O1

BB D Sr/Ca LhITBEDBFICE T HRBEROIEZREL LY 5 5H
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PRI « DML - SEITHRIREE, WEREEHEO 2 RO EREL( %
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oo Twal], AFFETHERE L0 3BREMIE, HRAD%k%E 2D O EE
HEENYI©, THE 74ty D 1 2THh 5. 1EK, Mt a DR - R RMAFHK (53C
fifl + 880 i) IFWAAERDOWFERBEA L2 EH T o DORHERY — L E L THEHINTE
72[2]. —/T, BREY ORI A FN 2 BEILEOZEE L Z OHERIE 71 S
PIZIN TR, 2 2 TARE T, ROBEITHRREDOEH DMK L T\ 2% Dh
ZHODICT 5720, FEMAE 77 A~EHBEINEIZ OB (3E41) oo
BEITLFRIREZ ym 4 — 5 —THW L, FHFER LD PC A - 5'%0 fid, Wi cEYDAERE
K-, AR OBRER 1 & OFEM 2 R 217> 7. Z DFER, D §3C i & Sr/Ca bt
EOMICIFR WA OHBIBRI RO 51, ZOEEHDOMMHN L —HK LT3 Z LS
Pico (K1) | D sBCEINEKPDEIER{LFFE (H,COs - HCOs * COs>) DFF
TERE (pH & BIfR) & BBEICBIfR L T B i L, HFLHGR @ Sr/Ca Lk & IR A A~ IR ([COs2 )
ICIEOMHBIBIRI R SN T N E2ERT 5 &, KifftoioniliZoRix, 8
IR D[CO2 NSRRI L T 2 H[HgE R I s, 22 na
T, AW TIE, BEREMEO §3C s §'°%0 filidr 5 MM
HDHETZENZ N pH LA FIRE 2 AED D,
(A R [ [ G R D BRI D [CO52 ] &£ 7D Sr/Ca HEDIE
Btz ik, miE oI IZEE % EOHBEBIR A ER
b HNTDS, —J5TC, RO Sr 2SEFENITHL D A F
NTWBIELHERITE ST, 55, fEHRERRIY
185 D ALERE DAL AR D EYRE (KFi2 Sr D2EH)) % 2090 20 30 a0 50 60"
SHICHAIT 22 LTk D, D St/Ca B B E DR e e e e
WHEKDRIEZ DI E L CHEN,TE 5 L fFS N3,

HMHEDSHA

- REFEE EEOBEER T (B 212, Kl -5 E) ICGAEAL S 2 L3R
- AR RS54 10 0 HEEI~BIEICHY T 2 R IX 50 2 &,

-G RAEY O 1T, MUNRAIKEDRE DO S 7 7 b,

S (B

[1] Prokoph et al., 2008, Earth Sci. Rev. 87, 113133

[2] Veizer et al., 2015, Earth Sci. Rev. 146, 92—104
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1929 fFFicHF I Nz [Ny Tr=1 2 — b OiEH]] 1T,
[T H B RIKDBEBEEE v 25, 2 ORET coffgt D il
BILCTn3] Lo bDTHY, A DFHNFTHICIRL
TW3Z LRI EIE L CFHYHEPORRBICKECHFLG L
7z

ZOFENEHRATIBICHHIN 20X EHETH 5, HH
BLix, BoELoREZEOBERIHRTH Y, FHTHROIHZ W
KEHRD 1 2TH %, EIIROEHICL>TIE, DA H=
AL — 2D Z IR LL Do Twb, fiEkITEL DRIKE TR
D GEBBROLONT W, HE X D> TWABHED, EOMHS X &
HiBRk2> o 72005 X 2t~ % 2 & TRIKE CTORERED ZIEMEICEIR T 2 2 & 28
AJREIC e o 72, BRHEEREE L L COMBTRII R LFICHE W CEEARE 2RO,
Lo L, B2 ICHSHRAHERD Y, TONHECHL S, AAh=X 0k e
BEFFELFRELCITHBIN TV VWORERTH 5, FEMHINL W
ZED12L L THRIBERFART WS D2, BEHAREREHE L S FED
BHRONRENMT (HZ2E DA N TL) THB,

a3 2 EiEiE % i o TfTh 4172 HSC-SSP transinet survey & \» 5 KA
BHlCIIBEICRVHEFOIL X EHTICX - T, KEDBH EiEd %2 8+ 3
ZEIHIL T, FAEIRZ DT —2 o b ENFERETE L Ebh 3
KDL 7> a vEITO, KEMMERTRL LT, FHTIEED X S &
Z2XDBHENREDL bWRELTWEIDL W EIEZE L, TOHE
X > THBFREDHZ IR AN X L~DBMENREE 2 2 & C, FiHYMHYEE
R~DHEBICO R EEZ TV 5,

ZEBR
https://hsc.mtk.nao.ac.jp/ssp/
https://arxiv.org/pdf/1904.09697 .pdf
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Dimofte, Gukov, Soibelman & i%, 5RO XK TH A S refined BPS invariant & FEIEX#
LZEDOFHZER T HEEMZ AN ZEMRZESTTILITLo T, IRITRT L 5% THRE
= JEPRFE) WO ROESEREFKA LK (1.

UQ’_1U071 == (U0’1U271U4’1 . )E(-qx%)ilE(—qill’%)il( .. UG’_1U4’_1U27_1>,

U;-1U10Ups = (Up,1U11U21Us55 ... )U%,0E<—qxf)flE(—qflx%)fl(- U3 1Uy 14Uy ),

UiquJ = (Ug,lUilUg,lUg,l ces )U%,0E<_qx%)ilE(_qﬂx%)il(- . 'Ug,flUg,flU%,fl)'

72720 qIdNT A =&, 29 X 21200 = ¢Paoxy 272 IETHLSLFETH D,

E(z) =] _o(1+ ¢ )t ZEFHENREFEINDS. £72U,,, = E(g™afzy) LBz,
Dimofte S IZYHLFLREE NS INO 2 AL 720, BFANRGERIZGZ o N T Wi o

7. KO EMIE, 2o DEEXZ2BEMIZER L, S5 ICBEBAARDOE FIZH D EFEN

BEEZHONITRILTHS.

2 [EFLOEHE

MEDFER, 77 1 v EFHOWE R 175 & FEN B TORARNE —BE» S, RIZZEIS72E
FRE2ETREMICERTE S Z e bhro7z [3). HE R 7501, MER & XN 5 E)L— b
7=EOMONERF Z 2 IE F 5 BRI GEREZREZ S DI ENRINTEY 2, MEFZ2 LY
MAD T EIZRIRIZBEERMPEON, T HITHE R TN —ERBILTH S Z &9 6FEAD K,
VYA MIER EEUNIGEY, X SICHEY AR L SEE R ITHOGBEGHETSZLICLS
CTHHEDEEAN TN ETNE SN/

MER X IR AFAET 5720, MEFPRIEZEZX D I TIHICE R 2EEN WK TE
EZOLNE. —H, BEZNAPETHOEE R T TiHdRINs Z e ide<HorTIX
<, ZTOHEEMIAT S Z L IXS5BOBETH S,

S 3k

[1] T. Dimofte, S. Gukov, Y. Soibelman. Quantum Wall Crossing in N=2 Gauge Theories,
Lett. Math. Phys. 95 (2011) 1-25, arXiv:0912.1346.

2] K.Ito. A new description of convex bases of PBW type for untwisted quantum affine algebras,
Hiroshima Math. J. 40 (2010), 133-183.

[3] M. Sugawara. Convex bases for affine quantum groups and its application for quantum
dilogarithm identities, SRR FEPRAEAT IS FTaE L 8%, 2139 (2019).
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BRx 2B I3 —RAICT 2 BN EIZT D REIOEER (v r) LHANT, F 7R TIERR D0
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JB& NPs (IR AHT 2 ENHEHIC L - CTHBEETOEFIEENC X 20BN FHIE S, 7/ k-2
DR T B & FEEI D e RV — D3 S V¥ 2 £ U5, Z OFeEE VTR
DOE TR T HFTENIAATOIEY . 2 DOENEIEIR A H = X LB WHE I TS, (1)
PHEGZ L D RNAROFILHEREOEM (2) ARITE: B L > THREAS N A BIEERO [ = % v
X—2, BEHAELARE NPs ([CBE L CHot e LTt anNs Z Lick a8t cdh b1], L
3L, 4J8 NPs [ alfiikic FA—FRINZ A LTS, T rbF—HEEZAECTLEIX
KXo 5, £ 2T, At CEAEGH R mIEITRMECh oMbTF % - F / Ki1-(TiO, NPs)IZ# H
L7z, BIZ, 202 DOENHER T 11 A% FRHIREBLIT 5 72 OITIT AR ORI - @A~ k
JLE ZNTIO2 NPs DBELARY M AR THAGDOEDMEN B DA, — 72BN &
— 7 LRI BB TWS, £IT, WINE—7 LRI NN ETHALRTND -
DEMWIZER Uiz, ABFJETIX TiO, NPs OELE — 7 & -2 A ERORIN, B — I (\[EE T =
—= 795 & T4aeJE NPs L Eoar et A g L7z [2],

