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Synthesis of Solid State Yttrium Monoxide
(OKenichi Kaminaga,'-2 Ryosuke Sei,"2 Kouichi Hayashi,® Naohisa Happo,* Hiroo Tajiri,®

Daichi Oka,' Tomoteru Fukumura,’ and Tetsuya Hasegawa?
1. Tohoku Univ., 2. The Univ. Tokyo,
3. Nagoya Institute of Tech., 4. Hiroshima City Univ., 5. JASRI

The most stable rare earth compounds are the oxides because of high reactivity of rare earth metals with
oxygen. Rare earth ions in rare earth oxides hold typically the highly stable closed shell trivalent state with the
general formula, R,0s [1]. For example, rare earth sesquioxides like Y»>Oj3 are known as widegap insulators
with high permittivity, and the industrial applications for electronic functional materials have been limited
such as insulating layer so far. On the other hand, rare earth monoxides with divalent cations have been rare:
YO existed as gaseous phase [2], and only EuO and YbO were thermodynamically stable solid state rock salt
monoxides [3].

In this study, solid state rock salt yttrium monoxide, YO, was synthesized in a form of epitaxial thin film™
by pulsed laser deposition method™ [4]. YO possesses unusual valence of Y?* ([Kr] 4d"). In stark contrast
with Y>0;, YO was narrow gap semiconductor with dark-brown color (see inset of Fig. 2). The electrical
conductivity was tunable from 107! to 10° Q 'em™! by introducing oxygen vacancies as electron donor
(Figure.1). The absorption spectral shape implies the character of strongly correlated electron materials™
(Figure.2). YO is expected to serve as an electronic functional material, being different from insulating rare

carth sesquioxides. Rare earth monoxides including YO will be new platform of functional rare earth oxides.

|""l""l""l""I'Y'O"l""l
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Fig.1 p-T curves of YO films with different carrier Fig.2 Absorption spectra of YO film and a-Y,Os3 films.
density at 300 K. p-T curve for Y film is shown Insets show schematic band diagram of YO (left) and
for reference.

photographs of YO and a-Y,0s3 films.



Explanation of technical terms

*1 Epitaxial thin film is a single crystalline thin film grown on a substrate via the lattice match between thin
film and substrate.

*2 Pulsed laser deposition method is a physical vapor deposition technique where a high power pulsed laser
beam is focused on a target of material inside vacuum chamber to deposit thin film.

*3 Strongly correlated electron materials are compounds, in which the Coulomb repulsion between d- or f-
electron plays a crucial role in their unusual electronic and magnetic properties such as Kondo effect, metal-

insulator transition, superconductivity, and colossal magnetoresistance.

Reference

[1] G. Adachi et al., Chem. Rev. 98, 1479 (1998).

[2]J. M. Badie et al., Chem. Phys. Lett. 364, 550 (2002).
[3]J. M. Leger et al., J. Solid State Chem. 36,261 (1981).
[4] K. Kaminaga et al., Appl. Phys. Lett. 108, 122102 (2016).
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Discrete Surtace Theory on Graphs

TAO Chen

Recently, a new field called Discrete Differential Geometry has arisen from the study on dis-
crete mathematical objects. One of the motivation is to find good approximations of the smooth
surfacesll. Another important viewpoint comes from a correspondence between the discrete nets
with transformations and the discrete integrable systems[Q].

In this talk, we are going to introduce a theory of discrete surfaces on 3-valent graphs[3], which
is after the work of Motoko Kotani, Hisashi Naito and Toshiaki Omori. The motivation is to
develop a discrete surface theory for a given discrete object without any smooth surface to be
approximated. The main part of this talk is to discuss the convergence of discrete surfaces. We
provide a method to construct a sequence of discrete surfaces and prove it actually forms a Cauchy
sequence in Hausdorff topology. It goes as following:

Let X = (V, E) be a 3-valent graph and {X; = (V;, E;)} be a sequence such that

X:X()CXlCXQC"‘CXZ'C"'

where X is the Goldberg-Coxeter subdivision4 of Xo.
We put
F,: X, — M, C E?
a discrete harmonic map and satisfies F;|y,_, = Fi_1|v,_,. Then we obtain a sequence {M;}2, of
discrete surfaces.

Theorem. Let {M;}°, be a sequence of discrete surfaces in E® provided by the construction above.
Then {M;}2, forms a Cauchy sequence in Hausdorff topology.

Figure 1: Numerical computations of Mackey Crystal as application

References
[1] Pinkall, Ulrich; Polthier, Konrad Computing discrete minimal surfaces and their conjugates. Experiment. Math.
2 (1993), no. 1,

[2] Bobenko, Alexander I ; Suris, Yuri B. Discrete differential geometry. Integrable structure. Graduate Studies in
Mathematics, 98. American Mathematical Society, Providence, RI, 2008.

[3] Kotani, Motoko; Naito, Hisashi; Omori, T A stufy of discrete surfaecs. preprint.

[4] Deza, Michel; Dutour Sikiri¢, Mathieu Geometry of chemical graphs: polycycles and two-faced maps. Encyclo-
pedia of Mathematics and its Applications, 119. Cambridge University Press, Cambridge, 2008.
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Large scale structure evolution inferred from quasar clustering at
redshift 4 with Subaru Hyper Suprime-Cam wide field imaging.

Wangiu HE*! and Masayuki AKITYAMAT!

! Astronomical Institute, Tohoku University, Aramaki, Aoba, Sendai, Japan 980-8578

January 30, 2017

How structure forms and evolves is one of the biggest unsolved question in astronomy field.
Current understanding is that the galaxies which form at the rare density peaks in early universe
will evolve into the most massive galaxies at today[a’]. Such galaxies are assumed to evolve with the
central supermassive black hole (SMBH) by merger hypothesis”. Observation also finds BH mass
has a series of scaling relations with host galaxy properties, such as bulge mass, bulge luminosity
and velocity dispersion[j]. Meanwhile, based on merger hypothesis, quasar will appear at the end
of one merger duration when feedback from BH is strong enough to blow away surrounding feed
gasM. Thus quasar may be a good tracer of co-evolution between SMBH and massive galaxies.

Clustering analysis is a good method to investigate quasar association with underlying dark
matter and galaxies. Density peaks are predicted to evolve into dark matter halos (DMH)H,
where all mass is gravitationally bound within the region with density 200 times higher than
mean universe density p/p ~ 200. At early time, density peaks are rare which will evolve into
massive DMHs. Such massive DMHs are found to cluster more strongly than less massive ones
from simulation”. By connecting clustering of DMHs with galaxies or quasars, it can get a clear
picture of large scale structure evolution especially at high redshift. Observation already finds that
luminous galaxies will strongly cluster in massive DMHs at high redshift” . Then where quasars
locate at this cosmology picture can help set constraints on structure formalism.

Based on this motivation, we examine the clustering of a sample of 1177 faint z ~ 4 quasars
with m; < 23.5 which are photometrically selected from Subaru Hyper Suprime-Cam (HSC) S1I6A
wide2 data release which covers around 180 sq.deg. From quasar two point angular auto correlation
function (ACF), we estimate a bias factor 8.687 78 on scale 18-1015 arcsec with a host dark matter
halo (DMH) mass 1.3 x 1013471 M. Since quasar sample are limited, we also attempt to measure
the quasar bias factor from quasar-LBG cross correlation (CCF) by constructing a sample of
25407 bright z ~ 4 LBGs with m; < 24.5 from the same data release. It yields a lower bias factor
6.0175:52 on scale 10-1000 arcsec. The inferred DMH mass is 3.9 x 102471 M. Comparison with

ACF of SDSS bright quasarsm suggests no or weak clustering dependence on quasar luminosity.
Meanwhile, CCF is not as strong as expected from quasar ACF. Such discrepancy indicates a weak
association between quasars and bright galaxies at massive DMH center.

*email: he_wanqiu@astr.tohoku.ac.jp
femail: akiyama@astr.tohoku.ac.jp
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What could the difference in intermolecular interactions between
H,S+++H,S and H,O-+++H,0 bring about?

(RIEKXFEXRFREZHMER ELFHER) O Dandan Wang - Asuka Fujii

Water, H,0O, is one of the most familiar molecules for human being, and it is
also one of the simplest and most stable molecules in the earth environment. Water is
a more or less inert molecule, whereas, paradoxically, it possesses exceptionally rich
ways to bond to other molecules, and consequently displays very subtle and variable
properties. 2 Therefore, water plays an essential role in biochemical reactions, and
water is a vital and necessary condition for life. It has been well known that all the
extraordinary properties of water are related to its intermolecular interaction, that is
hydrogen bonds (H-bonds). However, it is still a challenge to fully understand the
properties of H-bonds in water at the molecule level.

Why water is so special? To answer this simple and fundamental question,
comparison between H,O and H,S would be highly suggestive. Sulfur belongs to the
same group (family) as oxygen. Therefore, H,S should show the common H-bond
coordination property with H,O, whereas the smaller dipole moment and larger
polarizability of H,S suggest different intermolecular interaction properties from
those of H,O. With the aid of IR spectroscopy and quantum chemical calculation, we
are able to elaborate intermolecular interaction properties of H,S from the molecular
level viewpoint. In this presentation, we will demonstrate how intermolecular
structures different from those of H,O are formed among H,S and discuss their

physical origins.

[1] D. Eisenberg, W. Kausmann, The Structure and Properties of Water (Oxford University Press, Oxford,
1969)
[2] Y. Maréchal, The Hydrogen Bond and the Water Molecule (Elsevier, Amsterdam, 2007)
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One dimensional longitudinal wave velocity and the contact state of fractures: Theoretical
and experimental approach
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eranga.j@dc.tohoku.ac.jp

Details provided by seismic tomography has led to understand the earth’s interior and
seismic velocity variations have been the key factor in understanding it. Velocity zones within
the earth crust discussed as, high and low is of great interest and in order to understand them
seismic tomography and experimental studies have been conducted for decades. These
experimental studies have shown that the low velocity seismic waves are resulted by fractures
in the media. With increasing pressure the fractures are closing and respectively the velocity is
increasing. However, the influence of fractures on the velocity is understood, these studies have
not been able to give any understanding on the degree of opening or the contact state of
fractures. Nagumo (1963) showed that, with increasing pressure the contact state changes as
the relative displacement of the contacts are affected. In this study, we have extended this
pressure-displacement relationship to a velocity-pressure relationship and discuss the contact
state variation inferred from velocity variation with increasing pressure.

A theoretical power law relationship of one dimensional longitudinal wave velocity and
pressure is introduced with a pressure exponent, representing the contact state of fractures. For
single contacts the pressure exponent, A takes values of 1/2, 1/3 and 0, for cone, ball and flat
contacts respectively. By extending this to multiple contacts, the pressure exponent p, has been
deduced as 2/3, 3/5 and 1/2 for multiple cone, ball and flat contacts, respectively. The
applicability of this theory is tested using a similar empirically derived equation given by
Kobayashi and Furuzumi (1977) and previously published experimental data. From the results,
we show that the contact state changes form conical contacts, to ball contacts and finally to flat
contacts with increasing pressure. The study has shown that, lithology and the porosity are
factors controlling the contacts state.

10

Granite and gabbro shows p<< 1/2 o6 ..gﬂ?
indicating complete closure of fractures Granite u:o.u. . | S
while serpentinite is yet to close . '
completely at same pressures (Figure 1). u=037
Also, equally low porous rocks of Greywacke

different lithology show different
contact states. These indicate that

lithology is a major factor controlling

V2-Vg? (km?s2)
[

the contact state. Further, the change of
slopes of the velocity with increasing ¢
pressure also can be explained by this 1 10 100 1000
theoretical approach and this method i frese

has shown that the VCIOCity change Figure 1. Change of contact state of fractures in different rocks, with
increasing pressure.




corresponds to the gradual change of i, essentially between 2/3 and 1/2.

As shown from this study, this method is applicable to assess the contact state of
fractures in an area of interest. By obtaining velocity data from reflection seismology and
seismic tomography the degree of fracture opening or the contact state of fractures can be
estimated. Therefore, we believe this method can be used in wide range of applications from
shallow depth, exploration geophysics to understanding the lower crustal, low velocity zones.

Reference:

Nagumo, S. (1963) On the elastic property of granular media (III) — Static response and stress
dependency of deformation coefficient Geophys. Explor. 16:13-20. With English abstract.

Kobayashi, R. and Furuzumi, M. (1977) Study on elastic wave velocity of rocks during failure
process in compression. J. Min. Metal. Inst. Japan 93:7-11. With English abstract.
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L3 R OARMREE ORIE kL LT, mdEreamiE— e 350 (AFP-NMR) EB LU E Y 7 A
DA A S (ESR) JEZEH Lo, A e ~U 7 A 3 RMEITB L% 20 %RETH -7,

BF—AUDL 3 EEBELICHTEIAUY L 3 RIED FREEAIE

RO Y T A3ENE RO T RILRFEY A 7 02 T V4T A Y b—T % ¥ —(CYRIC)
2BV TTOMeV O 1- B — 2% AW 7=~ U o A 3BIERELIZ BT 5~ U 7 A 3 i) i HE
ExfTole, M1IC, KUEICBTDEROE Y b7 v 7 amd, A4V RTERSNIEEF E—



LT AVF A4 7o b it loThiEsn, FUFY—7y bEETRESND, R~ 7453
BEENIENZ —47 v FRICEDPNTWO D EEM O FRICHRE Lz, TOTFRIC, E—A% Do
ZOERMEEWET H1-DIC7 7 77—y 7 (F.C) A&iE LI, b —2DAHFTRICK L
TEAZNTNCHREERZ WL ODOHIEAEEICHRE L, LG -2t Lz, SRHasiEn >
TAF v I rFL—4% (~1mmE) ZHWEZAERHERE Nal b LAIEWT T AF v 7 v F
L—% (~50 mm JB) Z MWz ERHEEN O S LD, FEBRTIT AFP-NMR IEIC K > TAY 7 A
3RFEEDOEA Y DRI KUY 7 A 3RMEDHIEZIT 72, ~Y 7L 3 R ORME S
D ARSI T D BGELEG T O &t U = OIERE DN D~ U U A 3R iREEZ KD 5,
FBELRERNICIZY —7 y F X —DRREINTEBY, ¥ —IZEZ20 uymOFRY =F L7 ¢
NEERY T2, RV ZF L7 g0 N E %S LT LR 1 % BRELAE PN ISR L 72 i8R TR
L., E—LBEDOE=F —%{To7z,

ARREIC L > THOLNIRIFBELA BT 2 A e = x L F— 27 ML &K 2 1R T, #
X AE BHER COBELG F o= L F—HEE2 R L TE Y | fitillX E RS COBELS 0 =X
NEF—RRERLTND, KUIRLIZE—7 BANY 7 A3 EEEHEL LB 2 RE LD TH
%o FEBROFEF, ~VU T A3 ORI 7 O SRR 12 80 T 72 BGELES 1 O R 2 o FE skt
M HaL, ~ Y U L3RRS fERE D RIEIZARE) LT,

-5 - 10- -83- -166-
2.0 L B e A R

2 & a) 50° 1
N = Scattering Chamber 6 ( )
- Sl ! p+He elastic events |
F.C Polyethylene Film S
.C. ; _ F
LT 2
- [ 2 ]
D) m ]
p //\ U \\\ i pbeam g
< o] \ It 5
S H H w Q o8 —
. <
;0

Beam Monitor

o i
T

| [ I B

0.2 0.4 0.6 0.8 1.0 1.2 14

Detector

ADC(dE) channel

B 1. B~V v A 3 EEEELICR T 2 7 A3 sy i REH] & 2. AR E- AERMHERIZRBIT 5
EBROEY T v T, TRILF— AT b, KO FEOfE
R ORBEAEZRL TS,
EMAEOHNA
ST oD TCRBHCHAEERNE Z 2 L 2 2B o), — 2O ToxA
T 7T NTIEERTENHRR N,
- R R ERRE T DAY DF BRI o TWD X D RIREEE R,

BEXM
[1] See, e.g., K. Sekiguchi et al., Phys. Rev. C 65, 034003 (2002); ibid. 89, 064007 (2014).
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HUMEI S T+ IILERER Hippo pathway D #1= 7 il {EHEHE
(Rt REXFIREGRFAER HFEGEHFER)

