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24



RAY —FK

1.

8.
9.
10.

11.
12.

13.

14.

15.

16.
17.

18.
19.

20.

P A RO K E D 2 B RICET 2 B2k —t— NEAERIC X 2 T—
Hoa B NE (G REw)

- PEEBY D AT LA ZRAEE KPP OIE KR R AL AR REKE (BRTOR, JURBE A, B MEMLIAIIERT B)

CIREEESITEICE S 7)Y L DOH T AL OIS Sou Kalyan, #ilfy fE— (THEK)
DT DH T AR E T OB HERIER, HERAREORIRHE
BHH P AR R . R kA RIL sk (R IHEKE 1. S REL L A)
DR Y A VL DT AREICBT 2 EEITE A U TR

Hh B, R BEE. RE R A BEA FAB L R O TMORBEm 4+, SCABEREL T A, FUR AR B)

. T ARSI T DRI OB R A OB AL G

Bl 22, R e, N BEE, TRE 1ERA IR 5k ORTR&m o 1. SLafiREET A)

JEARRAE By HIEIZ & B Poly(Vinyl Pyrrolidone) — 7 & B 7 4 )V AR DO LREF & H T A ¥nf%
A #, FEES A2, kH B 5% HE, HEYM BEAR. KRR &
Spanoudaki Anna?, Kyritsis Apostolos®, Pissis Polycarpos®
(HERHE, Nat. Tech. Univ. Athens, Dept. Appl. Math. Phys.4)

REEERBERE & FERMPE 2 AW izm s TREBERO £ 1 F 3 7 205 FIE EH CrafERFEET)
ALY F 7 DKEEOA T ATEREEE 7TV ) T ¢ ANBR SN, A B (CROKAERT)
FHEAEIZ L DEBIANKIE Lo VIMIET VT 2 KSR O H T AEfs ORFFE

R I IR ML R EAR, BE HE, KR F G
TRIK - IRIRERTE ORI SO EE I 381 T Dt d b 258 R E, Eh B GRRAER)
2 WILRIRIZ 1T DIIE L A F X 7 ADARK— ZEN, PNE A AR RIEA GRRIMERF, FORER A)

RIRAAETE TRRL L 72 Bl 7 T 2 DA = L F — il JRE Al—, I BRAA doh BEIR B, LU= B A
CRIERBEELT, HRORWMEMT A, J-PARC R AET- I ZE B F B A B)

TIFNAIES Y T LRA T ARIRDA A LB L T T A5k
W BT, Madhusudan Tyagi®, £E E50 A, L= & GER#MENF, NCNR NISTA)

T LV TR T Z ARKEEAIN T 27200F /4 7V > 7 at RO
HE DT, HAR #E CRLAWAED

RYVAFLrOT o ZNVE—FMETA T TR B Fndiy, /P BEE EA FRA RURBEABR)

BT HEEE W=V ) B T T A DG OBFSE
/NBP P AB (R HIRR B, JR BN C, FEIR BERRC (MRS AR T RIS 70 B, THEEKXRE T ©)

K 7V w— VRERITET DA - KR FHH E—RR, H B GRRAMT)

AT AR RIS T DY « R EINE
N BB, /NEE L SR R A GREEREE T, AUTHER A)

—HGrY T N AT RO T ZARAEA~OEE DR My - A B BR CRTIGRBET A R4 EHIR)

25



5 RAy— T8 —iAk - BlE - KK
NS % GRBRHT)

1969 1T Goldstein [1] X, FiF D 3N IRITERNONE T RALF—2E 2 | 1. KERETIE, V7 R TE MR
FHECH D, 2. T ZARETIIRD TEL L OFVNERFET D, 3. KR THLEESR TNY 72z oD, 4. NI T
— & DEINE, T ABRDOETBREDLLETTHD, LWHI AT AEBEEMET S OB ERE L, O
BTV —F 0 R —71%, EBRICHERES I 21— 3 0 TRO LI, ZORFTHRRINS 25t g & L8 %h
O H T AER A R D DA Sciortino [2] 12X - TITHOIN TV 523, Kauzmann {EEIZH1T 2858 Lol ¢& 37,
BHIENDH T AEBREITHATE Ty, — 5, VXU BEEZHCT, BHEBEEZB AR R —F U PR
=T NHEBT 5 Z ENREN., EFOBEICESONTHEDRO 5N TVWEMR, 2084 Kauzmann {BE L7 1
AF—N—RBEDFEERTICE EE ST D[],

