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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 2015.
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 society
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 excellent
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 physics, chemistry, biology, medicine, engineering, and any other
fields related to research now being conducted at RIKEN.

SPDRs must have a PhD in the natural sciences 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
comprising outside experts as well as RIKEN scientists. Selection is based on submitted documents
and interviews. The SPDR contract is for one fiscal year, renewable up to a maximum of three years
on the basis of annual evaluation.

Host laboratories must provide the 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 1564 SPDRs and 150 FPRs, and there are currently
113 SPDRs and 32 FPRs at RIKEN.

July 2016
RIKEN
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Experimental Study on the Mechanism for Shock Acceleration of
Cosmic-rays in Supernova Remnants by X-ray polarimetry
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Takao Kitaguchi, Toru Tamagawa, Asami Hayato, Ter-
uaki Enoto, Wataru Iwakiri, Yoko Takeuchi, Megu
Kubota, Kazuki Nishida :
GEM-TPC X-ray polarimeter with the Scalable
Readout System”, MPGD 2015 & RD51 Collabora-
tion Meeting, Trieste Italy, October (2015)

M. Kubota, Y. Takeuchi, K. Black, T. Enoto, A. Haya-

“Development of the
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to, J. E. Hill, W. Iwakiri, K. Jahoda, T. Kitaguchi, K.
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gain uniformity for the PRAXYyS space satellite mis-
sion”, MPGD 2015 & RD51 Collaboration Meeting,
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ration Meeting, Trieste Italy, October (2015)
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The Mechanism for Regulation of Adaptive Goal Directed Behavior by the
Lateral Habenula Homolog in Zebrafish
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Chemical Biology Study on Chemical Compounds that
Modulate Cellular Functions
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Development of KID Arrays for Terahertz Imaging

Name : Rathnayaka Mudiyanselage Thushara Damayanthi

Host Laboratory : Center for Advanced Photonics,

1. Introduction

Recent advances of terahertz (THz) technology is
making breakthroughs in the various areas including
physics, chemistry, homeland security, biology, medi-
cine and material science. We are interested on home-
land security applications of THz technology and infra-
structure diagnosis. Many commonly used solid-state
explosives such as RDX, HMX, PETN and DNT have
spectral fingerprints in the range of 0.5-3 THz. THz
waves can penetrate through many common dielectric
materials such as paper, textile, plastic, leather, wood
and ceramic. In addition to that, THz waves have low
photon energies (million times weaker than the energy
of X-ray photons) and will not cause harmful effects to
biological tissues. Therefore, THz technology is a safe
method for both the operators and the targets. Due to
these advantages THz technology is a competitive
method for infrastructure diagnosis and inspecting hid-
den explosives.

For these applications we propose a direct absorbed
lumped element kinetic inductance detector (LEKID)
array as a possible detector array. Due to the combina-
tion of the absorber and the detector in a single ele-
ment, the LEKID is an extremely simple detector to
fabricate large arrays with a high filling factor, requir-
ing only one deposition and etch step to produce an
array of up to 1000 pixels multiplexed onto a single

feed-line.

2. Design and experiments of LEKID arrays for THz
Imaging and spectroscopy:

LEKIDs consists of a discrete inductor and capacitor
to form a resonator. LEKIDs are promise as a direct
absorption of THz waves, as they have very high and
nearly constant current density over the whole length
of the inductive meander, as shown in Fig. 1, requiring
no antennas or quasiparticle trapping. The resonating

frequency of the LEKID can be adjusted by changing

Terahertz Sensing and Imaging Research Team
Laboratory Head : Chiko Otani

the length of the capacitance fingers, to arrange a large
array coupled to a single feed-line.

Our target is to de- V=

e | SONNet simulation results

sign an array of 10°

=——
LEKIDS for THz im_ 18978
43534
aging and spectros-
copy. Our measure-
27209 c

ment setup allows

21767

operating resonance 16325
10683 ;
KIDs between 2- 8 0,008

GHz. To space 106 Fig.1 Sonnet simulated current
density of a LEKID.

frequencies of LE-

array in this range,
required loaded qual-
ity factor of LEKIDs
is>8x10°.

As an initial step,
to optimize the detec-
tor  characteristics,
we  designed a
14-pixel LEKID ar-

ray to absorb 1.5 THz Fig.2 Layout of the 1024-pixels
LEKID array.

radiation. Most pix-
els in a fabricated array with Al superconductor report-
ed loaded Q, Q; in 10*th order with the best 1.3 x 10°.
Q. is limited by the coupling Q (Q,). We tried to in-
crease Q. by increasing coupling distance. However,
we got worse Q. for increasing coupling distance,
which were opposed to expectation. Possible reason
should be the dielectric loss effect of Si in the coupling
area. To check this we fabricated an array on a low loss
sapphire substrate and got the results that Qc getting

increased with increasing coupling distance.

Design of 1024-pixels LEKID array :

Based on previous results we have designed a 1024
pixels LEKID array, which is shown in Fig. 2. The array
is designed to operate between 3 - 8 GHz with a 5 MHz



Measured transmission parameters of a part of the 1024-LEKIDs array

Transmission, S21 (dB)

tube
cryostat [

i
i

2. Scattering parameters

were measured using a

& Vector Network Analyzer

{ 1. Cooled down to 100 mK ina
i pulse tube refrigerator

Fig.3 Experimental setup (Right) and the measured

scattering parameters of a part of the array (left).
spacebetweenneighboringpeaks. Coupling ground width
and coupling distance is 20 p m to get a balance between
the Q and the peak height. We fabricated 1024 pixel LE-
KID array using Al superconductor of 100 nm thick on
sapphire substrate. We cooled Al-LEKID array on a dilu-
tion cryostat and measured using a vector network ana-
lyzer. Experimental setup and measured peaks ofa part of
the array is shown in Fig. 3.

Peaks of around 1000 pixels were successfully con-
firmed with very high loaded quality factors of 1-6 x 10°.
Currently we are fabricating a lens array for the LEKID
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array and then will perform THz radiation measurements
in the near future.

Designed 1024 LEIKDs array can be easily extended
foranarray of up to 10°. This could be a very good candi-
date not only for our targeted THz imaging and spectros-
copy applications but also for the upcoming GROUND-
BIRD telescope too.
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Development of Next-Generation Meteorological Model including Energy Generation
and Dissipation by Phase Change of Water Substance

KRETIVER, R OKEREZhLOL) o
B) & BRI OBz it < % iz it L
TRBEZRIET, [RTTIVOBIRIZ MRS Eiih
BUAE O GEETIEEERE 1 km AGOEERUE &)
MbE T < FHRE B IHE & 72 > 7z (Miyamoto et al.
2013), BIEIE. mfG SRR U 7 iRk (LES:
Large Eddy Simulation) Zji#f 4 % X< %2 < DS
MibhTwa, LML, TOLESIEFEZEA Y
TIEIMENRO—/5 . HEEWET % LR ED L
% (B ok & B 2009), K& TREKDHIZ L
DA B E R E 2 H- TEHD, TORENK
T ULE S, ZTTAMZETIE, KOHZED
BRI AnTeRoEMbz1ro CLzHNE T
B

BEOKRET IV TR, BTICEENZKIEOKX
TIXBIE ML DF DHEILOFEIIRE T X
DEREELEMAT—IVICDIAREZBENS, LML
FEITIE. HERIC K BB DA DT & > TKEEN
MO RET 2 L EZ BND, B{EOKTIEE
KOk EH T NE, XIRETIVTIE T O
FZIHLRS T EDEE LW, FTTAMETE., M
ZAL DB MHFO LESICIN Z 72 ‘T LES £ 7L
DENMEZREHNE T 5, BIARICE. (A) K
TOIFEZ IR S “Z5 K™ EEETRE TV
ZRER L. @REOBUEEZTT5, (B) BamM
B HENMEZITO. (O WHHLES ®7 )L 2k
g3, TOHMICHED, ZHEMTLL RO E 2%
FBREHNTER,

(1) “Z25%+7KiE” DNSETIVO KD ZREEE L,

Wk 7% 4 IX 44 - B B Miyamoto, Yoshiaki
2 A Wt 9% = SRR AR

WERSRR AT — L
(FidE  wH 0

MREIR 2 T > T, BHIRR E L7z & T A8
MEFERME DNz, S HICHBFEOLZE LK
BB ST RA—RBEZDDIT> T,

(2) HBIGE LT, /KOMZLDENKE Wil
W - JERE - BEUCEH LT, ZOBIGMHZL
%30 U CHRE 9 % Bk 2 31X 7z (Miyamoto et al.
2013, Miyamoto & Takemi 2013, Miyamoto et al.
2014, Miyamoto et al. 2015a, Miyamoto & Takemi
2015),

(3) BERUE L2k TORIBLEIEMHT 2175 C
T, BRI AE DR 2175 T M TE
5T ez L (Miyamoto et al. 2015b),
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02 Aug - 07 Aug, 2015, Singapore, Singapore.

(EWNAR5)

A, OUEE MEEE, PRER Ak, EH
2015 : BEHGRIC B0 2 OB ZOETEMNT. AAR
A RH22015, K, 201549 28 H.

EAEY], Bl s, G BE S, SRR,
HH T3, 2015 @ HIBRRAUS B 2 {nilnhi o
FEDO TR, HARKSR AR 2014 85T
KRz, DKIE, 20154E5 H 22 H.

XXV-028 BERIA—IVDEICETIFEHESIMT IV AOHE—IME
Unifying Study of Non-Equilibrium Dynamics in Hot Quark Matter

BNL Relativistic Heavy lon Collider and LHC Large
Hadron Collider have been profuse in the opportunities
to explore the quark-gluon plasma (QGP), a deconfined
phase of quantum chromodynamics (QCD). The analy-
ses on the momentum anisotropies of the observed had-
ron spectra indicate that the system should be strongly
coupled and fluid-like. To understand the early equili-
bration in less than 1 fm/c and the subsequent dissipa-
tive hydrodynamic evolution, which are required for
quantitative interpretation of the data, I performed the

following researches.

(1) Photons are unique observables since they do not
interact with a medium at QCD energies and thus main-
tain information of the evolution history in heavy-ion

collisions. The fact that the hydrodynamic description,

WF 2% & K 4 MN &2 Monnai, Akihiko
Z A WF 78 2 A RnESRIIE v 2 —

PR BNL B8t > 2 — a7 v—>7
(FijEE  Dmitri Kharzeev)

which has been quite successful for low momentum ha-
dronic observables, underestimated photon anisotropy
is recognized as “photon puzzle”. I pointed out that the
phase space distributions of quarks and gluons used in
the QGP thermal photon emission should be modified
from the Fermi-Dirac and Bose-Einstein ones in the
QGP medium. I developed a quasi-particle model that
can reproduce thermodynamic variables computed by
lattice QCD. Numerical estimations with a hydrody-
namic model show that the reduction in the effective
number of degrees of freedom at high temperatures for
the QGP could suppress the emission of early-time
photons with small anisotropy and this enhances the

overall thermal photon anisotropy.

(2) There has been a significant improvement in the



analytical technics to solve viscous hydrodynamic
equations, which now allows us to study the azimuthal
momentum anisotropy, characterized by elliptic flow,
of the medium created in the heavy-ion collisions. We
introduced multiple charges - baryon number, strange-
ness and isospin - to the system and derived the ana-
lytic expressions of the elliptic flow. This gives a good
description of the RHIC data for the beam energy de-
pendence of the elliptic flow difference of protons,
Lambda’s, Xi’s, kaons, pions and Omega’s. Also we
studied the pions and the charge asymmetry to calcu-
late the “slope parameter”, which was believed to be a
signal of chiral magnetic wave, and showed that the
slope parameter observed at RHIC can be reproduced
within the framework of standard hydrodynamics when

multiple conserved currents are considered.

(3) We developed a (3+1)-dimensional hydrodynamic
model at finite chemical potential with realistic initial
conditions fluctuating both in the transverse and the
longitudinal directions, which were constructed on the
basis of Monte-Carlo Glauber and Lexus models, to ex-
plore the forward rapidity regions in the heavy-ion col-
lisions. Analyses on the Legendre decomposition of
two-particle pseudo-rapidity correlations indicate that
that the hydrodynamic evolution smears short range
correlations efficiently. We next estimated the rapidity
dependence of the rapidity dependence of the elliptic
flow to find that (i) the temperature-dependent shear
viscosity is necessary to describe the experimental data
and (ii) its minimum around the crossover would be
smaller than the so-called minimum boundary conjec-
tured by the Anti-de Sitter/conformal field theory cor-

respondence.
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Single Molecule FRET Analysis of Dimerization of G protein-coupled Receptors

G2 N HIPRNZAA (GPCR) 139 TICH
40% DT HEDEEI 77 T T 2. HilSED R
& LTV BZEKIZ GPCR 2D 6% FERE I ¥ /x
Vo FRIC 100 FEREEIX Y 7Y RRHIOA—T 7 %
ETHO., ZDVH Y ROBERIZEME - AISE E
OEBELHFETH S, L LENS, =T 7%
BRI TFRDO Y T FIGERERHOGENZ L,
KEE D> 7 Gy OB EfERE & UTieko
A ==V FETHE 2RI 2 2 AL
Vo ARFZEE ACEHTLZ )L & 2 U EZAA (mGluR)
ZETIVE LTGPCRD 157 7 HIHE & BERED B
ZRIH L., 157 FEiEZ e & L7z GPCR DTG MEHE
ETFEEMITETEHNET B,

WEAEE & Tld. in vitroD 15 7 FRETFHAIC X ©
WEIGETNREZ , in cell D 177 FRHINC & DHLHEL - =5
BER TN ZHURNT U CE 7, AR, Wik o
IR 2 E 2 T, BCRZ— b - s L9 v
incell D17 FRHNCENT BT Lic Uiz,

472U A Y R4 T, mGluR Ol I
KBTI B - DAY A AL b e Lz, ¥
To. LN TEE RO TRSL R TY A Y RESE
e - G2 N HEMEMbREZER L., ThH 2t
i U7z 559, mGIuR 79 1 DIEEUR BN Z AR DTG
P ML TRILT B T e RgE kD, Lz
Mo T, mGuR DR ZERmd 5 T & TiEME
FHET AT ENTERLEZLNS,

mGluR DL LB RE DRI T2k 2 EK 2
FARB =0, FBEh~)ba 7 &7V HED < JERCR
DY FARY VTN 21T > Teo Z DR,
mGIuR EHARE | T ¥R % 4 DDIEHUREZ & D |
PRI RO, < PERCS 2 RO . L
W B ERLEERDEZ B N otz, T,
HHMERZHAWEG X N7 AHERZRD 5 I,
HWHERT 2 RIKNG R NI EEe T LAy T
VI UL G e nh ok, EHIC,
75 A Vo1 & OILRAET N B IE, B S HRECT
LN T T AN HFEE Y MDA NTK

WF 7% 4 IC 4 W1 IEF#  Yanagawa, Masataka
2 A Wt 7% = AR e

(s e 555

NEZZTLTEMNHL I, U EOBHi» S,
mGIuR O 5§ B) & © 2 b 1k, WSkt S
mGIuR * G X VNV EESKRORIFEE . ZDR%ICE
%75 A) UHEE Yy BADOILD AFICEK T %
TEMHLEMI RS Tz, TNESDHIFER ETHET S
ARV ME, ZLDOGPCRICHATZEDTH BT
., JERERE% R LT GPCR —fRODIG M2 #E
TEHREND D 5. 51%1F. ARWFEDOBERO—#
MZMGES % 728, K& 7% GPCRICEW T 159 78
RED LLEEHT 21TV 20,
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Towards an New Era of NMR Spectrometers; Magnetic Stabilization and
Thermal Stabilization of High Temperature Superconducting Magnets

1 GHz (23.57 A 5) Z i 2 % W ONMRZEE 1X
S YA OMRIRIAIC BT 2 70 v T« 7 =Bt
TEHoHY—ILe LT, REMESEEN TV,
FHGAEMNC BT, AT 2 CHE LA
=4 N OfEFTIC, T OO NMRICKE M
RMPEFEENTVS, LM LEDDL, HERNMRE,
ISV SENT E &8 RN EZ SIS (ow-
temperature superconductors: LTS) 7 W\ 724 C
. KM ORFARLSE DRAIC X > T, 1| GHz R
B ERTH S, £, @ T, LTSHEMIE S
WIS TElET % 2 e TE VD, B0
YA ZXHERICE> TLEY, ThBL EORR R
FH EBIFM TRV, Bi-2223, Bi-2212, REBCO
&V o T LY i L S8 (high-temperature
superconductors: HTS) &, 1 GHz % |:[9] % ;45
TLEVEREEIEONS, ZOkD, FHEIC
LTSD A )V, WEBICHTSOIA )V EHAED
¥5TLT. LAOREERZEE L, 1 GHzZ L%
R O NMR A 2 FBd B2 R T > o v )Lz ki
D, LA LM 5H, H254F & 92 U 7z 400 MHz
LTS/HTS NMR 55 1 S H§D ¥ - i 2@ L, HTS
IAVRHH ORE RS L | EERB S
(EHRERICTRN B MR 1 K D OZE /M 7&
RS R Uy 0 fHE NMR @S o B s Y — R,
MR NENT EDNHLN RS Tz, T O~
Mz d feoic, BN E Rk — Rz, il

Wk 78 & K 44 0l &%d Yanagisawa, Yoshinori
Z A W58 B ATV A T AR s 2 —

NMR Jitiii%
(FiEE  wi 0

FHHEDZERNCALET % 2 & T, Rofinzay
Fa—)L L., NMRIIEICRHEE TN B 10{E5D 1
LAV DR DY — R 72 F6 4 X 6 2 % BN
FEEF 2N Uz TNHORREEHA L, A
g% 1.02 GHz NMR O 924 o) i « 314 % 17
>, FEBETBOTEHTS AR LTIz K E
B AR BN, Z DX X TIENMRHED
TIEBEWIRREETH o7z, £ T, bR
FEEFA 2 V. B2 28 7 BRI NMR il 2 1S
I Utz S g SNz, NMRORS& L
T, DIN0.2 GHzD LHTHBH. 5141 GHz
7 KIEIC En 5 NMR Z 2Bl 4 572D KREHRT L
— 7 Z)—TdH %,
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GPCRY JF IV Difte & *x hH = X L DfigeA
Investigation about the Function of GPCR Signal in the
Non-cell-autonomous Regulation of the Stem Cell Division

LarRFINET, GRUIINTE LB Z R
(GPCR) & GARUINVHEMERVINTHICK S,
LW XA T Ol EEMZH S5 M LTE
feo TOWIEN S, GPCRD—DTH 3 Trel HS,
M= FH 5D T FINIEE LT RO =Rk
GRUINTHEEFMHEL, ThUCE->TGR VNS
BREE 2 287 TH % Pins OMIEN T D RfE %
5T, YavyauNTEnio,
Par B IAAMEAF N Ak D 75 m & W Fim &
ZHIEIL TV T EDHL N &Ko Te, Parf 1k
. BRA R, ShPREIC 35\ TR R 72 il
LTWbZeMh5, TODOGPCR-Pins> 7 FIVRED
RIS AT LSBT, A ORE|Z R T
LTWBZ EhRgEIns,

AWZEIE. T ORHITN= v FIc X Bl o
Hilf#OH T, GPCRY T FINCXZHL WAL TD
Hilf| s 27 Loz MCT BT &2 HNE L
W3,

AW TR, il = v FkD> 7 F V10
FE L. ZO5n rhiflaD 2 mzfiliEd 2 A
N ALORN 2TV, ZOFREHR. EHifaD 7285
A7 9 % B 72 7% GPCR & 7 F IABEERR DIH 5
ko,

) R N Y i TN A 81 R e 1
wIFHRD T FIVFDATY) —= 2V F=RiT-o 1
FER. Wnt2, Wnt5, Wnt6, WntD &5, 4D D
Wnt7 7 U =5 FHNICERET 5 2 &ic k-
T, HHIRO 2 mZRE L TWa LS
Loz,

F 7z, Wnt2/5/6/D I & % S E 53 245 1) o il 4

2% # K 4% 57 %KY Yoshiura, Shigeki
Z AW = 2R AT LIBIZ > 2 —

JERFRAE 7 R TE T — L
G = N

AANZALCDWTIRMiZIT T8 TA. ThHD
Wntl¥, GPCR T& % Frizzled Lt 72X —724T L T
THD B -catenin DHHFFHRHIN TO Rt Z HEd
5Tk, EHIC. TO B -cateninld, ParESAD
W1k 5 1 C 3 % Bazooka/Par3 &, Z DFEH Z 28
278 T & % Inscuteable & DFEH 72/ U T, Parfity
AROMRERHIIMN TORTEZBIE L T0a T LD
BMERD, TOAAZZXLITE > T, FRREHIA
DA ZRBL TVB NS EE S
2o

T 5T, AWFETHH S M & 7% 5 Jz Wnt/Frizzled/
B -catenin > 7} )V, Trel/Pins > 7))L & fHHiH
ICHBREL TV 2 AL ERD, £ hb2D
DT FIVRRERIC K %t i oD 73 %477 mg il 1
M. PSRRI 2 £ > Te il RIC B 1% 2
RILTWBZLEHLMNEES T,

AWMFIC K > T, SO AT ZHlEd % 2
DDGPCRY T FIVH SN EZD, TNE2DD
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Self-assembled DNA and RNA Nanostructures for Drug delivery

and Gene Silencing

Name: Baiju Govindan Nair

Host Laboratory: Nanomedical Engineering Laboratory

Nanobiotechnology has enabled to design of nucleic
acids into promising 2-dimensional & 3-diensional
nanostructures with a precise functions at molecular
level. In 1998, the first concept of RNA nanotechnolo-
gy came up, which was based on the RNA nanoparti-
cles derived from self-assembling reenginecered RNA
fragments of the packaging RNA(pRNA) in the DNA
packing motor of the bacteriophage phi29. RNA itself
is a regulator for most of the biological events and a
growing interest has been shown to engineer these nat-
ural molecules into various devices by synthetic biolo-
gy. These tremendous research progresses in the area
of RNA nanotechnology has opened up a new platform
for siRNA based molecular therapies using artificial
siRNA.

Artificial or synthetic siRNA is composed of 19-21
nucleotide in length with two nucleotide overhangs at
3" end, and is also capable of generating the routine
siRNA species after cleavage by dicer. There has been
a highest interest on artificial siRNA to knock down
genes in mammalian cells. In spite of this success in
biomedical field, their instability in body fluids or se-
rum has been major concern for in vivo studies. A syn-

thetic siRNA nanostructure can prolong the gene si-

XXVI-002

Laboratory Head: Yoshihiro Ito

lencing in mammalian cells without any major
enzymatic degradation for a period of time; this pro-
cess is greatly required and would be challenging. Prin-
cipally, building an RNA nanostructure for prolonged
RNAI is a selective process of choosing right target,
feasible siRNA target sequences and modification of
the structures. Here, we attempt to generate branched
nanostructures composed of 3-4 siRNA species against
multiple gene targets.