EX N g = 9
T AR AT TiO, NPs K BIR 2 i T - Hol STk, go0l (b)
0.1 mM J-2E WK BHELZR T « SRESEH 2 L THA ///’
7y REREGE J-2610 /Tio, i) & Lz, -6
I/ TiO, HEIZ 35N T 10 f5FREE D TR DMfERR S 4L7z,
JIbEE G 7S TiO, NPs OINERIZIR A LZEBELS D 2 & T,
b HRFEWR ENILIBIICHR S D, EORE., T
DR INT-Z ENRTFERZEEEZOND, —FH T, TiO, 100
NPs &L U B a—7 1 v 7 LIea | -G RAS e ’ . o
B DR S L2 T ORI RN I LR o722 by 580 600 620 640 660 680 700

Wavelength / nm

DY, G L DRI R S LD,

[1] Part. Part. Syst. Charact., 34, 1700528, 2017 IREWHR (@) I-=aE / Tio,

SHE AN N 1;
[2] Methods Appl. Fluoresc., 6, 012001, 2018. i (b) 2@k / silica-coated
TiO, i (c) DEHAT hv
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Z DA T IFERI 1 DB LT 2R TH D, DT RILF - OSNi OBSEFIEZ L ZEZ 5N TS, I
L < OBINZ XD, BEEEEE R & XN 5@ OBHE LD 10 525 100 f5FEH 2 Wl 2212 805>
Mo TWo, TOITAILF—IL NI ORFEHETEHATE RN LD TEY, TNEHPT 572012
WSOPDETIADPRIBENT WS, ET ML > TIREDTRVERAF 5K E s ZenFEnd e
O, EEHEEETEOR AL I LIZHEETH D, IR ODINCH ZHHEDIT L A L IXEMINZHRTEZ L
MTER (BB 2 ClEAJRe LTBIIlINDG) 720, BE R 27203 REGEHIZTHh2T idz 5720,

Zral, 91X EiE$ED Faint Object Camera and Spectrograph (FOCAS) % FA\WT, B2 DY — 25 51200
H&DKFEZ R Wl EHEE B R SN 2017egm DG HBM Z 17572, BRAEEDT — X EfEHT L. SN
2017egm DIE I & DR EE 2 KD 7=,
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SEEH R ONMIZIEERNFOMEZ R > TWAH ZEWRRI NS, DIEX D, @ 21l JEBRON TR D
WEEECIANF —FL2ROBRETHILEEZOND,
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2018 2581, AX : HAZIDE =215 +185 HED SN 2017egm D A7 dL (EX) &mEE (FX).

EFIRE DA

LERIR - Fx OV B IR, KO,
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ZE X

Bose, S., Dong, S., Pastorello, A., et al. 2018, ApJ, 853, 57
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Offilll ZHi' - /NS —(52 - Bk HIE? - jliefe W L»
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2 ALK % U B R R 2 T
SHALKRFEAY Y b= o A4l
PEARYIFFZORBIZE D, B2 DETFIZICHTNA ZZEZ6NEED LR o7z, RHTHE
LAV 7 L (GaN) Z 5 U7 H @R XA A — ROFIAD 2014 12 ) —ROVYHEE 2 ZE L
7o Z EIFEMRIZH L, GaNiE3.4eV DAY RF¥ vy TRV F — RO EHE T ~ 360 nm)
ZEU. JRKHOWOLONTWS Y 2 VR EHOPERE R TEWVEZAE L TWS, TD720,
M EEME BN T2 NT — T8 2%, IEEAMEEDNRFROMELE UTHEHZBUOTWS, GaN
&N R DS U <, D8R L R T RSN - SR R E2E 2 O L
Vo FHZBBZAHMY) (0) DREOHIEIIHEE T, GaN#EFEREICB T2 KT —~v el h
TWd, GaNH®D O i, BETZANLF—DBRIZL D Ga RERE DK ERMEHL [1]. Zh
b@ﬁ'\’ﬁlﬁ WPEERNERIZEE DT RV X — N 2R 5720, BART N1 AD[ &M % Ak
TN ATIIRGHER S FR R EERNERT Vo EEZE7256F, GaNHD

O%ﬁi%mmﬁﬁ CARIEUC2MiIA EZBME LR E Z 2SN T WS 2], ZHETIZ, Ml
RALDHEREWPSEHERES LIV 70 EMAT —IVOMENS S HEINTEL,
LAl 2 AR - SRS FCEIET 57 4 LI X v VA (PL) BM#E %2 VT, KE
g - I 70 BEPSHBEOI D AR 1 = X LDIRE &2 ik A Tz, PLEKOFETFED 1 DT
H % PLIF, FEENILDO T XN F —MEMONEHREME > TEUIHHMBRTH S, E41KIZ
BWT, GaN D PL AR MVIZAHYIBE DRI LIL & 70 0 . KR 3N D £ T ik
B PLANRY MVEENTS 5 EAMIPOBEZRETE 5 (K 1(a). BEAFMYIRE GaN ik %
FAWNT PL GREE D22 4340 2 JIE U 7255 R, BUE DO EH OMEMN A O IRE DI HFS T 5 Z
ENNMo Tz (M 1(b,e))e FERTIIFEMNT OFEMIP Si AMY & OFARIR, ka4 VHEE
AT (SIMS) 12 & 2 ERAH & DI EE1T 5,

[1] J. Neugebauer et al, Appl. Phys. Lett. 69, 503 (1996).

2] S. C. Cruz et al, Jour. Crys. Grow. 311, 3817 (2009).
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[1THEEW, KEHEE, MBI, BEREIL, WU, ARILE—, KiSe—, W5EFME KEK Proceedings

2019, 2,120 (2019)

[2] http://www.kinokkusu.co.jp/saibai/saibai.html
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Quantitative imaging analysis of labile Zn?" in intracellular organelles via the
development of hybrid fluorescent probe

O Rong Liu', Toshiyuki Kowada' >3, Tomomi Watanabe', Toshitaka Matsui® %3, Shin Mizukami® >3
!Graduate School of Life Sciences, 2IMRAM, 3Graduate School of Science, Tohoku University

[Introduction] Zinc is the second most abundant element in the human body, which plays many essential
physiological roles such as catalytic cofactor, protein structure component, and signaling mediator. Most Zn*" are
strongly bound to metalloproteins, which explains the reason why the total concentration of intracellular Zn?" is at
uM level, whereas the free Zn>* concentration is at a much lower level (pM-nM).! This equilibrium is accurately
regulated under physiological condition, and its disruption will lead to serious diseases.>

One of the commonly used strategies to visualize metal ion dynamics in living cells is microscopic imaging
using fluorescent probes, which possess several merits such as high sensitivity, high spatial resolution, and less-
invasiveness to cells. Fluorescent probes are generally classified into two types: small-molecule-based and protein-
based probes. However, because both types of the probes have the specific disadvantages, little localization ability
for small-molecule-based probes and susceptibility to oxidative environment and/or pH variation for protein-based
probes, the exact Zn?" concentrations in the organelles have still not reached a consensus.

In this study, in order to achieve real-time monitoring and accurately quantitative mapping of labile Zn* in each

organelle, HaloTag protein-labeling technology was utilized to localize the small-molecule probe to the target
organelles. An aminocoumarin was chosen here as the fluorophore because of its advantageous properties such as
small molecular weight, neutral charge, less sensitivity toward pH. Based on the coumarin structure, ZnDA-1H
(K4 = 238 nM) has been developed and quantification of labile Zn** concentration in the Golgi apparatus was
achieved. However, in order to monitor labile Zn** in other organelles, where the concentrations of labile Zn>" are
expected to be lower, fluorescence probes with higher affinity are needed.
[Result] ZnDA-2H (K4 = 6.0 nM), and ZnDA-3H (K4 = 0.16 nM) were synthesized via changing the chelator part
of ZnDA-1H. The quantum yields of both probes in the presence or absence of Zn*" were investigated at various
pH (5.5-8.0). Both probes showed Zn*"-responsive fluorescence enhancement in physiological pH range, which
suggests that they are suitable to be applied to intraorganellar Zn** imaging. Comparing the photophysical
properties of two probes, ZnDA-3H showed larger fluorescence enhancement by Zn?" binding. By co-staining
with organelle markers, it was assessed that ZnDA probes were selectively localized in the target organelles
through the labeling to HaloTag proteins. Furthermore, the time-lapse imaging showed that ZnDA-3H was
appropriate for the detection of the labile Zn?* in the ER, nucleus, and cytosol.