ONIFg. kHAREA. KEFRE

B 2 k3 DRI 2 ZRAMBRBRIC S D SN TRV, ZRIK - A4 F ¥ 3L - BEN 172 EOfla
D& Xy EaS L, SMBRBEICHEIST D 120 OfMIIEN Y 7L A TEMAL S 5, FRCHia o8I
AHIBR BRI IG U CR IS S TR 0 . 2 ORI T ARIZ 310 5 1EH 738 48 K OTERETZ A ORE A% -
BOEFEEOHEFFICB W TRERAIR TH LT TR, ZOMWFEIT o 2hhd & T okkx AL o & i
Z 9, Hippo pathway | ARSI 2 #1409 5 LRI RAE S LT 7 T IVRERE O —2>Th 5, MlalF o
PEfi|Z X 2 Bl Pl E LR B AL e & OBETHIHI B /2 BREE T IRV T MST ¥ —ENEH S, 74 7% —
2RI SAVIE N LT FOXF—EThH D LATS ¥+ —E, NDR ¥ —E %V Uk L, iEtEbst
%o LATS ¥ 7 —¥, NDR ¥ —BIIE G &K - Th D YAPITAZ % V Vb9 5, YAP/TAZ I3 Tlix
BRTF TEAD LA T 5 2 &I K o THIRAHIH 2 RIET 585 T OT 2 RIET 528, U r@Bbsind &M

faE # R 7B L > TR S, RIEME(E S LD (Yu et al., 2015) (), \Z72 > T Hippo signaling O i
1%%*%%%%:207’:6:9:75“3)3%75%:720\ YAPITAZ © | ##A% ;AN REZNLZ |
TR AR 20 % < RSN T B, S 5 T
RN NT, FAMTHELMICRIE SN2 & v X7 8 @ )

Furry (Fry)2’ YAP LiE& L, U R fedE L, YAP s
ORABTE I L, 2 OS2I HET 2 = @P ®

L&A LT, Fry X NDR %5 —€ LA LR (LA1s)Caon)

L UTHET 5 = & T BIEIER - IO TBIER ~~ 5 e

A, MBLE B OMENT, 4> SRR R D% e ic % 53 (vap

Do L LA B, Fry OMBEAICIS T DHIERYF eeeeeemeees R EArecmsa
AH=ALOWRIIINETIEL A LITPRTEL T, ’ )

Hippo pathway (Z331F 5 Fry O#EEIF AR TH -2, T ) 00,06 8904¢

IZ siRNAVX® CRISPR/Cas9 ¥ A7 A 2% FAWT Fry /KX R Hippo pathway ODHEEE & HEE,

BEXEAH-LETYAP OV UEEE L~LMEF L. BN Hippo pathway (ZHARRIEFEINHIS & FILTH Y, Efib
. _ PREAEEBEBMFIRET CEE{EN S, Hippo
NEIRBT S L B LT R0 Fry I YAPLATS2, - yay #5< & YAP (31 Y BMES NTRISHC

SAV1 &\ 7= Hippo pathway Z Hil#l 5 K1 L fEES9 BEL. IERETF TEAD EHESTELRSKRSLYD
B raRMLE, Sbio, Pyl ks YAP oflfliz RV RIEHESNS,
X Fry DEENRLETHL I EEH LN L, BLEOWFIERER NS, Fry 2% Hippo pathway O Fr# il 481 & -+
ThY ., MIaOREIEIMG S 7 T VRREKICEAE T 5 Z LA BT o T,
EMRAE
1) 2125 572 5850+ 2 A8 RNA T RNA T IC L 0 i\ a0 RBEZMH4 5
2) DNA2 AREH{ZYIE L TH /) ARSIOEE O 2 HIER - Bt - AT D 2 & TE DBI5 Tl
SEXH
Yu, F.-X., B. Zhao, and K.-L. Guan. 2015. Cell. 163:811-828.
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BIUAVIOZAMRDLT7—ARTHR
(RIEXRZREFREBFFHRE HFER) OXRESH - THEA

IR OE A 2T D KO IWAFEL TV D8k~ > (Fe-Mn) 7 7 A k(Fig. 1)IZ. Fe & Mn D&k
Wz T LT HLFEHERCE TH 5, Fe-Mn 7 7 A FOFEJFIL, Fe 2 Mn 72 E DRy 3~ 7~ IH BT
DUFEBKND b 72 6 SN BUKEIR, ~ 7~ I1HE) & IXBIR 2R MKk & EHLES 2 AR TR O
2 TN D B, WEAFIRD & DI E WL S5 L TR Y . TEREICHEK T O Co X° REE 72 &
DUT AL NERESE L0, SEMERE LT, ERIIBEONEREGE Y —LE L THEASHR
TWD, ZIvE TR Z23lBt LA S S, JeRIBEDNHEOKIEZ L2 ED X 9 ICE b
T DD HINT X 72, REE JREITAKIENGEL 72 5125 TR 2 M7 ERMm BT 5[2],
LU, Fe-Mn 7 Z A2 MEMFIL TR SND Z 3% < BHEIEZDOLOIZIT 0N =d, K%E 4kn
PEDOFEFINEL . LVIRNGEITICE W T ED X S R bk & 72 2 O RHECTH - 7=,

Z 2T AWFFECIEEAL B AR & S R T DK 5.3~6km IZAFET 5 7 F AR v kK Lds HEEEL
L72 Fe-Mn 7 7 A s DAL &2 04T L7z, REE RO B IE, BT I 5 FIR 0D 522 % 3kt
T AT, BETIEH2R<BEY S 9 REEFLOkE Hz,

ZDOFER, Fe-Mn 7 7 A k@ REE MO /KIRIZ G U e ZAb D iR & nut=, #5i2, 1 UL EofE % R
F & I D LalPr HFKEEIZHE VR E < L, KR 5Skm A Tik 1 AR & 72 5 7= (Fig. 2), — 7.
Fe-Mn 7 7 A k & g7k O REE /3 BlfRE O T AKIEIC L B FIZE—ETH 72D T, Fe-Mn 7 7
Z D REE M LA BRI O AT < | /KD REE MR L& )KL Lo b D &L 53 o Tz,

ARFZEITE VY Fe-Mn 7 Z A k@ REE fLE% 2> Bt £ OWE/K O REE Lk & 1850 T X 2 AREME 2 /Rig
LCWb, F£72, Fe-Mn 7 7 X @ LalPr tiT/KEE BWHHBAZ R T Z LD, FERREOKEEZ

5%%"75‘@ (Eiﬁéﬁ)%) L/j/l/fcil/\o 0 — This study
LaEN/PrSV o r=-0.9 A Offshore northeast Japan
1000 + B Offshore Minamitorishima Island (surface layer)
EEI:P‘ 5 > < @ Offshore Minamitorishima Island (others)
00 70V & References

~ 2000 + E A-QAO()% oo o O Offshore Minamitorishima Island (surface layer)
E o e o Offshore Minamitorishima Island (others)
= T~ 2 <> Pacific Ocean
< 3000 + st g ©
[
3 2 N s el
5 4000 + W & SN means “‘shale normalized”.
<
=

5000 1 . O O3>

®,
6000 + AlhA
- ' H + t + t +
. 4 - ]
i o el . 0.6 038 1.0 12 14 1.6 18
Fig. 1. Fe-Mn crusts Fig. 2: Lag,/Prsy vs water depth

BEMAZEDRA
*REE : #1TEICHE, ZZ2TlET 0% 4 R&EIRT,
cTF ARy MK L= NEHEBICER SN D, T AT = T REIRO B L (B AR Ekn),

S5 3
[1] Hein et al. Ore Geol. Reviews 51 (2013): 1-14.
[2] De Carlo and McMurtry. Chemi. Geol. 95.3-4 (1992): 235-250.
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RE - KREGIALESHTIZE D
EXICHITDHIRIFP A Z VREDOEEREDAZHA

(Rt REZEXFIRIBZHER #EKYEFHER)
OBAE' - ZFEKET - B2+ S. Maksyutov? - EKAEF ' - FEFFE'
"Rt KRRE, ‘EIREWERT

A K (CHy) 1ZALIRFE (COy) ITRWT 2 HFHICEER NS RIEOIRENRLAT
5, CHylZ—FH7= 0 DIREZEN CO, DRI 25 fFH K& <. EBICKAFT TOHEMM
BN s, EHNZREIEEIROBWIREGRTIEE LTHo b, EESEMLRE
DO NEHEEI OB, KREAF O CH X EEIC B L, BEOREIT YO 3 %
DRE IR >TWD, —F T, 1980 AL F-LUREIZ CHy IR EE DO BENNZR I T RERAY 7245 &
6. 2000 FEARICIZ—HEZOBINRMNZIEE 2l oT-, FO% 2006 FLLEIL RO R
OHIMEM PG E > TWD, TS OFERA 7 CHy IR O Z BN R RNIAR TS+ 1213 &
WTWRW[1], EOFERFKE LTIE, CHy DHUHIEROFESS - /540 d X OV OFREENIEF
IZEIGIZ DT> TEY, TNENDORKRA~OHEGEGEET S Z L0, KEH CH EE D &
ZENT2EEOFETIIRETHL Z ENFTFOND, T TEEELIT, MHRI &
([CH 2R DEZ RO CHy DR « KFRINAE (6 PC, 6D) "' ORI EE BRI LS
T, KEH CHLBE OEHRT 2K RO F 5% 08 L CREIRT 2 & D iFFE TR
HHLZ (M1) .

FEH DI, 1980 FECE DL RERITH 7 0 BB LT 2 Hi EJEH - izt - finfin - K&
BRE ROV KGRI ESE . RERTOEMIEEZELRAROMEE L L OFEN RO RHH
B2 RIS SEME L C & 7o, ARG TIL, EFICBT 28RN RKPA X RE L Z
DR« KEBFRNAR L ORI EREEBI 21T, 2 ETICE LN B 2807 —
ERDE TN T 5 2 & Tl EK 20 FEIZ I 1T DBk A X IR EE OB JFK O iR i &
AR ERET D, 61T, GoNET — ¥ 2L2ERKEET VO~ TH 5D K5I
AT T VICHEATH 2 L T, ET E DO X VIR A X U EOEE A ST L
TeRER b B DETHET 2, BREIPOERERRIFAZ AREBLORZEDRSE - KK
FNLIREET — 2 ZHWT, 20 2 8ET T /VICHEH L CTHRIT 21T > 72AFEslT iR ¢ b
CThy, BHoNDMEORZMEEMEIIRE N, o, KAFMOE I L EHNR
BB N BN A X A2 DN T, ARFZEIC L 0 IEFEOEBRINOBEMENREED Z L1k, 4
BHABRNCEEBSEMBER 2R L T BT, IEFICRERA VT b ablbT
EEZLND,



More 13C
(= heavy) Biomass burning
20 SINA TR R IR
P30 Fossil Fuel
40
I
© 50 O
ﬂ)ll}ﬂ{.’:’/ aT Atmosphdre
i D BE
-60 %&%D 0
2 RAV (N2
; 20 Biogenic
Less 13C
(= light) -300 -200 -100

0D (%0)

1 EAAVHERBLUVBEERTKFT AL DS, SDEDHH

L DRE ZIFENZENOIAER DO S5 CHy O E (HEEE) 23R L TERY .,

BROMIZ3 >OH T TV —IZKM LT EREZR~T,
(Whiticar and Shafer 2007 *' % #, & [Z/EX)

EFAEDRA
e WP & S/ = JCIEVALN =
HARFUC BT DRME DO L &2 . FIAMRE & v 5, ARAFFETHWZ CHy D2 E IR AR

B°C) BILOKERNEE BD) 1X. FNFNUTORTEREINS,

13C/12C
OCH, = |\t ey | 1000 S
( C/ C)standard
(D/IH)sam le
5D - CH, = P _ 11 %1000
(D/IH)standard S

o, KEHEEN (RT sample) 38 X OMEHEREIN (RT std) 2o\ T, HAROH TIEE
EDEWPC, "HIZkT 2 BC, DREENIEEDHERL TV,

& 30k
[1] Saunois, M. et al. (2016), Earth Syst. Sci. Data Discuss., 1-79,

doi:10.3334/CDIAC/Global _Methane Budget 2016.
[2] Whisticar and Schaefer (2007), Phil. Trans. R. Soc., 1793—1828, doi:10.1126/science.218.4572.563.
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BBESLEEEBZDORADENT -/ L—rOZJ XIZ@EITT-
(RIEXRZREFREBZHRER YEFER OREHBS. A5LH UM, HkE—K

Fx oFEOHFIIL, < ORFRIEEDFEET D, SRk > BBORBAR
213, WEOMARE UIC b hheb BT 35 S % 8o b |
L7EBHRIC 2> T D 2 SO (R A48, =0 & 5 BRI
AT HROT D I ENTE B, JTES L RSB E TR
7R BUE &R TIEE) L7224 S BRI Ch 5, BHROEL TN
() D & 5 ITHAREA % 7278 BET A % TR G LIRS, Hoi
FFHINC R U C BB OBRB AR D IZEY 7273 Bt A & A
Y PR, /2R D IS A A& R ) PR & RO, Z o
FHRFERMEERO L S IcEnENSEICH Lz X 5 eBfRIZe > T
Wb, ZOXSARMFEEEFALT, WEOBTORELHIEL
E2EWVWORBNH L LA LT, BEURTOEFIX, @
EE 4 & PN D =R VX — WA R, BB SN TZED
TRALX—EHLH L, TRALXF—DOEVRERICBEIT S,
BHEHT D, FF—BYOE S CH S D R BWE DI, RO
Kré KREMIND 2Oo0EFO “BET7  (ZhidZ 2Tk \LJ O Mo, W
NL—LIES) 0 b0RG 0 . JOIR L& 5 145 Y [ sk
FEM D & KEOBT, 20D RIEEES & KEOET DX @FEEOELRT . y MIESH
ERET S - LN TE B[], ThEHBIcay ha—L Loy  AROETTR. OK e KRk
WIARLNRHENL — B =/ 2 Th D, NL— ha=r 2 TETE T 5 SEER SR O, (c)ER e
(Pa—n8) OBBIZEDROEZD, KERE)OT A 2 BIAPARTTA RO,
AT TSN CTh b, Bxlt, ROICTLEL ) REBERL A WL a4 REFEN
DWEICER L, BOFEO S U—HIEN T T i S 2 . BERHE 2 O CEEMIICRHE L 72
[2]. ARFE T, S L— Fa =7 20— RIAHIICEREL HY Lok, RN L—RIRAZ 5
2B JFBL R O 2 DT - T 8BRS Rl il 5.

e

AlY Ak

EMAEDOHHA
s N — o REH (IEFH) TEFOT R F—050h (k) & 725 K 9 2 ke xoL X —Hi,
CBEBEBAA NV A R MM BEEE, X va s o)TRSN, NTmtEidEr b oE
PWWE, KK KEDZODNAL—%2FH ZXLF—F v v 70 1-2eV OFEIKTH 5,

SE 3k
[1] T. Cao, et al., Nat. Commun. 3, 387 (2012)
[2] Y. Tatsumi, et al., Phys. Rev. B 94, 235408 (2016)
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RYI— b I RABZEFLRAMBROEY
(RAAKRZFXRZREZHER CFER OFEPFER - /NFFIER - MEESR - =HIE -

RIx=E
FEICMEAIRITIT, DO EURAEDENIZ K > TR EE N K g e %>
L BB FRFET D, BlzIE, RV LU ORIk (5
HUIRAE) 1% 450, 480, 510 nm (2N B — 7 ZaRTOIx L, 20 . @

7 fi il Tl 600 nm £ B O AR 7 (STE) ([ZHRL7Z7
0— RRFENART MAVEBRIT 22N TED, M T, &
EamELFOF /e (K1) Tid, 2of@myA RicgkFEL < 2F AT Rl AT SV Rk
STE %k E— 7 WENE(T S = & bl snTing e, BT AT oBsk
U RERDAY LT kS OERE T & 2 BRIk 100 nm LU O & B2 2 21X
NETH ST, HFoiekig e AT /a2 8B YA JEkicREfHEk ch -7, £ 2T,
NRY LR w—H LLIFE /) ~v—EZRA L, WBEREEORB, BEEICLD2M0BEZFIH L
7o - F 2 fEdb a2 A, R ~—~< R 7 AP TONRY L o OoHURIEDHIA & & O Rtk
Z R L7,

AWFIETIE 2 DOER FIEZRA T, —2lF, AFBERMELT-€ /
~—ZEATH LT~ MU 7 Rk D BEOERIRE 2 S,
b —Hik, AF LR v — & IBEEICEME LT RA D DIEE %
brE LU CREZRT HFIETH D, AR Ly KU ~—IC
RYAF L rZHWEGE, T/ e bIsIREE R 58t
— 7 73550 ~ 600 nm O EIZHNT- (K2) . 2O —r 1, ~
UL 2 fEEcBIT 58— 27 ROV A KGN G 5 450 500 550 600 650 700 750
Yo ZRETTRLASOT b L EBHERICHIET 22 80 mo 40 aF o b
Dol FrIFZI OV A IfERAE BREET LD, SF06T 2o~y Ly ok xS
J e ~EAL T AR EORIELHEE L T D, ZOMEEE I GITMEH] 7 B (=400 nm)
T5HZ LT, MmERAEORBENRETE 5O TIIRVNEBZZTND,

