation.
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@i LEREK Publications
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Shimizu Y., Yamaguchi Y. and Harada M.: “Heavy
quark spin multiplet structure of Pbar*Sigma*, mo-
lecular states”, Physical Review D 98, 014021 pp.1-
10 (2018)*

@OEEHZX Oral Publications
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INETEEZE : “pi J/psi-DDbar* F ¥ > 3 )VIC BT ik
)", RIKEN —/LKRBRY—2 23 v T -
FRLT « B SN -, #7117 (2018)

Yamaguchi Y., Abe Y., Fukukawa K. and Hosaka A.:
“Short range pi J/psi-DDbar* potential”, Internation-
al workshop on “Hadron structure and interaction in
dense matter”, Ibaraki, Japan, Nov. (2018)

Yamaguchi Y., Abe Y., Fukukawa K. and Hosaka A.:
“Short range interaction in pi J/psi-DDbar* chan-
nel”, New aspects of the Hadron and Astro/Nuclear
Physics, Tashkent, Uzbekistan Nov. (2018)

Yamaguchi Y., Abe Y., Fukukawa K. and Hosaka A.:
“Short range pi J/psi-DDbar* interaction by the
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quark exchange diagram”, 5th Joint Meeting of the
APS Division of Nuclear Physics and the Physical
Society of Japan , Hawaii, USA, Oct. (2018)

Yamaguchi Y., Abe Y., Fukukawa K. and Hosaka A.:
“Short range pi J/psi-DDbar* potential by the con-
stituent quark model”, Workshop on Dense Matter
from Chiral Effective Theories 2018, Nagoya, Japan,
Oct. (2018)

Yamaguchi Y., Abe Y., Fukukawa K. and Hosaka A.:
“pi J/psi-DDbar* potential described by the quark
exchange diagram”, XXIV International Baldin
Seminar on High Energy Physics Problems “Relativ-
istic Nuclear Physics and Quantum Chromodynam-
ics”, Dubna, Russia, Sep. (2018)

Yamaguchi Y., Abe Y., Fukukawa K. and Hosaka A.:
“pi J/psi-DDbar* potential described by the quark
exchange diagram”, XXII International Conference
on Few-Body Problems in Physics (FB22), Caen,
France, July (2018)

Yamaguchi Y.: “Heavy exotics near thresholds and
Hadron interactions”, RIKEN-YCU Joint Workshop,
Saitama, Japan, Apr. (2018)
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Yamaguchi Y., Abe Y., Fukukawa K. and Hosaka
A.:“Short-range pi J/psi-DDbar* interaction”, The
52nd Reimei Workshop “Experimental and Theoreti-
cal HAdron Physics: Recent Exciting Develop-
ments”, Ibaraki, Japan, Jan. (2019)

BYOEOREFEXOMAL TOSBEXAKBARADICH

Equation of State of nuclear matter and its application to compact star phenomena
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S. Furusawa “Sensitivity of nuclear statistical equilib-
rium to nuclear uncertainties during stellar core col-
lapse” Phys. Rev. C 98, 065802 (2018)

H. Nagakura, S. Furusawa, H. Togashi, S. Richers, K.
Sumiyoshi, S. Yamada “Comparing treatments of
weak reactions with nuclei in simulations of core-
collapse supernovae”

Astrophysical J. Suppl. 240, 38 (2019)

A. Harada, H. Nagakura, W. Iwakami, H. Okawa, S.
Furusawa, H. Matsufuru, K. Sumiyoshi, S. Yamada,
“On the neutrino distributions in phase space for the
rotating core-collapse dupernova simulated with a
boltzmann-neutrino-radiation-hydrodynamics code”

Astrophys. J. Volume 872, 181 (2019)

@OFEHZX Oral Presentations

€]

Furusawa S.: “Nuclear Uncertainties in Equation of
State for Core-Collapse Supernovae” Deciphering
multi-Dimensional nature of core-collapse SuperNo-
vae via Gravitational-Wave and neutrino signatures,
Toyama, Japan, Oct. (2018)

Y e R L S a— N 7 B
KU=D a9 - BT - B B
N -

fETh, 11H (2018)

Furusawa S.: “Equations of state of hot and dense nu-
clear matter for gravitational wave physics” Gravita-
tional Wave Physics and Astronomy: Genesis, Kyo-
to, Japan, Oct. (2018)

Furusawa S.: “Nuclear Physics Uncertainties in Core-
Collapse Supernovae” Tsukuba-CCS workshop on
“microscopic theories of nuclear structure and dy-
namics” Tsukuba, Japan, Dec.(2018)

TR CEEUEERIC B S = a— MY R
FOS” , R a T=a—hY RS E = 2
— bV AR Sk, 27 (2019)

Furusawa S.: “Nuclear Physics Uncertainties in Core-
Collapse Supernovae” Quantum Many-Body Prob-
lems, Nha Trang City, Vietnam, Mar.(2019)

iR g REE SRR B B ANERO RN A
, AV ER Fizali, 347 (2019)
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Furusawa S.: “Nuclear Weak Interactions in Core-Col-
lapse Supernovae”, Neutrino2018, Heidelberg, Ger-
many, Jun.(2018)
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Gongyo S., Sasaki K., Aoki S., Doi T., Hatsuda T.,
Ikeda Y., Inoue T., Iritani T., Ishii N., Miyamoto T.
and Nemura H.: “Most Strange Dibaryon from Lat-
tice QCD”, Phys.Rev.Lett. 120 (2018) no.21, 212001

@OEEREK Oral Presentations

Gongyo S.: “Interactions between Decuplet Baryons
from Lattice QCD”, CIPANP 2018, Palm Springs,
United states, May 2018

Gongyo S.: “ di-Omega from lattice QCD”, FB22,
Caen, France, July 2018

Gongyo S.: “ di-Omega from lattice QCD”, NN2018,
Omiya, Japan, Dec. 2018
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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/SLOWRI

An alpha-time-of-flight (alpha-ToF) detector has
been developed within the group [T. Niwase ef al, in
preparation]. This is the first detector which is capable
to measure the ToF of an ion reaching the surface of the
detector and also a subsequently emitted alpha particle
from the radioactive ion on the surface. It provides data
of the ion’s flight time from a multi-reflection time-of-
flight (MRTOF MS) sequence and allows to correlate
the ToF event to the measured time and kinetic energy
of the emitted alpha particle upon radioactive decay.
With this detector, super-heavy elements can be identi-
fied unambiguously due to the alpha-energy and decay-
time fingerprint of their decay in future measurements.
In a new experiment using multi-reflection time-of-
flight mass spectrometry, this detector could be com-
missioned successfully using 207Rn ions produced with
a 3V beam from RILAC and a '*°Tb target. Presently
the beams provided by RILAC are optimized exclu-
sively for 3!V, which will allow to produce and mea-
sure masses of Db isotopes within the next fiscal year,
if the machine time will be allocated by the Nishina
Center. Several variations of radio-frequency ion car-
pets with planar design have been constructed, opti-
mized, and tested for the future facility SLOWRI. Ions
could be extracted from the new carpet for the first time
after adapting the design. Upon this success, the new
carpet will be used for symbiotic experiments with
other research groups at the position F11 inside the Bi-
gRIPS facility in order to allow for nuclear mass mea-
surements running at the same time as other experi-
ments. This means a much more efficient use of the
expensive running time of the SRC accelerator. A new,
large version of an MRTOF MS has been assembled
and cabled, which is supposed to be employed for the
symbiotic experiments. The coupling of the new gas-
cell design to the MRTOF MS is still to be established.

Several publications, some of them predicted in the last

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

SPDR report, have been finalized. Among them are the
masses of 210-214Ra and 210-214A¢ isotopes [M. Rosen-
busch et al., Phys. Rev. C 97, 064306 (2018)], the first
MRTOF MS mass measurements of transactinides [Y.
Ito et al., Phys. Rev. Lett. 120, 102501 (2018)], and the
data analysis framework mentioned in the last report
[M. Rosenbusch et al., STORI proceedings, accepted
(2018)]. Furthermore, new publications including com-
mon work with collaborations at CERN/Switzerland
have been completed. Around the nuclear island of in-
version, it was possible to study the onset of nuclear
collectivity by successful mass measurements of %
9Cr isotopes at the ISOLTRAP setup [M. Morgeout et
al., Phys. Rev. Lett. 120, 232501 (2018)] and an enor-
mous success combining MRTOF MS with laser spec-
troscopy experiments made it possible to achieve a
complete picture of the shape staggering in mercury
isotopes [B. A. Marsh et al., Nature Physics 14, 1163
(2018)]. In addition, theoretical studies of the dynamics
of ion ejection from an ion trap to a ToF mass analyser
(see last report) have been completed and a publication
is pending. During this study, a new method of mass
calibration has been developed to compensate for time-
dependent electric fields inside the trap during ion ejec-

tion.

@ Publications

- A multi-reflection time-of-flight setup for methodical
developments and the study of atomic clusters
S. Knauer, P. Fischer, M. Rosenbusch, R. N. Wolf, L.
Schweikhard, G. Marx,
B. Schabinger, M. Miiller
Int. J. Mass Spectrom., submitted (2019)

- Change in structure between the I = 1/2 states in
181Tl and 177,179Au
J.G. Cubiss, ..., M. Rosenbusch, ... (total: 60 authors)
Physics Letters B 786, 355-363 (2018)



- Characterization of the shape-staggering effect in
mercury nuclei
B. A. Marsh, ... , M. Rosenbusch, ... (total: 45 au-
thors)

Nature Physics 14, 1163-1167 (2018)

- Precision Mass Measurements of 3%-%3Cr: Nuclear
Collectivity Towards the N=40 Island of Inversion
M. Mougeot, ... , M. Rosenbusch, ... (total: 25 au-
thors)

Phys. Rev. Lett. 120, 232501 (2018)

- Charge radii and electromagnetic moments of %
211A¢
J. G. Cubiss, ... , M. Rosenbusch, ... (total: 67 au-
thors)

Physical Review C 97, 054327 (2018)

- Improving wide-band mass measurements in a multi-
reflection time-of-flight mass
spectrograph by usage of a concomitant measure-
ment scheme
P. Schury, Y. Ito, M. Rosenbusch, H. Miyatake, M.
Wada and H. Wollnik
Int. J. Mass Spectrom. 433, 40 (2018)

- Multiple-fit Analysis of Neutron-Deficient Radium
and Actinium Isotopes
M Rosenbusch, Y. Ito, P. Schuri, M. Wada, S. Ishiza-
wa, S. Kimura, T. Niwase, H. Wollnik
STORI proceedings, accepted (2018)

- New mass anchor points for neutron-deficient heavy
nuclei from direct mass measurements of radium and
actinium isotopes
M. Rosenbusch, ... (total: 20 authors)

Phys. Rev. C 97, 064306 (2018)

- First Direct Mass Measurements of Nuclides around
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7Z=100 with a Multireflection Time-of-Flight Mass
Spectrograph

Y. Ito, ..., M. Rosenbusch, ... (total: 26 authors)
Phys. Rev. Lett. 120, 102501 (2018)

- Atomic masses of intermediate-mass neutron-defi-
cient nuclei with relative uncertainty down to 35-ppb
via multireflection time-of-flight mass spectrograph
S. Kimura, ... , M. Rosenbusch, ... (total: 21 authors)
Int. J. Mass Spectrom. 430, 134 (2018)

@ Oral Presentations

Electromagnetic Isotope Separators (EMIS), CERN
(Geneva), Swiss, 16. 09. 2018 - 21. 09. 2018

Talk: Status and Future Plans for MRTOF Mass Mea-
surements at RIKEN-RIBF

TASCA workshop, GSI (Darmstadt), Germany, 25. 09.
2018

Invited Talk: MRTOF Mass Measurements at RIBF:
Recent Measurements of Heavy Isotopes and Fu-
ture Plans for the Super-Heavy Region

10th International Conference on Charged Particle Op-
tics (CPO-10), Key West (Florida), USA, 17. - 21.
10. 2018

Talk: Recent successes of multi-reflection devices at
RIKEN’s RIBF facility and some thoughts about
highly accurate mass calibration using ion traps

fifth joint meeting of the Division of Nuclear Physics
of the American Physical Society (APS) with the
nuclear physicists of the Physical Society of Japan
(JPS), Hilton Waikoloa Village (Hawaii), USA, 23.
-27.10.2018

Talk: Follow-Ups on Great Achievements: New
MRTOF-MS Projects at RIKEN- RIBF

Study of Strangelets, Lightning and M teors from Space,

Balloon and Ground with Next Generation, Ultra-Sensitive Detectors

Name: Lech Wiktor PIOTROWSKI
Host Laboratory: Computational Astrophysics Laboratory

In FY2018 I was mostly involved in two experi-
ments within EUSO framework: EUSO-TA and Mini-

Cluster for Pioneering Research
Laboratory Head: Toshikazu EBISUZAKI

EUSO. Mini-EUSO space mission is a small photo-

multiplier based camera to be observing Earth UV



emission from International Space Station. The instru-
ment is in the final stage of tests and calibration. In
February/March 2018 I spent about 2 weeks in Turin,
Italy, integrating the telescope and making initial tests
of the triggers with artificial sources. This lead to sky
observations that included stars and satellites. The
work was followed by data analysis and trip to Rome,
Italy for further integration, testing and preparation of
calibration procedures of the telescope. After the trip I
was conducting the data analysis from Japan.

EUSO-TA is an on-ground telescope similar to 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 electronics
and software trigger. New FPGA board and High Volt-
age Power Supply arrived in Japan in November 2018
and since then [ was overseeing tests and integration of
the upgraded hardware.

In FY2018 I was also involved in other EUSO frame-
work experiments - finishing the search for cosmic rays
and analysis of ground sources in EUSO-SPB data,
participating in preparation of EUSO-SPB2 fluorescent
telescope, etc.

However, through most of the FY2018 my focus
shifted to search for strangelets in the “Pi of the Sky”
experiment data. This was an on-ground optical experi-
ment for monitoring large part of the sky - at it’s peak
1.5 sr - with 10 s time resolution, in search for GRBs
optical counterparts. [ was a member of the team before
I came to Japan. Strangelets generate meteor-like sig-
nal which was not in the scope of interest of the ex-

periment, therefore I had to write track finding algo-

rithm and a simulator of strangelets for setting up
detection limits. The work is nearing completion at the

moment of writing this report.

@ Publications

Papers

Abdellaoui G., et al., EUSO-TA-first results from a
ground-based EUSO telescope, Astroparticle Phys-
ics, Volume: 102, Pages: 98-111, Nov 2018

Abdellaoui G., et al., Ultra-violet imaging of the night-
time earth by EUSO-Balloon towards space- based
ultra-high energy cosmic ray observations, Astropar-
ticle Physics, in press, available on-line on Nov 2018

Abdellaoui G., et al., First observations of speed of
light tracks by a fluorescence detector looking down
on the atmosphere, Journal of Instrumentation, Vol-
ume: 13, May 2018

@ Oral Presentations

International conferences

Piotrowski L., The JEM-EUSO program to study
UHECRs from space, VHEPU Conference, 018,
Quy Nhon, Vietnam

Piotrowski L., The EUSO-TA detector: status and per-
formance, University of Torino, Deprtment of

Physics Seminar, 28.02.2018, Turin, Italy

Japanese conferences

Piotrowski L., EUSO-Super Pressure Balloon flight:
results from the first flight and perspectives for
SPB2, ISAS Balloon Symposium, 01.11.2018, Sag-
amihara, Japan

Piotrowski L., On-ground EUSO-TA and air-borne
EUSO-SPB telescopes results and perspectives,

JPS Meeting, 25.03.2018, Noda, Japan
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Theory of exciton condensation and exotic superconductivity in
boson-fermion-coupled systems
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@i LEHEX Publications
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Kaneko T., Ohta Y. and Yunoki S.:“Exciton-phonon
cooperative mechanism of the triple-q charge-densi-
ty-wave and antiferroelectric electron polarization in
TiSe,”, Physical Review B, 97, 155131 (2018)*

Sugimoto K., Nishimoto S., Kaneko T. and Ohta
Y.:“Strong Coupling Nature of the Excitonic Insula-
tor State in Ta,NiSes”, Physical Review Letters, 120,
247602 (2018)*

Nishida H., Miyakoshi S., Kaneko T., Sugimoto K. and
Ohta Y.:“Spin texture and spin current in excitonic
phases of the two-band Hubbard model”, Physical
Review B, 99, 035119 (2019)*

Kitou S., Kobayashi S., Kaneko T., Katayama N., Yu-
noki S., Nakamura T. and Sawa H.:*“Honeycomb lat-
tice type charge density wave associated with inter-
layer Cu ions ordering in 17-Cu,TiSe,”, Physical
Review B, 99, 081111 (2019)*

Kaneko T., Shirakawa T., Sorella S. and Yunoki
S.:“Photoinduced # Pairing in the Hubbard Model”,
Physical Review Letters, 122, 077002 (2019)*

@OEEH X Oral Presentations
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Kaneko T., Shirakawa T., Sorella S. and Yunoki

S.:“Pulse-induced 7 -pairing correlation in a Mott-



Hubbard system”, International Conference on Mag-
netism (ICM2018), San Francisco, USA, Jul. (2018)

(EN22)

Syt AN, AiARKER] - “Hubbard BHIC 35
2 A 77 -pairing IRREED A7 M UKGIE” |
HAW 220184 AR K&, s, 9H
(2018)
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Visualization of Stress Field and its Dynamics in Biological Tissues by
Means of Nonlinear Optical Imaging
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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
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Development of technology to Rescue the Defective Spermatogenesis Ability
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Semiconductor Nanowires-Based Spin Qubits

Name: Jian SUN
Host Laboratory: Advanced Device Laboratory

In this fiscal year, we fabricated double quantum
dots (QDs) in Ge/Si core/shell nanowire and coupled it
to one microwave transmission line resonator cavity.
The Ge/Si core/shell nanowire is naturally a one-di-
mensional hole gas with high carrier transport mobility
and strong spin-orbit interaction. The Ge/Si NW pos-
sesses a number of desirable qualities that may make it

suitable as a building block for fault-tolerant quantum

Cluster for Pioneering Research
Laboratory Head: Koji ISHIBASHI

information processing. A key property being that the
nature of the group-1V material and the p-orbital sym-
metry of hole wave functions implies the absence of
hyperfine interaction and hence potentially long spin
coherence. Upon forming the double QDs along the
nanowire by energizing the local electrical gates, a
two-level system is defined close to the charge transi-

tion degeneracy between the adjacent quantum dots



due to the existence of tunnel coupling. The charge qu- pling. The variation of the resonance transmission can
bit energy can be tuned relative to the cavity photon be utilized as an invasive, rapid probe to recognize the

level using the gates, thus switching on and off the cou- qubit state. A manuscript is currently under review.
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DARK MATTER OR CHARGE EXCHANGE

Name: Liyi GU
Host Laboratory: High Energy Astrophysics Laboratory

Atomic calculation and plasma modeling Theoreti-
cal modeling of plasma emission is fundamental to the
advance of modern astronomy, especially X-ray spec-
troscopy. While the new X-ray instruments are devel-
oped, the atomic database and plasma modeling lag
behind, which hinders the full potential of the X-ray
missions. Here I am developing the atomic database for
the next Japanese X-ray mission XRISM, to be
launched at 2022. Using a large-scale uniform distorted
wave calculation for the electron-impact collision of
the Fe ions at the L-shell, I update the key database for
the best present plasma code. The uncertainties reduce
from > 50% to 10-20% in average. The theoretical cal-
culation, the tests with the observed data, and calibra-
tion with ground-based experiments are reported in a
paper submitted to Astronomy and Astrophysics.

X-ray and radio observations of a pre-merger cluster
Cluster mergers are the most energetic events in the
universe, a key process of the structure formation at the
largest scales. Most mergers are observed at the stage
when two dark matter concentrations passed the epi-
center, while the early stage, when the two concentra-
tions are approaching, is poorly understood. We ob-
served a typical pre-merger cluster [E2215 in the X-ray
and radio bands with long exposures. We discovered,
for the first time, an equatorial shock that moves along
the merger equator, while all the other known shocks
propagate along the merger axis. This equatorial shock
forms a new class of its own. It indicates new insights
to understand the structure formation process.

