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[1] Proc. Natl. Acad. Sci. USA 1991, 88, 6259. [2] Proc. Natl. Acad. Sci. USA 2009, 106, 13742.
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[1] O. D. Lavrentovich, Lig. Cryst., 24, (1998), 117-125
[2] J.K.Gupta, et al., Langmuir, 2009, 25(16), 9016-9024
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A study on the contributing factors to the surface radiation budget
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SE 3
[1] Sekiguchi, M. and Nakajima, T. (2008): “A k-distribution-based radiation code and its computational
optimization for an atmospheric general circulation model”, J. Quant. Spectrosc. Radiat. Transfer, 109(17),
2779-2793.
[2] Hanel, G. (1976): “The properties of atmospheric aerosol particles as functions of the relative humidity
at thermodynamic equilibrium with the surrounding moist air”, Adv. Geophys., 19, 73-188.
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[1] C. M. Surko, F. A. Gianturco, “New Directions in Antimatter Chemistry and Physics,” Kluwer Academic
Publishers (2001).
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[1] H. Li et al. HZ Recoil Mass and Cross Section Analysis in ILD. 2012.
[2] Howard Baer, Tim Barklow, Keisuke Fujii, Yuanning Gao, Andre Hoang, et al. The Inter- national

Linear Collider Technical Design Report - Volume 2: Physics. 2013.
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The Eigen-distribution for Multi-branching Trees

Weiguang Peng
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Abstract

Game tree is a simple computational model. An AND-OR tree (OR-AND tree, respec-
tively) is a tree whose root is labeled AND (OR), and sequentially the internal nodes are
level-by-level labeled by OR-node and AND-node (AND-node and OR-node) alternatively
except for leaves. Each leaf is assigned with Boolean value 0 or 1, via an assignment. By
evaluating a tree, we are trying to compute the Boolean value of the root. The cost of
computation is the number of leaves that are queried during the computation, regardless
of the remaining unqueried leaves. An algorithm tells how to proceed to evaluate a tree.
The performance of algorithms makes a significant effect on the cost of computation.
Among all these algorithms, alpha-beta pruning algorithm is known as one of the classical
and effective algorithms [1].

To eliminate the reluctant assignments in computing the value of root, Liu and Tanaka
[2] defined the concepts of i-set (i = 0,1) and E‘-distribution, where a distribution d on
i-set is called an E’-distribution w.r.t. a set of alpha-beta pruning algorithms A if there
exists ¢ € R such that for any A € A, we take the same cost of computation. They also
characterized the eigen-distribution, the distribution achieving the equilibrium. They
showed that for any uniform binary tree (all nodes except for leaves have two children),
the El-distribution is the unique eigen-distribution with respect to alpha-beta pruning
algorithms. Suzuki and Nakamura [3] furthermore studied certain subsets of alpha-beta
pruning algorithms on uniform binary trees and proved that the eigen-distribution with
respect to a “closed” subset of alpha-beta pruning algorithms is unique, but for a set of
directional algorithms, it is not unique.

By balanced multi-branching, we mean that all the nonterminal nodes at the same level
have the same number of children and all paths from root to leaf are of the same length.
In this talk, we will consider the equivalence of E'-distribution and eigen-distribution for
balanced multi-branching trees.
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Mass Distribution on High Redshift Galaxy Groups: I. Strong Lensing
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Background

The standard cosmological model suggests a
hierarchical structure formation scenario, in which
lower mass halos interact and merge to form more
massive ones. Thus, halos at all mass-scales are
predicted to be self-similar. Simulations support a
universal NFW-density profile (Navarro et al. 1997)
at all mass scales, with an inner slope of 1, later
updated to 1.5 (Navarro et al. 2004). At cluster scales,
indeed we find the density profile to be largely
consistent with NFW, though with significant scatter
in the inner slope (e.g., Sand et al. 2008, Newman et
al. 2013). However, systematic studies at galaxy
scales favor an isothermal (SIS) density profile, with
a steeper inner slope 2 (e.g., Koopmans et al. 2009).
Galaxy groups, which are intermediate to clusters
and field galaxies, have not been well-studied due to
lack of surveys targeting this intermediate
population. However, a few surveys have increased
the sample of galaxy groups (e.g., Yee et al. 2000,
Cucciati et al. 2010) in the recent past. Some recent
studies based on mass distributions of individual
lensing groups favor either SIS (e.g., Limousin et al.
2010, Mckean et al. 2010) or similar to NFW profiles
(e.g. Thanjavur et al. 2010, Verdugo et al. 2011,
Newman et al. 2015).

We still do not have a consistent scenario for the
mass distribution in group-scale halos”. The
concentration parameter, a measure of inner halo-
density, depends on the halo mass and is sensitive to

cosmology. The concentration-mass (c-M) relation

has been studied, primarily for clusters, both
observationally (e.g., Comerford et al. 2007, Oguri
et al. 2012) and through simulations (e.g., Maccio et
al. 2007). Also, there exist discrepancies in the
relation given the use of varied techniques and
definitions. A few studies have measured the relation
at group-scales (e.g., Gastaldello et al. 2007,
Mandelbaum et al. 2008) and some for strong lensing
galaxy groups (e.g. Newman et al. 2015). But most
of these studies are limited to low redshift systems.

Aims

Our main science goals are:

a) to study mass distribution in galaxy groups: does
the universality of NFW profile of dark matter halos
hold statistically for galaxy groups? When does the
transition to isothermal profile, dominated by
baryons, occur?

b) c-M relation: is the observed relation for galaxy
groups consistent with predictions of standard
cosmological model? does it evolve with redshift?
We need multiple mass probes to constrain the
density profiles in group-scale halos e.g. strong
lensing, kinematical mass of the lens galaxy via the
stellar velocity dispersion, and dynamical mass
through velocity dispersion of group members (over
several tens of kpc). We expect statistical errors of a
few percent in the virial masses and concentration
indices at group scales (e.g. Thanjavur et al. 2010).
Previous studies have used strong and/or weak
lensing to measure the c-M relation but mostly in

“halo in astronomy is a hypothetical component of massive object like galaxy, groups or clusters, that envelops the object and extends

well beyond the edge of the visible component of that objects.



clusters and mainly at low redshifts. With our sample,
we will be able to study much lower mass halos
(poor-rich groups) and at much higher redshifts, for
the first time, allowing us to probe the evolution in
the c-M relation.

From the most promising sample, we have selected
5 group-scale lens candidates with photometric
redhift z > 0.8. This is the highest redshift sample of
group-scale lens candidates known currently. In this
work, we have successfully reproduced agreeable
model of arcs from strong lensing.
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Hypernuclei as relativistic baryon many-body systems

Hua Mei

Nuclear physics studies several properties of atomic nuclei, which consist of protons and neutrons.
It has been well accepted that the mean-field theory provides a good approximation for a
description of many atomic nuclei, in which protons and neutrons are assumed to move
independently, feeling a common potential well inside a nucleus. The mean-filed approach has
achieved a great success in understanding the nucleonic shell structure and magic numbers. One
advantage of this method is that it provides an intuitive view of nuclear deformation by
spontaneously breaking several symmetries, such as the angular momentum and particle number
conservations. But on the other hand, the pure mean-filed method does not yield a spectrum in the
laboratory frame, since the approach itself is formulated in the body-fixed frame. In order to
compare with spectroscopic observables, one therefore has to transform the mean-field results to the
laboratory frame. In recent years, with the development of computer power, the so called “beyond-
mean-field approach” has been developed. In this approach, the symmetries broken in the mean-
field approximation are restored by the projection technique, and in addition, a quantum fluctuation
of the mean-field is also taken into account.

In this talk, we will apply this approach to single-a hypernuclei, in which one of the nucleons is
replaced by a A particle, which is a baryon possessing a strangeness degree of freedom. Those
hypernuclei have been intensively studied both theoretically and experimentally. In our approach,
hypernuclear states are constructed by coupling the a-particle to low-lying states of the core nucleus
which are obtained with the beyond-mean-field calculation. This method can be systematically
applied from the light-mass region to the heavy-mass region, and is applicable also to dynamics
such as collective motions of hypernuclei. We will apply this method to study the low-lying
spectrum of 9Be, 3C, 2INe and °5Sm hypernuclei and will discuss the impurity effect in these
hypernuclei. In addition, we will also discuss how the electromagnetic transition in the core nucleus

is modified by adding a A particle.
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Exotic 72 Al ZARMKOITIZR D & 9 25 E3 m b T 5. Exotic 72 2 >0 (FdEiER) 4
WITAD BRI ONT, —HITAHET D AR REB D SRR U - A2 T84T, 9
— D ARTEHEESGDL ZENTED (1,2 ZOMWMYEHERITa L7 LT, 4 RITO exotic
WA G LR T 57O DEELRMREZEZ DI TV D.

A RTCSRRIR Z LR35 JiiE L LT, Kirby M E FHIN DR T RN O TWD . 3Ly
(Z2W T Kirby K& AW AFZER EFIZ 2> T D, —JF, il shadow &FEEND 4 KT
SRR DE R FIE L LTV 5. Shadow ZH =2 v 7 ORFZEITD 720, shadow (32 < D
JSHDMIIES TR Y, shadow W o =L OBIEICITERNH 5.

SESESNTERIL, shadow 207 T u—F CERYEDOHR LD a7 O LIZE NS HO
Thbd. =62, shadow ZHWTERIND 4 IRILERIED H HFEOEHEMEIZ L - T, MRk L7z
VT DFFESIT N TE TS, SHREFEIIC V7 2T D701, A RIORERIZERERN 22 1%
Gk et o
& X

[1] C. Curtis, M. Freedman, W. C. Hsiang and R. Stong, A decomposition theorem for h-cobordant

smooth simply-connected compact 4-manifolds, Invent. Math. 123 (1996), 343-348.
[2] R. Matveyev, A decomposition of smooth simply-connected h-cobordant 4-manifolds, J. Diff.

Geom. 44 (1996), 571-582.
[3] J. Milnor, On manifolds homeomorphic to the 7-sphere, Ann. of Math. (2) 64 (1956), 399-405.
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SELENE £8lT7—42 [Z&E D<K BREHEILDOWHE
(R KR AFIREFHEE HERYESER) AL - EAES
(R AFRERESHER HPHR) hiHiE

ANBNC & > THIRRRIETH S HiE. ) 45~46 (SERNIERENTZZ LR, HOoRKEDEA
BT NDOFERERDOHETE SN TWD[L], HOFEAEL, HiIZmAIL TnE, Aokt~ b
PR SETL LB LN TV S0, 2], D%, HIZIZERBANPERELIZZ LT, REQR7 L —
Z—INBRENTEY, TOWNETHRAEH L, HEEL TS [eg, 3], 20X 52, 55
WL L 7o TR | Z ORI 2 REK & FESS, 1960~1970 PRI FEHE S 7z 7 AR v GHlj ¢
i, HORBEHE m BEE TOV U T VERRLZY, AEICHRE LZEICE D AT E m
FREFEF COMBREELZRELZV 52 LT, ARBOHENHE I N-[e.g.,4,5], HERBEIZIX,
BRAMEMRKD Y T v I NELEENTWNDHEEZX LN TEY 5], £D X 5 LA E e RKEITRUR
R cf, FMHFEINMELS A OBEAZRE T 2WEW & LTRL2 BV, AONHOGBHEZELE D Z
LIZHETD[6], LIzioT, ARBEOMEIX, AOHERBELZRA~L ECIEFICHEERERE
S, L2l ARBOMEIX, 7ARREE THE RIZERE LA TOLOEEIZROATEY
OB TIL ED L 5 I HEIZ 72 > T AT L < Do Ty,

ARFIETIE, HARD A FEEfEN SRICHEHESNT-A L —%—H% 7 Z— (LRS) [cf. HFH
R Lo THRONT-AM TEET — 2 2L, ARBOMELZHRE L, L—% —EENGIT,
ARBOFEREMET HZ ENTET] BERITEESERBIKTT HRNTA =2 THHT0,
AEBOMEZ#EmT D ENTED FERE LT a1, 18 Y O & MFEEN 2 HEfER I BV T
ZOERBEE m O FEIZIE 19~51%D RN H D Z EnbhoTz [T, ZOfEIE, 7748 1 TEEL
SNTEAY TN DRI 25 (~T%[8]) LV b @, TR YT OEAITK 10cm LA
TThHHED, BEAEEHKO~7 vk s 7 v 7 3E5ENTE LT, 2ZMET 12%U LOERD S
LEZDOND, ZOREmWERELZ G TN EOBMAERIT, HO R EKM T, Zh £, 0.34~0.57
W/m/K & 0.05~0.08W/m/K T b, L7=hR->T, HHRTIEE Y HOBENPES, KHETIEH OHA
MPHLE ST VIRIUIC 2 5, LED X SIC, HORBEOHE X, HOGBHBRICZ F53 572
59,

HEMREDEREA

s BMESR  PUEPICRB T SBDED YT S AR TILE,

AV == SRHEN BRI A L, AE2 D &M NBERE 2 b OB
AR D2 & T, oM PG 2 ERE LI ILE,
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EFREEIAEHREAV-ORKEET L YLK
(RIEXZRERELHRE HFER) MEXM - LB B

RERGROREEH~OBELNEE Y 21859, ZOHEBEOTRNY L s 580
HEREF RN RS TREAIITODR TS, IETIE, BRoEERET e & LT,
AL O—FETHIAHNERASIN TS, ABIEANEO AR LS b £<
HEL TR, NEIEBCEEEDTmiREORBELE# 208 L CWAETHLEETHD.

EHOIL, HTRAZETONBIATLG, i 2000 4 OitdkE FF oA 4 UT-A &£ EL
L, & DOREMBRIFNARL ) Bl £ OKBEEE) 2 3 2098417 > T\ 5. A% OIEFRIFE
AEAREETE, MO AEIZ LY, BKESCKIEZIZI U D & Litkax 2B RIC K-> TEENT 5
ZERHBNS (B ZIE ; McDermott, 2004) . F D79, AR ERBEMZETIE, REHE T
DAFN, EOLIRKEEROEER G LT bONEHEETHZ ENAAIRTH H.
T, EEHEGE, REMEROBERHEMICEE LB LT, FEZR RN
FradTvy, [GT IAEA OKXGBIGEE E DA T o7, ZOFER, UT-A OBRFEFIN
Kb, EFREAFTORBKELEZXML, FFCEFORBKELZENII R LMW ELZZIT T
WD ZEHIB LTz, AREFSEONFFEHE T & 2 FALHT AR T, B FRICREEI S
FEZFINLIREE D “EEV BEKRBR B 72 B 1, AZITE B AR, AH A+ % @i
TOHRFRREND B Bk (BE) BNb7ebE3nbd. BEFEORKEIL, AFICHS
THEEHDBREZ WD, EEOBKENEMT 5 L, BKBEERNIRLOFEFLEHESS, +
N K 5 A8 OB RNAKLENIEIZY 7 25720 THDH. ZOFEENS, A% UT-
A RO RN AL FRskI T 2= 2000 £ 0 H ZERBoKBEAEG&ERE LTRSS, Ht
SN EDOREKEIE, BEEOHIEE O EICE SN, FTROUK, Bl vworz,
K DELITHRK T D ABELKEFEORELFIERE L —H L.

F 72, % 2000 AEEOEE T — ZIZOW TR 21T > 72 fE S, 2000 4F % L CAl
NEEWNZ I~ 30D 3 ODJEIDOTFIENE 5N 72 - 7. BRI 2 800 4RI DU Tk 235
., 570 4, 1020 FOEEEWNIEFICLZE L THRE L TBY, ZhboERQGLEICL
ST, UT-ABRREFN AR EE 2 IEFIC LS BB TE 5. 2 2 THOLMNI R > A OAE
RlIZEY, iRROBKEEZ®Z T L2 LN TES.

EMRAEDRHA
- SEATHE R 1 TR B BUE £ T o E e B R

& Xk
[1] McDermott, F. (2004) Palaeo-climate reconstruction from stable isotope variations in
speleothems: a review. Quaternary Science Reviews, 23, 901-918.
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REFEDOHD SONHE W -=a2— ) JEEOH|IIR

CRAERZER BB A ER ROCEFHHE) OB HFE—RR - AL

2015 D ) —~UBEE L U CHEEIC R 572, =2 — FY JIREOHRICEIY ==2—
U WEREFFOZENHLNI ST, 2T, =2— Y JVEEOAEHO FRAGELNTZ &
AEWRTDHMN, lxD==2—hF Y ) O ERBIZIELE Do T b9, ZOMHICHIT CE&E

AROEREMZ A Z EBNFEL - TL 5, o, FHmOXAIRTIE, BBV ESHEIC
P ARV =2 — R 2 IZEBICEIXBEIS Z L TROLZTZY L TLE oo, [HESHRT &
WO T RIKORICRELS ZET D, TDH, =a— N JIRENZ G0 & U758k 1525k & [FAk
2. BIEERLZOEEOFIRBICHT- > CEEAAE 232 LRI TV 5,

ABFZETIE, LR E LCHbD Ta BBHEOW L SITHERT L5, K1LIRLZE DI
—ANITE L OBFEZIFEL VAL, BWHOIXL OSBRSS, LrL, BHENLD
i, BRI ICEET 52 E COETHALEEAMOMMOF 2@ L T 572D, EHL 2 XD%)
RICEVBD IR RSNV SNV THZ81ckb, 207D, FICEBHICH HEH 2T
o THbHLITHLIBEDITL DX 4F> (M1 O TRESMR) , R, Z0FE LRI
£2 ‘3062 BEE8 () 7 6
FHOMMAS, KOER ’E'*”i.“%:@zé%
2— U OERESIZHELDIT TS, a2l

Fox T O KB A B T 1 2= 7 b :
(WFIRST - LSST) 226, ==2— KU J OEHED
AR (Zm 272V LT EDORRE OHIIR % /> i)
SN TPEL, Zm < 1.4[eV](95% CL) &
WO REREST, &5I12, BESLN TV
HEELWHIIR Zm < 0.2[eV] 28257201
X, En b £ CHBHE BT

44
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w
for]
T T

Malmgquist Bias
correction

W

(mag)
o lx o - O

Hubble Residualsﬂﬂ

I Redshift ) e

BWods £, EH L XLSMTERT 513 = I =
LOZH EOREE T/HESLSTHITRV DN

s 1: Ia BYEBRREDIAD = CEREDRFR [1]
Heam L7,

ERAFEOBH

< VIR - MEXTEYZR D S HEE TE D RIK, B ESNDH D S D EORIKE COEREA
REHHZENTE D,

- BHALV U B ORENPDONORBEPIEHOREOEINZL > THIF B, L 725
<O, GBPEER AT T DB,
BEICER

[1] Campbell, H., et al. 2013, Astrophys. J., 763, 88
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BRI LA A MRS 2 b ARk A Th 5, — 7R IRFE-RFEH O HAEA 1T sp® i
LB DK E e —T7ELEOERVICE VRS, BENRES AT 109.5°TH H(Chart 1), H
FURITIRBDEDR o T LB ORRIZ . RS L D0 FICB W TN RS AL Ro 1 F