[Technical term]:

e Fluorescence: when excited by a certain wavelength of light, the molecule will absorb the light, resulting in a
loss of some of the absorbed energy, along with emission at a higher wavelength, and finally return to the
ground state. Through fluorescence, the analyte can be detected and visualized by microscopy.

e HaloTag protein-labeling technology: The small-molecule having a HaloTag ligand can specifically form a
covalent bond to a HaloTag protein. This technology are widely used for fluorescence labeling of a protein of

interest.

[LI[M]
[LM]
metal ion. Lower K4 value means higher affinity to metal ion.

e Dissociation constant (Kq): Kgq= , where [L] is the concentration of ligand, [M] is the concentration of

[References]
1) E.L. Que, D.W. Domaille, C.J. Chang, Chem. Rev. 2008, 108, 1517-1549.
2) W. Maret, Exp. Gerontol. 2008, 43, 363—369.
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ORXREFEXRER - KHAHK
RUAKXRZFRFREFHRR MY EFER

ERHUE O ML & 2 OWIE I OJRAY O ORI IT, B PR OBLENLE DD THETH D.
Z 5 LB S, E PR & b R33EF T, U 7L A A GNSS fifhr> 27 & (REGARD) DBE%
ZHED TS, [AT AT Lk GNSS (EHIERHINL S AT L) 12 X 5 KAL) B EIRWTE T 7 /L % RIS HE
ETHHOTHY, H—HEREHEET LV (1 KORFEROGIRKE CEFRZR LI-ET L) &30 54T
T (T L— NER i ETOWET R O SMER LT V) O 2 FEOREE S AT ARFEES LT
%. REGARD T £ = THERE S 7o AT BUE, [T OB ERBEERRFOBBHERE L CTHEHA ST A1t
W OB RAG S AT L DO—HERE T 2 HRIRKEEHER S AT LOATIBEET V& LTHIEH ST
5. —J5T, REGARD TIIHEE T 2 WilE £ 7 /L ORAZETHI N EE & W 5 BN FIET 5. 7 L— RIS
BT HTROSHET NVORHEIL, TR0 DOEBGAPIEENTHD &0 WEEML CFEl) 23 L7 E
TIRDEZHEEL TWDHT2D, FONDIREIT BN TA—FDEIHTTRELEDLY 5%, THLIE
W IE 7 L OHEEARHEFEME, Thae b I Sh 8O PR EICEEE2 52 5.

ZOXIRYEFOL EARMIETIE, VT AFA L GNSS T—HITH &S EBHEMTETT VEIREEIZ T
LHEENFMEDOERTMABRIE L, v~ a7dHE 7 haik (MCMC) % W8 LWKTEE 7 /L
HETFEOREL LOFOMRETMEZ, RO 2 SOEFILICHONTITo72. 512, EEL S =Bk
JEETNORHEFEEZTERTLICHABE LT, TRARNERRAKTRICED XL S RE8E 5.2 9 5020 T
BEtE1To72. Fio, 9 LicBRRAK TRIOARHENEZ U 7 V2 A A THHT 2 7RI OO0 TH LWTIE
DB EATo T, KRFEHETIEZD I H, TRV HMAET VOV TORERZRT.

F7, LVERMIZ MCMC IZ L 2T A0 OHEE 2 FBLT 2 72012 TBRERRSEI T L2 ) XA O
FuATole. W7 ATV ALTHE, KEPRTNYSMOFEEZHNT Y > R A XA THEEL, ZORRE
EH L OOWEZ ML LTV 2 & T, ZERIICRNT A—Z OBRREITH. [T VITY X h%, 1707
ERKMBA LT 5M Mw8.75) DY ab—a T —XZ DM LI-kE5, HEEDEENTHE
WAEET D/NETEIE EREL 0D Z ENEREM S, Bl GNSS 226 7' L— REERT R0 Z2HEET HERDOAR
MEMZRT Z LT L. RIS, @Rl SN RIERTE T 7 L ORMINEE D I 5 ITHEE T~ H
AIRENZDWTC, mAREATT 2 x5 & LRI KA T o7& 25, WiEE T VRO R ENEA R 2
KEWVD REFRICK L TRBEE 529 52 & 2R L., BB, RIS S HOERIRKF R Y
TIVEA LTEMTEDZLEBEL, #iliZe UMY (k-means 15) ZHWTKAIENZL T AZEnE
NCHIIRAKHAEZITH 2 & T, HIERAKDERMEN & ORRERHIRICH 502 EBINTRT TV T AZ A
LR fGRE~ » 7)) HRE L.

AR OFEFIZ, ITHIEE TR~ EMESE RN T 27200 —FE LR DARBERH L. I HIED
Iz BRI Y 2 7 OIF#HRE BIIEH LT 7201iE, KEFROBLEIZT Cidel, 2T FRTHH
BDPMEL L TNDZEOHEEED D L &I, LVHENRTWERICZONRZAESHLIVLERDD.
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B NP Nl et SR )b
Bt RFRFREGR SRR EY
B EREEETREEARTS FESHE

FRMEEMIEME L TR TE>— FRICEWT, EEGRER L - ZEMEIFHERET L, 20
i ILAEOEEMIEE OREERAICL > TEREY— A 0BVWHINE Z EARREIN/T, 2D
ZEMIEBERERE L. DANGIO7-O DO EEE S A VS 2 Z LA N, MEREED—DDE
RERELTEEINTWS, REXTIC, ZEMBEERICEALZRAFAVOPREIN, 77 F ¥
BECHER7 A 7 A POEERINREINTEL,

Ras B EDNWABGFICL 2HEERIRIL, MEOESMECHEICELZ5IZRIY, ZOR, AR
DIEFHEAN ZDNFNEEERAM L CTHREEEEBEBET 22 & TCEEMBOBRZT>TL
L2 ENFEEINDG, LAL., COMBEFEEICH T2 %A LSIET 29 78 1L NEF 74
RO LFERINTWS, BT ETIZZIMNE T Solo & LV5 Rho-GEF (CEH L. MEBE~DERAID
BT L5 RhoA DEMHACROT 7 F v EROBILICHETH D &, iz, FEART7 47X b
? keratin-8/keratin-18(K8/K18)fiiff & #5& L TK8/KIS v b 7T — 7 HBICEET 25 Z & ZBHSHIC
LTE INODHENS Solo FZERMEOHEICEWTEEMEL L ORI E TiROPER
TATAYINROT IV F U EROEAEHNT 20F & L THERET 2 AIBEN TR I N,
AR TIEER LR O MDCK fifg(EEMi) e T F 754 7 U U 4KFFRIC GFP-RasV12 & FIF X
% MDCK #fathkz EH A 7RICHEEL ., ZEKN Ras ODFKIBEFET 52 & TEEN Ras HIRHH
FZEMER)HIDTERAIANBEH END & WS EBRRZA VW THE T 7,

ZDRITHEWVWT, EFBMAZEIT Solo DEIBIH E1T>7- & A, ZEMAMIOBERRISERLITHED L.
o, BITHRICEKVAONTWAEEMAICEET 2 EFHMIRICEH TS K8/KIS DEFEAREE L
TLBKRFABRINZ, INOHDOERY» o EEMBZOBERICIZ. EFMAZAIC Solo H"UETH
V. FREIZE7 4 I X PEBO ERAFE L THEREEL TWA Z e nkans, ZEMEEEHED
ZEMEEDDRADEAIZOVWT LRI EZFETH 5,

HFAED A
- MBS MEE O S 2 I OMBER 3 M L7 IRIE IS IV T Frdr ofiiatE
23T DRI 2 HIASE 2R ST K- THERR T 5 84
& Xk
[1]Y Fujita et al .2009. nature cell biology 11.460-7
[2] Y Fujita et al.2014.nature communications 31.5:4428
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ARFERTIE, ROMEZZ R 5:

BIEE. M1 0L>nAfYS7%%2%. 220, HAZT 713, T (1 TE vo,v1,00) &30 (M1 TRATER

EAERAH) CEE (M1 TRED I LITERT S NI wor, wio, woz, weo, 2, y) 1< &k VEER I N B ‘R T
b5,
”Uo
1@ (35)
Yy
1

M1DOERZIZIZEWT, z & y PEQEBRICHEINT 2L E, ZOFMT I 7IREAREWT T 712 SEDLK”
REN?
O

B2 771, BEBFIZBOWTHAZETEHNARNRTH L. 2, ELKMEIE, Eizlr L, B2V X2
ayz(mm@ﬁﬁ)t&&?:aa;b,eowﬁ@ﬁ57tﬁt?:aﬁ?%5.:@%Zﬁﬂ%?émmtbf
iE, BREBEICB T 2EMNEZRDZ L 7T AHBREMRS ZEWFAMBIZRS, LWSHDOREIToNE. ZDIENIT
L, BRAZ I 7y MU= HRPMRMRFICEERZNDIARTH S.