Stable heat from galaxies in clusters The Hitomi ob-
servation of the Perseus cluster shows a turbulence
with low energy density, suggesting that the heating in
the cluster hot atmosphere must be dissipated locally. It
argues against the most popular AGN heating model.
We have proposed, tested, and improved an alternative
scenario: the cluster atmosphere is heated from the mo-

tion of member galaxies, which cascade into magneto-

Cluster for Pioneering Research
Laboratory Head: Toru TAMAGAWA

hydrodynamic trans-Alfvenic turbulence that dissipat-

ed locally. This model can cope with the current

observation results, including the Hitomi discovery.

Our new scenario is summarized in a paper to be sub-

mitted soon.

[4] Hitomi Collaboration, F. Aharonian, H. Akamatsu,
... Gu, L., et al. Detection of polarized gamma-ray
emission from the Crab nebula with the Hitomi Soft
Gamma-ray Detector. PASJ, 70:113, December
2018.

[5] F. Mernier, N. Werner, J. de Plaa, J. S. Kaastra, A.
J.J. Raassen,Gu, L., J. Mao, I. Urdampilleta, and A.
Simionescu. Solar chemical composition in the hot
gas of cool-core ellipticals, groups, and clusters of
galaxies. MNRAS, 480:1L95-L100, October 2018.

[6] F. Mernier, J. de Plaa, N. Werner, J. S. Kaastra, A.
J. J. Raassen,Gu, L., J. Mao, 1. Urdampilleta,N.
Truong, and A. Simionescu. Mass-invariance of the
iron enrichment in the hot haloes of massive ellipti-
cals, groups, and clusters of galaxies. MNRAS,
478:L116-L121, July 2018.

[7] T. Akahori, Y. Kato, K. Nakazawa, T. Ozawa,Gu,
L., M. Takizawa, Y. Fujita, H. Nakanishi, N.
Okabe,and K. Makishima. ATCA 16 cm observa-
tion of CIZA J1358.9-4750: Implication of merger
stage and constraint on non-thermal properties.
PASJ, 70:53, June 2018.

[8] Hitomi Collaboration, F. Aharonian, H. Akamatsu,
.. Gu, L., et al. Hitomi X-ray observation of the
pulsar wind nebula G21.5-0.9.PASJ, 70:38, June
2018.

[9] T. Takahashi, M. Kokubun, K. Mitsuda, ... Gu, L.
and et al. Hitomi (ASTRO-H) X-ray Astronomy
Satellite.Journal of Astronomical Telescopes, In-
struments, and Systems, 4(2):021402, April 2018.

[10]J. Mao, J. S. Kaastra, M. Mehdipour,Gu, L., E.

Costantini, G. A. Kriss, S. Bianchi, G. Branduar-
di-Raymont, E. Behar, L. Di Gesu, G. Ponti, P.-O.



Petrucci, and J. Ebrero. Anatomy of the AGN in
NGC5548. IX. Photoionized emission features in

XXIX-002

the soft X-ray spectra. A&A, 612:A18, April 2018.
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Unveiling the Origin of an Explosive Event in the Galactic Center
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Sakai: “Spatial Distribution of the Milky Way Hot
Gaseous Halo Constrained by Suzaku X-Ray Obser-
vations”, ApJ, 862, 34 (2018)
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Shinya Nakashima: “Diffuse X-Ray Emission from
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observations of the Fermi bubbles”, Frontier Re-
search in Astrophysics-I1I Mondello Workshop 2018,
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tion: “Highlights of the Hitomi X-ray observatory”,
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First-principle investigation of QCD phase structure from
non-perturbative properties of quarks and gluons
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Quark Matter 2018, Venezia, Italy, May., 2018

Nucleosynthesis and jets in neutron-star mergers and

the explosion mechanism of massive stars

Name: Oliver JUST
Host Laboratory: Astrophyisical Big Bang Laboratory

During this fiscal year I successfully published (as
first author together with several coauthors) the first de-
tailed comparison of multidimensional core-collapse
supernova simulations conducted with different simu-
lation codes. Since neutrino transport is included in
these simulations and they are, hence, computationally
very expensive, such a comparison is particularly dif-
ficult and time consuming. At the same time such com-
parisons are utterly important in order to cross-compare
and better understand the partially diverging results
obtained by various research groups around the world.
We identified the advantages and shortcomings of the
neutrino-transport schemes employed in both codes,
and we found that stochastic effects due to fluid insta-
bilities and turbulence are more relevant than assumed
thus far.

In addition to this first-author paper I contributed as
coauthor to a number of other papers (see below) in
collaboration with (amongst others) researchers at
Max-Planck Institute for Astrophysics (Munich).

Meanwhile I was making great progress in develop-
ing new models for jets from neutron-star mergers, of

which the results will be published soon.
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Original Papers

Just O., Bollig R., Janka H.-Th., Obergaulinger M.,
Glas R., Nagataki S.: “Core-collapse supernova sim-
ulations in one and two dimensions: comparison of
codes and approximations”, Monthly Notices of the
Royal Astronomical Society, Volume 481, Issue 4,
p-4786-4814

Obergaulinger M., Just O., Aloy M.A.: “Core collapse
with magnetic fields and rotation”, Journal of Phys-

ics G: Nuclear and Particle Physics, Volume 45, Is-
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Scheme (ILEAS) for Neutrino Physics in Compact
Object Mergers”, submitted to MNRAS, eprint arX-
iv:1808.00006
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submitted to ApJ, eprint arXiv:1809.10146
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by-Ray-plus Neutrino Transport”, submitted to ApJ,
eprint arXiv:1809.10150
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Facilities with the Cosmos”, submitted to Journal of
Physics G, eprint arXiv:1805.04637
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mations, Waseda U., Tokyo, Japan, March, 2018

Just O.: “Nucleosynthesis, Jets, and EOS constraints
From Neutron-Star Mergers”, The Exploding Uni-
verse Workshop, Tsun-Dao Lee Institute, Shanghai,
China, May 2018

Just O.: “Neutrino-Transport Effects in Neutron-Star
Mergers and Core- Collapse Supernovae”, Theoreti-
cal Astrophysics Workshop, ASIAA, Taipei, Taiwan,
September 2018



Just O.: “Neutrino-Hydrodynamical Models of Neu-
tron-Star Mergers”, CENAG Workshop, Max-Planck
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House, Heidelberg, Germany, November 2018

CONFINEMENT AND DECONFINEMENT IN QCD WITH

EFFECTIVE FIELD THEORIES AND HIGHER-ORDER
PERTURBATIVE CALCULATIONS

Name: Matthias Wilhelm Georg BERWEIN
Host Laboratory: Quantum Hadron Physics Laboratory

The paper “Poincaré invariance in NRQCD and po-
tential NRQCD revisited” with N. Brambilla, S.
Hwang, and A. Vairo was finished. We study a concep-
tual issue in effective field theories (EFTs) of QCD that
use the heavy quark mass as an expansion parameter:
such EFTs do not usually exhibit invariance under
boosts explicitly, hence they are often called nonrela-
tivistic. On the other hand, in their respective energy
regime they are equivalent to QCD, which is fully rela-
tivistic. This apparent discrepancy can be resolved by
observing that the parameters of the EFT obey certain
exact relations, which are an expression of the latent
symmetry. These relations are of great practical use, as
they reduce the number of EFT parameters that need to
be determined. This issue has been studied in the past
in the context of reparametrization invariance or based
on an operator approach, but each of these methods has
their limitations. We instead derive an explicit nonlin-
ear boost transformation for the effective fields, based
solely on symmetry arguments and the Poincaré alge-
bra. Our method has the advantage that it only requires
minimal assumptions, while the level of difficulty of
the calcuations it involves is rather low compared to
other approaches. In the preparation of the draft for this
paper we became aware of an error in our calculations.
In order to remedy this, I have written a code in Math-
ematica that automatically produces the relations be-
tween the EFT paramters, providing an independent
check of our results. The initial calculation was finished

before I came to RIKEN, but the correction and com-

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

pletion was done during this year. This paper was sub-
mitted to PRD in December 2018 and is currently with
the referees.

Further work was done on preparing another paper
with Y. Sumino about the static quark potential in the
Maximal Abelian gauge. It explores the question
whether magnetic monopoles appearing in this guage
can be responsible for confinement, hints of which
have been found in lattice QCD, from the side of per-
turbation theory. We have had many discussion about
how to interpret the results, but they remain inconclu-
sive. Still, the Abelian part of the static potential at two-
loop is an interesting result in itself, which we plan to
publish soon. The calculation relied on an automatic
reduction of loop integrals to a certain number of mas-
ter integrals and has been carried out before I came to
RIKEN. The majority of discussions and writing If the
draft have been done here.

I also gave a talk about this at “XIII Quark Confine-
ment and the Hadron Spectrum” August 2018 in May-
nooth, Ireland. My other talk this year was during the
“Interface of Effective Field Theories and Lattice
Gauge Theory” workshop in November in Munich,
Germany, where I discussed my previous paper “Quar-
konium Hybrids with Nonrelativistic Effective Field
Theories”. Apart from this, I have studied different
subjects in preparation for future research, including
the cusp anomalous dimension and the energy momen-

tum tensor in the gradient flow.
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Zeros of the derivatives of zeta functions and L-functions
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L. G. Fel, T. Komatsu, A. I. Suriajaya: A sum of nega-
tive degrees of the gaps values in two-generated nu-
merical semigroups and identities for the Hurwitz
zeta function, submitted.

J. Lee, A. Sourmelidis, J. Steuding, A. I. Suriajaya:
The Values of the Riemann Zeta-Function on Dis-

crete Sets, to appear in ASPM Series.

@OFEREK Oral Presentations

1.A. 1. Suriajaya: “Mean-values associated with
Schemmel’s function”, H AN 3201942,
BT 3K (Tokyo, Japan), 20194E3 1 19H

2. A. 1. Suriajaya: “The multiplication theorem of the
Hurwitz zeta function by using sum of gaps in two-
generated numerical semigroups”, The Institute of
Mathematical Sciences (Chennai, India), February,
2019

3. A. 1. Suriajaya: “An upper bound for Stieltjes con-
stants of L-functions in the Selberg class”, Number
theory mini-workshop at Sophia, Sophia University
(Tokyo, Japan), January 30, 2019

4. A. 1. Suriajaya: ”Values of the Riemann zeta function
on vertical arithmetic progressions in the critical
strip”, Analytic Number Theory and Related Topics,
RIMS (Kyoto, Japan), October 31, 2018

5.A. 1 Surigjaya: “7 ¢V 7 L LD —F5ERIED
FROM, BAeIF—, HIERY (Send-
ai, Japan), 2018410/ 18]

6. A. 1. Surigjaya: ) —< V=2 ET VI L
LEBOFE RO N T Z N5 OEBE L DB
. 2018 R ER SR EGRITTE R R EIREK
PHRECF v 273 Z (Kagoshima, Japan), 20184F:10
HoH

7. A. 1. Suriajaya: “Zeros of the derivatives of the Rie-
mann zeta function and Dirichlet L-functions”,
Number Theory Down Under 6, UNSW Canberra
(Canberra, Australia), September 26, 2018

8. A. I. Suriajaya: “Values of the Riemann zeta function
on vertical arithmetic progressions in the critical
strip”, International Conference on Number Theory
Dedicated to the 70th Birthdays of Professors Anta-
nas Laurincéikas and Eugenijus Manstavicius,

Zilvinas (Palanga, Lithuania), September 14, 2018

9. A. L. Suriajaya: “Values of the Riemann zeta function
on vertical arithmetic progressions in the critical
strip”, Conference on elementary and analytic num-
ber theory (ELAZ) 2018, Max Planck Institute for
Mathematics (Bonn, Germany), September 4, 2018
10. A. I. Suriajaya: “Values of the Riemann zeta func-
tion on vertical arithmetic progressions in the criti-
cal strip”, The 15th Canadian Number Theory As-
sociation Conference, Laval University (Québec,
Canada), July 13, 2018

11. A. 1. Suriajaya: “Values of the Riemann zeta func-
tion on vertical arithmetic progressions in the criti-
cal strip”, University of Wiirzburg (Wiirzburg, Ger-
many), May 25, 2018

12. A. 1. Suriajaya: “Zeros of the derivatives of the Rie-
mann zeta function and Dirichlet L-functions”,
Oberseminar Modularfunktionen, University of
Heidelberg (Heidelberg, Germany), May 23, 2018

13. A. 1. Suriajaya: “Zeros of the derivatives of the Rie-
mann zeta function and Dirichlet L-functions”,
Shandong University (Weihai, People’s Republic
of China), May 8§, 2018

14. A. 1. Suriajaya: “An approximate functional equa-
tion for the fourth moment of the Riemann zeta
function on the critical line”, Oberseminar Zahlen-
theorie, University of Wiirzburg (Wiirzburg, Ger-
many), April 26, 2018

15. A. 1. Suriajaya: “Zeros of the derivatives of the Rie-
mann zeta function and Dirichlet L-functions”, The
fourth mini symposium of the Roman Number The-
ory Association, Universitd Roma Tre (Rome, Ita-
ly), April 19, 2018

(Z DD IIFHFER)

1. A. L. Suriajaya: “E— Z BB OF R & R L 1t
R W2EBOELENEE Y b T =T
YARIT L, BEKRY (Saitama, Japan), 20184F
12H21H

2. A. L. Surigjaya: “MEFRKIZARRICTZ 5027, M
(L2 ETEi A F v 2 7S A — N BHITHEMS
AR, PHESARESE TR v 278 A (Kobe,
Japan), 20184F 11 23 H

3.A. 1. Suriajaya: “When Infinity Becomes Finite”,
Nerd Nite Tokyo 27, Nagatacho GRID (Tokyo, Ja-
pan), November 9, 2018
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Large Array of Millimeter-wave Sensors: Inflationary Universe and Dark Matter
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Nagasaki T., Choi J., Génova-Santos R. T., Hattori M.,
Hazumi M., Ishitsuka H., Karatsu K., Kikuchi K.,
Koyano R., Kutsuma H., Lee K., Mima S., Minowa
M., Nagai M., Naruse M., Oguri S., Otani C., Lopez
R. R., Rubifio-Martin J. A., Sekimoto Y., Semoto M.,
Suzuki J., Taino T., Tajima O., Tomita N., Uchida T.,
Won E. and Yoshida M.: “GroundBIRD - observa-
tion of CMB polarization with a high-speed scanning
and MKIDs”, J. Low Temperature Phys., vol. 193,
pp. 1066-1074 (2018).

Kutsuma H., Hattori M., Kuiuchi K., Mima S., Naga-
saki T., Oguri S., Suzuki J. and Tajima O.: “Optimi-
zation of geomagnetic shielding for MKIDs mounted

on rotating cryostat”, J. Low Temperature Phys., vol.



193, pp. 203-208 (2018).
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Multimessenger Search for the Origin of Neutrinos

Name: Haoning HE

Host Laboratory: Astrophysical Big Bang Laboratory

In August, 2018, the IceCube collaboration and 15
other collaborations reported the spatial and temporal
coincidence between the neutrino event IceCube-
170922A and the radio-TeV activity of the blazar TXS
0506+056. Their further analysis on 9.5 years of Ice-
Cube data discovered neutrino flare between Septem-
ber 2014 and March 2015, when TXS 0506+056 is
however in "‘quiescent” state. Meanwhile, we analyze
the Fermi-LAT data in that direction and find out that
the blazar PKS 0502+049, positioned within the neu-
trino localization uncertainties, was seen to be flaring
in gamma-rays. We propose that the blazar PKS
0502+049 is likely to be the source of the neutrino
flare, and show that dense, line-emitting gas clouds that
interact with its jet and induce cosmic ray acceleration
and hadronuclear interaction can plausibly explain the
2014-2015 neutrino flare.

Upper limits from diffuse gamma ray observations
suggest that the neutrino sources are either distant or
hidden from gamma-ray observations. It is possible
that the neutrinos are produced in jets that are formed
in the core collapsing 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 super-

giant stars. We predict that about 4 neutrino multiplets

Cluster for Pioneering Research
Laboratory Head: Shigehiro NAGATAKI

within a time window of 1000s to 10000s can be de-
tected by the IceCube in 10 years operation, and a new-
ly born jet-driven type-II supernova may be observed
following the multiplets.

Since the supernova explosion is an energetic phe-
nomenon with high rate, and is considered as the pos-
sible accelerator of PeV cosmic rays, the supernova is a
possible source of TeV-100 TeV neutrinos, and the as-
sociations between supernova and neutrinos might be
observed in the future. We assume that supernova/hy-
pernova exploded in the past near the molecular cloud
complex in the galaxy or in the Galactic Center. We
simulate the acceleration of CRs in the hypernova re-
manent (HNR) and meanwhile their confinement and
escape. The escaped protons diffuse around the galactic
center and interact with protons in the interstellar me-
dium, then produce gamma-ray emission and neutrino
emission. Under the constraint of H.E.S.S. observa-
tions, we predict the gamma-ray emission at 10-100
TeV for the further observations of CTA and LHAASO.
We also derive the contribution of the HNR to the Ice-
Cube observations around the Galactic Center, which

is consistent with the current IceCube observations.

@ Publication



He H., Nagataki S., Kusenko A., Fan Y. and Wei D.:
Neutrinos from Choked Jets accompanied by Type 11
Supernovae, the Astrophysical Journal, Volume 856,
Issue 2, article id. 119, 10 pp. (2018)

@ Oral Presentation
He H..: Search for GeV flare coincident with the Ice-
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Cube neutrino flare, PACIFIC 2018.9 symposium,
Moorea French Polynesia, September (2018)

He H.: On the origin of the IceCube neutrinos, Semi-
nar, Nanjing China, December (2018)

He H.: On the origin of the IceCube neutrinos, Semi-
nar, Zhuhai China, January (2019)

Probing the Heavy-Flavored Hadron Structure from Lattice QCD

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

As an on-going Turkish-Japanese collaborative ef-
fort on charmed baryon phenomenology, we have ex-
tended our calculations to the transition form factors of
doubly charmed baryons and focused on the spectrum
calculations as well.

[1] Interest in the spectroscopy and the structure of
charmed baryons have revived in the past years due to
new experimental observations. Recent observation of
the E¢ baryon by the LHCb Collaboration [R. Aaij et
al.,, PRL119 112001 (2017)] has put doubly charmed
baryons into spotlight. Although the first observation of
this doubly charmed baryon was reported by the
SELEX collaboration in 2002 [M. Mattson et al.,
PRL89 112001 (2002)] with a mass of Zf = 3519
+ 1MeV /c?, none of the following experiments have
confirmed the existence of this baryon until the LHCb.
Mass of the 23 baryon reported by the LHCb Collabo-
ration, however, is 3621 + 1.13MeV /c?, which is ap-
proximately 100MeV /c? larger than the SELEX find-
ing but in agreement with the lattice QCD predictions.

On top of the spectroscopy, examining the radiative
transitions of doubly charmed baryons is a crucial ele-
ment of understanding the heavy-quark dynamics. In
our previous works, we have studied the Q.y — Q;
and the Z.y — E, transitions in lattice QCD. Being
motivated by the recent experimental discovery of the
E¢F baryon, we extended our investigations to the spin-
3/2 to spin-1/2 electromagnetic transitions of the dou-

bly charmed baryons. Such transitions are of particular

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

interest for experimental facilities such as the LHCb,
PANDA, Belle II and the BESIII to search for further
states.

To this end, we have utilized the ab initio lattice
QCD method to numerically simulate the radiative pro-
cesses, E.y — Zo and Q. ¥y — Q. close to the
physical light quark masses and have calculated elec-
tromagnetic form factors and extracted the experimen-
tally observable helicity amplitudes and decay widths.
We have paid great attention to identifying and quanti-
fying the systematic errors that might plague a reliable
extraction of the relevant parameters. It is noteworthy
to mention that we have employed a lattice action spe-
cific to the charm quarks in order to control the dis-
cretization errors.