A I, MR OEE 2 7 Y T OVEERIZ LA FE 1 TRV, R OIES BV 2R CIRE L HE R LF
— TV RAF—T DTV a N A F Ry 7 AT T 28 LW 12 oA EIRE LT, ZOHBTx
NX—=TF v RAF—7#it812 L v, Kauzmann {BE., 7 AWRBIEE., 70 A4 — —EBENK IR TE 57217
T <, ERIRE QM AR ERAF LBV OR BN ERICHIATE 2 2 & 2R LTz [4].

Ltk T— AR CEZABELSNOABRTRLX =T RAF—7%RKD, SHIZToVanvF A4 FIv T A
DY SAHFRTE S S FATIZ L o T, T AR OWELE N T2 BR ¢ & 2 AlRetE 2R Lz,

[1] M. Goldstein, J. Chem. Phys., 51 (1969) 3728.

[2] F.Sciortino, J. Stat. Mech. P05015 (2005).

[3] F. Zamponi and G. Parisi, Rev. Mod. Phys., 82 (2010) 289.

[4] T. Odagaki and A. Yoshimori, J. non-Cryst. Solids, 355 (2009) 681.
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BT ABBIIE S DB INTWAICHLBEDL LT, REICHEA 2T U FDNENL L TR Y . AEN 72 BRI IR
RN TH D, HZNF IV ARHEGBOH T, E— FEGHH MCT) & L7V TEGwIL, B R OERNRTER
TEDAT, BHRMELZ DTS, FICAIFEO MCT %, SBIEELFORRER CIIBEELTLEY bOD, £2
IZWeBETO, B A7 2AOBEEZ RFICHATE 28 CTRARIER TS, V7Y DERIE, VT Rk
DIFBGHEREFE L BN TS, ZHUCK L, MCT 1%, ZOFHHHRDOI AT IV AR THDHLEEDLNTND, i
XA L 75 ADFHERILOESIFB L OF A F I 7 ZA0BHE | A ENIIEEMTHAET-DTH L, ALY
T ADZENL, B FIRIERZTERIEDRADT- DI, XA T I 7 ANEETHZ L 2ARICGRRTHZ LN TEL, o
F0, BNFEHGRE AT AFmROMOBRITIEEICEMEINTND, Lol RIKOH T ADEEIZREROREAME
NHDDENIFEH I TR, 252 H MCT i3, V7Y i &< B s FEEZHWCER LS b0 TH S,
Fxlx, TOREIT-EZY IHLH72DIT, WBIRTTICBIT DRAWEERR O T 7 AR ORILEKFEE ., V7Y A8ER e MCT
ZRWTHRAT Uiz, @RIt RER2DHM T, KKt CIRRETRRA OIE A O R EMATEIC & 0 RN L 2T
TLEW, 2 DOHFHOBEENR TERNWIZOTH D, MKTTIZEW L, RIEOREER 172 & OBS)ZNA 7y %K
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DRI, H T AR OGRS T 2 FEGHHE DML O T2 DIZARRI R ThH D EE X b,

[1] P. Charbonneau, A. Ikeda, J. A. van Meel, and K. Miyazaki, Phys. Rev. E 81, 040501(R) (2010).
[2] A. Tkeda and K. Miyazaki, Phys. Rev. Lett. 104, 255704 (2010). .
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EBLT 272 DI REE O R ZERIEE 2 AT T ILE L <. ZOEDICIS FEHOFHREZEMCEHLTLES 2
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LD 4 FHEBEBEEERE E & HICE =4 —T AWM FES RS, B - EBR - VI b—v a3 VOKTE) LRGE
ENTVD, LOPLINETOLEZARKMICONT 1 B ULMETONSRE > TELT, ZAMBEEEZETHLEN
Fol MESNTERLI EEERH LIV,
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FHToZ e TREoAR YL MERESE, e —TEBFEORN T AN
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Pl AIRE & 72 B, Fig. 11%, SiOx BICHRAR U723 BtORmIZH T 5 Ty L RS (QOBFRTH D, d IFFEZEMICT %
vy MHOBEIRE DR SRGFHEOEAPEATN TS, CGMD T Ty & Fmh b0 FZEH HEE ) & ORfR %
FHICTE D, WE, Tg & z OBRAT U AR THRELTED LIEL, =R vy MLOESGREORSKFEEL &
Frirte Z & TP O TR L OEMRE BT, 22T, a3 ERDFOMEERZRTNTA—XTHY | k ITELHR
EORSKFECHEHT 2 ERTH D, FRE Y Ialb—va VIR &L,