AFEROHIE, MABMEOSTIISVWTHEECEELMETHS MK 2ZHNEZ LT, ZOMBEIINTE—
DDEZEHEZZZLThHD. KDDL, THAED 4 L EOGEDOBBIZOWTOEAZMN LIz,

S 3R

[1] flembe, Heka, 36375 (2003).
[2] BOFIRI—, S &0, AR (2000).
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KERIGEMEORSE | INREICHE L -ARMEOHE

OBBER° - hRER* - KA EE " - Michael Zolensky®
RIERFRFREFH R T EL ®
TR R R JAMSTEC)® - NASA/JSCe

VARG R DL 7 e e A2 HT 2 F e LT, NKEDLOH 720 I NEEAITEE
iEHRZ R L T 5, KGR OVIIHELOME T, WBIREAOPEIEC, F95E 2
BREDY VTN & —VIEEFHECHEATH S, —J7 T, EERICEBRNRBEAHEA T
2 DIXKGHRDOFLEDOATH Y 21X Y IO KGR D KE 57 ORI O BEfFE T K % <
ENTW 5, KGR OIMUTHE O WBIEYE X, MR E Mk Te Thlii< . BRI
THEORAERADERECTHIEINTLE S, 207D, TNLDREDYEIL. U
7rEE (EME : %4 < 13<100um) & L CHI E~RSRET 2, B e Th/hEnwiho, BEXR
CFETWHRTET, Z22Hh0HBOLNERIIBON TV L, —HoEAICIE, RAEHK
CBbins¥E (DIs: Dark inclusions) &N Tk 0., ZOWEPOHY) - (L5 - FHE
HROWIER T TE 72 (eg [1-3]) o DIs iZHIBRICHE R CTEITO/N S WNKEICHRK L
A (%< iE>lem) TH L2720, HERFOMEI/NI v, F/-, NEEVEICHNT I
ToRRE CHLBR~TRR 3 2 720, HIER KSR~ DR AR OZE L D 7n (| il ThevETH
BIEINTICATTEZ LB TE S, RIFFETIE DIs OPERMERIITE D &, FL KR E
BT BWINREIE 7 v R ICiE Wl 25225 2 L2 HE LTWw 5,

AWFFETHV 72 NWA2900 FREBEFEAICE 5 DI DK E T 13#) 1.0x2.5cm DIEHIE T
H5, Dl IZavF)a—L%xEATEDLT, FICT olivine, magnetite, diopside, plagioclase,
spinel D 5 D DY CTHERK X v, FEEY 7 diopside DARIKALMR A DI &RICIA 3> T 5B,
AR R R & . IRIRAEAR ISR CIE S Nz 2 e 3F 2 o, eaft™ - i
B HIKB T X 2 BN E 5 2 T 72 & 2 5, 800°CLA LD ER TR & 7z & & 29K
BINT, 2D XD EIROKEERK 2R L 2 RFERA I LT TRAI LTV AR,
IOICERFERZFIFILZE 2 A, a vy F Y a—VBEHTO KGR YIHIC DI BERL 72 &
Ezobnb, KELS. KEGRPIHIICR ) —F 4 v X W AMIICEIRDKEE R Z -
TV BRI RIRDBFEE L TWiz 2 L BRB I N7z,

BRIHFE DR
s AV F Y a—n s FABRESIYE TR E L 0.1~8 mm REOKE X ORROYHE,
Iz Eghdborav P74 MEA LS,

S SRR
[1]Kojima and Tomeoka, 1994, [2]Zolensky et al., 2003, [3]Greenwood et al., 2015
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Development of silicon pixel vertex detectors
for future collider experiments
84 ° - 183 20 - BNIBEE - FLE°
RIXRFXRFREFHAERYPEFER®
B IR — IR A O

1. RS =

Belle I Z25713 > < 1Xim = R & 2 TR 7 IEHERFEER C, 2019 FFIWEEORIE A3 0k F
0, FEORBPEAL TS, 2019 4 12 AIZHEFLV I 2 T 4 531034 em™2s71
WCERL LT, LT, BERDOT v 77 L — RTIIASOMED SEREZ LTV,

2. WFEEM
Bellel DHFANEICE 7 BANN—TF v 7 Zfgtias (PXD) 23dH 5. ZOPXDIEv Y a v
7Nt —%fn, B HETORESAZHET SV BZEI SN TS, 207D,
v 7 vt s —ONLE S ERENR OV Belle N % i L7= R e L FE 72 & OVERE 4
EINTW5D. HBIED Bellell ® PXD Ti%, DEPFET & W oo 7 vt o —nE
HEhTna.

3. MFREANRE

Bellell 7> 77 L— Rk Z2EEDM L & HIC, RESHRESRENBO NNy 7 7T
¥ RiX 113MHz/em™2 & PR S, 2 OREE T CTHo IR0 HA =)D BV AREE U0 if6E & FF
SOE 7 AR EZ B LTI 520, Fex SOl Z—7"Tik, SOI &) ¥k
YU —OHEMEHW, Bellel 7 v 77 L— RIZHNTTCEZ vt o —0OBREFRE L
7-.

Belle I DEREEIZIHBWNT ED L 5 RMHEREOR AN LI TH L2002 DOW\T, Geantd ¥ =
L—a vy, B v VBHERICRERERRAE LT, ZORERIZEK-SE, SOl £
e AWt a7 FOBEE LORFHZIT>TC05D (K1) . AFE TIL, Belle
M7y 77— RICETTEE 7 B R—F o 7 2SO EE 2 M5+ 5.

| One Pixel
o P R Ogtas cosun

l S W .

— —-— b1 el Lanch Pl TR counter b1 _’f’ - | - |
K Preamp Shaper Comparator | Sequencer | ‘ ol e L
1 1 i
| i . g [ )
Sof Latce = 7O counter | r"i‘?" — —
Pixel: Analog block Pixel: Digital block Scan block

X1 Belell 7 72'L— R} 7z SOl ¥ 7 L VRIS Q[ 2 v 2 7+
& Xk
[1]. HAERFE LGRS, 2019 4. ZREEH.
[2]. Bellell TDR.
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BEEMESEAEZAN:-TL— MERNBOE RS

OWAfEH 2 KAFxz® BEFRAN? ATk KBER? NMEF—c pifEzc
(a: RIAKXRFRZREBZARMMBRYEBEZELR, b RIAKRZXERFZERVIERR,
c: B RERR LRI R KILERF)

NI BT ROREB DS 5 7 L— NEROZEB Z W 5 NS T HIT1E, 0% COEBEHN L
Thb. 7— MERTIIEKRHENHEIE LTS, 1ZE A E1E GNSS < InSAR %O F 8 BN H A A3
W T RUVNEEICIAET D726, I TOBRNITVEERI#ER N SE L o TL 5. AT,
W B O T Y, WiE%E O RFTH e EE) 2 B 2 5 2 & 2T & SR EEMEE (DPR) % H
WTC, 7 L— MNEROZFEE AL L2, DPRIE, MEICEHE LI-MaRFE Lo TEROXZEEE
HIHNZATY, ZOERET —2 LI EEN O AR RAREHT 22 2T, A LORFTNEE 27 5
FETH DL, AT, MradtfEIEE O T N U THE &, BAE o B AYEE I L.

My adeia=fWr 5467 MU THIE (NAF) 1, 7+ NV 7L —hea—F 7 7 L— FDE
AT, BRI MTI~8 7 7 ADOHENHEIR L T\ D., A AX 7 —/LOF T, NAF [I~/L~ J#EDO T
WMELTEY, ZOTXRYOETIIAHATHS. Z oMk CciE, @2 100 430% 250 4, M7 LA ED
MEIFRALTELT, 25 mmlyr O7 vy ZHHXBEEELED 95, EOREOT X BZKELTWH
L INFIR OB OB Z T2 ECRAIRRIGERTH L. AR TIE, ~/A~ ZHOWET T DPR #l
WE 25 FICPEYERmL, L7 F N THEOT R FHEZHT~T-L 25, 10.724.7 mm/yr DL
FTRYRD LN L, T ey 7 FRHEREE O ESREOHETH .

AL OXRET L— b LK T L— R OIREES CTd D H AU CIE, 2011 AL 7 AP i
B OCHIEMHER) %R, RN EAEL TV D 2 ENEEORMZFIENLH L N> TS, R
WRSETIE, BEHURM S fE R CHRE L I W IEBI A L, 7L — MEREER T~ 0ER A H
FREU72. EHRITIE, 2013-2016 FICHMEGHEE DS 0.02£0.17 cm/yr & AR R EHMEIT A SR> 7=,
DPR B DD 7 L — MBI RO AHE R R T, MBI 0 23EE £ TRk Qs
ELTWVD. IhbDZ EnD, BHEMOT L — MEFEHMTIE, HERHI—RIZTRY, HEZIZ
TRYPAET T N EHERIE LS.