To augment the concentration of siRNA in the cyto-
plasm and gene silencing activity, we have used a sub-
strate mediated gene delivery strategy without any
transfection reagents. This process involves the mussel
inspired surface treatment of high dense nanowires for
direct incorporation of siRNA into cells. We anticipate
that these progresses would be extended to some novel
delivery of therapeutic biomolecules for cell repro-

gramming.
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Study of Correlation between Spin and Jet Activity of
Super Massive Black Hole with ASTRO-H
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High-precision Direct Mass Measurement of Trans-Uranium Nuclei
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Structure and Reaction Mechanisms of Two-Neutron Halo Nuclei via Proton Probe
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The Role of Locus Coeruleus Noradrenergic Neurons in Fear Learning

Noradrenaline (NA) neurons in the locus coeruleus
(LC) play an important role in mood, attention, cogni-
tive processes, and learning through their projections to
a diverse set of brain regions. In the last fiscal year, I
found that LC-NA neuron is important for both fear
and extinction learning by optogeneic manipulation
and in-vivo electrophysiology of entire LC-NA neu-
rons. However, emerging evidences have shown the
anatomical heterogeneity in the LC-NA neurons. I thus
hypothesized that anatomically distinct LC-NA sub-
population have functional heterogeneity, more pre-
cisely, different subsets of LC-NA neurons would be
involved in fear or extinction learning. I focused on
basolateral amygdala (BLA)-projecting and infralim-
bic cortex (IL)-projecting LC-NA neurons, because
pharmacological studies found that NA signal is crucial
for fear or extinction learning in these structures. To see
projecting populations in LC, I injected either green or
red retrobeads, which are fluorescent retrograde label-
ing tracers, into BLA and the other retrobead into the
IL. I found BLA- and IL-projecting neurons are ana-
tomically distinct in the LC. To prove functional roles
of these subpopulations, I used rabies virus, in which
glycoprotein is replaced by Arch-GFP protein, and im-
planted optical fiber over LC. Consistent with retro-
bead’s study, Labeled LC neurons by rabies virus from
BLA or IL are specific to NA neurons. One week after
surgery I performed fear conditioning or extinction ex-
periments in different groups. Optogenetic inhibition

of BLA-projecting neurons during fear conditioning

F 7% & 1K % hERY B Uematsu, Akira
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RCIEARER B BRI F— L
(FJ@E  Johansen Joshua Patrick)

impaired fear memory formation, while inhibition of
IL-projecting neurons didn’t have any effect on fear
memory formation. As for extinction, optogenetic inhi-
bition of IL-projecting neurons blocked both within-
session extinction and extinction memory formation.
Interestingly, inactivation of BLA-projecting neurons
during extinction enhanced long-term extinction mem-
ory. Taken together, BLA and IL-projecting neurons
are anatomically and functionally distinct. Recently,
Luo’s lab mapped axon collaterals of LC-NA neurons
throughout the brain using new viral approach and
found LC-NA neurons projecting to certain area have
diverse projections overlapped with LC-NA neurons
projecting to other area. To test whether BLA- or IL-
projecting neurons have similar efferent projections, I
injected retrograde Cre into either BLA or IL and Cre-
dependent synaptophysin-mCherry into the LC. In this
preliminary experiment, I found BLA or IL-projecting
neurons have distinct projecting areas as well as over-
lapping projecting areas. I will continue to look into
brain-wide axon collaterals of BLA or IL projecting

neurons in the next fiscal year.
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Searching for the Molecular Mechanism Underlying Intra-muscular
Arborization of Motor Nerves
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Evolutionary Developmental Biology of Parasitic Plants

VNIRRT MR OM B O E & THEIEL T
W5, ZTOWT, RENTKRRLEL EDBRETY vV
— Az AN SIS 2 T34 Dk U 7,
—REMEEECE DS T, FERYIIEES
Bl S g & NI B U IEOE LD R & TV 5,
F 7NN RS TR EYNC A 5 A T
D, ThEIABOER - Tx)VF—REICBNTH
RUCTRR T NEHETDH 5, L LEDNS, &%
LT BT A A LHS TR, FERYNC
XBWENDIEESDE T AR TR, Z
AW T, FEDD A = X L Oz H
e L, OV T EolusElbzgee Lz 1
AN Z A LOPEREZ HEEd , ARG T, #ik
LM RO R izt s A7)
T b= LT 2T, RSB A T TR EAR
AIRIZEIE T2 Y M DOFREZITY . RSN 5145
HNBHEE, EYRE(LOBIR & S BLEERAIC 5
Bk9 % & & BT FRRINICEEERIHIC Bk TE 5.
ZORAFIO—DE LT, FHAEDOF—EIE e
(RIS 2RI 2T 5 LT, FEMPICK
HHEOMHICOEN S T MR I NS,
AEETE, LFORBRZG T
(1) BIEREICHENL UTzNA A)V—"T"» k72 RNA-
seq 717 V) —AERITEIC KD, YT IUN
AFTEEAFTEFVIZWNRICNST VAY
VT~ — Ll 211 - 1,

(2) BN b VATV T b—=LDY—T VA

W 7% & I % kG #240  Ichihashi, Yasunori
Z A WF 78 2 REEEERA 2 —

NSyt 7 —"7
(MEE HZHEED
7 — ZIT DT, De novo assembly Z 17\,

HFEEY OIS I % RN 58S
THBZHS M Uiz,

(3) HITUTHTo A RTIAHEXF T HATD
SRV b —=LIIHR LT, AFEFY
TDT—2xKRT ST LT, FEOF—H
L RMiE X HICiRB T N TE,

(4) fRuEISFOREREMNT & LT, HREED
CRISPR. #FFEH, 540 SRDX, 70E
— 2 =i OHaY A S 7> g v ELT
-7z,

(5) BEREMBTICHEM T 2 ET VAR E LT
TFHICDONT, ZOWds (FEICHHED
WE) IBRICBI 25 NS A7) T
— LR 2 o e (5= i),

@ik E®ZE Publications

et 39

Townsley B.T., Covington M.F., Ichihashi Y., Zum-
stein K. and Sinha N.R.: “BrAD-seq: Breath Adapter
Directional sequencing: a streamlined, ultra-simple
and fast library preparation protocol for strand spe-
cific mRNA library construction”, Frontiers in Plant
Science, 6 366 (2015)*

Chitwood D.H., Kumar R., Ranjan A., Pelletier J.M.,
Townsley B., Ichihashi Y., Martinez C.C., Zumstein
K., Harada J.J., Maloof J.N., and Sinha N.: “Light-



induced indeterminacy alters shade avoiding tomato
leaf morphology”, Plant Physiolgy, doi: http:/ / dx.
doi. org/ 10. 1104/ pp. 15. 01229 (2015)*

Gkaai)

Ichihashi Y.: “Developmental mechanism underpin-
ning leaf shape evolution”, Plant Morphology, 26
43-50 (2015)

Ichihashi Y. and Tsukaya H.: “Behavior of Leaf Meri-
stems and Their Modification”, Frontiers in Plant
Science, doi.org/10.3389/fpls.2015.01060 (2015)*

@O (KX%—) & Presentations

(HEBRAR5)

Ichihashi Y, Yoshida S, Sinha N, Shirasu K.: “Molecu-
lar Basis for the Convergent Evolution of Parasitism
in Plants”, The 13" World Congress on Parasitic
Plants, Kunming, July (2015) Poster

(ENAR5)

TikGZ3H, FHIER T, Sinha N. FIZHE @ “FFEAEY)
DUNFEGEE 2 52 Z % 70 HR”, 55 818 Evo-devo

XXVI-030

HEOR, #iliE, 6H (2015) KA Z—

HiRGZEH : “MYOE(LFRE 2B B IR F
A7V T b= LRk, HARIEREE 23 IR
iR, 9H (2015)

HikGE48H, F MR 1+, Sinha N. FIZHE @ “SF /LMY
OUNEBGELZTTREE LTI A = AL, H
ARYIERE AR 27 MR E, Hiil, 9H (2015)
RAR—

ARG 25 8, S B0k, Chitwood D.H., Headland
L.R., KaoJ., PengJ., HZA%, Sinha N. : “iig
HAE 2 A T X 7 ZAD LSRR - FEOFEA OFER]
22BN, HAWYIERE 79 RIRE, Bk,
9H (2015)

i K& Z& #li, Aguilar-Martinez J. A., Farhi M.,
Chitwood D, H,, Kumar R., Millon L. V., Peng
J., Maloof J. N. and Sinha N. R. : “JLJ¢8i % v b+
T — T TS M B b ML EO EOIE
REHEL”, HAMYZEREI9M KRS, His, 9H
(2015)

R EERE N T 3 MRREERIZEDH# X h= X LOFA

Elucidation of Regulatory Mechanism for Cell-to-cell
Communication through Plasmodesmata

FEPrA i M R RS E D T2 D DR D —D &
U CIIBRER L FEN S b 2 R IVIRORSE A%
JIBEIC R > TV B4 T ORI 8 2 i/
T 3 G A IR O FEE R EREIINE D TZ D
BRENBMICHEBE N TR EAHLNTE
D, T OISR RS E 32 0 3 ) 7 3R 72 58 U
THYI D IEH BRI BB EZ R 7= LT
W3 EEZLNTWVWS, AT, BTV a7k
MThHse AV ARz v, TORPEMK
3% FE D IE & Y O BB E T BERE S 5 Wik
WEY - T TV U (ABA) & DOBREZHS
ML, MPIOEEILE O CIRIEEHEEN E D K
I A THEE N TV E DO EIHSEMMIT S T
EZHNELTVS,

Wk 7% & K 440 db)i] 538t Kitagawa, Munenori
2 A WEIE = BREEER A e v 2 —

ERERERENTZE 7 IV — T
(s M 22

CNETIC, FIEEMEASOERE D ABAEE R
KBWTIK T2 2SN LTED, AIEE
BT OHEZFHLURAA L, ZORRZLL IR
9
(1) BB EEAKOBEEFE T U 7z ABA DRI

FIMNTIK R Lz,

(2) ABAK(FZREBIZE DK Fid ABA UL 5 1
RFILANIC S T 2 PRI IR E T d - Tz,
(3) ABAKAFIN7ZR5 S DAL R id ABA ZH D Fi

T ETHUMIET 2RI E TH - 1z,
(4) ABA B RURIZ AT RN LN TEE
ELHES DBREN KEZ2 N T Ehbho Tz,

(5) BT HMBIBISOMIE. ABAZILIET 5 L5
SEGHEARDFLO A O LIDKEEMICIE > T



5T ehbhoiz,

(6) WEIEMEDAANY D ¥ —ZUHT B &,
ABAFE FTH > T L EHEAR O gD
KR 5N Ehbh oz,

D EOWREF DD L, XY 3T TEM

AN D ABA L~ )UARTE I JEE B 0 35 i JE Y

BB E N TR, £ ABA PR HKED

LERGEMICIRD % T & TZOBEREDK 5| &

XXVI-031

L TWVaZ M HEIENE, £z, ABARE
PR 7V U CEIB B OGS 2 b 25 |
EFRZLTWVBREEd R E iz,

@OEHX Presentations

(ENA25)

JENIRHL: 7 73 2 VBRI 72 S5 R Il
2015 EEAbEEREY) 2 2 K2, AL, 12 ] (2015)

BFICERLULMRNAORERICEB L BFHEMLE

BN & FET 35 F R8O REEA

Regulation of Stored mRNAs in Seeds Involved in Seed Longevity and Vigor
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Natural Variations after Priming Treatments”, 26th
International Conference on Arabidopsis Research,
Paris, France, Jul. (2015)
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Role of 15-lipoxygenase in the Regulation of Pulmonary
Eosinophilic Inflammation
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to Arita.: “Dysregulated lipid metabolism controlled
by 15-lipoxygenase and cyclooxygenase in eosino-
phils from patients with severe asthma”, 14th inter-
national conference on Bioactive Lipids in Cancer,
Inflammation and Related Diseases, Budapest, Hun-
gary, July.(2015)
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Study of Treg Induction Mechanism by Human Commensal Bacteria
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The Role of IncRNAs in Polycomb Repressive

Complex Recruitment

Name: Juan Guillermo Betancur Medina

Host Laboratory: Center for Integrative Medical Sciences

Polycomb group (PcQG) proteins are important regu-
lators of embryonic development via the catalysis of
repressive modifications on histones. They form 2 ma-
jor protein complexes: polycomb repressive complex 1
(PRC1) which monoubiquitinates lysine 119 of histone
H2A and polycomb repressive complex 2 (PRC2),
which tri-methylates lysine 27 of histone H3. Together
these histone modifications act to silence development-
associated genes. The activities of PRC1 and PRC2 are
regulated in a dynamic manner during the cellular dif-
ferentiation process by numerous cellular factors in-
cluding various RNA species that directly interact with
PRC1 and PRC2. However, the extent of RNA-mediat-
ed regulation of PcG function and its mechanisms still
remain poorly understood. I am analyzing the role of

RNA in 2 different contexts.

1. RNA binding activity of the AT-hook domain of
Cbx2

Chromobox domain-containing proteins (Cbx) are
major components of PRC1 that recognize tri-methyl-
ated H3K27 deposited by PRC2. In vitro one of the
Cbx isoforms, Cbx2, interacts with spliceosome com-
ponents in an RNA-dependent manner. The RNA bind-
ing region of the protein was mapped to a small do-

main, known as AT-hook, which is not present in other

Laboratory for Developmental Genetics
Laboratory Head: Haruhiko Koseki

Cbx proteins. To characterize the nucleic acid binding
activity of Cbx2 I performed gel shift assays with re-
combinant Cbx2 proteins and found that single strand-
ed RNA is bound directly by Cbx2 with higher affinity
than any other nucleic acid substrates tested. To under-
stand the role of the RNA binding activity of this pro-
tein, I have engineered mouse ES cells expressing wild
type or RNA-binding mutant Cbx2. Mutant Cbx2 is
correctly incorporated in PRC1 and binds to tri-methyl-
ated H3K27 with similar efficiency to the wild type
protein. However, in mutant Cbx2 expressing cells cer-
tain PcG target genes are de-repressed which suggests
arole for the RNA binding activity of Cbx2 in the func-
tion of PRC1. Further experiments are underway to un-
cover whether the effects on the de-repression of gene
expression are due to defects in the recruitment or func-

tion of PRC1 or to deficient splicing.

2. Exploration of the role of R-loops in the recruitment
and function of PcG proteins

R-loops are physiological structures that comprise a
displaced single stranded DNA and an RNA-DNA hy-
brid formed between a nascent RNA and the comple-
mentary DNA strand. They are endogenously pro-
cessed by RNaseH1 and RNaseH2 enzymes, which
degrade the RNA moiety of the hybrids. R-loops alter



the double stranded nature of the underlying DNA and
they potentially affect the binding of chromatin modi-
fying complexes. In fact, R-loop formation has been
shown to correlate with the deposition of diverse epi-
genetic modifications, including PcG protein catalytic
products. To analyze PcG protein recruitment and func-
tion as well as maintenance of the pluripotent state in
mouse ES cells in the context of increased R-loop for-
mation, RNaseH1 and RNaseH2b knockout mouse are
being generated. Simultaneously, the conditions for the
detection of R-loop formation in ES cells have been

determined and will be used to profile R-loops ge-
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nomewide in wild type and RNaseH knockout cells.
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PRC2 components EZH2 and SUZ12. RNA Biol,
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Betancur J. G.: Pervasive IncRNA binding by epigen-
etic modifying complexes - The challenges ahead.
Biochim Biophys Acta, 2016. 1859: 93-101 pub-
lished *
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Mid-infrared and Terahertz Polarization Vortex Generation
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Sub-THz wave generation from DAST crystal
pumped by an is-BBO-OPG system, European Con-
ference on Lasers and Electro-Optics - European
Quantum Electronics Conference, 2015, paper
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MINAMIDE, “Tunable sub-THz wave source from
DAST-DFG pumped by a dual-wavelength, injec-
tion-seeded BBO OPG system,” The Second Interna-
tional Symposium on Frontiers in THz Technology
(FTT 2015) Hamamatsu, Shizuoka Aug. 30-Sep. 2
2015. [Poster]

Y. Tokizane, Y. Miyake, K. Nawata, S. Fan, S. Hayas-
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“Sub-THz wave generation in DAST-DFG configu-
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ration pumped by a dual-wavelength, injection-seed-
ed BBO OPG system,” ALPS’15, ALPSpl4-55,
Pacifico Yokohama, Japan (Apr. 24, 2015). [Poster]
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Sensitive Terahertz Detection Based on Frequency Up-conversion
and Its Applications.
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Single Molecule Measurement of ERK-Dependent Signal Transduction
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Study of Relativistic Jets in Black Hole Binaries through All-sky X-ray Monitoring,
High-resolution X-ray Spectroscopy, and Simultaneous Multi-wavelength Observations
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Material Development for Novel Magnetoelectric Properties Induced
by Violation of Inversion Symmetry
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Electron-spin-based Quantum Computing in Silicon Multiple Quantum Dots
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Research on Majorana Fermions in Hybrid
Semiconductor-superconductor Devices
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Transformation of Dinitrogen to Ammonia and Organonitrogen

Compounds by Using Multimetallic Transition Metal Hydride Complexes

Name: Shaowei Hu

Host Laboratory: Center for Sustainable Resource Science,

Nitrogen is essential for life and is very inert. Indus-
trially, ammonia is synthesized from H, and N, under
extremely harsh conditions. Chemists have long
searched for a low-energy process for transformation
of N, by using transition metal complexes. Previously,
researchers used low-valent transition metal species or
combination of transition metal complexes with strong
reducing reagents to activate N,. Some catalytic trans-
formations are even reported, however, these reaction
systems require the sacrifice of an excess amount of
strong reducing agents and proton agents. An alterna-
tive approach is the direct reduction of N, by transition
metal hydrides, which avoids the use of extra reducing
agents and proton sources, and may provide an entry to
homogeneous catalyst systems for the synthesis of NH;
from a mixture of N, and H,.

Previously we have synthesized a trinuclear titanium
polyhydride complex that reacts with N, through N=N
bond cleavage and N-H bond formation under mild
conditions, which indicated that multinuclear transition
metal hydride complexes can serve as a unique plat-
form for nitrogen fixation. In this research we try to
convert dinitrogen to ammonia and organonitrogen
compounds by using multimetallic transition metal hy-
dride complexes. In the past one-year, I have synthe-
sized a series of multimetallic Ti hydride complexes by
using different substituted cyclopentadienyl (Cp) as li-
gand. Interestingly when the Ti hydride cluster is tetra-
nuclear or hexanuclear complex, it could not react with
dinitrogen. While in the case of the trinuclear complex,

the dinitrogen is cleaved and hydrogenated, which was

Advanced Catalysis Research Group
Laboratory Head: Zhaomin Hou

similar to previously reported Ti complex. This indi-
cates we can tune the complexes structure by modify-
ing ligands. As a result we can improve the activities of
complexes. In addition, some non-Cp ligands were also
investigated, such as some pincer ligands. While the
obtained Ti hydride complexes showed no activity to-
ward dinitrogen. In the next step other transition metals
will be screened for the activation of dinitrogen.

In order to liberate ammonia from the reaction sys-
tem and thus achieve catalytic ammonia synthesis, a
second transition metal hydride complex was added to
the system. Here the Ru, Rh, and Ir hydride complex
were explored, and these complexes were reported to
be excellent hydrogenation catalysts and expected to
promote the hydrogenolysis reactions and break the
Ti-N bonds here. Preliminary studies show that some
reactions took place, however, ammonia was not re-
leased as expected. We notice that the second metal
hydride complex decomposed in these reactions. We
expect the improvement of reactions by using more ac-

tive and more stable metal hydride.
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Development of Interface-specific Ultrafast Spectroscopy
for the Study of Interfacial Water Dynamics
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Profiling Sterol-binding Sites on Niemann-pick Type C1 Protein
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Hyperpolarized NMR Spectroscopy of Fluorouracil with Dynamic Nuclear
Polarization at Room Temperature
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Polymerization of ortho-Benzyne: Development of New Chemistry,
Functionalities, and Materials
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Development of Non-invasive Optogenetic Tools to Reveal the
Mechanisms of Sleep and Wake Cycle
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Neural Representations of Others’ Place in Rats
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Elucidation of the Regulatory Mechanisms of TypelIl Innate
Immune Responses by microRNA
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Systems Neurophysiology of Mouse Models of Autism Spectrum
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THz Generation from Filamentation Air-plasma and Its Application

Name: Haiwei Du

Host Laboratory: Center for Advanced Photonics

THz generation from laser plasma interaction not only
offer a strong, broad THz wave source, but also offer a
way to diagnosis the new physics mechanism in laser
plasma. At present, three schemes based on the ultrafast
laser pulses interaction with filamentation air/gas-plasma
are found and studied, single-color scheme, two-color
scheme, and few-cycle scheme. In the single-color
scheme, the ponderomotive force induced by the laser
pulses in the plasma accelerates the free electrons and
ions. Because the electrons are much lighter than the
electrons, they can obtain larger velocity than ions.
Therefore, electrons and ions moves after the laser pulses
with different velocity, which generate space charges in
the plasma. Along the propagation of the laser pulses,
these space charges move forward and emit THz wave.
This is also called transient-Cherenkov emission.

When there are two noncollinear filaments with a
crossing region, the THz wave radiation from the fila-
ment may be changed. Thus, we studied the THz waves
from this noncollinear structure experimentally. The ex-
periment was carried out on an amplifier femtosecond
laser system. The laser beams are separated into three
beams, two beams are focused to generate noncollinear
filaments, and the third one is to probe the generated THz
pulse by electro-optic sampling method. The results
shows that there are two THz pulses, the large one gener-
ated from the first filament is named main THz pulse, and
the small one from the pump 2 pulses interaction with the
pump 1 filament is named 2" THz pulse. The frequency
spectra of these two THz pulses are different in the high
frequency region (~2 THz), main THz pulse is broader
than the 2" THz pulse. When the pulse energy of pump
1 is decreased, the main THz pulse is decreased while the
2nd THz pulse keeps stably. When the pump 1 is de-
creased to 200 pJ, the 2" THz pulse disappears. This is
because that the less pump energy only generate tenuous
plasma, thus the electron density is not dense enough to

induce this phenomenon.

Terahertz Sensing nad Imaging Team
Laboratory Head: Chiko Otani

This phenomenon is different from that produced by a
single filament. The physics mechanism is studying.
Here we just give a phenomenological analysis. There
are two possibilities to produce this phenomenon. When
there are two filaments with a crossing region, the elec-
trons in the overlap of them is denser than the other part
of filament. Thus, the denser electrons disturb the THz
wave emission source in the filament and change the an-
gular distribution of THz wave radiation. So some THz
waves from the second filament are detected by the EO
sampling method. According to the transient-Cherenkov
emission, the distribution of THz wave is also the func-
tion of the frequency. Low frequency waves have wider
angle, comparing to the high frequency waves. There-
fore, they are easy to detect. As a result, the 24 THz
pulse only has low frequency components. Another ex-
planation is that the 2" THz pulse is generated by the
pump 2 pulses interaction with the pump 1 filament. This
generation progress does not affect the transient-Cheren-
kov emission, and consequently there are the main THz
pulse and the 2" THz pulse. The second possibility can-
not explain the difference in frequency. More deep anal-
ysis is studying.

Although there is only a phenomenological analysis,
these experimental results are hoped to explore new
mechanisms between laser plasma interactions. Further-
more, it may offer new way changing and controlling the
THz wave radiation from laser plasma filament, which
can open the application of THz wave in remote sensing.

In addition, a strong THz wave time-domain spectros-
copy system is built based on the optical rectification
with tilted-pulse-front pumping. The field of THz wave
in this system is high up to several 100kv/cm, and all the

measurements on this system have been done.

@Publications
Papers
Haiwei Du, Hiromichi Hoshina, and Chiko Otani, THz
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generation from optica rectification tilted-pulse-front
pumping scheme with laser pulses focused to a line,
SPIE Proceedings 9671, AOPC 2015 96710M, 2015
October 15%*

@Presentations

International conferences

1. Haiwei Du, Hiromichi Hoshina, and Chiko Otani, THz
generation from optical rectification tilted-pulse-front
pumping scheme with laser pulses focused to a line,
poster, Applied Optics and Photonics China, China
Beijing, 2015 May 5th-7th

2. Haiwei Du, Hiromichi Hoshina, and Otani Chiko, THz

waves radiated from two noncollinear femtosecond

filaments, poster, 3™ International Symposium on Mi-
crowave/THz Science and Applications, Japan Okina-
wa, 2015, June 30th-July 4th

Domestic conferences

3. Du Haiwei, Hiromichi Hoshina, and Otani Chiko, THz
waves radiated from two noncollinear femtosecond
plasma filaments, poster, 3 Symposium of RIKEN
Center for Advanced Photonics, Japan Wako, 2015,
November 12th-13th

4. Du Haiwei, Hiromichi Hoshina, and Otani Chiko, THz
waves radiated from two noncollinear femtosecond
plasma filaments, poster, 2"d Conference of Advances
of THz Science, Japan Sendai, 2015, November 19th-
20th

Application of Non-perturbative Functional Methods in Strong Interaction

Name: Gergely Fejoes

Host Laboratory: Nishina Center for Accelerator-Based Science

Description of research:

Throughout FY 2015 I have analyzed the three flavor
linear sigma model, with particular interest in imple-
menting the so-called axial or U_A(1) anomaly.

Based on my previous works, I generalized the idea of
the chiral invariant expansion to cases where nonzero
anomaly is included. I also calculated the flow equation
of the next-to-next-to-leading order coefficient of the
chiral expansion and found numerically that the series is
converging and there is no need to go beyond a next-to-
leading order approximation. Concerning the anomaly
itself, T derived the field dependent renormalization
group equation of the U_A(1) coefficient. I solved the
equation analytically in a high temperature, field inde-

pendent limit and gave a qualitatively correct formula for

Quanturn Hadron Physics Laboratory
Lab. Head: Tetsuo Hatsuda

the parameter space that is applicable for decreasing
anomaly with respect to the temperature. I also solved
the full equations numerically and found a similar result.

The main finding of the study is that there is a possibil-
ity that even without the implicit temperature depen-
dence of the bare anomaly coefficient, mesonic fluctua-
tions can weaken the anomaly towards the critical
temperature and can give account on the corresponding

decrease in the eta’ meson mass.