[1] Tanaka et al., J. Phys. Chem. B., 113(14), 4571 (2009).
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B TR D T A H A F 2 7 2R e BEmlE & RERREREIZ L0 - , HBRE 10nm OBH#K 10
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Z OMEFRERIIEARBBRIC/AR D T =— MREOFHELEBEWR L, ®y FHOIEHE Z2h L I3 ORERFEZ =775 )
—ODRTEDOFAICLELY | 7T =— LilfE TCOREEERED T 7 AR EBH O LRENRE SN TND Z LT b,

[1] K. Fukao et. al., Eur. Phys. J. Special Topics, 189, 165-171 (2010).
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DK EKRE K1 50%) 1X, MEERETHELPIC, FIEBR TR T 5, DSCREREEZ PO, FEHA Loz
DIFICHEET 5, HfSIC L DR — 7 NBINTZR A THAZ LD, BECIZHRLTH FEMERIC L DR — 27 138
MEDd, HOK LU TERBATPEERESE2 &, Blllane< 725, GRENEL LD EBNEINRLS DR, BHTD
ERIVBIISND, BT XA NI UIEIT TR BBRY T 7 VAT I RTHRBEZESHEIHI SN, FRfbRt
RSN SN DHE. BERR T A XO/NSRKEBERT D 2 ENanoTn5D, U ELY | EERIGEEDOR
DTOVTIE, KITEAEBRAERF O B RSEOZLIC L VANIC T v 7 ENTH T AETEH LD EEZ BN D,

BEEE S T — DR RICBNTEG T —KBR—M L2 D856, KIEEAIE UTHEREL TR 700 7 ARBILE 2
HIET 2, 0L &, BIEEEIIES TFHEOZHMEEZN L TH T AGEBRELZHIET S, bbb, Z2EERITED 7O
T AMeERHI L, BEEEREL 2D N TABB LI KR HTABBABRAM TR 2D, £, =21y
—fEfMb A2 <D,

BERGHETE X, @ THOTEEZN LT, @1 —AKRICBIT 2KOH T A0+ O H T AEBEHIET 5,

[1] N. Murase et al., “Water properties in food, health, pharmaceutical and biological systems: ISOPOW 10” (David S.
Reid et al.eds.), Willey-Blackwell, p. 373, 2009.
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FALERHFIRT ~ L ERH TS,

[1] K. Ishii et al., J. Phys. Chem. B., 107 (2003) 876.

[2] K. Ishii et al., Bull. Chem. Soc. Jpn., 82 (2009) 1240.
[3] K. Ishii et al., Chem. Lett., 39 (2010) 958.

[4] S. F. Swallen et al., Science, 315 (2007) 353.

[6] K. L. Kearns et al., J. Chem. Phys., 127 (2007) 154702.
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ElE, BWEAFI 7 A0 ®KIC, BETY Fa =0/ REE I VR OFRENSTEET D ATREMEZ I < R LT
B[4, ZD XD AT ANEERRF ORE, BLELBWE AT I 7 A B —MEE ORI OV THERT D,

[1] H. Tanaka, J. Phys.: Condens. Matter 10, L.207 (1998); J. Chem. Phys. 111, 3163, 3175 (1999); J. Non-Cryst.
Solids 351, 3371, 3385, 3396 (2005).

[2] H. Shintani, H. Tanaka, Nature Phys. 2, 200 (2006); Nature Mater. 7, 870 (2008) ; T. Kawasaki, T. Araki,
H. Tanaka, Phys. Rev. Lett. 99, 215701 (2007); K. Watanabe, H. Tanaka, Phys. Rev. Lett. 100, 158002 (2008).