— FEESRIPCIL, 2017-2018 0 1 B Z4T > 7. DPR BLHID 1 FApH 5 1% 3.8420.8 cm/yr D
FEMEEE AR D BT, AT, f BRI T, DPR Z i L7238 LWBLIIFRIE OB & HiFb 1T -7
DPR I, JAFTHIETE 2 K55 0> DI 2. 5 Z L ICRIT T DD, SEGE SN EIC L VHEAS
TWVWEWNWIREDRHD. T, DPRBU O H ST IR DT F 2 ke & /7 2 [ HE S 240
B (IPR) &V O FEZHICERHA L. ZOFEZHWT, EEEHO DPR & [F UHl S CEUHINZ F2i
L, 3.7%£1.1 cm/yr OFIHEHEE A H 41, DPR B & G720 EE COBMDBFETHDL LWV Z &N
RENT. REBEITIE, R0k X D ORI HIELE CIAHGEE DL EolmE o L — G LTE
D, ZOMTOBYEERE CIEHANTE RN b, DIEEETIXD Z2H-TnLs RN,

SE 3R
[1] Yamamoto, R., ef al. (2019): Seafloor geodesy revealed partial creep of the North Anatolian Fault submerged

in the Sea of Marmara, Geophys. Res. Lett., 46, 1268—1275, d0i:10.1029/2018GL080984
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EAYYUHRITTDTAWAWALBIGFIZEB L=,
HEYI AR E S D E L R AE I 3R
OFHFE? - BAIEBR - BEH_" - BIFZTF2

FL R AR SRR o
EE PNy T

Zrethariiiax. ke afilemz LA TR 2L, MY L E)

WOTROFEI B THREARHE R T, fiICs 0T, (BT HEY | |3 iEy @) |

B —gpifRa
(RS HERE)

FEMED I ONTEMIEA L 2RI B oL L Bk D %
PIRO S RIS b 7 > THRRERMIE MR S ., Bk E o
LWEEZEDRT 5, Ledio T, LRSI K 2 M HE
E. FEPCRHSIN 2T ERA b 7 7Y —Th D BRSBTS
2 EDTERVHEIY, H L DEZRT TBAIKET 570
DHBE B DA ANTH S, D, Y OEMNHER 2 5
ZRALDIEICTE S L, %K OFIEIRFREE SN TE 7,

EHIREE AL 2Bl — 2 RE oMl b3, 5 —JF
ZfifOF Fic EHTEL L) B GEdfizg) MEMEZFEET 2 X=X LZ2BU THERF SN, #iTiH
YDA ) AT LFL OB RICEE S L, SMAEZ LT 2720, EO K 91T L CIERFR 2 Ml R a4y % i 37
LTV ELEIS Do THuRY,

Z ZOARMETIE, a7 MO X ) AT MSEH Lic, a7 MO X ) AT DI L3R D | TR & 0
N2 WL HEERINE o (Fig. 1) . TS S IRE L Ml (An 774 ) FEBICEPER(E 2 M
NELERIBRT 5, L7dd> T, Tl <l n o Ml 240 3 v T IR 2 MIKDE fr 23HE 37 X 90 2 e & GEA
BT 22 L3 TE S,

Fx DEIZEZ IV — 7 TlE, S0 E TICHREY & a7 R o5 Rl FIENIC B b 2 B E N TAW (TAWAWAL)
R LU Z[1][2], TERGMROMER A =085 o, TAWLICHH L., TESRSHTRo@HTICE L 22T 7 Vil &
LTE XY YN Z2Y % HWTAWI OHERE % f@hT L 72,

EXVYARITTDRAY AT HICEBWT, TAW]D OFBGHTE2HN2 L, EEMEcEREIL T 53, TEiREHH
M2 SIRELZAB 7 74 FTHBELBO 2 Z EWbo oz, RICTAW]L OfEL2HET S L, Xu 7 74 FAIEFIC
ORI TE T, b D ICHEBE CRINN 282 R T 2 & L bic, ERGMasoH8EeEELL, Mol &
6, TAWL Z X a7 74 FCTHBL., SMEPHILEGORE ZRIET 2 —J57 T, TAW1 OFEBLL T 7% o TESmET g
WAL CHM S oM 7P vz LA L, EimEio MR L Cvws EE2 o605,

S%13 TAW] O FHRETFOEES, EHiREHEd 2 g Ae7 74 b CEET 2MMoBEFHORER EZ2E U, M
P D IRy H O FEAR T D BERIC D %235 & & b il o AL 72 F06i % 8 U 72 B O &R % 1 b EHiik
T5H0 LI NS,

BE Xk
[1] Yoshida et al. 2009 PNAS [2] Naramoto et al. 2019 PLOS biology

Fig. 1 #FHEYM & A THEMD A Y R T ADIEE
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SCRITEFARY O X —4—D 3 RchEi5alE

HFBEORY !
URUILRY: BRI > 4 —

JRFRATIERIRITAFAET B L], TN T NREDOHMTHIET S IR LER] »d 5,
ANLEERGHERNAEDRTFEI NI D DOEEO TREEON 9T% %2 HOTHED, ZTOIRP
MG X ZERDOE B TIZHHARONR VS DONRE L FET LI ERHLNIZR>TE TV,
INF T, HFED NS O EE I EI L e & D 7 B LRI K o TR
NTELD, MEMALESENTIZEZERIN TR, RLERD NG DRI,
JFRF1% D NI 2 58— I BRI S B R AT T IV ICBETH D | R A B O R EE
MHRHRED —DTH D, TOITIDXD BALZERRAOWEZ., W EER P BEAR
TOEILEGHEBIZRESHET LI EEZONT WA O, REEBYEHASTIZENTH, &
LEMDOWIHEN LI ICEE R DD TH D, R TG ORI L > TREZEYHET
H 5 EMEEDMAE, BTFORBBEBOERGOETRINS, EFIWELIX T OEMEL DM
EREIZHECELM—DFETHS, LA L., @, B FHELERIIZ ORI (K1
~10% fiil) A FE 7z, BN THOESICHEL TU S5 HMEFMANLEMENZ V7
BAHELERIZ, WEEEB I TWARW,

TS D EE FEUEL I & B AL RERE D A B L A & R e
3 572812 SCRIT (Self-Confining Radioactive-ion Isotope
Target) ¥ [1] 2 BHFE I N, TN TITLEMEER 132Xe £
(% W7 MGEEEERIC K > T, T DO (ki 780 ~
10% fiil) TOJR FEEDEMELE DM DIRE R TH S Z & H
FiEIhTE 2,

SCRIT EERIZHH T 28T AT b A —&— WISES
(Window-frame Spectrometer for Electron Scattering) (HX
FLEFORELA, HEREZEE L CHEST S I e TE, K EFr—L
TR DB E DA DPENNE R 7R WEE R MR T 150~300MaV
H5, HIEBELERTIZHERELE 1 MeV FRE DJIEIR
Rez il 5 ENDH D, WISES o F sk &) & 73 fif 58 1% 1. WiSES Hi#sX
Ap/p ~ 103 TH 5, FUL» L. BURTIX WISES %D
R ZN 72 L TWRWZ LD S T o T\ D, ARFSETIE WISES O ZREH) & 43 fiF % i
7ZUTWRWEHEE UT, 5tRESD WISES WO A ORI ZIEL <KL TWawn
AlReME 2% 2. WISES A D 3 IRuhHHIE 217 - 72,

ARFETIE, SCRITETARY b A —X —0 3YGTRHIGHIE & Z DFERIZOVWTHET 5,

HEF
B

S SR
[1] M. Wakasugi et al., Nucl. Inst. Meth., 317B (2013) 668-673.

[2] K. Tsukada et al., Phys. Rev. Lett., 118 (2017) 262501.
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ZRTERIEDEFARE & (IBENGDER

ZZ S
FRAL R F R B A R S B IL

BFAZBLEIEFHEZM>THEINSIALETH Y, HHEYHY L OBEIZE W THIKRENHRTH DS, =Rtk
EOBRTALEED S bHRELMRFENEDD—DL UT WRT ALENEITOENE. WRT AL RIIFECHOREERLIH
RALETH S Jones LIHAD ML TH 2D LD M THEBIIET S, WRT AZ IR PHMAALE T, MRS O MR
NERINT WS,

AEARPIS OBERIS LM OFHBIZ L D BRWGOMERTH S . BB, Tl & B S 2N 5858 o TR
NVZER LB EEN R DE) ~AOBFL U TERMEINT WS, MAHKNEOEGROIGH L U TEGEEHOH I RE D
A DD, B2, h— T ADGHHRE MCG(T?) = SL(2,Z) D&BLE WRT AL &% HELHEHR L BED S 20D

F. Costantino, N. Geer, B. Patureau-Mirand (& WRT AZE& 2 iH(L L T, JEERMAALBZ MK L 2 [1]. AT
FZDOARLEE% CGP A& LIS,

EAERIFIROEY TH D.