@Publication:

G. Fejos, “Functional dependence of axial anomaly via
mesonic fluctuations in the three flavor linear sigma
model” Phys. Rev. D 92, 036011 (2015)
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The Role of Cytosolic Free Calcium ([CaZ+cyt]) in Plant Immunity

Name: Anuphon Laohavisit

Host Laboratory: Center for Sustainable Resource Science

Parasitic plants need to employ several strategies to
overcome various challenges during the course of plant-
plant parasitism. One such important obstacle is for the
parasitic plant to germinate in the presence of nearby
host and subsequently to locate and sense host root prox-
imity. Strigolactone is an important cue to overcome the
former obstacle. The latter problem can be overcome by
either direct contact, or by sensing diffusible phenolic
compounds such as DMBQ (2,6 dimethoxy-1,4-benzo-
quinone), a lignin-derived compound from the host root.
DMBAQ perception induces the development of a hausto-
rium - an invasive feeding structure, and is an important
hallmark of plant parasitism. The role of strigolactones
in parasitic and host plants is already well-established.
However, while the role of DMBAQ is defined in parasitic
plants, its role in host plants remains elusive.

To elucidate the role of DMBQ in plants, DMBQ re-
sponses were observed and quantified in plants, which
include short root growth and adventitious root forma-

tion upon DMBQ application. To further characterise the

Plant Immunity Research Group

Laboratory Head: Ken Shirasu

role of DMBQ, EMS mutagenesis was performed and
mutant screening was carried out. Approximately, 50,000
T2 EMS seeds have been screened initially. More strin-
gent criteria were imposed on further selection for
DMBQ responses and finally, approximately 13 putative
mutants were obtained (those which did not response to
DMBQ).

These mutants are currently being mapped to identify
the causative genes. Bulk segregant analysis, coupled
with whole genome sequencing will be employed to fa-
cilitate mutants mapping. Once the gene is mapped, fur-
ther characterisation will be done to elucidate the role of

DMBQ in both the host and parasitic plants.

@Publications

Laohavisit A, Anderson A, Bombelli P, Jacobs M, Howe
CJ, Davies JM, Smith AG (2015) Activity of
NADPH oxidase in diatoms and its role in current out-
put in biophotovoltaic devices. Algal Research. http://
dx.doi.org/10.1016/j.algal.2015.08.009

Development of Selective Enzyme Inhibitors Chemically Expanded Molecular Evolutionary

Engineering for Medical Drugs

Name: Ponnurengam Malliappan Sivakumar

Host Laboratory: Nanomedical Engineering Laboratory

Selective COX-2 (Cyclooxygenase-2) enzyme inhibi-
tors are known to have therapeutic applications in In-
flammation, Cancer, Alzheimer’s disease, etc. Recent
past they gained interest since they do not inhibit the
COX-1 (Cyclooxygenase -1) enzyme, which is known to
be involved in pathophysiological functions. Hence de-
signing an inhibitor, selectively target COX-2 enzyme
could be used for several therapeutic applications.

In the present study, we used /n vitro display to de-

velop selective COX-2 enzyme inhibitors. We named

Laboratory Head: Yoshihiro Ito

them as super-inhibitor which combines a small mole-
cule inhibitor along with a peptide aptamer. Here we in-
corporated non-selective small molecule inhibitors
namely, chalcone and 1,3,5-triphenyl-2-pyrazolines us-
ing in vitro ribosomal display method. /n vitro ribosomal
display is used to incorporate non-natural amino acids
(phenylalanine coupled with small molecule) to the pep-
tide aptamer. t-RNA coupled non-natural amino acids
were prepared chemically and in vitro selection was per-

formed using the random mRNA library. Since we are
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interested in COX-2 enzyme inhibitors, we performed a
positive selection with COX-2 enzyme immobilized on
magnetic beads and negative selection against COX-1
enzyme immobilized on magnetic beads and magnetic
beads alone. After several cycles of the ribosomal dis-
play, we obtained few super-inhibitors (peptide aptamer
sequences) by cloning and sequencing. Super-inhibitors
composed of peptide aptamer and small molecules were
synthesized by solid phase peptide synthesis as well as
post-translational modification strategies. The synthe-
sized super-inhibitors were evaluated for their inhibitory
activity, selectivity against COX-2 and COX-1 enzyme.
Super-inhibitors combined with chalcone as well as
1,3,5-triphenyl-2-pyrazoline showed they are selective
against the COX-1 enzyme. Both of this class of super-
inhibitors showed higher inhibitory activity against
COX-1 enzyme instead COX-2 enzyme. These results
clearly indicate that we obtained COX-1 enzyme inhibi-
tor instead of COX-2 enzyme inhibitors. This may be due
to the similarity and identity (more than 80%) of these
two isozymes.

We also perform additional projects namely, “immobi-
lization of growth factors for biomaterial/tissue engi-
neering applications” and ‘“Novel microarrays for simul-
taneous serodiagnosis of multiple anti-viral anti-bodies”
during my FPR tenure.

For growth factor immobilization project, we immobi-

lized different growth factor and evaluated their effect on

cell adhesion of 3T3-fiboblasts (EGF- Epidermal Growth
Factor), migration of RAW 246.7 cells (MCP-1- Mono-
cyte Chemoattractant Protein-1), differentiation of mes-
enchymal stem cells (BMP-4 - Bone Morphogenic Pro-
tein-4 and Insulin), differentiation of PC-12 cells
(NGF- Nerve Growth Factor) and pluripotency mainte-
nance (LIF-Leukemia Inhibitory Factor) in pluripotent
stem cells were studied. Growth factors were immobi-
lized, confirmed their efficacy by antibody staining (im-
munostaining) and their biological role was evaluated on
various cell types.

In regard to the Microarray project, attenuated viruses
were immobilized successfully using photoreactive
polymer and the developed microarray was evaluated for

serodiagnosis successfully.

@Book Edition

1. Andrew G. Mercader, Pablo R. Duchowicz, P. M. Si-
vakumar, Chemometrics Applications and Research:
QSAR in Medicinal Chemistry, Apple Academic

Press, Canada (In Press).

@Oral Presentations

1. Ponnurengam Malliappan Sivakumar, Yoshihiro ITO,
“Immobilization of growth factors and their applica-
tion as biomaterials” ICMAT-IUMRS-ICA-2015, Sun-
tec Singapore, Singapore, July 2015.

Developments of Quantum Dot Fabrications Processes for Semiconductor Nanowires and

their Applications to Spin Manipulations

Name: Rui Wang

Host Laboratory: Advanced Device Laboratory

Spin qubit formed in semiconducting material is pre-
dicted to possess long coherence time to be exploited as
good quantum memory. The quantum computation is
proposed to may come true by combining spin qubits
with superconducting qubits (fast qubit operation) via a
microwave transmission line (quantum information bus).
One ingredient is to realize the strong coupling between

qubits and photons through circuit quantum electrody-

Laboratory Head: Koji Ishibashi

namics (cQED). My research goals are the fabrication of
quantum dot (QD) in one-dimensional (1D) nanowires
and the investigation of the interaction between QDs
(spin or charge) and electromagnetic field by diverse
manners. Group IlI-IV InSb nanowires and Group-IV Ge/
Si core/shell nanowires are selected to construct the QDs
due to the presence of strong spin-orbit interaction (SOI),

which enables the all electric operation of spin qubits.
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Ge/Si core/shell nanowire is a p-type 1D semiconduc-
tor due to the large valence band offset between the two
constituents thus avoiding the requirement to intention-
ally implant impurity dopants as in conventional semi-
conductors. Moreover, the lack of nuclear spin of
group-IV material may ensure long spin coherence. We
have achieved to form single QD (size down to ~50nm)
and coupled QDs along the nanowires with local fine
gates. The quantum transport through QDs is investigat-
ed at dilution refrigerator temperature (T} ,,,~30mK) and
basic physical parameters including Coulomb charging
energy and quantum level spacing are identified. The
spin manipulation will be demonstrated in an electrical
dipole spin resonance (EDSR) measure with a local RF
sensor. In addition, the SOI strength and the electrical
field tuning capability in extend wires is also investigat-
ed by a magnetoconductance measurement of weak anti-
localization (WAL) effect under dual electrical gating.

InSb nanowire is a small band gapped semiconductor
with large g factor and strong SOI. Working either in
electron or hole regime can be easily controlled by gate
field effect. We have successfully embedded an InSb
nanowire into a superconducting microwave cavity. QDs
are formed in InSb wires with predefined local gates. We
investigate the characteristics of a double QD interacting

with a single mode microwave field. The charge stability

diagram can be obtained from the amplitude and phase
response of a RF resonator independently with dc trans-
port measurement. As the charge transits between dot-
dot, or dot-lead the change of resonator is compared and
the charge dipole-cavity interaction strength is extracted
with a dispersive readout measurement. The Rabi split-
ting of quantum levels is not observed due to short charge
coherence time. Spin qubit-cavity interaction will be fur-

ther investigated.

@Publications

Wang R., Deacon R. S., Car D., Bakkers E. P. A. M.,
Ishibashi K.: Individual InSb nanowires coupled to a
superconducting microwave cavity. (to be submitted)

Wang R., Deacon R. S., Yao J., Lieber C. M., Ishibashi
K.: Spin orbit interaction in single Ge/Si core/shell
nanowires with electrically swinging dual gates. (in

preparation)

@Oral Presentations

Domestic conferences

Wang R., Wada K., Deacon R. S., Fukata N. and Ishi-
bashi K.: “Fabrication and Characterization of Cou-
pled Quantum Dots in Ge/Si Core/Shell Nanowires”
The Japan Society of Applied Physics Japan, March,
2015.

One-Step Fabrication of 2-D Organic Nanowire Array under Magnetic Field

Name: Wei Zhang

Host Laboratory: Center for Emergent Matter Science

Topological hydrogel could afford high mechanical
strength and toughness at the same time compared to
common chemical and physical hydrogels, since they are
cross-linked by topological bonds. It is well know that,
topological hydrogels based on polyrotaxane have been
well developed, however, trials on getting gels based on
polycatenane have never been succeeded.

We designed and synthesized a hydrogel based on
polycatenane were designed and synthesized. The cat-

enane structure is based on a coordination complex be-

Bioinspired Material Research Team

Laboratory Head: Yasuhiro Ishida

tween phenanthroline and copper ions. The cheep and
water soluble polyvinyl alcohol are serving as polymer
matrix for supporting the hydrogel. Then boric acids,
which are known to bind with polyvinyl alcohol effi-
ciently are chose as connecting part for polymer matrix
and catenane. After mixing a boric acid attached phenan-
throline copper complex with polyvinyl alcohol, an or-
ange hydrogel were formed. Once we remove the center
copper ion by a chelating ligand, such as EDTA, a topo-
logical hydrogel based on polycatenane could be ob-
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tained.

@Publications
Papers
Selective Synthesis of Single and Multi-Walled Supra-

molecular Nanotubes Using Solvophobic/Solvophilic
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Controls: Stepwise Radial Growth via “Coil-on-Tube”
Intermediates, Seelam Prasanthkumar, Wei Zhang,
Wusong Jin, Takanori Fukushima, and Takuzo Aida,
Angew. Chem., Int. Ed. 2015, in press (selected as a
VIP paper).



FY2013 Foreign Postdoctoral Researchers






Accurate Determination of Molecular Electronic Structure:

Chasing the Theoretical Limit of Computational Efficiency

Name: James Anderson

Host Laboratory: Advanced Institute for Computational Science

According to conventional wisdom, determining the
wavefunctions and energies of molecular systems’ sta-
tionary states is, even with neglecting relativity and us-
ing the Born-Oppenheimer approximation, intractable.
The computational effort required to achieve a given
level of accuracy grows exponentially with the number
of electrons in the system. The goal of this research proj-
ect is to challenge this paradigm, adapting recent advanc-
es in the mathematics of complexity to the electronic
Schrodinger equation and, in the process, developing an
entirely new grid-based approach to the electronic struc-
ture problem.

The wavefunction appropriate for most chemical ap-
plications can be obtained by solving the electronic
Schrodinger equation sufficiently accurately. Most meth-
ods for approximating this wavefunction utilise a set of
Slater determinants that result from solving the Hartree-
Fock (HF) equations within a model space. Generally,
increasing the number of determinants improves the
wavefunction approximation. By selecting all of the de-
terminants then the best wavefunction in the model
space, the full-configuration interaction (FCI) wavefunc-
tion, can be obtained. FCI is a method for solving the
electronic Schrodinger equation that can reliably obtain a
given accuracy. Unfortunately, FCI scales exponentially
as the number of electrons (denoted N) increases. The
FCI method is general and can be used with any Hamil-
tonian. It does not take advantage of the simplicity of the
electronic Hamiltonian or the smoothness of the wave-
function. However, new algorithms in the mathematics
of complexity literature take advantage of this simplicity
to prescribe how to design a grid that can obtain FCI ac-
curacy that grows as a polynomial of the number of elec-
trons.

Using these algorithms from the complexity literature
I have designed a multidimensional grid method (instead

of using analytic Slater determinants) for computing the

Computational Materials Science Research Team

Laboratory Head: Seiji Yunoki

wavefunction. The algorithms work by combining sev-
eral grids of lower dimensions at different accuracies
(different numbers of points) to construct the final effi-
cient sparse grid. The first step in my method is to form
three-dimensional (3D) grids on the unit cube from one-
dimensional grids that lie on the unit interval. Several 3D
grids are constructed at different accuracies to be utilised
when forming the final N-electron grid. These 3D grids
are then mapped from the unit cube into real space using
a novel transformation of coordinates that concentrates
grid points in a pattern that resembles the molecular elec-
tron density. This transformation uses the “conditional
distribution method” with respect to a weight function
constructed from a linear combination of atomic densi-
ties. Each of these mapped 3D grids are appropriate for
performing one-electron calculations such as HF or den-
sity-functional theory calculations. The N-electron grid
in the configuration space for electrons is built from the
mapped 3D grids as prescribed by the complexity algo-
rithm utilised. Unlike many computational approaches
where the antisymmetry principle is a computational
burden, in this approach it is a huge advantage: all points
that differ by the interchange of two same spin electrons
can be consolidated, resulting in a method that is more
than N,!Ny! times more efficient! (N, and Ny are the

number of up- and down-spin electrons respectively.)

@Presentations

International conferences

Anderson J. S. M., Ayers P. W.: “Relativistic Formula-
tion of the Quantum Theory of Atoms in Molecules”
Mount St. Vincent Theoretical Chemistry Meeting
Halifax Canada 2015, September 13.

Anderson J. S. M., Ayers P. W.: “The Zero-Flux Condi-
tion for the Quantum Theory of Atoms in Molecules
Beyond the Schrodinger Picture Encompassing Spe-

cial Relativity” The Thirteenth Interdisciplinary Ex-
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change Evening Wako Japan 2015, November 17.

Anderson J. S. M., Nakata M.: “The RDM Method Ap-
plied to the Two-Dimensional Hubbard Model” Work-
shop on Quantum Marginals and Numerical Ranges
Guelph Canada 2015, August 17-21.

Anderson J. S. M., Ayers P. W., Otsuka T., Shimizu N.:
“FCI Truncation for Solving the Electronic and Nucle-
ar Schrodinger Equations” Novel Computational
Methods for Quantitative Electronic Structure Calcu-
lations Kobe Japan 2015, June 16-20.

Anderson J. S. M., Ayers P. W.: “The Zero-Flux Condi-
tion for the Quantum Theory of Atoms in Molecules
Beyond the Schrodinger Picture” presented at New
Frontiers of Relativistic Quantum Chemistry Beijing
China 2015, June 13-16.

Anderson J. S. M., Ayers P. W.: “The Zero-Flux Condi-
tion for the Quantum Theory of Atoms in Molecules
Beyond the Schrodinger Picture” presented at Interna-
tional Congress on Quantum Chemistry Beijing China
2015, June 8-13.

Functional Analysis of Novel Small Orfs (Sorfs) Involved in Plant Abiotic Stress Tolerance

Name: Khurram Bashir

Host Laboratory: Center for Sustainable Resource Science

Plant production is severely affected by different abi-
otic stresses including heat and drought stress. Small
open reading frames (SORFs) which encode small pep-
tides (less than 100 amino acids residues) are predicted
to be involved in plant’s response to different abiotic
stresses. In Arabidopsis, 7,901 sORFs have been identi-
fied and many of these are predicted to be involved in
abiotic stress tolerance. I am characterizing the role of
AT4 in heat stress tolerance. AT4 putatively encodes two
small peptides (AT4a & AT4b), and its expression is up-
regulated by heat stress. AT4a encodes a 24 amino acid
peptide while AT4b is predicted to encode 53 amino ac-
ids long peptide. Arabidopsis plants overexpressing full
length AT4 (Harboring AT4a and AT4b) exhibited heat
tolerance however plants overexpressing AT4b does not
exhibited heat stress. We could not detect the AT4a pep-
tide in AT OX lines indicating that either it does not en-
code a small peptide or its concentration is too low to be
detected by western blot analysis. We have developed
transgenic lines overexpressing the silent mutated AT4a
peptide and these lines did not exhibit heat tolerance. We
are also analyzing mutants of AT4. Further analysis of
these lines would be useful to understand the exact role
of AT4 under heat stress. I have also identified 20 small
peptides in chloroplast of Arabidopsis. We also per-

formed the microarray analysis under drought stress to

Plant Genomic Network Research Team
Laboratory Head: Motoaki Seki

identify sORFs which are differentially regulated in roots

and shoots.

@Publications

Papers:

1). Vigani G, Bashir K, Ishimaru Y, Lehmann, M, Casir-
aghi MF, Nakanishi H, Seki M, Geigenberger P, Zoc-
chi G, Nishizawa NK. Knocking down Mitochondrial
Iron Transporter (MIT) reprograms primary and sec-
ondary metabolism in rice plants. Journal of Experi-
mental Botany. Accepted. (2015). Equal contribution.

2). Bashir K., Ishimaru Y, Itai RN, Senoura T, Takahashi
M, An G, Oikawa T, Ueda M, Sato A, Uozumi N, Na-
kanishi H, Nishizawa NK. Iron deficiency regulated
OsOPTY7 is essential for iron homeostasis in rice. Plant
Molecular Biology. 88:165-176. (2015).

@Oral Presentations

International conferences

1). Bashir K, Nakaminami K, Higuchi M, Yoshizumi T,
Okamoto M Tanaka M, Matsui M, Shinozaki K, Ha-
nada K, Seki M., Ishimaru Y, Nakanishi H and
Nishizawa NK. Strategies to develop plants tolerant to
abiotic stresses. International Symposium on Advanc-
es in Molecular Biology of Plants and Health Scienc-
es. Lahore, Pakistan. December 28-31. (2015).
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2). Bashir K, Nakaminami K, Higuchi M, Yoshizumi T,
Okamoto M Tanaka M, Matsui M, Shinozaki K, Ha-
nada K and Seki M. Characterizing the Role of Heat

Stress-Inducible Small Open Reading Frames
(sORFs). The 26th International congress on Arabi-
dopsis Research. Paris, France. July 5-9. (2015)

Theoretical Study of Topological Phases and Spintronics in Strongly Correlated

Multiferroic Transition Metal Oxides

Name: Wei Fan

Host Laboratory: Computational Condensed Matter Physics Laboratory

Following the research proposal of 2014 fiscal year, I
first studied quantum anomalous Hall (QAH) effect in
SrlrOj; thin films based on appropriate models. Based on
a recent paper (Physical Review B 90, 195145 (2014)),
where they proposed possible QAH phase in one or two
layers of SrIrO; sandwiched between other oxide layers,
I studied the QAH effect of multiple layers of SrIrO;, and
found a flat band could appear in specially chosen pa-
rameter spaces. This flat band is closely related to topo-
logical protected surface state. Then, applying an exter-
nal magnetic field along perpendicular directions of

SrlrO; layers, QAH state could appear according to time-

Laboratory Head: Seiji Yunoki

reversal symmetry breaking argument. This paved the
way to study the transport properties of QAH state in
devices built with SrIrO; multiple layers.

Transport studies are based on non-equilibrium
Green'’s functions within the Keldysh formalism. The de-
tailed description of the method has been reported in pre-
vious papers (Physical Review B 85, 125401 (2012)).
The transport tunnel junction is composed of 5 layers of
SrlrO; along [110] direction. Two gold wires are con-
nected on both sides of SrIrO; layers in order to provide

sufficient electrons.

Autophagy Deficiency and Protein Aggregation as Pathogenic Mechanisms of

Psychiatric Disorders

Name: Kelvin Kai-Wan Hui

Host Laboratory: Brain Science Institute

In the present study, autophagy deficiency was in-
duced by Atg7 deletion to test the hypothesis that dis-
rupted protein homeostasis and increased protein mis-
folding and aggregation play a causal role in psychiatric
disorders. My previous experiments demonstrated that
the disruption of protein homeostasis by Azg7 deletion in
forebrain excitatory neurons (CaMKlII-cre A7g7 cKO)
leads to increased aggregation of disease-associated pro-
teins, neuronal dysfunction and abnormal psychiatric be-
haviours reminiscent of human autistic spectrum disor-
der (ASD) patients. In FY 2015, T have performed

quantitative mass spectrometric experiments to identify

Laboratory for Protein Conformation Diseases

Laboratory Head: Motomasa Tanaka

aggregated proteins (aggreome) in the affected brain re-
gions (cerebral cortex and hippocampus) as a result of
autophagy deficiency. The dataset suggests that multiple
cell signaling pathways may be affected due to protein
aggregation, including calcium signaling, cytoskeletal
remodeling, and axonal transport, all of which have been
shown to be defective in animal models for psychiatric
disorders. In addition, data analysis revealed a time-de-
pendent change in the aggreome, consistent with the
timeline for neurodegeneration in A¢g7 cKO mice previ-
ously reported by our collaborator (Nilsson et al., Cell

Reports 2013). In parallel, we have also examined for
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time-dependent changes in behavioural deficits dis-
played by these mice however no significant changes
were observed at the different ages examined.

As excitatory-inhibitory balance is believed to under-
lie the pathology of ASD and other psychiatric disorders,
the effects of autophagy deficiency in forebrain inhibi-
tory interneurons (DIx5-cre Atg7 cKO) is also being ex-
amined. My previous experiments demonstrated that p62
consistently accumulates in a time-dependent manner in
the affected neurons, primarily located within the stria-
tum as well as in the cerebral cortex and the hippocam-
pus. However, the identity of aggregated proteins ap-
pears to be distinct compared to those found in excitatory
neurons. A detailed examination of the principal neuro-
nal cell type in the striatum (medium spiny neurons) re-
vealed a significant reduction in dendritic spine density

of Atg7 cKO mice. In addition, while previous electro-

physiology experiments showed that synaptic plasticity
in the form of long-term potentiation (LTP) recorded
from hippocampal CA1 neurons (excitatory) were not af-
fected by Atg7 deletion in interneurons, the frequency of
miniature inhibitory post-synaptic currents (mIPSCs) re-
corded in these neurons were observed to be significantly
increased in Azg7 cKO mice, consistent with an altera-
tion in inhibitory signaling in the brains of these mice. At
the behavioural level, DIx5-cre Afg7 cKO mice interest-
ingly display some behavioural deficits (e.g., nesting be-
haviour, social interation, open field activity) similar to
CaMKllI-cre Atg7 cKO mice but showed normal marble
burying behaviour, in contrast to deletion of A¢g7 in fore-
brain excitatory neurons. Further experiments in FY2016
will be performed to identify additional defects in DIx5-
cre Atg7 ¢cKO mice as well as elucidating the mecha-

nisms underlying such deficits.

Supercomputing the Difference between Matter and Antimatter via K->pi pi Decays
Using Lattice QCD

Name: Christopher Kelly

Host Laboratory: BNL Research Center

The matter/antimatter in the Universe is thought to
arise due to ‘baryogenesis’ processes, of which a neces-
sary ingredient is the breaking of the charge-parity sym-
metry. While CP-violation exists in the Standard Model,
it is far too small to account for the observed asymmetry.
Most new physics models predict, in particular, new con-
tributions to direct CP-violation in hadronic decays that
may be observable by comparing experiment to a precise
Standard Model determination.

Direct CP-violation was originally observed in the de-
cays of a kaon into two pions, and precise measurements
are now available. Low energy strong interactions play
an important role in these decays, hence lattice tech-
niques are required for a Standard Model prediction to be
formulated. My research, performed in collaboration
with Columbia University in the US as well as Edin-
burgh and Southampton universities in the UK, has been

to apply the technique of lattice QCD to the determina-

Computing Group
Laboratory Head: Taku Izubuchi

tion of the K-> pi pi decay amplitude in the I=0 channel.
Combined with our existing measurement of the =2
channel amplitude, this has enabled us to determine epsi-
lon-primed, the measure of direct CP-violation in the
Standard Model for the first time.

The two key difficulties of this calculation are ensur-
ing that the statistically-noisy disconnected diagrams are
measured precisely, and ensuring the decay is performed
with energy conserving kinematics. To this end we have
developed parallel code optimized for the IBM Blue
Gene/Q machines that uses all-to-all propagator methods
and the novel G-parity boundary conditions to overcome
these challenges.

Our results, recently published in Physical Review
Letters, are the first ab initio determination of epsilon-
primed. The current result for the =0 amplitude has a
large, 85% total error, primarily due to a strong cancella-

tion between the two dominant contributions to the I=0
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amplitude. The result for epsilon-primed presently agrees
with experiment at the 2.1-sigma level, but with further
measurement this may resolve into a disagreement, indi-
cating the presence of new physics.