Fluorescence Intensity

HEFREDEREA
- BT RS LD R &N O O Y A XEEBUCNLE T D AR AL T 205 nm L
T O A AR T BRI BN D,

S5 XAk
[1] H. Oikawa et al., Jpn. J. Appl. Phys., 42, L111 (2003).
[2] T. Asahi et al., Acc. Chem. Res., 41, 1790 (2008).
[3] H. Kasai et al., Jpn. J. Appl. Phys., 31, L1132 (1992).
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HEERICETE2A— I 7o—2 N LEERKARRESE L ZOHIEHEEDRER
(Rt KEFEXFREMEFHERR L5 A aFEERD)

OrF#t BRERL - R IE#E 222 - B #°
(CHALKRRE - @RI, 2B - FIHE, 30ST - SE4T)

I, MRNOERIA TR EITOMRET 2, —H T, BERIRITREEIZE £ 5554 B
(UVB) RIBFIZ2 A= R F—IZ L HEELFICZ T TWD, 20 DEEE) 13, ea e o
KT, OWT i.’c/jé‘fi%%@@%i?ﬁ)%fﬁﬂiﬂ@#ﬁi’éﬁ%@ﬁ%@: HORMP DT, T D AEmMER DT D1C
ITE D W BERRAR B 7 T U BRE - B SN DM ENH D, ZIVE TITIEMEEESE DOIHERCHEE
Z R DI REERE T & FITIERMANES T < RO BERRA B A B N IS ST D

F— 77 V=%, BEEEMITRIES N DN R Th 5, REHMSELRED T 7T 1

TRICTEME(E L, /NEA— R 7 7 TV — A Ko TANH R T 2 ERHIIE RSN Y Y Y — LS00
fa~gRE, M SAv, MRS Y A 7 L S, T T, BCBEREIC I W CHRIE A L T %
T EIBIRIICRET D TEEHE] L LTod— 77 UV—HENRE I TWD, Ll EW
KA OEFIRIZOWNWT, F— 7 7 U—IC LD EEHEESEII A I TR o Tz,

Fxlx, A XFXFOA— 77 P—RIPEFRIK (atg) 75 UVB EZ ML 725 Z L 2R AL
(¥ 1), A— 7 7 VPN HEERFOMEERIZB T O DOEE Z#H > TV D AlREMEZ R L
Too HERL—VF—BAMEE L HOTHEOMNZ8I23T 5 & RN I RN 5 3Ekk
K (X2 4) ZEEICALNEN, ZOBHRIT atg TIIEZSa0notz, LoT, A—h77V—
IR DR ED Z & @l‘ﬂ‘fr7 mR Yy Y — ] BHEERIEMAET 5 2 LR 60 E 7o 0,
S HITHAT, FROEEEIC L D BETERZ R TIERA (2 i) 84T, 208D RERKAR 7 1
07y — CER Zﬁfkféhé Z }: %:ﬁﬂj L7z, LEDORERNG, 7 una 7y U— N - BEk
RZ BRI RET 5 2 & T %%%12130);%’%*@5% D Z ENRBE N, BRI, 2 TER
Wruaa7yV—] OFEFEA D =X LESEZ YL T, ZOMIHO =D D5 %Lfﬁ%ﬁ’]ﬁﬂﬁ%‘:
HTWND,

HMHEOHHA
- RS  HIRICEET D00 T TR b = R X — D ENERSMR B (UVB; & 280-320 nm) X0, Jth
FACA #7206 (B 400-700 nm) D@l = x/L¥ — (FR0F) 12K DREE,

BEIR
[1] Izumi, Ishida, Nakamura, et al. 2017, Plant Cell published online (DOI : http://dx.doi.org/10.1105/tpc.16.00637)

phr atgs atg7
WT (UVBEER) (A — h D7 = —R3I8) ] : S PEE + 205 ] '§§j5+2 H

Control
(£82188)

uvB
(1.5 W m?2, 1 h)
(BHE7EER)

M2, REEGE (k). KBEZ@E (AR), J007 7 S—
1. UVBRBEZS DRI AAEAT

HERAMIRESR
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FTELSEERBLEATH A SORABBEISI VI VIYTIA MER
(RIEKRZREFHREBZHRR KXFEEKR) OREKREH

FEAR (RIAKRD). AEARF (FEMER LBXRXE)./MEUH (BIIXXE). BPESE ELIXXSE). BHHRA (R
EXRZE) BEES REKXED T BYEETHEAREE). PULES RIEXE).AXERE (EILXIXE/NT 1 BBRIF).

Jose A, Garmilla CKE - 71 X kY K%). Robert H. Lupton CKE - 1) R k2 KE). Michael A. Strauss (KE + 7
R MUKRE), HEAE (BXXXA). BER (BIXXE). HUE REXELD T BMEETHERHREE), &
BZ REEXE). BHEL RERXEHJVEMELFTHARHE). BEME (EIXXE). Shiang-YuWang (8%
hRARRR X R R EMEFREAT)

[ 2 1T EFET HON] . ZORIFAIZRRNST 582 2 NEITERE v FHICARH L, R
FEFGES T TE T2, FRZ, Fx OELROJIET O 2T 25 2 L1, 2 ZICFEBEAN
ELTHMESR I ARSI KEOHETHY . HEFEEIIL TN D,

O LI ANEDIZ D ERREIEIC LY | T OMIER BT S D RE o TE e, Bl
1B, —MRAVICERA STV D8R AR L, /N S WSROI AR - SR A 4 IR L Tk &
DIELRDOJETD X 5 7 RE VRTINS TEHND EWVWHI B HTE, 2F 0, FHICITRFR 5
ENRNEETL SAFET L0, TOFTHLFHR A ORDJNERFIIRE THLWET, &1k - 4%
FEATD /NS < THEWERIT (BN & PRI D) BFEH ORI OO KE 2= EHTnWb, ZD X
) IRBNRINIE, SN OHEROE Y ZEIDAD XS, KON OFEVIZHT T4 & LTHF
ELTWD,

LU, i PRI K 2 & ROJNERR OJE 0 1213 50Em 0> ST EH OB/ N N FET 5 L &b
2 (K 1. (a)) | EBEOBHCIFHEE TSOEBRE LRI TR (K 1. (b)) . 2O
EBIIFEROBVEWNT [y 7% T T4 MiE] LT TV T, #9R AW TEE
IRARMREECH D, 2 v 7T T4 MEEOBIKITIN OB Z LN TND A, £D—D
E LT, BT TREFICH DB/ Z TR LENTWRWET T, Hig PHEEY I -
&% < DIFE/NRI DMFELET B ATREVEN E & 9 S TARZED 8 % (Tollerud et a.2008[1])

INEETFN— 3 2L TC, JALKFO THERE R Zd% 2 .0 & T 2k x O EFRLFEFE 71—
I, TR EESEE OV TEEERALENRTORWE/MER, 2E0 I v 77T (4 MR
"I 70Vxy baNb BT, BE, TIX2 L@ T R R m MERE OB ARSI AT
Hyper Suprime-Cam (HSC) AE#i ST 5, TIXHEmFi L Z D HSC DfAEIZ LY TR T
JEV ] B FRET, R v IV T T4 MEBICHEKR B R ET D,

FE L U CORIHIBLAIT — 2 2 538 LWEVIMRIRT [Virgo | 258 7L L 7= (K 2; Hommaet a.2016[2]) .
Z DO Virgo | 1%, 4 F THA I TV 2RI R JED ORE/ N O HC 1,2 0% 4 9 BEWER/ MR Ch
V. TIEDMHSC TRIFTNER R TE R ole, 5%I1F. ZOPHT—Z L0 b 10 AWKk Z 8l
H9 5 TFET, Virgol O X 5 BV NMRITR S HIZZO0D Z Eniffsnd, LT, 20X
I IR/ D & 572 % RIT, SRIEEER & T A EAT AR EME OME 2 BT 5 ETK



BEBEIZID,

S5 3k
[1] Tollerud, E.J., Bullock, J.S., Strigari, L.E., & Willman, B. 2008, Astrophysical Journal, 688,
277-289
[2] Homma, D., Chiba, M., Okamoto, S., et a. 2016, Astrophysical Journal, 832, 21
[3] Kuhlen, M., Diemand, J., Madau, P., & Zemp, M. 2008, Journa of Physics Conference Series, 125,
012008
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1. (a) ¥ X = L— 3 S KD RONERIELD O B E D534 (Kuhlen et al.(2008)[3]) .
HFLORE ZRBEARKOJIERATC, Y OB E 0BT O/ S WL/ MRS FIET 5 &5
2 HID, (b) ROJNEREDIAFAET DB/ MR D 3 oI, BIFEE TITH 50 & D%/
IR R EINTND,

-1.18 Y 1 I 1 I l
180.54 18034 180.14 17894 17974 17954

iz (E)
2. B ELOIEEF AR S 728 LW EER Virgo | OALE (/) . AL Virgol 12
BENDIERDEE S, HoA-H IR e DI TEHEDOHEERRE o T 5,
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HEBEHSBEN TS AVRIICLEIBEIRLF—HFOEERE Yy FAREIC OV TOHRE
O4tlR sk - MEEHEA
RILRFRFPREFHAER MRYPEFER

EERLT 7 A B DRZEIZIE, FEIESA—a N LIFLIZBlENS, A—u T &) & fif
HRHB =T DEICOL0H EEDA—r T (B4 —m7) 2887556200
ElEDbNDEN, A—a THOKREEMICRET 24— T OFITIE, FARY EBATLLIICR A
6%HEW—D5%\ﬁ@#%ﬁ+@mhtofﬁm%ﬁDLﬁmﬂw (m b MARNOL = i B
0)2‘~H?7§S‘ﬁfﬁ“é(ﬂ1) F—n ZIIFEHEMAATET 2 m= 1 X —E 1 (H keV-H+ keV)
DSHIESR DBE IR - TR T L, HIERRRUCHEZE 35 Z S IC Ko THRFER 72 E0NFLT 5814
THDHN, TORETETOAEKRT v& A2 T iﬁ%ﬁfxﬁ%nﬁ#@éﬂfﬁto T OB ZEIC
X5 & IREVA— v T OFE N, FH 2RI W
THAETHRAYRAZ—E—R « A—F 2B (U SHMEA 05  HEEA—O5
T, 2—F R LTS 7T X E O R AL JE '
WEIEFIZEWHERN DD Z EBH BN LR a—
T A S & kL X — B - O B Bk A AR A A
WA — 2 7 % S S S B T T OB R 0% s |
NBBEHO—DLBZEZENTND[2], 21— T Afitht ol
(K 2) 1%, HIERPEREE ™ (2800 C LIE LIZE0I -
SNDHERAZTHY VA7 bu EHTHE=
FAX—FET L BT D LIk o Tk - lkET 5
EEZEZOLNTWDS, a2—T7 AR EILG Lo
TARNVF—FBLIE, =X LF—ERkW, EvF
BEEL” Sho 2 ERHEBRICTRIS L TEY,
ZTRIZE Y By FABELSNZE TR RKIC
BEDES EZEZBN TS, LLAaRns, =2
— T AJH & m RV X — BT O ERL T AH
HAER & EHERICFZEE L 2Bl 7e 0,

1 BN A — v T LR A —n T (1]

2 BEREERICE - TR SN2 —F AMEOLETES
DEAF w7 AT WV[3], 2 REORIZE D L5
ZPE D B 22 R B S TV B,

2016 4F 12 A 20 HIZ JAXA - WZIlFIHZEMBLIAIAT L 0TS BIF o fa [H o) 121k, K
BRI FHEE {FFERHI2% & (Wave-Particle Interaction Analyzer: WPIA) & FEZN 5 8 LW & A
7®ﬁﬂﬂﬁﬁﬁﬁéﬂfw o PER. 7T A PHE) &\ = kL X — R OB T B A R
W9 256, MEBEROR FEHIRABII L7 7 v 7 AT — 20N & IREFHIERIC
ko7 méMKﬁﬁﬁm%@zm&bwT K g R 2 FIERBRA SN TE 2, — T,
[ﬂ_;of%%éntwmAﬁ\77%7&%_;0TM%ﬂﬁé(iki%o)IZW%~%V



a2 —/VEE U CRNAI 23T K 0 [5], FH 22 M 38 2 Bk A0 ALE H 2 B4R B E |13
w¢5/7%W:7@®ﬁ@%ET%éo%Eﬁ%é%ﬁ@WMAfﬁ\i%w%~§§%%5&
ki A EERICORBEH T 25 2 EPEE SN TE 722, AR TIEE v F A HELA o 3% Bk 1+
HAERICHE AT 280 T2 B ICiRE L, AT, MBELETEE2 2T A EETOMA
ERZBBE LI I 2 b—ra URERICEHAT 2 2 & T, FIEOFHMEEL R LTZ6],
AWFFERERNT, WREVA— 10 T 2 F8 42 S8 2 [ T i1 23 HEBR PR RS SN o v CTRGEL S 2 I &
RZONDAREMEZ RET 5D TH Y, %A —n TR 1A KB B 2RI DR N 5 2
LIRS LD,

EMAZOHRHA

[*1 HUERPN SRR ]
HIERIT LS DTFHIZE/] 0 5 HHEREBE DK 10 f5LAN OB A 53, HERRESS 23 BUS A1y Tt el =
O LM EERTLLELH D,

(2 KA v 2T —F— K« a—F Zflh]

B A7 b UJEEED 02 - 0.8 (SFEEOFE KR (B kHz ) OB SN 5 BRI, H
ERNEHAE T LR LIFBR S D 77 XA~ EBI OO L ST, ARV OMREK, 1717 ke oiE
T om= RNV —B BT HZETHE - ETDHEFZ26NTND,

[#3 & F L)

HIER N DR E O B 13, HBER OB K L TR E SRR LER L, 20 & XDOBEFOE
B0 L S ROBIRO BT AEE v FAHL LR, B EOBBORL X (=77 A< k@) &
BFNHE D LB MAET D8, ZORFEBILO L 51T E Y T AL & IT5,

& Xk
[1] Newell, P. T., (2010), Atmospheric physics: Chorus keeps the diffuse aurora humming, Nature, 467,
927-928, doi:10.1038/467927a.
[2] Nishimura et al. (2010), Identifying the driver of pulsating aurora, Science, 330, 81-84.
[3] Santolik, O., et al. (2008), Frequencies of wave packets of whistler-mode chorus inside its source
region: a case study, Ann. Geophys., 26, 1665-1670.
[4] Fukuhara et al. (2009), A new instrument for the study of wave-particle interactions in space: One-chip
Wave-Particle Interaction Analyzer, Earth Planets Space, 61, 765-778.
[5] Katoh, Y., et al. (2013), Significance of Wave-Particle Interaction Analyzer for direct measurements of
nonlinear wave-particle interactions, Ann. Geophys., 31, 503-512.
[6] Kitahara, M., and Y. Katoh (2016), Method for direct detection of pitch angle scattering of energetic
electrons caused by whistler mode chorus emissions, J. Geophys. Res. Space Physics, 121,

doi:10.1002/2015JA021902.
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ATTA4IN=a—+1) /JFEREE JSNS2 (J-PARC; E56)
(R REXRFREZHER PEZEXR OBFEAR., REBXE. THAH
th JSNS2 Collaboration

Za— bt JIFT7 L= TEE L TV D 2 EDMER I, T ORI T A — % OREDHEA
TW5, L7rL, BIEEIr OO TS =a— ) O 2 FHEEATITHH TERWREEI Y —
(AT TAN=2—1FVU J)DIFE{EN LSND EBRLCRE SO OREMREIC LD =2 — M) / RE ER
TR INTEL[]L 2], ZAbORERIE, MEREZEOH IO EHMEOFHLE L TLLGEO BN
TIXW 72\, % Z T JSNS2 (J-PARC Sterile Neutrino Search at J-PARC Spallation Neutron Source) 3<%k T
IZ J-PARC MLF O EFRTHRAET IR I 2a—=2— U /7 ZHT, LSND %E§i & [ CIREE
— R ThHhINIa—=a—F ) /DO EfF=a2—F) /~OHBE— FOREZBINT 5 Z &
T, LSND ZEBROFERITH LB RRREEZ DT LI L2 BIEIZL TV D,

s —— 5 —— JSNS2 ZEBRTIE, 25t © Gd A VIR > F L —Z i
A | [ BoHEANT=a— kY 2RI 5, KET=a—
< top- = o mmenme MY BT E RS LB AR LTHET &
g™ & PEF AT B, COBEFR=a— b Y/ FE0 %%
k: \ R GUINESP R S e E O RG S B4 S bl
: . Gd FFREICHIE S LAFHG 8MeV O H v~ i firth L
07 \\\\\\ BRIEH LD, Lo Tma— U OB
[ BRIEFORIEFIF (T 4 LA Rag v o F v 2)FHE
R T T oy TImOZETRET LI ENTE S,