We find the mass of the =, baryon as 3626 +
30MeV /c?, in very good agreement with the LHCb re-
sult. Extracted masses of the Z;., Q.. and the Q.
agree remarkably with other lattice determinations as
well. Our calculations for the form factors indicate that
these transitions are driven by the spin-flip interaction
effecting the light quarks. Charm quarks act as specta-
tors since their form factors are found to be suppressed
with respect to the light quarks. We also analyze the
form factors to identify the individual quark contribu-
tions in different environments, namely in a =, baryon
and in an Q. baryon. We find that while the light and
strange quark contributions have similar magnitudes in

both baryons, charm quark contributions are systemati-



cally smaller compared to the light and the strange
quarks, yet, remain almost the same in the E.. and the
Q... We have extracted the decay widths I'zrt+ =
0.0518 + 0.0056keV, TI'z:+ = 0.0648 £ 0.0038keV,
and g+ =0.0565 £ 0.0004keV where the errors are
statistical only. In comparison to its lighter analog, the
Ny — A transition, these results are expectedly small
due to the charm quark. It is also quite interesting that
when compared to the other model-dependent meth-
ods, we predict the widths one or more orders of mag-
nitude smaller. We argue that the tension between our
results and the model-based calculations is due to the
unrealistically large magnetic moment values of the
other methods. Note that this work is the only lattice
calculation in the literature so far and we account for
possible systematic errors carefully in this investiga-

tion.

@ Publications

Papers

[1] Bahtiyar H., Can K.U., Erkol G., Oka M and Taka-
hashi T.T., Radiative transitions of doubly charmed
baryons in lattice QCD, Phys. Rev. D 98, 114505

(2018).
Books
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[ITK.U. Can, Electromagnetic Form Factors of
Charmed Baryons in Lattice QCD, Springer Theses
Series, Springer  Singapore (2018), DOI:
10.1007/978-981-10-8995-4.

@ Oral Presentations
Conferences

* The 36th Annual International Symposium on Lat-
tice Field Theory, July 22-28, 2018, Michigan State
University, East Lansing, Michigan, USA.

 XIIIth Quark Confinement and the Hadron Spec-
trum, 31 July - 6 August 2018, Maynooth University,
Maynooth, Ireland.

+ Fifth joint meeting of the Division of Nuclear Phys-
ics of the American Physical Society (APS) with the
nuclear physicists of the Physical Society of Japan
(JPS), 23-27 October, 2018, Hilton Waikoloa Vil-
lage, Big Island, Hawaii, USA.

* The 8th International Conference on Quarks and
Nuclear Physics, November 13-17, 2018, Tsukuba,
Japan.

Seminar

* Invited seminar, January 22, 2018, Theory Group,

Research Center for Nuclear Physics, Osaka Univer-

sity.
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Establishing the Star and Planet Formation Scenario by Revealing
the Initial Conditions of Molecular Cloud Cores with the Chemical Evolution
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Satoshi Ohashi, Akimasa Kataoka, Hiroshi Nagai, Mu-
netake Momose, Takayuki Muto, Tomoyuki Hana-
wa, Misato Fukagawa, Takashi Tsukagoshi, Kohji
Murakawa, Hiroshi Shibai : “Two Different Grain
Size Distributions within the Protoplanetary Disk
around HD 142527 Revealed by ALMA Polarization
Observation”, Astrophysical Journal, 864, 81, (2018)

Satoshi Ohashi, Patricio Sanhueza, Nami Sakai, Ryo
Kandori, Minho Choi, Tomoya Hirota, Quang Nguy-
en-Luong, and Ken’ichi Tatematsu : “Gravitationally
Unstable Condensations Revealed by ALMA in the
TUKHI122 Prestellar Core in the Orion A Cloud”,
Astrophysical Journal, 856, 147, (2018)

Toshiki Saito, Daisuke Iono, Daniel Espada, Kouichiro
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Research topic: Development of Portable Atomic Clocks with

10E-18 Uncertainty

Name: Andrew HINTON

Host Laboratory: Space-Time Engineering Research Team

Atomic clocks play an important role in modern
physics as a precision tool for tests of fundamental con-
stants, geodesy, and improved navigation references, to
name but a few examples. For many of these applica-
tions it is necessary to re-engineer bulky and complex

clock experiments into smaller and lower power con-

RIKEN Center for Advanced Photonics
Laboratory Head: Hidetoshi KATORI

sumption versions. At the same time, there is a contin-
ued focus on improving the ultimate precision of atom-
ic frequency measurements made by such devices
beyond 10-'%. In general, a frequency measurement has
a limited achievable instability defined by the quantum
projection noise (QPN) limit. Highly efficient genera-



tion of ultracold atoms enables one to approach the
QPN limit, which scales as the square-root of the cycle
time divided by the number of measured atoms.

In this work we are focused on a novel cooling
scheme which reduces atomic temperature from sig-
nificantly hotter than ambient to a few g K and offers a
two-fold improvement in clock performance. It is im-
mediately obvious from the QPN limit scaling that
cooling atoms in a shorter time is a direct enhancement
to clock performance. In addition, the dead time be-
tween measurements is reduced and hence an aliasing
noise, known as the Dick effect, is effectively mini-
mised.

Atomic species, such as strontium and ytterbium,
commonly used in clocks have a low vapour pressure
which necessitates heating to several hundred Kelvin to
obtain a reasonable flux. In order to reduce this tem-
perature to x K levels, typically two stages of cooling
are required - a broad-line cooling which reduces the
temperature of the hottest atoms and a narrow-line
cooling which reduces the temperature further. As
these two cooling transitions share a common ground
state, it is impractical to operate them simultaneously
in the same physical location and so cooling is done in

a slower, stepwise manner. To decrease the time need-
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ed for cooling we use two transitions which don ft
share a common energy state and can be operated si-
multaneously. Finally, to decrease the cycle time of the
experiment further, we will employ a continuously-
loaded, moving 1D-lattice which acts as an “atom con-
veyor belt” for clock measurements.

To meet the growing need for compact experiments,
a small vacuum system has been designed which fully
integrates most of the necessary optics and electromag-
netic fields for atomic cooling and clock measurements
inside an ICF152 nipple with a length of approximately
200 mm. As a proof of principle measurement, we will
stabilise a laser frequency to the spectroscopy of atoms
measured from our apparatus. We expect a perfor-
mance equal to a monolithic optical resonator currently
in use in our laboratory with a factor of 30 reduction in

volume.
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Study of Baryon Structure with Strangeness and Charm
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Single-particle Energies and Strengths Sround '°°Sn and 132Sn

Name: Frank BROWNE
Host Laboratory: Radioactive Isotope Physics Laboratory

The aim of the present study is to elucidate the nature
of the nuclear “magic numbers”, which represent the
neutron and proton shell closures. Whilst waiting for
the experiments on '%%1328n to be conducted, an inves-
tigation into a magic number not predicted at the time
of their inception, N=34 in the Ca (Z=20) isotopes, has
been carried out. As well as imbuing the author with
the necessary experimental experience to conduct the
Sn experiments in an effective manner, the results on
34Ca are of great interest and will lead to publications
in high-impact journals. Previous spectroscopy of 3*Ca

was able to place two transitions between its tentatively

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

assigned 3~ and 2%, and 2* and 0" states, with energies
2.699(28) and 2.043(19) MeV, respectively. An experi-
ment, conducted as part of the third SEASTAR third
campaign, allowed for the extension of the level
scheme of *Ca. Unlike the previous spectroscopy
which relied solely on 1- and 2-proton removal chan-
nels, the current experiment was able to employ a wide
variety of reactions to populate *Ca, most notably the
1-neutron removal from >3Ca. This selectivity enabled
the study of pure neutron states, which the 2* state is
expected to be, yielding candidates for 3* and 4*. The
former lying ~0.46 MeV above the 2 state and the lat-



ter, ~1.7 MeV. Since the wave function of the 2% state
of %Ca is expected to be primarily composed of an
anti-aligned v (£3,'p,,!) configuration, its aligned
counterpart should give rise to a 3" state. A 4" state
would be created by the aligned, v (f;,'p;,) particle-
hole pair. From their relative positions, it is reasonable
to assume that the p;, neutron, lying below both the
N=32 and N=34 shell closures, would be more tightly
bound than the p,,, neutron which lies below the N=32
closure. As such, the probability of removal of a p,,
neutron is greater than that of p;,, neutron, despite their
being 2 of the former and 4 of the latter. The gamma-

ray spectrum measured in coincidence with the neutron
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removal of 3°Ca shows structures consistent with these
assertions, i.e., a strong population of a state that feeds
the 2% state, as well as a weaker one. Whilst still at a
preliminary stage, these results, and those of the other
reaction channels, provide invaluable insight as to the

properties of the shell closure at N=34.
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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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Direct Observation of Local Spin Dynamics in Various Frustrated Systems by
a Freely Changeable Optical Lattice
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Theoretical Study of Topological Phases in Strongly Interacting Many-body Systems
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Physics of novel 3D hierarchical structures of inorganic nanosheets:
towards innovative designable materials
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Field Theoretical Study of Thermal Response Phenomena in Topological Materials
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Emergent Quantum Many-Body Phenomena in Non-Equilibrium Ultracold Atoms
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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
the last decade. Unique from the numerous groups that
have focused on small molecule-triggered drug release
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 alkyne-based cyclization re-
action. In this transformation, gold-coordination to an
alkyne moiety promotes cyclization with a nearby car-
bonyl moiety. The addition of the carbonyl group onto
an alkyne is believed to be promoted by an N-linked
electron donating group (ex/ methyl group). Subse-
quent 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 auristatin E (antineoplas-
tic agent), this chemical reaction is envisioned to be
applicable for a number of drug therapies. To further
understand and improve upon reaction kinetics, struc-
ture-activity relationship (SAR) studies were per-
formed, which determined that reactivity was largely
unaffected with substitution on the alkyne moiety. As a
means to influence the permeability properties of the
prodrug, derivatizations were pursued to allow attach-
ment of a PEG-based moiety. As a result, prodrugs
were shown to be unable to penetrate cell membranes,
thereby reducing its cytotoxicity. To transition the drug
release reaction for in vivo applications within living
biological systems, Endoxifen- and Doxorubicin-
linked compounds were synthesized and are currently
being tested in cell-based and animal-based studies.

Overall, these results should become the foundation for

Cluster for Pioneering Research
Laboratory Head: Katsunori TANAKA

the future development of organ-localized, gold-cata-
lyzed drug release therapies within living biological

systems.
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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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Investigation of Novel Functionality of Organic Devices induced by
Self-Assembled Monolayers on the Metal Oxcide surfaces.
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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 1,3-dipo-
lar cycloaddition reaction between aryl azide and acro-
lein directly in live animals. We discovered that aryl
azides can react with acrolein in a click manner, with-
out the use of any catalyst, to give 4-formyl-1,2,3-tri-
azoline derivatives. The reaction shows impressive re-
activity and selectivity, even under physiological
conditions and in the presence of various interferences.
Furthermore, by utilizing a fluorescence-labeled phe-
nyl azide, we have successfully applied the click reac-
tion directly in live cells to detect and visualized en-
dogenous acrolein released from oxidatively stressed
cells. Herein, we expand the utility of azide-acrolein
click reaction to transform the toxic acrolein into phar-
macologically active compounds directly in live mice.
We called this strategy “therapeutic in vivo synthetic
chemistry”.

We developed 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, we

Wt 2% #& X %4 . Ambara Rachmat PRADIPTA
Z A WE 2% = BHPRNIZEASES

H RO BRRE AL A 7E
(FiEE 1 saii)

ensured that this method is applicable to discriminate
normal and cancer tissues, which taken from breast
cancer patients. Our method is superior to any other
techniques so far reported, since it could sensitively vi-
sualize cancer morphology and localization in resec-
tion stump during surgical operation. Our inexpensive
and easy-to-perform method has potential clinical ap-
plication for breast-conserving surgery. At the same
time, since these results clearly showed that our fluo-
rescence-labeled phenyl azide is selective against can-
cer cells, next year we will utilize the derivative com-
pounds to synthesize anticancer drug directly in mouse

model of cancer.
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Revealing Fundamental Rules of the Intracellular Metabolic Changes
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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 John Christopher PARR

Host Laboratory: Laboratory for Advanced Genomics Circuit

One possible means to regulate the biogenesis, in-
cluding localization of RNA is through base and sugar
modifications in the RNA molecule. However, current
methods to determine such eepitranscriptomic f signa-
tures are in their infancy and suffer three major limita-

tions: (i) over reliance on antibody enrichment which

Center for Integrated Medical Sciences
Laboratory Head: Jac W. SHIN

still requires very deep-sequencing (ii) inherent non-
specific pull down through antibody-epitope interac-
tions, and (iii) can only discover one particular chemi-
cal modification at a time. Additionally, using NGS
data we can only form correlative conclusions between

a particular RNA modification and biological conse-
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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
(RNNS) 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-

cules versus unmodified synthetic molecules before
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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.

—MHRBERRA X -V TETVENWVRNAY =IOV TD

TS & 3RS % & 7LD ERHE O #FEA

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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@i EH®ZX Publications
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Kubota, H., Miyazaki, M., Ogawa, T., Shimozawa, T.,
Kinosita, K. Jr. and Ishiwata, S.: “Processive
nanostepping of formin mDial loosely coupled with
actin polymerization” Nano Lett. 18, 6617-24
(2018)*

@O5EHZX Oral Presentations

(£R)

Ogawa, T., Ikawa. T. and Shiroguchi, K.: “A robotic
system for combining single-cell RNA-seq with live
cell imaging”, The 56™ Annual Meeting of the Bio-
physical Society of Japan, Okayama, Japan, Sep.
(2018)

ANIZER, DYIAGE , BRIveZ  “BAMEE A XA —
7 & 1 RNA-seq Z [ REH 9 2 b D B E)
b2 A7 LOBFE” | H41 BIHAD EYPERE
2, B, 11 (2018)

E—{RDNABR I IV IBIRICL B ) ARREMEAD

ERTT/LBEOKHTE
Prediction of the 3D Genome Organization During Early Mouse Embryogenesis by
Single-Cell Replication Timing Profiling
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HHIN SRR Z <. SHHOWB L RIITIX
WEENNIEDNESNT e oTz, SH%IETO
scRepli-seq 2 #] R T DI IGH L. #IBIIRIC
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MBI HE S IR R S R 22 bz X BN v
I8— b+ XY Mo OFEA R ZHEE LTz,

@iELFER Publications

(st

Takahashi S.#, Miura H. #, Shibata T. #, Nagao K., Oku-
mura K., Ogata M., Obuse C., Takebayashi S-i. and
Hiratani I. (These authors contributed equally to this
work):“ Genome-wide stability of the DNA replica-
tion program in single mammalian cells”, Nature Ge-
netics, 51: 529-540 (2019)*

@ KR %2—FEK Poster Presentations

Takahashi S., Miura H., Shibata T., Nagao K., Obuse
C., Takebayashi S-i. and Hiratani I.:“ Genome-wide
single-cell DNA replication sequencing reveals cell-
type specific signatures that are conserved from cell
to cell”, HI2BHAATZEY « 27 ¢ 7 AWHEA
2, fLIR, 5H (2018)

Takahashi S., Miura H., Shibata T., Nagao K., Obuse
C., Takebayashi S-i. and Hiratani I.:“ Genome-wide
single-cell DNA replication sequencing reveals cell-
type specific signatures that are conserved from cell
to cell”, EMBL Symposium: Principles of Chromo-
some Structure and Function, Heidelberg, Sep.
(2018)

ERFRT)AORBAYE L OBEFRENR AV SR ERH

XH =X LDRZEA

Discovering of the Mechanism of Active Hypometabolism Through Genetic and
Phenotypic Analysis of Inbred Mouse Strains
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BigzE7 )b e LT, RAHOEBZI S MM L&
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@OEEREK Oral Presentations

Genshiro A. Sunagawa: “Toward clinical application of
active hypometabolism”, 5590l FAOPSH > 7 7 L
>~ A, Kobe, Japan, 201943 H

Genshiro A. Sunagawa: “Physiological Phenotyping
by Non-invasive Respiratory Recording”, £341[a] 73
TEWAAES, Yokohama, Japan, 20184111

Genshiro A. Sunagaw: “HROEFKIGH IS T ¢
< AD HWRIRZ H W 7= REB AR O 5%,
Torpor and Metabolism Workshop, EXCELLS, Oka-
zaki, Japan, 20184F11H

Genshiro A. Sunagawa: “ZHRDEFKRIGHIC AT T -
< 2D H WK% FIO TREBIEACH O JHERIC
JE%”, The 1st RIKEN/Kobe Children fs Hospital
Satellite Seminar, Kobe, Japan, 2018439 H

Genshiro A. Sunagawa: “URIRE)Y) O ARMHKK T 134
WL E TV B OH ? HRIRS 7 2 DS CAGESR
Hr”, The 2nd Workshop of Hibernation and Torpor
Research, Sapporo, Japan, 201846 H

Genshiro A. Sunagawa and Masayo Takahashi: “To-
ward clinical application of active hypometabolism:
using mouse daily torpor as a model system”, Life of
genomes - 2018, Kazan, Russia, 20184F5H

Deciphering a Hypothalamo-hippocampal Circuit in Goal-directed

Spatial Navigation

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

Brain rhythms are believed to play an essential role
in coordinating multiple brain areas for complex cogni-
tive functions. The 4-12 Hz theta rhythm found in the
hippocampus of lower mammals, for instance, is im-
portant for various types of learning and memory.
However, the origin and circuitry that control theta
rhythms remain largely unknown. In the past year, we
found that activation of the supramammillary nucleus
(SuM) in mouse hypothalamus robustly induces hip-
pocampal theta. We also studied the role of SuM in
hippocampal-based spatial memory and dissected the

underlying neural circuits. At first, we employed opto-

Center for Brain Science
Laboratory Head: Thomas MCHUGH

genetics to examine the role of the SuM in hippocam-
pal theta modulation. We took advantage of a newly
developed SuM-Cre transgenic mouse line develope.
Cre-dependent channelrhodopsin-2 (ChR2)-expressing
adeno-associated virus was injected to the SuM and tet-
rodes were implanted to the hippocampus. Application
of 473 nm laser to the SuM induced hippocampal theta
oscillations that did not depend on the laser frequency,
suggesting the role of the SuM as a theta “pace maker”.
Next, we tested the function of SuM theta modulation
in hippocampal-based spatial memory. When 473 nm
laser was applied to ChR2-transfected SuM, we found
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a dramatic improvement in animals f T-maze perfor-
mance, indicating that SuM theta modulation enhanced
hippocampal-based spatial working memory. Brain-
wide 3D mapping of SuM efferents showed strong pro-
jections from SuM to hippocampal DG and CA2 as
well as the medial septum, which are supposed to un-
derlie the role of the SuM in theta modulation. Our
study established the role of SuM as a hypothalamic
theta modulator and fill the gap on a wider circuit map

for hippocampal oscillations in learning and memory.

@ Publications

Paper

Middleton S.J., Kneller E.M., Chen S., Ogiwara I.,
Montal M., Yamakawa K. and McHugh T.J. Altered
hippocampal replay is associated with memory im-

pairment in mice heterozygous for the Scn2a gene.

XXIX-037

Nat. Neurosci. 21(7): 996-1003 (2018).*

@ Oral Presentations

Conference

Chen S.: “Near-infrared upconversion optogenetics”
Gordon Research Seminar Optogenetic Approaches
to Understanding Neural Circuits and Behavior, Ne-
wry USA 2018, July 14-15.

Chen S.: “Near-infrared upconversion optogenetics”
SPIE Photonics West, San Francisco USA 2019,
February 2-7.