The primary goals for the near future, and the main
focus of my research, are reducing the statistical and sys-
tematic uncertainties through a combination of improved

algorithms and measurement techniques.

@Publications

Original paper, P. A. Boyle et al, “The Low Energy Con-
stants of SU(2) Partially Quenched Chiral Perturbation
Theory from N_f=2+1 Domain Wall QCD”, arX-
1v:1511.01950 (submitted to PRD)

Original paper, Z. Bai et al, “Standard Model Prediction
for Direct CP Violation in K— 7 n Decay”, Phys.
Rev. Lett. 115, no. 21, 212001 (2015)

Original paper, T. Blum ef al, “K \rightarrow \pi\pi \Del-
ta 1=3/2 decay amplitude in the continuum limit”,
Phys. Rev. D 91, no. 7, 074502 (2015)

Proceedings from Lattice 2015, C.Kelly, “Standard
Model Prediction for Direct CP-Violation in K->pi pi
Decays”, PoS(LATTICE2015)009

@Oral Presentations

02/06/15 - conference presentation, “Multi-Hadron and
Nonlocal Matrix Elements in Lattice QCD” workshop,
BNL, NY, USA: “Progress towards an ab initio, Stan-
dard Model calculation of direct CP-violation in K de-
cays”

03/27/16 - seminar, BNL, NY, USA: “Progress towards
the first principles lattice calculation of €’ ”

07/15/15 - plenary talk, “Lattice 2015, Tsukuba, Japan:
“Standard-model prediction for direct CP violation in
K— 71 7 decays”

09/07/15 - plenary talk, “ Fundamental parameters from
Lattice QCD” workshop, Mainz, Germany: “CP-vio-
lation in the kaon sector on the lattice”

10/08/15 - conference presentation, “Brookhaven Forum
20157, BNL, USA: “Standard-model prediction for di-
rect CP-violation in kaon decays”

10/27/15 - plenary talk, “KEKFF”, Tokyo, Japan: “Kaon
decays on the lattice”

10/30/15 - seminar, KEK, Tsukuba, Japan: “Standard-
model prediction for direct CP violation in K =7 7
decay”

12/14/15 - seminar, LANL, NM, USA: “Standard-model

prediction for direct CP violation in K — 7 7 decay”

Investigating the Role of Reactive Oxygen during Vertebrate Lens Formation

Name: Nicholas Love

Host Laboratory: Center for Developmental Biology

Injuries and disorders eye can cause blindness, disfig-
urement, and an overall lowering of life quality. Many of
these maladies are caused by morphogenic failures dur-
ing optic development or the wound healing process. In
order to innovate strategies to alleviate suffering follow-
ing optic injuries, understanding the basic biological
mechanisms employed during vertebrate lens tissue or-
ganization are critical.

The formation of the vertebrate lens is a fascinating
and classic instance of tissue organization. Lens forma-
tion orchestrates a tightly controlled program of gene

activation, growth factor signaling, cell differentiation,

Laboratory for In Vitro Histogenesis
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and morphogenesis. Previous studies have demonstrated
that small, diffuse, reactive oxidant species (ROS) such
as hydrogen peroxide (H,0,) can act a global coordina-
tors of processes implicated during lens formation e.g.
cell fate, differentiation signaling, cytoskeletal modula-
tion, cell migration, and growth. Moreover, in the 1940s
it was observed that vertebrate optic development corre-
lated with localized increases in oxidant levels, though a
lack of technology at the time precluded detailed investi-
gation of this genetic and molecular mechanisms under-
lying these phenomena.

Using recently developed microscopy and DNA se-
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quencing techniques, I have performed a series of ex-
periments that reveal a new facet of the complexity to in
vitro optic tissue generation. Namely, I have published
research showing how the Fgf- and Wnt-signaling path-
ways provide genetic information to ES-cell derived op-
tic tissues. Ultimately, it is hoped that discoveries made
from these studies will precipitate novel methods to treat

injuries of the eye and lens.

@Publication

Original Paper

Andrabi M, Kuraku S, Takata N, Sasai Y, Love NR.
Comparative, transcriptome analysis of self-organiz-
ing optic tissues. Scientific Data. (2015). Published *

Love NR, Pollak N, Délle C, Niere M, Chen Y, Oliveri
P, Amaya E, Patel S, Ziegler M. Calmodulin-sensitive
NAD kinase controls animal NADP biosynthesis and
is modulated via evolutionarily divergent calmodulin-
dependent mechanisms. PNAS. (2015). Published.*

Love N.R., Ziegler M., Chen Y., and Amaya E.: Carbo-
hydrate metabolism during vertebrate appendage re-

generation: What is its role? How is it regulated?

Bioessays. (2014). Published.*

Love N.R., Chen Y., Han Y., Ishibashi S., Kritsiligkou
P., Lea R., Gallop J.L., Dorey K., and Amaya E.: Am-
putation induced reactive oxygen species (ROS) are
required for successful Xenopus tadpole tail regenera-
tion. Nature Cell Biology. (2013). Published *

Love N.R., Thuret R., Chen Y., Ishibashi S., Sabherwal
N,. Paredes R., Alves-Silva J., Dorey K., Noble A.M.,
Guille M.J., Sasai Y., Papalopulu N., and Amaya E.:
pTransgenesis: a cross-species, modular transgenesis
resource. Development. (2011). Published *

Love N.R., Chen Y., Bonev B., Gilchrist M.J., Fair-
clough L., Lea R., Mohun T.J., Paredes R., Zeef L.A.,
and Amaya E.: Genome-wide analysis of gene expres-
sion during Xenopus tropicalis tadpole tail regenera-
tion. BMC Dev Biol. (2011). Published *

@Presentation

International Conference

Love N.R.: “Generation of optic tissues using embryonic
ES cells” Bayer Lindau Dialogue, Lindau Germany
2015, 30 June.

High Resolution Frequency Measurements and Temperature Manipulation of a Single

Antiproton - Antiproton g-factor Experiment at the Ulmer Research Unit

Name: Andreas Mooser

Host Laboratory: Ulmer Initiative Research Unit

The Standard Model of particle physics (SM) is the
theory which best describes our knowledge about funda-
mental particles and their interactions. However it is
known that this theory is incomplete. This inspires vari-
ous searches for physics beyond the SM, among these
direct high-precision tests of the combined charge, time
and parity (CPT) invariance. Our aim is to perform such
tests of CPT invariance by comparing the fundamental
properties of protons and antiprotons at lowest energies
and with greatest precision. To this end we developed a
cryogenic multi Penning trap setup, which consists of a
reservoir trap serving as a source for antiprotons during
accelerator shutdowns, a precision trap allowing for non-

destructive and precise frequency measurements and an

Laboratory Head: Stefan Ulmer

analysis trap enabling the detection of the spin state.

Using a single antiproton delivered by the antiproton de-
celerator at CERN in Switzerland all of these traps have
been successfully commissioned within our last experi-
mental campaign. In addition we developed a novel fast
measurement scheme for cyclotron frequency compari-
sons of two individual particles. The latter enabled us to
compare the charge-to-mass ratio of the proton and the
antiproton with a fractional precision of 69 parts per tril-
lion. This constitutes the most precise test of CPT-invari-
ance using baryons so far. Our measurements were per-
formed at cyclotron frequencies of about 30MHz, which
means that in this case CPT invariance holds at the atto-

electronvolt scale. In addition we were able to set a limit
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of 0,72 part per trillion on sidereal variations in the
charge-to-mass ratio, which could be mediated by aniso-
tropic and CPT violating contributions to the SM. Turn-
ing arguments around and assuming that CPT invariance
holds, our measurements constraints any anomalous
gravitational coupling of antimatter.

With an improved setup using a so called self-shielding
coil we meanwhile achieved a 3.5-fold higher magnetic
field stability which will allow for a significantly im-
proved charge-to-mass ratio comparison and a sub parts
per billion measurement of the antiproton magnetic mo-
ment in the future.

For a measurement of the magnetic moment the observa-
tion of spin-flips is needed. Here the challenge is to ob-
serve these spin-flips on a background of frequency fluc-
tuations in a Penning trap with a superimposed magnetic
field inhomogeneity. Within the recent 2015 CERN anti-
proton run we observed such spin quantum transitions.
The scope of our current research is the implementation
of experiment routines to perform an antiproton mag-

netic moment measurement at the parts per billion level.

@Publications

Original Paper

Ulmer S., Smorra C., Mooser A., Franke K., Nagahama
H., Schneider G., Higuchi T, Van Gorp S., Blaum K.,
Matsuda Y., Quint W., Walz J. and Yamazak Y.: High-
precision comparison of the antiproton-to-proton
charge-to-mass ratio. Nature 524, 196 (2015), pub-
lished*.

Smorra C., Blaum B., Bojtar L., Borchert M., Franke K.

A., Higuchi T, Leefer N., Nagahama H., Matsuda Y.,
Mooser A., Niemann M., Ospelkaus C., Quint W,
Schneider G., Sellner S., Tanaka T, Van Gorp S., Walz
J., Yamazaki Y. and Ulmer S.: BASE - The Baryon An-
tibaryon Symmetry Experiment. Eur. Phys. J. Special
Topics 224, 3055 (2015), published*.

Mooser A., Smorra C. and Ulmer S.: Das magnetische
Moment des Protons. PhiuZ 46, 92 (2015), published.

@Oral Presentations

International Conferences

Mooser A., Smorra C., Blaum B., Franke K. A., Higuchi
T, Leefer N., Nagahama H., Matsuda Y., Quint W.,
Schneider G., Sellner S., Tanaka T., Walz J., Yamazaki
Y. and Ulmer S.: “A test of CPT invariance at the At-
toelectronvolt Scale” Low energy antiproton physics,
Kanazawa Japan 2016, Mach 6-11.

Mooser A., Smorra C., Blaum B., Franke K. A., Higuchi
T, Leefer N., Nagahama H., Matsuda Y., Quint W.,
Schneider G., Sellner S., Tanaka T., Walz J., Yamazaki
Y and Ulmer S.: “The Magnetic Moment of the Proton
and the Antiproton” The 47th Conference of the Euro-
pean Group on Atomic Systems, Riga Latvia 2015,
July 14-17.

Mooser A., Smorra C., Blaum B., Franke K. A., Higuchi
T, Leefer N., Nagahama H., Matsuda Y., Quint W,
Schneider G., Sellner S., Tanaka T., Walz J., Yamazaki
Y. and Ulmer S.: “The g-Factor of the Proton and the
Antiproton” Seminar at the Max-Planck Institut fiir
Kernphysik, Heidelberg Germany2015, July 22.

Charge Dynamics at the Solid Interface Studied by Novel Nonlinear Spectroscopy

Name: Anton Myalitsin

Host Laboratory: Molecular Spectroscopy Laboratory

Heterodyne-detected vibrational sum frequency gen-
eration (HD-VSFQG) spectroscopy provides interface-se-
lective vibrational spectra (Im[ y ]) that can be directly
compared with bulk infrared spectra. Additionally, the
sign of the Im[ y @] spectra provides information about

the orientation of molecules at the interface. Recently we

Laboratory Head: Tahei Tahara

obtained complex y® spectra from the “buried” silica/
water interface with HD-VSFG spectroscopy by using
the non-resonant signal from the buried silica/air inter-
face as a reference.

In the last year we studied biocompatible polymer/wa-

ter interfaces with HD-VSFG spectroscopy. For exam-
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ple, poly(2-methoxyethyl acrylate) (PMEA) shows ex-
cellent bio/blood compatibility and is often used as
coating for catheters and other medical equipment. How-
ever, the origin of biocompatibility for PMEA is still
controversially debated. Some studies attribute blood
compatibility to a specific species of water molecules
(“intermediate water”’) which exists only at the biocom-
patible polymer/water interface. Other reports claim that
no specific water structure exists at the PMEA/water in-
terface, i.e. water molecules at that interface behave like
in bulk water. However, these models focus on water
soaked into the polymer, studied with non-interface se-
lective methods such as ATR-IR.

In our study we measured the complex y @ spectra of
the PMEA/water interface and compared it to the blood
PMMA /water (PMMA:
poly(methyl-methacrylate)). To avoid inter- and intra-

incompatible interface
molecular coupling of H,O we used isotopic dilution.
Our results show for both polymer/water interfaces H-up
orientation of interfacial water, in which water molecules
at the interface direct the hydrogen atoms toward the
polymer. However, the spectral shape differed signifi-
cantly between the blood compatible PMEA and blood
incompatible PMMA: The Im[ y @] spectrum of PMEA/
water interface resembled the IR spectrum of water. On
the other hand, the Im[ y ¥'] spectrum of the PMMA /wa-
ter interface showed a red shift of the main OH band,
indicating the presence of stronger hydrogen bonds than
bulk water.

In conclusion, we did not find a specific water species
at the PMEA /water interface. Quite the contrary, our re-
sults suggest that water molecules at the PMEA interface
show hydrogen bond strength similar to that in bulk wa-

ter.

A publication summarizing these findings is currently

in preparation.

@Publications

Papers

A. Myalitsin, S.-h. Urashima, S. Nihonyanagi, S. Yama-
guchi and T. Tahara, J. Phys. Chem. C., 2016, 9357

@Presentation

International conference

Myalitsin A., Nihonyanagi S., Yamaguchi S., Yanagisa-
wa J., Aoki T. and Tahara T.: “Heterodyne-Detected
Vibrational Sum Frequency Generation Spectroscopy
Studies of Hemocompatibility at the Polymer/Water
Interface”, Pacifichem, Honululu USA 2015, Decem-
ber 15-20.

Domestic Conference

Myalitsin A., Nihonyanagi S., Yamaguchi S., Yanagisa-
wa J., Aoki T. and Tahara T.: “Heterodyne-Detected
Sum-Frequency Generation Studies on the ‘Buried'
Silica/Water Interface and Polymer/Water Interface”,
HAD A RENGHEHE, Tokyo JAPAN 2015, June
1-3.

Myalitsin A., Nihonyanagi S., Yamaguchi S., Yanagisa-
wa J., Aoki T. and Tahara T.: “Study of the Buried
Polymer/Water Interface with Heterodyne-Detected
Vibrational Sum Frequency Generation Spectrosco-
py”, 9th Annual Meeting of Japan Society for Molecu-
lar Science, Tokyo JAPAN 2015, September 16-19.
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Advanced Phase Detection for Optical Lattice Clocks

Name: Nils Nemitz

Host Laboratory: Quantum Metrology Laboratory

Clocks based on atomic transitions in the optical re-
gime now surpass the primary cesium standards in both

accuracy and stability, such that their measurements can

Laboratory Head: Hidetoshi Katori

no longer be fully expressed in terms of the SI second.
Demonstrating the performance of such optical clocks

therefore relies on direct comparisons.
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After concluding the initial uncertainty evaluation of
the Yb clock implemented over the course of this project,
we undertook a campaign of ratio measurements com-
paring the clock transition frequency of the ytterbium
isotope '7'Yb to that of 87Sr, determined by the strontium
clocks previously developed at the Quantum Metrology
Laboratory!'l.

The obtained ratio value R = 1.207 507 039 343 337
749(55) slightly improves on a previous record-setting
result obtained for the ratio of clocks based on single
mercury and aluminum ions!?! in terms of the fractional
uncertainty of 4.6 X 10717, More significantly, the greater
measurement stability of optical lattice clocks allows
reaching an overall uncertainty of 5X 10717 with a mea-
surement time of only 150 s, representing a 90-fold re-
duction.

The technique of synchronous interrogation, which al-
lows the instability originating from the noise of the em-
ployed clock lasers to be partially suppressed was dem-
onstrated here for the first time in the context of a ratio
measurement between clocks employing different atom-
ic species. The best observed stability will support reach-
ing a statistical uncertainty of 2 < 10-'® with a convenient
measurement time of less than twelve hours, not only al-
lowing rapid evaluation of systematic effects, but also
opening up exciting possibilities to probe fundamental
physical effects - particularly a variation of the fine struc-
ture constant - on short time scales.

At this point, the overall accuracy of the ytterbium
clock is limited by the uncertainty of the frequency shifts
induced by the optical lattice used to trap the atoms. For
this reason, we have recently begun preparations for a
detailed evaluation of the underlying higher-order ef-
fects, which we hope to conclude during the remainder

of this fiscal year.

[1] Ushijima et al., Cryogenic optical lattice clocks, Na-
ture Photonics 9 185-189 (2015)

[2] Rosenband et al., Frequency Ratio of Al* and Hg"
Single-Ion Optical Clocks; Metrology at the 17th
Decimal Place, Science 319 1808-1812 (2008)

@Publications
Original Article

Takamoto M., Ushijima I., Das M., Nemitz N., Ohkubo
T., Yamanaka K., Ohmae N., Takano T., Akatsuka T.,
Yamaguchi A. and Katori H.: Frequency ratios of Sr,
Yb, and Hg based optical lattice clocks and their ap-
plications. Comptes Rendus Physique 16, 489, pub-
lished June 2015 *

Nemitz N., Ohkubo T., Takamoto M., Ushijima I., Das
M., Ohmae N. and Katori H.: Frequency ratio of Yb
and Sr clocks with 510717 uncertainty at 150 s aver-
aging time. Accepted by Nature Photonics 10, 258—
261 (2016)
doi:10.1038/nphoton.2016.20

@Oral Presentations

International conferences

Nemitz N., Ohkubo T., Takamoto M., Ushijima I., Das
M., Ohmae N. and Katori H.: Measuring the Yb/Sr
clock frequency ratio with cryogenic optical lattice
clocks. Joint Conference of the IEEE International
Frequency Control Symposium (IFCS) and European
Frequency and Time Forum (EFTF) in Denver USA
2015, April 12-16

Domestic conferences

Nemitz N., Ohkubo T., Takamoto M., Ushijima I., Das
M., Ohmae N. and Katori H.: Measuring the Yb/Sr
clock frequency ratio with cryogenic optical lattice
clocks. Autumn Meeting of the Physical Society of Ja-
pan in Osaka 2015, September 16-19

Invited seminar presentation

Nemitz N., Ohkubo T., Takamoto M., Ushijima I., Das
M., Ohmae N. and Katori H.: Measuring the Yb/Sr
clock frequency ratio with cryogenic optical lattice
clocks. National Institute of Information and Commu-
nications Technology (NICT) in Tokyo 2015, Septem-
ber 24

@Poster Presentations

International conferences

Nemitz N., Ohkubo T., Takamoto M., Ushijima I., Das
M., Ohmae N. and Katori H.: Measuring the Yb/Sr
clock frequency ratio with cryogenic optical lattice
clocks. Presented at 8th Symposium on Frequency
Standards and Metrology in Potsdam, Germany 2015,
October 12-16
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Beyond Development: Identifying Runx1 as a Key Modulator of Immune Response

and Inflammation

Name: Wooseok Seo

Host Laboratory: Center for Integrative Medical Sciences

Runx proteins are evolutionarily conserved transcrip-
tion factors and plays essential roles during various de-
velopmental processes and it has been shown that Runx-
deficient mice show severe developmental blockages.
Our laboratory has been studying how Runx proteins
control development of blood cells. During the charac-
terization of Runx-deficient mice, we have observed that
the Runx mutant mice also exhibit several immunologi-
cal pathologies such as spontaneous infiltration of leuko-
cytes into lungs which resembles human asthma. This
observation led us to propose a hypothesis that Runx
transcription factors might have direct roles in immune
responses in addition to the well-characterized roles in
development. Consistent with this hypothesis, our labo-
ratory showed that indeed Runx1 directly regulates the
expression of IL-4, a key cytokine in immune responses
such as asthma pathogenesis. However the abnormal ex-
pression of IL-4 in the Runx mutant cells was not enough
to explain the severe lung pathologies. To this end, [ have
proposed that there must be other inflammatory media-
tors regulated by Runx transcription factors.

To discover other inflammatory molecules that are ab-
normally over-expressed in Runx1-deficiet mice, my on-
going project was began. Screening of secreted proteins
by activated T cell cultures successfully showed that CC
chemokines (CCL3, CCL4 and CCL5) are highly ex-
pressed from activated T lymphocytes in addition to IL-4
in the absence of Runx1. Since CC chemokines play im-
portant roles in mediating inflammation, this discovery
proposed that CC chemokines might be new potential

targets of Runx-mediated transcriptional repression.

Laboratory for Transcriptional Regulation

Laboratory Head: Ichiro Taniuchi

Thorough biochemical and mouse model studies have
concluded that indeed CC chemokines are direct targets
of Runx transcription factors. Therefore, my study sup-
ported the idea that Runx transcription factors can di-
rectly controls immune homeostasis by regulating key
inflammatory molecules such as IL-4 and CC chemo-
kines.

To prove the direct involvement of Runx on CCLS5 lo-
cus, last year I have generated a Crispr/Cas9-generated
knockout mouse line in which Runx binding region of
CCLS locus is removed. This new animal tool clearly
showed that Runx binding is important for controlling

CCLS5 expression.

@Publications

Review articles

Seo W. and Taniuchi L.: Transcriptional Regulation regu-
lation of Early early T-Cell cell Development develop-
ment in the Thymus. Eur. J. Immunol. Volume 46, Is-
sue 3, pages 531-538, March 2016.

@Oral Presentations

Domestic conferences

Seo W. and Taniuchi I.: “Repression of CCL5 by Runx/
CBF f8 is essential to prevent lung infiltration”, JSI
(Japanese Society of Immunology) 2015, Sapporo, Ja-
pan, 2015, November 18-20.

Seo W. and Taniuchi I.: “Control of thymocyte fate deci-
sion by local chromatin structure”, MBSJ (Molecular
Biology Society of Japan) 2015, Kyoto, Japan, 2015,
December 1-4.
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Discovering Proton and Neutron Structure from Fundamental Interactions

Name: Sergey Syritsyn
Host Laboratory: BNL Research Center

Lattice Quantum Chromodynamics (lattice QCD) is a
practical way of making predictions for Nuclear Physics
from the fundamental theory of strong interactions. Lat-
tice QCD algorithms and computing capabilities have
matured to the point when calculations directly compa-
rable to the experiment are possible, and in some cases
overcome the experimental precision. In addition, lattice
QCD calculations are important as input into searches of
new physics such as parity and baryon number viola-
tions.

One of the important milestones for lattice QCD is to
reproduce several "benchmark" quantities such as the
nucleon charge radius, nucleon axial charge, and quark
momentum fraction in the nucleon. The nucleon charge
radius is especially important in the light of the ongoing
proton radius controversy. In my research, I have calcu-
lated the radius with 10% uncertainly, which is compa-
rable to the experimental discrepancy in muon-proton
and electron-proton experiments. I am continuing these
calculations to improve the statistical and systematical
precision. Reproducing the nucleon axial charge and the
quark momentum fraction appears more challenging,
and I am working on tighter control of systematic uncer-
tainties in these quantities. Once these quantities are re-
produced with certainty, lattice QCD will become the
most universal theoretical tool to study the nucleon
structure with impact on experiments measuring the 3D
structure of the nucleon (JLab, future EIC) and the origin
of the nucleon spin.

One of the recent achievements is computing the
strange form factors of the nucleon. For the first time,
these form factors have been computed on a lattice with
sufficient precision to discriminate them from zero.
Compared to experiments, the lattice QCD precision is
much better and also indicate that experiments need to
improve precision by at least an order of magnitude to
match our current lattice calculations. In addition, ex-

periments can only access a linear combination of elec-

Theory Group
Laboratory Head: Dmitry Kharzeev

tric and magnetic strange form factors, and our results
indicate that the most common kinematics in experi-
ments results in a large cancellation making measure-
ments difficult, whereas on lattice we have access to
these form factors independent of each other.

My lattice calculations of nucleon structure also have
impact on the new physics searches. For example, the
baryon number violation through neutron oscillation de-
pends on the coupling of neutrons to effective six-quark
operators that may be generated by new physics. I have
computed the matrix elements of these effective opera-
tors thus connecting the hypothetical physics beyond the
Standard model to potentially observable rates of neu-
tron-antineutron transitions. This year I have also started
another project to compute the neutron electric dipole
moment (nEDM) induced by quark-gluon parity-violat-
ing interaction, the so-called quark chromo-EDM inter-
action. These calculations, combined with upper limits
on (or measurement of) from next-generation experi-
ments that will search for the neutron electric dipole mo-

ment, will constrain the BSM models.

@Publications

1. “High-precision calculation of the strange nucleon
electromagnetic form factors”, J. Green, S. Meinel, M.
Engelhardt, S. Krieg, J. Laeuchli, J. Negele, K.
Orginos, A. Pochinsky, S. Syritsyn; Phys.Rev. D92 3,
031501 (2015).

2. “Detecting Stealth Dark Matter Directly through
Electromagnetic Polarizability”, T. Appelquist et
al.(LSD Collaboration); Phys.Rev.Lett. 115 17,
171803 (2015).