FREEVRERIND, L, %@% Lo T, spPIRRHLE O K & 72 v — 7 LISk & FV CBLRE
BERTD2HE1H D, Chartl (TR L=y 7 a7 a0 o Xk 512, REFRFFEL2 109580 1
INEWAETHG T %6, 2 p PuliRlLOEZR D | Ldﬁ%ﬁmﬁ ICHEA 2T 5,
INENFFREES LIRS, 2 [111] 7 e XT o k9 ﬁﬂ®ﬁﬁﬁ%#ﬁ%btmﬁ
m@®%ﬁmﬂiénk%6\%ﬁ&@%fﬁ%isw@ﬁﬂL®méﬁm—7ﬂif$@A%%
T 5, ZHUIRERSHE G 2 LI A, ZOXHIT, HfEE L L THEINAMBATH-TH, £
DEIREITHE IR 2D Z LB H D,

Chart 1. k4 22 s A L2 NE TR T HiE

D= A=YV [L11]7 T

VR

AR £ RENNTFIN

RFELFIC 14 BETLRERTHDL A RIZBNTH BORRDHEEGVIRSILD Z L3 %, Chart

2ITART 13-V T BV v[l1.0]7 % v WP, WAL A F- A FENC 3T
B EIERT 2 mAE G BRI L ﬁ%m*“%%&ﬁéﬁﬁé£$W#Tfﬁé&@mp%ﬂ%%m
ENTWD 3 ZOZ o0 BMEROMII I ZEMIX, BN T A £ EOBBREDOR X JITEGFT
LETHISNTEY 4 ZNEFEHT D Z & TN 7 A F-7 A FREF S ORIk 5 &
HENnd, LT 13- T2 7a[l.1.0]17 % v OEEEMOBERLZ T8+ 5 2 & T, R
BN A BT A RO EEZDZ EITkII LT,

Chart2.1,3-0 78 70[1.1.0] 7 %> D — >0 FAER

' R R
g \OQ/ Lo
RSi\\C //SiR = 7 b 7% \57 b
R'2
- %aﬁ*/\é% P Ef*é.\ﬁriﬁi
FEOANT
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B A RIHRORMETT 13-00 7 €37 aL107 5 Y BARAT 5 &, 7 A RS FV
ACEBES IR 2 BAERT ST LRI LI, ©0 2B U AR EAT ST LT, B
Yovvru7 23 G LT (Scheme), 73 FHEECE FIRAEICIW T, 3 D3R & BMEAR O Ky
MRt o LB LT, 20X 90, MBI B A ST 5 2 L CIETEN A F-r A F
[RIHGRE & OTE 2 5 2 & AR T,

Scheme.
TiMezt-Bu Il_i Sii-Pr,
t-BuMe,Si Si Li Li Si i-Pr3SiCl i-Pr3Si Si
% —_— ( e (dme)ys —————> 3
arles NIV €L Lo Yoy
1 2 3
t-BuMe,Si SiMe,t-Bu i-Pr3Si Sii-Pr3
b o) N
(7?@7() 0§v7b
e
HFREDEREA

MR B UM TR EN D NERHIWEE T LAY,
- FBHENL : —oODBRMNHEA L TV B RS DONLE,

S E Xk
[1] a) Wiberg, K. B.; Walker, F. H. J. Am. Chem. Soc. 1982, 104, 5239.b) Wiberg, K. B. Chem. Rev.
1989, 89, 975.
[2] a) Wiberg, K. B. Acc. Chem. Res. 1984, 17, 379. b) Rohmer, M. -M.; Bénard, M. Chem. Soc.
Rev. 2001, 30, 340. c) Wiberg, K. B. Coord. Chem. Rev. 2007, 251, 1007. d) Iwamoto, T.; Ishida,
S. Chem. Lett. 2014, 43, 164.
[3] a) Schleyer, P. v. R.; Sax, A. F.; Kalcher, J.; Janoschek, R. Angew. Chem. Int. Ed. Engl. 1987,
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M. S. J. Phys. Chem. 1989, 93, 2888. d) Kitchen, D.; Jackson, J. E.; Allen, L. C. J. Am. Chem. Soc.
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2000; p.110. g) Kohn, R.; Bruhn, T.; Weidenbruch, M. THEOCHEMI 2004, 650, 91.
[4] Boatz, J. A.; Gordon, M. S. Organometallics 1996, 15, 2118.
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Navier wall law for nonstationary viscous incompressible flows
fgiE ] (BEEWEREE R

ZR T OH W EREERSE DR N OEBEERGE 2 FAN 5 Z & 3K FIT B W TEE R
BTHD. BT, HuER 2R D 20tIEA IR Q° = {(v1,22) € R?; ew(x/e) <
Ty < 00} IZHEWTIRD Navier-Stokes XD HIHEBE FEREZ ZE8 T 5.

ou® —Aut+u*-Vu+Vp" =0, t>0, ze€QF
V-u =0, t>0, z€F,

(NS)
u®(x1, xq) is 2r—periodic in x1, ¢ >0,
uly—g = ug, x € Q.
NS 002 128 W TIEIR D no-slip RS (Dirichlet S5 54F) %7
u*=0 on 00°. (Di®)

T T CRABE uE = (u5,uf) KO p" FIRARDEERE K CENHTH L. FIHHHEY
up lEFZEMR2 = {z € RY 20 > 0} LO#ESja DX OREu = ea THEZ 6N L
U, BAEHw R — (-1,-1/2) 3@ S22 @M 2r OB TH 2 LRET 5. FIK
e=1/N, N € N {355 00° DIRIE & /L AMEZ DI 285 XA =X TH 5.

AWFZETIE, BEEAIZ WO MR e — 01281 5 (NS?)-(Dif) Offt u® © B WHlHEE %
BEFEL U THRENZETHWONS FEEEHTS. EEHEQPUINDe 20127
WREAIZRY U{z, =0} THB I LITHERT S, HEX(NS) IZBWTEANIZ: &
0 &3, PERRLIZE T BHHEEYS % o & U7z Navier-Stokes # 2 (NS°) 2345
S5N5. ZITEELRDZONIRE B 5HREM (BC)DXRETH D, EE, M
F OO BFARIZ G X BB 2 RN (BO) I EFRL KX g5 2, (NSY)-(BC) Dfif
PY (NS?)-(Dif) DD & D KB RWNEN 2 525 Z L Ao T WA, Iz BEEAIN
5. BERAIOBAZRHI & U T, RO IRZIZHIT B no-slip EARMADE TSN 5.

u=0 on OR%. (Di%)

TAED I ZEERA OFEMRIZE AN RS D TH 5720, TOBFHIEL(LITE
LRMBETH 5. Jager - Mikelic¢ (2 & BAER [1] & JeliK & 5 — @D BERHA] D BUEM IE Y
fbid, FEIZTHWELSL T no-slip BiSt 5 & it 72 37 B IR EMEMERE MR VT U Cagam &
NTE7z. EE, NN E OIEER Navier-Stokes FFEIT XS 2 BEFLEAIAY Mikelic -
Necasovd + Neuss-Radu [2] TERE I Nz, XA [2] IZBWTIE, (NS°)-(Di%) Offu’ %
BOEM L 95, WS E DB E ORE 2 Ml AR A 72 uf DL A 78 m ik =5
BHZZBHI LT, RO Navier B7ER] (Navier-slip Bt 5&/F) MEH I N7z,

Uy = cadotty, Uz =0  on (9]R2+. (Na®)

ZIZTaldBRBESwOAUKGETE2HEEEHTHS. I HICHEETIE, (NSY)-
(Na®) D ulN 23 L2 ZEBREIZBE VT uf D O(e*?) D% 525 Z L hEEH I 17z,

U2 U 228 WTdu OERERIZE®R 2R 78570, #Lt=0%A0T
#5072 (NS)-(DiY) O u® DFIEZEIE L TWS. —7F, Rautmann [3] 55 T
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NTWB KT, TD LD BMOFIEIIIN B L OYIEE I U TR/ D
RO TRV ERMEDNTFE I NG, LD > T, &0 —BOWHEY %
D (NS?)-(Dif) 12X LT 2] OfiR 2z EFGEM T 5 Z L ZRETH 5.

ARWFFICBWTIE, WIHIESESERE (NSF)-(Dif) (249" 2 Navier &L R O 1)
EX L& T, BEIRHI L O 72 9 O 55 12503 2 Wi 140 etk DR %2 H Y
9%, ERRICHWZETEZEAT L. T MEBOERCE () 2IRTERT 5.

Coo () = {v € C=(R3)% v(x1,72) is 2r—periodic in 21, V- v =0 in RZ,
v = 0 in a neighborhood of 8]1%3 and zo > R, for some R > O}.

%ﬁ%%H%M$%/wAmmmm:(fﬂf@PHVﬁM@Mﬂ%Ki%@ﬁmg
@%ﬁmab,/»Anwym)&mmmmz(ﬁjfmm@mm%?ﬁwé.36
12, R2 _ETmBEEGM D TTRED D m B £ COBMBM A R LR RO 23 22 M %
BO™R2) THT. AMIEIZE T2 EFMERIFROEY TH 5.

EE 1. e € H,(Q0) N BCHRL)Z IZH LT, £€ (0,e] 1K S WIER T, 73
FAEL, IRDLD LD,

s (£) — w2 ()| 2() < Ce?|logel?, 0<t< T,

ZZTul 3w a D (NSY)-(Naf) DIETH D, Cldt KT e lTKIFLRWEBRTH 5.

1 2R 720121, v OERERMZITS ETuIZ EOREDIEHIMEAERE NS
DEfEEICHMEE 20 EX DY, EBRUTOE-MZE TEIWI EE2HS NI L.

3
J : ki41
t; ||5{U0||301(Ri) + Z t 2 ||8fvlatu0||Loo(Rz+) S C’Tm 0<t S To.
j=0 k,l1=0,1

F7-, EH 1 OWHAEEL BT 2IED N Z DR % i 72 3 fif u° DFAEZFEHT 5
728, HZERNZ B 1T B Stokes H4f {e Ym0 DA KRBT L G HVe_tAaHL“’(Ri) +
t%Hate_tAaHLw(Ri) < CHvaHLOO(Ri_) ZEH L.

25 3Rk

[1] W. Jager, A. Mikeli¢, On the roughness-induced effective boundary conditions for an
incompressible viscous flow, J. Differential Equations 170 (1) (2001) 96-122.

[2] A. Mikeli¢, S. Necasova, M. Neuss-Radu, Effective slip law for general viscous flows over
an oscillating surface, Math. Models Methods Appl. Sci. 36 (15) (2013) 2086-2100.

[3] R. Rautmann, On optimum regularity of Navier-Stokes solutions at time ¢ = 0, Math. Z.
184 (1983) 141-149.
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INEf K2 #2ER U fc R REBA D DLE - MERIZFHIE
RIKZPRZPHREAAFR thPEH &

INREFICET 2/NREF. DPHENFHICEDE 7 EIMUENC
BNREEWSIATICHEINTWS, CEB/NKEF. < HK
PEENESTEEZSND &L S, KBERIHPOBEHREZRETL
TWEKREE L TEHINTWS, C BUNKEN SHIERN(FREBE
BAENMRETDEEZSNTWS[1], BAERANOAXE - WER
FERAMMZITole LT REARI ML BEARBEIE—HT2LS
BIINKE (=BEERXRHE) Z2HEL. TONXEOTAELBREZ
BT EICL> T, ABREBBE (K1) IC8IT2KVERE
MD3ZBDENDHAS MDD KR EAMODERDBEBANDFN
MONEc5INd I ENHPEEFEINS,

EEOBAICEWT, MAZREREL THAKUCRRERBRGE—
HOCENKE EDRFARY MLIFEM UL R ERT I &N
HESIh [2]. MBARKERERUZCENREFIZHEFEET DL
NOM> TETWSB[3], —AMIKETIE, EETEINE nZEA
21 ABREEEEEEEs +y 4 T O BRET250-900COMMERFTHRKLLEEISNS

RREBAD20EUEER S, MBART—IICEDWHED
ThNTW3[4,5l 2OLSIC. BEHUERZSNTECENRED—SIIBAETMEFIFI-AIREEN S 2
CEMBHSHTER e, BRERODEANTOEARFIKRILEESHTHEN, 2 TERFE TIEERR BN T
—VILAFEINTWBIRFREBAZRAW LT - WERZNANZTV. REIANRT MLZBWNERE
DMK TOEZXDFHEZBIE T, AFKKRTRIIMBAMKKRERAZAW D EZNHRDORIFTHERZ R
£9 5,

(&R - EE]
B KRRERAHBZRAWNT0.4-25 umDEREE TIHBRHNART ML ZRAE L. COEEEZE

TTORAEZTWV., HIRAKICHRT 2H,0PCO,ZBREUVICEARRDANRY NLOBENAIREE K5 T,
G URART MLIZEWTIE, BXKIEYOBERBEFRICETFNDSOHDOIRINDA3 umfhEICRNn., NEX T
— VRIS U HENBERERU 2. 3-umBIRINOES [FEWINEZZ I BEEEFE RS T 2EmERL
foo FIeBKIEYIDPRAKBICTERT Z2EKIEHDOE—I D10 umfhiEICER, BWINEERZIFZBAIFE
E— o @EMEMT 2MERAERLc, NREICEWTHERFEARV MLZEBWS Z EIcK > TIKREREOD
BB K EEDOHEENTR TH D EEZ SN D,

L pdd
[1] Burbine, T.H., 1998. Could G-class asteroids be the parent bodies of the CM chondrites? Meteorit.
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Planet. Sci. 33, 253-258.
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Fermi bubbles & magnetic diffusion

(Tohoku University, Graduate School of Science Astronomical Institute)

Sabrina COUDRY — Makoto HATTORI

The Fermi Bubbles (FB) are two giant gamma-ray structures extending to 50° in the Galactic attitude, above and below
the Galactic center (GC), with a width of 40° in the Galactic longitude.

These ones are spatially correlated with the 23 GHz microwave emission measured by WMAP & Planck satellite, share
edges with X-rays emission at 1.5 keV measured by the ROSAT telescope, and are also associated with two giant radio
polarized lobes 2.3 GHz discovered by S-PASS survey.

The cosmic rays (CRs - protons or electrons) probably produced these gamma rays (different theories still under debate
on how) and are also invoked to explain the microwave emission.

(Yang et al, 2012) shown that the magnetic field B field is a key element to explain the sharp edges of the FB.

I’m investigating then the effect of the magnetic field diffusion (so far has not been taken into account) of those features.

For this purpose, in 2015, I developed a 3D MHD simulation code, implementing self consistently the CRs as a 2" fluid,
dynamically coupled with the thermal gas in a static gravitational potential.

The MHD equations are solved using a 2" order MUSCL reconstruction & HLL Riemann solvers method, and a 2" order
Runke Kutta time integration. The divergence free condition is ensured with a divergence cleaning method. And the
magnetic field has been defined with a large-scale ordered component and a small-scale random component. The CRs
advection source terms are updated explicitly and the CRs anisotropic diffusion source terms are updated using a centered
asymmetric difference scheme.

As initial condition, I defined the gaseous halo in an hydrostatic equilibrium in a fixed Galactic potential.

CRs events (jet or wind to define) are then add at the GC.

This code validated the principal required tests for 3D MHD code such as, the Sod tubeshock test, the CRs advection &
CRs diffusion tests, the B field peak test, the OrszagTang test and so on, which then demonstrates its stability.

Results will be presented!!
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[1] D. Dunlap and V. Kenkre, Phys. Rev. B 34, 3625 (1986).
[2] G. Vidal, Phys. Rev. Lett. 98, 070201 (2007).
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[1] 231 (2009), 'L — MERME LT AU T ¢ « BTV, #1261, S347-S355.
[2] Chen, K. H., R. Blirgmann, R. M. Nadeau, T. Chen, and N. Lapusta (2010), Postseismic variations in
seismic moment and recurrence interval of repeating earthquakes, Earth Planet. Sci. Lett., 299, 118-125.
[3] Uchida, N., K. Shimamura, T. Matsuzawa, and T. Okada (2015), Postseismic response of repeating
earthquakes around the 2011 Tohoku-oki earthquake: Moment increases due to the fast loading rate, J.
Geophys. Res. Solid Earth, 120, 259-274.
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A ZHINT. RNA OERRIEZEBF LT, S 512% A 78 RNA % VT siRNA ZJEZa L, RNA T4
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Schame 1. Synthesis af chimeric ANA
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+ B — ] i
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HEMREDEREA
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[1] Isobe, H.; Fujino, T. Chem. Rec. 2014, 14, 41-51. [2] Fujino, T.; Kogashi, K.; Okada, K.; Mattarella, M.;
Suzuki, T.; Yasumoto, K.; Sogawa, K.; Isobe, H. Chem. —Asian J. 2015, 10, 2683-2688.
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[1] D. Budker, et al. Resonant nonlinear magneto-optical effects in atoms. Rev. Mod. Phys. 74,
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7o LA, HFN A o8 (X, T) OfEA 2> HREASEORTETH 2. 21z, RESKkoEO /0 7
PG LW D S DTH S, REIIEARE 728 (X, T) BRES KD A 1 7 B ZHH T 2.

1970 FER . Nori 13RI 2281525 Grothendieck DREAFD MG HIE 39, BEAERESHEE I L T,
REIEARTEOFRY 2 R L 72 [2]. ZOFPMD ., HEMOIAREL 225 2 L3 TE, Nori I k> TEASI N M
ABEE VI ZE T, SHTIE, Nori DHABEMIINSE Z DL\, ZZITHFDLICIERZ LTS, ik kD
EE RIS X & 20 o e X(k) KR LT, CV(X) 2 REIHRR 2 FAROATEET 2. CV(X) 25
k BARKIER 2 b VERSED T Vee] ~OBIF w, 2527 FVH E 1SN LT, w(E) = E, (z L0 E 0
T77AN=) EBOTE#RT S, 2D L E, Nori DIAR 7V (X, 2) FHF w, DHCHAER L L TERI NS

(X, 2) := Aut(ws).
CDEE, w, FROEFEZFET 5 ¢
we 1 CN(X) S Repi(ﬂ'{v(X, x)).