@ Poster Presentations

Conference

Chen S.: “Near-infrared upconversion optogenetics”
StN Neuroscience 2018, San Diego 2018, November
3-7.
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Biochemical Dissection of Novel Sphingolipids in the Pathophysiology of
Psychiatric llinesses
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@MOEE3 % Oral Presentations

VLI AnACr, EsAHIE, SilfEE, PR,
Brian Dean, #JIRF © “WEJHE B H 5EZ MK
ICHBF 2 AT« 2 dNEEMAHZEL”, H4a5hIHA
ke, THERTEER, 110 (2018)

@ KX Z—%Z&K Poster Presentations

Esaki K., Shimamoto C., Iwayama Y., Balan S., Hira-
bayashi Y., Dean B. and YoshikawaT. : “Analysis of
sphingolipids in schizophrenia: postmortem brain
study”, CINP 2018 Vienna World Congress, Vienna,

XXIX-038

Austria, June(2018)

Esaki K., Shimamoto C., Iwayama Y., Hirabayashi Y.,
Dean B. and YoshikawaT. : “Biochemical analysis of
sphingolipid metabolism in postmortem brains from
schizophrenia patients”, WFSBP 2018 KOBE, Kobe,
Japan, Sep.(2018)

LA+, A, SilfESE, &,
Brian Dean, /115 © “Hi 6 e (875 SE12 ik
ZMOTZAT ¢ 2 DN 21 S JHEEX 71
Z A LD FHET OMEYI”, 2018 47 LA 7
OYz 7 MDY YRYY L, HEETRHK,
121 (2018)

LAY, JEAWy, AilESE, AR, AP
i, “P-ARFEHE, Brian Dean, i5)IIRY @ “Hiey
JIE R EIERINIC B B AT ¢ > dNREAGHZE
LERT ¢ VAN T F VR DIRIER 71 = X
LANDOBG DN, < IVF A7 —)UR5iEHED
MERA PSS — I b g, RESSURZerhidi, 20
(2019)

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 are genetic variants
predicted to severely disrupt protein-coding genes.
They occur as stop codon—introducing (nonsense)
variants, splice site—disrupting single-nucleotide vari-
ants (SNVs), or insertion/deletion (indel) variants that
disrupt a transcript’s reading frame. Previous studies
have shown that LoF variants are more prevalent in the
human genome than expected, and it is estimated that
human genomes typically contain ~100 genuine LoF
variants with ~20 genes completely inactivated. How-
ever, the impacts of most LoF variants on phenotypes
and genetic risks of diseases remain largely unknown
as majority of LoF variants are rare — in order to deter-

mine the genetic effect, a large sample size is required.

Center for Integrative Medical Sciences
Laboratory Head: Yukihide MOMOZAWA

In this study, I systematically analyzed LoF variants
using genetic data of 200,000 individuals from the Bio-
Bank Japan (BBJ) project.

First, based on whole-genome sequencing (WGS)
data of 1,027 Japanese individuals from BBJ, a total of
8,599 high-confidence loss-of-function (LoF) variants
were annotated. Consistent with earlier reports, the
LoF variants from the BBJ dataset are seen less often in
highly expressed genes in brain, implicating an evolu-
tionary constraint. Based on power analysis, 1,538 LoF
variants with allele frequency >= 0.005 were chosen
for further analysis. We then generated a LoF variant
reference panel comprised of data from 15,000 Japa-

nese individuals sequenced using the high-throughput
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target-resequencing platform developed in Laboratory
for Genotyping Development. A total of 1,492 out of
1,538 LoFs were successfully genotyped and were
used for imputation, and 1,294 LoFs were able to be
imputed well in 200,000 samples with high accuracy
(Non-reference concordance rate >= 0.8). The statisti-
cal analysis of 1,294 LoFs for 47 diseases and 58 quan-
titative traits identified 48 significant associations that
surpass the genome-wide significance level at 5 X 10 -8,

Among all significant signals, we reconfirmed sev-
eral known associations between LoF variants and LPL
and HDL concentration, LoF of GSDMB and asthma
etc.

Most importantly, the analysis uncovered a dozen

novel associations with LoF variants in genes whose

XXIX-039

functions are not well known. Currently, to further
validate the significant association signals, a replication
analysis is on-going using additional samples from the

second stage of BBJ cohort.

@ Publications

Ryohei Furumai, Kota Tamada, Xiaoxi Liu, Toru Ta-
kumi, “UBE3A regulates the transcription of IRF, an
anti-viral immunity”, Human Molecular Genetics
(2019)

Shunichi Kosugi, Yukihide Momozawa; Xiaoxi Liu;
Chikashi Terao, Michiaki Kubo,Yoichiro Kamatani,
“Comprehensive evaluation of structural variation
detection algorithms for whole genome sequencing”,

Genome Biology (In press)
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Elucidation of Decision Making Mechanism in the Telencephalon of
Adult Zebrafish using Virtual Reality
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@OEEHZE Oral Presentations

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

“The active inference in decision making by adult ze-
brafish revealed by in-vivo imaging of the telence-
phalic neural activities in the closed-loop virtual re-
ality environment”

5 24 [ VRISIINEZE 2, PR, 2018

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

“The active inference in decision making by adult ze-
brafish revealed by in-vivo imaging of the telence-
phalic neural activities in the closed-loop virtual re-
ality environment”

Joint symposium of 10% optogenetics research confer-
ence and second international symposium on brain
information dynamics, HE{K%ZZ, 2018

Makio Torigoe, Tanvir Islam, Hisaya Kakinuma, Chi
Chung Alan Fung, Takuya Isomura, Hideaki Shima-

zaki, Tazu Aoki, Taro Toyoizumi, Tomoki Fukai and

Hitoshi Okamoto.

“The active inference in decision making by adult ze-
brafish revealed by in-vivo imaging of the telence-
phalic neural activities in the closed-loop virtual re-
ality environment”

ROlEIIE ey TROIE - 228 O BURKEHE & ST O
JEHANOT 70—, APPERSEHT, 2018

@ KX 4%—%%K Poster Presentations

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

“The active inference in decision making by adult ze-
brafish revealed by in-vivo imaging of the telence-
phalic neural activities in the closed-loop virtual re-
ality environment”, The S5thZebrafish imaging
conference, Brighton, UK, 2018

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

“The active inference in decision making by adult ze-
brafish revealed by in-vivo imaging of the telence-
phalic neural activities in the closed-loop virtual re-
ality environment”, The 41st Annual Meeting of The
Japan Neuroscience Society, Kobe, Japan, July
(2018)

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

“In-vivo imaging of telencephalic neural activities in
adult zebrafish during decision making task in the
closed-loop virtual reality environment”

Cold spring harbor lab meeting “Neuronal Circuits”,
Cold Spring Harbor, USA, 2018,
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Reversing the Chromatin Defects in An Adult Circuit to

Rescue An Autism Syndrome Model in Drosophila.

Name: Yun Jin PAI
Host Laboratory: Laboratory for Neurodiversity

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

I established a social space assay utilizing a two-di-
mensional triangular chamber design to assess cogni-
tive and behavioural phenotypes in the fly, and found
that adult flies to exhibit abnormal nearest neighbour
distance when compared with wild-types. I was aided
by Marianthi Tsogka (summer student) in optimizing
the assay for simultaneous measuring of biological rep-
licates in single runs and in screening candidate genes
using dopaminergic and mushroom body gamma
(MB y) lobe drivers. Knocking down Chro, Trl and
G9a in dopaminergic neurons produced a nearest
neighbour distance phenotype, as did knocking down
Chro, Trl and ElonginB in MB y lobe neurons only,
suggesting a neuron type-specific role.

Previously, I identified genes involved in chromatin
organisation, transcriptional control, and cytoskeletal
protein folding (Chro, Sens2, Cctl, and Cct5) that pre-
cipitate morphological defects in class IV dendrite ar-
borisation (c4da) neurons. The complex morphology of
class IV neurons is regulated by the transcription factor
Knot. Interestingly, overexpression of Sens2 resulted

in a similar overbranching phenotype as with Knot in

Center for Brain Science
Laboratory Head: Adrian MOORE

Drosophila larvae, suggesting a role for Sens2 akin to
Knot in c4da development. Antibody staining of these
genes in wildtype larvae revealed that levels of Knot,
Sens2 and Chro decrease over time from 72 to 120hr
after egg laying (AEL), while levels of Pfdn2 (which
binds to CCT members) first increase from 72 to 96hr
AEL, and then decreases by 120hr. However, in a Knot
loss-of-function (LOF) background, levels of Sens2
and Chro are increased while in a Chro LOF back-
ground, Sens2 and cytoplasmic (but not nuclear) Knot
levels are decreased. When Sens2 is knocked down,
levels of Knot but not Chro increased. Intriguingly,
knocking down Cctl and Cct5 resulted in decreased
levels of Sens2 and Chro, suggesting a possible feed-
back mechanism from cytoskeletal proteins in regulat-
ing growth and maturation of c4da neurons. As Pfdn2
and members of the CCT family are involved in the
folding of actin and tubulin, and that genes regulating
neuronal actin cytoskeleton form another group com-
monly associated with ASD, I also investigated the ef-
fects of actin dysregulation in c4da. I found that Knot
does not respond to changes in levels of actin, but Ac-
tin42A overexpression resulted in decreased Sens2 and
Chro levels, suggesting that Knotand Sens2 participate

in different feedback mechanisms.

@ Publications

Papers

Review articles

Yoong L.F., Pai Y.J. and Moore A.W.: Stages and tran-
sitions in dendrite arbor differentiation. Neurosci.
Res. (2018) in print

Pai Y.J. and Moore A.W.: Dendritic actin delivery ser-
vice. J Cell Biol. 217(10):3325-3326. (2018) pub-
lished
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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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Atsushi Yoshida, Yuki Hori, Kantaro Nishigori, Masa-
hiro Ohno, Yoshihiko Kawabata, Masataka Yamagu-
chi, Joonas Autio, Matthew F Glasser, Takuya
Hayashi: “Development of a 24-Channel 3T Multi-
Array Coil for functional MRI in awake monkeys”,
Joint Annual Meeting ISMRM-ESMRMB 2018,
Paris, France, 16-21 June2018
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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 (PER). In my prelimi-
nary data, I found that besides tastants, odors alone can
also evoke PER, which indicates that PER is a multi-
sensory behavior.

In this work, I will try to identify and functionally
characterize multisensory neurons and circuits that are
involved in PER. Last year, I forced on the cellular
mechanisms of odor-evoked PER. The progress in-
cludes:

1) To examine if GRNs respond to odorants or not, I
recorded the activity of sugar-sensing (Gr5a), bitter-
sensing (Gr66a), low salt-sensing (Ir76b) and wa-
ter-sensing (ppk28) GRNs by calcium imaging.
Gr5a, Gr66a and Ir76b GRNs showed odor-evoked
responses and different tuning properties respec-
tively. These GRNs did not respond to odors when
the proboscis was covered by UV-glue, which indi-
cated that GRNs responses to odors were mediated
by direct activation of GRNs on proboscis. Re-
sponses of [r76b GRNs decreased when the maxil-
lary palps were glued, which indicated that the pre-
synaptic activity of GRNs could be modulated by

Sensory Perception
Center for Brain Science
Laboratory Head: Hokto KAZAMA

olfactory input from maxillary palps.

2) To identify the type of GRNs which are necessary
for odor-evoked PER, I expressed tetanus toxin
light chain (TNT), a blocker of synaptic transmis-
sion, in specific sets of GRNs. TNT-mediated inac-
tivation showed that Gr5a and Ir76b gustatory re-
ceptor neurons were necessary for odor-evoked
PER, whereas Gr66a gustatory receptor neurons
were not.

3) To explore the role of olfactory system in odor-
evoked PER, I examined PER in flies whose olfac-
tory organ antennae or maxillary palps was re-
moved. Flies without palps showed similar PER as
intact ones, both in PER time and tuning property.
In flies without antennae, ethyl butyrate- evoked
PER decreased, whereas benzaldehyde-evoked
PER increased, which indicated that the antennae is
important for the attractiveness of ethyl butyrate,
and inhibiting the attractiveness of benzaldehyde to
PER circuit.

4) T applied less concentrated (1%) odors and com-
pared the odor-evoked PER among different con-
centrations. Odor-evoked PER were odor-concen-
tration dependent, odors with higher concentration

evoked more full extensions in PER.

@ Poster Presentations

Conferences

Wei HP, Kazama H. “Odor-taste multisensory integra-
tion in Drosophila” The 415 Annual Meeting of the
Japan Neurosciences Society, Kobe Japan, 2018 July
26-29

Wei HP, Kazama H. “Odor-taste multisensory integra-
tion in Drosophila” The first CBS Retreat, Chiba Ja-
pan, 2019 February25-26

- 122 -



XXIX-043

T IV N 7 —RBEERF CAPON IZ & 5 i XS F

XHZXLDEEBA
Elucidation of molecular mechanism of CAPON induced
neurodegenerationin Alzheimer's disease
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Generation of App knock-in mice reveals deletion mu-
tations protective against Alzheimer fs disease-like
pathology. Nat. Commun. 9 (1):1800, 2018
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Introduction of pathogenic mutations into the mouse
Psenl gene by Base Editor and Target-AID. Nat.
Commun 9 (1):2892, 2018
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XXIX-044 Proteinaceous Nanostructures for Intracellular Sensing Fabricated
By Direct Laser Writing in a Temperature-Controlled Microfluidic Device

Name: Daniela SERIEN

Host Laboratory: Advanced Laser Processing Research Team

In the present study, direct femtosecond laser expo-
sure induces multi-photon cross-linking to fabricate
proteinaceous microstructures on top and inside micro-
fluidic glass devices. It was found that using a glycerol
water solvent was beneficial for the fabrication because
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 demonstrat-
ed for serum albumin. In addition, two different pro-
teins were integrated into the same microfluidic device.
These results highlight the potential for versatile ap-
plication in medical devices and total analysis systems.

Further, we discovered that fabrication from pure
protein precursor can be achieved. This finding is ben-
eficial for the application of intracellular sensing be-
cause there will be only exposure to the protein(s) of
choice. We study pure proteinaceous microstructures
made from two biologically relevant families, serum
albumin proteins and fluorescent proteins. Serum albu-
mins and fluorescent proteins are applied in biomedical
studies to influence binding properties and to label by
fluorescence, respectively. Using methods such as Ra-
man spectroscopy and scanning electron microscopy,
we provide evidence of the cross-linking mechanism in
pure protein precursor. Understanding the cross-link-
ing mechanism is important to predict necessary pro-
tein precursor conditions and to predict fabrication re-
sults for improved device fabrication. Comparison of
fabrication within the protein families suggests that
fabrication results are similar for different variants of
the serum albumin family. We successfully fabricated
fluorescent microstructures from pure precursor of re-
combinant blue, green and red fluorescent protein. The
comparison for fluorescent proteins is complicated by
the different absorption and emission spectra of each

variant. We continue to investigate the retention of flu-

Center for Advanced Photonics
Laboratory Head: Koji SUGIOKA

orescence in the microstructures made from fluorescent
protein in dependence of the fabrication conditions
such as total accumulated fluence. Removing the risk
from entrapped remaining photoinitiator causing un-
wanted influence to the experiment or analysis, our
finding carries important impact for any medical ap-

plication of this technology.

@ Publications

Papers

Review articles

Serien D. and Sugioka S.: Fabrication of Three-Dimen-
sional Proteinaceous Micro- and Nano-structures by
Femtosecond Laser Cross-Linking, Opto-Electronic
Advances, vol 1., 18008, (2018) *
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Serien D., Abe M., Terakawa M., Kawano H., Miyawa-
ki A., Midorikawa K. and Sugioka K.: Three-Dimen-
sional Proteinaceous Microstructure Fabrication by
Photoactivator-Free Femtosecond Laser Cross-Link-
ing, “AIESIHAEIMIER KL, Tokyo, Japan,
Jan. (2019)

Serien D. and Sugioka K.: Femtosecond laser 3D print-
ing of proteinaceous micro and nanostructures, Sth
International Symposium on Laser Interaction with
Matter (LIMIS 2018), Changsha, Hunan, China,
Nov. (2018)

Conferences

Serien D. and Sugioka K.: Pure proteinaceous high-
aspect-ratio microstructures made by femtosecond
laser multiphoton cross-linking, SPIE Photonics
West 2019 BiOS, San Francisco, USA, Feb. (2019),
received the 3D Printing, Fabrication, and Manufac-
turing Best Paper Award

Serien D. and Sugioka K.: Photoactivator-Free 3D Pro-

— 124 -



teinaceous Microstructures Fabricated by Femtosec-
ond Laser Cross-linking Using a Liquid-Immersion-
Lens Configuration, SPIE Photonics West 2019
LASE, San Francisco, USA, Feb. (2019)
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Serien D. and Sugioka K.: Dip-in-Lens Femtosecond
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Serien D., Kawano H., Miyawaki A. and Sugioka K.:
Femtosecond Laser Direct Writing of Microstruc-
tures Made from Red Fluorescent Protein, £379[8])i
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(2018)

Serien D., Midorikawa K. and Sugioka K.: Femtosec-
ond Two-Photon Polymerization of Photoinitiator-
Free Proteinaceous Microstructures Made From Se-
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Microfabrication (LPM 2018), Edinburgh, UK, June
(2018)
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Serien D. and Sugioka K.: Structure Design Analysis of
Simplified Pentamode Proteinaceous Microstruc-
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structures integrated in glass microfluidics by photo-
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Enhancement of mathematical model of unconscious inference and
application to computational psychiatry
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Isomura T.: “A measure of information available for
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Isomura T.: “The free-energy principle in biological
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Growth and Characterization of AlGaN based UVA and UVB

LEDs/LDs on AIN template on sapphire substrate or on AIN
substrate or on nano-PSS.

Name: Muhammad Ajmal KHAN
Host Laboratory: Terahertz Quantum Device Research Team

During the reported period of 2017-2018, we at-
tempted for both AlGaN based ultraviolet-A and -B
light emitting diode UVA LEDs (325-340nm) and UVB
LEDs (295-310nm) respectively using low-pressure
metalorganic vapor-phase epitaxy (LP-MOVPE) reac-
tor. AlGaN based crystal growth of UVA LEDs with
emission wavelength between 320 nm - 350 nm is very
challenging due to the possible existence of vertically
propagating threading dislocation densities (TDDs), in
both n-AlGaN buffer layer (BL) as well as in n-AlGaN
electron injection layer (EIL) due to the large lattice
mismatch of 14-16 % between AlGaN crystal and sap-
phire substrate (total-TDDs ~10'% -10'! cm2). There-
fore an “ammonia (NH3) pulsed-flow multilayer (ML)”
growth technique was introduced and good quality AIN
template layers were successfully grown on c-
plane(0001)-sapphire substrates in the SR-4000 reac-
tor. The full width at half maximum (FWHM) values of
the X-ray rocking curves (XRCs) of AIN template for
the (0002) and (10-12) planes of approximately 200
arcsec and 350 arcsec, respectively (total-TDDs

~5X 108 cm2) were achieved.

Center for Advanced Photonics
Laboratory Head: Prof. Hideki HIRAYAMA

(- UVA LEDs with wavelength 320 - 350nm: Al-
GaN based UVA LEDs structure in the problematic
UVA wavelength under 330 nm, is of great importance
for numerous practical applications including medicine
and different photochemical technologies. For 326nm
or 340nm UVA emission respectively from multi quan-
tum wells (MQWs) with x~0.24 or 0.18 in the Al,Ga,_
N on AIN template, we can have the lattice mismatch-
es >2.3 or 2.7 % respectively and it can cause the
generation of vertically propagating TDDs in n-AlGaN
EIL underneath the MQWs. Therefore, we attempted
for both engineering of a highly conductive and highly
relaxed n-AlGaN EIL on conventional n-AlGaN BL as
well as on superlattices (SLs) BL too for the reduction
of TDDs in the n-AlGaN EIL underneath the MQWs
for the fabrication of UVA LEDs. The XRCs of the n-
AlGaN EIL grown on conventional BL were measured,
where the FWHM of the XRCs values of (0002) and
(10-12) planes were successfully reduced to 392 and
564 arcsec respectively (total-TDDs ~1 X 10° cm™2) Ref
Art [4]. A maximal light output power of 2.4mW under
127mA and external quantum efficiency (EQE) of

— 126 —



0.5% on bare-wafer conditions at room temperature
(RT) were achieved for the UVA LED grown on the
conventional n-AlGaN BL. In contrary the FWHM of
XRCs values of (0002) and (10-12) planes in the n-
AlGaN EIL underneath the SLs-based UVA MQWs
were successfully reduced to 340 and 431 arcsec re-
spectively (total-TDDs ~ 7X 108 cm2) Ref Art [6].
When we used the number of 70 periods (cycles) in the
n-AlGaN SLs-based UVA LED then the maximal out-
put power of 2.5 mW at 50 mA and EQE of 1% were
achieved under the continues wave (cw)-operation at
RT Ref Art [6]. When, we replace the SLs-BL with
highly relaxed BL in the UVA LED, the maximal out-
put power was enhanced from 2.5 mW Ref Art [6] to
3.1 mW under cw-operation at RT Ref Art [4].