3. “Stealth Dark Matter: Dark scalar baryons through
the Higgs portal”, T. Appelquist et al. (LSD Collabo-
ration); Phys.Rev. D92 7, 075030 (2015).

Oral Presentations

1. “Nucleon Tensor Charge and Transversity from Lat-

tice QCD”, invited talk at SOLID Workshop, Stony
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Brook University, Jan 28-30, 2016. tion talk at LATTICE2015, July 14-18, Kobe, Japan.

2. “Structure and Spin of the Nucleon in Lattice Quan- 5. “Nucleon structure results from LOQCD using Wilson
tum Chromodynamics”, theory seminar, Michigan fermions”, invited talk at the 6th Workshop of the APS
State University, Dec 8, 2015. Topical Group on Hadronic Physics, Baltimore, MD,

3. “Structure and Spin of the Nucleon in Lattice Quan- Apr 8-10, 2015.
tum Chromodynamics”, theory seminar, Stony Brook 6. “Nucleon Structure and Matrix Elements”, CCS-BNL
University, Dec 4, 2015. Workshop on Lattice Gauge Theories, University of

4. “Neutron-Antineutron Oscillation Matrix Elements Tsukuba, March 12-13, 2015.

with DW Fermions at the Physical Point”, contribu-
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Development of Microbeam Irradiation Method for Mutation Breeding

Name: Réka Judit Bereczky

Host laboratory: Nishina Center for Accelerator-Based Science

The aim of the FPR work is the development of micro-
beam irradiation method of biological cells using RIK-
EN Pelletron accelerator combined with a beam optics of
tapered glass capillary. The unique points of the FPR
work are as follows: studying the beam profile based on
interactions of ions with insulator surface to obtain the
proper microbeam with uniform energy, evolvement of
cell culturing, pre- and post-irradiation treatment method
for our experimental setup and the production of a semi-
automatic tracking system of cells.

In the second year the focus of the FPR project was the
investigation of the profile of the microbeam extracted
from the capillary optics. In the case of thinner capillar-
ies, i.e. order of 1 micron, the divergence of the extracted
beam has been investigated, but for larger outlet, order of
10 micron, with thin end-window no study has been done
yet.

In our experiment He ions with the energy of 4.5 MeV
were used and transmitted through tapered capillaries
with different outlet diameters of the order of 10 micron.
The beam profile was obtained with pieces of CR-39 for
each capillary and then compared with simulated data by
SRIM code, which is the most reliable for this energy
region. In order to use SRIM code, the beam was as-
sumed to start on the upstream surface of the end win-
dow with a homogeneous lateral distribution (x,y, x>+)°
< r?) and a Gaussian fluctuation of lateral momentum
components (p,, p,) expressed as a standard deviation,

O > Where r is the window radius. The new findings are

pxy>

that the introduction of multi-component of 0, (narrow)

pxy
and 0, (broad) reproduces the experimental beam pro-
file at CR-39. The standard deviations for narrow and
broad distributions are expected to be core and halo com-
ponents, respectively, and used in the estimation of beam
spread for each capillary. These results were presented in
international conferences.

To reduce the halo components I have investigated

once how is this component generated and then what is

Ton Beam Breeding Team
Laboratory Head: Tomoko Abe

the best capillary shape to suppress it. To achieve this
goal I have started Geant4 simulations which enable us
to introduce the complicated capillary geometry and to
consider both the ions traveling straight through the cap-
illary and the ions interacting with the inner wall of it.

I obtained microbeam irradiation techniques, which
consist of cell culturing and the analyzing method of
photos taken by microscope, through the collaboration
with the National Institute of Radiological Sciences
(NIRS) in Chiba, where the bystander crosstalk talk be-
tween lung cancer (A549) and normal (WI38) cells has
been investigated. The nuclei of the A549 cells were ir-
radiated with 3.4 MeV proton beams which diameters
were 2 micron, using the Single Particle Irradiation Sys-
tem to Cells (SPICE) facility. We found that irradiated
A549 cells did not affect bystander WI38 cells. Rather,
bystander WI38 cells induced inverse protective signal-
ing in irradiated A549 cells, which was independent of
gap junctional intercellular communication. These re-
sults improve our current understanding about radiation
induced bystander crosstalks in cancer radiotherapy sce-
nario.

In conclusion, an estimation method of microbeam
spread and the methods specified for our system in cell
culturing and data analysis were established as planned

for this year.

@Publication

Bereczky R.J., Ikeda T., Kobayashi T., Utsugi M., Hira-
no T., Sakai Y. and Abe T.: Estimation method of mi-
cro-beam divergence from glass capillaries for bio-
logical use. RIKEN Accelerator Progress Report 48
(2015) 316.

Ikeda T., Bereczky R.J., Kobayashi T., Sakai Y., and Abe
T.: Microbeam divergence from glass capillaries com-
pared with simulation for biological use. RIKEN Ac-
celerator Progress Report 2016. Submitted.
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@Presentation

Bereczky R.J.: “A method to estimate the beam diver-
gence of microbeam produced by a tapered glass capil-
lary for biological application” Seminar in Department
of Physics, Toho University, Funabashi, Japan, 2015.
March 11.

Bereczky R.J.: “Estimation method of microbeam diver-
gence from glass capillaries for biological use” 9th
International Symposium on Swift Heavy lons in Mat-

ter in Darmstadt, Germany, 2015. May 18 - 21.

Bereczky R.J.: “A method to estimate the divergence of
microbeam produced by a tapered glass capillary for
biological use” Seminar in Photonics and Electronics
Science and Engineering Center, Kyoto University,
Kyoto, Japan, 2015. May 29.

Bereczky R.J.: “A method to estimate the divergence of
microbeam produced with glass capillaries for biolog-
ical use” 12th International Workshop on Microbeam
Probes of Cellular Radiation Response, Tsuruga, Ja-

pan, 2015. May 30 - June 1.

Development of a Novel Technology for Monitoring “real tRNA usage” during

Translation in vivo

Name: Chien-Wen Chen

Host Laboratory: Brain Science Institute

Translation of mRNA requires the evolutionary con-
served, multistep machineries involving mRNA, tRNA,
rRNA and various translation factor proteins. Among
them, the peptide elongation is one of the crucial steps, in
which ribosomes coordinate the pairing between mRNA
codons and tRNA anti-codons to synthesize polypeptide
chains (Agirrezabala and Frank 2009). The translation
process is highly sensitive to environmental stresses such
as temperature change, nutrient deprivation and osmotic
shock. In fact, cells under stress conditions generally in-
duce selective gene expression but inhibit global transla-
tion in order to adapt to the stress (Harding, Novoa et al.
2000), (Holcik and Sonenberg 2005).

Recent deep sequencing and theoretical analyses sug-
gest that the usage of mRNA codons in translation dy-
namically change upon various stresses and the codon
bias in mRNA plays an important role in cell's stress re-
sponse (Gingold, Dahan et al. 2012). Furthermore, tRNA
codons may also have an impact on translational control

by stress-induced cells (Endres, Dedon et al. 2015).

Laboratory for Protein Conformation Diseases

Laboratory Head: Motomasa Tanaka

Nonetheless, it has been poorly understood what tRNAs
species are indeed incorporated into ribosomes and
thereby modulate mRNA translation when cells encoun-
ter environmental stresses, largely due to limitation of
the technology to analyze tRNAs inside ribosomes dur-
ing translation. Here we develop a novel tRNA ribosome
profiling technique which globally monitors ribosome-
bound tRNAs inside ribosomes in yeast cells and applied
this technology to decipher the roles of tRNAs in transla-
tional control under environmental stresses

By monitoring cellular tRNAs and ribosome-bound
tRNASs, we found that ribosome-bound tRNAs were sen-
sitive to environmental changes, due to the ribosome-
bound tRNAs represented the tRNA usage in translation.
In addition, we also identified that tRNA integrity was
strongly affected under stress in a yet-to-identified mech-
anism. Currently, we are looking for the potential signal-
ing pathway involved in this phenotype. The manuscript
for the methodology is preparing. I am planning to sub-

mit it to an appropriate journal early this year.
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Alternative Promoters, Biomarkers and Gene Regulatory Networks in Cancers

Name: Bogumil Kaczkowski

Host Laboratory: Center for Life Science Technologies

Genes that are frequently deregulated in cancer are
clinically attractive as both potential pan-cancer diagnos-
tic markers and therapeutic targets. The aim of this work
was to identify genes that are recurrently up-regulated or
down-regulated across many different cancer types using
Cap Analysis of Gene Expression (CAGE) data collected
for the FANTOMS (Functional ANnoTation Of Mamma-
lian genomes) project. CAGE is a 5’ sequence tag tech-
nology that globally determines transcription start sites
(TSS) in the genome and their expression levels. CAGE
methodology has been originally pioneered at RIKEN
Yokohama and it allowed us to assess novel aspects of
the cancer transcriptome. We compared the CAGE ex-
pression profiles from a collection of 224 different can-
cer cell lines and corresponding normal primary cells to
identify transcripts that are recurrently up or down regu-
lated in a broad range of cancer types.

We identified 2,108 differentially expressed promoters
associated with 656 protein-coding genes and 271 long
non-coding RNAs. Additionally, we used the unique ca-
pability of CAGE to estimate the activity of enhancers
based on the bi-directional transcription of enhancer
RNAs and identified 90 enhancers that are activated in
cancer cell lines. With ChIA-PET data we linked 16 of
our cancer-activated enhancers to promoters of known
cancer related genes.

Second, we used the genomic location of the TSSs
provided by CAGE to show that promoters that overlap
repetitive elements (especially SINE/Alu and LTR/ERV 1
elements) are often upregulated in cancer. Our finding
showing that promoters, which overlap repetitive ele-
ments are more likely to be up regulated in cancer is con-
sistent with the fact that repetitive sequences are fre-
quently hypo methylated in cancer and that hypo
methylation of promoters of tumor promoting genes
leads to their activation in cancer. Interestingly, a spe-
cific repeat family, REP522 (largely palindromic, un-

classified interspersed repeat of ~1.8Kb in size), showed

Genome Information Analysis Team

Laboratory Head: Piero Carninci

particular enrichment in the most up-regulated promot-
ers. To our knowledge this is the first report implicating
REP522 activation in cancer. To show that the observed
activation of REP522 elements was not a mapping arti-
fact, we performed a wet lab validation by qPCR for 11
up-regulated transcript that are initiated from REP522
elements at different genomic regions. We confirmed up-
regulation of 8 REP522 initiated transcripts in 3 cancer
cell lines compared to normal fibroblasts.

Finally, to confirm that our results are relevant to clin-
ical tumors we performed complementary analysis in
RNA-seq data from 4,055 tumors and 563 normal tissues
profiled by The Cancer Genome Atlas (TCGA) and we
identified a core set of pan-cancer biomarkers (of both
coding and non-coding transcripts) that are recurrently
perturbed in both the FANTOMS and TCGA datasets.

@Publications

Papers

1. B. Kaczkowski, Y. Tanaka, H. Kawaji, A. Sandelin, R.
Andersson, M. Itoh, T. Lassmann, FANTOMS consor-
tium, Y. Hayashizaki, P. Carninci, and A. R. Forrest,
“Transcriptome analysis of recurrently deregulated
genes across multiple cancers identifies new pan-can-
cer biomarkers.,” Cancer Res., p. canres.0484.2015,
Nov. 2015.

@Oral Presentations

Domestic

1. B. Kaczkowski, Y. Tanaka, H. Kawaji, A. Sandelin, R.
Andersson, M. Itoh, T. Lassmann, FANTOMS consor-
tium, Y. Hayashizaki, P. Carninci, and A. R. Forrest,
“Recurrent Transcriptome Alterations Across Multiple
Cancer Types”, Molecular Biology Society of Japan
(MBSJ), Kobe, Japan, 2015-12-04

2. Kaczkowski B, Carninci P, Hayashizaki Y, the FAN-
TOMS consortium, Forrest ARR.: “Recurrent tran-

scriptome alterations across multiple cancer types”.
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Young Investigator’s Talk at RIKEN Joint Retreat,
Kakegawa, Japan. January 29-30 2015

@ Poster Presentations

International Conference

1. Kaczkowski B, Carninci P, Hayashizaki Y, the FAN-
TOMS consortium, Forrest ARR.: “Recurrent tran-
scriptome alterations across multiple cancer types”
Cell Symposia: Hallmarks of Cancer: Asia, Beijing,
China. 9-11 November 2014

Domestic

1. B. Kaczkowski, Y. Tanaka, H. Kawaji, A. Sandelin, R.

Andersson, M. Itoh, T. Lassmann, FANTOMS consor-
tium, Y. Hayashizaki, P. Carninci, and A. R. Forrest,
“Recurrent Transcriptome Alterations Across Multiple
Cancer Types”, Molecular Biology Society of Japan
(MBSJ), Kobe, Japan, 2015-12-04

2. B. Kaczkowski, Y. Tanaka, H. Kawaji, A. Sandelin, R.
Andersson, M. Itoh, T. Lassmann, FANTOMS consor-
tium, Y. Hayashizaki, P. Carninci, and A. R. Forrest,
“Transcriptome analysis of recurrently deregulated
genes across multiple cancers identifies new pan-can-
cer biomarkers.”, International Mammalian Genome

Conference (IMGC), Yokohama, Japan, 2015-11-11

Olfactory Coding Strategy of Second-order Olfactory Neurons

Name: Meng-Tsen Ke

Host Laboratory: Center for Developmental Biology

High-resolution imaging deep inside tissues has been
challenging, as it is extremely sensitive to light scattering
and spherical aberrations. During the optical clearing
process, there is also a potential risk for introducing arti-
facts to fine structures. Furthermore, some method, such
as CLARITY, requires specialized equipments and com-
plicated procedures. To solve the problem, our group
previously developed an aqueous optical clearing agent,
SeeDB, which facilitated large-scale fluorescence imag-
ing of the mouse brain. SeeDB used simply fructose to
match the refractive index (RI) and control tissue optical
properties. Combined with two-photon microscopy,
SeeDB allowed us to image and trace the axons in fixed
intact mouse brains at the millimeter-scale level. How-
ever, on synaptic connection level, the resolution of con-
focal or two-photon imaging is insufficient due to the
diffraction limit of light. Although nanoscale imaging
has been achieve by electron microscopy (EM), the gi-
gantic data set makes the wiring analysis over long dis-
tance difficult. To fill in the gap between EM-based and
light microscopy-based connectomics, we seeking for
superresolution microscopy, which incorporates new
strategies that improve lateral resolution down to nano-

meter-scale. Currently, superresolution imaging is limit-

Laboratory for Sensory Circuit Formation
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ed to depth less than 10 micron.

To achieve super-resolution imaging of thick tissues,
we tried to minimize the 1) light scattering and 2) spher-
ical aberrations using an optical clearing and index
matching strategy. In addition, during the clearing pro-
cess, 3) fine structures have to be maintained, as we are
unable to determine genuine fine structures from de-
formed samples. Because we need to obtain photons
from smaller volumes than in conventional fluorescence
imaging, 4) fluorophores have to be bright and stable in
the cleared samples. We report an improved optical
clearing and mounting media for high-resolution fluores-
cence imaging (SeeDB2). SeeDB2 can be applied not
only for large-scale imaging, but also for small-scale,
high resolution imaging. Refractive index of SeeDB2 is
adjustable from 1.46 to 1.52 (SeeDB2G for RI at 1.46,
SeeDB2S for RI at 1.52). Light scattering and spherical
aberration can be minimized when the RI of the sample
is matched with that of objective lens and cover glass (RI
~ 1.52). Using high-numerical aperture (NA) objective
lens under confocal microscopy, fine structures of den-
dritic spines can be visualized at high resolutions in
SeeDB2S-cleared brain slices. A combination of SeeDB2

and volumetric super-resolution microscopy enabled
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light microscopy-based connectomics at the synaptic
scale, with rich genetic and chemical information.
SeeDB2 enabled super-resolution microscopy of mouse
brain slices, fly brains, mouse oocytes, and cultured cells,
up to a depth of > 100 micron, an order of magnitude
deeper than previously possible. As the availability of
commercial superresolution microscopy widens, this
protocol should enable us to easily obtain high resolution
3D images of fluorescence-labeled samples under more
natural condition, while saving time and effort on image

alignment.

@Oral Presentations

International Conference

Ke M.-T., Fujimoto S., Yoshida S., Takayama R., Kitaji-
ma T. S., Sato M. and Imai T.: "Super-resolution map-
ping of the brain using SeeDB2" Focus on Microscopy
2016, Taipei Taiwan, 2016 Mar 20-23

Domestic Conference

Ke M.-T., Fujimoto S., Yoshida S., Takayama R., Kitaji-
maT. S., Sato M. and Imai T.: "Super-resolution map-
ping of the brain using SeeDB2" The 38th Annual
Meeting of the Japan Neuroscience Society, Kobe Ja-
pan, 2015 Jul 28-31

Cross-species Chemical-genetic Profiling of the RIKEN Natural Product Depository to

Discover the Modes of Action of Potential Bioprobes and Drugs

Name: Sheena Claire Leoncio Li

Host Laboratory: Center for Sustainable Resource Science

In my current work, I conducted chemical genomics
screens using S. cerevisiae non-essential gene mutants
using a high throughput pipeline that we established in
the previous fiscal year. Briefly, quantification of dele-
tion mutant fitness after compound treatment generates
chemical-genetic signatures that can be highly predictive
of'a compound's mode of action. The pipeline uses a drug
hypersensitive diagnostic subset of yeast deletion alleles,
and is highly parallel because each mutant is marked
with a DNA barcode that allows highly multiplexed next
generation sequencing to quantify mutant populations
after compound exposure. We are very close to submit-
ting a manuscript that describes this work, where we
screened 14,000 compounds from the RIKEN NPDepo
and NIH. We identified high confidence target biological
process predictions for ~1500 compounds (RIKEN High
Confidence Compound Set), and determined the “func-
tional sginatures” of different compound collections.

This year, I conducted further screens using the same
pipeline for ~400 extremely bioactive compoudns from
the RIKEN NPDepo, ~200 natural products from Dr.
Ray Andersen's laboratory at the University of British
Columbia, and ~3040 synthetic compounds from the

Molecular Ligand Target Research Team

Laboratory Head: Charles Boone

Chinese National Compound Library. The results for
these studies will be the basis for future manuscripts.

I have also constructed three other S. cerevisiae mu-
tant collections that will be used to generate higher reso-
lution chemical genomic profiles, with the goal of ob-
taining more accurate compound target predictions. The
first is a full genome deletion collection which will be
used to 1) identify deletion mutants that can be used to
improve our current diagnostic pool and 2) provide more
comprehensive chemical-genomic information for target
prediction. The second is a heterozygous deletion collec-
tion for essential genes that will be used to identify pre-
cise essential gene targets of compounds using the drug-
induced haploinsufficiency (HIP) approach. The third is
a temperature sensitive collection for essential genes that
will also be used to improve our current diagnostic pool.
We will use these collections to screen the RIKEN High
Confidence Compound Set, in order to identify the pre-

cise modes of action for these compounds.

@Publications
Papers
Dickinson Q, Bottoms S, Hinchman L, Mcllwain S, Li S,
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Myers CL, Boone C, Coon JJ, Hebert A, Sato TK,
Landick R, Piotrowski JS. Mechanism of imidazolium
ionic liquids toxicity in Saccharomyces cerevisiae and
rational engineering of a tolerant, xylose-fermenting
strain. Microb Cell Fact. 2015 Jan 20; 15(1):17.

Serate J, Xie D, Pohlmann E, Donald C Jr, Shabani M,
Hinchman L, Higbee A, Mcgee M, La Reau A, Klinger
GE, Li S, Myers CL, Boone C, Bates DM, Cavalier D,
Eilert D, Oates LG, Sanford G, Sato TK, Dale B,
Landick R, Piotrowski J, Ong RG, Zhang Y. Control-
ling microbial contamination during hydrolysis of
AFEX-pretreated corn stover and switchgrass: effects
on hydrolysate composition, microbial response and
fermentation. Biotechnol Biofuels. 2015 Nov
14;8:180.

Piotrowski JS, Okada H, Lu F, Li SC, Hinchmann L,
Ranjan A, Smith DL, Higbee AJ, Ulbrich A, Coon JJ,
Deshpande R, Bukman YV, Mcllwain S, Ong IM, My-
ers CL, Boone C, Landick R, Ralph J, Kabbage M,
Ohya Y. Plant-derived antifungal agent poacic acid
targets B-1,3-glucan. Proc Natl Acad Sci USA. 2015
March 24; 112(12):E1490-7.

@Oral Presentations

International conferences

Li, S.C. Functional annotation of biological processes
targeted by chemical libraries. 27 international con-
ference on yeast genetics and molecular biology. Tren-

tino, Italy. 2015, September 6-12.

Copper-catalyzed Heterocarboxylation of C=X (X = C, O, N) Bonds with CO,

Name: Yong Luo

Host Laboratory: Organometallic Chemistry Laboratory

In recent decades, CO, fixation has become an active
area of research in both academic and pharmaceutical
laboratories. Among these achievements, the heterocar-
boxylation of unsaturated substances with CO, which
introduces both hetero unit and carboxyl acid group in a
single process is of particular interest. As a continuous
work of the last fiscal year, I focused on synthesizing and
utilizing various new N-heterocyclic carbene-copper
complexes for asymmetric boracarboxylation of styrene
with CO, in the FY2015.

1. Based on the references and previous achievements of
our group, commercial phosphine-based chiral ligands
almost showed no reactivity under various reaction con-
ditions. Thus, various NHC ligands with different elec-
tronic property and steric hindrance were designed, syn-
thesized and screened in this reaction. Finally, we found
that sulfonate-bearing chiral bidentate NHC-Cu com-
plexes could dramatically increase the entioselectivity,
and 69% ee was achieved when 10 mol % of this catalyst

precursor and 0.8 equivalents of LiO‘Bu were employed.

Laboratory Head: Zhaomin Hou

2. Other types of alkenes were tested in this reaction,
since different substituents have significant influence on
the entioselectivity. After screening, 1,1-disubstituted al-
kenes showed no reactivity under the standard reaction
condition. 1,2-disubstituted alkenes provided complex
mixture with containing a small amount of desired prod-
ucts.

3. Other parameters were also very important in this re-
action and investigated in the following step. Attempt to
decrease the reaction temperature was unsuccessful, be-
cause the CO, incorporation step could not work well
under lower temperature.

4. Heterocarboxylation of C=N and C=0 bonds were ex-
plored with the utilization of aldehydes and imines. As a
preliminary investigation, these reactions could undergo
smoothly to provide the desired products. Functionaliza-
tion of the obtained product is in progress with an expec-
tation to develop more efficient access to complex mol-

ecules.
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Discovery of New Mechanisms Driving Colorectal Cancer and New Therapeutics

Name: Kendle Maslowski

Host Laboratory: Centre for Integrative Medical Sciences

In the past year this study has focused on the mecha-
nisms of Sal/monella-induced colorectal tumor regres-
sion. In the previous year (FY2014), we developed a
model where mice with carcinogen and inflammation-
induced colitis-associated cancer (CAC) were treated
with aromatase A-deficient Salmonella typhimurium
(STmA°A), STmAA is auxotrophic for aromatic amino
acids, therefore it can not replicate in normal conditons,
making it non-pathogenic. However, previous reports
have shown that such attenuated bacterial strains can sur-
vive in tumor environments (without causing disease),
likely due to the high abundance of nutrients within tu-
mor tissue. We confirmed that STmA°A can reside with-
in tumor tissue in the colon, but not in normal adjacent
tissue. Mice administered STmA*A, by either oral or
intraperitoneal (ip) route, had a reduction in tumor bur-
den, without signs of adverse effects from bacterial ad-
ministration.

To understand the mechanisms of tumor regression we
performed RNAseq analysis on tumor and normal tissue
from non-treated and STmA*°A-treated mice (after 6
weeks of oral or ip treatment). Operational Taxonomic
Unit (OTU) analysis was employed to identify differ-
ences between non-treated and STmA*A-treated tumors.
OTU terms including metabolic processes and cellular
transport were amongst the top changes for both treat-
ment routes, and ip STmA*A-treated mice additionally
had OTU's with immune response related terms. On the
transcript level, we found changes in the expression level
of genes involved in epithelial or mesenchymal identity
that indicated a restoration of ‘epithelial-identity’ in
treated tumors (Smoc2, Vimentin, Lgr5) (epithelial to
mesenchymal transition is one aspect of tumor progres-
sion). Additionally, transcripts involved in amino acid

transport (Slc6a20a, Gpt), Wnt signaling (Yes1) and me-

Laboratory for Intestinal Ecosystem
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tabolism (Pdk4, Ldhd) were also identified.

Preliminary metabolomic analysis of non-treated and
STmA#°A-treated tumors have also been conducted. We
saw striking reductions in amino acids following 6 weeks
treatment with STmA#°4 (N=2/group) and even just 24
hours after the first treatment (N=1/group). Along with
the transcription data, this suggests that alterations in the
metabolic status of the infected tumors could be respon-
sible for tumor regression.