7R U, FAAEEE N (X, 2) Dk FAERRICEIERESROETETH 2. ik, X LOKREWAERRZ FLfic
PR RN BEERCH 5. D F D, Nori OEEARE 7 (X, 2) IAREWAERRZ b ILVHEOBEHPIOS B 2 #idl 3§ 5. &
R Az, BEEAS 0 Ok k ¥y, 7 (X, ) 13 Grothendieck ORBINIEARE 78 (X, 7) DMK %2 52T 2

flE, BT, Nori 74 77 2F LT, Grothendieck DRBINHARE 728(X,7) LD bHLAF L (i
D% DfEHRZ Do) FEAREZRRL 72, 2 LT, BARBERE, FICHBDRE CEARBuliF IS LT, 2
DIEERREZIE L 7. KRRY =K TR, FONLHBISOCTHNT . BARIINEFTRTELL) I, &
Fe. BAIEN D DTH DD, 1980 FERKL Y 1990 FERD PN, Deligne, Grothendieck ® % 1L Z 1V DAL
ZIBELE LT, BEmOIRICBIGH SN S K912 ) SHTIE, BEREMACE W TR2T I EDTE R, JEH

WCHERFANRE L >TWwSE. KRRY —FHETIE, (BBOSHORHE LIZLDMBIRICIZ R SH.) Roib L
EARBOEGRANDIGHEIC DT nEEoTn 3.

MR OB

o B: WRLZOMOED» SR IEFDI L

o B RIE: REUTBATERINZMED 2 & RBESRED K FIZZ2 ORBTBREADOBRITHIEL T 3

o BRIy — N4 V) —~ VHIOWEORBI ANy, THR) &, &7 7 A NN—0HREATHSL I LE2E
U SER

o X7 MUK B E AL L 72 XD BER. K7 7 A N—DERRRY FVZERITH % O IR

o NEMAMR~NZ FVH: BEE 0 D&IE. ARIY — VB TEILEIN R FALVRDZ L.

23 3k

[1] Grothendieck, Alexander, Revétements étales et groupe fondamental, SGA1, Lecture Notes in Mathematics,
Vol. 224, Springer-Verlag, Berlin-New York, 1971.

[2] Nori, Madhav Vithal, On the representations of the fundamental group, Compositio Math., vol. 33, 1976,
p- 29-41.
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FGER SR RN 5 R B IE K D ZE B FE
FRED - ARETE - BFE (RIAEXRFRFREFHERMFEFER)

=2E

KINEKIIZ T~ EY TREDHA 70 AR THEAETHEEZILNTNDD, ZOE KON
HRREEZH LT D Z L 1E, EMABREZIEMT 5 ECHEETHS. FlE, EAIZ ﬁﬂDLOﬂfv
7~ OWEMLFEME GRE, £, b5 &) RED X HITEL TV EHlTEiuLE, &
KOS Z KT E DATREMEDNS & 5. ARWFIE TIIBIEREE DL FEHLR D D WE K D HE L 2 B © 22
T5 2L ERAT. BEBLOMBIITIRBEREEN DV, FT, BEHEAN O TR O A~
TEETHD. TOD, WEHLEEE Ik %ﬁbt%mﬁm%&o4«/%%mwﬁﬁ TRRETT
LTV D, AT, BEEREL MO BEL T 0 ST AL b IRl S 2 ﬁ%m&%&@&)
I, AV R EDILHEDORY LD ITFE FEHETE LI EELS D, o T, SAMBEGLNE, "X
RICIE7 <, MOBMICEA SN, TRbbilED~ 7 ~OWE bS50 2 lifiime L T b
AHFFENIRLE KL DR BRI K (1914 4, 1779 4F, 1471 4F) %l & U CREERIE DAL T &
TV, BERIZHNLOH WA — L TO~ 7~ E 0 OFRESED & & bIS, BERILREA & A
FIL OB OEN DD~ 7~ E D OELZ P T RN H D Z L 2R L.

B RO

~J<®BED

HTFIZBNW T 7y REBINTWDHEED Z & D EH L CE e~/ ~ L EABOB A DEEN
FIVAEIRIIIER S ND. v~V E) TRE 2WEERN/EKRZFZRITEBEX LTS,

RSk SE

BROWACIY). ML E FesOs TH D03, TR AE RV (FerTiOs) & FEEAKRAE AR L TV D
728, FRUEEGLTWS., [EBEEEKR (~F 2 OEE) IXEEEEERH DD T, ZOMENG~
T DIREEHEE T 5.

BEgh, ANDB

~ TR DB THER S TWDH O TIER <, B EEE (LK) OIREMTH 5. BRI M T,
WRIEB ANV N THD., KIUEHEICIIREDREED R ONDED, ZOMEZHELE EFYR, ~ 7 ~<BED
TR INZEEZ LTINS
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SFEED L—F—/UVR (&K HBBIE EXREIFRA A—STDo2aLb—Yay
(RIARZARZEREBEZMER LZ2ER OFH [FE, X =5, W% HE

] @E. KHHFOSFIET7 2 ACEM L TRY . AESMIIEINTH D, FLEL L —HF—3
NAZRETT 5 &, NV REGII S FIComEHE L, R 7 MveaFiios T AICKFE L b
7 wNZ D, BAIIFHREBR TR, BIEEHEN O B G DO RRE(RIHRE ) S A S hu, £ B A
DEFGHENFEEIND, ZNEFIH LT, 0 Flilz Z2H5RICk L TETICHI R 5 2 & 20751 & L5,
ELBR ) F OEFIFIENE X L < FHEL TR Y . o FHEOHE[L]/: E~DICHERP RS T D, —
75 FEERRSY T OB 22 HAERE X D2 STy, AFE TR, HFra~ 5 %T%v»%bt
FNT 4 EPNC, ENESIEENEFERT D700 L —F— UL 22 iy I 2 L—3 3 VRIS
K VBRI 5, E BTG TFEINDOA A=V 7ED 128 UTRRGE X BREHTA A —2 v 7125
HL. E# 2= L fFRIGIHHOBRZ S I 2 L— a3 T 5,
(3] MHECEFT AL LI=FL 7 0 2t LT, BREL L2 L —HF
—SNVAERRET L LB R D, o mICEEEME T ) &
V=W — SV 2ADRNF O H (ZH) 20L& L, BIES &
cos? 0 DHIFHE TR 25 (K1), BINESWEZRKIZT DL —
PV AT, BB RV EHIND SV ARG FREAN LR b
Do RV I alb—a Tl B/ VAZRG LR DRORFR g 1 AErpE 3ol 2 dihe
FBIEZFHET D, E@QRUT LY X B EELWT i fE0o /00 % K R Z w7344 0
H5HIET, LY —F— LR L0 BIHIE S iR L > 4 150 ' ' '
VORI NE = E I alb—Ta T 5,
do

50 4 F@FR@ x Treos@Ry ~ RO

Q En(Q), R, p(DIXZFNZEIEELN Y bV, JRFIRIK -, B
B, SR OB ERE - CTh D THhH D, o, Mtimix XY i
(K1) &L7, o 0.5 1.0 1.; 20
[R5 5] HERAe 13, I =13=0 OEBIEBK WS & LTER . tunitsof 7,.)
S BT, 1958 ps U C. 2Tl Lim, —obx g O 2oL
7ro » “lro ° > D Re (t)
W L7z L= =L 20 a#EMe(O &K 2 1277, eBREIOMm
HZBIRE~Y VA5V D Z L2 fEL, ROHEEE 015K &L
720 B/ OV AT Tro MFRIZELAL D 2 ROFFIIRVNV SV A ST, £
24 DD/ SVANGRY | BHIELSNE 061 T TEDHDH I ENTE
Do E72 31T, BIHIFIHF ORI TO X BREHTIRED2EZ RT, X7
DA FILF—|Kip |15 20keV (0.63A) & L7z, HIEIOFITEIZIHBWT
BT/ — AR E O RNBIN D Z &0 G| Bl L 7B <
VI XD F DA LA DRI 2 G 2 B b, 05 00 05
(&3 3Cik] 0 (units in [k_=20 keV)
[1]J. Itatanl-et al., Nature 432-, 867 (2004). 3 BB T
[2] M. Yoshida and Y. Ohtsuki, Phys. Rev. A 90 013415 (2014). X SR E T D LAY,

[=3
=]
1

&) (MV/m)

20 keV)

O, (units in [k, |
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The observed and intrinsic UV spectral slope 3 of
luminous Lyman Break Galaxies at redshift 4
(RIAEXZXRFREZHAER XXFEXR WWHHE - ILEHF

RILFITBWT, BFIHET 28 EBIT 5 2 LITFHOMEO R AR AL L THY . F
HOWIETERDOIEL 255 ECHEREE 260, £, S9 28T 5RO R4 b HELR
EWRAZF - TERY | Fox TH Ok~ 22l 25k % 2RO 2 L TERLD 2 LN FEETH 5,
G ET OSES - AR (R 23 90nm~800nm) DA BT 5 Z L id, SR 2SR D TH AR
DEBEHEICBIT A EEERLTEBY [#TomE] 23 M+ 5 ECEEREES TH 5, )
FWOWE LT HEZEKRT 28R (ZEFKE) - [EEO®E (8o EEE&E) - g5 OF i -
HEIZEEND He LV EWHEOE (=R - B A homE, REZEL, ¥4 - aiflo
JEEE . KB DOFREE IO & 72 BB OB - WA FRIE L T 52 L TR L Z &N REL e D,
FEHEE S SR DOTERL - AL O I O I TFH OEL L I ED L D IZBLZZ T TE 2D,
ERICHEm AR SN TN D,

KRR TIET A~ 7 L— 7 IETEROH LIZR AR 4 1A T 2 890 OVEE 2 5/ i~ B

[ LRI BRI D AT hr2Aa—7 3] L OBEMITEENE Lz, AT hrAn—7
B LiE, S oESR (125nm~250nm) SEE D RARFEE R LT2/RT A =5 T, @R FRBICH
ZERIE R LT H R ERED DR L SR D Z E NN T A= Th b, 4k, WHERD
I Lo THIHIFEE (=@mRGRE) (TFEET D8 O RITERILT 5 & S, @mRFRE
DT OMWE 2R DFEEDO—2 L LT BITHFFSNTWD, L L— T, SEITE I3k K
WATAFAET DIER I E DRI A IR BN TEB D . B DIRD T Z k& 7o E O SRkt
LTCIRKIEELLSEEL TWDONEMMPIED, £ 2 THa i, FEFICILNKIRA B L 7= SXDS &
FETA 2 SEIR D 5ot DR T — & & W TERITOERE 21T\ SR OME 235~ L B Lo
AR & i ~7=, BICEAL TIE#H L < intrinsic UV spectral slope & MEIEH 5 B2 EFR L, AROHE & F
BRIZER S T A b4 % 2 & TR OME IR OBLE D B - 72, UL EORE R, EIEH R
DIFEZ RTE LWEROEM AR EZ, ZAE TRIBI SN TERZB - SLELZFF OO H ) B I
RUTz, ZOX D REHTNIE B DHAMITKRE R B2 KFT et a &2, £, RIRE 4 ITFE
T 5 SR OMEEITBEIZIT VR & BT b E L TR Y . FHEERIIX L T O R 72 g
FEELTWD I EERBT S, RRAY —TIEERERICOWTHRERZ X TREELT 5,

s TA ST L=k BB OT — 2 OB G FAWT, BT DRI DR OBl AR AT TR IE,
« R (Redshift) : FHEEDOKETHN T 2B ARDOEENSHODHLR, KEOHMODEE
PR OEBEOIE L LTHHWS, RHRE 4 1ZFHM 15 ERoEE LT3,

SE 3k
[1] Bouwens, R. J., lllingworth, G. D., Oesch, P. A., et al. 2014, ApJ, 793, 115
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FREERICETLIE—BAHY AV IVEFHRES IR
RALARRE |, FEAE? RAASH®, dRAET!
MERIEA | BIIEE, NIEEFEL FHLS
WAKE? EaARZES BRMX', BPRE' KHEL S8

JEH AR [1,2]13, KO REIC L > THEOBEN, 3
M W7 E R BRI b S oA T Y Mo EiE
2y F L L THEASINTEL(X L), BRickEmSF. &
REEIR, BRIy, B BEISE AR Stk e M E R
BRI LIPS ARICEBA L T2, 2O ThH, FVE
TR EAEIC K o TERRPMECHIEE 3 BT 5 38
BIRE TR TlL. hEiRA - @REE, A7 x4
S BRI & O 7 ) R b O L ERA~OIER
s, LnL, 201, EBRIHIEI BEEDO EFICE Y, Ty MERIRSCEMRET 2 £ D
i [E T well-define 72 & FHIRRF 3 EET 2 L D Th o 72,

— 5 EAEOE A TN T TV ONIR () Wt |
BiafioRIZL Y. MViem %8 % 2 B ERES
EWEREIZEIINT 5 Z ERAREIC /2572, 29 L
7-8RFE (B 5 P T D MmIE T O e i3 7e
< &b FERAYITIIRES T H 0 4% ORI 72
EEMNHR SN TS, £D X5 RO R0,
P 1L, IRELC L DR RO ATREME & JRFE L
TV 5 [3,4], TR FV 7oA SRR RE DA 7R
I, BEERAICIX 30 AFLL LRI AT TR, 7
2y SREEEE L 5B ) E LTHEINT
E 7oA [5], A CIEIRAARIRE 7 RICHB N T AR 2 AR RESRCLLE T OBBR OB
WRRECH AR O s £ FEEIRRE D UT 15 Tl
T ZRBRWEHRBENRTRISNTND, ORI 278 v FREOHEOT T, Kb EANRLOD
—OIZ, BRERD 5, BIRREL L, BMOEBREOESIC L > TEFOV A FMEOBER ) 235D
THHGETHY, HHFEDOELME T CTlE, B ATERICHEILT 5*2(1X 2),

B R TIL, 7 —r U RIE(VA AU, A REL YV )ORVED, 1 NEOE T OEE =3
VR — (cBENES ;1) OGN THFICREWVWE X, BWORFEDNERESND, #- T, Bl
EIC L > CtEBD SEDLZ LICE > T, U, VEtONRT U R EBL S, JFEMICIIRFEZERT S

© 066

b

©0 060

17wy i, SV AT EFOLISHT oS TH D, L, ZITIHAEICHEZX, 117
WL ED 7SV A TFICET 2BBEHIR OGO TI IS LIZT 5,

*2E L UL T DOEEIJHE LIRILOH D" BIFRME" ThDH, LrLIZTE 2P LIRS, m/EE®
BHARE LTRBBREO BT 0 RERERTZ LI2T 5,
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N N A=
Mﬁﬁgk@éﬁ
WCREECTH -7, Z ORIE

I%, LinL,

Xt%ﬁwé;kf\%%m&#iﬁﬁéumm—M@ﬁﬁ_kj\@g%

BLS®5ZEEARRICLE,
i) a-(BEDT-TTF):l; 1%, Tco=135 K LA T Cofiah Bt Bk
Fard HERTH 5, K 3@)IITeobh Eo4 )@ H(138
KIZ BN TRbEE L 725 O SO SR (AR/IR ) A <7 |k
wmﬁﬁ%%% wot7ay NTCRT, b 50 fs LI
2B D ARIR DKL, BB D D BT ~DZ{b(IK
B A~DOEA) 27T, 0.64 eV I D AR/R DFFREIF &
%lmm_rﬁomﬁmﬁ@ﬁﬁﬁﬁﬁi\%m&ﬁ%
¥ YT DTN F—II—HT LI b, ZORET
E$’$H&W%k/7ﬁébt_k%rﬁwﬁmﬂ
i J(TMTTF)AsFe I35 1T 5 A4 E B OHI K
BT RO AT hLR, RA—FTET L
S T TE 2B (TMTTF)AsFs 2 HV >, Jelbiic &
HEhE %moqmwﬁm%iﬁm_rbtol4@iﬁ%
FEDARY v 7T L (AT ML-FEE O Z ko~
2y 8 ZRT, RREIO X S IR DAY v
@Ebﬁﬁi*w¥~wmy7kbfwéo:hifﬁf
~ JE B (wp o« n/m* nlEF v U TE)ORD (B
—M®XAibw£m)#ﬁﬁﬂ&@wD%M(ﬁiz
NFX—MOLE ) 1> TR D Z EErT, X 4D)I
TA YT A4 TNEROTZw, LyDR TR EZTRT, w,
3, 20 fs LNIZE %o liib 35 2 L dbho Tz, b, 7
0—7 T XX —E,
ZARIE, t DWW (B RTE)
AR SN D, Z ORBEMILS TR OF
eI IR,

235 3CHk

B v TR THARE NI LB n
EDbDEEZLND, iz,

Z 9 LRI AR RE O FE I, MViem (28 X S TR VS O FH]
=9 Ltz st i, WEORFREN FH LY, ZEPHEELTLEY -
R, HBxIZT TN u3%47w)kwoﬁ@fﬁmﬁﬂﬂw

2 L B tim IR iR Re &

150 —

(b)i-E /b

S 0.54 8V

'
2 100
5 # 5
s | e |
e 50 0 R - -—
£ L
'_

AL

L+ v 1 I |
0.6 0.65 07 0 o041
Photon Energy (eV) ARR

X 3: (a)iB S ES AT MLV ORER % R (b)

FRART RT3 vy 7 PO MRS 2 IR T AR B

-Aaylay

Time Delay (fs)

50—
0.6 0.7 0.8 0.9 20
Photon Energy (eV) Ay

X 4: () BELE AT va s T A (b)
T4 T 4T (FEER)ICLoTHELR
Te-Aw,/w,(@). Ay /y(@)DIFHIFE R,

B LU, LT, 2D

Jihikd$%~80 fs O H. JEH 20 fs O IRr R
BABE N ROTFILX—
IR RNV F—DEME AT I 7 ANREE LTBRSND Z 030> 72[4].

HIET B, TRbb, w0

[1] K. Nasu., “Photoinduced Phase Transition” (Workd Scientific, 2004).

[2] D. N. Basov et al., Rev. Mod. Phys. 83,471 (2011).

[3] T. Ishikawa, Y. Naitoh et al., Nature. Commun. 5 5528 (2014).

[4] Y. Naitoh et al., Phys. Rev. B submitted.

[5] D. H. Dunlap and V. M. Kenkre: Phys. Rev. B 34, 3625 (1986).
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FE - NEREBETORAS THEL

2015 F/MERFEBAAADORERRMEICET 20K
(RIARFAFIRELHTR BRYESER) EEHA - BARE - 2EREM

EARAATFCIERARADL T L— DTV MLEREICEEZRIFLE>THEY, KILEFEEOHE
EENERICERLGMIETSHS. TL— bDIRARAADRIFTEEITAAFRAATREDIZITTIEAL,
HIRESAED T L— MEEIP T Y MLRGE ELEHEEICRATNST-O, TOREEZHATLI L
TURNLEAFT IV ADBRIZBEVTETLEETHS.