(II)-High power UVB LEDs with emission wave-
length of 294nm-310nm: Eco friendly, smart, high-
power UVB LED light sources are demanded for both
medical and agricultural applications, including vita-
min D; production in human skin (295nm), immuno-
therapy (310nm), cancer (295nm-310nm) and enrich-
ing phytochemicals in plants (310nm). Therefore, we
attempted for AlGaN based UVB LEDs, which is based
on important applications of UVB light sources and
picked up two important UVB-emission wavelengths
between 294nm and 310nm respectively. We began our
research and development of AlIGaN UVB LED devic-
es here at Riken since 2017, with medical science (294-
310nm) as well as agricultural applications (310nm) in
mind.

Briefly, we have successfully achieved high power
310nm-band UVB LED by introducing 4 pm-thick n-
AlGaN BL and 50% relaxed n-AlGaN EIL underneath
the MQWs along with highly transparent p-AlGaN
contact layer on the AIN template in 2018. In this work,
using the same growth condition as given in Ref Art [5]
for UVB-emission, except the Si-doping level variation
as well as thickness variation of n-AlGaN BL were re-
visited to investigate the effect on the emission effi-
ciency from UVB MQWs. Thanks to the 4 1 m-thick
and 50% relaxed n-AlGaN EIL layer, where a record
PL emission intensity of 5X 107 [a.u] at low tempera-
ture from MQW s was achieved. Subsequently the EQE
were enhanced from 1.8% (2017) to 4.3 % at 30 mA

(2018) under cw-operation at RT and the maximum
light output power was also improved from 6.6mW
(2017) to a record value of 20mW at 160mA (2018)
with 310nm emission. This result is attributed to both
highly transparent p-AlGaN contact layer, highly re-
flective Ni/Al p-electrode as well as due to the low
level of total-TDDs ~1 X 10° cm™ in the n-AlGaN EIL
underneath the MQWs [2018-2019]. This high output
power of 20mW result is also attributed to the highly
relaxed 50% n-AlGaN EIL underneath the MQWs and
such results are promising for immunotherapy (310nm),
cancer (303nm-310nm) and enriching phytochemicals
in the plants (310nm).

Several months ago, we focused on the engineering
of efficient carrier injection into the MQWs via un-
doped (ud)-AlGaN final barrier (FB) and investigated
the influence of highly reflective Ni/Al p-electrode on
the light extraction efficiency (LEE) enhancement. Es-
pecially the influence of ud-AlGaN FB, which contains
relatively high Al-contents on the suppression of the
Mg-diffusion from the multi-quantum-barriered elec-
tron blocking layer (MQB-EBL) in to the MQWs. Es-
pecially the piezoelectric field effect was studied by
varying thickness of quantum-well (QW), which were
grown on the c-plan of AIN template on sapphire sub-
strate. The MQWs structure is optimized so that the
strain in the quantum wells induced by their lattice mis-
match with barriers is enough to enhance the internal
quantum efficiency (IQE) from our previous value of
47% Ref Art [5] to 54% [under preparation]. A 1.8 p m-
thick and slightly relaxed Al 55Ga, 4sN BL grown on
AIN template serves as a pseudo substrate for
Al 45Ga, ssN EIL to release the strain into the MQWs
and to avoid extended defects or any fluctuation of Al-
composition in the active region (MQWs). During the
optimization of MQW, when 6nm-thick ud-AlGaN FB
( with relatively high Al-contents on the suppression of
the Mg-diffusion from the MQB-EBL in to the MQWs),
then the EQE were enhanced from our previous value
of 4.4 % with maximum output power of 13 mW Ref
Art [5], to a record EQE of 6.2% at 304nm emission
under 30mA with a maximum output power of over 28
mW under the 160 mA dc current at RT Ref Present [4].

This result is quite optimistic to produce vitamin D5 in
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the human body by using 304nm-band UVB LED in-
stead of using normal sunlight irradiation as well as

Hg-UV Lamp light sources.
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Generation of single-cycle short-wave infrared pulses via

BBO-based optical parametric amplifier

Name: Yu-Chieh LIN

Host Laboratory: Attosecond Research Science Team

In this study, we demonstrate a novel scheme of am-
plification of mono-cycle pulses in shortwave infrared
region (1 g m-2.3 pm). The laser system is based on a
cascaded (optical parametric amplifier) OPA chains at
the degeneracy wavelength of the pumping laser pulse.
Even though the degenerate OPA is conventional for
broadening the gain spectral width, we have designed
the wavelength of the pump laser pulse to be tuned to
708 nm, which is the unique feature of the laser system
to make it possible to amplify more than one-octave
spectral width in a BBO crystal. As a result, we ob-
tained the amplified mono-cycle pulse from the 3-stage
OPA chain with a pulse energy of ~20 p J. These results
would contribute to further applications on high energy

physics and high harmonic generation.
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Y. C. Lin, Y. Nabekawa, K. Midorikawa, “Time-do-

main Ptychographic Retrieval of Over-octave-span-
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work was awarded the Excellent Papers Award from

Laser Society of Japan.

@ Poster Presentations

Conferences

Y. C. Lin, Y. Nabekawa, K. Midorikawa, “Develop-
ment of mono-cycle OPA system in short-wave in-
frared region,” CREST meeting, Dec. 12th in Tokyo,
Japan (2018).

Y. C. Lin, Y. Nabekawa, K. Midorikawa, “Pulse shap-
ing and characterization of over-octave-spanning in-
frared spectra amplified in a BBO-based optical
parametric amplifier,” The 6th RAP Symposium
from Nov. 19th to Nov. 20th in Wako-shi, Saitama-
ken, Japan (2018).

Y. C. Lin, Y. Nabekawa, K. Midorikawa, “Ptycho-
graphic retrieval of over-octave-spanning infrared
(1.0-2.2 um) spectrum,” 9th AWCXR , Oct. 16th -
Oct. 17th in Hokkaido University, Sapporo, Japan
(2018).
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The Identification of Common Molecular Mechanism between
Cancer Stem Cells and Fetal Epithelial Stem Cells
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A theoretical study for fermionsic topological phases
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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-
lar polarity (asymmetry) is crucial for endowing epi-
thelial tissues with normal morphology and
bio-functions, the mechanisms by which epithelial cell
polarity regulates cell and tissue behaviors remain
poorly understood. To address this issue, in the present
study we investigate the physical mechanisms underly-
ing a novel tissue folding that requires remodeling of
epithelial cell polarity. Specifically, we aim to under-
stand how the interplay between mechanical forces that
deform cells and epithelial cell polarity that regulate
forces 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 the intracellu-
lar epithelial polarity. We recently develop a mathe-

matical model for morphological changes of a full

Center for Biosystems Dynamics Research
Laboratory Head: Tatsuo SHIBATA

monolayered epithelial tissues in three dimensions. We
show that in the absence of external forces, epithelial
tissues are capable of spontanecously undergoing fold-
ing 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 mechanics are modulated by and
in turn affect remodeling of epithelial cell polarity.
Taken together, both mechanical and bio-chemical per-
spectives revealed in our study will comprehend our
understanding of the polarity-dependent epithelial tis-
sue morphogenesis. Since remodeling of epithelial cell
polarity is fundamental to many biological processes
including pathological conditions such as wound heal-
ing and tumor metastasis, our research would provide
crucial insights into epithelial polarity-regulated cellu-

lar behaviors in diverse systems.
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[1]Ogura Y., Wen F. L., Sami M. M., Shibata T. and
Hayashi S.: A switch-like activation relay of EG-
FR-ERK signaling regulates a wave of contractility
for epithelial invagination. Developmental Cell,
2018, 46(2):162-172, published*
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Multi-step Synthesis of bioactive compounds using a combination of organ
selective transition metal- and enzyme- catalyzed reaction in live animals
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Categorical and dynamical study of algebraic varieties
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Okazaki, A., Miyoshi, T., Yoshimura, K., and Zhang,
F.: “Toward online data assimilation for the millen-
nium reanalysis”, JpGU 2018, Makuhari, Chiba, Ja-
pan, May (2018) invited

Okazaki, A., Miyoshi, T., Yoshimura, K., and Zhang, F.:
“Exploring online data assimilation for paleoclimate re-
construction using an idealized OSSE framework”, The
8th EnKF Data Assimilation Workshop, Montreal, Que-
bec, Canada, May (2018)
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Okazaki, A., Miyoshi, T., Yoshimura, K., and Zhang,
F.: “An online data assimilation method to assimilate
time-averaged observations”, AGU 2018 Fall Meet-
ing, Washington DC, US, Dec. (2018)

Okazaki, A., Miyoshi, T., and Yoshimura, K.: “Millen-
nium reanalysis using proxy and data assimilation”,
The 11th International Atmospheric Circulation Re-
constructions over the Earth (ACRE) Meeting, To-
kyo Metropolitan University, Nov. (2018)

Okazaki, A., Honda, T., Kotsuki, S., and Miyoshi, T.:
“Dense precipitation radar data assimilation with an
ensemble Kalman filter: an observing system simula-
tion experiment for a typhoon case”, Sth Internation-

al Workshop on Nonhydrostatic Models, Tokyo,
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Nov. (2018)

Okazaki, A., Honda, T., Kotsuki, S., and Miyoshi, T.:
“Dense precipitation radar data assimilation experi-
ment for a typhoon case”, The 8th EnKF Data As-
similation Workshop, Montreal, Quebec, Canada,
May (2018)

Okazaki, A., Honda, T., Kotsuki, S., and Miyoshi, T.:
“Dense precipitation radar data assimilation: an observing
system simulation”, JpGU 2018, Makuhari, Chiba, Japan,
May (2018)

Okazaki, A., Honda, T., Kotsuki, S., and Miyoshi, T.:
“Assimilating dense precipitation radar data: a simu-
lation study”, The 8t AICS International Sympo-
sium, Kobe, Japan, Feb. (2018)

Scanning tunneling microscopy/spectroscopy investigation of

‘drumhead’ topological surface states.

Name: Christopher BUTLER

Host Laboratory: Emergent Phenomena Measurement Research Team

The ultimate target of this project is to investigate
drumhead surface states in topological ‘nodal-line’
semimetals, due to the possibility that the large van
Hove singularity of a flat drumhead state may promote
new electronic correlations such as various charge, or-
bital or magnetic orders, or even superconductivity.
Materials which may host such a drumhead state even
in the presence of spin-orbit coupling are still exceed-
ingly rare. Suitable crystalline materials needed to real-
ize this project are still in various stages of develop-
ment. Hence, observation of drumhead surface states
has not yet been achieved in this project.

Nevertheless, in preparation for measurements on
potential candidate materials, the main measurement
technique used in the project, scanning tunneling mi-
croscopy (STM) does need a period of training. For this
purpose, a relatively well-known system, the charge
ordered transition metal dichalcogenide 1T-TaS,, was
used. This material is considered as one of the model

systems hosting strong electronic correlations (charge

Center for Emergent Matter Science
Laboratory Head: Tetsuo HANAGURI

order) of the type which might arise due to the explod-
ing density of states in the van Hove singularity of a
drumhead state. More exotic phenomena such as a
quantum spin liquid phase have also been suggested.
Although this material has been the subject of previous
STM/S works, the measurements reported here, per-
formed with unprecedented energy resolution, provid-
ed new insights into long-standing questions and re-
vealed exciting new emergent phenomena. STM and
scanning tunneling spectroscopy (STS) measurements
were performed at a temperature of 1.5 K on the low-
temperature Mott insulating state of the 1T-TaS,. This
material has a layered structure in which planar trian-
gular lattices of charge order (described alternatively as
charge density waves, or as polaronic lattices) stack on
top of each other. The inter-layer stacking of these
charge order lattices is still hotly debated and is thought
to have profound effects on aspects of the electronic
structure. For example, inter-layer stacking may be a

handle with which to electronically or even
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optically drive Mott insulating 1T-TaS, through a
transition to a metallic metastable state, a

process which may provide the foundation for ultra-
fast switchable ‘orbitronic’ devices. By imaging the
step-terrace morphology resulting from crystal cleav-
age, and also through a statistical approach of perform-
ing spectroscopy on a large number of cleaved surfac-
es, evidence for the inter-layer stacking pattern of the
2D charge order lattices was accumulated and the inter-
layer electronic correlation effects were substantially
clarified. The observation of two characteristic surface
electronic structures points to a pairing of the charge
order lattices into in-phase bilayers with mutual inter-
bilayer phase shifts. Interestingly, an instance of the
metallic phase was also observed, hinting at the micro-
scopic conditions for the metal-insulator transition
which can be induced using optical excitation and other
non-equilibrium processes. The particular stacking
conditions which lead to breakdown of ‘Mottness’ and
return to the metallic phase (expected in band theory)
were observed. This is of great interest for applications

such as ultra-fast optically switched devices. As well as

XXX-011

these findings, signatures of weakly dispersing collec-
tive excitations (e.g. ‘doublon-holon’ or ‘spinon-holon’
bound states) were found at the onset of the upper Hub-
bard band (UHB) at each of the two distinct surface
terminations of the charge order pattern. A linearly
spaced spectrum of possible electron-phonon couplings
was found in the 2D-confined UHB of one of these sur-
faces. Overall, these results should significantly ad-
vance our understanding of the rather mysterious Mott
insulating state in 1T-TaS,, which is often taken as one
of the prototypical Mott insulating systems. They
should also have impact for our understanding of
weakly dispersing collective modes emerging in 2D

systems of strongly-correlated electrons.
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logical transition between competing orders in quan-
tum spin chains”, Phys. Rev. B, 98, 184429(2018)
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Furuya S. C.: “Theory of electron spin resonance in
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induced dynamics of skyrmion strings”, Science Ad-
vances, 4 eaat1115 (2018)*.
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Coherent phonon/magnon generation driven by photoinduced phase transition
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@O5EH %X Oral Presentations

CE)

HRRG , FEEM, TN, By, WHEH
, CEEOREE, 25, Pl , Aid 1 SEEE

— 149 —



HIHEMBIC XS 1T -VTe, DO —L > b 5%
T4/ OB, HAYIBEZEZ 2018 4EFERE
, KR, 9 H (2018),

@ FKX%—3%%K Poster Presentatios
()

XXX-015

A. Nakamura, T. Shimojima, Y. Chiashi, M. Kamitani,
H. Sakai, S. Ishiwata, H. Li, A. Oshiyama, K. Ishiza-
ka: “Observation of coherent acoustic phonons in
1 T°~VTe, by ultrafast electron microscopy”, U. K.
JSPS-Royal Society Senior Symposium, Dorking,
June (2018).

BERWREFHROBA
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Theory of skyrmion dynamics on surface of topological insulator

~Ra YU A (TD KliCHBWT, &R
Ko THRINDE AN —I AV XA F I 7 XD
1R o Iz B AT — A X 2 RoeiNis i T
JAF ¥ THY. ZONMAHEMANTIEANZEAE
Y EEICIA B BVZGE TSR @ LD ATRE T H 2 1.
K TBRENIC BT B IR LD RREIC LN/ hEnT &
M HIHBE B A T ) — DRI SN T
W5, —TTHE, BB B THAH A%
PICIEAMRZR N Y FRSSEZFFOYIERECH D . ZD
R & UTRImC B 2 R A ¥ 2 LliHE»
af < MBS U 728 50 i Dirac B 1~ Cadid &M %, T
DOFRWHHBZ RIS % T & TROMSINIEE 2 3%
XHET 2 EMARETH % L HfFE N, THE
Ay baZ I AN B O THEHZHED TV S,
e, LRomEZHAGHE S & THICHHE
DEHWAY Y PRV AR ZHRET % T L AfhE
THdLEZ, ULAMLAENDL, TIXmIIBIT S
W57 7 AT v ORI ARIE K BRI N TWH
T ARWFZEIX 2 X Dirac T R D A VBT b
VD T RTINS E IS % 2 & T, TIZmICBT 3
EIMAR A — I AV Z A F 27 ZAOIREP R 2 K
RgBHeZAMNE LT,

ARAEEDOWIRIC BN T, A IR SRS 2
o2 Ryt Dirac BFRICB WV THER T NS I P
A KV EMOAHTIZR OB KT U Tz, Z DFE.
X OBIERNGERZERT B -dMERUCnA . *
BREICBII X LT W % Hexagonal  warping Fi 7% &
DEKIAL ZORN 2T > 1o T ORI, TI M
ETRERmSh Tz 2O A Y ML Zichn
Z, ARBHOAECUBITRVIDELS T L RS
M LTz ThHDAMBHDOAE VBT MV T,

Wk 7% & K %4 ALMK KMl Kurebayashi, Daichi
2 A WE 2% = AR A v 2 —

SEAHBI PR ZE 7V — 7
(s 7k EAN)

RO IEI " F D TR YD TEHNBIHTH D,
HLOWHERATHD, 5, FLFENLIZAEY
BATRIVIIC X OEREIENE Ah—IAVZAF 2
7 A% Thiele I THH L. AA—IA 2D FY
7 Mg L NSRS OGRS T, Z DR, TI
KETER—INVRZAH—I AT 0y KX I —
A VITHART IMREE S TERE % 2 & Av]iE
ThHarZeZHEM LIz, £y AN—3IA D
RV 7 M#EOER T v ) 7 2 A TS TR
W G—= VBRI Ty R IC ko TRELEES
Zehbhot, BEXTERICBWT, TIEM
FTORA—IF Y ONTHRGEIEICIEE > TV
T AFEDREE. ZDXAF I T AN SHEBL
LTWBAN—3I4 2 ONIGEZET %2 —DD
Rt 5 LMRFL TV 5,

@MOEEHRZEX Oral Presentations

€=

< RLARRM, BPAHERER « “JF— BRSNS 7 1 L
BRBICB T B ALY MV OMER" , HARYBY:
R201BEMFRE, [HE KR, 5UERF, 9H
(2018) .

* Kurebayashi D. and Nomura K.: “Theory of spin
torque in Weyl semimetals with magnetic texture”,
APS march Meeting 2019, Boston, USA, Mar.
(2019).

CKLMRHE, REEA ¢ R R| Y AU k2K
KBIBAN—IAVEAFITR” | HAYPE
FRWBTAMEERRE, UMK, w31
(2019) .

— 151 -



@ KX 4%2—%Z&K Poster Presentations

CER)

< RLMAKHE , KN @ “Spin-transfer torque on the
surface of topological insulator” , % 8 [a] CEMS
Research Camp, 7 )V KA/ « A4 2 A=,

XXX-017

FIZZIEL, 10 A (2018) .

< KIMRRHE, JREBEA @ “ b Ra Y hUitgik | To
AN—=IFVEAFIT R, B — RIS 4
[l - Fefhi A S N—> 3 > a7 WS, HEHR,11H
(2018) .

Exploring On-Surface Photo-Synthesis under

Ultrahigh Vacuum Conditions

Name: Chi ZHANG

Host Laboratory: Surface and Interface Science Laboratory

Dehalogenative cycloaddition reaction is a powerful
strategy to generate new ring scaffolds with
n -conjugated features on surface, and thus holds great
promise towards atomically precise electronic devices
or nanomaterials. However, there are still uncertainties
of the intermediate states involved in the overall reac-
tion and lack of understanding of underlying mecha-
nisms, which are practical obstacles to further precise
design and optimization of the cycloaddition reaction
products.

In this work, we choose 2,3,6,7,10,11-hexabromotri-
phenylene (HBTP) molecule as the precursor with
three-fold ortho-dibromo-substitutes for possible cy-
cloaddition into two dimensions on Ag(111). By com-
bination of high-resolution scanning tunneling micros-
copy (STM) imaging and density functional theory
(DFT) calculations, we determined the step-by-step
evolution of the surface-stabilized radicals and hierar-
chical organometallic intermediates in real space which
plays a crucial role in the cycloaddition reaction pro-
cess. Moreover, we further revealed the stepwise met-
al-incorporated cycloaddition pathway on Ag(111).
After obtaining the intact HBTP phase at 220 K, by
regulating the annealing temperatures, the partially de-
brominated surface-stabilized HBTP radicals (debr-
HBTP) can be firstly achieved at 250 K; slightly in-
creased temperature to 270 K results in the incorporation
of Ag adatoms forming zero-dimensional (0D) organo-
metallic dimers, with the coexistence of minor diradi-

cals (debr2-HBTP). With the temperature increasing,

Cluster for Pioneering Research
Laboratory Head: Yousoo KIM

structure transformation from the embryonic organo-
metallic clusters to the more mature 2D organometallic
networks can be observed (290-500 K), indicating the
step-by-step metal insertion mechanism involved in 2D
expansion. Finally, higher temperature (420 K) leads to
the elimination of metal atoms and construction of the
2D covalent networks with dominant 4-membered-cy-
clobutadiene connections as the products of the [2+2]
cycloaddition reaction.