We also performed a preliminary assessment of
STmA¥°A-treatment in Apc™™* mice, which spontane-
ously develop small intestinal and colonic polyps.
STmAA_treatment also showed promising results in
Apc™* mice. This will be further interrogated in con-
tinuing experiments.

In summary, we have now identified some of the ef-
fects of STmA®°A_treatment in colon tumors; most in-
triguingly alterations in tumor metabolism and restora-
tion of epithelial homeostasis. This will now be confirmed
in additional experiments and models, and we will aim to
elucidate the initial changes induced by STmAA-

treatment.

@Oral Presentations

Domestic conference

Maslowski KM., Takahashi M., Ohno H.: “Epithelial-
intrinsic innate immunity in Sal/monella-induced tu-
mor regression”. Japanese Society of Immunology
Annual Meeting, Sapporo 2015, November 18-20.
Oral and poster presentation.

International conference

Maslowski KM.: “Epithelial NAIPs in host defence
against pathogen and carcinogenesis”. Cell Death and
Immunity, Cell Symposium, Berkeley, CA, USA. No-
vember 8-10, 2015. Poster presentation and flash talk.
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Investigation on Differential Sensitivity of Transmission Modes in Phase Shifted Waveguide

Gratings for Possible Application as Simultaneous Multi-parametric Sensing

Name: Renilkumar Mudachathi

Host Laboratory: Metamaterials Laboratory

This research was focused on the development of a
simultaneous multi-parametric sensing platform based
on a clever engineering of the Photonic Band Gap (PBG)
effect in phase shifted waveguide gratings. Theoretical
analysis of resonant cavities realized using simple one-
dimensional PBG structures revealed that it could sup-
port multiple resonant modes, which on the transmission
side are referred to as band edge and defect mode trans-
missions. The idea of simultaneous multi-parametric
sensing stems from a unique characteristic of these trans-
mission modes, i.e. the frequency of the defect mode de-
pends only on the functional parameters of the defect
layer and that of the band edge mode on the grating lay-
ers, that we called differential sensitivity. Theoretical
studies carried out using analytical and numerical meth-
ods could show the excitation of such multiple transmis-
sion modes in grated waveguide with a defect layer at the
center.

A prototype of the device has been fabricated on sili-
con on insulator (SOI) optical bench platform using the
standard micro fabrication technique. The device is a

4mm silicon waveguide with gratings etched on either

Laboratory Head: Takuo Tanaka

side. The grating period is 1 g m with a filling factor of
0.5. The grating length is 100pm. The input /output
waveguide cross-section has an area of 2um? to facilitate
the mode matching with the fiber collimator of spot size
around 2pm. The device has been excited with a super
luminescent broadband light source with a center wave-
length of 1550nm and full width at half maximum of
90nm. The transmission spectrum of the device with and
without defect layer has been captured using an optical
spectrum analyzer. The transmission spectrum shows
three peaks, the defect mode wavelength at 1545nm and
band edge transmissions at 1510nm and 1565nm provid-
ing a dynamic range of 50nm, thus confirming the theo-

retical predictions.

@Presentation

International Conference (to be presented)

Renilkumar M., Takuo Tanaka., Manoj M. Varma,: “En-
gineering the photonic band gap for simultaneous
multi-parametric sensing” The 9th Internatonal Con-

ference on Nanophotonics Taiwan2016, March 21-25.

Identification and Role of Amygdalar Projections to the Hippocampus in

Fear-motivated Spatial Learning

Name: John Ormond

Host Laboratory: Brain Science Institute

Pathological stress states are thought to involve learn-
ing-induced changes to brain circuitry resulting from
traumatic experience. The amygdala is well known to
play a central, possibly orchestrating, role in both fear
and anxiety. Fear is frequently studied in rodents using
contextual fear conditioning (CFC), in which the animal

is exposed to an aversive stimulus (the unconditioned

Neural Circuitry of Memory,

Laboratory Head: Joshua Johansen

stimulus (US)) during training. After conditioning, re-
introduction to the conditioning context elicits a fear re-
sponse, demonstrating that an association between the
context and the US has been made. CFC provides a good
model to understand pathological stress states for two
main reasons: 1) similar to innate anxiety, CFC requires

an intact hippocampus (cued fear conditioning, another

— 170 -



common conditioning paradigm, does not); and 2) in hu-
mans, contextual fear produces the feeling of aversive
expectation about potential future dangers that character-
izes anxiety.

To investigate the role of amygdala and entorhinal pro-
jections in driving hippocampal learning during contex-
tual fear (CFC), I have designed a novel behavioral task
in which rats must learn to run to a goal location for food
reward while avoiding paths which are paired with aver-
sive eye-lid shock. Using high-density electrophysiolo-
gy, pharmacological inactivations, and optogenetics, I
am investigating how encoding of context in the hippo-
campus changes after introduction, or change in location,
of the aversive stimulus, and which input regions are
necessary to cause these downstream changes.

In terms of hippocampal encoding, I have shown that
changing the location of the aversive stimulus (there are
three possible shock locations) induces place field re-
mapping in both the CA3 and CA1 regions of the dorsal
hippocampus. Interestingly, when running the task with

two shock locations, changing one shock location but

leaving the second unchanged induces remapping at all
locations, suggesting that the dorsal hippocampus is not
storing specific information about the location of the
aversive stimuli. Using pharmacological inactivations, I
have shown that task learning requires both the basolat-
eral amygdala (BLA) and the lateral entorhinal cortex
(LEC), which likely serves as a relay between the dorsal
hippocampus and BLA as they are not directly connect-
ed.

Currently, additional data is being collected to investi-

3

gate which paths (aversive or “safe”) are reactivated
within the hippocampal map during rest periods between
laps. This additional data will also be used to more pre-
cisely determine the type of remapping expressed by the
hippocampus during the task (the preliminary analysis
suggest that it may be rate remapping rather than global
remapping). Lastly, experiments using optogenetic inac-
tivation of synaptic terminals are currently underway to
confirm the importance of the BLA to LEC to dorsal hip-

pocampus circuit for task learning.

Designing new Materials: The Physics of f-electron Superlattices

Name: Robert Peters

Host Laboratory: Computational Condensed Matter Physics Laboratory

During the fiscal year 2015, I started analyzing super-
conductivity in f-electron superlattices. In a first step, I
collaborated with Dr. Y. Tada (ISSP Tokyo). We studied
magnetic and superconducting properties of f-electron
superlattice systems using the FLEX approximation.
FLEX enables us to treat non-local fluctuations, and thus
makes it possible to analyze the interplay between mag-
netic fluctuations and d-wave superconductivity. We
found that while in ordinary (none f-electron) superlat-
tices, superconductivity is suppressed, d-wave supercon-
ductivity can be strongly enhanced in f-electron superlat-
tices. This enhancement can be explained by the existence
of magnetic moments in f-electron materials, which lead
to strong magnetic fluctuations. By building a superlat-
tice out of these f-electron materials, these fluctuations

become more and more two-dimensional which favors

Laboratory Head: Seiji Yunoki

d-wave superconductivity. These results have been pub-
lished in Physical Review B.

However, a big disadvantage of FLEX is that correla-
tion effects are not well included. Therefore, I began to
study superconductivity using the dynamical mean-field
theory, which includes local correlation effects exactly.
As a preliminary study, I analyzed in collaboration with
Dr. J. Bauer (Harvard University) the interplay between
superconductivity and the pseudogap phenomenon in the
attractive Hubbard model. In our study we found that the
observed pseudogap is not related to superconducting
fluctuations above the critical temperature, as it is often
believed. We found that this pseudogap originates due to
a crossover between Fermi-liquid and non-Fermi-liquid
behavior which is connected to the metal-insulator tran-

sition occurring in this model. We furthermore found in
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our analysis that the widely used T-matrix approximation
does not include correlations correctly. The results of
this study have been published in Physical Review B.
The third topic, which I have studied in 2015, is about
correlation effects in SmB6. SmB6 is an f-electron sys-
tem, which is known to be a Kondo insulator. However,
although this material is an insulator, the resistivity satu-
rates at very low temperature, which has been explained
by metallic surface states. Recently, it has been proposed
that SmB6 is topologically non-trivial and these surface
states are protected due to the topology. This would ex-
plain the robustness of these states. In collaboration with
T. Yoshida (RIKEN), H Sakakibara (RIKEN) and N
Kawakami (Kyoto University), we have analyzed corre-
lation effects in a realistic model for SmB6, which has
been created by first principles calculations. We have
confirmed that SmB6 is a strong topological insulator.
Furthermore, we have found a remarkable interplay be-
tween strong correlations and the topology of SmB6. Be-
cause of a strong enhancement of correlations at the sur-
face, heavy surface states appear in the surface layer and
light states appear in the next-to-the-surface layer. This
coexistence of heavy and light surface states is thereby a
remarkable interplay between strong correlations and
non-trivial topology. We have submitted the results of

this study to Physical Review B.

@Publications

1. Tada Y and Peters R “Spin fluctuations and supercon-
ductivity in layered f-electron superlattices” Physical
Review B 92 035129 published*

2. Peters R and Bauer J “Local origin of the pseudogap in
the attractive Hubbard model” Physical Review B 92
014511 published*

3. Peters R and Kawakami N “Large and small Fermi-
surface spin density waves in the Kondo lattice model”
Physical Review B 92 075103 published*

4. Yoshida T, Peters R, Kawakami N “Restoration of to-
pological properties at finite temperatures in a heavy-
fermion system” submitted

5. Peters R, Yoshida T, Sakakibara H, Kawakami N “Co-
existence of light and heavy surface states in the topo-

logical Kondo insulator SmB6” submitted

@Presentations

International conferences

6. International conference “International conference on
magnetism” in Barcelona: contributed talk “Large
Fermi-surface antiferromagnetism in the Kondo lattice
model”, 07.07.2015

Domestic conferences

7. Autumn meeting Physical Society meeting Japan: con-
tributed talk “LDA/DMFT study of the topological

Kondo insulator SmB6”

Decay Spectroscopy of Neutron-rich Rare-earth Nuclei Relevant for the

Astrophysical r-process

Name: Par-Anders Soderstrom

Host Laboratory: Nishina Center for Accelerator-Based Science

Changes in nuclear shell structure far from stability
are largely associated with the monopole component of
the proton-neutron interaction. Thus, there is a large on-
going experimental effort aiming to investigate how
these shell and sub-shell closures evolve for very exotic
nuclei at and below 78Ni. The study of single neutron
and proton particle and hole states outside 78Ni is one

important way to gain information on this topic. In this

Radioactive Isotope Physics Laboratory
Laboratory Head: Hiroyoshi Sakurai

paper new experimental results on 76Co, one neutron-
hole and one proton-hole in 78Ni, were presented. Due to
the purity of the of the excited states, this is a unique case
to study the neutron-proton interaction in a region with

sparse experimental information.

@Publications
Original paper
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P.-A. Soderstrom, et al. Two-hole structure outside 78
Ni: Existence of a ps isomer of 76Co and 5 decay
into 76Ni. Phys. Rev. C, 92:051305(R), 2015.

@Oral Presentations

International conference

Status and results from the decay spectroscopy project
EURICA (Euroball-RIKEN Cluster Array). The XI

Latin American Symposium on Nuclear Physics and

Applications, Universidad de Antioquia, Medellin,
Colombia, 2 Dec 2015.

In-flight and decay spectroscopy at RIKEN. Nustar Week
2015, University of Warsaw, Warsaw, Poland, 29 Sep
2015.

Recent results obtained with EURICA at RIKEN. XIII
Nordic Meeting on Nuclear Physics, Saariselkd, Fin-
land, 13~ C17 Apr 2015.

Epitaxial Growth and Device Characterization of AlGaN-Based Deep-Ultraviolet LEDs
with Transparent p-AlGaN Contact Layer Grown on 6-Inch Si(111) Substrate

Name: Tinh Tran

Host Laboratory: Center for Advanced Photonics

Deep ultraviolet light emitting diodes (UV-LEDs)
base on AlGaN materials have attracted considerable at-
tention due to their wide range of applications in air, wa-
ter purification, disinfection, chemical sensors, bio-med-
ical, non-line-of-sight communication, etc. AlGaN-based
deep UV-LEDs on sapphire substrates have been already
commercialization recently. However, the growth of Al-
GaN on silicon substrates for deep UV-LED applications
have been extensively studying due to facing a lot of
challenges. AlGaN-based UV-LEDs need an AIN tem-
plate on the Si substrate which will provide many advan-
tages since it can transmit the very short wavelengths
(~210 nm), Si substrate can be removed by chemical
treatment to allow back illumination, to avoid the gener-
ated UV light reabsorption for back emission configura-
tion and is crucial for achieving good quality for AlGaN
layers to obtain high efficiency deep UV-LEDs. Besides
these advantages, the initial growth of thick AIN tem-
plate on Si substrates have to face many challenges, such
as a large lattice mismatch between AIN and Si (111)
(~19%) will lead to high dislocation density and crack
initiating stress, the presence of an oxide on the Si sub-
strate also leads to low coherence between AIN template
and the Si substrate, insufficient mobility of AIN species
on Si surface inhibits the structure rearrangement, or a

main hindrance to the development of AIN film is the

Terahertz Quantum Device Research Team

Laboratory Head: Hideki Hirayama

low growth rate, etc. Thus, conventional bulk AIN grows
on Si is troublesome for researchers. Metal organic
chemical vapor deposition deposited AIN nucleation lay-
ers at low temperature typically show a mosaic structure
with a very high edge and screw dislocation densities of
about 10° and 103/ cm?, respectively, for a thin AIN tem-
plate (~ 0.5 pm). Therefore, various methods have been
used to suppress these problems for AIN template grown
on either sapphire or Si substrates, such as native bulk
AIN substrate, migration enhanced metal organic chemi-
cal vapor deposition, pulsed flow multilayer AIN buffer
layers, modifications of growth mode and high tempera-
ture growth, etc. However, there were a few reports on
the growth of AIN on stripe patterned-AIN/Si or -AIN/
sapphire substrates and almost no report on the direct
growth of thick AIN templates on circle pattern-Si sub-
strates have been issued.

Until now, we have successfully developed thick AIN
on micro-circle patterned Si(111) substrates for the first
time. And the deep UV-LEDs devices are now under de-
veloping at the laboratory.

The latest result has been presented at 2 international,
2 domestic conferences and published two papers as
shown below.

Our current works can be summarized as thick AIN

templates grown directly on micro-circle patterned-
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Si(111) substrates by MOCVD reactor, using NH; pulse-
flow multilayer with epitaxial lateral overgrowth. Then,
the samples sent to another MOCVD reactor to continue
developing deep UV-LEDs structures. Finally, the deep
UV-LED:s structures will be fabricated devices.

For the remained time of the project, we will finish the
deep UV-LEDs fabrication and hope that we can obtain

high quality devices performance and publish more qual-

ity papers.

@Publications

Papers

1. Tran B. T., Hirayama H., Maeda N., Jo M., Toyoda S.
and Kamata N.: Direct Growth and Controlled Coales-
cence of Thick AIN Template on Micro-circle Pat-
terned Si Substrate. Scientific Reports, 5 14734 (2015)

2. Tran B. T., Hirayama H., Maeda N., Jo M. and Toyoda
S.: “Direct Growth of Thick AIN Template on Micro-
circle Patterned-Si Substrate”, Optical Society of
American, 26H1 4 (2015)

@Oral Presentations

International conferences

1. Tran B. T., Hirayama H., Toyoda S. and Maeda N.:
“Direct Growth and Controlled Coalescence of Thick
AIN Template on Circle Patterned-Si Substrate”, SPIE
Optics+Photonics: Fourteenth International Confer-
ence on Solid State Lighting and LED-based Illumina-
tion Systems, San Diego, California, United States,
August 9-13, 2015.

2. Tran B. T., Hirayama H., Maeda N., Jo M. and Toyoda
S.: “Direct Growth of Thick AIN Template on Micro-
circle Patterned-Si Substrate”, CLEO-PR2015, Busan,
South-Korea, August 24-28, 2015.

Domestic conferences

1. Tran B. T., Maeda N., Jo M. Hirayama H.: “Growth of
Optical Properties of AIN/AlGaN Heterostructures on
Patterned Si Substrate”, Nagoya Congress Center, Na-
goya City, Japan, September 13-16, 2015.

2. Tran B. T., Hirayama H., Maeda N., Jo M.: ” Growth
of AIN Template and AIGaN MQWs on Micro-circle
Patterned Si Substrate”, the 6th International Sympo-
sium on Growth of III-Nitrides, Hamamatsu City, Na-

goya, Japan, November 8-13, 2015.

Computational Design of Symmetrical Proteins as Building Blocks for Bionanotechnology

Name: Arnout Voet

Host Laboratory: Center for Life Science Technologies

Description of research:

During FY2015 I have investigated the design and ap-
plication of symmetric protein building blocks. The ma-
jor achievement was the biomineralisation of the small-
est nanocrystal, bio mineralized by a designer protein for
which the structure was resolved using crystallography.
This resulted in a Angewandte Chemie Intl Edition paper
and a highlight in a news and view in Nature chemistry.
A derivative protein is under investigation that is a pro-
tein ligand in a protein metal coordination complex hy-
brid material. We are now finalizing the publication of
this completely novel type of material and are confident
this result will stimulate other researchers to join our ef-

forts to use artificial protein and derived materials for

Structual Bioinformatics Team
Laboratory Head: Kam YJ Zhang

various application. Several more Pizza derivatives have
been created and their affinity towards different metal
ions was measured. We have measured the affinity using
ITC and crystallized these complexes and are waiting for
beamtime to reveal the interactions in 3D. Other achieve-
ments were the design of a novel 8fold symmetric pro-
tein named Tako8 which is currently being engineered
into a cube forming protein. Furthermore, several protein
complexes have been purified for a cryoEM centred col-
laboration with Dr. Hideki Shigematsu. Regular pizza
complexes consisting of concatenations of 6bladed units
could be visualized. Attempts to create higher order com-
plexes by combining different larger order complexes

however failed. Expression of the protein complexes was
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successful. However either the complexes did not reas-
semble into their expected complexes, or aggregated dur-
ing the purification process. Nevertheless the cryoEM
experiments are showing very promising results on the
self-assembly of the Pizza complexes as well as the mod-
ulation into fiber-formation using metal triggered self-
assembly. In collaboration with prof. Claessens (KU
Leuven, Belgium) I have been involved in a drug discov-
ery related project for the design of improved androgen
receptor antagonists for the treatment of prostate cancer.
The results have been written up in a paper and are cur-

rently under revision.

@Publications

Papers

Biomineralization of a Cadmium Chloride Nanocrystal
by a Designed Symmetrical Protein. Voet AR, Nogu-
chi H, Addy C, Zhang KY, Tame JR. Angew Chem Int
Ed Engl. 2015 Aug 17;54(34):9857-60. doi: 10.1002/
anie.201503575.

The crystal and solution structure of YdiE from Esche-

richia coli. Nishimura K, Addy C, Shrestha R, Voet
AR, Zhang KY, Ito Y, Tame JR. Acta Crystallogr F
Struct Biol Commun. 2015 Jul;71(Pt 7):919-24. doi:
10.1107/S2053230X15009140.

An integrated map of HIV genome-wide variation from a
population perspective. Li G, Piampongsant S, Faria
NR, Voet AR, Pineda-Pefia AC, Khouri R, Lemey P,
Vandamme AM, Theys K. Retrovirology. 2015 Feb
15;12:18. doi: 10.1186/s12977-015-0148-6.

@Oral Presentations

International conferences

PacifiChem2015: Hawaii December 2015
REV3olutionary design of symmetric proteins and
their applications
Arnout R.D. Voet

Domestic conferences

BSJ2015: Kanazawa September 2015
REV3olutionary design of symmetric proteins and
their applications
Arnout R.D. Voet

Towards Linking Core-Collapse Supernova Modelling with Observations

Name: Annop Wongwathanarat

Host Laboratory: Astrophysical Big Bang Laboratory

Core-collapse supernova (CCSN) is the final stage of
evolution of a massive star whose mass is approximately
10 times greater than that of our Sun. The detailed de-
scription of how such massive star explodes still remains
unresolved for several decades, despite the fact that the
basic concept of the explosion mechanism was proposed
since over fifty years ago. Astrophysicists have studied
the problem extensively using both numerical simula-
tions and observational data. However, a direct connec-
tion between theory and observations of CCSNe has not
been firmly established. Past researches in this field have
been focusing either on the explosion mechanism or on
the late-time evolution of CCSNe separately due to the
complexity of the problem. Only recently with the ad-
vancement of large-scale computing power that three-

dimensional (3D) simulations considering both the ex-

Laboratory: Shigehiro Nagataki

plosion phase and the late-time evolution become
possible. This type of simulations is considered compu-
tationally very challenging due to the vast length and
time scales that need to be covered in such simulations.
In FY2015, T performed a set of three-dimensional
long-time CCSN simulations starting from the SN shock
revival phase until the SN shock breaks out from the sur-
face of the progenitor star. This set of simulations aims to
study the radial mixing process by Rayleigh-Taylor in-
stabilities which occur as the SN shock sweeps through
the envelope of the progenitor star. Results from these
simulations show that heavy elements which are synthe-
sized at the core of the exploding star during the explo-
sion phase can be mixed outward to near the surface of
the progenitor star as required by observations of

SN1987A. The results from these simulations also show
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that the radial mixing efficiency depends on the density
structure of the progenitor star. Furthermore, in FY2015
I collaborated with Victor Utrobin at the Institute for
Theoretical and Experimental Physics in Moscow to
study the bolometric light curves which result from
three-dimensional long-time CCSN simulations using
one-dimensional Lagrangian radiation hydrodynamic
code. The results from this analysis show that one of the
three-dimensional models I performed can reproduce the
basic features observed in the light curve of SN1987A.
This is a great success for the first step towards linking

CCSNe simulaitons with observations.

@Publication
Original Paper

Wongwathanarat A., Miiller E. and Janka H.-Th.: Three-
dimensional simulations of core-collapse supernovae:
from shock revival to shock breakout. Astronomy &
Astrophysics published *

Utrobin V. P., Wongwathanarat A., Janka H.-Th. and
Miiller E.: Supernova 1987A: neutrino-driven explo-
sions in three dimensions and light curves. Astronomy

& Astrophysics published *

@Presentation

Domestic Conference

Wongwathanarat A., Miiller E. and Janka H.-Th.: “3D
long-time core-collapse supernova simulations” Work-
shop on Supernovae and Their Remnants The Elegant
Last Dance of Stars JAPAN 2015, November 9-10
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The Function of Natural Helper Cells in the Maintenance of Adipose Tissue Homeostasis
and Metabolism

Name: Kafi Ealey

Host Laboratory: Center for Integrative Medical Sciences

The goal of the present study was to assess mediators
of cross-talk and cell to cell interactions between natural
helper (NH) cells, which are now termed group 2 innate
lymphoid cells (ILC2s) and immune cells in adipose tis-
sue to determine mechanisms for immune regulation of
adipose tissue homeostasis.

Since it is known that macrophages, which accumulate
in adipose tissue of both lean and obese individuals are
critical participants in obesity-induced inflammation,
natural helper cells were co-cultured with primary mouse
macrophages under stimulation with various cytokines
using both contact and transwell systems of co-culture.
Indirect co-culture under IL-33 stimulation resulted in
increased expansion of ILC2s and significantly increased
secretion of cytokines such as MIP-1a, MIP-1b, MCP-1,
KC and G-CSF that are known to be have potent chemo-
tactic effects on immune cells, including macrophages.
In addition, co-culture conditions were shown to potenti-
ate NH cell migration in an in vitro chemotaxis assay. To
assess the relationship between ILC2s and adipocyte me-
tabolism, ILC2s were co-cultured with either primary
mouse adipocytes that were differentiated from mouse
embryonic fibroblasts or mouse 3T3-L1 pre-adipocyte
cells differentiated into adipocytes. Co-culture of ILC2s
with adipocytes under stimulation with IL-33 resulted in

impaired ILC2 function as assessed by impaired secre-

Laboratory for Innate Immune Systems

Laboratory Head: Kazuyo Moro

tion of Type 2 cytokines. ILC2-derived soluble factors
had significant effects on adipocyte metabolism resulting
in reduced adipocyte lipolysis and reduced expression of
C/EBPa and PPAR y that are essential for normal adipo-
cyte differentiation. ILC2-derived soluble factors also
increased expression and secretion of CCLI11 from adi-
pocytes. CCL11 is known to be a critical factor for eo-
sinophil chemotaxis, in vivo. Using an in vitro chemo-
taxis assay, increased migration of bone marrow-derived
eosinophils was observed in the presence of adipocytes
that were co-cultured with ILC2 under IL-33 stimulation.