BRELRLLLTUL, EBRER - EREZOENETLD
BRI ARIAAVIAATL 2 L) REMBEADOERNEZEX biLd, THIULEICTFHBRIZ L > TES
NOHFHRFHERICL D SO TH L3, 2014 FOARMREFR EMAHIZ I 1T 2 RESPE I
THBEFICE—LHRDBARERFERTHL N U ~vRBEROGFENRR I N, £ 2 T2016 45
HG 6 AlZhiT T, ZOEREREZBMT 500 RERUEEITV., FHBHEO N <}
FHEID THELZVWE—LHET U~ BN H D &V H Preliminary 7255 B A2 1572,

HEMRAZEDHRHA

Za— M) RE) : =2 — MY RO T L—N"—ZEBT HBG,

AT TAN=a—F )/ ZOPOREBFEZR CRBINTZHMEEEHZ LR VWEN= 2 —
Y, EERBIIRETH L, =a— M) JIREZE L CTEZOFELBNT L2 N TE D,

& Xk
[1] LSND Collaboration, et al, arXiv:nucl-ex/9605001v1
[2] MiniBooNE Collaboration , arXiv:0806.4201v1[hep-ex]
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FOJEBE 53 AR X DR R T DB A E AR AT OB IR 52
(RAKRFAERELHRE LFER) ORFMREE SRR - Tk W5

[F5m] SFGORIJEHE T )/ Y% 2 R D IR
T R 2 F] A U7 S &R 072 IR B 40
T RSy D7 a2 Bl R & & AT 5
ZEMTED, FmAHFT 292 ToH iz
B D2 LITIEFICHE THY SFG 75 tiEIE
S OFEESCER BT IS LDV R R R B
CRERSATS, L LRBRelEsizns 1 KT b= N LR L) FRIAOTE

I VDB IERE7R AL [ A & O FFHT 25 A #7215

BN D, ZOXHRMMEIE MDDy B /1 LA E D PR IC KRR CTE %, SFG 43 EiEIC L DR
FEHT OB EL T, KT ER=R /L (HO/CH;CN)E IR DO KIR S 235155 SFG 1245 H Lic, BRI 7
DT Er=RE5FE L TORLE DA T, £7- CN MFEIREI> CH; M FRMBFEIREN R & 0 IRE)
DEEAMEHER TEDEVIOFE DR H D, ARIZEBW T 3 7 —T LD AT R DRI IV TODN,
ZNENT ER=NL OB A EZ O FEARATFEIZ DWW T REN B2 > TODpp. AFZE T MD
DL S OB A EZ B BN U . SFG 23 JEIEIZ K AR AT ORI A 1T~ 72,

[5iE] T ER=RIADELGFED 5~100mol%DF%x HEL MD 2ol —iar 2170, 2 IRDIEFRIE
Sz y@ LT R=RL O FELA) 0 ZEHR LTS, SFG /3 BT 2 IRDIERIBIERZ DT 2 ViR
53 DL BELAEHT DR AE LN TED,

)(,(jc)z __ (1+R){(cosB)—(1—R){(cos> ) )(EZZ)Z _ 2[R(cos 6)+(1-R)(cos? 6)] |

Xfczz)x " [(cos®)—(cos3 8)](1-R) X)(C?Z "~ (14R)(cos 8)—(1-R){cos3 6) M
FERCIFOICR O GE Z# H 3 52 & CREMIEIT 2179,

(cos®8) = (cosB)3 = cos® O )

[FEREBE] KREICBITDTE=NAOYELEL ML 73°~84°& FU 1T % U TR TR EE R AR
/NS Tz, BLAIEHTIZ OV T, CHs XIRMEREIRENCIIT AT~ T Y VD B IGIED/RTA—4R )3 1
TSN DTz, EEBLM AN T B—R72RICRQ)DIREEE H 352 & THBRL M 2/ &<
REELAZENRENT,

HEMAEDOHNA
* SFG : 272 5IR 8 w,, 0, DIEERE LT EXITMOREIEN = 0, + 0, OIS DBLS:
*MD : FHEMOENE 2K T OB HERAEM 2L THAT VI 2 L—va VA
BEXH
[1] D. Zhang, J. H. Gutow, K. B. Eisenthal and T. F. Heinz J. Chem. Phys. 98, 5099, (1993) [2] J. Kim, K. C. Chou and G. A.
Somorjai J. Phys. Chem. B 107, 1592, (2003) [3] M. J. Shultz, P. Bisson, H. Groenzin and I. Li J. Chem. Phys. 133, 054702, (2010)



P03

AAEDRIVLRELY FERENT-BREMILR Tyloplecta yangtzeensis M k1L
T 3% o - {24 @ - Lapone Techapinyawat® « il 7- @ » Thasinee Charoentitirat®
HeifprEE] 4 - BUER B e o J5 SefR e EARIER e - [LIARHHA © - RS
a: ALK, b XA AW AM, ¢ FaTurark, d: BEERK, e HAHEK, £ ER, g: v 7 YK

AR, NEIEENRRE & &2 ERRELCRE S5 72 EOREMENR K E <Y B
BTV D. PEROHEREREE & IEfEC THIT 2121, EOHIERIZIS T 5 KRBT
BREAE AL, ZORRMBREMIHTLILERDD.

HIER BICIE, BT LD A (CaCOs) DEHS « & A 5 R N 25 AER L
TWb Bz, g, “KEARE). TOFITIE, K5(E45005ERTO N > 7 ) TR
HBICHBL L CLk, BUELARBER LT TWAEMNR VWD (Wbwpd [EX{br)).
ZDION, REROTHAEMS HEEY Tho. REEEAMOEK « ZITERERO
RIBEZLD A R TRl ST D (B 21X, ACERE, Pk ). 2ol), i
SOAEYOAITMEORE AT LI STEE LT, H 595 HERROHREEETIC
Hunon Ty,

IREE A DB - 5 DIRTE - BRFRFALRHAL (813CE - 5'°0fE) *1i%, ZhEh, FiC
A EY R OWE K OIRTF ISR R, B L OUKIEZ KBS 5720, BEOWEPEER B A
EENZETT D DOMNBREL LUK FAISNTWAD. FRC Y > 2k T #if9o fii 8)
Wi, B ETHILEMICRERBM AN DR 57120, FRIER*22H0Ic< <, &
O ERR FINLARAE U DUV TR BA DMK & RS TR S D EE S22, £
DSBCHE - SBOfEIL, tE FREAER) OHEREFEREOETICEZ HWORTE. L
ML, TEORIZEY, BEEREICIE, KFE - BEERNARKRIZ DV T RN R T
TR S VDL & STV WAL RNFE L, # 7% (53R I2X > THENITE T 588C
- SROMEDOEEMHN N 72 D Z LML NE o7z, I BIT, TEROHFETHE LN
DI LB FACA DSSOMED B IE, AP ELFAFRE KR (>40 °C) iR INDL Z &
N, ZHETORREBALA 2 AW Z HBREE T O R YVEICREM I RS TS, &
ORIEE, BB O AEFVER PR IERIC X DL~ O B %2 IERI R T & T
BWZERFEREEZEZOND. LIRS T, SBOBTIE, BEBmEtaIlcs T 5
FAER OB % T 5 72D OFFAE & U CE B AL P BCOMMIREE 23, Bell/EH OEST
o TED X HITBL LTz IEfEICHEIR L7z BT, 3 DSPCIE - 30E & it 5 3
Wb, T ZTRFETIE, ZAEOAIL LRI RIS L7282 8B 418 A Diloplecta
yangtzeensis DI NR 235 1T 2 [RHE - BB RN, RS IR ITHRIRE 72 & NI
DA S 2 SR L, 2400 OB R &R IERNC K 2 bR~ 0D 588 4 3



L.

T. yangtzeensis D ¥ KTV > CHIWT S 472 Wi OIS 1T, oG o8lgE &
SBCAEDEEEH M DFED D, 5ODOXR (Interval 1~5) ([ZX &z, T yangtzeensis DN
PR I 72 B ONTAMAIER H O —H#0C 13, FRKRe Rl E I O 52381 1 2 Mokt DRl & 813C
EOFERBLIRO N, £z, T ITR2REN B2 553 TEE (Interval 1) 72 5 NT
FRunEl (Interval 4 & Interval 5) 1%, Mn/Catb s K OfFe/Calbt @3N 72 & TN SBOfHE D IR D3R
oA, HEREAERIC X DL O W ZE SRR STz, —F, T yangtzeensis® 7Y X
LAR3UE (Interval 3) 225155 u7-Mn/Calk s X OFe/Calbiz V3" vt 7 X k2 k@

(Inetrval 1, 4, 5) PHAEBIVAE L Y ZHEAITEN/NE K, SBOEIIRE o2, 21U,
TV ZALM3WED, T 2 THR2RSE & AR TRERAEINC X D AR DR 242 0 12 < <,
PRI 7R RN MR FF SV TV A RIEEMED S W2 & 2R L CW 5. £ 72, T yangtzeensis
DD T 1 7 7 A NVITIE, 220OMU/IMED, Mg/Catbd 7 a7 7 A MZIE, 1D DOREKAE
MZ N Nnterval 2IZ580 BTz, ThUE, MHPVYEMFET DL e —BT 52 L b, R
AR, 9 SBCIE DI & 3T DA E R OMgDIRENIFKR &L B2 b s.

PLED X 91T, T yangtzeensis®D MR E 231 HBCHE - 3OO 7' 7 7 7 A VI,
i 2 Bhiy O A PRAE ] & HERRER DR A E O B A TR # o 72 2 & THRHEAR AT 2R L TW
7o, LovL, ARBIED X9 7253 Ot E 72 & AL FEARIZ DO W TREM R BFT 2179 2
LIZRY, BREWBIEA DR T, AREH ERBIEHOREZ HE Vo TR
LHIr S, HERERES L CAMARBMZRET D2 LN THDL. 4% IOV o
Wtz B, BE S i B b f OB b NI ORI 2 W TR BRBEE T 21T
DT EITRY, EREY BEMNITERGE L OEEMEO E R - TEHERE A &
LEWFIND.

[ =09 35 o fgai ]
*1 fRFE - BERREINAHLER (8PCH - 5'%0f) (2% : JIiEFEE (3] MEHhERBRBES: BRI S)
WA RN IS Z N EN D TE3HE T BN e b RE VRIS T B bR TR EN S, RMEREORHE L v &

WE DRSO EBNEE L 72 572, Y4 722 [E FHEHEGUE O [FINLAHLAR & OfREE TR TR LIZHE (%) Tif
WERSND. B2, REINLT T AORSE - BBERMVAHRIL, KEYV T A0 T A FINDPeedeeli 12 & FET 5
UL AT A M (PDB: Peedee Belemnite) ODfR5% - BESRIRINLRFHER & — R I B HERRL & 97 5.

*2 fehAEA  (diagenesis)

HRMMAER LT ERE L CHIEIC R 2 £ COWBM R OMLENEL 2 Eie— B OMBEO Z L 28T, REBEAY
CBEDOHE, BA VT = a VRERFBMICE - T, FIAMRSECHE - SBOERCB T RIREN KON T LE > HAND
5. —IZPCE POICENENE T 18 L KK DB AR < 955 TOKBERAERIE, REAHEOSPCHHE - sPOfl & il S &
5. —J7, RFEVHEBL, EREREEIC 2R RERIL, REBEOSPOMEZRD S/ 5.

*3 [RIL AR A

REE AV T DN R IR L7384, £ O81BCHE « 8B0MI%, KISEDBYLESME (B 2 13KEPpHZR &) 12X
S TRET D, RN &%, FEERCZE ORI FTOF A RRAL L, REI L T LOSECHHE - SO A HIFF
NOMEOHMPBANTH D Z L 2T, Licho>C, RN TR S o REED VS U ARG LR, ED§1C
& - S"SOffIE, TERLMRFORREE CKIRSSMMKEAER) #HTT 200 &b, UL, REEEADEKOSSC
& - S"OfEIx, TOEMOAEFER (REBEOE(LCNBNGE) ORET, [FNLEFEH CULl Lizdhé o REgh v
T LDOBCHE - SBOEDOFEAMN BN T LES Z D D.
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RS SRR U IR DRI R D <
ESEERBEGICE T OMAEEFARESICET S8R
(RIERFAZREZHRR hxmELER) ORE =K

CI=N=R
H 5L

7T IR IRE SN D BBEREEDICB N T, KIKENZH & FELN D T ALEICL
S CREEMBNIER SN, BAEMZICET2MEE LT, AEEET 2ME 2 H.OREA~EE S
L7720, WEBFOAER) &L MM A~k 4 5 MEAfEfR I T s, PR ofiE
BhEfk A g Sk 2 9K & LT, M CTRAT D BERELIT O 2 R0 E EAH S 71TV 5 [Shakura
and Sunyaev, 19731, BEKELIE 2 BRENT SO 1 & LT, MMH T4 U DR RIS R 2 E M
“1(Magneto-rotational instability: MRI) D 572 3-#5E125 1+ H S 41T % [Balbus and Hawley, 199121, MRI
\ZBET DTN DFERD O | B TR ERBIER 9 2 IS PR R O s 3 e B BRI AR
% Z & NRE TV 5 [Balbus and Hawley, 19911 Sano and Miyama, 1999F1],

MRI DBFEFATICONT, FLRELE L TEEBEERELIE LI2BITIT £ 721 Thh TR,
F72T7 T v 7 AR =V JE O KB 72 1855 1 18 O 78 B BT D AR AR 7 %7 2(Magneto-hydro
dynamics: MHD) > 2 = L— 3 > % 1T 7= Etienne et al. (2012)NZ 35\ T, A AU LA it X A7z
FEFAXF A MHD (225 < MRI ORTEMENTFRER SV STV D,

H iy

© BB RIKED OREFE A GE L. MRI OBIEFENT 21T 5 o

- BEIZATDI 72 MRI O EMNTRE R L Hbie L, ZRAHA ST 5,
« MRIZ KT 2 MR IR DB h BT 5,

N ETORE

HEfFEPE L LC, MBERERELOBREEMNELZ 2 5~ FREEREE 2DGEIC 5 U THEAT
ERWVIE E W [FHET 2 BEAE AR 2 50E L. FFERFERERAZI R 3 B S 117z MHD A 3E L
7

AIFZEDRF L LT, I i S A7 R B ) MHD SRR S S v, 7Bl s
TR R A MHD SREAZ VT, BB ERRY MHD 1225 < MRI D4 BESFRAEH
Sh7z, Sano and Miyama (1999)E!IC/r V7= FEAXTERIY MRI O 43 B BIFR KL OVARBFFEIC L 0 EH
S AV AR MRl O3 BRI O E 72 2 58 LT, BEAE P T O8N 728 5L O3 o JE1 1% 54
WlZDOWNWT, HIFE oD 6 KK TH L, BHFIToD 12 R TH 5 K FER S,

HFRAEDHHA
1 fksmln A2 /e o RS PR h O Sk (SR IR 9 2 IR SR TR 0 ) SN 2 ek
*2 BRI ) - BRI E 8 B S Iz iR 7
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[1] Shakura, N. I., and R. A. Sunyaev (1973), Black holes in binary systems. Observational appearance., A.
and A., 24, 337-355.
[2] Balbus, S. A., and J. F. Hawley (1991), A powerful local shear instability in weakly magnetized disks. 1.
Linear analysis, Astrophys. J., 376, 214-222, doi:10.1086/170271.
[3] Sano, T., and S. M. Miyama (1999), Magnetorotational instability in protoplanetary disks. 1. On the
global stability of weakly ionized disks with ohmic dissipation., Astrophys. J., 515 (2), 776-786,
d0i:10.1086/307063.
[4] Etienne Z. B., V. Paschalidis, and S. L. Shapiro (2012), General-relativistic simulations of black-hole-
neutron-star mergers: Effects of tilted magnetic fields, Phys. Rev. D, 86 (8), 084026,
d0i:10.1103/PhysRevD.86.084026.
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H DMEDMETZEEE SR L GREDEARIZOWT

B5SM1015 T 54 7]

3 x1, w2, x3 &3 DD LD y1, Yo, y3 LENAKR 2 VEBBOEHERPFET S
MEDIMIE, FEMIINTOVRVWEET, ZREARMELFENTWS (1. 2906, 7D
DERIDIHIEZED 6 DOWHEBTHDHDIIMFET DD, LWHIHENEZEZSND. KX TIEZ

PSR REHREPRILIZTE. ZOMEIX3IO2DT—2Z, 2z, y3, 3 DWITNHLOEHMZ
DR WGEDRH 5.

Narumiya, Shiga {2 & 253 [2] T, ys OH % i 20 HESE 2 E 5 (R A3 72 3 BEAREUREL
SREADED B4 NS R, GRBIZBEE S M2 WEHEHEZHWS 2 LT, T0D
FEFI R £ DA BUEIRD 2 25, FATWHEERELTEPBOND L WS HFERLTED,
SEREGRBBEOMIIZ 1 OB E 726 Lz Rond. T OUESERE HIROMEE % KN
LBo-DT, ZThEBNT 5.