BAINEDERICEET 2FE—/NEREEE AFETL— T4 VEVEBITL—FOTIC
MARAATWDEMTHS. TAPMEZRESEAMRT 2015 45 A 30 HIZ Mj8.2, #E 682 km D
HEMNKEL. CAELICKRECGEVMEFERMICEE L, BATRELEZRIEVHET
Hd. CORFEMEOERIE, MNERME THREL-hOFERREMEL LN 100 km UEEHELS,
NETE2(CHENEE L TOEVMERICHEL TS, TOEOHOFRMEOREERZRAET
52&LT, BE-IERBETORZ IBKORRMBEOREA DX LEZHAT 5 L TH-LGH
REBBZIENTEZLHFINS.

HERNSDBEEZHET 2FEELTEIHMER NET S 74 —DFEBIZENTH SN, FHMLE
BEEEET H-OICEZLOMBLBASNABLETHD. LALFE—/NERBERDTIEREICEH
AlEhbid, ZORBLR>TWS. ZOEOAMETEIERELFERATESLIO0—NILEEY
5 7 4 —i%k (Zhao 2004, 2009) Z#HE L, BASOLE W IBTH ML 3 KRB EEHETED
TIVFRT—IWERNET ST T4 —Z#MHELIz. TLTIOFEFRVWTHEE—/NEREBEIZK
ARAGKFEFERT T & 2015 F/NERFEFEAPFERMEOERIBOFML 3 RT P FBELTHTE
L7-.

FETST4—IC&YBONEHREND, IMARDLR T TOERMNILEBICLLEEHBTIERICE -
TWBHFARONT-. FEREERSITNTY MLBBETERT 2B ETHY Y MLANERS
ATCBFROERTE L ZIE 28 ETHEIZ Loz, ThoDBEICIEFEE—/NERBED
BEERENLMEMETTEO TSI ENRECEELTWVELEEALOND. BHEREDEL DR
HIZIE, EAHAE RS TOERDEVOCKEFETL— L EICHEET HNEREEDEHERELAEZ LN
5.

FHNERFEEAAPTERMEOEREIX, THYY FILABATEIRSTAST, <2 ML
ETHI UV MLDEBERIYLHEICHELTWAZENBHOMNELET-. ZD=, COFERHKMED
REIZIK, RTTDIAAAHBOCEEENSELBLEET Y FILETEHY Y MLOERENSZ(T5
BN, ASTHOERHEBOEELRE, XS5TEXY MLOERGHREEANAXECEAEGLEC L
MNREEIND.



EPREDEREA
HMEIRNET SO — MEROERT—F (BENGEA AETHERITLET HHRE) &
T, thBRRERDIRTIBELZHTE T D5 L.

& Xk

Zhao, D. (2004) Global tomographic images of mantle plumes and subducting slabs: insight into deep
Earth dynamics, Phys. Earth Planet. Int., 146 (1-2), 3-34.

Zhao, D. (2009) Multiscale seismic tomography and mantle dynamics, Gondwana Res., 15 (3-4),
297-323.
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FeCls-Mediated Oxidative Spirocyclization of Difluorenylidene Diarylethanes
(WPI-AIMR, Tohoku University) Zhangiang Xu, Jian Zhao, Kazuaki Oniwa, Naoki, Asao, Yoshinori

Yamamoto, Tienan Jin

The introduction of the fluorene-based spiro configuration into the m-conjugated systems has become an
efficient molecular design tendency for modern optoelectronic materials owing to the highly rigid structure,
which can minimize the electronic interactions between n-systems while preserving the properties of the -
conjugated systems.™ In this context, various spiro-linked n-systems such as spirobifluorene-based oligomers
and polymers, and dispirofluorene-indenofluorene derivatives have been applied in high performance organic
electronics as fluorescence materials and hole transporting materials.

Very recently, we have developed an interesting synthetic approach for constructing 9,9-bifluorenylidene
(9,9'BF) and 1,2-di(9H-fluoren-9-ylidene)-1,2-diphenylethanes (DFDPE) units from the corresponding bis-
biaryl alkynes or biaryl alkynes through a novel Pd-catalyzed dual C(sp?)-H bond activation.®! The facile
synthetic method and the structurally intriguing DFDPE having all sp-hybridized carbons led us to explore a
new C-H oxidation reaction for constructing new m-conjugated fused systems. In this presentation, a novel
FeCls-mediated oxidative spirocyclization of DFDPE for construction of a new class of dispiro-linked =-
conjugated molecules, dispirofluorene-indeno[2,1-a]indene-fluorenes (DSFIIF), has been reported.[) The
combination of FeClz*6H>O with FeO(OH) afforded the corresponding dispirocycles in high yields and the
highest fluorescence quantum yield was up to 0.94 in solution. This protocol is also applicable to the synthesis
of the non-spiro-linked dihydroindenoindenes.

DFDPE DSFIIF

Scheme 1. FeCls-mediated spirocyclization.

References
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Ramanujan 77 706805 777D 2-VY 7 DWW T

FACKRAR LG A RS BASM1012 79 &

77 7MimE BHADOES LIUDELATHEINSG 77 71T 28mTH
3. MIZIXERDOA VA VLY 7 7HEwICB T2 77 7D1D280wWR 5. 75
7B 2 UH B CBCANERRIAR L L COREREEZ Cw M, IHOBET
Hol-BMRThHs I LLMENLTHE. 2DV 5 7HRmICE W TRERELZ DI,
APV Ea—F R EDEERY 7= \DIEHTHS. 22 TR ITI7D
HRZavEa—Y DKL AL L, U2 ZNoE2MEST—TNEEZEZLDTH
5. I EDL)ICERITNIEIROMFELI(CHEEFECTCZ 220EIoNTE
72, ARTHMNT % Ramanujan 77 7 b FIICZD L) BikAD 1 D TH 5.

X % k-7 5 7 EMEEN S ATEOTEED k HoBE T 2HS 2275
7 E9 5. I ZIEERIE 3-IERI 7 5 7 DFITH 2 H3, AV A VEIZIERI Y 5 7T
T, 20 X DOIEEHEE I, RS V(X) = {’Ul, V9, ... ,’Un} Wxf LT

0 otherwise

. {1 v & vy BBEEL T B L E
ij —

ELTERIN GBI A = (a;5) DMEIAETH 2. ZDHEA%Z Spec(X) &
FHL. X, V97 X = (V,E) BIEMR%E2 27 7 7 2-K,, &%, KX 2-K;
DIV Z 2O ES VI, Vo ([Vi| = |Va] =n) IZHEIL T, V; OTHE
[d, Vo OIEMETIZEREL 23, Vi & Vo OIERED 2 rilfidBEET2 75
TDIERG). TT77 X B E-EHIZ 70L&, ZOBEEITH A 13 HW &
Gk %#bb, 2O N # £k %2 X O, 2 TOIEAWHLEEE N Ol
NI TIUINIVIEE, 2075771 3%y P 7 —7HE~NDRWIEHZ H .
Ramanujan 7 7 7 1% 1988 412 A. Lubotzky, R. Phillips, P. Sarnak & (2 X >
TEFE SN, [\ Ui T Z DI O HARRIRER A 7% S 17 [2].

3-1EHI 72 7

797 2K,

EE 1. X 2l k-1EHI 77 7, A 22 0BT L, M(X) %

A(X) = max |)|
pUTy
95 ZDLE,
AX) <2vEk 1

DD 3227 61X, X % Ramanujan 77 7 L M-S,
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i, XD 2-Y 7 k% H\wT Ramanujan 77 7 Z 5 L 7-.

777 X =(V,E) Off%5 s: B(X) — {1} 12k 22207 b X, ; A P
L, HAEAIL V 02003 — Vi, Vb &L, EAZEED : 8 ¢
r,y €V(X) LZNZNDAY— 31,y € V1, T2,y2 € V2 ITHL T 1 1****

C B
E (X)) = {(z1.01), (2.0 | (2,9) € B, s(z.y) = 1} AN LY
U{(21,92), (x2,91) | (z,y) € E, s(x,y) = —1} D A
LY 7TH .

W 2. 777 X OffF5 s Ik 25 BT A 13

A, - {s(m) (2,9) € B(X)
0 otherwise
ELTEEINGTINTH L. DIl Ay L7577 X DBREEATH A I2OWTRDFER
Spec (Xs) = Spec (A) U Spec (A4;)
DIK D 2D,

i 2 K 0, k-IEHI 7 5 7 X #%Ramanujan 77 7T, 585 s &, Z ORI N7 BT Ay I
2T, Spec(4s) C [—2@,2@] Ehb &, X, bEX, Ramanujan 77 712k 5. ZD L)
%FF5 s % Ramanujan 2-V 7 F EFES. 212, 2-K,, 13 AW % Ramanujan 77 7 CTH D, £TD n T,
Z® Ramanujan 2-V 7 FBEEIET 2 2 L 1E, X [1] Kk >THIGENT WS, 2D L6, BTORHT
JEHMHZ: Ramanujan 77 7 X HFAET 2 2 L3005, L L, ZDEMARNREEIE T -IIZFE 290
TR, 22T, AOBLHEXTIE, 2D 2-V 7 P 2RO L) ICELRIICHERLT 5 2 L3 TE 7.

EE 3. ¢ 2AEBOFET g=1 (mod4) LT 2. 20 gl 2SN Paley 777 2-P, LI1ZJH
HEGICF, x {£1} 20, UELEZ

E(2P) = { (2.0),(y.~0)) | 3e € (F})" w+c=y, w,y €, s € {+1}
L2575 7CThH5.

FE 4 2TCOHARBn>21C5L, % g=1 (mod 4) 2»2 g > n BEHEHDRNE ¢ DL,
s: B(2K,) — {+1} %
1 (z E(2-P,
s@y) = {—1 E)tl’lzivfise )
9%, ZDLE, st E(2-Ky) — {1} D E(2-K,,) ~“DflR s* = s|go-k,) &, 2-K,, ® Ramanujan
22V 7 Mk 3.

SE R

[1] A. Marcus, D. A. Spielman, and N. Srivastava, Interlacing families I: Bipartite Ramanujan graphs
of all degrees, Annals of Mathematics, 182 (2015), 307-325.
[2] A. Lubotzky, R. Phillips and P. Sarnak, Ramanujan graphs, Combinatorica, 8 (1988), 261-277.
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RERA OB ERE
BIEHF - REEE - EREL (REXRFAZRESHRHZER)

oL &fa) Wi oik, FREANSHNOET 2 ARE L ITEHEOE LA Z BRI 24
Tho, ICLEAITARTIIIBE, BEOA, REHE - ARSI OEELE L, 12L& AOMNFRT
BRSO, FEHIC Ko ThAx T, FRIMICER I NI DO TIEARWY, REOIZ L X AHITEERM
DHLDOEFRL, WEOMEHEEZ AT HICLE AL, H<IHLARRNOZDELI LS &, FEHY
WHDTHDHZ L TBERINTE L, AFETERVEIICLEAIIABAERKO L OZFHwmT D, fif
RMNIRORITE EN DS ORI LV | FRITREEE, EEAITEERL, ROkt FoaTthsb
A STV D (IU,1965), (2L X ADFAREMITFERBOMEIR VTR 2 L LTV, #
BHOFAD SN TWRWED I LEADKEZLEOREIT DA< IZLEADOIRFIRIES B 52
272> T, ZD72 IZ L EAICEIT 2 AR OFEMREER & . B LIY DAL HTIC
LoT, HEETHRISNDICLEADOFFRELZHET D2 2 HMET 5,

BHIUEE T CARDOMMABIET 2 &0 WA - FBRS A - EHUHR 7 & 2R R E R T,
ZDTD, 1T L EAOHMBIER L OE N8I O 21T o TofE RN D, HEEND
BRI SNHIC L EAOKRRIZ, FANESILEZ BZTORBES & 720 | TP BRLERE CE (LA 21T
% &R DY Si02 ([T E iz 541, mosaic #f%X° flamboyant fBfk % 225, Z O, ZEERILH
Rt 2 & IRERIEIZ, KOTFIE T CILT 5 L 8HEL L 72 D, Z OEEE N AL % % 1T B OEHL
T 5 & AFNRDIZEC L, chalcedony 23 LET 5, Z 0K, AEIENERALEL, BT AR E

%275, " TR ™y

HEMREDRESR

Jasper(¥ v R/\—/EFE) I e - T
Fr—bO—FET. BBRIEMESTCTIEALELS. SENLHBIEMOTEFEIC L > T, 7.

k. KT, B, BLEDBRZETHFv— DI EZEELHES,

Chalcedony(7 /)Lt F =——/EFH)

LR SiO2 THHAMBERE, EMET CHHEKOEBZET 5, MioBEFRL ¢ &
[CEELHGE. BEOBEMZHFS. length-fast ERIWEN S, Length-fast DFHHEIRHAH Z chalcedony
EFES,

P

[1] il —E, SRR E T, = ESTHE(1996) [ AR W ALEER AR/ NAAT ol L&A TR AL T3

HSE &R 6 i pp92-98. HALH T T MM ERHERELZ B

[2] 1 —#E, F)15), = E3CRE(1965) T8 AR AR AT NIRRT O L&A ) THIED T

EMG &R 51 ppl15-123. HALHG TN EIRARHEZ B S

N

.
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REEERFEDESITFRATLSDN
(RAAKRFRLREBFHER KXXFER) PNHFERE

1. %5 | iR REREDOETET /L ~Conti Scenario~

BHENKGD 8 (FLL EoEEIFRKERE, 2 TOHEETF/INERR LTINS TS,
KEGIEH/NEREEOREX T, HEMIINEERFELRS, ZORKRITIACERL L THENMNIKDD &
BN TWD, —F, REERIIHFMPBETELEMTHLN, TO—EOFRMITEZ T
T RIER T FHEMIREOE TR Z I L TCFEHOILEMREEZ TN, 2D,
KEEEOEITFH OEDOBLE DS b RWVEL 2L TN D,

1960 FARTEHSMR TOBROFRIC I Y | KEEE)SITROVBHEIZ L > TEEOT AN
REHLTWDZ ENRHBLNIZR -7, Conti (1975) [1] IXEH S -EEHKEE S LIT,
KEEEOHELET NVERB LT, ZOTT/VIIERIEN LEED Wolf-Rayet (WR) 2F T
JRWEIFH O KE &L OR A L F<FHBHTE 5 Z )5 ContiScenario &4 fHT HiL, KEEED
DAL 2 BT DAFRIPEE A L e o7 (1)

LRSI || LBV/RSG (Wp| WR || @BHE

X 1. kB z b T RKEEREDH#LDTF Y 4 (ContiScenario) , ITHEDET AFHE, BLOBEHRIND
JEE ClIsRWVE B A2 AT, WR ERNER TERNWZ ERMEER->Tn 5D,

2. WA | AR L WD E S
EZAN, BEDOETIEAE, B IO GG E TIEENIZ EMVVE B A
RN D3 nro TE 72 (Fullerton etal. 2006 [2], Bouret etal. 2005 [3]) . HFIZERZI 72 DI,
O FERB R O IEE 7L T, B % TR ERIZT = EATEF, WR S8
RSN E VWS EETH D, LLARL. WR EREHER ST E7=HI0

SRVE B IS EA AR TH D,

3. figikJrik | rkaEE? LBV X RSG?

FRORNE L TWAEERNEEH S HEE LTEHE_ SO RA =X LAREZEZ LN TS, —Dl,
I EROTPOEIMAERICL2EEDIIEMY THD, b o —2iF, KEEENERIIED
iR A #& 2 7-# D LBV X° RSG DEMETOLZEOE &M TH S, LBV DOEMIIIER I
DW= DICHEHERTRS , BHEZ X2 6NR<RD, RERBREZEZTZENHY
FHICEVZEOEENHHESND, 25 o0 A =R MTITHIE, BN X D HRER
FAELAE STV RN RERTND TV AR,




4. WFFe051E | RKEREELIZREIT D rghiE o 22O i EHE
KW TIE, — DDA I =XLD ) LITHEELEROEAAERICL 2EREDITZTImY ICHER Lz,
THEER R OGS, — HFOEENMLOEEZRBTERNAONLZ EB3HY, BEMETIND,
ZolE, HERNKEIAZLZOT, HEN —DICAZILATHLHEETHDL Z ERDND,
AWFFETIL, BT 7 U D IRSF iz W CTE 400 WR 2O L & BRIz Bl L,
ZOWDLZOEN B REORMERAT-, 5D WR 2E2BHTLHZ LIk, —fRICHEER)N
BNEBEZ LN TWDEN, HRHORIFENE A+ THD WR BOHEEICOWT, 04
BN CEDLT — A ERRMET H LN TE D,

AFEETIXME T 7 U D IRSF HiEil L O ZIHB#i ST D SIRIUS 1 A 7 & T
3 ANC DT » TUT - 2B OFE R A2 W9 5,

M HEEOR
FRVNE PO CARBEORMENMIGERE I T2 IV RAE LRV —0NE &
DY I o TWDRIR, ZE LB T, FHOKE S OEENZOERICH D, KiGb &
RINBD—D>TH 5,
LBV : Luminous Blue Variable &9 KK, KRE&EENFRINIEDBEMEZ/#& 2 2%
BETLHLEBEALNTND, FHTROADWEEDTEHO —>TH 5, HFEIZHL W
DITHHENE ) L IR 20 REEICR ), RERBRERN/AONDLZE L H D,
RSG : Red Supergiant, JREEAEE, KEEEOH THIERV G OREKN IR OBk %
KR TBRICEET DB LN TND, NERIERICRE SIS, RN KGO
BEMBFICHR-oTND LB BTN D,
WR : Wolf-Rayet £, KE&ZEDOEIDSES, HH OKFEINEEZREARIL L THOZN
PEHLIZR ST RIETHD EBEZ BN TWD, Wolf & Rayet (3 RAFDLHITH D,

2B TR
[1] Conti, P. S. 1975, Mem. Soc. Roy. Sci. Liege, 9, 193
[2] Fullerton A. W., Massa D. L. & Prinja R. K., 2006, Ap], 637, 1025
[3] Bouret]. C, Lanz T., & Hiller D. ]., 2005, A&A, 438, 301
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VIFNT =T )VIEA F VORI BOKRREZIED CHEE
Ol EETIHL « VIRERR:Z - VIR - 2 siBBH A
(LARAER AR A BB A SE R A 2. 08 TP R FERE 5150 7R AR SEAT)