Collectively, the data from this present study highlight
a potential role for IL33 and ILC2s in regulating metabo-
lism. The results show that specific interactions of ILC2s
with macrophages and adipocytes may activate meta-
bolic pathways to increase migration of other immune
cells into adipose tissue to maintain homeostasis. Future
studies will aim to assess whether ILC2s activate these

specific metabolic pathways in vivo in adipose tissue.

@Publication

Original Paper

Moro K., Ealey KN., Kabata H. and Koyasu S.: Isolation
and analysis of group 2 innate lymphoid cells in mice.
Nat. Protoc. 2015 10(5): 792-806

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

Name: Chengcheng Huang
Host Laboratory: Global Research Cluster

The final goal of this study is to find an efficient mam-
malian ENGase inhibitors for the treatment of NGLY'1

mutation patient. To achieve this, the cell system was be-

Glycometabolome Team
Laboratory Head: Tadashi Suzuki

ing established for a large scale screening. The idea is to
utilize the nature of the model protein RTAA, which

could easily get insoluble once the glycan chain has been
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cleaved by the deglycosylating enzyme ENGase, and to
express it in a double-KO cell inducibly expressing EN-
Gase using a tet-on system. Thus the activity of ENGase
could be reflected by the generation of the insolubilized
RTAA in the cell. At present the first-round antibiotic
screening has been carried and 20 mono colonies have
been examined, for their stably expressing of a regulato-
ry molecule rtTA, which induces the expression of the
target gene under a fet-on promoter by binding doxycy-
cline. A transient fet-on luciferase plasmid was expressed
in these colonies and doxycycline was added and the lu-
ciferase activity was compared between the doxycycline
treated and untreated clones, in order to obtain a rtTA-
expressing cell. Among the 20 cells tested, only 1 colony
has shown significant increase in the luciferase activity
by around 6 times. Currently I am characterizing this cell
to see if this cells are compatible for our screening pur-
pose.

To visualize RTAA by imaging, EGFP-labeling RTAA
was constructed and the solublization of the EGFP-RTA
in the Nglyl-KO cell was examined. Unfortunately the
addition of EGFP has increased the solubility of RTAA,
and therefore turned out to be an undesired substrate for
the screening. Currently replacing the EGFP with a dif-
ferent fluorescent tag, such as aggregation-prone DsRed,
will be tested.

To find a marker protein for the labeling of insoluble
aggregation, the emPAI value from the proteomics anal-
ysis of both the cytosolic fraction and the detergent in-
soluble fraction of wild type, ENGase-KO, Nglyl-KO,
as well as double-KO cell was extracted and compared.
Among the cytosolic fractions, tropomyosin as well as
type 1 collagen have relatively high distribution in Ng-
ly1-KO cell; while among the detergent insoluble frac-

tions, a spectrin alpha chain non-erythrocytic 1 has espe-

cially low distribution in Nglyl-KO cell. And these
molecules will be stained by antibodies for the confirma-
tion of their actual expressing within the cell, followed
by detection of cytosolic distribution after identifying of
some target proteins.

To biochemically examine the inhibitory effect of
compounds, in vitro ENGase assay was established us-
ing cytosolic fraction of double-KO cell over-expressing
ENGase as an enzyme source and RNase B as a sub-
strate. Through bioinformatics analysis and structure
model for human ENGase, 10 potential ENGase inhibi-
tor candidates were selected among the FDA approved
drugs (collaborative effort with Dr. Jeff Skolnick (Geor-
gia Institute of Technology). Among the 10 compounds
tested, glucuronic acid, gluconolactone, as well as
frovatriptan succinate monohydrate were identified to in-
hibit ENGase activity in vitro, with a IC50 of 1.6 mM,
3.9 mM, and 0.9 mM respectively.

@Publications

Papers:

Huang C, Harada Y, Hosomi A, Masahara-Negishi Y,
Seino J, Fujihira H, Funakoshi Y, Suzuki T, Dohmae
N, and Suzuki T.: Endo- 5 -N-acetylglucosaminidase
forms N-GIcNAc protein aggregates during ER-asso-
ciated degradation in Nglyl-defective cells. Proc Natl
Acad Sci U S A. 112(5):1398-403(2015)

Huang C, Seino J, Wang L, Haga Y and Suzuki T.: Au-
tophagy regulates the stability of sialin, a lysosomal
sialic acid transporter. Biosci. Biotechnol. Biochem.
79(4):553-7(2015)

Review articles:

Suzuki T, Huang C and Fujihira H. : The cytoplasmic
peptide:N-glycanase (NGLY 1)-structure, expression
and cellular functions. Gene 577:1-7(2016)
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Functional study of the Decision-Making Networks in Zebrafish

Name: Merlin Lange

Host Laboratory: Brain Science Institute

Action selection among several choices to adapt ani-
mal behavior in function of his environment and past his-
tory is a fundamental cognitive process, well conserved
in animal kingdom. It has been documented that neuro-
nal circuits of the corticobasal ganglia are critical for
decision-making. We have elucidated that zebrafish Da-
nio rerio, a small tropical fresh water fish member of the
teleost class, has partially the equivalent structure as the
mammalian corticobasal ganglia.

In the current work I first wanted to elucidate the pre-
cise neuroanatomy of the zebrafish corticobasal ganglia.
I developed an elegant technique combining viral trans-
synaptic tracing (with rabies virus) and transgenic ani-
mal. Especially we can perform retrograde monosynap-
tic tracing on the striatal neurons, the main output
nucleus of the corticobasal ganglia. We are now able to
precisely map the synaptic connection within the zebraf-
ish corticobasal ganglia. The technic is now working I
am on the process of data acquisition. Furthermore, on
the brain of virus-injected samples, we are now able to
perform tissues clearing method (i.e Scale technic devel-
oped by the group of Dr. Miyawaki in RIKEN BSI), fol-
lowed by 3D imaging an approach that enables the com-

prehensive analysis of the whole brain cellular network.

Developmental Gene Regulation
Laboratory head: Hitoshi Okamoto

Then, using the calcium indicator GCaMP7 (a geneti-
cally encoded calcium indicator), we recorded the brain
activity in corticobasal ganglia nucleus of transgenic ani-
mal during a Go-NoGo task. The result suggests that the
activity of the zebrafish indirect striatal neurons, a key
component of the corticobasal ganglia, is enhanced dur-
ing the NoGo action selection. Indeed during the NoGo
stimulation, we observed more activated neurons in the
indirect striatal neurons, when we looked at the GCaMP7
activity with a 2 photons microscope. All together our
data support the existence of functionally equivalent
structure as the mammalian corticobasal ganglia in ze-

brafish, playing a key function in decision making.

@Oral Presentations

Poster presentations

“Functional study of the decision-making networks in
zebrafish” Lange, Kakinuma, Islam, Aoki, Tsuboi and
Okamoto. BSI retreat, Tokyo November 2015

Seminar Presentation

“Functional study of the decision-making networks in
zebrafish” Lange, Kakinuma, Islam, Aoki, Tsuboi and
Okamoto. Invited seminar by Dr Jiu-Lin Du, ION in-
stitute, Shanghai, November 10, 2015

Novel Infrared Absorption Nanospectroscopy Using Metamaterials for Bioanalysis in

Nanofluidic Devices

Name: Thu Hac Huong Le

Host Laboratory: Center for Advanced Photonics

This study realizes a novel infrared (IR) absorption
nanospectroscopy for bioanalysis by employing a nano-
fluidic devices integrated with IR-absorbing metamateri-
als. Herein, the confinement of detection spaces in 10-

100 nm space of nanofluidic devices has eliminated the

Innovative Photon Manipulation Research Team

Laboratory Head: Takuo Tanaka

background that obstructs the IR-absorption measure-
ment, while the integration of metamaterials offers not
only the strong field enhancement but also the tailoring
of resonance wavelength to the vibrational modes of in-

terest that significantly improves the sensitivity. Further-
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more, the photo thermal lens spectroscopy (TLS) is in-
troduced to detect the IR-absorption with single molecule
level. The proposed nanospectroscopy should be the first
ultra-sensitive spectroscopy that can give detailed mo-
lecular structural and chemical information (or the “fin-
ger-prints”) of single biomolecules. It allows the identifi-
cation of biomolecules as well as the in-situ monitoring
of biological interactions such as protein bindings or
conformation. Therefore, it offers a powerful platform
for bioanalytic nanofluidic devices as well as for study-
ing of cellular dynamics in a label-free fashion, that is
totally different to existing methods. The research plan is
divided into three steps: (1) Engineering of metamateri-
als and fabrication of nanofluidic devices with metama-

terials integrated, (2) Establishment of photothermal

spectroscopy in mid-IR and demonstration of IR nano-
spectroscopy, (3) Application to the study of protein dy-
namics using biomimetic nanofluidic devices. During the
first year of this fellow program, the fabrication method
of IR-compatible nanofluidic devices, in parallel to the
design and fabrication of metamaterials with unique op-
tical properties for photothermal spectroscopy purpose
was established. In details, a versatile process to fabri-
cate nanofluidic devices on IR-transparent CaF, sub-
strates was developed. The direct fabrication on CaF,
substrates enables not only the construction of fluidic
channels with fine nanostructures, but also the integra-
tion of plasmonic nanostructures to utilize the localized

surface plasmon effects.

Quantum Limited Measurement using Superconducting Circuits

Name: Zhirong Lin

Host Laboratory: Center for Emergent Matter Science

In the present study, we are developing itinerant mi-
crowave-photon detector using driven superconducting
quantum circuits. The lack of an efficient detector for
itinerant microwave photons has been a long-standing
problem in microwave quantum optics using supercon-
ducting circuits. We developed an efficient time-gated-
mode microwave photon detection of a single microwave
photon propagating through a waveguide. To capture
single microwave quanta, we employ an artificial A -type
three-level system comprising the dressed states of a
driven superconducting qubit coupled to a microwave
resonator. After capture stage, we non-destructively
readout the qubit state using a parametric phase-locked
oscillator we developed in 2014. We attained a detection
efficiency ~ 0.7 and a bandwidth~2n X 16MHz. We are
fabricating the new devices to extend the detection from
time-gated-mode to the continuous-mode operation. The
continuous-mode microwave photon detection has been
theoretically proved. These results would contribute to
various applications in quantum sensing, quantum com-

munication and quantum information processing.

Superconducting Quantum Electronics Research Team

Laboratory Head: Yasunobu Nakamura

In addition, we studied the dynamics of a nonlinear
oscillator near the critical point. We found the effective
quantum activation energies for the transitions between
the interstate states and the corresponding scaling law.
These results would contribute to attract more attention
of using Josephson parametric oscillator as a platform
for studying quantum phenomena away from thermal

equilibrium in well-characterized systems.

@Publications

Papers

Lin Z. R., Nakamura Y. and Dykman M. I.: Critical fluc-
tuations and the rates of interstate switching near the
excitation threshold of a quantum parametric oscilla-
tor. Phys. Rev. E 92, 022105 (2015)*

Koshino K., Inomata K., Lin Z. R., Nakamura Y. and
Yamamoto T.: Theory of microwave single-photon de-
tection using an impedance-matched A system. Phys.
Rev. A 91, 043805 (2015)*

Koshino K., Lin Z. R., Inomata K., Yamamoto T. and

Nakamura Y.: Dressed-state engineering for continu-
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ous detection of itinerant microwave photons. arX-
1v:1509.05858, submitted*

Inomata K., Lin Z. R., Koshino K., Oliver W. D., Tsai, J.
S., Yamamoto T. and Nakamura Y.: Single micro-
wave-photon detector using an artificial A -type three-

level system. arXiv:1601.05513, submitted*

@Presentations
International conferences
Lin Z. R., Inomata K., Koshino K., Nakamura Y., Tsai, J.

S. and Yamamoto T.: “Josephson parametric phase-

locked oscillator and its application to quantum infor-
mation processing”, The 15th International Supercon-
ductive Electronics Conference (ISEC 2015), Nagoya
Japan, July 6-9 (2015). (Oral)

Lin Z. R., Inomata K., Koshino K., Tsai, J. S., Yamamoto
T. and Nakamura Y.: “Josephson parametric amplifier
and oscillator and their application to quantum infor-
mation processing”, The CEMS International Sympo-
sium on Dynamics in Artificial Quantum Systems
(DAQS2016), Tokyo Japan, January 12-14 (2016).
(Poster)

Understanding Translation Control and Delay in Circadian Rhythms

Name: Arthur Millius
Host Laboratory: Quantitative Biology Center

Life is remarkably adapted to the 24-hour rotational
movement of the earth. In mammals, the molecular time-
keeping mechanism for circadian rhythms relies primar-
ily on transcription activators and repressors. Briefly, a
protein called period (PER) heterodimerizes with anoth-
er protein cryptochrome (CRY), and translocates to the
nucleus where it represses transcription of the period
gene and other genes that activate period transcription.
While much work has been devoted to understanding the
systems regulation of the transcriptional network, less is
known how the process of translation itself influences
biological rhythms. Translation efficiency has been
shown to affect circadian rhythms in bacteria and neuros-
pora, but it is unclear if similar mechanisms apply to
mammals. We are taking a systems approach using next-
generation sequencing of ribosome-protected mRNA
fragments to observe how ribosomes bind and translate
mRNA at different times of the day. Specifically, we plan
to isolate ribosomes from mouse liver at different circa-

dian times, generate cDNA libraries from ribosomal-

Laboratory for Synthetic Biology
Laboratory Head: Hiroki Ueda

bound mRNA, and use high-throughput sequencing to
characterize rhythmically-translated transcripts. We will
compare translation levels to mRNA expression by
gPCR and total protein abundance as measured by mass
spectrometry in the same liver samples to understand
protein flux through circadian pathways. Additionally,
we will examine ribosomes bound to evolutionarily-con-
served upstream open reading frames (uORFs) in the 5'
upstream regions of many circadian mRNAs. We plan to
explore the function of these uORFs in circadian clock
genes such as Per2 and Cryl in 3T3 luciferase reporter
cell lines and in knock-out rescue experiments in mouse
embryonic fibroblasts, ES cells and whole animals. We
hypothesize that uORFs in the 5' regions of clock genes
are important for high-amplitude, robust circadian
rhythms. Our work ultimately aims to understand how
modulation of mRNA translation might affect the clock,
which will be important for reducing the symptoms of
jet-lag and in understanding and treating circadian-relat-

ed diseases such as cancer and depression.
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Sea Quark Polarization Measurement via Parity Violating W Boson Production

in Polarized Proton-Proton Collisions

Name: Sanghwa Park

Host Laboratory: Nishina Center for Accelerator-Based Science

Over decades, a series of experimental and theoretical
effort has been made to understand the structure of pro-
ton spin. The origin of the proton spin is understood as
the sum of the contributions from partons and their or-
bital angular momentum. While the valence quark con-
tribution is well known, yet the sea quark polarization is
poorly constrained. The parity violating W production in
polarized proton-proton collisions provides clean access
to the sea quark polarization in the proton. W bosons are
produced only by left-handed quark and right-handed an-
tiquark, and therefore it is directly related to the helicity
of quarks and anti-quarks. The charge of W boson selects
the quark and anti-quark flavor. The single spin asym-
metry can be defined as the difference of cross sections
of positive and negative helicity proton beams and di-
vided by the sum. By measuring this asymmetry from
forward to backward rapidity, one can access to the fla-
vor-decomposed quark and anti-quark polarization.

PHENIX measurement has performed the W measure-

Determinants of Gene

Name:

Host Laboratory:

Gene expression displays considerable variation
(termed noise) when measured at the single cell level,
however the key determinants of this noise remain un-
clear. The present study includes a set of projects inves-
tigating the sources of gene expression noise in bacteria.
Genes expressed at a low level (less than a few copies of
mRNA or protein per cell) display considerable cell-to-
cell variation due to stochastic copy number fluctuations
that dominate when there are only a few molecules. As

gene expression increases, these effects average out, and

Radiation Laboratory
Laboratory Head: Hideto Enyo

ment in longitudinally polarized proton collisions at 510
GeV at Relativistic Heavy Ion Collider. At PHENIX, W
boson is measured by its weak leptonic decay, electron/
positron at mid-rapidity and muon at forward and back-
ward rapidity. The forward measurement of positive mu-
ons is sensitive to anti-d quark polarization, and the
backward measurement of negative muons is sensitive to
anti-u quark polarization. This forward rapidity measure-
ment is unique at PHENIX as this forward rapidity is
covered by only the PHENIX at RHIC, and therefore it
can further improve the constraint of the anti-quark po-
larization. The preliminary result shows good agreement
with the theoretical predictions, and the result is being

finalized for the publication.

@Oral Presentations

Domestic conferences

Park S.: “W Physics in PHENIX”, Spinfest Workshop,
Tokai, Japan, July (2015)

Expression Noise

David Priest
Quantitative Biology Centre
Laboratory for single cell gene dynamics

Laboratory Head: Yuichi Taniguchi

mean scaled noise decreases, however there comes point
where noise stops decreasing, and this unavoidable
‘noise floor' is suggested to be due to cell-to-cell fluctua-
tions in important proteins, such as RNA polymerase.
Fluctuations in such ‘global noise factors' should propa-
gate through basic gene expression mechanisms (such as
transcription and translation), to many other proteins,
and as a result, in single cells, these factors should be
correlated to many other proteins. Taking advantage of

this idea, Project 1 aims to identify global noise factors
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via their degree of correlation to a set of diagnostic
genes. This approach requires high-throughput, two-co-
lour fluorescence imaging of a library of 2400 E. coli
strains, which is challenging due to the small size of bac-
teria. To solve this, we have initiated a collaboration with
Yo Tanaka (Lab of Integrated Biodevices, RIKEN
QBIC), to develop a method, based on micropatterned
agarose, to efficiently image our cell library. We have a
working prototype that can physically segregate E. coli
cells and will soon commence imaging of the library.

In addition to global factors, it was shown that pro-
moter architecture can affect gene expression noise,
however the degree of this effect remains controversial.
Project 2 therefore aims to measure noise in mRNA copy
number across a panel of E. coli reporters with different
promoter architectures including DNA looping. We are
currently developing the technique to measure these
strains, called single molecule mRNA fluorescence in
situ hybridisation (smFISH). Finally, another source of
noise can be the bacterial cell cycle, during which the
copy number of genes can double due to the nature of
bacterial genome replication. To investigate this, we
have initiated a collaboration with theoretician A. prof.
Abhyudai Singh of the University of Delaware (Project
3). We are setting up systems to measure gene copy num-
ber and expression level in both fixed and live cells to
determine whether E. coli possesses mechanisms to cor-
rect gene expression for gene dosage and indeed, how
noisy gene expression is throughout the cell cycle. Thus,
during my first year at RIKEN I have developed signifi-
cant technical expertise (microscopy, HPLC and image
analysis), and have initiated multiple collaborations,
both local and international, resulting in number of proj-

ects that will yield publications over the next two years.

@Publications
No papers accepted for publication during period April
Ist, 2015 to January 8th, 2016

@Presentations

I attended three international conferences to present the

following two recently published papers from my doc-

toral thesis:

[

. Priest, David G., Sandip Kumar, Yan Yan, David D.

Dunlap, Ian B. Dodd, and Keith E. Shearwin. 2014.

“Quantitation of Interactions between Two DNA

Loops Demonstrates Loop Domain Insulation in E.

Coli Cells.” Proceedings of the National Academy of
Sciences of the United States of America 111 (42):
E4449-57.

. Priest, David G., Lun Cui, Sandip Kumar, David D.

Dunlap, Ian B. Dodd, and Keith E. Shearwin. 2014.
“Quantitation of the DNA Tethering Effect in Long-

Range DNA Looping in Vivo and in Vitro Using the

Lac and A Repressors.” Proceedings of the National

Academy of Sciences of the United States of America
111 (1): 349-54.

@ International conference: g-bio summer school

O
O

Date: July 8th, 2015

Location: Fort Collins Campus, Colorado State
University, Colorado, United States of America
Talk: Special Contributed Evening Session,
David Priest, RIKEN QBiC (Osaka, Japan),
“Quantitative characterization of long distance
DNA looping”.

@ International conference: 4th International Sym-

posium of the Mathematics on Chromatin Live

O
O
O

Dynamics.

Date: December 9th, 2015.

Location: JMS Aster Plaza, Hiroshima, Japan.

Talk: “DNA loops that control other DNA
loops: Testing the Loop-domain model in E.

coli, David Priest, RIKEN QBiC (Osaka, Ja-
pan).

@ International conference: Pacifichem 2015

O
O
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Improving Mercury-based Optical Lattice Clock and Application of Trapped Atoms to

Fundamental Physics

Name: Thaned Pruttivarasin

Host Laboratory: Quantum Metrology Laboratory

Recent progress in trapped atoms allows us to apply
them to precisely test fundamental physics. Current ac-
cepted theory that describes the three fundamental forces
(strong, weak and electromagnetic interaction) is called
the Standard Model. However, it is well-known that the
Standard Model is incomplete, and physicists have been
actively searching for evidence of any departure from
this theory. Two of the most active experimental search-
es for physics beyond the Standard Model are a search
for variation of fundamental constants and a search for
violation of Lorentz symmetry.

Optical lattice clocks based on trapped mercury (Hg)
are suitable for a search for time-variation of the fine
structure constant (o). This is because the energy transi-
tion in Hg used for atomic clock is more sensitive to
change in the value of a. By referencing a Hg clock to a
strontium (Sr) clock (which is less sensitive to
o-variation) and monitoring any change to the Hg clock
frequency, we directly search for any evidence of new
physics beyond the Standard Model. Our recent effort
was to improve the current Hg-Sr clock system to reduce
the systematic uncertainty. This includes improving ra-
dio-frequency sources in the experimental setup increase
robustness.

Lorentz symmetry has been under many stringent ex-
perimental tests since the day of Michelson and Morley

more than 100 years ago. Recent work on trapped calci-

Laboratory Head: Hidetoshi Katori

um ions (Pruttivarasin et al., Nature, 2015), which ap-
plies techniques in quantum information to precision
measurement, drastically improved on the limits of Lo-
rentz violation parameters for electrons to reach a part in
10'8. Based on this work, together with our collabora-
tors, we look for a more promising experimental system
which can utilize this technique and improve further the
precision of the Lorentz symmetry test. We identify that
a trapped ytterbium ion (Yb") is suitable for this task due
to its enhanced sensitivity. The projected limit of Lorentz
violation parameters for electrons is estimated to be im-
proved by more than 10 times over the calcium-ion ex-

periment.

@Publication

Original Paper

Pruttivarasin T. and Katori H.: Compact field program-
mable gate array-based pulse-sequencer and radio-
frequency generator for experiments with trapped at-
oms, Rev. Sci. Instrum. 86, 115106 (2015).

Dzuba V. A., Flambaum V. V., Safronova M. S., Porsev
S. G., Pruttivarasin T., Hohensee M. A. and Haeffner,
H.: Strongly enhanced effects of Lorentz symmetry
violation in entangled Yb" ions, Nature Physics,
(2016). (Advance Online Publication: http://www.na-
ture.com/articles/ nphys3610)

Origin and Evolution of Planetary Systems in the Milky Way

Name: Steven Rieder

Host Laboratory: Advanced Institute for Computational Science

Description of research:
My research is about studying the origin and evolution

of planetary systems in the Milky Way. This topic can be

Particle Simulator Research Team

Laboratory Head: Junichiro Makino

split in roughly three subtopics: the evolution of plane-
tary systems in solitude, the effect of stellar encounters

on planetary systems and the frequency of interactions
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between stars. In the last year, my research was focused
most on the first and last parts.

Regarding the evolution of planetary systems in soli-
tude, I worked with Dr. Kenworthy at Leiden University
to investigate one recently discovered particular system,
called J1407. This Sun-like star, which is 16 million
years young and part of the Scorpius-Centaurus star as-
sociation, experienced an unusually long eclipse in 2007,
which was hypothesised to be caused by a companion
object with a large ring system around it. Further obser-
vational constraints showed that this object would need
to be on a highly eccentric orbit. We investigated wheth-
er such an object would remain stable for a significant
period of the star’s lifetime, or if it would necessarily be
a transient object. We found that for the object to be sta-
ble, it would need to be relatively massive (more likely a
brown dwarf than a planet), and the rings would need to
be in retrograde orbit relative to the companion’s object
around the star. This has implications for the formation
mechanism of such an object, as these conditions make it
unlikely the object was formed like this in situ. This re-
sult has been submitted to MNRAS.

Regarding the frequency of stellar encounters, I work
with Prof. Sills at McMaster University to reproduce in
simulations the young stellar environments found in the

MYStIX survey. These environments are representative

of the early stages in a star’s life: < 1 million years after
the stars have formed in the gas cloud, but before the gas
has dispersed. In our current model, these environments
over several million years change into an environment
like the Orion nebula, which is a well-studied stellar en-
vironment in a later stage. The model allows us to inves-
tigate the features of the environment as a whole as well
as the movement of the individual stars, the latter of
which we use to quantify and qualify the encounters be-
tween stars.