EFE 1. y3 OEMMZ2 b WL E HIRIZROHEN HRER 229, Thz ArsE, QL
DE 2 PS D 2 IR TGSk RS, £72, ADT 7144tk BeH<L. BIzBW\WT,
X1 XoX3=0 B EEHHERME T 5.
of +af = of X3+ XE=1
A:q 25+ 23 =3 B:{ X3+ X}=Y?
22+ 23 + 2% =22 X2 +1=22
E&F 2. NeNIZxlL, N2 T2A8EEA-MEIGFEETSEE, N 2EAKEWS.

& 3. N DGR < AL By Y2 = X3 — N2X PREEROSZ2 D,

£ 4 (Narumiya, Shiga[2]). S3:n? =&(2 —1)((?—1) £ T 5. HLAHIBOMDOES As
ERRWT, S; OFERO%EA L B OIFEWHLHEBIROES DB O IEPFET 5.

EIH 5 (Narumiya, Shiga[2]). N Z&REE U, (u1,v1), (u2,v2) ZEZNEN Ey OAESERD
Red 5.

Uy V1U2 U2
(&n,¢) = (Naﬁaﬁ)
LBLLIET, S3sDn#0THAEMM (E,,0) 2135, WIT, Ss DEED n#0 ThdAEHN

EZohETESNS.

S 3k

[1] John Leech, The rational cuboid revisited, Amer. Math. Monthly 84 (1977), no. 7, 518-533, DOI
10.2307/2320014. MR0447106

[2] Norihiko Narumiya and Hironori Shiga, On certain rational cuboid problems, Nihonkai Math. J. 12 (2001),
no. 1, 75-88. MR1833744



P06

T X 5 EEHE Hyper Suprime-Cam [2& 5 Y 5 BZR/NMEMAEERRID

HILRBRE
O R ATE - ?%*Eﬁl -H ¢‘§$A1 . /J\'E"LU*QZ . EJZM‘:E¥3 . EE%?’_‘L’J * Judy Cohen® * Evan Kirby® -
Rosie Wyse®

1LRIAKRZARFHREFARBRIXFER 2.EIRXE 3.0 GURFH 7 VB T di b Ferits

B
4. PEPERE FHERSTE 5.0V 740 =T TRRKY 6.3y AR AR

FHITIX, BT A, BEEWED B2 5 RNk 8 BMFE L TEB Y . /NS WER A EHZE AR
AT ZETRYREARENTA~EHELL TN BN TS, BNC X 28R L DA%
WZiE, A ST OB TH DT OSICHE BT 5 HEE . T I (b 2K 2RO H
RN E BT 2 E08 S 5, Box TR OB SN TERIE %) OFF R E1T > T\ 5,

KGR DNET 2 ROJNEHT DO JELIIE, RO OE )R T 2% /M & B ol THLETES) L
TN DRI NZEAFIEL TND, T D ORI < TS W2 DB N & FEEI, K
B5i R O LEBR I UT U MBI AFAE T D 72 DI SR 2 Ak 2 IS B L Tl 2 2 LT 5, 4R
] 2 A RS 2 S O ERR B 2 H O CTER D4R - BB EZFH 5 & B/ < (s 100 &
FRE)TEBRENMRNENLE S TV EONREERHE VEA TRV ERDh> T
Do LT2DNo TZO LD A RNEHEA U2 YO JEIBREECOFH O H. ALFHBROEH 2 7% L
THEY, IRV OIA EARRTIENTED, BB LT] LiX, 20X REHFICHS
b DX D 7R OME NG | SHHEAE LRFOFIRRESCENORBEAE L T TE B2 LN 5HR
WO 78 EERARDFERERTHY , ITFEREL T TH D,

16

1) : KBS 50 5 HAELIAIC 18 f 2
TEAET DA R AR O 5347 ) 23

20
X 2(45) @ SRR OE, 45 FIC o T s
WHDDIRE R EL, AT D008
IKIEASEE A FIZHD3 > TWODAD N T RFIE 24

26 |

FRAT B 2T O 2 B MR REE 2 & OREBERS TV 2 D RER EIC 5D 2 mEENRKE <, 4 F T
OB T O AT MR O —E OB L TE TR oz, LvL, HiL0T1E2 L
FEDOBIHEEE Hyper Suprime-Cam (HSC) (2 X » T —FEICBIHI T & 2 HPHNS £ TL W KREITIAL



720 BUNMETOREEABIITE D X)X ole, OB/ NN OIMIOREE, FrrEYE
ISR > TN D —ORESR, (LA « BIRREE OSTK A4 X0 ERICH~O 5 X9
272 o7z, F72 HSC OB TIHEFICHE W EZ CTEBIRIATREIC 2 . 4 F TOBM TR B/ T
T TN Ted b LAL7Z W28 DI BICR FER S O WIS 2 25 Z & N A[REIC 72 o
7

oz ld, 2D HSC & HWW TR O R ER D —-2>D V) W 5 JAERE /Mg P AR ER] (Draco dSph)
DI %17 - 7=, Draco dSph [FA4-#HA 120 (BEHFEE T EE LK< | BIEREFBISEENIITh T
2, FEEBNELRE NI — 7~ X —PHENRRIZEEZ LN TN D, SRITO A5
PN 7 18] DS FE 53T % > . Draco dSph [ ZFEFZIAN S T2 RTh D Z B yirotc, ARET
X, HSCIZ X 2B RB LS O R 2BMO 7DD X —47 Y b vy v a v OFIEERNT 5,

EFAEDHA
W R - BRI L MAVER LW 0Bl T e WA EF EER 2 KX TE
wIEE H He KV JFEFE SR RE WV ILHEDORFR
- SR HEENC B DR TORDOER, MR R IREFOFERELZ LV ELZ T 7y
kL72 K
SE XAk
[1]  Ségall, M et al. 2007 ,MNRAS, 375, 831-842
[2] TEEREFRE, [SREHY (RLFETA 77V — F2E )], BARGGRL, 2015
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ZH REXMFFEOEN 1= RIEEEE& BaMnAs: 26 1T 5 BEKUEETR R

HALKRBRE, RLKXEH"
EZ+E B T #Hth, B85 e Re)N BE IR Mf
A+ BRER", K& Bty

[WFey 5

WE TR TMEIL. ROFRED SN EZ T 5,

Z DFRFEDHIFI D o C b 22 f SRR DA BT
HETHH TERAHENTWESILF T o0 A7 A,
AV ARV R e E OBLIGH L, 22 R O
LRI BRI B B, 28 R BSOS R OB AU L K]
L7728 L L TEXMRIRN DT b D, Z0B%
BB X DAL OB £ 72135 K D ER
DFREVIHRRTH D, 2N E TELAMKIEE R
THEE L THRE SN TWDLDITERIETHY . &
BRI D BEBRMENFIIREETH D, £ 2T,

P 2 1222 W SR RE O AL 72 4 |2 B 2 R D A
TEHEDTND, ZOHEMWE L L TBaMnASIZ &

H L TW\W5b, BaMnAs,i. ThCr,Si, R o4& (X1) % A%
LTHY., EHBHIESSEROMMMTH 5, 2, a
Ve F-[ET D EER DS S F = v I — R — RO ik
PERRF MR IRET =625 KELF TALTWA Z 828 R e b o e
W LB [, ZERIRH T AR o < il o DaMeASy DRSS & URCAE.
BREED BT AU ARV A b EZ | ZRNKERETHE RO 2T v TAE U LA U AE R ED
TWAT, BEEBEFFIC & » TR T D, R ZEEREXIA/m mm  TH 5, 2D
WEERRF T & D 22 R TR ORI, BRI R Z 7RI Cr0s & @ LT D, 7251 THf
ZEIZ £ 0 BaMnAsy I AV EEFEIRIC B W TR BN BB 2 R 2 E B3I L T 5 [2], 2% D,
BaMn,As, | 3R AT 22 AR PE DS S b U TV AT B W CE BN A R T2 b, ZRET
Mk IR CHE SN TETCBRMKIR L T WE 2 EERITILRET DB OMGTH D Z L3y
N5, LinL, EEEOYE CIEFHESMOREIT TE 20, SR 2 22/ Klnct ko
MAVCER L=ttt B 2 L CBIT 2 Z L 2 B E LIFgE 2D 7=,

[FRBHERLE L OV TE]

BaMnAs, i i, B/ 777 v 7 ZIEICK VA LT, BRFHRO I a—T7Ry 7 ANT,
Ba, Mn, AsZE/LHAL:5:512725 X HICH&EL, 7/ FHIROFIZ AN, A T EEE
L7z, ZOBE, WHIOAHEIZIZ0.3 atmDArH A2 EA L, MIOATEILEES| & Lz, Bk
077 Ad, FEiEA 51200 °CE TR THIE L. 1200 °C COREMAEF L7-1% . 84K T1000 °C =
TFF5bDTHD, BKEEBSRREIZIX, HALKFE BB ZE TR 8 AR 7 7 v



A —ICREESNTWHBIRE~ 7 % v F(18T-SM, 20T-SM)Z i/ L7z, —fillEistsEA o1 o
= R 2 HWTERE Z [R5 2 & T UREKIRTIENR O£ BEAR AR 2 JIE L 7, IR i 135-300 K,
W EIAIX0-175 T TH 5,

E2 S
AT THTATIRIEA0 KIZRB W THIREMEN R T 2 Z E RO Mo T, BIRBLIX

1mmuﬁMWf%é HEHTRERELT, mMMW®@F5ﬁ4MmmTH MRS R T
U VR RO A TRIE 2 FFo, E AU L0 N~ O5F5REMER ARV NI R H
BL, EFmCTholcfbmEENE MBI ERWIRESND, 2089 fﬂ%uTﬁE ZHRER L7z
(RE TG DS KIRPTN R ORGSR AAE TR S 7z, [X212(100) & (010)7° & 72 5 1IN T &
[B]HE X 72 & X OBKIIUN RORSS FARIFEZ R~ 7, ZOfESR., miIREK I3 iAo x4
LDESGHEFBR SN o7z, L, zmr“4o KuT ZRWN TR T3 2 B 7 AR L Z 1A)
MO R LTz, Zid, EiROEEEREICE W IEFENOETMICEE T 5 Z L I2 X 05
fih o> afil & bl A IR & 72 0 | abﬁﬂﬂ@?‘-é%ﬁf&#fm&ﬁéﬁ IlpolzbEZ N5,

0.52
H 010 0.51
/<'9 S
=1
;V—‘mo 3
J100 =& 090
049} H=175T i
] ] ]
0 90 180 270 360

Angle (degree)
%] 2 : BaMn,As, (2351 T DM ARG TN R OREGHR A7 & SEBRIL & DAL X

HEMAEDERA
© RREVE C BED B O AU DRENEIV K T E D TES| L, 2L L THRE—A Vb
TR W E OB FE T,
SR HRHUN R - SNSRI & 0 M O BLSIEPIRNEL T A HETH B,

S5 30
[1] Y. Singh, et al., Phys. Rev. B 80, 100403 (2009).
[2] J. An, et al., Phys. Rev. B 79, 075120 (2009).
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ESAFAT KNP DBEARD-ODIEESN F O BBEEENTEEDR
(RIEKRZREZRBZHAER CFER) OFKBA - KEFHKX - KTERED - £FEXH

HERRNEISICB W T VX B e EO@ D FIRFEF ICEERZE 2 H - T 5, fl 2 1IXEEHEI
A DOKGFRBEA F & DHAEHIZ L > THIRO G F PRIV 2 ENS 2 & TR
WOMHEEZ B @UOAEENE & OSBRI Z R T 2 EBMBNTWA[L, Liend> T, BERNKG
DRI BUNTKS %&@*BEVE?@%@@%@“% CIFHEETH D,

KFNENTZESFOREEIL. KOFRFEE L TWAAES, KOFO ORI 12Xk -> TR
5&%z%héoit*ﬁ@ﬁtzé_OﬂT%L%ﬁfﬁ%aUm“%ﬂw IIKHFCTOMEIC
FANTNS ZERTREIN, @O FRKFIZEIT 29ME2 RIS 2 OB 72K FIEIT & B S
b, JRER K E b On T ARSI TE 2720 KMEIZEB T 2 RITEm ST LK EDHT
AR AR 2 R0 CER AR 9~ 5 2 LS o7 3 D I S L5 [2), ARFFE T, KRSz @14
Ty OWEEEMIETHZ LB E LT, KRS AU BEEEREOHIEEEOREEZ{T> T\ 5,

BIERIHE L TV D EBRIEE I, =L s hux7 L
60

— 1 A RES) &N TES TR A A AL, o 2 Mothyiene blue
@Eﬁ%ﬁykﬁy7@mf4ﬁy%£ﬁbt% e | \ (e O =729

CAACBBEERAN AT IR L 2o TV, 5 o0,
ﬁﬁ ARSI FA AL DERAIES, 20§ | 4567500
hOEEEEOREILE AL LT, (A BIE 5 |

\ ~ W Y 7 N S
/1ﬁﬁ¢)kU7}ﬂyv%%?wa L AFLUTL . JL‘LﬁMAAN
—TEA AL DERAI AT TS (), Fix o0 %0 a5 o W0 4 50 5 600
DIEWE « YIRS LY . KFnA Ao DA A58 Mass /u
BEWEILT B 2 L AR S, M b AT e A RE AT LT

N— KT IEA A DE AT ML

HEMAEDHRHA

AT UBEEE RGN N U LR EOREBH ANTEINZ KU 7 A A EBEAL
th%®ﬁﬁ KD IH & KR T A L DEZRIT K HBOIR DA TG % o BEd 208 F

L (KA COERUKE) 24 A BEESHTE VWS, U7 ML E2EE&oiEtEMAsbts 2
tf(%ﬁ/%%ﬁgéﬁﬁ> A A OREE L EERABEMITH 2 LN TE D,
L7 hr AT b—A F AL EEBIEEZEHIN LI # e HREHAR 2 1EH%E L. KRJE T TRk 2
A F AT D FlE, OA A ACFIEITHAST, BREECEMEALRIS 72 ENREE IS Y 7 MeA F
AETHY . KA T DERNEERE SN TN D,

SE Xk
[1] M.Grossman €t. al., Nat. Struct. Mol. Biol. 18, 1102 (2011).
[2] S. Leg, et. d., J. Am. Chem. Soc. 122, 9201 (2000).
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TARGTEANEDFIN—VELRBD)FALSTUDOFERMERK
(R KREAFIRESHEE b3ER) ORFEE - IREE - FEEAL - EAKH

LA BWTHTZ RGBT AR DS EBERLGFRETH Y | BUETHH- R FIEORRIL,
WE OGN L, EFICEETH L, A FU LRI IAEA A B O TRATEBUSIZ W
LRI TH Y | ALEMITH T 72—V B AATERICHO B LS, ISABNIERS TIAL
EZTBR B 7 38% . T3 SRRV IFIZB W TR STV b, Ai%YD F 7 A5381% Scheme 1 12
AT LY FULFA—DCOE KGR E — DR,

Scheme 1.

R-Li + R?*Br ——» R"™-R2 + Li—Br

R3
R3 H+ 1
R1_Li + >:O —— R } OH
R* R*

ZEOPN o HFH ) FULRIEL AT, A FEY T U LRIEOHNIHEAIN D72 < RIGAR
N TAFIET BV F AT T NCONTIE—FEIL 2 DDA ETER CEX A A TEHETHALN, F0D
WEFNIBBEI DI T 5, By U F AT ORI, T A FEMDERICSRN 5
THEHETH S,

A AT 2 13N E TR SN 23-P T L7 a[1.1.0] 7% > 1 & SRR b UGS
BTS2 8L, THEOY Y FA T YT OBRIE RIS L7z (Scheme 2), 4 E&
LTV VTFAT T E WD Z LI VBFEGRPES TIERWE T A FEE W DOE R P 6E
Lo,

Scheme 2.