IKSERE A TRk & ZRIRAR OREECME B KO, AR LA £ TS T OMEE, BRE. ROGHERE
RO HLEERBER DD THLIENHOLILTEYD, ZIVETEL O FENRINTET, KERAITK
KR FH)PITET D0 FHIDO5I 1THY, B E251EfHT 51 ChLIEXRIEED®mWET X EFEAL
72 H EBEXEMEEOEWEA Y EOR T, X-H---Y O EAEAZEK T2, BREMEE DK EW IR
F(O)REFEFETFWN)EKFRF DG LI OH fEGS° NH M S 13V KB &2 FLZE0 R<ABI
TWD, —F TEREMEE DR VRFEIR ()L KFER 1256 Lz CH i &1k FE A A 1ELRES) OK
FhEAME) NIHNESI TS,

IEDER ZHOTZIRIETH D EAA D OH < NH 1L, FYEIRIELDL S5  KEFE S EEDZ L
MEISINTND, ZOLIRIEAAIRIEIZHITS OH = NH O/KERBEAEEOR KT, L—H—23 A5
L& TEEMIZIR DI TND, LTe3 > THPRIRIE TIIKHFEREAPEDTIV CH #ifAd . OH X° NH &[F
FRIZ, IEAAARRE TR K EFEREE R T DI LN FREND, L LARA5, OH #E4<° NH 54
DR DKRFBRER IOV TUIAIF D TOIL TEATH Db LT IEAA REED CH DIKER
AHEICHOWTEINETHEVEH SN T2 o7z,

CH & DK FEREEMHOMIIL CH FE A OEAT OO, CH A5G OIS S LD, RNy
(3G OIS B L ORE A O ER ORI DZEALDIE W4 . WAL DRI O IRENEACW I R EE D28 (k&
L TIRDZENTEDL D IETH D, AFFETIL, Bz e CH OKRFEREEMEEZILNTTHZE, B
FOFDOFRREZ RS H2A2HEEL T, KA LT- Y =F L= —F )L (DEE) IEAF > DAy
WM TREATIR T, ZNOEDRIN G IOFERBIN, EFLFFHEOEIZEY | DEE [EA4® CH f
A, BRI EOMRAEAERICEY, FEFITEmOKERE SRR S22 WD LT, $7- DEE 1EA4
Y OREEZEAGIZED 20D CH OKFFEG TN RKESEN T HZ L2 LT,
HOPLEICEMIR BB E AL TNDTD | Fox DBREE, ARNITFET DA LS TICiTZ
<D CHFEG DT Do EENRE D53 1-R0 V7 DERERNIZIE, E 3 AR EA A OIRBEET 1T
JRFTHNZ IE A A4 OB FAET Do Ko THL GO CH DI 3 ICAF(ET HIEE
W DREEZITTNDHEEZBND, FZALTFRIGIZIBEWTH, RS EIERIZIB N T, o072 1EE
WEH b OB BELFIET D, TP B2 N CH OKRERFBEEOMRIT, FH, 01
DA GO E | SHIZENS D SO EEZ 43 L L THUE $ 5 DI B R A R 72
fFRTHD,
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M ESRDIRIZIIN 5 IERHiE &
(Rt XKFZXFIREBEFZMER MEBEFER FTAFFHERAEE)
EFEIH

FhRELEIE, BRAZMERT 20 - & b ERNWE L. £ OMAERIZ OV T
T HNETHD, BRIFOMAEMERE LT, B, EBBES. 590, OO SH
TEY, EHEZRS 3 DO O TIIHM —AICEE T X ZRHL 3T T BT
%, SHICENMMEERZbE0H—FmE LT, AT Zaebo & bRy
HLEZz MmN A NTEEEZZ N TN

Lz 6# ﬁﬁ@% i#@ﬁﬁﬂﬁMVbéw@%%i_ UMD a7 IS S TR
fb?“ MR & L CEM X LITEVEE, 2 iﬂ, LOFRIE AT DR D

naaiﬂ“%.’ﬁj!é ELT M BEEBEEINTWD, A0 BHIEL, M BHiglckiT 5%
ZIKE’J&T%EBZ%?%“C%M%U L— ) DiEE) % | 3F7Tﬁf£1‘%uai)>6@ﬁ¢?“5_&fﬁ)éo

W5 R & M PR

LR IL, 10 ROCRFZEZ5LNEEN T 5 Z L IC L o THE 2 otz DV T OB
LCERMbEN D, FEEHERITRIEITOHEGR TR, ZR<52KED 7v—)%
GATED, pIRITICER > EIE Dp 7 L— LTS,

M HERITEER LV b — ORGP REMOWITEFD 11 WIRZEZ O M@ ThH . 2
DR IRZEMZ/NS S DiAte 2 & TREZHERNBEND EE 26N Tn5b, M BEigidZ
zh%zhz 5 WITHNZIAA T2 M2, M5 7 L— 2 LRI A IEAZ S A TR D . M Bz AL

ANVTERRZ NGO T L= R D 7 L— IR b B2 b TnD

[WFFEERE - A« SERT ARG DO HEL E M BERD 7 L — ]

B HFTE BN TV D AN EMERISRIE, FEAE & OEE) & DO ZHBARAIH Z RN 2 &
MOEPND, TR b, R & ERENE D 2R3 5 I AT LD 10 AR 2l &
EBERDHIELTELIESS, BLHGwHTIE, BT L= REDIKBS>T-MERH D Z
WX - T, FZEISEFHMENTRA TN D L O ICR X%,

Bz iX 2 flEDO D 7 1/~/75>< SOV 1) TiE, FERT Fuzzy S° D3
ki & £ ER 1A Fuzzy SSRBEND,

BRI L OGNS, M BSRO T L—rORICHL—HE D1 »
@#TT@%L%?#O SR BN D & ﬁ;ﬁﬁ?uﬁﬂéé ESIN Q
FuzzyS IIAEYERY 72 R T ) A 0% FFOR DOHIZHE D

FS ML EA T LRTE. TOZ LI M BHROT L—
Tz Hﬂﬂku\ot PR Zp P L B /:.\L'm\%s )
2. R OEWER 2 KT Y oSG, S Blo O m1DTL—VRe Fussy S°
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HETH 5 Y 2 CfliE 28FEENL 0T, M BHICH
WTIE Y e EIc k> CTHARICIEMBME 2Rk 35 &
FHECTE5, (W2)

TNHEBEZ. M BEEOT L — L OiER) A IE L
DT L - CHkT 234 L LT, ATy 2 Ui
SN S — U OO 21T o7, BTV S
Lo TEZINDMNEW ZIEM)E2 V=2 eEEISH L
TH — DB O KB 2 HERR U 72 05 S AR IR DB C
). TR Lo THTHMED K E S5 ET 2D T —HR
FAKICEA SRS - AR LT, S5, M BEOKIE 2
BADAATEHAIC. BRI HT 5 AT HER oo REA FuzyS THY, EA MR
PRSI 5 BURR A A D - LA TR B0T, AR RO RTBOKEEZRT.
GeTHERR 7= BR300 M B30 7 L — o OB 4 S0k LT B & BT

.

B2 SOvIE#s, ALSn

B HEE O

1) RT7TY M ATV UMEIR, FIRAFETHEN LD AEEE T, AT Y R, )
TERIND, MEENRET Y UEE] EWIHE, 22 TIIEEOT (qp)ilst L
{qp}=l LB bDEFT L LT 5,

2) YK RT Y UREEDEEEDRTIZ L > THESITON5DIC LT, var
REXEITEE DT L b 9 —DORDGERT ML > TERSNAREEETH S,

3) F— Y BIEREERICB I AL NS WSO D 7L —r OFEB)L S — VBRI
FVRLFIREND, ZOHAIFEMDRKE R HMRTORGR M Blig/2 0T, M B
MDT L— OEBNIANEH OB —VHER LD EE BN TWD,

25 3K
[1] T. Asakawa, H. Muraki and S. Watamura, Int.J.Mod.Phys. A29 (2014) 1450089.
[2] N. Seiberg and E. Witten, JHEP 9909:032,1999.
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EXRFZFIZH T LFMHEERERDRM K & FERLH
(RIERZRFREFHER HhEREZHER) LOETF

2000 LA, AEKPREPREREIZ 31T D R LB SE DR IC L - T, “&F" OfiER
JEHEEN KRG B G20 ZENHALNIRY, TOHEBIIRENISEATHD. —5T, b
RVFEFHREEICR T 2 "B OWEREHIEIL, RINLOMWINBAEZZ T 5720, RErb—
TN B2 T HDFETH DL EHRINTWND., TP RIZ, ZNE T, EFEOWHEREMHIE)
REGCE 2 DB HONTIE, AT EER S LTI Rho T,

;”:j( I{Z¥$ EF' ;‘%ﬁg C: % U’ %) E 5%&4 D %ﬁ:ﬁ'é 43,% (a) Potential Density (b) Potential Temperature (c) Salinity
)%*«%iﬂa:lj:, %&fﬁi—%fﬁéfﬁﬂlzﬁb\fﬁé\% . 21 2‘2 2‘3 24 2‘5 2‘5 27 . 10 1‘5 2‘0 E"ﬁ 30 034.0 34I.5 35I.0 35.5

L, REBOENOIRI & L HICEENR
W IN 2 25 % B e Jg CAF AT &
nd (M1 . —&iC, FoHmEMEE,
AZEOHANZ L > TR S IR WIRE 100 -
BRERIZKKIDLDOMBAEZIT D &

WX TSNS Z &R I LTV 150

2]
=]
|

- 50 - 50

Depth [m]

- 100 - 100

150 ‘

150

5. LivL, HEOWEREIZGE M one
WHEE & b7, ZOTHGBROE miﬂﬂl -
% EREITHE X 5101, R SATE S o o
fRHE T — & MIEREIIC oo CTHEIEELA | e
FIUER RN LD, KREEICPES I

HEWEREEEOEMREEBERLE  “ae  we  me  iwe | e | s
DIFZERIEBNZ DWW TITIRIZICH O 2MT ® 1 Argo 7o—F 12k 2014 45 3 H~9 AD  (a) B
XTI, [kg/m3], (b)7KiE [°Cl, () OEIHF. () 77— kDL

—77, KK EWEOERTH DR AENEZDO RS ~5- 2 DB ONT ORI R &
U, TOEEENER ST S, 16K, Wi AKIR O R EME 2 BEE 9 5 KRR OB HLITIR
BRENIZEOLN TS EEZ LN TWER, FEOHEICL > T, ERITEWVIESGE LY L TE
~ORADIRBE DA DR THEET 2 Z ENBIIFEE L L ORSN, TOREIZE > Tl
KIED EFNEMEN TS Z EREREN[1]. T72bb, MWEAELZTO FTEOEEBE
W )~ D 70 5 BRI TERBAEE OFEM B ARIE, KRRGITx L CTREE 5 2 9 2 /KIEO R EH
WA 2 ECoORERREL 2> TND.

F7o, BEFEOWFERBEEED, FEOAFRABOREICHEL L X222 & bEFEORITEY
RSN T2 [2]. BRI, AERFEHEALERRICRS WO TRICIRS BET DA FRAE TIE, [UEEES
WEMRROMBWEL L TEEL SN TS, T— FAKEFHIN S KIE - Y OB THEST S
NHKHNIER SN D728, DR EZIE DT 5 ARG EIRE & 2 ER S & ORB%R



OIfRITEELRRETH S.

= ZCARFZE T, 2005 4E0 5 2014 4E £ Tl Argo 7 i — M "B IO L - CTRIIE =&
ENE S RERE DK - 7 v 7 7 A NV E AW T, BRI EREMHEE DO EEEZ IO
LI\, FRENE SRS DR L ENEAEEICOWT, TERERR & EMam A MR L, o
KA GNZTHZ L 2HIEL. £72, FHEERBRENBEFEOLAFRABREICE 2 55
IZOWTDEEMRFHEZIT > 7=,

AR A B —FEFTIE, ATV TH S & 7o o T2 ACRTERES I D R EE FEHE O 8hEA% &
BLOZEDOWARER & 2SI OWTIRIT L, FEI%EERERENBEOATFRAEREICE X
BRI OV T OB 1 IRICE T V& RO R A2 w5+ 5.

B FRE O
1. Argo 7m— b BRI S &, REREFEITK 4000 BFRA I TV D KIE - HE5 B E)
BUNFEZS. 10 BT 1 [ TR 2000 m £ TOKIE « HHor 2800 L,
ANTHEEEZ N LT — ¥ 2R ET 5.

[1] Hosoda et al., 2015, J. Oceanogr., Tl. 541-556.
[2] Kako and Kubota, 2007, Geophys. Res. Lett., 34, 111612.
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Controlling Physical Properties of MX-Chain Complexes upon Addition of

Hydroxy Groups

(Dept. Chem., Tohoku University) Mohammad Rasel Mian, Hiroaki Iguchi, Masahiro Yamashita

Quasi-one-dimensional halogen bridged metal complexes (MX chains) are promising materials
because of their optical and electronic properties, and they have potential utility in devices such as
optical switching and computing. So far, most Ni-based MX chains are in a trivalent averaged
valence (AV) state, whereas Pd and Pt-based MX chains are generally in M**M*" mixed valence
(MV) states. Pd and Pt-based MX chains in AV states are promising for new strongly-correlated
electron systems with small band gaps. Although Pd-based MX chains in AV state have been
prepared by introducing counteranions with long alkyl chains,™ their low crystallinities have
prevented their use in optical applications.

We recently synthesized a bromo-bridged Pd-based MX chain, [Pd(dabdOH)2Br]Br2 (dabdOH =
2,3-diaminobutane-1,2-diol) (Figure 1), which is in AV state, confirmed by which was using X-ray
crystal analysis, polarized Raman spectroscopy and scanning tunneling microscopy. In polarized
optical conductivity spectrum of [Pd(dabdOH)2Br]Br2 (Figure 2), an intense absorption band at
0.44 eV, was observed and this is the smallest band gap so far reported for Pd-based MX chains.
Moreover, no phase

ammmmm e m transition to an MV

26063) A T T T T T T T T T T T | state was observed
i-- 5206A = |
2.600(4) A = up to 363 K. The
‘2‘;0;('3)')&"“ § complex shows
- 5206A 2 semiconducting
(o}
2600 A = behavior with a high
o T -
g | | conductivity (0.36
N — Scm™ at 298 K) and
Photon energy / eV "~ | small activation
energy (81 meV).
Figure 1. Chain structure of Figure 2. Optical Conductivity
[Pd(dabdOH),Br]Br, Spectrum of [PdBr(dabdOH),Br]Br,

[1] S. Takaishi et al., J. Am. Chem. Soc. 2008, 130, 12080-12084.
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BfE 2 7 7 Ed percolation(# &)
B4ASM1028 LA

75 7 E® percolation &1&, 52 6NZHANETITTENRNTA—Rpe
0,116 LT, 77 7OELANENTNMER p THED , HEEK 1 —p THRA D L
WOBLEZEZDEDTHS. ZOBRKDS X T, uDT 7 7 DIHMNES LI
INFUTHERINDRD T T T 2BEZDIENTEL. ZOWD T T 70 E
DED MG, MEZAELTWA0E2ERET LI EAHNTH L. AMELIwX

TRITEDITITEUTERI I 728 WBL LUTE, 227705 b5

BOHEMSRSOKRE X, BARMICIXTEADOMBICER L TERINDIE
FHERIZDOWTEE L.

£127757G=(V,E,p)iZxtL T, percolation IZ HERHERZH (Q, F, P,)
RIRTED .
(1) Q={0,1}7.
(2) GOETDHBEY LT THSERIND o-algebra & F 25 5.
(3) HMERMEP, X, FEDw e Q EAREAEAF C EIZHUT, Py(w|p) =

p(l—p)™ %7z HEDEL TS, T Tnildn, =|{e€ F:wle) =i}
TEDONDIBHTH 5.

TP ={e} LB HEEpTwe)=1, KL -—pTuwe)=0%1%5.
TRbbB wle) =11 ij\_eﬁ‘ﬁot_(‘:’a?ﬁﬂﬂib wle) =0FeMPAI L
AR S, 2D XD RHEREMO ETEAEECERRSOKRE I NER
DERPIZDWTHEET S,

& 2 MERZEM (Q,F,Py) ETwe QPEEINTVS LS. 4 perco-
lation IZ L > THER SN T T 7 wDHE, HEZ2EUEERSZC &
KT 5. THIT|C| 2 FDHEAEHD DIHMESDONEE T L. ZOXRLDE
(‘:& 727G @Euu??‘ﬁﬁ+pc %kai,&bé

Pe = pe(G) =sup{0 < p < 1:Py(|C| = o0) = 0}.
percolation IZ#iE £S5 1 DOHEBELRWNRTHHEMT T T EZIRTED S.
BE 3 20DIT7 Gy = (Vi Eypi)yi= 1,2 18 LC, BRZ 57 GiOGs
HZIRCTEHET 5.
V(G1DG2) = V1 X VQ
E(G10G2) = {{(z1,11), (x2,y2)} : ©1 = 22, {y1, 42} € Ea}
U{{(z1,91), (w2, 92)} 1 y1 = w2, {z1, 22} € B}
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g)ﬁﬂi p(G1DG2) = (pl,pg) ti@é

& O DLITARMFETIFIEAIARE 5 UOERIZIEH L TW5. percolation D&
AWM 1] Z2RHT 5 &, BRAHERITIROHPFIZEK SN 5.

WMBE1d>3,Ty % d-EFAIRE U722 EMRDOARERDD LD,
1 1
] < p.(T,07) < PR
1 1
m < pc(TdDTB) < m

AL TIEETIROFE R 2157,
EIE A T, % d-FRIKRE LEREZ S 7 T,0Z 1IZH U TIROFEXDH D 32D

_ 2 _
pemur) < YEZL L ()
UL S 2 IZEWTHBRDFERPBFONTWT, X 5ITTH 5 OFHl

LEAONT V.
EIH 1 (R. Lyons, Y. Peres, [2] 1)

VE+dd—d-d 1
(T,07) > ~ =
pellul2) 2 — =5 d

(d=4)

HFRNIZE Z NI FEPEFICRVIELUEZ EE 3 Z 2o
DT, T,0T3 ~DHRIR % & A IR DGR Z1F7-.

EE B EHEY T 7 T,07 128 U TIROARERDE D L.

pe(Tq0OT3)

- (A3 +2d% —d—2) — /(3 +2d2 —d —2)2 — 4(2d2 + 3d — 3)(d® + d — 2)

2(2d% + 3d — 3)
i 1 O T2 6 DOFH & flAGHLE T, RO EZ 1S5,

T C
1
d+2
COFERDERT B Z A, BRI T 7 WS H A ZADRFEREIZE NS S
T DRFFHERD, [ DR Z EDEAIREEFITELWE WS 2 THD.

pe(Ty0T3) ~

S R
[1] G. R. Grimmett. Percolation, 2nd edition. Springer-Berlin, 1999.