EE 0.1. ETOHERMNHEKETHOMZR, T2 FTRISMNIFTRERZIRCERE M 2525, A 2R 7HRELT 5.

1. CGP RERIF EEl D&M/~ M 2 U TRAHEKISOM R 2 ITHEX NS,
2. ¥72, RFICBHUTEMULAZLD Z = @, 2> MHNSGOMRTH 5.

I 0.2. 7 % OGP FERIC X 2 NAKBEOMG LT 5. Z 13EHF H' (T2 C/2Z) x MCG(T?) ORI 2 25
252%. 72720 MCG(T?) & k— 5 ADGEIRET MCOG(T?) = SL(2,Z) HHI5 TS,

L 0.2 TR r 205 L ICEBM DR £ 2. PIAIE r = 3 OB, BT s, € SL(2,7) MG 217
JlikznTh

(a—=2)%2-4
2

f@=D(=8-2)  a=2(=8) a-D(-B+D)] |q o 0
@61 @)(=B)  (=p+) | 0 RO 0
g@tD(=B-2)  (at(=B)  (atD)(~B+2)

(a+2)2-4
—fat2)7-4

0 q

THALND. 72720 we HY(T?*C/27) T, o, B ld w MNOTEE2EEHRTH 5.
WRT AZ &I & DM OMERN Sk MCG(T?) =2 SL(2,Z) ODRERHANEOLNT Wz, IHFEO Y —fFE D4
HRBMDEONT WD R CTHRITIHFEDRHEEIZH - MR PBONZLEFERD.

SE 3

[1] F. Costantino, N. Geer, B. Patureau-Mirand, Quantum invariants of 3-manifolds via link surgery presentations

and non-semi-simple categories, J. Topol. 7 (2014), no. 4, 1005-1053.
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TET LU S SMEICBITBEEX S = X L OMIIE YR
OB LtHEEH., BXEEER, FIBE—

HIERFARFrEmRIZHER ERXEBICHFER BRI SE

(EF5 - B19)
BELEBZBESSUBET 2RNOREIL. EVEICLSTELDLZZEVHONTWS, BERE
DEWEMETRWTBEDEEAZMIRTEILICE 2T, £ FZ2ECBEREANDEVEYAEREL NILD
BAEZRETDE VM ZBHZENHFETE S,

E RS0S4 52 a0REEYIE—REYD S Y 7L BERORBECHRREE L, MFEL Il E L%
BEVERELNLOBENAETHD, P THLI I TRITEMEET 2 AT 2 -V e E\EEEZTHOIRY T
W 2DODMERT—YHh o5 (1), kT 5 mF FSRSME  KUT
AF 2=V, EET DR FICHATHEEL R ~ @ = O =
RVCHRZHATWDED, BEAHFEGZRT EWVD 35350
BME DD, FE. MEBYOBE X HZXLAE  *Fa=Y
BIRHTF L AL TRIES NUE U s, B 551 51 :
FETED B ECHMIEDOE S, £ L ToFHEENR
BN THLEZRIEL TWEZENTRBINTET
W2, L LAaDD, INETOMRIZE FTX0A
YEYF v o Wo o R JREROMIBRHINTERZZELHY ., 7778, L UbFXT 2 —Y@EEIC
BUZBEXAHZZALIZIFLEAEPELATHYL, T I TAMETIH, ARETCORKOEINAES THD T
LT 0 54 (Cladonema pacificum) & BERRETINE LTHEILL, AT 2 —HERICE T 2MFFE X
HZXLDOMEL NI TOERE B LT,

TIJ'J A==

EEEE

1 ISPV SHOLEER ZhAy

[(ER - Z%]
MBAEMFIIRERN S, AT 2 —HEMICEH W THEIEM TEPR (CHH L. BT bulb (Al F EER
DELATHWBEMICBEL TWAZENBEOLNICHR 2T, Fo. MFOBEICEVWTEEOREA/NZ
CIEERET AN BIELEEYT 5 —A T, BEORENKE WHEICITEET 2EM o 0figD
BEBEHLZ LALLM ST, TDOIEh L, XTI I T75OMFOBEIR, BEOREICL-ST
2 DODKRANGFET B 2 ENTRRINT, IHIC, BEOREICEHL O THAEIMOLHEICHTRIBOR
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(Rifgme) MRS n/zZ &hn, FIRMIOMFBEICES TS Y —X—&REZR/:L TWBAEELE
Zbid, FIRREYMICE T 2REMEEOBE~NDFSIIRIZREN A, REHEOH L WERIORRICK
5 ENHRFEIND,

INODRERDO—EZLUT ORI THRE L 7=,
F ML - Fujita S.,Kuranaga E.,Nakajima Y.(2019) PeerJ 7:e7579. doi:10.7717/peer].7579
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BN EEFFRAW-HMEREZ{ET SR BIEDHTE
—2017 EEREZDOMEREI DI —

OMAER - SHEHR - 1245 - EA)II0E
R XFEXRFIREFHER IR YIRFEER

HEORAZK E LT, WiE EowAWISIOINEWEREDK T REEHITHZLNTED.
& _E DRI WIS DB DOER E LY, MEMOMAEMEHROMIZ, o<V & LT RDH
LThHDH, FMEMBVEOHFENEZ LN TN, mfﬁﬁ%ﬁTéﬁégﬁkbfﬁ,%mmﬁé
(- T2 RIBRKEDBINEENE 2 5N TW5S . HEORAMEOHEMEO - DI21%, HERPIEE D IEHENE
T OIAERLCTIRDOBE) 72 & OIEHBERIRIC OV T OIEWNIEFICEE Th 5. FEMEBRERIL, #uh
HURVE B DR B S 572D, MUNHRIEE O RIRAE 72 & O SUIIEHERREOE 52 i1 5
ToODOEELRFHNY L7 01ES.

2m7$7ﬂ1¢51tﬁaﬂjm,mﬁ%gmﬁ&ﬁumm%aﬁkﬁéMs3®% EDNHAEL

. AEBRREORETIE, AiEO 2016 4 12 HEZBICHERIEEINERL L T2 Z L3> T
L. ZOHEEENL, KibT e s b BICfET HBEEEE TRAEL TEBY, Jiikz EOIEEETEH B
B LUTZAREMENR B 2 HiLD. ARSI, BBV VSR B L g T4 LI TR EhNC DWW T, JTEHE
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Synthesis and characterization of enantiopure

2-(2-ethylhexyl)dinaphthothienothiophenes

OKenta Sumitomo 2, Kohsuke Kawabata 2 °, Kazuo Takimiya 2 P

Department of Chemistry, Graduate School of Science Tohoku University 2

RIKEN Center for Emergent Matter Science b

Organic semiconducting molecules are promising materials for electronics. One of the
advantages of organic material is the cost effectiveness in device fabrication through

solution-processes.

2-Ethylhexyl group is a chiral branching alkyl group, which has been widely used to increase
the solubility of organic semiconducting molecules and enable solution-processes. Usually, the
stereochemistry of 2-ethylhexyl substituents in organic semiconducting molecules is not controlled
thus resulting in a mixture of stereoisomers. Such mixture may have reduced order of the molecular
arrangement and/or structural defects in the solid state compared with pure isomers.

2-(2-ethylhexyl)dinaphthothienothiophene is a high mobility p-type semiconducting molecule
with solution processability [1]. In this study, we controlled stereochemistry of 2-ethylhexyl group
in 2-(2-ethylhexyl)dinaphthothienothiophene (Fig. 1). We investigated the effect of the

stereochemistry on the crystal structure and solid-state properties by X-ray diffraction, atomic force

microscope, and differential scanning calorimetry, and also fabricated field-effect transistors.

eosste

Fig. 1. 2-(2-Ethylhexyl)dinaphthothienothiophene

References
[1] M. Sawamoto, M.-J. Kang, E. Miyazaki, H. Sugino, I. Osaka, K. Takimiya, ACS Appl. Mater.
Interfaces 2016, 8, 6, 3810-3824.

Technical Terms
chiral: if something is chiral, it is not superimposable on its mirror image.

if a molecule is chiral, there are stereochemically different isomers
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Efficient Second Harmonic Generation from Double Resonant Au
Metasurfaces

Y.B. Habibullah and T. ishihara
Department of Chemistry, Tohoku University

Department of Physics, Graduate School of science, Tohoku University

It has been demonstrated that Second Harmonic Generation from plasmonic metasurfaces can
be estimated by evaluating an overlapping integral of fundamental and SHG fields on the structure
[1-4]. Dependence on structure parameters shows that information on linear response is not enough
to predict nonlinear response. Survey for the best design for efficient nonlinear response is required.
According to the nonlinear scattering theory (NST), amplitude of SHG is estimated using the
following integral:

ESHG o [ E20 (r)xihES;(DEL;(r)dS ij = x,y

where EJ[¢ is the SHG field amplitude with polarization i for excitation with polarization ;.