\?' * (dme)y 5
Li Powder @Si@
SiMe,t-Bu /

t-BuMe,Si Si

T |
@S' LiNaph Li (thf),
\ t—BUMezsi Sli/SIMeZt-Bu
Z;&)@k
S||
Li (thf),

FFMEOHE
CYFATLT A F— U F U LG & 2 O b oL

S & XAk
[1] Iwamoto, T.; Yin, D.; Kabuto, C.; Kira, M. J. Am. Chem. Soc. 2001, 123, 12730.
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EBRABILE S URIEILICE 1T 5P EIEHH LD KIUERR MR AL
(RAXFXZREBEFHARE PFHRR) 5F #

KL R HL oD M 3628 SE RS2 13k 2 22 K IR TIT o CE 7o, RIS Z B ORE0 K
A LTV DRI Z SRR L7 K UERRHATER SN D Z LB LIS T
W2 ORIk 5@, 1984 5 &l - HEIED, 2006), — 57 TKILTEEIOKRIEHNIZ TR
A% SR U7 B R 23 AR U TV D AR R ST A28 (BRR, 1995 72 &), k
LBEFRR HOE R & DBILRITAIAZR S0,

LI ED X9 2B SARRZETIE,  KILEOEE 2 BEIC 52k S8, IRIEIIC A>T 5
RIS L ORI L 25 & L, KIERRH O BB L O 2 5021 5,
Z U CKILEERDR I & I 72 528 b & ORRE B4 5,

it G ik o> AR L1 F J OV L LB X M i O %L - RIS Zh e R T 7 T 888K
SAELTND, FRHTET 7 7 OREFBRAHTH > BRILTE T ICB O THEAT 7 7 E T
ZHESL LoD, KILERRMIOX L - fRE AT o 72,

FIAE DOFER, K ILEERRRHITH 120 ~ 140 ka O T HH, #9160 ~75ka o I, 45~ 51
ka @ 1T i, BEOKI~528tHo IVEICXK S TE 5 Z ENBH b E o7, I miA#ILIC
BWCHEREER L & U TR ET 5 L AR I3 ) C T ik 228 L Tk L7z fill
strath terrath TH Y, B LIZIVTIE strath terrace & U TCIEET S, 72 IViE bl
KINZBWCTRBERE LTHEET 5,

AR LD K L BER IR & JEL OB 13T 7 T @ B RN A RE CTh D, FI-HHER
[ s D25 R iAa B O ZSE T, AR TR TH Y, WEBE L & [FERIZKE - [
KA 7 S K o TRILBERIR AT S 47z,

HE K DR B e O & & DK LFERRR T, MoEKIEATHHEEL TEY,
JEIAY 78 SR ZRABIT & o TR S 41 2 KRR T A IS AFAE T 2 I REMEDS /R S 4L
77

ARV E

KINEERSIRH Bl LAt RABOBAT A 2> & IR IZ T & 2B CRIP 2 1

777 RS LTHIRICS TS KILE Y, #Pf OFEROHEE LRI O HIE i OFEE
MEDTRREL D,

SCHk

L 22 (1984) @ RILEKILALTEEIZ IS 1T 2 KILEERIR MO TERR. MBS 5T, 57, 831-855.

BRE— (1995b) : JHREXILALPERED KILFERR . FTI#BE Y, 47, 182-202.

F B3« e LT - S 28T (2006) : 38 & L OMEKIFEN AL 5 B HERIR Mo R E L.
SBIURFSE, 45, 287-301.



P12

U S Z/EXCEED THAl SN A A NUERKIZHESBRRIDEE)]
(RIAEKRFXRFREFZHRR  tIkEFER)
—. REHE. BAFA. EREL. SFI—H. SHAMX. HEx=. ILBAK.
AR

REHBEDOE DTHDHA FTIIKEROHF TKINEBNIEHR 2 KK TH 5, A FORKULTER DD
TEMERREE T, KIIEE) E RIS KON TIRD b CRILT 2RO “FEN D S, KILTEE &
FAEDOLELLNKRGERICRKELSFG LTV IR E 2> TR Y A CIEE OHEMEE 38
L7z, AR SNz R Ui I3 T 2800 B X - TARBE S L, BERCRiEIR 712785, 2
D DORAIEA AHIEL L ZE > TWDHA A2 E/HRTHZ L TRANPDIFCEHI (AR Z Y
YY) AT OEDESAT D, A A OKUTEERORFHEENIZ N E TA AEFEOT MU U LE
oA AFH ORI OBBPNC K-> THE SN TE L, Lo L, KITEENIAE S A AR 0 E
5y T D R LR TR0 F OfFRER S T o DR FRE IR O Z BT RZIZTBH STy,
2015 EDFETRZA A DK IUGEENAES T b U U AEOEB[L]0FK M ORI DEB[2] 13 #iE &
iz, BT O S HEDFRF OB T — & & T A A JEE O 130.4nm EE A2 31T 2 FEFE R
TREOEBZMAT LT, TOFER, BB TORNOWA D S EE RIS T 25 fFIEEH S <
WAHZERDhoTo, BRI TIENET N UL NOEE L5 & KILTEEFRER) S B —
TIWZTTUIE TCHLEREWHBER S 72, — ., =27 NORHENITTOH D ZITRE D £ CORMIL.
F U T AERNTIT A0 BREREP DS T-OIZK L, BERTHIEDIEH1T60 Ao o7z, 7R
7 I DFNATIEEEL T D DIkt L, 130.4 nm DOEESE R 73 I3 B 8eEL & &7 E 22 mhikd o —fE
FHTHDT20, BRFEET OFICTRE DB IRELHEE DI DR B L 2T D, ZDId, ZDiE
WOJRKNITE FEECREDOEINKRE DT ENELLND, Lo T, BERTOLE %2 EIC
BB L TN D OV K IITEEIFREERE 5 B — 7 12T CoMBTh 5 LHEE S5, KIiEE & T b
U U LAEOEMITHERH D Z ENRHALMIEINTND, 2O END, FETHI 2 KKADE
MNARUFEECEL L2 E W I FiEO TG, EROHEE 2 S K LITEEIFFERE D B — 7 1200 TOxH
DOF bV T AL EEFIROMBEBIEN S KRADAERICEIT D HE L KIIFHOFE2 BB -7,

O&E

it

HEMRFEDEREA
 JEIGHGEL © FFE QPR O KL 2 [ 2NE AN L. #i T %,
- EEZERNE ¢ A AWEHE A JE R S E AR & EET D 2 & TRERET 5,
SE 3
[1] Yoneda, M., M. Kagitani, F. Tsuchiya, T. Sakanoi, S. Okano (2015), Brightening event seen

in observations of Jupiter’s extended sodium nebula. Icarus, 261, 31-33.

[2] De Kleer, K., I. De Pater (2016), Time Variability of Io’s Volcanic Activity from Near-IR
Adaptive Optics Observations on 100 Nights in 2013-2015. Icarus 280, 378—404.
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50 NV - 5 THEEEIER F L ADEIZE
(R XKZEXRFIREFHER PEZER) Ol Fth

MEDOEREEM

IARIZEBITD, B O E LU ME RN - T ARE RS (1 - 300 kHz) ORI DUV TO R
ML TD, BRIEMY & L COIRE MRS L AR E L O AAER X, AAERPFF OB = 2L — (2T
K<, £ DL BRI RN O SOGREE LR TR | AR~ L 52 700 E B2 B TN5,
ZO—F T ARERERIGIC LA ERERELL T, Wb BREENHE SN TE, BIEEEOAREILDNA
BETHHN, ZIUTRBANEAETFE T A0 FRICE S TRERY A LD 5, EREA AR (IARC)
L AR BRI B ANEY AT D REEMVER D Z LA MIE L C0D, —fRHIIC, DNA RS ITEHR, SRk
BUC LS TR FIMET I NERENDZE TR IENDZENASN TODEN, KRB O = R —
MRS, B DNA 545 ST 28T TE Ly,

—77. DNA 545 S EZTRERO—2L LT, LA ZAREHIL TS, ZOIL AR R DEE .
TUNMZE S THEEEIND, WO TY NV E~5-2 5B OW L, MR AR T 50 B OF5E
M5 Schulten HIZ 8> THHLMNIIN TETZ, THUCKDEED BD B O OF QI Z RN RSN ETY
HNKEDECD, ZOTVHNVREDFREE T AL — MR DN B2 5 2 | ZOREREL TV VXD EE 5
THONZ B IOV — BT HEVD FTREMEDS RSNV TET, LTe - T, KRB RS IR L AR A2 B
B9 %1 C DNA HEOFHEEEHEL TWDHTENE BN,

izl 725912, DNA &R, 790, HHWFEVIAIZBRE AR AR B 595, FATIFZE DT
/7S DNA {54758 D1 ARJE RS 03 84 5- 2 2 FTREMEDN GE DI TN D, KR RRESS 3 AR AR~
WA 52 DAH =X NNE, TSN TR0, Lai Bk~ T AL ESSIZED DNA OBEENRTY
INAEERNEANDZET, IHISHAZENIMESNT[1], ZOMFATTIC Lai Hi%, LL RO “BEEo 7 a2
LT H—OOEHEREE LT, 1) DNA B4 53T /1L TR aX TV /L (- OH) 1365, Z
- OHZmER LK TR & Al DA R T D E L T Fenton St N ENHAL TSN ARJE B B 1 X 2 2Rtk
95, 2) - OHILE/ AR E OB b2 U C— (bR (TU V) EA R (NO) ZH NS, ZhUCIvikEsh
DERRTIER A X EINDEDERA AL A Fenton Sis% 7 4—R /3w 7 I HEREE 2, FAXZ OIS Bk 2
FH MRET D22 BRI,

RERIER

IXU T, 50-Hz R 03Bk 2R MR (Swiss Albino 3T3) @ DNA 85 &R H1EAIC W CTREEETT -7,
FERTIX 500-uT, 1000-uT 5% 2 ~ 24 FERIREEL . DNA G Ao Ay N7 A (HE—Hlfa sV E 5ok Eh
ECE S TRE LTz, EDORER, 1000-pT 35% 24 IR EHRE 352 L1285 TDNA AR UIN &3 A &
\ZHSIM U7z, 7=, Wisi i a2 18 REEIIREE § 52 128> T, DNA — AU &3 A =S L=, e
W% R TELIIZ R BT AT 221 OB DO TH D, ZHIZEY | KE I REAIC DNA HBIEERND
HTEDHER ST [4],

AR DGR A 21T T, Lai OARJE 5 DNA #5258 357 2 ADGR A REET 572012, 5 Hl
fa~2ru77—2 (RAW264) % T 50-Hz B5IR IR I L DONOZEAE B DNA $HIEE . MifiasEA 8-/, Lai
fFIEEH2 D BT, LPS ICKDRIE AN AGFE AT o722 L CTh D, olZ iz LPS HIE 35 ENOA Bkl %
BLEDEEINL | K5 RAIINO (B L AN AJR) FEAE EAEAINL , AR INERL AR ZBEN3 A2 LA MBI T
%o ZOZEEFIMLT, v7a 77— ~0 LPS RllAA TV, ZDH%RIHIT 500-pT 54 24 REFHIRE LD H



(2, FREOEEZME L, ZOfE R, DNA 5 L7 m—I X (lilaD 2238 5E) 1%, LPS FIIZ K-> Tt
S, 50-Hz BEGIRERIC L CHRIZEINLTZ, —J5C. 50-Hz BRI [ L ANOEA B A BNl E S
N7enno7z[3]s LIzA3> T, NOIZL DI L AR AT 50-Hz B3R 121D DNA HECHIESED EBEFIN T
TN EDRIES T,

DNA {545 EEILIDEE(LAR A 531-L L TNOLLSMZ 05X OH, ONOO~ 2365, ZDH 5 OHEONOO™
AL DD ENZERMBIVTNDH, - OHIX DNA HEA 5 XEZTICIEHFEMBE T X 5725, ONOO™IZH
HL72, ONOO™IINOL O, DN Lo THERMS VD, £ T, FAIXOPEA BN BE KB G AMER L
ToRIReME R B 2 72, JeATIFRIZHN T, 50-Hz 23570305 E AR R EE T H LDV RSNV TVD[5], 031, k=
RU7 D ATP G ROWFE T, tEF BTSN TS, AAFZETIE, ZOINa RUTIEDBAE RS I5 05 1
GRIEN G2 DB E B L, MIELT., ZORER., ~7/uT7 77—~ 500-uT Wids% 24 RFMIRE 528128
S7C, MAEAN D0, FEE 'L T, IZZO0IEMO TR MG LIz, Iba RUTBEE R a2k d &
D o AR D TN ZE (ADy) AME T L, I END 0,139 5, EEIZ, AD, ZilELT- L2 AR EICK
ST, AERIE TRRIESIIZ[6], —F7 Ihar RUTIREN 222 b ST E MBI TS FCCP (A4 /
THT) DIFAE FCREEAToT2hE R, OxFEAE BN IZZ LMD, 50-Hz MIGIRERIZED AD, 1K F 23057
RTINS ELLVITEN D 5T, A, K FICEAIRT RUT BB R RN ZLHET R — A (T rsT
DHIRFE) BT 5, ZAUTI P RU TS b ¢ RSN, TR 2& 38T Dl #E D 28—
IEMAL T 5720 Th D, FEIZ, 50-Hz BIGIRTEIZL0 I A S —EIEMEA LS A ARSI, ZORE R
t 50-Hz W52 KO a RUTHBEAR RFE LV B EFJELIR,

AHFFELJATIIZED Fn A A DL, 50-Hz B DX —7 v hOAfE LTI a) 0, PEE L EICEIR
B (B £ L C NADPH oxidase, %7 &L C superoxide dismutase 23E154LCUV5) DIEME, b) Ik KU T
B ZRBITDEAARIERD 2 DB 25D, AIEIZEIL T, 50-Hz #3573 superoxide dismutase DE % i)
THEVIREDRSHD, FBBHICEL L, RIS E B T 2L EIZIEF TN TlEd 50350 E
TRSFEAT D ATREME SNBSS QD 2N E TR RIS B L aTREMEN B 2 5D, L,
AT ICREL Tl s 2372 BB ICBIL T EBRIIAFIZEIE 2\, 165 T, 2B ORREEIL S 1 O
TdD,

L

AT AR JE WL L DI R T HREENL 2T 2> TOy ARG IR R IS o 2 b, Fo, s
= MR E ST DI ENREINTZ, ZORE R AR BRI a s R T RSC0, FEA A1l U CAER
~MERT DLW Z T ITIRE LT,

SE X
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N7 7R (12a-d) 1% 4 FEEOSERMEEORGH E L THRINTTRIILTW D FFREEBIREETH 5,
MNMEICH T 2 HESCZ ORI IT 4 B CERETRR > TEY, KHELE L THEDOD HLIRREMRIT 122 TH
LT ERMBNTVWS, £ZT 122 ZBBIRICEKT DI EDREENDI N, ZORREMIEIZFRE STV Rd
>77,

SEARBPER & SRR G T 2 FIEO —DICRE B A - 5 HIER & 5o REA A IKOmE R 22T
THHEDOBOBORES THY, FHEFETH L7720, ERSHEZ IO LT D% AL EY O ARRIR
BRICBWTHHEN TS, Tx OMRETIEIRANOLRZIGEONDLGT I/ BThHr7u ) v &2FEE LA
Hfil i (Jorgensen-Hayashi filti) Z G pk L, B4 2 CRRIRBRIZE AT LT b

ARl UAFTEE TR Lo A A ERMERE 2R E T2, e LToOMERRLENRT T r A NOH D 12a
DERRIZ DN TR B,

Jorgensen-Hayashi filtfit 3 f74E T, JERIARF 321 BALAMBOS 21TV, 7 m XU T v 4 Z SLARBIRAY I
S L7- (Scheme 1), Z0Df%, 6 BIOLEHIE ATV 12a O =B EKEETHILEM b 2 Ak LT,

F 7= Jorgensen-Hayashi M8 FIE F.Z 2 Ry T AT E RKB) L= ka2 & (1) DRF~A 7 IVEIGEEITO,
A F )V FE e STREARADICHESE U 72 (scheme 2), Z D, 5 BIOZEHRIZTRT 7 a2 FOMIBHE R B{LEW 10 24

L7z,
Scheme 1 10 mol%
Ph Scheme 2 5mol%
{ H—Ph VA
E N Lous| 1) CHOMe) Br CO,Me (—/\ Ph
H TsOH F. N
OQN\/\©/Br 3 20 ON o _~CHO[ N OsiPhMe
1 p-nitrophenol pyridine @Y >~ 6 8 l/k/CHO (EtO)zPM
OMe * 1
+ 0 OMe i ——— >
H CH,Cl, N MeNO, THF/H,0 NO, > c 0
H 4 OMe HO  OMe ; .
0 2 5 °

B LT =M bEY 5 L IEE 10 % Horner—Wadsworth—-Emmons SR Z X VRS L. D% 2 [BOEHLIZ T 12a
&A% L7= (scheme 3),

Scheme 3
COH
(EtO), W co,Me
: CO,Me o
[0} TsOH

0 ’BuOK & i RiR2 I
S —> o 3 Z4 oy 3
.OYOM o acetone THF HO OH HO &M
K o H20 12a (R, = Me, Ry = H) 12¢ (R; = Me, Ry = H)
5 OMe 12b (R; = H, R, = Me) 12d (R; = H, R, = Me)
Beraprost
HMHEEOFHHA

c SIREMAR - ALK FOORN Y FRFRIC T, EMMRRENERD{6EY, <XT772A(12a-d) D%
NI TR RT D272 0 FFE L Th 20 AP G 8 m ERANT NS 2> CREROFES) |
TNZAR NS 2> GRBROFEE) & 9 JRF DZERINRELE N 722 > Th Y | SEERREDORERICH 5,
HEZwk: [1] Y. Hayashi et al., Eur. J. Org. Chem., 20, 4320 (2015).
[2] Y. Hayashi et al., Org. Lett., 9, 5307 (2007).
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[1] Birch, F., 1952, Elasticity and constitution of the Earth’s interior, Journal of Geophysical Research, 57, 227-
286.
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Source characteristics of explosion earthquakes at Sakurajima
volcano using spectral ratio method

Mohammad Hasib, Takeshi Nishimura and Hisashi Nakahara
Department of Geophysics, Graduate School of Science, Tohoku University

The explosion earthquake associated with Vulcanian style eruption, which is characterized by
instantaneous emission of volcanic block, ashes, and gases, are frequently observed at Sakurajima
volcano. This volcano generates hundred explosions a year with various sizes, from small to large
explosion earthquakes, hence analysis of the seismic wave enable us to understand dynamic process
of the explosion earthquakes.