Finally, I continue my work with Prof. van de Weygaert
at Groningen University on the large-scale formation
process of Milky Way-like galaxies. We use a large-scale
simulation to study the relation between the mass of dark
matter haloes (in which galaxies are embedded) and the

direction of matter inflow onto these haloes.

@Oral Presentation

Domestic conferences

Rieder S: “The strange rings around stellar companion
J1407b”, MODEST 15-S, Kobe, December 7-11

Rieder S: “Impact of stellar encounters on planetary sys-
tems”, 3rd DTA Symposium “The Origins of Planetary
Systems: from the Current View to New Horizons”,

Tokyo, June 1-4

Structural Dynamics of Biomolecules Studied by Novel Single Molecule Spectroscopy

Name: Bidyut Sarkar

Host Laboratory: Molecular Spectroscopy Laboratory

The function of a biopolymer (e.g. protein, DNA or
RNA) is dictated by its structure. However, the structure
is usually not static and the conformational dynamics of
the biopolymer governs its structure-function relation-
ship. In this work, we aim to study the conformational
dynamics of functional biomolecules in previously unex-
plored p s-ms time-domain using two-dimensional fluo-
rescence lifetime correlation spectroscopy (2D-FLCS).
In the following I describe the progress we made towards
understanding two key problems of biology: (I) the earli-
est step of amyloid aggregation, and (II) ligand sensing

Laboratory Head: Tahei Tahara

mechanism of a riboswitch. Finally, I introduce a new
method, combining dynamic fluorescence quenching and
2D-FLCS, which can provide new insights into biomo-
lecular structural dynamics.

() Earliest step in amyloid aggregation: In our quest to
understand which of ‘misfolding’ and ‘aggregation’ ini-
tiates the conversion of non-toxic monomeric protein to
toxic aggregates (amyloids), we use Amylin (implicated
in type-II diabetes) as a model peptide. To study the con-
formational dynamics of amylin we require the peptide

with Forster resonance energy transfer (FRET) pair at-
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tached to it. So far, we have standardized the fluorophore
labeling at either terminal (for donor and acceptor dye)
and working on to produce the FRET pair labeled pep-
tide with high purity and yield. Additionally, we are
working on to form the intramolecular disulphide bond
between two cysteine residues of Amylin. Initial low pu-
rity of the crude peptide (prepared by solid-phase peptide
synthesis) makes the preparation of dual fluorophore la-
beled peptide with high purity challenging.

(I1) Ligand sensing by riboswitch: To understand how a
riboswitch recognizes its cognate ligand, we use PreQl
riboswitch. Naturally occurring PreQ1 riboswitch has
the smallest known ligand sensing ‘aptamer’ domain (34
nucleotides). To study the conformational states and the
dynamics of ligand recognition, we procured PreQ1 ribo-
switch labeled with FRET-pair dyes at appropriately se-
lected positions. Preliminary 2D-FLCS measurements
on the riboswitch suggested some interesting and previ-
ously unknown sub-ms dynamics in the presence of the
cognate ligand PreQl. However, the results cannot be
confirmed beyond doubt due to some acceptor dye pho-
to-physics, which contaminates the actual signal. Pres-
ently we are trying to clarify the issue with a new sample
labeled with a different acceptor fluorophore, which is
not expected to show such interfering photo-physics.
(IIT) New method combining dynamics quenching and
2D-FLCS: Conformational dynamics of biopolymers are

widely studied using FRET probes. However, FRET
measurements require labeling multiple dyes and work
for a limited dye-pair distance. Here we combined the
dynamic fluorescence quenching method and 2D-FLCS
to study ps-conformational dynamics of biomolecules
labeled with a single fluorophore. While collisional
quenching (using iodide ion) resolves conformations
with different solvent exposure of the fluorophore, 2D-
FLCS extracts the kinetics information with sub- i s time
resolution. We demonstrated the applicability of the
method by studying the conformational dynamics of a
hairpin-DNA. We also used a multi-foci FLCS setup for
the measurements to improve the signal to noise ratio. In
complementary to FRET measurements which measures
distance between two fluorophores, this new method can
be employed to study dynamic changes in microenviron-

ment of biomolecules.

@Oral Presentation

Domestic conference

Sarkar B., Ishii K. and Tahara T.: “Study of microsecond
conformational dynamics of biomolecules using dy-
namic quenching and two-dimensional fluorescence
lifetime correlation spectroscopy (2D FLCS)” 96 An-
nual Meeting of The Chemical Society of Japan,
Doshisha University, Kyotanabe, 2016, March 24-27.

Quantum Chromo Dynamics in Extreme Conditions

Name: Vladimir Skokov

Host Laboratory: RIKEN BNL Research Center

During my first 5 months of the appointment at RBRC
I published two papers, one of them in Phys. Rev Lett.
The main results are
1. The determination of the distribution of linearly polar-
ized gluons of a dense target at small x by solving the
Balitsky-Jalilian-Marian-lancu-McLerran-Weigert-
Leonidov-Kovner rapidity evolution equations. From
these solutions, the amplitude of ~cos2¢ azimuthal

asymmetries in deep inelastic scattering dijet production

Theory Group

Laboratory Head: Samuel Aronson

at high energies was estimated. Sizable long-range in ra-
pidity azimuthal asymmetries with a magnitude in the
range of v2=(cos2 ¢ )~10% was found.

2. It was shown that for a finite number of emitting
sources, the Color Glass Condensate produces substan-
tial elliptic azimuthal anisotropy, characterized by v2,
for two and four particle correlations for momentum
greater than or of the order the saturation momentum.

The flow produced has the correct semi-quantitative fea-
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tures to describe flow seen in LHC experiments with
p-Pb and pp collisions. This flow is induced by quantum
mechanical interference between the waves of produced
particles, and the flow itself is coupled to fluctuations in

the positions of emitting sources.

@Publications

Papers

A. Dumitru, T. Lappi, V. Skokov: Distribution of Lin-
early Polarized Gluons and Elliptic Azimuthal Anisot-
ropy in Deep Inelastic Scattering Dijet Production at
High Energy, Phys. Rev. Lett. 115, 25, 252301 (2015).

L. McLerran and V. Skokov: Finite Numbers of Sources,
Particle Correlations and the Color Glass Condensate,
Nucl. Phys. A 947, 142 (2016).

Trans-family Grafts between Parasitic Plants and their Hosts

Name: Thomas Spallek

Host Laboratory: Center for Sustainable Resource Science

Parasitic plants are pests of many crop plants of agri-
cultural importance. Their interaction with the host plant
is complex and molecular events remain largely elusive.
I focus on infection and disease promoting strategies of
Striga and Phtheirospermum japonicum, a hemi-parasit-
ic plant. I monitored host responses in the model plant
Arabidopsis thaliana and focused on mutants and marker
genes which were previously reported to be associated
with graft efficiency. Grafting is a well-known horticul-
tural technique of combining the beneficial traits of one
rootstock with the scion of a different genotype. While
grafting is widely used for hundreds of years, the under-
lying molecular events are poorly understood. However,
growth hormones such as auxin and cytokinins were re-
ported to play a pivotal role during grafting. In the course
of my study, more than 26 Arabidopsis genotypes were
analysed for resistance to parasitic plants. In particular,
host genes of the auxin signalling pathways were linked
to altered haustoria development of the parasite. Some of
these genes are also required for efficient graft formation
in Arabidopsis, while others had stronger effects on
haustoria development than on graft formation and vice
versa. It was further established that auxin inducible
genes were expressed at the infection side at early time
points of infections. Notable, auxin response markers are
also early expressed across graft junctions. In contrast,

host cyktoninin makers were up-regulated after haustoria

Plant Immunity Research Group

Laboratory Head: Ken Shirasu

were fully established and the dynamics of this cytokinin
marker was substantially different to the dynamics of this
gene during graft formation. An increase of cytokinin in
host and parasite was furthermore confirmed by bio-
chemical quantifications of plant hormones. In conclu-
sion, I identified host growth hormone responses as im-
portant components of the developmental framework
underlying infections of parasitic plants. I observed a
remarkable commonality and differences between infec-
tions of parasitic plants and graft formation, which are

currently studied in depth.

@Presentation

International Conference

Spallek T., Wakatake T., Melnyk C., Yoshida S., Shirasu
K.: “ Breaking the spell - Are host hormone responses
the key to parasitism of witchweeds and related para-
sitic plants?” XVIII. International Plant Protection
Congress (IPPC) Berlin Germany 2015, August 24-27.

Seminar

Spallek T., Wakatake T., Melnyk C., Yoshida S., Shirasu
K.: “ Breaking the spell - Are host hormone responses
the key to parasitism of witchweeds and related para-
sitic plants?” Centre for Organismal Studies (COS),
Heidelberg University, Heidelberg Germany 2015,
August 31.
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Neural Circuit and Molecular Mechanisms in Lateral Amygdala for Fear Memory

Consolidation.

Name: Bao Zhen Tan

Host Laboratory: Brain Science Institute

In the present study, we used cued fear conditioning to
study the neuronal substrates of associative learning and
mechanisms of memory formation in the mammalian
brain. An aversive unconditioned stimulus (US; electric
foot shock) was paired with a neutral conditioned stimu-
lus (CS; auditory tone) During this acquisition phase, the
tone acquires aversive properties and on subsequent ex-
posure (memory test phase), will elicit a fear response
(freezing). Pathways transmitting the CS and US con-
verge in the lateral amygdala (LA), and occurrence of
synaptic plasticity and concomitant activation of neuro-
modulatory afferents to the LA underlies the acquisition
of fear conditioning. One such neuromodulator is nor-
adrenaline (NA). The locus coeruleus (LC) is a promi-
nent source of NA in the brain. While it is known that LC
neurons and NA release in the LA are activated by aver-
sive events, it is unclear if LC is the source of NA to the
LA, and the specific temporal epochs during fear condi-
tioning in which these inputs are important. Using a Cre
recombinase-dependent-targeting with retrograde virus
approach, I targeted the LC neurons that project to the
LA and blocked NA release in the LA specifically during
US period using inhibitory opsins and laser inhibition. I
found that temporally specific inhibition of NA nerve ter-
minals in the LA during acquisition is sufficient to at-
tenuate long term memory 24 hours later, compared to
fluorescent controls.

In the brain, encoding and storing of associative mem-
ories requires the detection of different input signals and
translation of these associations into changes in the num-
ber, structure, or function of synapses. Thus, transient
coincidences result in the transcriptional activation of
genes encoding factors required for enhanced synaptic
transmission. CRTC], a transcriptional cofactor, senses

the coincidence of two important second messengers -

Neural Circuits of Memory Laboratory
Laboratory Head: Joshua Johansen

calcium and cAMP, and via its nuclear translocation,
dramatically increases CREB’s transcriptional activity
and neural plasticity. Using immunohistochemical stud-
ies, I found that fear learning (and not just sensory expe-
rience) produces a significant increase in CRTCI1 nuclear
translocation in the LA neurons immediately after, and
nuclear localization is maintained and enhanced even af-
ter 1 hour, suggesting that CRTC1 may serve to regulate
long term memory acquisition and consolidation in the
LA. Indeed, when CRTCI1 activity or expression was de-
creased via viral expression of a dominant-negative ver-
sion of CRTC1 or shRNA targeting CRTC1 respectively,
cued long term memory was attenuated.

It is well established that synaptic plasticity in the LA
plays a critical role in the association of CS and US in-
puts, and thus the acquisition and maintenance of fear
learning and memory. The molecular and circuit process-
es discovered in our studies could represent general
mechanisms for how memories are formed and modu-
lated in other neural circuits. In addition, because fear
conditioning is an established model for anxiety disor-
ders such as post-traumatic stress disorder, these findings
could have important clinical implications. Understand-
ing how the LA neural circuit connections and intracel-
lular signaling pathways in this circuit engage fear mem-
ory may provide important insights into how these
disorders occur and offer potential therapeutic targets for

drug treatment.

@Publication

Uematsu, A., Tan, B.Z., and Johansen, J.P.: Projection
specificity in heterogenous locus coeruleus cell popu-
lations: implications for learning and memory. Learn

& Mem. in print*

— 190 -



Catalytic N2 Fixation to Diamine with Titanium Complex

Name: Ching Tat To

Host Laboratory: Center for Sustainable Resource Science

The catalytic activity of titanium complexes for am-
monia (NH;) synthesis from dinitrogen (N,) and dihy-
drogen (H,) was explored in present studies. The investi-
gation was divided into two directions: (1) homogeneous
phase study employing molecular complexes; (2) hetero-
geneous phase study via surface supported approach.
The former direction focused on using non-cyclopentadi-
enyl (Cp) type titanium trialkyl complexes, as an exten-
sion study of reported N, cleavage and hydrogenation by
Cp type ligated titanium system. Unfortunately, the prep-
aration of titanium trialkyl ligated by non-Cp type li-
gands was challenging. Attempted synthesis of scorpio-
nate (Tp) titanium trialkyl from its chloride precursor
was accompanied with the formation of unknown para-
magnetic species and decomposition to intractable prod-
ucts. On the other hand, hydrogenolysis of titanium tri-
methyl ligated with polydentate phenoxyimine ligand
under N, yielded complicated mixture which was diffi-
cult to purify due to extremely well solubility in common
organic solvents. Further investigation from this direc-
tion was temporarily ceased.

The second approach made use of mesoporous hetero-
geneous support with chemically bonded titanium com-

plexes as catalytic material. Current investigation shown

Advanced Catalysis Research Group
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that MCM-41 modified with Ti(CH,TMS), or Ti(NMe,),
released only up to stoichiometric amount of NH; in flow
reactor. We proposed that addition of second transition
metal complexes might aid the catalytic formation of
NHj;. To our delight, without high temperature pretreat-
ment, when Ti(NMe,), was loaded on MCM-41 pre-
functionalized with Co,(CO)g to form the catalyst, NH;
could be catalytically produced up to 9 turnovers (e.g.
900% yield) with respect to titanium in flow reactor (2.5
MPa, H,/N, flow rate = 60/20 mL/min, 250 °C). The role
of cobalt has not been experimentally determined. It is
assumed that poly-nuclear cobalt cluster was formed in-
side the mesoporous support which readily activated H,
to form [Co']H unit. Due to the weak Co-H bond disso-
ciation energy of about 60 kcal/mol, [Co']H unit served
as active hydrogen atom donor for NH; formation. Alter-
natively, titanium and cobalt loaded on MCM-41 reacted
with each other to form bi-metallic cluster which exhib-
ited unique activity for catalytic NH; synthesis. Indeed,
Ti(NMe,), is not an ideal precursor due to intrinsic nitro-
gen content. Further experiments employing non-nitro-
gen containing precursors, e.g. Ti(CH,TMS),, with
Co,(CO); are ongoing.

Nuclear Transmutation for the Long-lived Radioactive Waste

Name: He Wang

Host Laboratory: Nishina Center for Accelerator-Based Science

In the present work, the spallation reactions of long-
lived fission products (LLFP) '3’Cs and °°Sr on proton
and deuteron at 200 MeV/nucleon have been studied for
the purpose of nuclear waste transmutation. LLFP is one
of the major component in the high-level waste from

nuclear reactor systems. The LLFP nuclei are highly ra-

Radioactive Isotope Physics Laboratory
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dioactive and have long life times. In order to reduce the
quantity of high-level radioactive waste, the partitioning
and transmutation technology has been introduced.
However, for the LLFP transmutation, experimental re-
action data are currently lacking. Aiming at bringing a

new invention to the nuclear transmutation on LLFP, the
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spallation reactions of '3’Cs and ?°Sr have been studied.
The present work is the first attempt in the history of
nuclear physics to solve the problem of the LLFP trans-
mutation.

The experiment was performed at Radioactive Isotope
Beam Factory (RIBF) in the RIKEN Nishina Center. The
inverse kinematics was applied in order to study system-
atically the target dependence of reactions, and to avoid
the difficulties associated with using a highly radioactive
target. The '37Cs and %°Sr beams were produced by in-
flight fission of a 238U primary beam at 345 MeV/nucle-
on in the BigRIPS separator, and the reaction residues
were analyzed by the ZeroDegree spectrometer. Thanks
to the advanced RI facilities at RIBF, both the LLFP
beams and spallation products were unambiguously
identified event-by-event. The proton- and deuteron-in-
duced spallation cross sections were obtained by using
the polyethylene (CH,), deuterated polyethylene (CD,),
and natural carbon targets.

The results lead a deep understanding for the mecha-
nism in the spallation reactions. It is found that the deu-
teron-induced cross sections (¢,) are much larger than
the proton-induced ones (,) for the light products to-
wards the neutron-deficient side in the isotopic distribu-
tion. This is because that a higher energy deposit can be
obtained by deuteron relative to proton. This allows a
large emission of protons and neutrons, resulting in a
large cross section. The difference between o, and o,
provides useful information in the production of RI
beams via the spallation reactions.

The total cross sections on proton and deuteron for

137Cs and ?°Sr have been deduced to be around 1 barn.
Because of the large total cross sections, the number of
the LLFP nuclei can be reduced considerably after the
spallation reaction. In addition, since g, is higher on the
neutron-deficient side, more neutrons can be produced
by the deuteron beam. These neutrons may induce the
secondary reactions in the nuclear waste for further
transmutation. It appears that the deuteron is a potential
candidate for the LLFP transmutation. The new results
suggest that the spallation reaction is a promising mecha-
nism for the LLFP transmutation and will lead a reduc-
tion of the radiotoxicity of the spent fuel.

The high quality data of the proton- and deuteron-in-
duced spallation cross sections are critical to converge
towards a solution for transmutation of long-lived waste.
Worldwide activities on the LLFP transmutation in nu-
clear physics as well as nuclear engineering may be driv-

en by the initiative of the present study.
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An Extended Numerical Investigation of Cosmic-ray Acceleration and Photon Production

during the Afterglow Phase of Gamma-ray Bursts

Name: Donald Warren

Host Laboratory: Astrophysical Big Bang Laboratory

The afterglow phase of a gamma-ray burst reveals in-
formation about the progenitor star and its environment.
It also offers insight into the microphysics of collision-
less shock acceleration, and tests theories of high-energy

physics at energy scales far beyond anything current ex-

Laboratory Head: Shigehiro Nagataki

periments can reach. Current approaches to afterglow
emission assume a very basic model for the photon pro-
duction: synchrotron emission from a single power-law
distribution of energetic electrons. Our previous work

has shown that efficient particle acceleration causes sub-
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stantial departures from a power-law distribution, espe-
cially for electrons. Due to plasma instabilities around
relativistic shocks, even electrons that don't enter the ac-
celeration process become ultra-relativistic and generate
observable synchrotron radiation. The presence of a
“thermal bump” in particle spectra further undermines
the standard model for afterglow emission. My current
work extends this effort by simulating efficient electron-
ion acceleration at multiple times during an afterglow. In
contrast to previous work, the simulation now calculates
the interaction between accelerated particles and the
shock's velocity profile-essential to the departure from a
power-law distribution-in the same manner at all shock
speeds, from the ultra-relativistic speeds early in the af-
terglow until well into the non-relativistic late afterglow.
We find that the wave-particle interactions around rela-
tivistic shocks have a significant effect on the accelerated
particle spectrum, and consequently on the photon emis-
sion. In particular, magnetic field amplification by short-
wavelength Weibel instabilities increases both the char-
acteristic energy of synchrotron emission as well as its
intensity, while limiting the volume behind the shock
that produces observed emission. Additionally, the same
Weibel instabilities mediate energy transfer from ions to
electrons until the shock slows to the point where the
instability is quenched. The quenching of this instability,
and the resultant cessation of energy transfer, causes a

steepening in the temporal decay of synchrotron radia-

tion. The time at which this steepening occurs, curiously,
falls in a range associated with a steepening in afterglow
observations. However, this extant steepening is attrib-
uted to large-scale hydrodynamical or geometrical ef-
fects rather than to the microphysics of shock accelera-
tion. Additional investigation is necessary, and will be
performed in the future, to determine whether this coin-
cidence holds, and perhaps the primacy of the two com-

peting explanations for the same spectral break.

@Publications

Papers

Warren D., Ellison D., Bykov A.M. and Lee S.-H.: Elec-
tron and ion acceleration in relativistic shocks with ap-
plications to GRB afterglows. MNRAS, 452, 1, p.431
(2015).
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Investigations of Electromagnetic-field Induced Effects in Strongly Coupled Gauge Theories

Name: Di-Lun Yang

Host Laboratory: Nishina Center for Accelerator-Based Science

Our research has been recently focused on finding
novel analytic solutions in (magneto) hydrodynamics.
The study of hydrodynamic evolution is imperative to
understand properties of the strongly coupled quark glu-
on plasma (sQGP) produced in heavy ion collisions. Al-
though the theoretical study for the comparison with ex-
perimental data requires complicated simulations, the

analytic solutions in simplified cases may provide further

Quantum Hadron Physics Laboratory
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insights and understandings of fundamental physics. Par-
ticularly, the influence from strong magnetic field gener-
ated from colliding nuclei upon the hydrodynamic evolu-
tion of the sQGP is less studied due to complexity of the
magneto-hydrodynamics. Therefore, we aim at analyz-
ing the impact from a spacetime-dependent magnetic
field on the evolution of the sQGP. In the Bjorken expan-

sion with an external magnetic field following the power-
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law fall-off in time and the Gaussian distribution in one
of spatial coordinates, we found an analytic solution in
magneto-hydrodynamics at leading order in the perturba-
tive expansion of the weak magnetic field. It turns out
that the spatial dependence of the magnetic field not only
modifies the energy density but also changes the fluid
velocity, which consequently results in anisotropic flow
in the transverse directions even in the Bjorken case. The
finding implies that the magnetic field generated in heavy
ion collisions may also contribute to the hadron flow.
Theoretically, our finding could also provide a guideline
for numerical simulations of more practical conditions.
Moreover, we investigated the magneto-hydrodynamics
in the Gubser flow, which incorporates transverse expan-
sion on top of the Bjorken solution. However, introduc-
ing a magnetic in one of transverse directions breaks ro-
tational symmetry required by the Gubser flow. Thus, the
solution with arbitrary magnetic fields in magneto-hy-
drodynamics for the Gubser flow may not be found.
Nonetheless, for magnetic fields preserving the required
symmetries with particular spacetime dependence, we
obtained some analytic solutions. Peculiarly, when such
(internal) magnetic fields obey the “frozen flux condi-
tion” stemming from Maxwell equations and conserva-
tion of entropy currents, the energy density and the fluid
velocity remain unchanged in the local rest frame. That
is, the charged fluid does not “feel” the presence of mag-
netic fields in such special cases. On the other hand, in
order to make further comparison with experimental data
especially for low-energy collisions, the Bjroken flow or
even the Gubser flow are insufficient since the rapidity

dependence is lost. We found a novel solution in 3+1 hy-

drodynamics analytically in early and late times of the
evolution, which depends on both rapidity and transverse
coordinates. In early times, the longitudinal flow domi-
nates the transverse flow, while the flow pattern becomes
isotropy in late times. Our solution thus qualitatively
captures the general feature of the time evolution for the
sQGP in heavy ion collisions. Further generalization and

application of this solution may be pursued in the future.
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Study on the Cluster Structure of Carbon Isotopes Using Direct Reactions

Name: Zaihong Yang

Host Laboratory: Nishina Center for Accelerator-Based Science

The present study focuses on the cluster structure in
nuclei, which has been at the forefront of nuclear physics
but is still far from being understood. Carbon isotopes

are of special interest in cluster studies because of the

Spin Isospin Laboratory
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specific importance of the Hoyle state with triple-a struc-
ture in nucleosynthesis processes. Rich cluster structures
have been predicted for the ground state of carbon iso-

topes and we plan to study this topic by using quasi-free
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(p,p @) reaction on a hydrogen target.

We have performed a test experiment at RCNP by us-
ing the proton induced (p,p &) reaction to study the al-
pha-clustering at the surface of tin isotopes. As suggested
by the generalized relativistic density functional (gRDF)
calculations, alpha clustering can take place on the sur-
face of heavy nuclei and low-density nuclear matter, and
it is important for the nuclear equation of state, and for
the neutron-skin thickness of heavy nuclei and its rela-
tion to the density dependence of the symmetry energy.
The probability of preformed alpha clusters (n,) at the
surface of tin isotopes will be extracted from the (p,pa)
cross section, which is determined by measuring the
scattered proton and alpha particle in coincidence with
the Grand Raiden spectrometer (GR) and the Large Ac-
ceptance Spectrometer (LAS). This is the first systematic
investigation on nuclear clustering at the surface of
heavy nuclei, which will help to explain the pre-forma-
tion of alpha clusters as a prerequisite for alpha decay.
The systematic behavior of 1, along the tin isotopic chain
can be determined in this work, which can be directly
compared with the gRDF prediction and will provide a
stringent test of the gRDF theory. The experimental

method has been confirmed in the test experiment, and
the proton-alpha correlation corresponding to (p,p a ) re-
action with the preformed alpha cluster is observed in the
rather limited beam time (several hours). We will carry
out the measurements with improved detector system

and longer beam time (7 days) around autumn of 2016.
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