In order to unravel the underlying mechanism, ex-
tensive DFT calculations based on the climbing image
nudge elastic band (CI-NEB) method have been per-
formed to reveal the possible reaction pathways. The
whole process can be divided into three main steps: (1)
HBTP to debr-HBTP (debromination); (2) debr-HBTP
to organometallic dimer (addition of adatom and radi-
cals), and one side step ((2°) debr-HBTP to debr2-
HBTP); (3) organometallic dimer to trimer (addition of
dimer and debr2-HBTP). Then, such kinds of reaction
pathways can be further extended to even larger areas
forming 2D organometallic networks.

Our results clarify the intermediate states involved
where the metal serves as both platform to stabilize the
radicals and step-by-step participators in the organo-
metallic intermediates, and also provide the experi-
mental and theoretical determination of the metal-in-
corporated  reaction pathway of  on-surface
dehalogenative cycloaddition reaction, which should

be significant for further precise design and optimiza-

tion of the n-membered carbocyclic or heterocyclic ar-
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stepwise evolution of chiral organometallic net-
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(ACSIN-14), Sendai Japan 2018, October 21-25.
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Molecular Simulation of Heme Transport and ATP hydrolysis by a Heme Transporter
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Thiophene-Fused Diradicals: In-Depth Investigation of Their Unprecedented
Reversible-Polymerization and Application to Singlet Fission
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Development of Quantum Spectroscopy beyond the Classical Limit

Name: Korenobu MATSUZAKI
Host Laboratory: Molecular Spectroscopy Laboratory

Absorption spectroscopy is one of the simplest and
most widely used spectroscopic techniques. Obviously,
its usefulness would be further enhanced with increased
sensitivity. It is widely believed that the achievable
sensitivity is ultimately limited by the so called “shot-
noise limit”, which originates from the uncertainty of
the number of photons involved in a measurement.
Since this uncertainty is inherent to the nature of the
light source, there is no chance of improving the sensi-
tivity beyond this limit irrespective of the experimental
arrangement, as long as an ordinary “classical” light
source is used.

There is, however, a possibility to overcome this
limitation when a “quantum” light source is used in-
stead of a “classical” light source. More specifically, I
expect that the uncertainty due to the photon number
fluctuation, i.e. shot noise, can be eliminated if entan-
gled photon pairs are used as a light source. As the
name readily shows, in this quantum light source, ev-
ery photon is accompanied by a partner photon. Thus,
even if an arbitrary number of photons are used for an
absorption measurement, we can always determine the
exact number of the photons by counting their partner
photons. This, in principle, enables the complete sup-
pression of the shot noise, resulting in a noise level
well below the shot-noise limit. In this fiscal year, I
started working on the experimental realization of this
idea.

The first step in this regard was the generation and
characterization of photon pairs. The photon pairs were
generated by the parametric down conversion process,

which was caused by introducing deep ultraviolet light

Cluster for Pioneering Research
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into a nonlinear crystal. The generated photon pairs in
the visible wavelength were subsequently character-
ized by a Hanbury Brown-Twiss setup, which was
newly built for this purpose. The result clearly showed
the bunching behavior of the photons, which proves
that the photons are indeed generated as pairs.

Using thus generated photon pairs as a light source, I
designed and constructed an experimental apparatus
for performing absorption measurements. The con-
structed apparatus was applied to the measurement of a
dilute solution of an organic dye, Rhodamine 6G. As
expected, an absorption peak was clearly observed at
535 nm, which matches well with the reported absorp-
tion wavelength of Rhodamine 6G. More importantly,
the noise level at each wavelength, which was evalu-
ated by measuring absorption spectra repeatedly under
the same experimental condition, was 20% below the
shot-noise limit. This result demonstrates that the sen-
sitivity of my apparatus has surpassed the fundamental
limit in conventional absorption spectroscopy owing to
the use of a quantum light source. To the best of my
knowledge, this is the first time a multiplex absorption
spectrum was measured at the sub-shot-noise level.

The result shows that the aforementioned concept
has successfully materialized into a novel spectroscop-
ic method, which I call “multiplex sub-shot-noise ab-
sorption spectroscopy”. However, the observed noise
reduction so far is merely 20% below the shot-noise
limit, and it still remains in the realm of a proof-of-
principle experiment. More effort is currently under-

way to further suppress the noise in the measurements.
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Theoretical Analysis on the DNA Repair Mechanism of Blue-Light Photoreceptors
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Molecular Level Investigations of Organic Photoelectric Conversion

BEEMEL D5 THEE O/ I 2 b DA B A
DNFEE LI EZBTENLIELIERSNS D,
ZDOHHIFIHIETIE RV, TORZHSEMNCT 58
BEFRF—LE 77T 2—LVS FHHOH
ARl OEfURmHIC RN TVWS EEZ 515, &
5, ABLEEII RS =T 7T 2—lDE
D DO WA FEIIZNE TH S, AW%E
DHME. PR TIE S FHEOBERORD
IO TR D 2 CEAHGERE & Z O RFEHT
T % EANRNNERICHB T 5 EEURHE & ORHZ 1
LMCT BT L THE M TOBRZIRZ B0,
RF—& 7 7t T Z—D FEDOAKEM RO % 1
I CREE LTz ¥ TV IaNT a5 50 2 i e 51
9%,

AEZ4DD R F—RII—=L4DDT7 7T &
—EEEE L, TS DMAADYE TI6HDF
MAEEANT O ESRmZER Uz, NToEaER
OB « YCAREZTHE L7z & T A, EEAE
U BT B EM OFEER R L A TOE IRE
DI F—RICHS M RHBENR SNz, FELL
59 & RIS K o THE T % —FHIHEBHESIRRE (S1)
MHEANTORETOEMMEE (CT) IKABICHIHRMN
IERAREC T (T OMBUIEEEBICHHED
TutATH5). CTIREOLFILF—IESI O
FIVF—=KD 0.2 eVLLINEL B TR ESEW,
SIHH CT\DERMIRE, ARCELHOIRNR
OHTENRNGEAT Y T THBEEZALNTE
M. AR ENE., HROMAGDREIETIES
ROMFEAHET B R ML Ry 712D 5 %, I
EDACHHEEN TV RIETT—L VT I T Z2—
T ORIy IR DRI, KL TIHR
BNTZAIRE AR E Y FIcB T hh b E
BICHEMEN T LEZ TV S,

7% # I 4 WY 48T Nakano, Kyohei
2 A WF 7 = BIRYER A e v 2 —

AIFERHE S 70 TR T — L
(s 085 U

@it L& Publications

(st

[1] Akaike, K., Kumai, T., Nakano, K., Abdullah, S.,
Ouchi, S., Uemura, Y., Ito, Y., Onishi, A., Yoshida,
H., Tajima, K, and Kanai K.: “Effects of Molecular
Orientation of a Fullerene Derivative at the Donor/
Acceptor Interface on the Device Performance of
Organic Photovoltaics” Chem. Mater. 30, 8233
(2018)*.

[2] Wang, F., Nakano, K., Yoshida, H., Hashimoto, K.,
Segawa, H., Hsu, C.-S. and Tajima, K.: “Effects of
End-On Oriented Polymer Chains at the Donor/Ac-
ceptor Interface in Organic Solar Cells” J. Mater.
Chem. A, 6, 22889 (2018)*.

[3] Wang, C., Nakano, K., Lee, H.F., Chen, Y., Hong,
Y.-L., Nishiyama, Y. and Tajima, K.: “Intermolecu-
lar Arrangement of Fullerene Acceptors Proximal
to Semiconducting Polymers in Mixed Bulk Het-
erojunctions” Angew. Chemie Int. Ed. 57, 1-7
(2018)*

@O5EHZX Oral Presentations

[1] Nakano K., Han W., Huang J., Chen Y., Yoshida H.,
Tajima K.: “Quantitative analysis of electronic
structures in organic planar heterojunctions and
their effects on photovoltaic properties” 2018 MRS
Fall meeting & exhibit, Boston USA, November
(2018).

[2] HEF 4§55, Chen Yujiao, {HIE BUT: “HdE
KB 5 U 350 2 st 8 o SURF P R Al oD 22 24 1
CENLNEINYEE Y/ g U & S T T N TR ) =N
9H (2018)

— 157 -



XXX-023

Visualization of Dynamic Compaction of Nucleosome

Using Photoactivable-FRET

Name: Sooyeon KIM

Host Laboratory: Laboratory for Cell Systems Control

In the present study, we aim to develop novel bio-
analytical tools based on a single-molecule fluores-
cence microscopy and investigate heterogeneity among
individual single cells. Depending on the surrounding
environment, cells with the same genomic information
synthesize different kinds and amounts of proteins, re-
sulting in varied phenotype. This regulation is carried
out by nucleosome compaction by DNA methylation or
histone modification, posttranslational modification of
the protein, etc. If a single-molecule microscopic tech-
nique is appropriately exploited, one can quantify and
trace such various epigenetic phenomena with high
throughput and great sensitivity (cf. 10°-times im-
proved detection limit).

In order to investigate phenotype heterogeneity of
individual cells, we combined a single-molecule fluo-
rescence microscopy with electrophoresis, the standard
techniques of DNA and protein separation. First, bio-
molecules from lysed cell are labeled with fluorophore
such as Cy5, followed by SDS-PAGE or capillary elec-
trophoresis. In this experiments, a PISA microscopy, a
home-built light-sheet fluorescence microscopy plays a
crucial role since it can monitor the inside of mm-thick
polyacrylamide gel and glass capillary with 100- p m
inner diameter. As a result, an infinitesimal amount of
protein in the picogram scale and protein profile of a
single cell were clearly observed after SDS-PAGE. In
addition, a single-protein moved by electrophoretic
force in a glass capillary was successfully traced. With-
in FY 2018, we are going to establish an efficient pipe-
line for image analysis based on an Arivis V4D (Arivis,
Germany) and single-cell picking protocol based on a
single cell picking/handling instrument (Yodaka Co.,
Ltd., Japan).
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Development of Na'/K* specific indicators with Raman spectroscopy
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Cancer Targeted Delivery of Peptide-Assembled Carriers

Equipped with Dual Aptamer Ligands

Name: Nandakumar AVANASHIAPPAN

Host Laboratory: Emergent Bioengineering Materials Research Team

Peptide based Drug Carrier: Polypeptide serves as
excellent building blocks to create a wide variety of
nano-assembly for biological applications. In the pres-
ent study, amphiphilic polypeptide, (Aib-Leu)s-Sars,
consists of controlled length of hydrophobic and hy-
drophilic segments were prepared for anti-cancer drug
delivery applications. Polypeptide repeating unit of
Aib-Leu was possessed sufficient hydrophobic nature
to induce molecular assembly in aqueous condition,
while poly-Sar unit at the periphery enhanced stability
of assembly in aqueous condition as well as biological
conditions. Water induced molecular self-assembly of
polypeptide was carried out by varying the ratio co-
solvent, temperature and time. Experimental analysis
of peptide assembly revealed that morphology and size
of assembled nano-structures were greatly influenced
by ratio of co-solvent. The optimum results were found
when 2 % and 10 % acetonitrile-water (ACN-H,0)
mixtures. Most interestingly, 10 % ACN-H,O mixture
was promoted a slower growth of supramolecular na-
no-assembly, namely twisted ribbon. The formation of
twisted ribbon was directed by leucine-leucine hydro-
phobic interaction (Leucine zipper) which initiates ini-
tial formation of nano fiber, which in turn transform
into nano ribbon assembly. The detailed studies on
mechanism of assembly and their stability under ther-
mal and biological conditions are underway. In addi-

tion to that, two components self-assembly of polymer

Center for Emergent Matter Science
Laboratory Head: Yoshihiro ITO

(PLGA) and peptide (Aib-Leu)y-Sary, was also opti-
mized for cancer drug delivery. The size controlled
nano-assembly acts as a passive targeting via Enhanced
Permeability and Retention Effect (EPR effect) for
cancer therapy. Therefore, size and shape dependent
therapeutic efficiency of nano-assembly on cancer
therapy would also be studied using in vitro experi-
ments.

Peptide aptamer-ligand conjugate: Folic acid (FA)
conjugated peptide aptamer system have been pro-
posed as a targeting ligand for cancer cells. FA is a
common ligand for folate receptor @ (FR a) and fo-
late receptor 3 (FR f3). The peptide aptamers, which
would distinguish the binding affinity of FA with FR «
and FR f3, were optimized by in silico selection using
FA or FA-conjugated DBCO (spacer) as a ligand. The
positive selection was carried out with folate receptor
a which is overexpressed in cancer cell, whereas neg-
ative selection was proceeded with folate receptor 3,
which is expressed in normal cell, albeit lower level. In
silico selected peptide aptamers were further analyzed
by binding affinity studies. As results, FA-DBCO con-
jugated tri-mer peptide aptamer (LXD, X= Pheaa FA-
DBCO) found to be an excellent candidate for cancer
cell specific targeting. The detailed studies on efficien-
cy and selectivity of the selected peptide aptamer sys-

tem are underway using in vivo experiments.
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Investigating the Role of an RNA Methyltransferase: Fibrillarin in

the Activation of Adult Neural Stem Cells

Name: Quan WU
Host Laboratory: Laboratory for Cell Asymmetry

In this year, I produced neural stem cell (NSC)-spe-
cific conditional knockout mice of Fibrillarin (Fbl) and
investigated the role of Fbl in embryonic stage, specifi-
cally during the transition of proliferative to neurogen-
ic stage. I found that these mutant mice showed micro-
cephaly with disrupted neuron layers. Moreover, we
collected single cells from different genotypes of mice
at several time points and performed RNA-seq analy-
sis. Bioinformatics analysis suggests that NSCs in mu-
tant mice failed to change their fate properly. These
results indicate that Fbl is an important regulator of
NSC fate.

Next, I asked how Fbl affects NSC fate. Because Fbl
is reported as a ribosomal RNA methyltransferase, I
hypothesized that Fbl affects gene translation. There-
fore, I performed ribosome profiling which is used to
detect what genes are actively translated using control
and mutant NSCs. Interestingly, I found that translation
of genes involved in histone modification was de-
creased in mutant NSCs, implying that crosstalk be-
tween histone and rRNA modification. I further inves-
tigate the two major histone modification change:
H3K4me3 and H3K27me3 during proliferative and
neurogenic stage and surprisingly found that H3K-
27me3 instead of H3K4me3 was dramatically changed

XXX-027

Center for Biosystems Dynamics Research
Laboratory Head: Fumio MATSUZAKI

during the transition of these two stages. Importantly,
protein level of the Ezh2, a histone-lysine N-methyl-
transferase enzyme reduced and dynamics changes of
H3K27me3 were defected in Fbl mutant mice. Accord-
ing, I proposed a model in which Fbl regulates transla-
tion of Ezh2 and further impacts temporal fate of NSCs

by change histone modification
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Coherent X-ray Diffraction Imaging of Three-dimensional Structures of
Whole Biological Cells in Specific Phases on Cell Cycles
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Development of a deep learning-based method to predict gene regulatory
networks in morphogenesis
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tory-sequence classifier with a neural network for
genomic information processing” bioRxiv, https://
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Regulation of Biopolymer Morphology using THz Irradiation
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Analysis of 3D biological shapes for the interpretation of

structural biology data

Name: Sandhya Premnath TIWARI
Host Laboratory: Computational Structural Biology Research Team

Presently, I have been focusing on the first objective
of my research proposal, “Developing a computational
method for the prediction of three-dimensional (3D)
models from two-dimensional (2D) XFEL or EM
data”. Following the publication of the strategy and
preliminary success of retrieving 3D shapes for simu-
lated images in real space (corresponding to EM data;
see publication below), I have been focusing on imple-
menting the same strategy for the analysis of 2D XFEL
diffraction patterns. In particular, I have been testing
multiple strategies for the automatic selection of the
matching region required to match two diffraction pat-
terns which are in Fourier space. The proper definition
of a matching region in the diffraction pattern is dis-
tinct from real space image matching and critical for
obtaining accurate matches. To test the matching re-
gion detection, simulated diffraction patterns from sev-
eral EM models, e.g. EMD-5152 (long, linear), EMD-
3457 (cylindrical), with different shapes are being used

RIKEN Center for Computational Science
Laboratory Head: Florence TAMA

as examples. We are using the 3D model similarity that
we obtain from the program “gmfit” to assess the qual-
ity and the ranking of our matching hits. Presently, ob-
taining the matching region automatically for more
globular shapes is more straightforward than for more
long, linear shape. Nevertheless, using the matching
region that we define visually, we find that we are able
to retrieve the correct match for the long linear shape.
In the absence of a very similar shape in the database,
we find that circular patterns in the 2D images have
many possible matches due to the large overlap in the
database, as discussed previously in our publication. To
increase the coverage of shapes types in our 3D shape
database, ~10 000 protein domain structures from X-
ray crystallography, as assembled by the CATH data-
base, are being analyzed for inclusion. Upon fine-tun-
ing and finalizing the algorithms for retrieving 3D
biological shapes for XFEL and EM data, we will be

focusing on developing an open-source webserver to
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expose our algorithm to the structural biology commu-

nity.
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3D structural models from a library of biological
shapes using a few 2D experimental images. BMC
Bioinformatics (2018)19:320*
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Coevolution of sex pheromones and their receptors in mechanism of yeast speciation
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ping, 1-12 (2018)

Furuya S., Furukawa Y., Uehara K. and Oku T.: “Probing
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Biomedical Transition from Lab to Clinic: a study of the conditions

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

Name: Cody KIME
Host Laboratory: Laboratory for Retinal Regeneration

In FY 2018 studies, Dr. Kime has pursued a greater
comprehensive understanding of the cellular epi-
genetics landscape from which cell reprogramming
and natural cell development can engage the genome
for proper cell identity and function. Using two model
systems, inducible retina pigment epithelium (iRPE),
and inducible 2C-like state derived blastocyst-like-
cysts (iBLC), various experiments provided novel in-
formation from which a greater model can be under-
stood. In early embryos and iBLCs, Dux and Zscan4
genes are expressed and important for establishing the
earliest embryonic state. Experiments showed that
both the earliest iBLC precursors and newly stabilized
2C-like cells maintained in culture expressed them
highly.

Epigenetic regulation is primarily controlled by his-
tone modifications from which the secondary roles of
transcription factors can act, or not, with respect to

CpG methylation; histone and methylcytosine regula-

Center for Biosystems Dynamics Research
Laboratory Head: Masayo TAKAHASHI

tion can only be overridden by hyperexpression of pio-
neering transcription factors. In this framework, Dr.
Kime tested drugs known to activate a famous pioneer-
ing transcription factor OCT4 and found that the com-
pound (OAC2) did improve iRPE reprogramming
yields twofold, but without activating Oct4 mRNAs.
Facing epigenetic barriers, numerous combinations of
pioneering factors (OCT4, SOX2, etc) were tested
along with poorly described iRPE candidate factors
(FOXQ1), and their roles were all found to be variable
yet minimally effective in the core iRPE system. In
contrast, extending the second phase of iRPE repro-
gramming media from 2 weeks to greater than 4 weeks
enabled a stable iRPE phenotype; this data shows that
Dr. Kime’s original iRPE reprogramming code P2.2
always had the potential to establish strong enough epi-
genetic remodeling if given enough time to fully estab-
lish. Moreover, histone deacetylase inhibitors Tricho-

statin A and Valproic Acid were tested extensively to
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modulate interim plasticity and Trichostatin A was
found to enhance the intensity of iRPE Best1::GFP live
reporter and generate a significant population of pig-
mented RPE-like iRPE that were similar to mature
RPE. Critically important reprogramming genes and
reporters were used in [IVI-mmRNA production and
tested to show iRPE reprogramming conditions and
factors could be used in daily mRNA transfections and
that the barrier to a full conversion to touchless mRNA
reprogramming is currently only an engineering and
optimization problem.

To develop senior scientific experience Dr. Kime
continued service as a staff reviewer for the journal Bio
Protocol and provided advice and critical editing of
two manuscripts regarding RPE and eye medicine with

Dr. Shohei Kitahata and colleagues.
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Kime, C., Kiyonari, H., Ohtsuka, S., Kohbayashi, E.,
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Like Structures from Mouse Pluripotent Stem Cells.
BioRxiv 309542.