Investigation of physical parameters that control the magnitude is necessary to understand the
magma process in conduit during Vulcanian eruption. But, systematic analysis of explosions focusing
on their magnitudes are few. Previous study clarifies the magnitude of explosion earthquake observed
at several volcanoes controlled by the relationship between the peak amplitude of force and source
time duration [2]. But, we still do not understand yet clearly what are physical parameters that control
the magnitude of explosion at single volcano. In the present study, therefore, we analyze hundreds
of explosion earthquakes recorded at Sakurajima volcano using spectral ratio method, that can
retrieve the source spectral information without being disturbed by heterogeneous structure [1], to
clarify the source spectra differences between large and small explosion earthquakes. Also, we
examine the source spectra differences at the initial (direct wave) and later parts (coda waves) of
explosion earthquakes, which are excited by initial explosion and continuous ash emissions,

respectively.

Receiver

The observed spectrum is controlled by a

product of the source spectrum, propagation

factor including attenuation, site spectrum and

instrumental response. By applying spectral
ratio concept, we retrieve only source
information by eliminating the effects of

) ) . Scatterlng
propagation, site and instrument response (see

fig. 1). We classify the explosion earthquakes Fropagation effe‘"'t Hypocenter
) ] ) Source effect
into 4 classes (I, I1, 111, 1V) according to their

Fig. 1 Schematic illustration for propagation of

maximum amplitudes. .
P direct and coda waves.



Then, we calculate spectral amplitude ratios of classes Il, 111 and IV to the smallest class | by shifting
time windows every 10 s from the onset to coda waves for several to tens of minutes during Vulcanian
eruption.

The scaling relation found for explosion earthquakes at several volcanoes, in which the source
time duration and peak amplitude of force are controlled by vent radius under a constant pressure in
the conduit [2]. Since the explosion earthquakes at Sakurajima volcano occur at a same crater that
does not change its vent radius significantly, the observed spectral amplitude ratio change can be
attributed to pressure changes in the conduit.

Our result show amplitude ratios of explosion earthquakes decrease with lapse time. Such
changes must reflect the difference of eruption styles during the Vulcanian eruption: direct wave is
associated with the initial explosion with strong air-shock and seismic waves, while coda wave is
related to continuous ash emissions following the initial explosions. This observation is contrary to
the case of volcano-tectonic earthquakes at Sakurajima volcano and tectonic earthquakes in Japan

[3], that show similar spectral ratio for direct and coda waves.

[Keywords]

Explosion earthquake: Explosion earthquake occurs just for short time, so it is quite difficult to
distinguish between P and S waves arrival time. Explosion earthquake of Vulcanian type eruption is
associated with continuous eruption for several minutes.

Spectral ratio method: This method is a powerful tool to understand the source characteristics when

many co-located events with a range of sizes are available.
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Chemo-Dynamical studies of hot interstellar matter in early type galaxies

(Astronomical Institute) C. Sabrina - Supervisor: Hattori Makoto

Early type galaxies were though to be gas less system for long time. [Mathews and Backer (1971)]
proposed the galactic wind model to explain why gas content in early type galaxies is little. Stars in early
type galaxies eject significant fraction of their mass into interstellar space as gas after they exhaust their
main sequence lifetime. Expected rate in the past galaxy is higher than the present day data. Since old
stellar population composes the early type galaxies, their life times are comparable to the Hubble time

[Charlot and Bruzual (1991)]. Therefore, more than 109M@ of gas was supplied into interstellar space

from stellar system during their lifetime. Where does it go? The possibility that they have been converted
into stars again is unacceptable since they are little observational signature of recent star formation in
early type galaxies. [Mathews and Backer (1971)] considered the heating of the ejected gas by Type la
supernova. Gravitational binding energy of galaxy is able to be quantified by escape temperature which
corresponds escape velocity of the system. Since the temperature of gas heated by Type la supernova is
higher than escape temperature of galaxies, they concluded that the gas supplied from stellar system is

blown away from the galaxy as steady supersonic out flow. They named this flow as the galactic wind.

Einstein X-ray satellite discovered X-ray emission around early type galaxies [Forman, Jones and Tucker
Trinchieri and Fabbiano (1985)]. These systems are called hot gaseous halo or hot X-ray halo. Total gas
mass of the hot X-ray halo is about 109 - IOIOM@ and is comparable to the total amount of gas supped

by stellar mass loss during the lifetime of galaxy. The discovery of the hot X-ray halo has led Paradigm
shift of our understanding of interstellar matter in early type galaxies, that is gas supplied by stellar mass
loss is not blown away from galaxy as the galactic wind but stored in galactic halo region as hot
interstellar matter. One of the main physical reasons why gas expelled from stars are stored in halo region

as hot gas is existence of dark matter halo around early type galaxies.

The large scatter observationally found in a plane X-ray luminosity of hot X-ray haloes vs blue
luminosity of galaxies has been remained unresolved problem yet. In this studies, we develop numerical
code which is able to follow chemical and dynamical evolution of the hot gaseous halo based on the most

updated stellar nucleosynthesis models.
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Reactions of an Iron-Germanium Double Bond Complex with Organic

Substrates Having C=N, C=N, C=0, and C=S Bonds
(Department of Chemistry, Graduate School of Science)
(OTara Prasad Dhungana, Hisako Hashimoto, Hiromi Tobita

Introduction: Carbene complexes having metal—carbon double bonds are very important metal complexes
that can be widely applied in organic syntheses. The importance of these complexes had been demonstrated
by the Nobel prize in 2005 that was given to the researches on the development of olefin metathesis reactions
catalyzed by carbene complexes.!!! Therefore, their heavier analogues of group 14 elements have attracted
increasing attention. Indeed, some significant progress has been made to the chemistry of silicon analogues,
i.e. silylene complexes, over the last two decades, but the chemistry of germanium analogues, i.e. germylene
complexes, are still in the early stage, despite the first germylene complex has been synthesized in 1970’s.
Because of these backgrounds, we started our research on germylene complexes to clarify their properties.
Results: Recently, we have synthesized an iron germylene complex 1 by applying the method developed for
the synthesis of a ruthenium silylene complex, 1?! and found that 1 reacted with various unsaturated organic
compounds to give products almost quantitatively in all cases (Scheme 1). Thus, treatment of 1 with nitriles,
the C=N triple-bonded compounds, led to coordination products 2, while 1 underwent hydrogermylation of
the C=0 double bonds of ketones and aldehydes to give complexes 3. Complex 1 also reacted with
isocyanates (RC=N=0) to give products 4 having a novel five-membered-ring structure. Interestingly, 1

underwent complete C=S bond cleavage of isothiocyanates (RN=C=S) to give complexes 5.

i) HyGeTsi R
ii) BPhs _ ’ N=C=s L H M
F - —_— e
oc—Fe~ e ~ MeH 0C7Fe§ee/ rt. ocY NN
py —py- H \ immediately Vi Tsi
. _ Py-BPhs 1 Tsi N
( Tsi = C(SlMe3)3> R? 5 (R*=aryl)
py = pyridine germylene complex

(C=S bond cleavage)

# H Rt H
\/ Fe 7/
i W o f o
Fe_l_H ! st

(0]
Il rrt,1h

[
oc” /" G¢ oc-7ees R
RCN i (R = alkyl or aryl) H \ R'=H,RZ=aryl H
2 3 Tsi R! =Me, R2 = alkyl or aryl 4 (R®=aryl)
(Hydrogermylation ) ( Hydrogermylation )

Scheme 1
Technical words:
* Olefin Metathesis: This is an organic reaction that entails the redistribution of fragments of alkenes (olefins)
by the scission and regeneration of carbon-carbon double bonds.
* Hydrogermylation: This is a chemical reaction in which hydrogen and germanium atoms of
hydrogermanium compounds are added to the unsaturated bonds of organic substrates.
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Rheological Turnover of Quartz and K-Feldspar in Felsic Granulites: Implications to
Weak Lower Continental Crust

Bhathiya Athurupana', Jun Muto', Jun-ichi Fukuda'~?, Hiroyuki Nagahama', Toshiro Nagase'
! Department of Earth Science, Tohoku University.
2 Department of Earth and Planetary Science, Tokyo University.

Quartz and feldspar are key mineral constituents in the granitic continental crust. Their
physiochemical stability under a wide range of crustal conditions permits us to use them as rheological
indicators. In general, quartz is weaker than feldspar in mid to lower crustal conditions (Handy, 1994).
However, we observed rheological turnover of quartz and K-feldspar in quartzofeldspathic gneiss
(QFG) samples from Highland Complex of Sri Lanka (Athurupana et al., 2014). The Sri Lankan terrain
is a lower crustal exposure of East-African orogenesis, which has undergone granulite facies
metamorphism and multi-phase ductile deformation. In details, our samples contain two different sets
of quartz and K-feldspar microstructures: (1) large quartz ribbon formation, boudinaging of K-feldspar
inclusions in quartz ribbons (Fig. 1a) and the dynamic recrystallization of K-feldspar matrix. The second
set: (2) boudinaging of quartz ribbons in K-feldspar matrix (Fig. 1d) and formation of exsolution related
microstructures in K-feldspar. Those two sets of microstructures represent two deformation events
occurred at different times in the metamorphic history. The first deformation (D:) occurred on the
prograde path before peak metamorphism (>500-850°C), and quartz and K-feldspar deformed in a
ductile manner. The second set belongs to a subsequent deformation event (D,) to the peak
metamorphism and during the retrograde path (~720-500°C) of Sri Lankan terrain.

The K-feldspar boudinaging in quartz during the deformation the prograde path indicate typical
rheological contrast, which is observed in most experimental and natural samples. Conversely, quartz
boudinaging in K-feldspar matrix indicate rheological turnover, which is simultaneous with retrograde
decompression cooling. It means significant ductility enhancement of K-feldspar matrix and strong
occurrence of quartz after the D;. Exsolution microstructures of K-feldspar are deformation controlled,
and the exsolution of K-feldspar enhances dislocation creep, which is assisted by dynamic recovery
(dominant dislocations climb and subgrain wall formation). Although K-feldspar and quartz boudins
represent two different rheological properties (turnover) in two different deformation events, both
boudin microstructures represent necking related separations. It shows boudinaging by diffusion mass
transfer aided phase boundary migration in stronger phase. The volume diffusion of K-feldspar
inclusions (boudins) was active due to high temperatures and phase mixing. The presence of molecular
type water and other types of cationic species in quartz may enhance the volume diffusion at relatively
high temperature by changing internal energy thermodynamically. Viscosity contrast of K-feldspar
inclusions and quartz is low (close to quartz viscosity) due to the higher rate of volume diffusion.
Nevertheless, quartz boudins show much higher viscosity contrast during their formation. This implies

the significant weakening of matrix K-feldspar by exsolution. In terms of the bulk rheology, the



existence of weak phase in considerable volume proportion (e.g., >30%) provides significant bulk

strength drop in QFG. In our samples, the high volume proportion of quartz and K-feldspar implies

significant bulk strength decrease of QFG during the both D; and D, events. Hence, significant

weakening of abundant QFG in lower continental crust provides implication for the weak lower

continental crust where the felsic minerals are dominant.
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Figure 1. Rheology infered by K-feldspar and quartz boudinaging. a). BSE image of K-feldspar boudins in quartz
ribbons. b). Schematic representaion of microstructres. ¢). Schematic flow strenght evolution infered by K-feldspar
boudins and quartz ribbon formation during prograde deformation. d). BSE image of quartz boudins in K-feldspar
matrix. e). Schematic representation of quartz boudinaging. Black arrows indicate diffiusion and the image dimentions
show relative shortning and extention in Z and X direction compare to b. f). Schematic flow strenght evolution infered
by quartz boudins in K-feldspar and K-feldspar ductility enhancement during retrograde deformation. Note: Tix: K-
feldspar mixing temparature and 7. : exsolution temparature.
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A = MRIFEZ T IERRREREE D 6 D AL N OBEERIEAIC X DG biXfEA o=
¥ RY 2 — VO A A LTS B W TIEREECH D L) Z N gholz, ZO T L
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Cold air outbreak (CAOQ) events often cause severe damages to human activities. CAO events are
characterized by strong equatorward wind and sudden drop of temperatures, which in turn
significantly alter the weather with a time scale of 1 week or less (Shoji et al., 2014). Frequency of
CAO events is associated with changes in monsoon intensity and climate anomaly. East Asian CAO
events are known to be vigorous because of very active winter monsoon system. The CAOs harm
densely populated region of East Asia. Therefore, it is of great importance to understand the
variability of East Asian CAOs.

We measure East Asian CAO intensity based on equatorward cold air mass flux below a threshold
potential temperature level 6, =280 K at 45°N latitude (Iwasaki et al., 2014; Shoji et al., 2014).
Potential temperature level is a very useful baseline to denote air mass circulation during an
adiabatic process. Using an Empirical Orthogonal Function (EOF) analysis in 56 years, we reveal
two prominent patterns of equatorward mass flux in East Asia which represent two major pathways
of East Asian CAOs (Abdillah et al., 2017). Both are defined as East Asian western CAO (W-CAO)
and eastern CAO (E-CAO). W-CAO s greatly affected by Siberian High pressure system and
brings cold air to inland East Asia. On the other hand, E-CAO is strongly driven by Aleutian Low

pressure system and gives impact mainly over northwestern Pacific.

East Asian CAOs have significant correlations with tropical climate variability, especially those
related to El Nifio Southern Oscillation (ENSO) (Abdillah et al., 2017). ENSO is the strongest
interannual oceanic oscillation usually monitored by sea surface temperature (SST) variation over
tropical central-eastern Pacific. ENSO greatly controls tropical atmospheric convection and
circulation over Indo-Pacific. These large disturbances influence atmospheric condition in remote
extratropical areas. Therefore, ENSO is known to have global-scale impacts. There are two phases
of ENSO: El Nifio (warm SST) and La Nifia (cold SST) phases. During La Nifia, W-CAO is



observed to be stronger than normal, indicating more frequent cold flows. On the other hand, it
turns out that E-CAO is more intense during El Nifio. Interactions between ENSO and East Asian
CAOs are explained by dynamical poleward Rossby waves excited by ENSO-induced convection
anomalies over the tropical region. In case of La Nifia and EI Nino, positive convection anomaly
appears over the Maritime Continent (i.e., around Indonesia) and central Pacific, respectively.

ooy (&) 200hPa Z 20gpm To demonstrate the ENSO impact, we conduct

experiments using an atmospheric model by
60N 4

prescribed tropical forcing. Figure 1 exhibits the

JON 1 . .
resulting atmospheric response forced by

B e 150 T20W oW convection over the Maritime Continent. Wave-

ooy () 850hPa PS| 10°m?2s™

like structure of anomalous circulation is
son{ detected over extratropical region (Figs. 1a and

N 1b). In northwestern Pacific, upper-level

i 4 negative geopotential height anomaly exists and
o 120E 180 120W BOW Lo . . .
(c) 280K CAM & Flux 100 TP e indicates cyclonic formation (Fig. 1a). The

90N
, vertical ~ structure is  baroptropic  which
BON -
strengthens low-level equatorward mass flux in

East Asia (Figs. 1b and 1c). The enhanced

o6 120t 180 120W aow equatorward flux indicates W-CAO type.

By, N I I S — —
—-55-45-35-25-15-5 5 15 25 35 45 55 (hPa)

30N 4

EQ

Similar mechanism is applied for E-CAO type

Fig. 1 Atmospheric responses simulated by an idealized . . . .
heating over the Maritime Continent (denoted by grey shaded when central Pacific convection is prescribed in

areas). (a), (b), and (c) show anomalous 200 hPa  the model.
geopotential  height (interval 20 gpm), 850 hPa
streamfunction (interval 106 m2s'), and cold air mass

(shaded) and flux (vector) below 6,=280 K, respectively.
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BB X DR dx CWE px Z2ATVWE L&, =DMl (X,dx, px) ZHEREHEZER L VWS, M. Gromov 13l
DEFBREZELEL, WERHEHOVMAIZBWT, HrOMEPALREEZEE L [1]. Gromov DEHL AL
BO—DIA TV —NTVEEDR DS, ZNRUEOEFHFIIENT, HWEHMZEHOLFOESVERTHELA
BETHD. AT, Sefiialo7a it e RV OVHERTEE 2 6 2 2 MMM 2 mm-ZEM IS, - A 7Y —NTIVE
BlE mm-ZEEICH LT =Y vy VERZAWTUTO L S IZERIND.