Xr(li)n isthe all normal component of local nonlinear susceptibility at the surface, and Ef, (1) is the

field at the surface excited by fundamental wave with polarization j, and Ef,‘;) (r) isthefield at
the surface hypothetically excited by a second harmonic wave propagating from detector position,
which gives a projection of nonlinear polarization to the SHG far field. The subscript n means that
the electric fields in the integrand are normal components to the surface of the nanostructure. We
consider only transmitted SHG from Au metasurfaces for normal incidence excitation in this work.
The implementation of NST was carried out using commercial software COMSOL multi-physics.
Simulation results shows that metasurfaces may satisfy double resonance, meaning that fundamental
and SH frequency can fall into resonance simultaneously, showing enhancement at the expected
frequency only for some selected metasurfaces. The reason for selectivity is attributed to mode
matching/mismatching of the field enhancement at the double resonance. This shows doubl e resonant
metasurfaces is a necessity but not enough to guarantee efficient SHG.  Careful design that

maximizes mode overlap is required to guarantee efficient generation of SHG in the far field.
References
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Effect of interface electric field on ionic species segregation during the growth of LiNbO3
OAQilin Shi, Chihiro Koyama?, Jun Nozawa, Satoshi Uda
Department of Chemistry, Tohoku University
JAXA?

LiNbOs (LN) crystals have attracted much attention as they can be applied to various devices such as
nonlinear optical devices, which is owing to their excellent optical properties. To obtain a high quality
crystal with uniform composition, we try to dope a certain amount of MgO to the LN with 50mol% Nb,Os
(Li20:Nb205:Mg0=45.3:50.0:4.7mol%) which enables it to be stoichiometric and congruent simultaneously
(denoted as cs-MgO:LN). It is expected that no segregation of any ionic species takes place during growth of
the cs-MgO:LN. Since the equilibrium partitioning coefficient, ko, is unity for all constituent species, we
regards the cs-MgO:LN as the true congruent material.

However, the segregation of ionic species is observed during the growth of the cs-MgO:LN crystal by
micro-pulling down (u-PD) technique (Fig. 1). Because the high temperature gradient near the solid-liquid
interface induces an interface electric field (Seebeck effect) and Mg”" is driven away from interface. This
demonstrates that the interface electric field, £, has a significant effect on transport and partitioning of ionic
solutes, which converts the ko into the field-modified equilibrium partitioning coefficient, kzo.

This work investigates the partitioning of ionic species between two types of congruent LNs under
various electric field conditions. An external current has been injected into the solid-liquid interface to
control the intrinsic electric field that consists of Seebeck-driven electric field and crystallization
electromotive force (c-EMF) induced by the segregation of ionic species. For the true congruent cs-MgO:LN
in Fig. 2(a), it is found that a unique value of current (—0.1mA, Agryr—=0) exists where the intrinsic electric
field is totally compensated. Since the interface electric field becomes zero, kzo recovers to ko(=1) in this
situation. In contrast, for the conventional congruent c-ZnO:LN in Fig. 2(b), even if c-EMF becomes zero,
the solute segregation still occurs, which is suggested by non-unity kg value. This demonstrates that kos for
each ionic species in conventional LNs are not unity and the zero-EMF means the net positive charge
happens to equal the net negative charge. It has thus been confirmed that only true congruent material, such

as cs-MgO:LN, has the ko of unity for all constituent species under no electric field.
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Fig. 1 Mg distribution of in the solid and

liquid near the interface.

Technical Terms

Applied Current/mA

Applied current/mA

Fig. 2 Variation of k;, and c-EMF as a function of applied current for
(a) cs-MgO:LN and (b) c-ZnO:LN at the growth rate of Smm/h.

kro has two expressions. One is ko V/(V—V*) where V is the growth rate, J'* is the E-driven velocity. The other

is Cs/C; where Cs is the solute concentration in the solid and C; is the concentration near the interface.
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Evolution of atmospheric composition on early Mars

ORyosuke Yagi!, Naoki Terada!, Shungo Koyama?, Takeshi Kuroda?!, Hiromu Nakagawa?, Isao

Muratal, Yasumasa Kasabal

1. Department of Geophysics, Tohoku University

The purpose of this study is to investigate the evolution of atmospheric composition in the early Martian
atmosphere. Not only hydrogen and oxygen escapes but also carbon escape to space is considered in this
study for two reasons. The first reason is that thermal escape of atomic carbon could be stronger than atomic
oxygen on early Mars. The early Martian atmosphere was exposed to stronger Sun’ EUV and FUV
radiations than today. The escape parameter, defined as the ratio of the gravitational potential to kinetic
energy at a given altitude, could be small enough to allow massive escapes of these species under such
strong radiations. For example, the escape parameter of atomic carbon in the Martian atmosphere was
estimated 0.75 times smaller than that of atomic oxygen, and because of an efficient dissociation of CO the
densities of these species at the exobase level were comparable at 4.1 Gyr ago (Tian et al., 2009). Hence, we
consider that on early Mars, thermal escape of atomic carbon could be stronger than atomic oxygen. The
second reason is the discovery of the concentration of Mn in Gale Crater by Curiosity, which suggests that
the early Martian atmosphere could have several mbar or more of O partial pressure (Noda et al., 2019).
Previous 1-D photochemical models that considered hydrogen and oxygen escapes on current Mars
suggested that the O partial pressure could increase only up to 10 bar (e.g., Chaffin et al., 2017). This is
because the atmosphere self-regulates the loss of hydrogen and oxygen to 2:1 (McElroy, 1972), which limits
the imbalance between the hydrogen and oxygen escapes and hence prevents a massive oxygen buildup in
the atmosphere. In this study, we consider atomic carbon escape as an agent to accumulate O in the
atmosphere. To investigate this effect, we use a 1-D photochemical model of the early Martian atmosphere
that takes into account atomic carbon escape. In this presentation, we will show the influence of the atomic

carbon escape to the evolution of O partial pressure left behind in the early Martian atmosphere.
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Quantum Chemical Calculation for Metal Complex: Structural

Optimization of a Macrocyclic Supramolecule
ODapeng Zhang', Naoki Kishimoto', Ryosuke Miyake?
Department of Chemistry, Tohoku University!

Department of Chemistry, Ochanomizu University?

The 728 atoms-contained macrocyclic metal complex has found to self-assemble through hexacoordinate
bonding between 14 Ni atoms and 14 flexible tripeptide ligands, which are derived from the monodentate,
bidentate and tridentate binding of the -NH; and -CO moieties. ['l Herein, the macrocyclic supramolecule has
been investigating by quantum chemical calculation: the Global Reaction Route Mapping (GRRM) method!?!

has been used to the structural optimization under the semiempirical molecular orbital methods.
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Fig 1. Left: Experimental structure (728 atoms, ca. 30A diameter); Middle: A calculated structure of optimization with
charge/spins +28/1 (ca.46A diameter); Right: A calculated structure of optimization with charge/spins 0/1.

The AFIR method!®! has been utilized for further optimization, considering the Coulomb forces between
each adjacent nickel atoms. By comparing the differences in diameter, diagonal/horizontal distance, and the
hexacoordination, we have confirmed that a more considerable force may lead to a compact structure. Besides,
it is necessary to provide horizontal forces and diagonal forces separately due to the hardness of diagonal-
distance control. In recent studies, the binding forces between the terminate N of tripeptide and Ni have been

applied to control the monodentate coordination. (Fig. 2) Detailed results will be shown in the poster.

Fig 2. a: Experimental structure; b: Horizontal and diagonal forces induced separately;
¢: Binding forces of Ni-N applied to control the single coordination.
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First Principles Study of the Spin-Orbit Interaction in Solids
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[1] Vasiliev E. and Valluri M. 2019, eprint arXiv 1909.03119
[2] Schwarzschild M., 1979, AplJ, Partl, 232, 236
[3]McMillan P. J,, 2017, MNRAS, 465, 76
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Stability of atmospheric redox states of early Mars inferred from time
response of the regulation of H and O losses
(OShungo Koyama 2, Naoki Terada 2, Hiromu Nakagawa 2, Takeshi Kuroda 2

Department of Geophysics, Tohoku University 2

Atmospheric losses including escapes to space and depositions to the surface play an essential role
in the evolution of the Martian surface environment. Especially, a ratio of total losses of hydrogen and
oxygen from the atmosphere is crucial to determine its atmospheric redox state. In the condition that H
and O losses originate from H20, an atmospheric redox state remains the same if the ratio is 2:1,
otherwise it is driven into oxidizing or reducing. It was shown by [1] that Jeans escape flux of H and H2
and nonthermal escape flux of O were regulated to be in the ratio of 2:1 in a converged model of present-
day Mars, which is called “self-regulation”. Whether or not the self-regulation works in real atmospheres
depends on its timescales, but time responses of the self-regulation are not well understood in different
atmospheric conditions.