Kitahata, S., Hirami, Y., Takagi, S., Kime, C., Fujihara,

M., Kurimoto, Y., and Takahashi, M. (2018). Effica-
cy of additional topical betamethasone in persistent
cystoid macular oedema after carbonic anhydrase
inhibitor treatments in retinitis pigmentosa. BMJ
Open Ophthalmology 3, ¢000107.*

Kitahata, S., Tanaka, Y., Hori, K., Kime, C., Sugita, S.,
Ueda, H., Takahashi, M. (2018). Critical Functionality
Effects from Storage Temperature on Human Induced
Pluripotent Stem Cell-Derived Retinal Pigment Epitheli-
um Cell Suspensions. Nature Scientific Reports.* IN
PRINT
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Nanako Kitanaka, Rei Nakano (equally contributed au-
thor), Taku Kitanaka, Shinichi Namba, Tadayoshi
Konno, Tomohiro Nakayama and Hiroshi Sugiya. :
“NF-kB p65 and pl05 implicate in interleukin
1 3 -mediated COX-2 expression in melanoma
cells”, PLOS ONE, 13:¢0208955 (2018).
doi:10.1371/journal.pone.0208955.*

Rei Nakano, Taku Kitanaka, Shnichi Namba, Nanako
Kitanaka and Hiroshi Sugiya. : “Protein kinase C &
regulates nuclear translocation of extracellular sig-
nal-regulated kinase, which contributes to bradyki-
nin-induced cyclooxygenase-2 expression”, Scien-
tific reports, 8:8535 (2018). doi: 10.1038/
s41598-018-26473-7.*
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Development of Ultra-high Efficiency AlGaN Deep-UV Emitters

using Nano-photonic Light Extraction Scheme

Name: Joosun YUN
Host Laboratory: Quantum Optodevice Laboratory

The optimization and analysis of photonic crystal
(PhC) on metallic layers which can increase reflectance
and light-extraction efficiency (LEE) of deep-ultravio-
let light-emitting diodes (DUV-LEDs) at wavelengths
around 280nm were performed. We utilized the finite-
difference time-domain method (FDTD) and HOKU-
SAI GreatWave system in order to investigate this sub-
ject. In the optimization process, we considered
practical metallic p-contact layers, Ni(lnm)/
Al(140nm). Optimization process was performed by
repetitively sweeping the r/a (radius divided by lattice
constant) and height of cylindrical air void in p-AlGaN
layer with triangular lattice. The degree of optimization
of photonic crystal was evaluated by calculating reflec-
tance when a plane wave is injected at normal inci-
dence toward the metal electrode. Estimated reflec-
tance of the unit cell with Ni/Al layers without PhC
was 81.4%. After optimized AlGaN air-void PhC is
adopted on Ni/Al, the reflectance was increased until
about 90%. Here, the r/a and height were 0.4 and 70nm,
respectively. The average reflectances with and with-
out PhC were 77.1 and 85.2% for the TM mode, re-
spectively. In the case of TE mode, there was negligible
change of average reflectances. Average reflectance
was calculated by considering the dipole power distri-
bution and reflectances as a function of incident angle.
Thus, incremental increase of 8% in average reflec-
tance for the TM mode light was obtained by adopting
the optimized PhC on Ni/Al layers. After that, we in-
vestigated the case when p-GaN layer is inserted be-
tween Ni/Al and p-AlGaN. We confirmed that there is
severe absorption from p-GaN layer like other research
groups have been reported. However, we also con-
firmed that by adopting optimized air-void PhC, the
absorption in p-GaN can be reduced significantly. The

calculated average reflectances at 283nm wavelength

Cluster for Pioneering Research
Laboratory Head: Hideki HIRAYAMA

were 38% and 42% for the TE and TM modes, respec-
tively, when the thickness of the p-GaN layer was 70
nm and the optimized PhC was adopted. Without PhC
and with uniform 70nm p-GaN layer, the average re-
flectances for TE and TM modes were 4.2 and 3.6%,
respectively. According to our analysis, these phenom-
ena was triggered by the help of guided resonance from
PhC and destructive interference in p-GaN layer. Obvi-
ously, the increase of reflectance at the top-side of
DUV-LEDs contributes to the increase of LEE. Also,
we can expect significant increase of LEE by adopting

PhCs on n-AlGaN and p-AlGaN layers simultaneously.
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Yun J., Kashima Y. and Hirayama H.: Reflectance of a
reflective photonic crystal p-contact layer for im-
proving the light-extraction efficiency of AlGaN-
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Advances, 8, 125126 (2018) published. *
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Reflective Photonic Crystal on P-contact Layer of
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Yun J., Kashima Y. and Hirayama H.: Highly-reflective
photonic crystal (HR-PhC) design for increasing
light-extraction efficiency (LEE) of AlGaN deep-UV
LEDs, International Workshop on Nitride Semicon-
ductors (IWN) 2018, Kanazawa, Japan, November
11-16.
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XXX-040 Development of Time Resolved STM-THz-TDS System for Studying
the Ultrafast Carrier Dynamics of Graphene

Name: Rafael JACULBIA

Host Laboratory: Surface and Interface Science Laboratory

Graphene is a very popular 2D material due to its
unique characteristics. For optoelectronic applications,
the efficient conversion of absorbed photons to elec-
trons is important. One of the critical factors for this
conversion is the material’s carrier dynamics. For in-
stance, if graphene is to be used as a photodetector de-
vice, a fast response of the device is desirable. It has
been previously argued that the carrier dynamics is af-
fected by factors such as the doping type or doping
concentration of graphene and also some crystalline
features such as defects or the grain boundaries. How-
ever, as of the moment no direct measurement of the
carrier dynamics and its relation to the nanoscale fea-
tures of graphene has been reported. This is partly
because of the lack of a suitable experimental tech-
nique with both high spatial resolution and ultrafast
temporal sensitivity.

To solve this problem, I will develop a time resolved
(TR) broadband terahertz (THz)-scanning tunneling
microscope (STM) system for measurement of ultra-
fast carrier dynamics of graphene layers. This system
is a combination of an STM with a pump probe optical
system where the pump is from a femtosecond, near
infrared (NIR) laser and the probe are THz pulses from
a THz-time domain spectroscopy (TDS) setup. This
development is possible because of the world leading
expertise of the surface and interface science laborato-
ry in the STM research and my background on THz
science and instrumentation. Apart from allowing us to
study ultrafast characteristics, this will also have nano-
meter scale spatial resolution. This technique will
therefore give a more complete understanding of the

carrier dynamics of graphene.

Center for Pioneering Research
Laboratory Head: Yousoo KIM

As the basis of this system is a THz-time domain
spectroscopy setup, I started the project this year by
building a THz-TDS setup. For the THz detector, a low
temperature grown GaAs photoconductive antenna is
used. For the initial testing of the setup, an InAs wafer
is used so that the sensitivity of the setup can easily be
compared to well known results. I also wrote a soft-
ware to control the setup based on LabVIEW. Indeed,
I successfully obtained THz-TDS results consistent

with those reported in literature.

@ Publications

Papers

Jaculbia R.B., Imada, H., Miwa K., Yang B., Kazuma
E., Hayazawa N. & Kim Y.: “Visualization of the
resonance Raman effect of a single molecule in a
plasmonic nanocavity”, submitted*.

Dasallas L.L., Jaculbia R.B., Balois M.V., Garcia
W.0., and Hayazawa N.: “Position, orientation, and
relative quantum yield ratio determination of fluores-
cent nanoemitters via combined laser scanning mi-
croscopy and polarization measurements.” Optical
Materials Express 8, no. 5 (2018)*.

@ Poster Presentations

Conference

R. B. Jaculbia, K. Miwa, H. Imada, Y. Kim, Investiga-
tion of the adsorption structure of CuPc on NaCl/
Ag(111) using STM, 14th International Conference
on Atomically Controlled Surfaces, Interfaces and
Nanostructures (ACSIN-14)&26th International
Colloquium on Scanning Probe Microscopy (IC-
SPM26), Sendai, Japan, Oct. (2018).
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NEGEEHONRAYT—FadFItLIVORERE:

FUTNOF=DORICE BEARBEADRE
Design and Development of Anti-Cancer Smart Polymeric Nanomedicine
that Allows Triple Synergistic Effect on Cancer Cure

X O @R TR ATRES H DR ARG
FEVEAS— b 2RIV OET LB & TR O
FHFEICAMIE DO HD D 5, g L pHICINE T S
B TAR— NI RIVORGE - BFZTT5 T & THi
A — b I VOIERDARETH D | FEBTHICE
Wb AL (BUEAD . B iaHE GIRNA) &
JEMRID NABWIC T R — 22T A=
L. 3DDOMAEGHE TORENRZHNEE S L
BAbND, AEEITE, MRON—RIT K 5 iE
B 1 (poly (2-ethyl-20xazoline) , PEOz )
DOWiAICEiER (OHKE COOHRL) ZHT %M
43+ (HO-PEOz-COOH & CH;-PEOz-OH) D{3)k-
HAZITo % 7L <. ® HO-PEOz-COOH 0D
HAHDIS, PEOzDE ./ ¥ —TdH % 2-ethyl-2-o0x-
azoline 7z B A & L T D potassium iodide (KI) &
MR E) R OA] & LT D ethyl 3-bromopropionate &
CEICHBISE (T2 N S RUL) ISIERE BT,
PHERE AL T 5Nz, CH;-PEOzZ-OHODES D=

XXX-042

WF 7% 4% I %0 K Young-Jin, KIM
B NR =l TR EA N

Wi A A T2 R
(FilsE Al B

HITiF, BAUHAI & U T methyl p-toluenesulfonate %2
Hwize —/ T, siRNADOTUNY —DFhD 1 F
F VP& 5 1 & U Tpoly ( 2-aminoethyl ethylene
phosphate (PPEEA)) ZH {4 L7z, 9. PPEEAD
RIBE/R—Z2H{KT S8, n- (t-butoxycar-
bonyl) ethanolamine Z & X L 7z f%. 2-chloro-
2-o0x0-1,3,2-dioxaphospholane (COP) & triethyl-
amine DIF{E FCRIGE ., PEEADY /7 OE/ Y
— T® % (2-n- (t-butoxycarbonyl) ethanolamine-
2-ox0-1,3,2-dioxaphospholane) DERICHKII L Tz,
Z D%, CH;-PEOz-OH & filll{ (Sn (Oct), ) DfF
EFTHREAIESZI LT, hFA VD
PPEEA %2479 % PEOz-b-PPEEA HH S AD G HIC
K UTze 51, 0 T OWEIRNE TR £ OFR#HED
BreMifaD 7 R s> —AZRENTEE T+ AT 7
FINtV > (PS) Bz2H9 2w (PEOz-hyd-
PS) DHMEAY—FIIVDOIERMETITS TET
H5%,

Development of a High Performance Organic Electrochemical

Diagnostic System for Biomedical Application

Name: Hyunjae LEE

Host Laboratory: Thin-Film Device Laboratory

Skin-based electrical signal monitoring is one of the
basic and non-invasive diagnostic methods for detect-
ing vital signals such as electrocardiogram (ECG),
electromyogram (EMG), and electroencephalogram
(EEG). They contain valuable information about dy-
namic status of heart, muscle, or brain. So each signal
can be utilized for monitoring cardiovascular disease,

movement disorder, and nerve disease. Among various

Cluster for Pioneering Research
Laboratory Head: Takeo SOMEYA

kinds of electrical sensors, organic electrochemical
transistor (OECT) has got great attention as for bio-
logical signal transducer from body surface due to its
simple fabrication process, bio-compatibility, and local
signal amplification from the signal generating site.
However, OECT has limitation to apply wearable sen-
sors because its operation needs direct movement of

ions between electrolyte and its channel layer. There-
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fore, previous OECT-based electrical sensors were
used only under specific conditions (e.g. inner body) in
which the electrolyte was sufficient. When used on the
skin, it was only possible to monitor electrical signals
temporarily with liquid electrolyte on it.

In this research, I developed thin and flexible OECT
with solid electrolyte for stable monitoring of electrical
bio-signals in wearable condition. The thin structure
(total thickness < 10 um) and flexible property make
the sensor contact intimately to surface of body. For
stable operation, I used glycerol-containing ionic gel as
a solid electrolyte on the channel of OECT. This solid
electrolyte can work as good interfacial layer for bio-
application of OECT because it does not dry out in air,
and shows a similar impedance spectrum in the range
of physiological frequencies (< 100 Hz) compared to
those in ionic aqueous solution and ionic hydrogel con-
ditions. The OECT also worked well with high trans-
conductance (~1.5 mS). Above all, the developed
OECT can effectively monitor electrical signals on
skin and exhibit stable performance even during a
week.

Additionally, I found out that OECT is less suscep-

XXX-043

tible to noises from wiring part among thin-film device
platforms. Minimization of the total thickness of a de-
vice down to few micron scales is important when de-
veloping a flexible and stretchable device systems
which closely contacts the skin to obtain high quality
bio-signals. However, this structure is inevitably insuf-
ficient to prevent external noises (e.g. contact electrical
noise, electromagnetic noise) because thin encapsula-
tion layer has low shielding resistance. In the case of
OECT, it measures the change in external gate voltage
as a change in the current value of a closed circuit.
Therefore, even if the encapsulation layer is thin, the
noise from thin-film wiring part is less affected by the
low resistance of the measuring circuit itself.

This research is still in progress to check optimiza-
tion of the system and long term operation on the skin.
The results are expected to be useful for practical ap-
plication of OECT for wearable application to monitor
electrical signals. And it also shows the possibility of a
thin-film sensor system that is less affected by noise
from wiring part while obtaining a high quality signal

from the body through a conformal contact.

FT/h=FUMBEICEL DT IANNYEHEET /N1 XORKE

Development of Terahertz Multifunction Devices with Nanocarbon Materials

G DRI Z DJEBEETIC X > TTAERIC
2L, 2 ZARISHBIZHE %5, ZOHT,
TNV (THz: 102 Hz) 47 EPFREN S S5 E0E
W ATiE S 2 R L. B OBERNE & OEHE
MO 2R &, KREHE ) T OIERA
NI MV AT 58, BPMIROTI)VF—HENL
LT B LD, FRERFAOMI I E M A
HADIGHBIFEN TV S, TNHDIGHFEIC
& THz 2503 & Mg 2 7784 ZADBHFE S 6 2
AHRTH O, B TRIRER & WV o Fokk & T
PICE 2D TNNA AMEM TN TV 5, AWSE
T, o572 —R2F /) Fa—TIf&EE

W 7% # I % #K K Suzuki, Daichi
Z AW 9t = AFEER e o 2 —

BPNRTISA AT — L
(s Ak =#0)

NzF ) =R MR B 2R PR ZIEHT %
C LT, MY - LR L RRE. T 2T
TR ZHETERIE (I X510 Lo ke
& 7o 7 THz 773 ADBIFEICH D #lTs, 54
WEICH—KRYF /) Fa—THVBEZMEE Lz
=757 )WVTHz 1 A5 DR =i 7o T2,

A—HR2F ) Fa—7 2R U BN TR
I BB E AR 2R E § 5 2 T, =il
TINES %Y =7 5 7))V THZ M s 2 ERI U Tz, R
ICRINERDZ R FHERULZITO T, A 7aY A
ADH—HRVF ) Fa—T AVIERATEONEICTE
B9 % H OB AR Z B 7. ek 2
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WCY 27T IVTHz I X SR ERIL, &b
B & o T BTN O A O IR 72 2K
L7z,

BHFE L7 1 A Z okREm By, —HR> )/
Fa—TOhATVT 1 ZHIEL., X0 @EOEAENE
REZ AT 2 EAE DR R E NS I —RVF
JF a—"T AN RO IR T, HERD VA3
BH—=RUF ) F 2 —7 L[\ UK Tl A
MEKTERNT &I, OB
T PTG MERIAY F LSO KB 2 RIE LTV 5
ETAETHLMIC Ule, RAEEE LRz AR
LSt SNz h—R2F /) F o — 7 HIEDORK
WFEZMTT B e bIc, TERLIEh—RyF )
F 2 —"7 HIRO THz 45 7734 X « BAEBT /N A
ANDISHICHL O #HETs,

@it EH®ZE Publications
(RO

XXX-044

Suzuki D., Ochiai Y., Nakagawa Y., Kuwahara Y.,
Saito T. and Kawano Y.: “Fermi-Level-Controlled
Semiconducting-Separated Carbon Nanotube Films
for Flexible Terahertz Imagers”, ACS Appl. Nano
Mater., 1, 2469-2475 (2018)*

(Kea)

Suzuki D., Kawano Y.: “A Flexible Terahertz Sensing
Device and its Applications to Nondestructive In-
spections”, Rev. Laser Eng., 47, 2469-2475 (2019)*

@OFEHZX Oral Presentations

Suzuki D.: “Multi-view terahertz imaging with nano-
carbon flexible scanners”, Emerging Technologies
2018, Whistler, Canada, May (2018)

AN, kAR, TR T TNV
7T T IV T INA ADOBIF L MEISH” | T
FTNIVYRZEORCV, TH, 127 (2018)

BB FICLIFENY FROF - ARAEDIRE L D AFEA

Revealing the Behavior of Bose Gages in a Flat Band of
Non-Standard Optical Lattices

IEFiH 75 £ O O FH§EIZ A R7Z N> Ry
WMzt >TWV5, TOXIBIETICHR—Z « T A
v oa X A Vi K (Bose-Einstein Condensate,
BEC) %¥ A9 % &, BECIXAMRAE/NY RoH%E
EORLENY REGEDOH O, RET 3V F—IT RS
§ 2 ) AU RIS %, — /5 TR Y RAVEH
EHEE. EoMEB)EICBECH /T % Dh,
ZEZTER—REHHT 2 Dh & S BEZEOEERID
U %, AWETIE. ORI L TREMICR
Y5 2% LZEIRT, FENY FITHEOMN,
NV B2 E DI TG 2t O Tz fli> TH
B, ZONFRIL—Y—ImHIE NI R— A&
HBAT BT LT, FHANY RO R— ZKHEOIE
BWOZRIHNT 22 e ZHNET %, FHENY R
LD FHHEDONTE . BB/ N RZ2FEHN Y RIS
TESH AR T E YIRS -7 THER T

Wk 2% & K 44 /MR 58 Ozawa, Hideki
Z A WE 78 = QIR e v 2 —

RYIZERAEAF IV AWML=y b
(s fEkE 20

%o HOTWEM->TTEIMT O &, &
YIWTHhDI)—ViERTHD DML DS
MRV, iz, A FhOmHE - RIGIERICH
WRT A—ZDHMEZR > TWVa, DEDX57%
P 5, JEEHERD RS T rh O AN 15Uk Z v
T, FHNAY RHOR—= 25 ARORBENES I 2 L
—FTEBLEEZTV S,

AEEE F RSO BT v 7 (Magneto-Optical
Trap, MOT) & 17z 87Rb JFA 14 [H1 72 YL A%+ 0D S2 55k
AT O M E T T 5V AT LOMEICIEAL
Foo BHRETRBICEWNT, B 2T 57200
MOT 7} & BEC 7 & O M5 15k Zz i - 729
ALV AZAT ) ki 7 & & REHOEEMNE LS
BRI 7 2 A% h i e 5728, FEEEEOY)
N TFHBMETD 5%, £ THESIINmDW
b3ty FoHiiEHWS T & T, MOT
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M5 9ommifinfiiE £ T FEMZIE Lz, X
SICHnE LTEICBWT, ety FAh LR
1064 nm @ Far-Off Resonance Trap (FORT) \f&{T
$HLTAETHRL, F1&IEFORT P OZEFEN
HOREICE D ¥ a7 RBECZ LKL, Yk T
DA ZRORERICN OB TETH %,

@K X% —3%%K Poster Presentations

XXX-045

(#ER)

NRFHE T < JEEFERDEAR P O AR R, Im-
PACTASKBH#EIIZE 222018, &1L, 5H(2018)

Ozawa H., Taie S., Takasu Y., Takahashi Y.: “Antifer-
romagnetic spin correlation of SU(N) Fermi gas in
an optical dimerized lattice”, 26th International Con-
ference on Atomic Physics, Barcelona, Spain, July
(2018)

mEItE s O<F B8 HSK9me3 D # #5118 & H3K9me3IZ & 3

BT Nl 6 4% D B EA

Elucidation of mechanism for maintenance of H3K9me3 and
transcriptional repression by the histone modification