EBE 1 (=Y vIVER). X 2 mm-ZEEd5. Eacl0,1]IZ8L, N=2vIILER diam(X; o) = diam(pux; )
EUTCERT S.

diam(X; «) := inf{diam A | ux(4) > o, A € Bx }.
ZZTA#DDLE diam A :=sup, ,cxdx(z,y), diam(:=0 &EEKT 2.

EHE 2 (k-4 TP —NTNVER). (X,dx,px) & mm-EHET S, € [0,1] LT, X O s-FTHF-NTINER
ObsDiam(X; —k) A FTEHT 5.

ObsDiam(X; —) := sup{ diam(fupx;1 — k) | f: X = RIF 1-V T vV EL

N—=Y ¥ VERE k- 7Y =N TVERIZEIC mm-FAMO FTRERIZR > TS, 1-A VY —2A Y b M(X;1) :=
{farx | f: X 2R 1-DFYyY 2D, iodA THF—NTNVERBUTOLSIZRT I LN TES.

ObsDiam(X;—x) = sup diam(y;1— k).
HEM(X;1)

GE, ZO1-AVY =AY 2V TVYVIEREWIBDEHAWTERZ LK., V7Y y VIEFE < X mm-Z2/ A L
EUHRT BIEPBEGRTH S, FIZ1-AV Yy =AY b M(X;1) OEY TV y VIERIZ & > THIRTE 24, Bk
mm-ZEH X 1T LT M(X;1) OBRAITGIEED R0 WS MEEE X 72, ZORE X ¥ n RoGHEABRE S (1) D
EEIZUTOEEME S N,

EIE 3. —mh o OFEMBERKIC K BH U LRIEIZ M(S™(1);1) DERKILTH 5.

ZOEHIE Lévy DFERARERZAVWTIHIH L. k-4 TP —NTIWEFL A= v )VERIL) 72y VIERIZBE L
THFAEMTH S, TRODBRIIA—Y vy VERIZBEL THRRZ 2 X <Y 4561 diam(X;1 — k) < diam(Y; 1 — k)
KON D., £oT, M(X;1) DV Ty VIERIZET2HRATARENE, X O s-d THF—NTIVERIZEDRK
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EFE 4. n>2295. MRP"1) OET—rid S ORI XM UWE UIE & AR JER FHET 5.

ZOWMEIFEAINTRER L. HIBRARTHE I L 3HEALRBEZEAT LI TRUAZ. 51T, 3RITEHY
ZERP3 IZBWTIE, 1 855 OHEERE ¢, MR iRy S O E ¢ & Uz ST OEA LD 370,
EE 5. RO k€ [0,1] 12BN T

diam(&purps; 1 — k) < diam(Cuprps; 1 — K)
DO D, HEEETIE r=0,1 DL XDATH 5.
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flit5%252 L 2RLTWS. RP? OEFAAERE (,ugps ORFFED 55 > &5 L WaHli% 525 DU Coppps TH
BEFHELTVAS, TH6 LY Cupps & MRP? 1) DBATTIERNT LA 5.
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[1] M. Gromov, Metric structures for Riemannian and non-Riemannian spaces, Reprint of the 2001 English edition, Modern
Birkhauser Classics, Birkhduser Boston, Inc., Boston, MA, 2007. Based on the 1981 French original; With appendices by M.
Katz, P. Pansu and S. Semmes; Translated from the French by Sean Michael Bates.
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Detail Characterization of Directly Imaged Exoplanet in Subaru Telescope
using High Contrast and High Dispersion Spectroscopy Instrument
(IRCS+A0188)

(Tohoku University, Graduate School of Science Astronomical Institute)

Stevanus Kristianto Nugroho

We simulate spectroscopy characterization of directly imaged exoplanet atmosphere
using IRCS (R~20,000)+A0188 in 8.2 m Subaru telescope. We took archived data from
SMOKA (Subaru-Mitaka-Okayama-Kiso-Archive) in K-band (1.97-2.47 micron) as the
stellar spectrum template. The exoplanet spectrum was created to mimic thermal
emission of Beta Pictoris b then Doppler shifted at 15 km/s to make sure that the
exoplanet absorption lines are well separated from telluric and stellar lines. The planet
to star contrast (Fp/Fs) and the separation were varied to explore the capability of
doing 5 sigma detection. The stellar and telluric lines were removed using the SVD
(Singular Value Decomposition) technique. The exoplanet spectrum was recovered with
cross correlation method. For 9.4 hours of exposure time, the planet signal was
recovered at 5 sigma for Fp/Fs ~2.5e-5 at ~0.35” from the host star and 2.5e-4 at ~0.15”.
This observation can still be improved by using coronagraph, better instruments (e.g
IRD+SCExAO) and more sophisticated telluric+starlight removal algorithm. It will be
a great companion to characterize directly image exoplanets that will be found by TMT,
E-ELT, WFIRST and JWST.

Keywords: exoplanet, atmosphere, high dispersion spectroscopy, high contrast, characterization
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OBTH# T &£F 52 TH XEF. =@ K&, & e, £k BE:

ALK - Br4dn. ZREKXK - BRELEM. SMEEIKX - 2
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CHRET 5, T ORAEEEFEEOBRTIE, 7R A B Nodm_"{g“;.’g” &f&;ﬁ ,
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HFIREDRA
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Two dimensional nucleation of colloidal crystals on the substrates with
depletion attraction
(RIAEKXRZXRZFREZHRH CLFHER)
(OSuxia Guo, Jun Nozawa, Haruhiko Koizumi, Junpei Okada, Satoshi Uda

Crystallization on substrates with foreign particles is almost common in reality. Understanding nucleation
process on the substrates is, therefore, critically important in fields including metallurgy, physics, biology and
so on. However, nucleation kinetics remains unclear due to the limitations of eligible experimental evidence.
Colloidal crystals have been used as a good model for
studying such a phase transition. In this study, two-
dimensional nucleation of colloidal crystals on the substrates
with depletion attraction is investigated at single particle
resolution.

Crystallization of colloids was induced by the depletion Figure 1 Snapshots of nucleation process of colloidal

. . crystal on the substrates: embryo A grows up, B
attraction. Green fluorescent polystyrene particles of 500 "M isannears in images (1) and (IT), embryo C with 2 layers

were used. Sodium polyacrylate was added in the solution as 9rows up in images (ILI) and (IV)

e

depletant to generate attractive interaction, and the SO Nudus vt
concentration is 0.14 g/L. Nucleation process was monitored . et
by an optical microscope. Area fraction (¢rea) is introduced ) 32 L I ‘ "

to represent concentration of colloidal particles, which is 20 :
defined as area occupied by particles divided by area of B} o it v e
substrate. ’ D "

Regarding the embryo with single layer, colloidal particles Figure 2 Maximum numbers of particles in the embryo
. . . that will disappear at different ¢area in single layer
crystallize when the number of particles in an embryo nycleus (in blue circle) and that for two layers nuclei (in

exceeds the critical number (N*=35), while the embryos 9reen rhombus).

disappear if the particle number is less than the critical number (Fig. 1 I, 1). However, embryos with two layers
grow even if the particle number is smaller than the critical value for single layer (Fig. 1 11, 1V). The critical
numbers at various area fractions were obtained (Fig. 2). The shaded area represents the particle number larger
than the critical value for single layer. Critical particle numbers for two layers are smaller than that for single
layer, indicating that the second layer of the embryos promote nucleation with less driving force.

We explain this phenomenon by evaluating Gibbs free energy change, AG, of the nucleation process for
single and two layers. To calculate AG, surface free energy and line tension are obtained experimentally based
on classical nucleation theory (CNT) equation. The calculation results suggest that AG of two layers is smaller
than that in critical single nucleus.

BEPIHEE 1 © CNT determines AG of nucleation process as AG = 4mr2Ay — 47"3/3 -Au (r is the radius of
nucleus, Ay is surface free energy, Au is chemical potential difference between solid and liquid), which
composes of two competing terms: gain of bulk energy and loss of surface free energy.
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HIERTRF S A0 7> D O FL AT BESEERR - KL= & AL D 2 3
CRALKRZARFB AR ZeR Mo s O MRS - PR T

(] LA AT 7026 DOFKRE T EFUAN D O AV OS5 EEEFR 7 & HIERPNES
HATIE AN MK E WS TR OBEN D EBIICE Z > T\ D, A B2 BEE) 4 5%
R NIENCLDE0OER (E%) THH0 (e.g. McKenzie 1984") . /N& 7272
27— (~1m<) TEHEHEID B FREENNEEST 5 ERMBN TN D (Takei &

Majumder 2009%), 7272 H1%, iR A AE A OBHIFERR O SaREAZ XEL L T 0 |

A DFEIE R TR - BENCEBERE L 52500 Thb, LLaNb, MilE
AR BEBFEIC & D X D ITRET 50T 00> TV,

[EHIRA]

1. ZRERmIEAIIERO R E =RV — 5 ME T 2 AR E D F/E L (Jurewicz and
Watson 1985%) . EFIZ2PEARIIIMTA~ILEHIND Z ENRIBEINTWDEN, ZTDOA =X
DTGy o TR,
2. FESRIEE IS AR OBENSR TH 2 72 ORI IR O FELE 2 ££ 9 3, T Ok
SIBE~DNFITIZ N E THDITHREF SN T I o7,

]

fEm bR OV ~O % 5IZEH L, #IAE & R —mA (600 >0 & 607 <
0 IZKA) %2 b S8 THIESLHREBIA—CHO Fi iR DRERE R A 1T - 72,

] —HADOKE SIZXk o TR D A7 — L CTRIBEEDE Z > T D Z E 0o
7o ZOEWNIZHERAET ORI E Y NV -7 OFBIZL2b0LEBEx ML, 1
O OOEL DA LA =X LE, EHC K DR SEEOF 2 % B E 7R
ThoHLZ B THEIND,
60° > 0]: TR ORI FA A& &, HiA T — L BT LTV

(Capsule—scale fluid expulsion), ZiuidA 7B/ WNEOIREAENZ L > THMAET O
U ) DYRFREERARLAAE T, WREEE D @M DARVMAIA~D 2 U 1 Ok 3 Z 572729 T
HHEEZBHILD (Chemical compaction),
60° < 0|: JARITAFLHERENEIC L 0 /N2 8RR -~ R &2 L 7= (Grain—scale
fluid expulsion), ZAUTKIALEZ &L o TIPSR 2N @RI THIE L 72 fE 8. RIBRE AR D
AR BEENEZ ST THhDLEEZLND, I HIT, KE T CTIIZARREORK
PRI D D/ NERL 3R >y N T — T ZER L TWD Z &R gholz, LTER->TZ D
Loy U =7 BNEBT 256, TRy MR EWIZER LAV, iRy U —
NIV GEICHEVIRBREFFDL ) 5 Z L n3mgnolz,




[P HFEORLA]
fade bR © ROFE TR F—Z D SE L7720, MRS KR E 2RfHSRL 23N S 72
bR A HE LRI R L TV S HLR,
(7R i E—E SRR & ER AR O SV TIRIES DA, 60° = BIfE
(R R > B U — 27 OFERRE D,

[Z% k]
[1] McKenzie. (1984). The generation and compaction of partially molten rock. Jornal of Petrology,
25, 713-765.
[2] Takei and Majumder. (2009). A generalized formulation of interfacial tension drivenfluid
migration with dissolution/precipitation. Earth and Planetary Science Letters, 288, 138-148.
[3]Jurewicz SR and Watson EB. (1985). The distribution of partial melt in a granitic system:
The application of liquid phase sintering theory. Geochemica et Cosmochemica Acta, 49, 1109-1121.
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RFZEfE] A = o 7 T — R )WEIC L 5 #ETE B o K& /)T

HI—Y2pk 28 FFREA HIEE ~ D1 F—
(BAL R ICEB B AT R HOBRI B2 ) KAt —

MR F R D 72 0121, R 2 0 2 2 KB O FCHE 2 REIC THIT 2 2 L NEETH
5. KEBEHEO T « PHIZHT 2D HAD 1 2E LT, BWRARERT —2 )b HiEEE %250
W DHEFET AR REIN, W72 TR (retrospective forecast) & MGEENTTHONTET/-. F
7o, TRIRE OFEMFBIE, Y, BEMLAHRT 28D T2 A D7 BEEER b I TR T
& 5 (CSEP, Collaboratory for the Study of Earthquake Predictability).

ZD XD RHEH R TRIET LD T, IK<EH I T2 DO0RRERAIToH 5t B RARAKIT
H\ 7= ETAS (Epidimic Type Aftershock Sequence) £7 /L (Ogata, 1988) T&H 5. L L7RA
5, ETAS £ 7 /W3 B RRARDEH TE QW HETEE) 0 E~DO Y TXE D IZLT L H RS
720N, & Z°C, Helmstetter and Werner (2014) [ZFRFZE] A L— 2 ZIC K - CTHIEETRE) & Foik 9
DH—FNVET N EBRLI. ﬁ—%w%?wi%%W%%wﬁwk@ ETAS €7 /L3t ¢ &
IRVHIEE SN 2 & RRKICREIR T 5728, MEITKREEDITONTZDIIA U 7 4V =T OHEIEE) O
Thd. ZOTd, AW Tiﬁ~zw%7w%%i%¢iKﬁg(mmﬁﬂﬂ16ahﬂaﬁu
BOMBIEEIEM L, ETAS ©7 /1 & QA E L TH—RVET VO FRIMEREDOMGEZIT > 7.

YRR 28 AEAEA IR 1T 1990 FEARLAREIC H A TR A L 7[RI (M7 FEEE) O HIFRIEE) &tk L ¢,
HIFE DFEFECBEIILDILRDBETH Y, AR RFAXDPEH CTERhoTc. £D72®, ETAS £
TV CITHIEE DR BRI O ILRIZKHIS TE S, W/l BNxi o7z, —F, I—FET LI
(X ETAS €7 /UE L O/ Nl R o g, BHFER S BERTH -7,

ZOXIT, B—RNVET VIHEIEER O T2 ZiICHR T 5 2 &N TE 5. 2070, #Gh
BTN E L TRHMBEO THI~OEBBHIFTE S, LaL, I—FVETVOEN & RAEFEFIIR
2B, FEAMLDIZDITIES LR DBAENLETH 5.

BEPHEDODHA
B BRI - REORFHEER 2 2 L2 RRBRIA. & 2 #ifR )~ D IFH] t Btk O I HALRFH Y 72 0 o
REHANFIUTOXNTESND.

N =K/(t+c)1’ (K, c, pl3EH)

ETAS 7V : T R_RTOHMENREL L OL WV IRHED S &, AERRHFARXE T X TOMEICEH
L/ZH'E {E@%nai‘é—éﬁn+%7‘/b
FER R Wit P BN SR T D EIREN Ch 0, B KRARARUTHE - 72 8E= O 250 & 7200,
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Helmstetter. A., and M. J. Werner (2014), Adaptive smoothing of seismicity in time, space, and
magnitude for time-dependent earthquake forecasts for California, Bull. Seismol.
Soc. Am., 104(2), 809—822, doi: 10.1785/0120130105.

Ogata, Y. (1988), Statistical models for earthquake occurrences and residual analysis for point

processes , J. AM. Stat. Assoc., 83, 9-27.
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centaurin-32/ACAP2 during neurite outgrowth of PC12 cells. J. Biol. Chem. 290:9064-9074 (2015)




	00要旨集表紙
	編集済O01
	編集済O02
	編集済O03
	編集済O04
	編集済O05
	編集済O06
	編集済O07
	編集済O08
	編集済O09
	編集済O10
	編集済O11
	編集済O12
	編集済O13
	編集済O14
	編集済O15
	編集済O16
	編集済O17
	編集済P01
	編集済P02
	編集済P03
	編集済P04
	編集済P05
	編集済P06
	編集済P07
	編集済P08
	編集済P09空
	空白ページ

	編集済P10
	編集済P11
	編集済P12
	編集済P13
	編集済P14
	編集済P15
	編集済P16
	編集済P17
	編集済P18
	編集済P19
	編集済P20空
	空白ページ

	編集済P21
	編集済P22
	編集済P23
	編集済P24
	編集済P25
	編集済P26
	編集済P27
	編集済P28
	◯小荒井一真1・木野康志1・西山純平1・高橋温2・鈴木敏彦3, 4 ・清水良央3・
	千葉美麗3・小坂健3, 4 ・佐々木啓一3 ・漆原佑介5・福田智一6・磯貝恵美子7
	・岡壽崇1, 8 ・関根勉1, 8 ・福本学9・篠田壽3

	編集済P29
	編集済P30
	編集済P31
	編集済P32
	編集済P33
	編集済P34
	編集済P35
	編集済P36
	編集済P37
	編集済P38
	編集済P39
	編集済P40
	編集済P41
	編集済P42
	編集済P43