[2] Russell Lyons. with Yuval Peres. Probability on trees and networks. 2016.
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EZEREBREERANEGDAEREDR L
e EFHRH H¥ER OKFIER - REE - REMSE

Nk

(RILX

FALH T AREEHRHURIZ DWW TEZ K ORI ER I TNDR, WELL L OFKIZEEN T
5. ZORKIE, Frex NHIERNEEOEARN L A0 O—BEEZHIEL T RD -0 THh D, =
FUE CARBATE o 7o Mg ) OREHES H ARSI B DETH BT 2/ A A=V 255720, H
O~ VNIV OREELR B OBV R A E BICH DT AMER D .

HARHD D SVFHEE I TIRESCIENC L > TRES BT E 2 NN TV S[eg., 1,2]. &
DI HHIERNTRD L A 1 & — Rtk & iR 5 IS O @RS EBRE F CARERAIT H LERNH
L. BN CTEICHEN STV 2 SR &S EA TR T EREE R (K1) , TAEEE
REBEELH Y, TRENEER BT R DLRE) EFR (TAIUTRARE) ZERKE LT
W5, T AERBRI X E AR AR & LS TR WEIS DHEREZ AT 50, BESHELZLEDT
T DHEEIIREE (~04GPa) IZIRGND. —J7, EHAERBREI IS WEE (2.0GPa) ZFAESHE
HZENTEDLN, BEEROEMAEEZANTWSZ LICIVEEITHE Y B AV, KR EIAE
ERRBHEO 2SR EREZM ESE 52 2N E L.

AL T, IR R U AT K OVRHRR R B O RE R A [BIIZ DWW TR D & 4L 72 [E A8 7R
e W AERBIED 1T — X D~ AB— N —T Z W+ 25 Z & T, ZnEEORIE %R A7z,
SN ERIER 2, EAE BRI 2 W =R o720 HHlEMICEHE Lz & 25, IK#RZE
WlZhle > CTRIBMEAUGET H 2 LN TE 2. RIFSEORRIZ L > TR 6 B~ bz
VCHS 2 RIE NS T CERBEOEREREIT O Z LN AlREL 2o 7z,

<EMRREDHA>
LA wrY— (rheology) : MMADIRENCECICET HME. IRFICITHEERELEEND.

B EERRR#E R (time-temperature superposition principle) : #'E DG SIFERERC 7 U — FRERIC
FBUNT, FRFANREHC A RO R ZAL NIRRT T 5 2 & B &R EE 00 BIfR % 8 & 7 iR BRI
Bl Ao U—MICEMREICE LT, miR (KR CBAEEEL, BV (EY) X1 LR
= DEGEENI KIS T 5.

< AH —J1—7 (master curve) : JEEFFRIERNCHE S T, BARDEESRMOI1FT — & %2 e
N > CTETBEI SE5 & —ARoflfnGons. Zofifiz~ A2 —h—7 (HEiifR) v
5.
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1 : Griggs il [ 41 25 72 2 B

SE X
[1] Paterson, M. S., 1958. Geological Society of America Bulletin, 69, 465-476.
[2] Griggs, D. T. et al., 1960. Geological Society of America Memoirs, 79, 39-104.
[3] Shimamoto, T., 1987. Proceedings of the 7th Japan Symposium on Rock Mechanics, 467-472.
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FT7 V=LA LT ZEFAT S HCV RNA
wEVAVFOELR)—Z=2T
(RIAXRZXRZREBZHAER CFER OLBEH - FRETF - ERHEN - BEF—

The internal ribosome entry site (IRES) in the hepatitis C virus (HCV) RNA genome, located at
the 5° untranslated region of the viral RNA genome, is essential for initiating of translation of viral
proteins. IRES domains are therefore attractive targets for developing new antivirals. In this work,
we report on promising binding and signaling functions of thiazole orange (TO) to recognize IRES
domains. We found that TO does bind to IRES subdomain IIa with micromolar affinity and selectivity.
By using TO as a fluorescent indicator, we are now undertaking the high-throughput screening assay
to identify new class of scaffolds of HCV inhibitors.

HCV (C U&7 A /L RA) RNA @ 5 KuslZFET 524D domain 22572 5~7 B ML IRES

(Internal ribosome entry site) & FEEA, IRES & VAR Y —LD40S V7 2= b & DEAEKIEKIC
Lo THCV OFIRBBM S5, IRES OHTHEFIC domain I HF L S RESNEERTHY . K
90 FEICiph L7-#iEa & D 2 ERHESN TS, BEEKREZEKT DB, domain Il OEGGL— 7
ERALAN Y IR Y — A R EAER T 5 2 & 225, domain 11 1% HCV OFIERPEEAIBIF IS IIT D= L L
THEHINLTWSD, THETIZ, XUAA I XY —/LFFER (Isis-11) 723 IRES domain I /3L U
PECHEAT 52 & D, £z, FEBICE b Huh-75 fIIENICE T 5 LR — 2 —ORERMH S5 29
TEDNHEINTWVD, L L, FOHEFNL, Isis-11 12T SN D Isis > ) —XITRESNTEY .,
KV NRAZRBREAIDOBRIEITIE, FLEAIBIS 2 3B 230l fENOLlR A 7 Y — = JIEDB%
NEELRD,

ARFZETlE, BB EHITHLF T — AL (TO) M lsis ¥ U —XEHP DO F7
—IVEREAL TS Z &2 A L, HCVRNAIRES domain Il (B4 . HCV IRES) & MR A AE M % 3F
fliL7=, ZDO#EF, TO X HCVIRES IZxt L TENIZFREA NI ERBETHZ L2 RMT & L bic, TO
AR E L CTHWD Z & T, HCV IRES F B0 TRED T DA AN—T > N A ) —=
VT B0, ZTRHORERIZOWVWTHET 5,

EFRAFEDRA
c FT=NF LY (T0) R TFT S —VEREX ) B EATFT LT /
S U 7o fEE 2 R0/ Ny, R CITIREOL 7SS, Bl B A v 2 — ﬁv%v[ii

3T HIETHNERT D,
A AN=Ty NRAZ V== 7 RED BT~ ofbibey kemo o
A7V =) ExtgE L, #ah - iGEE R T b O & EE ORI TR LT FRIL

N

S5 30
[1] Punit P. Seth et al. J. Med. Chem. 2005, 48, 7099-7102.
[2] Ryan B. Paulsen et al. Proc. Natl. Acad. Sci, USA. 2010, 107, 7263-7268.
[3] Sergey M. Dibrov et al. Proc. Natl. Acad. Sci, USA. 2012, 109, 5223-5228.
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Quantum Energy Teleportation

(Particle Theory and Cosmology Group, Tohoku University) Jose Trevison, Masahiro Hotta

In this presentation the basic concepts of Quantum Energy Teleportation (QET) [1] will be introduced,
together with the latest theoretical results regarding this quantum information protocol.

QET is a quantum task in which energy is transported in an operational meaning, without the transfer of
energy carriers. In the case of many-body quantum systems, interactions among subsystems generate quantum
correlations in the ground state!. Because of this correlations there are fluctuations of the zero point energy
densities in the system. With a shift of the zero level of energy such as the average energy density of the system
is fixed to zero, the energy density fluctuates around the zero value. Thus we have negative energy density in
guantum theory. This zero-point energy density fluctuations of two separate subsystems A and B are quantum
mechanically correlated. Hence, if we measure A and obtain a measurement result a, this includes some
information about energy density around B. During this measurement, a positive amount of energy Ea is
injected into A, because the post-measurement state is not the ground state but an excited state. This property
is called the passivity of the ground state. By performing an appropriate local operation on B, dependent on
the measurement result o, the quantum fluctuation can be suppressed and negative energy density appears
around B. Because of energy conservation, a positive amount of energy Eg is extracted by the operation device
on B. Note that B is in a zero-energy state before the measurement, thus extraction of Eg looks like an energy
extraction from nothing. This is QET.

For each quantum information protocol it is of importance to understand which correlation is the
informational resource. For the case of QET at the ground state, it is known that quantum entanglement?is the
resource; meaning no entanglement between components A and B of a system implies no energy teleportation
is possible. However, the finite-temperature case is nontrivial. In a simple toy model with a two spins (qubits)
the quantum discord?® is seen to act as a resource for QET at high temperatures. However, so far other quantum
systems have not been explored. In addition, the two-spin model imposes a severe limitation on QET. Only
measurements which do not disturb the potential term between the two spins are available. This is a severe
restriction. To avoid the limitation of available measurements, we considered QET between edge spins in a
three-spin open chain model [2], a chain in which there is no interaction between the edge spins. Besides the
interaction between the elements of the chain, there is a coupling to a transverse magnetic field for all the
spins; with a special control parameter A in the middle qubit such as it is possible to control the correlations
between elements in the chain. A schematic picture of the system, together with a short description of the QET
protocol steps can be found on figure (1). QET in the three-spin chain can be compared with a field-effect
transistor: a charge carrier device with three terminals, source, control gate and drain. In this analogy, instead
of a current entering (leaving) the source (drain) terminal we have the input (teleported) energy for QET. The
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voltage of the control gate corresponds to the coupling spin-magnetic field of the control qubit.

1) Alice* injects energy Ea int -spi Encrgy
) ce® injects energy Ea into the source-spin by —
performing a measurement.
I) Alice sends Bob* the information about the 1) Input 111)
Energy Teleported

measurement result ().

E4 Energy Eg

I11) Bob performs an operation on the drain-spin that
\ /spin
Source Control \ / Drain

energy Es in the process Local Negative Energy

depends on Alice's measurement result, extracting

Figure 1. Schematic picture of QET in a three spin open chain

By changing the coupling of the control-spin with the transverse magnetic field, we found that in contrast
with the two qubit chain, quantum discord is not a perfect resource of QET. As can be seen on figure (2), for
some couplings, even though there is quantum discord between the source- and drain-spin, QET is not possible;
an unexpected result that can help to understand one of the most fundamental issues of quantum information
such as the relation between information and energy.

o014 Maximum Teleported Energy Entanglement between qubits 1-3 Discord between qubits 1-3
0.012 0.04 0.05
0010

0.03 0.04
0.008 0.0
0.006 0.02 0'0‘2 —
0.004 ' Different

0.01 0.01

M0~ Vanishes Vanishes . From Zero .
0 10 20 30 40/1 0 10 20 30 40 0 10 20 30 40

Figure 2. Finite Temperature Results (T=1) for: (from left to right) teleported
energy, entanglement and quantum discord between spins 1-3

Brief explanations of technical words
1 Ground State: lowest energy state of a quantum system, with energy called zero point energy.
2Entanglement: is a kind of quantum correlation that occurs when two or more particles interact in such a way
that after the interaction the state of each particle cannot be described independently; meaning that it is required
to describe the system as a whole
3 Quantum Discord: measure of all the quantum correlations, including entanglement, between two
components of a quantum system.
* Alice and Bob: two commonly used names of observers/experimenters in quantum information theory, Alice
usually represents the sender, while Bob the receiver.
References
[1] Masahiro Hotta, "Quantum Energy Teleportation: An Introductory Review", arxiv: 1101.3954
[2] J. Trevison and M. Hotta, "Quantum energy teleportation across a three-spin Ising chain in a Gibbs state",
J. Phys. A: Math. Theor, 48 (2015) 175302
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PEEERET MK DE I E OHEE SRFE
— ARG HIROTHIZBE L T—
TRAK M ER My P AR BT 2 4 ple i s

WS BIFIEEICA XBORIITIEYEL, IR T2 OFR KR Th D, FroAROLEITITA TR
WHBIREIEEND, ARG IR LA L KA D & E A R OREM AR DS 10 FFRIFRE DL
I T2 B IR AET D AR BV, 2L T, ARV BIRIZRFEA RO REDFRIKEL T
JRFRITE R DM EZ G- 2 el TRz,

ARG BIFOIAEN TR TELOROHE T HR/ R TH L ATREMEN 5, BIEJA it T
WD THIET VT BLASTAM (7 7 A% L) EREENDET L ThDd, BLASTAM (3R ERHINC I
5% AMeDAS OBIIEZEHL TA RS B E THIT 2503, BLASTAM (21X DO SAMF
35, FHITRBANZE SN TNDO TRIEEENC L > TRERL 722G ize>TL
FOET RN TERLRDAREMENE N EW) STHD, 5 12 AMeDAS TIIARDIEDFEIZ
FI < FH R & e I U (RAMR D IR S) MBI S AL TR N EW) S TH D, ZOF Sx iR T
XDET N, WERERIZME AL, BE THET V23 3 DR & B i A b R
% 2LM (2 Layer Model) T&h 5, 2LM [T K5 E ISR 1 36 L OME A E DR D KU S - B 32 % 5
T HE—RICDET L ThHD, 2LM (IZJEGE, KU, FHXHEEE, K E, T h A CKB
HARDOMRS), FraEEREHS (LT, 6 HOKGER LR T 5) 2 AL CEEIREE GED
) O 1 KR FRZR L, ke 10 FEf LA EOTRE THIL7ZEEITA RN HIF D%
HEr TR T DHEVHEAFRATHD,

INETIZ, 2LM 2RI U EIREE, B0, Wb B aE i OBk TR0 FE 03 T
DILTNVDD, 2LM &L TA RN S BIROIRAE T RIDEE B ATHh D0 E ORI A
57 EETHD, F2T, AWFZED B Y%, 2LM 1T 6 [HOKEEZOBNIEZ AL TEHE
M- ZEERIEE O EME, EHiENL P —ICi s TRAILIZA ROEDTENE LT 520
ITETHEEL, FOREEALLICL TET LV OWE ST T528L LT,

BLA T30 B R KR T OG- F-IRSR (LLFETER) , )1 (N EERR) , BE S & (Ta73E0) Dk
HNELTZ, 20 = Hi 288 U7 BN R SR I e A S — M2 B o 7o BGiERS 22
JH7-0ThD, TDO =T 6 HMOKLEESRE, BLW, Emmhtr—2FHL T/ rDEE
DIFNEBLIRILTZ, 6 A BRI (B EETIZ 6 A M) BREXV TN 9 A T (B EH Tl
10 H BA) FTHMIL, /Bohiz 6 HOKREROBLRIEELZ 2LM (A )L CE i E OHE
EEEST -, AN BIRICE T DA ROEDTENITEOEAE O FBOEN2OT, EED
B E OHEEEA B H U, ZLTEOHEEME L EIFILE P —IZ DA ROEDFNE
DOXFI PR Z T, B R (THEEREE OHEEME E, 73D, ARDENTFIL TN EIX
[EEREE E OHEEMED 0, 230, A ROENRTLNCNZ  THHEE) ZEHLIZEZA, 10%H
A0 80%IRD I Th o7, 72771, IBFRR TIXT —#el—OAREASIZEY, 7THA 1 H
D Fimn 8 H 7T HOF R ETOBIANEZ UG TE7eh o7, ZHUTPEW, 2B IR
T7H 1 HETORPEE 8 A 7 HOBO®% BT TR AR DT, 358, NI SICE
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BRI —2 IR, ZO%E5 0O RIZEEL T, ﬁﬁ*&f&*&@#b%%yﬁm -

77, FI/KHATOES 40 cm OEmIEL LY — @ﬁﬁ@&%&)ﬂw_ i, %@%ﬁs%ﬁd\
L7z, ZOMEM MO “HS THOHEIET DONEINEFNDHT=HITIE, ﬂﬂO) ﬂﬁ RCHE D
TR —2FH T2 ERH D, EHT i%ﬁﬁ’]fi HAEDOREEEHOFEED— ﬁx
Lo TRBELAZENTEXLHEE ZOLND, FTz, D IME I OFRFZRICHESEICBZITO 729

5 AR AIHT-DLEIEBGET 20 ERHLHEE 2 LD,

ABRETO 4 A TES 17 AF01 q};t*of AL R FE Y BRI ZER O B Rz T
AT 28I ER OB EMESE L3 22 (E 21T B COBLE T o7z, D EEITH
JITHE AT RN B — G IRIR TR T2 TN E Y —% 1 7P~ TELH
BATHT2EZA, I DAAIL T IREE LTINS, BEXOXAIL T INE OO0 6 BRI 8
RERNZE LR DN =Rl oTe, DT —FE T LT L2 AR EMIEITHEL ) -T2 DT, K
ZOBINTARDEDENEERmIENL P —DIENL O IEETIE T LN DD LR
Iz, 728, B HRR CHEALZEmDRENL e —IZBAL T, 2014 FEFICHAEE AT, xf
IR RN TIERD BN,

2014 FHZEOR IR TOREIZIB N T, AROERDIENITIIREISTT, 28 THER,
TREOATHE, REGED 3 A THHZEEF LT, ZOZEIIZOMIRIZES TEE/R
RTHY, EBICHIG AT RIT IR R Do 722 ThD, B THET2EESEES
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2D electronic nature with strong spin-orbit coupling
in unusual Bi2- square net of layered Y202Bi thin film
(Dept. Chem., Univ. Tokyo?', Dept. Chem., Tohoku Univ.?)

Ryosuke Sei'?, Daichi Oka?, Tomoteru Fukumura?, Tetsuya Hasegawa®

Layered compounds with Bi
square net structure show

fascinating electronic properties o
]
such as the mass-less electron °®

850°C, 11 min

carriers in SrMnBi, [1], and the § EEEOE N, Ar,20Pa
ke —_
superconductivity in CeNiosBi> 5 — B s;::c?i?:e
[2]. Recently, a series of layered o Y,0,0.7 nm
compounds R:0:Bi (R = rare CaF, (001) sub.
earth or Y) with unusual Bi* ' - ‘
square net were synthesized in Multilayered Precursor YO e

polycrystalline powder form [3].  Figure 1. A schematic image of the synthesis method. Right panel
In order to investigate the  gshows the crystal structure of layered Y,0,Bi [5].

intrinsic properties of R,O:Bi,

single crystalline samples are desired but fabrication of them has not been reported due to the strong reductive
state of Bi.

In this study, we succeeded in fabrication of Y,0,Bi single crystalline thin films by a newly developed
synthesis method utilizing multilayered film [4,5]. Figure 1 shows the schematic image of the method. The
multilayered precursor film composed of nanometer scale Bi, Y, and Y03 layers were deposited on CaF, (001)
single crystalline substrate at room temperature by sputtering, followed by in situ heating in order to promote
the solid state reaction.

Figure 2(a) shows the x-ray diffraction pattern of the fabricated film. The sharp Y»0,Bi 00l diffraction
peaks were observed along the CaF, 00n peaks without any impurities, indicating the successful fabrication of
Y0,Bi single crystalline thin film with c-axis orientation. The full width at half-maximum of Y,0,Bi 006
rocking curve was 0.53° in the inset of Figure 2(a), confirming the good crystalline quality of the film.