Here we study time responses of the self-regulation in different atmospheric conditions and discuss
the stability of atmospheric redox states. We use a 1D time-dependent photochemical model for various
atmospheric conditions and parameters, such as atmospheric CO2 pressure, surface temperature and
O escape rate.

We find that the self-regulation works over various timescales ranging from tens of thousands of years
to more than 100 million years for different atmospheres. In addition, the mechanisms of the self-
regulation depend on atmospheric redox states. First mechanism is the same as the one explained by
[2], which tends to work in weakly-oxidizing or weakly-reducing atmospheres in a way that H escape
changes to reach the regulated state following a change in H2 transportation from the lower to upper
atmosphere. This timescale is relatively short and is determined by O2 content in the atmosphere.
Second one is likely to work in reducing atmospheres over a relatively long timescale. The regulation
occurs dominantly by changes in deposition fluxes of oxidants such as H202, and its timescale is
controlled by CO content in the atmosphere. These results imply that weakly-reducing or weakly-oxidizing
atmospheres are relatively stable, while reducing atmospheres are easily influenced by external factors
such as a change in stellar EUV flux.

Finally, we briefly discuss possible atmospheric redox states of early Mars.
* Technical Terms

Redox states: a balance between reducing and oxidizing species
Jeans escape: classical thermal escape mechanism
* References

[1] McElroy and Donahue. (1972), doi: https://doi.org/10.1126/science.177.4053.986
[2] Liu and Donahue. (1976), doi: https://doi.org/10.1016/0019-1035(76)90035-X
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Petrological Constraints on the Magma Fragmentation Pressure of the Fuji Hoei
Eruption
— Implications for the Dynamics of Basaltic Plinian Eruptions

(OKyungmin Kim,! Michihiko Nakamura,' Tomofumi Kozono,* and Mitsuhiro Yoshimoto?

Volcanic eruptions are of various types, from effusive to explosive, due to differences in magmatic
and eruptive conditions. Generally, basaltic magma is likely to erupt effusively (non-explosively) due
to its low viscosity and efficient gas escape, which makes it unable to develop overpressure in the
bubble. However, explosive basaltic Plinian eruption®* cases were observed in the 122 BC Etna
eruption (Italy) and the AD 1886 Tarawera eruption (New Zealand). Relatively weak but also
explosive Basaltic sub-Plinian eruptions were also observed in disparate parts of the world, including
Japan, as in the Fuji Hoei eruption (AD 1707) and the recent 1zu-Oshima eruption (AD 1986). The
eruption dynamics and fragmentation®* mechanism of basaltic Plinian eruptions have been
controversial topics in volcanology.

This study focuses on the eruptive conditions of the basaltic Plinian and sub-Plinian eruption in the
example of Fuji Hoei eruption. Petrological analyses of Fuji Hoei scoriae have resulted in microlite*
contents of 51% to 60%, which can increase the apparent viscosity of Hoei magma several orders of
magnitude over the melt viscosity. Most of the crystal phase (~90%) is composed of plagioclase, and
the presence of olivine, augite, and Fe-Ti oxide implies a final equilibrium pressure (P), temperature
(T), and oxygen fugacity* (fO2) condition. We performed high-temperature experiments to observe
the crystallization and chemical equilibrium between the melt and microlite in Fuji Hoei scoriae to
constrain the final equilibrium P-T-fO» condition. The results show that the final equilibrium
condition of the Fuji Hoei eruption was 1080 degree C - 6MPa — NNO +1.0~1.5. Possible magma
evolution pathways during the ascent pathway and conduit geometry can be investigated with the
input values of the petrological constraints of crystallinity, initial water contents, and the final

equilibrium pressure and temperature.

1. Department of Earth Science, Graduate School of Science, Tohoku University, Sendai, Japan

2. Department of Geophysics, Graduate School of Science, Tohoku University, Sendai, Japan

3. Mount Fuji Research Institute, Yamanashi Prefecture Government, Japan

*Plinian eruption: Explosive type of volcanic eruption accompanied by columns of volcanic debris
and hot gases ejected high into the stratosphere

*Fragmentation: Phenomenon in which magma is broken into fragments in an explosive eruption
*Microlite: Micro-meter-sized mineral

*Oxygen Fugacity: Partial pressure of oxygen in a certain environment
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Oxidative Ring Expansion for Synthesis of 8-Membered Ring-fused
-Conjugated Polycycles

O Lu Yang, Tienan Jin, Masahiro Terada

Department of Chemistry, Tohoku University

n-Conjugated polycycles embedding with an eight-membered cyclooctatetraene (COT) moiety,
such as various tetraphenylenes and dibenzocyclooctatetraenes are interesting molecules from both
synthetical and theoretical viewpoints due to the nonplanar tub-shaped geometry of COT.!!
Importantly, these polycycles can act as new COT ligands for transition metal complexes and host
molecules for dynamic molecular recognition. Although a few synthetic methods such as double
Wittig reaction and Ni-catalyzed [2+2+2+2] cycloaddition of diynes for constructing
benzo-annulated COT-polycycles have been reported,”™ new synthetic methods for the construction
of novel n-extended COT-polycycles are still highly desirable. Recently, we have developed a new
oxidative ring expansion reaction to generate dibenzo[g,p]chrysenes (DBCs), which provides an
efficient strategy for the construction of highly m-extended polycyclic aromatic hydrocarbons
(PAHs).P!

Herein, we report a highly efficient single electron oxidative ring expansion for a new series of
dibenzocyclooctaphenanthrenes (DBCOPs) embedding with eight- and six-membered ring. The
biphenyl-tethered 5-methylene-5H-dibenzo[a,d][7]annulene (1) treated by Cu(OTf), and DDQ,
affording the corresponding eight-membered ring-fused m-extended polycycle DBCOP (2) in good
yields (37%-80%). The saddle-shaped structure of 2a (R', R%, R?, R*=H) was determined by X-ray
crystallography analysis.

O 2
QY gemt QXY

| i
@Q@ R®  DCM, 40 °C 0.0 ~al
1 |

2

"

X-ray structure for 2a
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Epitaxial Growth of Bismuth Oxide and
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®Advanced Institute for Materials Research & Core Research Cluster, Tohoku University

Bismuth oxides and oxyhalides are semiconductors promising for electrical and optical
applications [1,2]. For example, metastable f-BiO; with a tunnel-like crystal structure shows
excellent photocatalytic activity [3], while layered BiOX (X = Cl, Br, I) has a tunable bandgap from
1.8 to 3.3 eV depending on the halogen composition, enabling to harvest light from visible to
ultraviolet region [2]. Although single crystals are necessary to investigate their physical properties
and full potential, only polycrystals and nanocrystals have been reported for f-Bi2O3 and BiOX due
to the volatility of bismuth. Thin film epitaxy is a good approach to tackle this issue, where single
crystal thin films are grown on suitable template substrates at relatively low temperature. In this study,
we grew epitaxial thin films of f-Bi,03; and BiOX and investigated their physical properties.

[-Bi203 and BiOX epitaxial thin films were grown

. . .- . . H
by mist chemical vapor deposition (CVD), which is a —

————
facile solution process at ambient pressure (Fig. 1). N,N- Dilution 5
dimethylformamide solution of precursors was gas °f) = )
nebulized into microscale mists and transferred onto the ~ ©2Me" ?‘“ ]

gas =
heated substrates by N2 gas. While £-Bi2Os thin film was m

grown on a-Al>O3 (0001) substrate from bismuth (III) 2- V

ethylhexanoate, BiOX thin films were grown on SrTiO3 ‘

(100) substrates from corresponding BiXj. Ultrasonic transducer
Both f-Bi203 and BiOX epitaxial thin films with

high crystallinity were successfully grown at optimum

Precursor solution

Fig. 1. Schematic image of mist CVD

conditions. Although £-Bi20; thin film easily aggregated at high growth temperatures, the flat thin
films were obtained by two-step crystallization in solid phase [4]. On the other hand, atomically flat
surface reflecting the layered structure was observed for the BiOX epitaxial thin films. Detail

properties are to be investigated on the high-quality epitaxial films.

Reference: [1] Bismuth-Containing Compounds ed. by H. Li and Z. Wang (Springer, 2013). [2] S. Swetha et al.,
ChemSusChem 2017, 10, 3001. [3] H. Cheng et al., Phys. Chem. Chem. Phys. 2010, 12, 15468. [4] Z. Sun et al., Cryst.
Growth Des. 2019, 19, 7170.
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Stochastic Axion Dark Matter in Axion Landscape
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