[ Q) NV PAY/A - () (e T 351 € TR 11l ST
Il & 2Ok I EM BRI G L T0E, B R
FYH3DU YV 9FRHD Y AF UL (H3K9me3)
BAREMN e 2 b BT, LhaT L AV
s OISR T LEEREDHERFC G LTV 5,
201 AR Z AWFZE 2 Tld . < 7 AIRPEERHITE (Mouse
embryonic stem cell, mESC) IZHBWT, B ARV A
FILBEL D Setdbl HkLZ 7L b L AV b+ |
IC H3K9me3 Z AN, 5 ZHMld 5 2 L ZH5
IC U7z U L. #2758 L T H3K9me3 At
Fr & N2 A0 H3K9me3 HY E D X 5 125 7% i
LTOEDNEREAHTHD, TNHOMRRICIEA
HOKWTHEEG L TWSEEENSD 2, 22T, W
it (& H3K9me3 1< K 2 i G4l B 1 B 2 A 7
DAZY —=V 77z U, 50 DL F ]
W%z [E Lz,

AR LTI T-Resf1 O¥ERERIT 247 > 120
Resfl I Setdbl £#EF L, Setdbl ZL b L AV
MIEREE S, £/, ResfIORFHICKD L b
IL AV ol H e KicRLickbnsg
e 5, ResflMNa 2 %58 U = ikl R IC

W H K % 3% Fukuda, Kei
2 A WF 2% = BRIZEAER

I R R 7
(e EH )

B59 % eHEIIEND,

@i LEREK Publications

U139

Fukuda K., Okuda A., Yusa K. and Shinkai Y.. 2018.:”A
CRISPR knockout screen identifies SETDB1-target
retroelement silencing factors in embryonic stem
cells”, Genome Res 28: 846-858(2018)*

@OEEHZX Oral Presentations

Fukuda K., Yusa K. and Shinkai Y. “A CRISPR Knock-
out Screen Identifies Provirus Silencing Factors in
Embryonic Stem Cells”, iR 7ot 2, BIRA
JeiT, 8H (2018)

@FKX42—%K Poster Presentations

(HEBEY Y RPT L)

Fukuda K., Yusa K. and Shinkai Y. : “A CRISPR
Knockout Screen Identifies Setdbl-target Retroele-
ment Silencing Factors in Embryonic Stem Cells”,
2018 FASEB Meeting, ¥ Z 1) 77, 6J1(2018)
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DNA XM MEEZRVWERNA KU X5 —-t¢&

INY =TT IOBREA XA -V TE1FFX 2T 1 7 ABI

DNA-PAINT Super-Resolution Imaging of RNA Polymerase and
Enhancer Assembly for Single-Molecule Kinetic Analysis

AW TR, MROXRBROES5DE 2 EHHIT
EENBHERN G N =TT ) Onflk
ZHIEL. Z DI Bl GEasi i o5
FZATD o ARG, BRI BRI O —DTH
% DNANRA V MEDI Rz 19 27, mifg
WMEET 075 LOAREZDT A 2ir> I
DNA A ¥ hE &, TS E N RGBT
D—DT, JFHMICIZ STORM (Stochastic optical
reconstruction microscopy) & [AlEkTH % H, HE
BROAFRNZEIHONRD DI, dDEHHEZ TN
U724 1) dDNA (imager-strand) & HJfI{L L7z
NI TN)VT B4R A Y IDNA (target-
strand) DM OFERNEAEEMEEZRIHT 5, Th
L TIEDNANXRA ¥ MEZEAINT, A5 A& i
& Ul FEGHRZBIE L. 5 nm D7) fifRER i
KLU T3 H 2D, ZDTDITIE R L T2+
EEROEGZ L E R 2 08N D> T, T
HINBIEE TR, TS U7zl [H— 05 FE RIS
HOET 58D ES D2 HHiicia L3 TE AR
DT, WBROFEIEH L <. DNAXRA ¥ MEIC
K B HIMAANBILET S nm D figheZz 2K U 72 filid 7x
W, T TAMIZETIE, M Lo R Z R L., #
NANT S5 nm DI RREZER T BT, /23T X
FU I RAL ZETIVICHD WL 275 T &
TorfiRnein b2k Tz, BARIICIE, DNAXA >
METIE O NIZHEBEMEGRICN LT, WMRIESGH T X
ETNOFT ARG TY U TICKBIFGAR VT

WF 7% 4 IC 44 fkH ST Fujita, Keisuke
Z N W7 = EaSRER A e v 2 —

A RE RIS — Ly
(s & WIH k)

175 T & T, target-strand DN E & HEE Uiz, B
gL LTld. CHOMMITHIT 5 EGF Lt~
22— (EGFR) Zi#EATZ, TOY 2 )i Tz
HiZ. EGFROZREKIEMA A F I 7 A DN T
WIEOERDH D . H LG 7125 LT
EVAML—Ta v LTS EEZ NS T
BH%,

BIfE, FERIC BIADEGFR D DD IR
TEH LRI, —BREESTVRZ N
7 OB EGFIC X % %1% D EGFR O #l5%7%
EDay hua—)VERZITOWENS, R ZiED T
W5,

@FX42—%K Poster Presentations

(£2)

Keisuke Fujita, Masashi Ohmachi, Toshio Yanagida,
Mitsuhiro Iwaki, “Direct observation of initiation
process and lever-arm swing for myosin II force gen-
eration”, The 10th biennial Single Molecule Bio-
physics workshop, Aspen, USA, Jan. (2019)

Keisuke Fujita, Michio Hiroshima, Toshio Yanagida,
Mitsuhiro Iwaki, “High-speed imaging of muscle
myosin and super-resolution imaging of epidermal
growth factor receptor with DNA origami tech-
nique”, HALEYYIBARES56 MfER, IR
HEF v 228 &, 9H(2018)
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PLEHERR (C & T 3 8/55EFH OB & HliE

Exploration and Control of Supercooling Electronic Phase in Orbital Degenerate System

WA A > OB FHGEDHHE L TV 2EBRSEY
PR 2 WUEMHER LS, AZeE Tk, 2mT
WS T LT, WUERERICE T 5imilaE
THZMT 5 L ZHNE L., ThETaMmT
EDEH ENTEZDE, FICEMFRPHAA
FINIAVREVST, W—HHENTI AN
—>ay AN 2OIHEERICET ST
AbL—=ay) ZHTZRIRENTE T, At
JeE T, A HED (B - AY Y - 1)
HWSHAT % & 9 RluEHnhERICm Tk Z#E
TAHT LT, Py I ARPERkE Vo Tz E
TIZRWHT LOE O B2 AT U7z ARIEREIE,
REMNZHEFHERD—DTH B~ VB 7%
BRI, B TIEZ M Uz, REECIREE CE LS
FRpIREE L xR T A5 A RIS 7 V(e
(Nd, sSry sMnO3) X LT, RMERZIT- 20
C DY L FLECIRAE T ROEREME N DMARIATH D |
TETHE R PR DL CIsEE SR L 7 B,
SR CTEMAPLER PR 2Bk 5 2 LT,
LEM & U T ORISR MR TS 5 &
R Ulzo MnBB(EYITIX. ThE TEGDGHIR
IZ X 3R EHR AR OWMS 3 H > 72, Rk
BINA, =T ¢ T35 & ORTEDH I
ENTE, 2T AWMR L ZOMDERZ X
L TBENY B 721c, AFEIFESEDT i1

XXX-048

WF 7% & 1K 2 il 25/t Matsuura, Keisuke
2 A WF 7 = BIRYER A e v 2 —

BAEMITEI 7S L= b
(FisE #1580

BRUPE FHEGTEE) LRz RREE T E.,

MOEX IV AZ O TR FERN T ZE S HERZ

MR L7z, COMERZHVS T LT, ilRlOEK

EH TS ZE=2—F 5 A TE, £E

SARPLZ T TN T & b o Fais A O KR 7

RICHT M2 RIS N TE S, MEL

FHERZ HOT, RO X5 T RMES Nz,

(1) EAPERLFAH & RS EH OB a T
&, RO ALEEE (<50 K/min) THAIR)
ROBIE NIz, BRI TR, B ALE
ENMELZ>TWVBEEZLNS,

(2) EWATHUERKFAH & R S OB E T
BRIV AZHNT 5T LT, 1 uBITKESK
LA LT 5 T LISk Uiz, Wik
ZAb L FRFICESEPTE WA % T L 2R
L7z,

(3) AR E NTBREIEE L EME . BURIiC DTz >
THREENhB Zehbhofz, £z, FbEfE
I BV THOB AN O & B Nz,

@ KX 4%2—%&K Poster Presentations

Matsuura K, “Quenched state of perovskite-type mag-
netoresistive manganites”,

The 7th CEMS Research Camp on “Dynamics”, Chi-
chibu, July (2018)

Star Formation across Mass Spectrum and Environments

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

My works in this year have been focused on two of
the three topics listed in my SPDR research proposal,
“disk formation around massive protostars” and “out-

flow launching and feedback”.

Cluster for Pioneering Research
Laboratory Head: Nami SAKAI

On the first topic, I have discovered an example of
ordered envelope-disk transition in massive star forma-
tion (G339), which is not only determined by kinemat-

ic features but also by chemical features. This method
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was developed in low-mass star formation studies, and
this is for the first time applied in massive star forma-
tion studies. The result demonstrates clear similarities
in disk formation around massive protostars and low-
mass protostars, which provides important constraints
to understanding massive star formation mechanism. In
another source IRAS07299, with highest angular reso-
lution observations with Atacama Large Milimeter/
sub-milimeter Array, I have discovered a massive bi-
nary still in formation. The hydrogen recombination
line emissions associated with the binary members
show velocity differences which can be used to con-
strain the binary mass and orbital properties, which is
for the first time for a forming massive binary which
are still deeply embedded in its natal gas cloud. The
evidences suggest that this massive binary is likely to
be formed via fragmentation of a disk.

On the second topic, I have discovered one rotating
outflow from a low-mass protostar IRAS4C, observed
with ALMA. Rotating outflows are expected in theory
but still rarely discovered observationally with current
instruments. The clear rotation feature helps to deter-
mine how the angular momentum is transferred from
the accretion disk to the outflow in outflow launching

process.

@ Publications

Papers

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

Zhang Y., Tan J., Tanaka K., De Buizer J., Liu M, Bel-
tran M., Kratter K., Mardones D. and Garay G.: A
Massive Binary in Formation, Nat. Astron. submit-
ted*

Zhang Y., Higuchi A., Sakai N., Oya Y., Lopez-Sepul-
cre A., Imai M., Sakai T., Watanabe Y., Ceccarelli
C., Lefloch B. and Yamamoto S.: Rotation in the

NGC 1333 IRAS 4C Outflow. Astrophys. J, 864, 76
(2018)

@ Oral Presentations

Conferences

Zhang Y., Higuchi A., Sakai N., Oya Y., Lopez-Sepul-
cre A., Imai M., Sakai T., Watanabe Y., Ceccarelli
C., Lefloch B. and Yamamoto S.: “Rotation in the
NGC 1333 IRAS 4C Outflow”, 2018 Fall Annual
Meeting of Astronomical Society of Japan, Himeji
Japan 2018, September 19-21

Zhang Y., Higuchi A., Sakai N., Oya Y., Lopez-Sepul-
cre A., Imai M., Sakai T., Watanabe Y., Ceccarelli
C., Lefloch B. and Yamamoto S.: “Rotation in the
NGC 1333 IRAS 4C Outflow”, 2018 East Asian
ALMA Science Workshop, Osaka Japan 2018, De-
cember 17-19

@ Poster Presentations

Conferences

Zhang Y., Tan J., Sakai N., Tanaka K., De Buizer J.,
Liu M, Beltran M., Kratter K., Mardones D. and Ga-
ray G.: “Chemical Change Associated with Enve-
lope-Disk Transition in Massive Star Formation”,
Interstellar Matter Workshop 2018, Sapporo Japan
2018, November 14-16

Zhang Y., Tan J., Tanaka K., De Buizer J., Liu M, Bel-
tran M., Kratter K., Mardones D. and Garay G.:
“Highest Resolution Continuum and Recombination
Line Observations Reveal a Forming Massive Bina-
ry and More”, Olympian Symposium 2018: Gas and
stars from milli- to mega-parsecs, Paralia Katerini
Greece 2018, May 28-June 1

Zhang Y., Sakai N., Higuchi A., Oya Y., Lopez-Sepul-
cre A., Imai M., Sakai T., Watanabe Y., Ceccarelli
C., Lefloch B. and Yamamoto S.: “Protostellar Out-
flows in the Perseus Molecular Clouds”, the Early
Phase of the Star Formation 2018, Ringberg Germa-
ny, May 13-18
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Computational Role of Deterministic Property in Neural Networks
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@:E %R Publications

(5O

Terada Y, Obuchi T, Isomura T and Kabashima Y.:
“Objective and efficient inference for couplings in
neuronal networks”, Advances in Neural Informa-
tion Processing Systems 31 (NeurIPS 2018), 2018*.

@MOEEHZEX Oral Presentations

(ER)

JFH#, Davidovich Ivan, Roudi Yasser, “Plefka )i
72 O Te b G HRE TR OB T 5 MG, H
AYPBLEER W TAERRE, JTUNRZAOHEF v
SNA, 3H (2019).

SFHA, s, “RUBISE R 2 D Ik Ak
WROMEE”, HAYBIZEZR 2018 FFFRA,
SR Z R AF v 278 A, 9H (2018).

SFHIR, DA Z, BERAEE, MEESFEST, “Estimation
of neuronal couplings from multi-point activity
data: how effective is the McCulloch-Pitts model
for inference?”, #5410 HASMRER 22 K2, #iF
avRvyarvkryi—, 7H (2018).

@ KX 4%—%%K Poster Presentations

(HEFEZH)

Terada Y, Obuchi T, Isomura T and Kabashima Y.:
“Objective and efficient inference for couplings in
neuronal networks”, 327 Conference on Neural In-
formation Processing Systems (NeurIPS 2018),
2018.
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XXX-050 Role of Long non-coding RNAs in Regulating Neural Endophenotypes
in Autism Spectrum Disorders

Name: Divya MUNDACKAL SIVARAMAN
Host Laboratory: Laboratory of Advanced Genomic Circuit

Early brain overgrowth, followed by increased brain
volume, is a characteristic endophenotype of Autism
Spectrum Disorders (ASD) which is attributed to the
over-proliferation of cortical neural progenitor cells
and abnormal neural differentiation. Long non-coding
RNAs (IncRNAs) have been identified to play a sig-
nificant role in these processes during neural develop-
ment by regulating gene expression. Recently, large
number of IncRNAs was found differentially expressed
in the cortex of ASD postmortem brain samples; how-
ever, their functional significance remains elusive. In
this proposal, I hypothesize that ASD associated In-
cRNAs are involved in regulating progenitor cell pro-
liferation during neural development that contributes to

the early brain overgrowth in ASD. Therefore, in order

Center for Integrative Medical Sciences
Laboratory Head: Jay W SHIN

to understand the role of IncRNAs in ASD, I systemati-
cally compiled a list of ASD associated IncRNAs from
published resources as well as from FANTOMS iPSC
to neuronal time course data. For perturbation studies,
we established CRISPRi based knockdown effectively
in iPS cells. A pooled gRNA library consisting of
30,000 gRNA oligos targeting thousands of IncRNAs
and some protein coding genes including transcription
factors and epigenetic factors were custom designed
and synthesized. Pooled library cloning was done and
complexity of library evaluated by next generation se-
quencing. This CRISPRIi library will be used for identi-
fying important IncRNAs involved in iPSC to neuronal
differentiation and associated cellular and molecular

phenotype.
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Investigations of Electromagnetic-Field Induced Effects in Strongly

Coupled Gauge Theories

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

In this fiscal year, I have continued working on the
study of anomalous transport for Weyl fermions via the
Wigner-function approach and chiral kinetic theory.
Motivated by the recent study of relativistic hydrody-
namics with spin, I apply the aforementioned formal-
ism developed in our previous works to investigate the
angular momentum and polarization of chiral fluids
composed of Weyl fermions with background electric/
magnetic fields and vorticity. It is found that the quan-
tum corrections in Wigner functions give rise to non-
zero anti-symmetric components in the canonical ener-
gy-momentum tensors, which are responsible for the
spin-orbit interaction. In global equilibrium, conserva-
tion of the canonical angular momentum reveals the
cancellation between the orbital component stemming
from side jumps with nonzero vorticity and the spin
component in the presence of an axial chemical poten-
tial. I further analyze the conservation laws near local
equilibrium. It turns out that the canonical angular mo-
mentum is no longer conserved even in the absence of
background fields due to the presence of a local torque
coming from the spin-orbit interaction involving tem-
perature/chemical-potential gradients, which is implic-
itly led by collisions. On the other hand, my collabora-
tor and I also attempt to further derive the
out-of-equilibrium Wigner functions under a constant
magnetic field with an arbitrary magnitude through the
resummation of all Landau levels. Nevertheless, in or-
der to reproduce the side-jump term with the degrees of
freedom in the transverse direction obtained from the
perturbative approach, we have to incorporate the Lan-
dau-level transitions, which is technically more in-
volved.

In addition to the research project related to chiral

matter. My collaborator and I also work on a distinct

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

project pertinent to the proton-mass decomposition
through gauge/gravity duality. It has been suggested
that the production of a heavy quarkonium near thresh-
old in electron-proton scattering can shed light on the
origin of the proton mass via the QCD trace anomaly.
We study the photo-production of J/\psi off the proton
using gauge/string duality and demonstrate that the t-
dependence of the differential cross section at small-t is

a sensitive probe of the trace anomaly.

@ Publications

Papers

Hidaka Y. and Yang D.: Non-equilibrium Chiral Mag-
netic/Vortical Effects in Viscous Fluids. Phys. Rev.
D. In print*

Yang D.: Side-Jump Induced Spin-Orbit Interaction of
Chiral Fluids from Kinetic Theory. Submitted

Proceedings:

Hidaka Y., Pu S. and Yang D.: Non-Equilibrium Quan-
tum Transport of Chiral Fluids from Kinetic Theory.

In print*.

@ Presentation

International conferences

Yang D.: “Chiral Kinetic Theory and Anomalous
Transport of Chiral Fluids”, Recent developments in
quark and hadron science, Yukawa Institute, July
14th, 2018, Kyoto, Japan

Yang D.: “Non-Equilibrium Quantum Transport of
Chiral Fluids from Kinetic Theory.”, XX VIIth Inter-
national Conference on Ultra-relativistic Nucleus-
Nucleus Collisions (Quark Matter 2018), Palazzo del
Cinema and Palazzo del Casino, May 16th, 2018,
Venice, Italy
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Circadian ribosomal profiling and analysis of upstream open reading frames (uORFs)

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
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
uOREF to a green fluorescent reporter without an uORF
and vice-versa, we can determine the effect of uORFs
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-
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

Quantitative Biology Center
Laboratory Head: Hiroki UEDA

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 uUORF-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
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.

@ Publications

1. Millius, A. and Ueda, H.R. “Rhythms: The dark side
meets the light” Science. 2018 Mar 16;359 (6381) :
1210-1211. doi: 10.1126/science.aat3211. Perspec-
tive.

2. Millius, A. and Ueda, H.R. “Systems biology-de-
rived discoveries of intrinsic clocks” Front Neurol.
2017 Feb 6;8:25. doi: 10.3389/fneur.2017.00025.

Review.

@ Oral Presentations

Millius, A. “Understanding Circadian Translation and
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Upstream Open Reading Frames”, 15th Annual Sci-
entific Meeting of the Australasian Chronobiology
Society 2018

Millius, A. “Understanding Circadian Translation and
Upstream Open Reading Frames”, 14" Annual Meet-
ing of the Oligonucleotide Therapeutics Society
2018

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

@ Poster Presentations

Millius, A., Narumi R., Ukai-Tadenuma, M., Shimizu
Y., Perrin D., and Ueda, H.R. “Circadian ribosomal
profiling and analysis of upstream open reading
frames (UORFs)” Society for Research on Biological
Rhythms, Amelia Island, Florida 2018
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