The electronic transport properties of the Y,0O,Bi single crystalline film were evaluated in the range of T
=2-300 K with and without applying magnetic field. The electric resistivity (o) showed monotonic decreasing
with decreasing temperature, i.e., a metallic behavior. The value of p was one-order smaller than that of
polycrystalline powder due to the good crystallinity of the film. Figure 2(b) shows the magnetic field (H)
dependence of the electric conductance (G) at 2 K in out-of-plane magnetic field, where AG(H) = G(H) — G(0).
Cusp-shaped AG was observed and well fitted by the Hikami-Larkin-Nagaoka (HLN) model®, indicating the
two dimensional (2D) electronic transport with strong spin-orbit coupling in the Bi*~ square net, similar with



topological insulators? which are the candidate

of innovative spintronic materials. The 2D
electronic transport was also observed in angular

dependent pmeasuredat T=2Kand pgH=9T
as shown in Figure 2(c). The p showed |cos 4

Intensity (arb. units)

dependence where 1 is the in-plane current and &
is the angle between film normal and H,
demonstrating the 2D electron conduction varied

by only the vertical component of H to the

conductive path, that is Bi* square net. In the
presentation, we will present the details of our
fabrication technique and the electronic transport

properties of the Y,0,Bi films.

90780 270360
Brief explanations of technical words e (T) 90)
The HLN model is widely applied for the Figure 2. Properties of Y>O,Bi single crystalline film
analysis of spin-orbit coupled compounds in  [5]. (a) X-ray diffraction pattern, (b) field dependence
order to investigate the mechanism of the cusp-  of conductance at 2 K with the fitting by HLN model,
shaped field dependent conductance. and (c) angular dependent resistivity at 2 K and 9 T.

2A Topological insulator is an exotic quantum

material possessing spin polarized mass-less electron conductive path without dissipation at the surface, which

is expected for the application of novel electronic device and quantum supercomputer.

References
[1] J. Park et al., Phys. Rev. Lett. 2011, 107, 126402.
[2] H. Mizoguchi et al., Phys. Rev. Lett. 2011, 106, 057002.
[3] H. Mizoguchi et al., J. Am. Chem. Soc. 2011, 133, 2394.
[4] R. Sei et al., Cryst. Growth Des. 2014, 14, 4227.
[5] R Sei et al., ACS Appl. Mater. Interfaces 2015, 7, 24998.
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Ramsey O &3 & ¥ s

(ALK AR A BEHAWIER 780 /MR K - Florian Pelupessy

N A BHEROES {(0,1,...) 2FRT. UTTREAENeN 445 (0,1,....n—-1}CNZH—MT 5. &%
HEXCNELeeNIZHL, [XI* TXDentEAERh{ScX: |9 =e} KT LLT 5. Ramsey DEEIL, [I]
T 1930 4E 12 Ramsey (2 & o TAEHI EN72RD 2 DO EHTH 5

T 1 (AR Ramsey DEH). EED ecae NI LikZiii729 Re NAFET 5 :

(1) EEDOC: R > clcHLdHb HCRMPHFHEL, [H|>abD Clye B

mneNIZHL, Imn] TEE {(mm+1,....,n} &, [(mn]® T[{mm+1,...,n}]¢ 2FF. 1977 4, Paris &
Harrington (& [3] T, 4K Ramsey @B DILIE Td % Kk Paris-Harrington JFEE & 131 % IR DAy

(PH) FE®D ecaeNIIHLKEZHT Re NWFHET S :
FEEDOC: [aR > cllldb HC[aR PHAEL, |H| > minH 72 Clge 1EEH

X, BETH5S (TEOBERTEZENIZK D D) 4% Peano Bfif PA TIZAIHTE 2w L 2R L 7.

ARIFFETIE, e=21Zx9 5% PH DW= 3 »Th a8 WPH &, Dickson DFREICHIRT % iy MDL %3[H
HCThDHI L%, BHFOMRSRRCA; ETRLA. BT, WPH B XU MDL % E#73 % 720 I HFEOEM % 5.

¥4 WPH ##8A¥5. f:N - NIZxL, 5% C:[aR?> — c » f-good TH2Lix, 5 H =
{hp<h <...<h}C[aRl & k<caHEELT, |Hl > f(minH) 222, FED i <128 L C(h;, hiyy) = k 295K
DO L ThDL. FHTHWVWEEXCIE f-bad THDLEE.

WPH., i3 kO TH 5

(WPH/) EENDacNIZHLHL ReNABFAEL, £ED C: [a R - c it f-good TH 5.

WPH. 13 PH I25WC, e=2, minH % f(minH) 2L, Cligp W"EETH 5 L) FHZHHDOIHDTH L.
WICMDL #8 A3 5. M= (My,...,M._1), 0 = (Ng,...,Nc_1) € N T L, BEF <2 mM<nh o Vk<
c(m, <) TEFHEL, T2 Mo = maxpec M EED L. FlMy,...,Mp € N¢ 2% (a f)-good TH % & I,
Vi<D (Milw < f(@a+i)) ThVAD, F2EHDi<]<DIFELTM < LRDIETHD. 2) TRVE X
HlMy,...,Mp X (a f)-bad THBEF.
MDL/ ZkD F#ETH 2 :

(MDL) fERD aeNISHLH% D eNAMFEL, LRI M., Mp € N I (3 f)-good TH L.
A IIROFBEREE
#1582 (0. and Pelupessy [2]). RCA; TKROZ L25GEHITE S : f: N N &#JMD, ceN: Lk X,

1. f-bad %251% C: [a, R]? = c FAET UL, (a f)-bad %4 Mo, ..., Mr_y € N BT 5.
2. (a, f)-bad %24 My, ..., Mp € N¢ BfEfET UL, f-bad 251% C: [a, a+ D]?> —» c HFEAET 5.

CZDTEPLFETROZENHES ¢
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FI 3. RCA, I, fEEOIMD % f: N - N & ce NI LT WPH. & MDL, i3
2512, #iEDRIE Ramsey BT A RDOMRE G2 5.

THE 4. TEOHFRY S GEEOERTO) B f L% acicdl, Ri(a) =Dl(a) +as it s. 22T,
R (a), Dl(a) &, H#%k alcw LZheh WPHL, MDLL #9379 2 & 9 AR/ OHRB RBL U D TH 5.

R5 EEOHRM acIIHL wre(a) =a BIKVET B, 22T, wre(a) 13555ERE Ramsey DFEIEH K ) 72 & 9 7
RNDOHRBTH %,

Ramsey FLOFHEHIE—ICIEFICHETH 5. HlziE, e=c=2, 525Nz ae NI LT @ Zizd RO
RZzr(a) £HLZLIZTAHE, r(5) DTS R 2014 FBUEREE L TW AR VET]

—JT, D! OIZEKAD bad ZHOEEHLEET 2 LATE 20T, Az (I kY mshTw2 Dl o
7S @I2EoT R ofixhkkdb I ENTED.

BFIRFEDEEA

Peano HAff HARKICE 2 AR OBUAR). WHHANER R K/NBIR, 0 & 1 MR % EHARI 2 BB § % A8
&, BFWNIRMEORE» S5, CORRTRARBOESGZR) L3 TE RV, F, [EEOESE X
WZoWT... | [HEEEYIZOVT. .. | LvosmElER) 2 LIETE RV,

W B ORFOE] (2 2BHEMOSHETERLLZLD) 2, ZROZHNT 7201052 2 BEMOA
HOMESICE->THEHTAILEFHME L, BY Yy 7 O5FICBIIAMET 0 T A RO E
HEPMCHEEORFDOIZIE A EOERIL 2 BEMOSHTERMLT L2 LATE, £ OEHN, KD Big
Five L IFIEN 5 500 2 BN OHH AR (Db DIF LHR) RCAg, WKLo, ACAg, ATRy, IT]-CAg D1
MEFMEICR 2D 2 L5 oTwD (FHFRR).

RCAj RCAq & ) b5Vl ez AMR. BABORMICH T 2 AR L, 20 MHAICHT 2k A Nas
B, 2L THREMEE (028t »5%5.

Ramsey #{ A} Ramsey D& (RZOWHE - N2 —v a3 >) F [MEEO all L RBFAELT... ] EwHEE
LTwa., ZoL&520N7z2allLTE A28 /o RE (FL£HT) Ramsey B EIFES. MA
AbE@mIcBVWTIFEIN TV S,

S ik

[1] D. Figueira, S. Figueira, S. Schmitz, and P. Schnoebelen, Ackermannian and Primitive-Recursive Bounds with Dickson’s Lemma, Logic in Computer
Science, 2011 26th Annual IEEE Symposium on, 2011, pp. 269-278.

[2] Y. Omata and F. Pelupessy, Dickson’s lemma and weak Ramsey theory, ArXiv e-prints (2015), available at/1512.02954.

[3] J. Paris and L. Harrington, A mathematical incompleteness in Peano arithmetic, in Handbook of mathematical logic 90 (1977), no. 1, 1133-1142.

[4] S.P. Radziszowski, Small Ramsey Numbers, Dynamic Surveys, http://www.combinatorics.org/issue/view/Surveys (2014).

[5] F. P. Ramsey, On a Problem of Formal Logic, Proceedings of the London Mathematical Society s2-30 (1930), no. 1, 264-286.
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A AR D Z2 M3 A BT 2 B MU BRI
CRAERFZRFPE B e R e i) AR EE

1. (ZL®IZ

HARD LR Tr, HESCENICEWBRE IR E O T & i 35 LA ILOR T B EE A A D K5 1258
AL TWD. BHEAZEE, (LHOMAKEEICK T2 EERE I THD LEMINTEY, TIvE THL 28
THEZL L ORI ST E T, FRCAERO AR DR, & OREMPHESRFICHESNRD L) 2N
R shpWR, STETIE, IWHISICRT 2 EEZER OyRIC L 0 RS AR EZ bz 54 KEIC
HET D7 —ABEMLTREY, REOSMEIE X OREDTMEBET DR, IO fEAEBR ORI
DO—Bh & LTHIEFERIC, TRKEORK, MKEO—B L L THEMIZZEREREEN TS, AR TIX
2004 FEHHR R TEUE (LT, PBHEE) (Mw6.6) & 2008 445 F - ik AkEE (LT, NEHE) (Mw6.9)
ZXREF L L, ZRENOHEIZ L - THA LICRHEAAEO SAAEmIZOWT, I, WE, Ko 350
WENLEBLRL, RMEOMPHENHNE AHTZE2B0ETD. S5, FH T L OELBEIT, WE
OtEtE, FREREMELZRH L, TOERZHERT D.

2. XIS & E R
HBHIER - TR IR B 7 (AL S 2 fE & L R, R TR HERE S S O S h 5 L,
PREHIER - B SR ALFR AL B9 2 B FF G2 L LRI R 5 2 SRR LU m SR ST PO i LB O S 5 ),

3. WFFEFik

HURF A E A HE A ISR Sz 1:10000 % 7 — 28 EEZ2 FIWT, RHmEAREENIE A LICAE, BRI
Koo THEHE U7 fiPR A4l U, RHE AR A 2 ER U7e. BB XA i m RS (m2) 1268 U C, /g e
HONORERE, KEBRIEHRE, T <O, ERREL DB L. S 518, AEHIBIRE#IER 5X
5m DEM % W CTxRMUIRN O Z S (R, R 507, Mewrih=e, sEkrih) 25315 Lz, HEIEank
DFATHFFR ORI % F o, el =8 & Bl R O & 12, 9 SoORMEERICHEIND. FHRITEE» D
DL E— AV b~V =F o — REEEE U i KRR EE o MR 210 & HEE e R HUENE FE 55
fizFEE Lz, GIS Z W CHEEM & K BER 2 ERA LY, RERI LIl L.

4. FHER
a) TR

AR 4588 # 7T, 9 D 6% RBAIE TH® bz, &k E L TR EMESIIEML, 35
~45° fHETE =27 RA 6N DD, HIT <0 PEREE TR EUR T2 < 84 L7e. /NRBLR BT
ER~F RN & ORMAEIZZ < AT 2R R S0, BN 5 L Em S REICZET 2R o5,
F iz, AL = BHE CORRES D 2, fElrh S, BN 58 X W A RN K 2 0D D AR
BB X O FIIEARA NI R S 2 < BAE L., FFEOHERFICERT2EMICH Y, Ryttt > v
v ¥ RS IR B S TR DB I EIZ % < 84 Lie. HUBINEE 2D\ Cik, Hid 0 PERREE T 340 ~
360 cm/s2 (2, /N7 HREE Tl 280 ~ 300 ecm/s? IZZF N ENE— 27 NA L.
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b) Pt

AR 3115 7 HT, 5 5 63% M RIBAETEH® Lz, RIS PREE X 0 & KB fEENR £ <
ST 5. RS XL ORHEIC DWW TR S SRR O 23 /L D aviz. Kb 7071 L 3R E A EE I
ROV TR SN b DO, KB FAEIE E bk & R 0% AN B LT\ D, RE O M IZ 4
T HEEMIC S D, /N AR T LS TR S AL D IR TR 2 s, KB 7 A L s
JIEEAE R P01 W Ao R DS JEH TR R S D /NP U CHRAENBEE T o 7o, HIERIEEE 2D T,
RAAEEDBIBUZ L 577200 ~ 240 cm/s2 TE— 27 BEONIZH DD, WEIZHFIRRA o057,

5. BE

iR & NIRRT T O RS HIEE O S5 A B[R & T, MV, MEEINEEE &\ o 7 B TR S & L
ToOXoIcELEDLNS.
OEA & HEWTE =R, BRI OV T E L L OMEBICB W T HLRBOBMES LN, 812, MEASE
TR BE R O A ICHIERN SR T AN & 5 & vbiy, AL & TSR, AR R IR R e iR I &
O P HEARBIROR M E L TEBRTE D /SN 5.
Ot S r, HEAEEEIZ IS U 7o BB A0 DR D IZTFHNC L > TRZR S, R T DOV T HVE RS
EOBERE: (RIBHI72 &) DS TWD EHERI SN D, F7o, HEMSE & Ao BRI F6lc
FoTRRLZ LG, PEICHCMERORZEPARIHELDLEEZEZDOND.
O E DML HICEF T AN D 5. WEFICB O T H MBI T 2 IREENE <, MEZFHRN &I 5 AiE
FEORHO—D L FEZ 5. BWNFAKROEE L O, 5 XOMERRHEICTET 2 BEENRA =X LDEE
PETHS.

B HIEE O

GIS (Global Information System): (ZE<CZERIIC R D k4 e iEH 2 Hi G b, HEROGIT-CMAT, [HHo
HAMICFRSED VAT A,

DEM (Digital Elevation Model): {EE D A v ¥ 2 NOREEEZ ¥ L7 88T — & & > b MmO gk
DT VB VKRB AHE.

W

# 30k

(1] JUKIER] « (L2 « STED - IBEER (2005) 1 2004 4EFIB IR FBUIEEIC & 670 5 g0 - HREEoAn
—Z O L FEHITE A —. S HE, 46-3, 145-152.

[2] PEILEE— - TARRMEGL (2002) : 1982 R 5 S E THA U 7o R B EE O HUB ORI TR 7Bl A
JeFTAE R, 45(B), 47-59.

(8] ANl - BIR=ER - BRI — - RIF AL (2004) @ FEEBHED 5 753D 1 K (Ver.1) HUE
ARG v & — ST ERHE, no.412.

[4] AEAHE - RBIEEIUAR (1986) : 1/50000 HIE X35 L ORI, ALAHE S AR AEAM I VB BERHE 2R 2 &
- D 8 HEilEE L — k No.20 (RE-MIg-1ER), F3CE, 1-2.

[5] 53 (2002) : WS 5 & ~C i F AT RE 720 5 AN BE D BRI R 038N & LR T. TR ZE i, 63.
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EFANAZAL—2302AVEANADATAY IMARAIZED
HROTRAX ANDBREE

oA EHEFEF[1], T& P[], BREP &[], TH WB\E[)2], KIF HEX[2]

[1] RERZRZREZHABDRANFER RIREAZAZRMBELHERN

1. AFFEERY

Fox OFETERAT R (CROJIERIT) 130 LS 2 D 2~
DHRTHERENTNDDTIEARL . XA N EFI S ER
RPN D & ZAIZTBIELTWD, ZOX A MIFEID
B DU LTSRN A L L, TRAMIRZ TR 3%, R
WSRO, DFVESTOFHEZBRT BT F A Mk
DI L BRI B DA L2 T HIE 2R B 720, T D12,
ZA NN EDHFANT EDL BWIFIET D00 5D Z LIk
= FEHBNCS W CIERICEE R Z L7,

AR TIZZ NS DEREG D012, 2006 FICH B EIF b7z B ADERIMR K SO &
[AKART ] OF —H ZH\\5, HRIICH 21 .50 TR S5 ERIMR O KBS (K 1
ZH) 1L, BRI 10 FE OFWIFREZED . 4TRSS HERH THLHE
WEN/=Z LT, LUK A MOFERPELND X HI1272 57, AKART O Z OFfEf 7 IR
T—HERNT, ERTOX A MEBE~ v T2 {Eka BT,

Fex DBUHITE 2001, (EDOIENREDLS BV o TNDMNENS ZEREITFTHD, Lol
ZANMIBHOREIZS Uzt (GRS 75720, BT — 20264 A N OIRERHRD
HId, FERRFEOY A X 8 FAA RIS D Ao XA MBENEIMEIZ/D, 2K E LT
EDLIRANRT M ERDNENIETANENIIR, TOET NV EBIEZ B L THX A MO
FERNDOND, Lo TANETIETZOET MEV ICEF LTV,

X 1 : AKARI O 4 KisEARIME S
(©JAXA)

2. BFFEFIE

A NMIREZ DD ORE SN T DERT D Z & TR ORF O R UF — 3R S Ui S
. RIMRE T2 2 L Copx X —2 M LGHEIT 5, ZOWRIN, I, BHIOV A 7 1%
DT Z LK TH R NOREITIRE S,

B P A AORKENFZ ML TiE, BilEfln K& W oEBEIOL -3 E RS5O T, R
EHER NI B o T ERIRIBIZEST D, — R A AO/NSWE R NI, 67 & OFZEHEENE
L <L, BRI 1L F— DK MRIRRRE Tl 2328, Mt T2 WINT 5 &, s - &R
A2 RE LTBIIENDT-, A NI AT v 7 ITMBGETEZH 5 LEN D D,

DL, NEVWHARNTOANDAT AV O EMBZERTSLHIC, ETAHILOSZ2
L—>3>z70, REVWAAR PEWARANEVSEEIZZBL L, —EEBEFETHARNEBE
ORERBEEIEL L.
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Ce:Pt.Pb OEN TS HERFE

BPHMANYEZFER BEREFUEMRIIL-—T EE @

mtfIFE Ce (RY L) 250t Y v AER{LEMIL, TEBXIEELZMH S (REE T
& TREMEZ S Ce A AL ND 4 ET) BREDOL L) @b iR (LR, 1B %278
T, —RANCIRR OB S IIWEIENE M2 D 2 Tary ba— &, BERNELS 25
(PR DBER RO AR T D HE RSN TV D, BLRENZ L2, Z OBSERFE N EAT
LA TR, BECE B O P R RO (B A 0N RBT 52 L8, 0o
DOYEIZBNWTHRAINTEY , ZOBEERIEECE TR E LI
HEHRIATDOA TN D,

ABERTHRE LTEWEIL, A THEEY CesPtPb TH S, CePtPb 1%, K&UE(0
GPa) T 1 IZ/RTHRIZ T - T 2 DMK IFHEZ RO [1], Z ORRICHEE OBSFLF
FEEHSZ LI L., BRERS LIEEEIC 2D ORKHEN EDREICE(LT 5D &0
I RNBRELS | EBEESCE CIEABRNRIT L L MFETE D, o T AT
R TITENZAM L CERBEHIHEZITV. 2o 0BG OHRE Z kAT,

X 2 13K ECBT D akidy (52 HNL TWZeVIREE) OB SIH O R R AF M
DFERTH D, T Tne TRENVDIREICB W T TR DR I N TR Y . FFiZ
0.46 GPa(4600 =U+) LA EDJET) TITHRWREIN TR LT BEEOIRBVNEZHER T 2 H N TX
oo BT, PFETRESGF ORE ATV THEJ), NREE), B O3 2D/RT A—4—
D725 3IRITHI & 1B LTz,

BER TIIABTE THERR LT= 3 RoTHIX % Jei, B R H AL CePtPb DRSS E D
e POICHEET D TETH D,

140

Ce,Pt,Pb
4 | | | | 0T
® Resistivity 120
A Specific Heat
3 no___ | 100}
o _
o ~ 8
M 9 . — C 80F
~ A =
I )N <
s | 60t
i VN
A q: n\. — 0.35GPa
! II \ 40t 0.43 GPa 1
0 | | Al b —— 0.46 GPa
0 1 5 3 4 5 —— 0.86 GPa
HoH (T) % 05 10 5 20 25 30
T (K)
B 1 RREIZB T DKM, 4 2: 457 DO ESAIRGUR OIRFE
ZEIHR

[1] fepE B 0 A ARYESS 2014 4R K2 30aBE-11
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K2 FERBERE R IS B T A B M FE Al A B E LT
TR =V BRIV ANZED MHD v Ralb—iay
CRALRZFZRZREE 2 IeRE HIERY) PR 51250 FRIEADAA[1]
TEHEBI 1], AEPIEEIE[1], \AKRZE[1], IAATPEN[2]
[1RAER SR B BT TR, [2] T3 R R B B FE R

TR VARV (KH) R E S, 2T ORI DE B 2 o THEL CWODIREIC, 2 o8l
THRETOMAENARLETHY, HIlELIMER T e —~ L L350 (KH) IE XN DI E TR
T ADTEDHOIL TS, KK DOERBIZTEDIHSC, 1)172E TRt O R DN NG i T D HE 7R
ETHREX DM ENID KH REEDHITHD, BEENTIiE, B2 R R im S K e O
FEL T —BE R L7257 2O BRI i S 2B\ T KH R LEE DR EDSAFFS IS, HEkE R R
23V Tid, Hasegawa et al. [2004]Z (30D EL CTZILETIZ LD KH F OBLANF 3 #H &5 X TRY,
F7o, PRl — T al IR L o TR R SRR E 7T X~ O] C OER) o= L — Dk D% E
Z KH B DT E RS TETz, —J7, 2ERI72 B A B
RO IR LR TH DR OA S Tl BHEE KRS E
BERAERNZ T 2REICHD, BUIKEGRO AN R OERE R micks L
WT KH & FETHITITN oo TR, 2O ENTEHEif j
SV TET=, Brace et al. [1982]72EC KH N2 BT R KA FH 242 -
SRS T HIMFEDO— D LRNFHTLENIRIBEIL, K EDKRKHE(L
ICBWTHEER AL THEHIN T,

KH 22 E DORFEELR DD . KH ARNZEE DORE R 1T 2> D fEfih
TIROE S T — LB E IR F T D20 TWD, LinL, 20
PRI BRI LA R OEESE DR 4 L TS T | BIERY T
W, BB ORE L EZBE LT KH R LZEOREEBZHIZIE, 2 —a RN R R ThoHES %
%o MERDREZE 77 A~ ERKBGRClE, £ O ITBEREE TH O, KEOERERE YT X ~E K
JECIE, 25 B 23 10005 R FE 12235 2 E MBI C 075 T D[ Duru et al., 2008], & EOHFIEIZES
WC, ZOEWEE LA EZE L EAMBER RO MHD (B A4 v 2 1 IRE 72 d) 32 —tabin
1T, KH RETEDR K E R BIIBE I > TEb L, BEENERIUTRDIFE | R
ENELRDE VST iEN R &N,

ZNETIZKH REEDKEZTARDIZOIATON TETma— v Ialb—rarOlZEAS I TE R
RBThD, AR REAVDLE, FHRBERNICIEEUFET LN TET | oM AEM
R0, ARV ST B AR T HIENTERNEVI R R DD, EEERORIL, 1272 — 2D R
TET DD TIEARL B x BRI ENFAET 5720 T KH REZEDRHEL TV 20, JEA IS R EN T
1720, Fe, BNZ LT, K EEBEE XK S E AR D HZ L D307 > TV D [Duru et al.,
2008], B ENE E AR A HH L, BYHGER AR I\ T, EBERE T X~ L KBRS 7 X~ D
EREWNEDHZENTHIID, BT KH NEEDOKREICER T/ 37 A—FThHI20H, 20
KRB E AR BRIV NDRETHD, A ITIEFFTER RO /—a—T BT NVEAED Zibm2
FUZOWTRRZ L, FEEMEE R 2 L7256 GEEMIET V) LER S E AL Z B LI5S (&

2. HERRESE FEIZR1TH KH
1% [Hasegawa et al., 2004]



JERELET V) D KH RN EDFERE T ~T,

FHEHE T VLB E AT T Lo T A TR RDERPFET D56 O KH RN E DFE R 2T
BT DIENTET, JAHRER R ORER LI L7224 ORI CIERTFRR 7S 2 g8 L. ZOFExt
PRI |2 o TR BERE SR R SR DD L7 fii 15 <0 . ARG VRN AL 5 = <M (Elongated
filaments) DM D IO A RO Z LN TETz, ZOERFEE EIROE RO D L7 fi 5%, EREE D
RWEZAIMFAET DEIDWAT %R D BT 2% EN 2 FREME R &Y | KRB KR EL T 59576
PEZRIZL TS, EMESBMROD IO/ IE, BEARET L TIOBEIC RO, 62, 2
ETO KH RLEF, BWNS T > T KH A ZENKEL ., IER L, R EL TV
V=M DATROHE THDHEEZ BV TEIZN, B E AR D580 12X, 5L L O T il 2
TR T HTEEo T, DIBIRITRT T B8 1% S 6 D 205 M OARHEDMFAET DT LTI H RL

“o ZO%ITDODOWEDARIITRT T DD DARHE 5520528 C IV RERIRIEZ AT vl REERH 5,

CNETORMBS R TIE, B 22U 2 O TR BURR 2 LR - TE 7z, A4 Ax OHWIZET
IV, FERERE A A 3 E DR EE RS IR A~ B L 72 2 EAERI TSRO D ZENATRE TH 573, A Rl
FHRBEIR N K B BB P ERO RS LR TUNSW oo | B AR O A 2B DB R ORI
FLT, BEABRHLGEIL. NG H L HATE0—T0 % E DOBURR LR HZ EAVHIBAL T,

S5 XAk

[1] Hasegawa, H., M.Fujimoto, T.D.Phan, H.Réme, A.Balogh, M.W.Dunlop, C.Hashimoto, R.TanDokoro,
Transport of solar wind into Earth's magnetosphere through rolled-up Kelvin-Helmholtz vortices, Nature.,
430, 75511758, 2004, doi:10.1038/nature02799

[2] Brace,L.H., R.F.Theis and W.R.Horgey, Plasma clouds above the ionopause of Venus and their
implications, Planet.Space.Sci., 30(1), 290037,1982, doi:10.1016/0032- 0633(82)90069-1

[3] Duru, F., D.A.Gurnett, D.D.Morgan, R.Modolo, A.F.Nagy, and D.Najib, Electron den- sities in the
upper ionosphere of Mars from the excitation of electron plasma oscilla- tions, J. Geophys. Res., 113 (A7),

A07,302, 2008, doi:10.1029/2008JA013073.
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FARBMFICKYFEEIESh LT LMIEDORS:
T=ILTZILZODEFRIIVIERE
(EALR 2R E A 2R ) OdbBpds - /N i+ - RE S

SREEERIT LI LI, BBILEYOREORS A 2 Y Uiz e ks & 2 a3 2 BOG & (2 e 3 2 fil
LD, Bz, BAR-EHZ Ay 7Y U TRIRE, NT VT AERIC K o TRF-R U EE
BB LORF- T UG EOW L, BiCRFB-RFREEERT DG TH D, ZORER
PERREELT & 2 03 TS E, B AEE 2 RF OR3GO FERCZ N 5 o k7 & ofliic ks
WTHHTHLZ D, BAICHIER 2SI TS,

WUHFZESE CIXLART, SR[E 722 R B K E(C-H) 5B DY & 7% 5 A 1Sy W EOG Ofiht & 72 % 4l
ROBFEZBRRL, 7A FENL % 2 DFFO@REE A 26 LM, 85K AL, 71 FEfL 1o
FFOWRD 2 DOFFH(IX 1T LV, C-HEEEMBIED BAFfibiit & 702 Z L3I s, H—
(2, 7A BN DOBRNWVE TGN L > TRRTLAETEE &R0, &ROMBIEEOIEN
ZE 5 C—H a0 UIEr LN 2 ET L3 < 3§75, B, 7 A BN F-23 &8 Lo KRR
it & B ITHEE 2T LT

BEGERTTHOBLEE) TX 2728, BTz ReSi /SiR2+R3C_3_H sto,mz - SR
2
RRIEE DR - BUST BT D L RGN Mt
RsC” L,
A AR A MERRE IA1 TARBREFEF OHBEAOK =B D ERRLF
i) D M= ,L=1d
CERT 2 LR TE D, ( 2F)

UUHT, FAIE P TAFARAT 4 VENAZ G T DT =0 L66K la Zfiifite Uiz, 7V —
TN DRFRIR S U WACEOSIZ K D 2 DR Z#HE Liz(Scheme 1 B2, Z OKISIE, HEHER
C-HfERBLOE RrT T 0 Si-H G2V T =7 A L TUIRr &4, #HizlZ C-SifEa 23 Bk =
N5 LIFIFIZ, CEC ZEAEANKFILENTC=C “HEHEALRD LWV EEREWNISTH D,

A AL, S5 L DOFRAT ¢ VEMLFOEREZZET L, SR OOEEBE S LUNLIER
REAZZESE D Z & T, FRITx 3 2R & D K 512 b T 2 E~Tz, T7bb,
la K0 b mD/NSRARAT ¢ VENF AT D8 1b 0, L0 EFHEENEDRNAR X7 ¢ BT
FA2ETHEAR 1c,d 2l LT, 7U—=ATIF bt Fuv It uzmat Lz, 0

KR, ik Lo,d gy L Scheme Yo ” EARZ]
THWD &, HEB CH i O O N cat. 1a,b ( )
A0V B LN CEC = ¢ H-[Si]

MeoSi § SiMe; | (ppossy)
HiiAOEe Ryl iz Rlu\ ~
85 E U LR co . )
S0, 3BAERT A L AR Ot <o) Ry
Hi L 7= (Scheme 1 ). D09, A0 — BRI FRRD)

[1] J. J. G. Minglana, M. Okazaki, K. Hasegawa, L.-S. Luh, N. Yamahira, T. Komuro, H. Ogino, H. Tobita, Organometallics
2007, 26, 5859. [2] H. Tobita, N. Yamahira, K. Ohta, T. Komuro, M. Okazaki, Pure Appl. Chem. 2008, 80, 1155.
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ARFBRL—F—ORBICATEERZERB S VR 2 DR
(REKRFAZRESHAN WEFER) OHAE

(5=

AHEEER L — P — ORI, mOVEREENLE RO, FHEARNCERED* v ) T &
ERTE D*MISFET #1E (K 1) 2 ORNT A ADOWFENBUERE AT T\ 5, LMISFET
DR FECFEILLLT,

F— NEBBICBILEV) 2D 8T, Ty /30 X (ar7 oY) OFBICID ERENIC
T FALAEERT D, EEANEET - FAITY —AEM, KL A BBICHINS N 5B, VD)
kDRt s D, MEDPHEGET DI ETREDEZ 5,

L L7en b, BB TORINITIH<, L—F—=RIRIZITE > TV, L—F—RIRIZITEG
BEE FITAMENRD D,

ZI T, EBREEE EFDHZEEHAE LT, MISFET & 1o 2 8- el & B o> A 4 il
B2 W= *EDLT M1 (¥ 2) ITEH L TWD, MEOEREWVT, REOREIITH D, MISFET
HETIE, BB OE S 1T BRI E~+ nm ThHDIck L, EDLT #E T, REoE X
FAFIEEDORE ST, Inm 1ZE LRV, ZOIFEFIT/N I eitixiE ORI BRIFFITRE R §#E
AKEZ G753 (MISFET D#) 1000 £5)A7- . B E DM RN TE 5,
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Bis(trifluoromethanesulfonyl)imide ([X]5) % Jpk Eiz & @ fg\
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THIkILT DL, M6 DERIZR -T2,

4 6 7> 5 MISFET i & bbi#e LT, EDLT #i&i%, K
W= MEECEIE L, RADEEENEN D ERHD ol _—— ]
%, ZAUE. EDLT #iE2 MISFET #i& L 0 & &\ e LT e e
REZFDL, KW — MEETHIHFEFICZL DX U T 6 MISFET, EDLT HiETOIREE
EEMTL2ILNTE, MOF Y U THELZEITED ppig

MHETHDLEEADND,

0.6

04t

EEE [ Vply S]

(s

EDLT #%i&E1%X. MISFET fiSIC R TEHERENIEF IZEmOE WV I FREN S, MISFET L0 K
W — NEETCEIERRE T, RRKOBRBEE LRI ENRG0 o, ZOI &b, AT
FEARNITEFL LEAL TRV FRFICEFHIEAT L Z N TEUL, MISFET TEELS
TV RUWVETERE A -8R L —F— D EBR W TE 5, 20 EDLT ~DOEFIEANELZOR
BThY ., BUEEAED TV 5D,

[(EFIRFEDEREA]

*Fy )7 EBRAM)BEMEHORLIFOZE, EFEIELD 2 DO L AT, WENHS
W, BfEETAZETRAEEEL D,

*MISFET : Metal Insulator Semiconductor Field Effect Transistor D&, M-I-S @ 3 JEf#id & K OB
ERT UV RE L) E,

A A RE A A LIEA A DI TR S 1L DRI,

*EDLT : Electric Double Layer Transistor D%, MISFET T, #ffx/E oo 0 ic, A 4 ik z v
o SR E SRR

EAR SRRy ) 7 2EMTE R TR, (= TRSN, FS dITKIHIT 2

[Z& k]
[1] T.Takenobu et al., Phys. Rev. Lett 100, 066601 (2008)
[2] bz, RRIEE Bl A7 URAXMBOFMEISHT F4fF FH2® — A —HKR
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Structures of gas phase copper oxide cluster cations studied by

ion mobility mass spectrometry
M. A. Latif, Ryoichi Moriyama, Jenna W. J. Wu, Motoyoshi Nakano, Keijiro Ohshimo, Fuminori Misaizu
Department of Chemistry, Graduate School of Science, Tohoku University, 6-3 Aoba, Aramaki, Aoba-ku, Sendai 980-8578, Japan

Copper oxide clusters® have been a subject of intense investigation in recent years due to
their important roles in catalytic reactions both oxidation [1] and reduction [2] reactions. Physical and
chemical properties of a specific catalyst largely depend on its size and structures. Therefore, it is
important to know the geometrical structures and the stability for evaluating catalytic activity of
clusters in gas phase. In this study we investigated the stable stoichiometric compositions and size
dependent structures by ion mobility mass spectrometry (IM-MS), a powerful technique for
identification and separation of cluster ions based on their mobility in carrier gas inside an ion drift
cell, which can be measured as their arrival time, as shown in Figure 1. The structural isomers, cluster
of the same mass but different structures, can be identified by comparison of their collision cross
sections (CCSs)! measured experimentally with those predicted by quantum chemical calculations

[3]' i . He gas Arrival time )
The experiment was performed by using a (~1 Torr) o difference ~ Acceleration
. Electric field E ' ' electrodes
home built IM-MS vacuum apparatus, and copper (~10 V/cm) : of TOFMS
oxide cluster cations (CumOn®) were generated by a
combination of laser vaporization and supersonic
expansion. The timeofflight (TOF) mass spectrum 5
and the 2D plot of arrival time (time that ion takes to  Pulsed ‘ Drift velocity v :
pass through the ion drift cell) were obtained ' “Arivaltme f g
experimentally. lons of different sizes were measured  Figure 1. Ion Mobility Mass Spectrometry.
at two ion injection energies of 50 eV and 250 eV,
which is the energy generated by a pulse electric field
to inject cluster ions into the ion drift cell.

It was found that all CunOn* were either oxygen equivalent or oxygen deficient (m > n).
From the arrival time distribution (ATD) plots, which is taken from the 2D plot of arrival time vs. ion
mass, experimental CCSs were estimated by kinetic theory of ion transport [4]. From the experimental
CCSs, it was observed that CuzOs" was more compact than CuzO1-2*; CusOs* and CusO4™ were more
compact than CusO>". In addition, CusO4", CusO4*, and Cu7Os" showed structural isomers, an obvious

separation in ATD plots was observed.

fast v, and shortt, — small Q 5@

-8-0
slow v, and longt, — large Q @ @
e@®

Brief explanations of technical words
ICluster: Cluster is a bonded atoms or molecules in an intermediate phase between molecules and bulk phase.
2Collision Cross Section: an averaged area of collision of cluster cations with He buffer gas.
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Study of the magnetic storm phase dependence of the inner boundary of the plasma
sheet electrons based on THEMIS satellites observations (THEMIS % 5 O 2 5

LT TR —MNEAHERMAIBE R OS R T oA A B 9 HH15E)
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Do FTARY —NMNIRY T T~ DR E D @< Wil LA )55\ I E 72> TRY, SO 7 I A —h
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Can we find less massive Black Holes
hosted in the center of galaxies in the Early Universe?
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