[3] H. Tanaka, T. Kawasaki, H. Shintani, K. Watanabe, Nature Mater. 9, 324 (2010).

[4] H. Tanaka, J. Stat. Mech. P12001 (2010).
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—DERITIZOREEA TR TWDAREMEN O 2 G A0 E L EIC L [Ty T EEoxzy b —) 35L&,
Gupta, Mauro OF L= b E—OERITBMHFNEER2EE AL, BHIL OV SOBEZ TS %
BAEF T HHEREEDOT funt—] THLHLEEIZLNTE D, AHORETIE 2 BALET AV RBAE Y
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[1] Bovrfie, T80, L8 (2001).
[2] P.K. Gupta, J.C. Mauro, J. Chem. Phys. 126 (2007) 224504.
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TR 2 —RERIIC 10%IK T S8 2 LENEE 25K RSBl s D, 2

D WELTIRT L BRSTTHBI bbb T, BibAMokESs £ [
EEET S GEE, kb, AMBAUSECRIRIC D ) LEEERRISh o
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BACBEIE, — IS MBOE R & CORMENSOT, MEBLICES AL poe 1o variation in Mo for
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LD, BEORRE, MECARIHORSTT =X b AL 2 Senor o 2 0. At the halivay

VAt k%35, point, the sample was temporarily cooled
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[1] H. Mamiya and S. Nimori, New J. Phys. 12, (2010) 083007.

TIWVAVRIBET S ADTAFIV A
N WA, AR W, NE IERE (RO

RUEEIT T AT NV ) ERERINT D & AU ROBNEACIELUGEER TR OB U CTYER BB T UK 1 &
~9, Z® Borate Anomaly I[ZBHE#E LT, # T R ORE=RNAFXF—FIETH LR Y E—27 OT V) &RFEKGE
BT UBELC K DI [L,2], b A AU ERONENWY FUATIE, RY U E—ZIREEOQre 12V T U LRE L LG
WCEIREEINCRE ST B0, BV U ATEZOREERFEIZ DD TSN L3 bho T, HEROMIFE TITH
FRIp R OBEIT 7 ADR Y B —27 Qpp=28cm! OFEJREIT, S L7z 2 HOARYEESNEERO libration & S TW5, F7z2,
FIRET NT ) R UBIET T ADEFIRINN BT, Fy NTV—=TDRA RIZ T v FENET VA Y ERAA D
rattling & 4L, U F U7 AT 100cml, 27 ATIHEK 40cm? TH5H, TAH YV KRUBET I AORY  E—7 O
EIE AR VRN EBEO libration & 7V H Y & A 42 O rattling & OFAIEEIE B2 DL, VFULLtvL Y AKRYE
WA ADQep DIEFERAFEMENHIHTE S, £2, RV E—27 OlEli%z TA £— FD Ioffe-Regal R & 2 fir DO
ARSI EE L C, Qe & THUBEMESR ST ELFIBR DS AR Y 2o Z & 2 EBRAITR LT,

[1] S. Kojima et al., J. Chem. Phys. 113, 6344 (2000).
[2] S. Kojima et al., J. Non-Cryst. Solids 356, 2524 (2010).
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[1] R.Nozaki et al., J. Non Cryst. Solids, 235-237, 393-398 (1998)., R.Nozaki et al., J. Non-Crysl. Solids, 307-310,
349-355 (2002)., A.Minoguchi et al., Phys. Rev. E., 68 (3), 031501 1-7 (2003)., T. Psurek et al., Phys. Rev. E, 70,
011503 1-6 (2004)., Y.Yomogida et al, Phys. Rev. E, 73, 041510 1-6 (2006)., A.Minoguchi et al., J. Non-Cryst. Solids,
352, 4742-4745 (2006).

[2] R.Nozaki, A.Minoguchi, AIP Conf. Proc., 1027, 1285-1287 (2008).

[3] M.Nakanishi, R.Nozaki, Phys. Rev. E, 81, 041501 1-6 (2010).
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[1] J. Habasaki and K. L. Ngai, J. Chem. Phys., 129 (2008) 194501.
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[2] P. F. McMillan and M. C. Wilding, J. Non-Cryst. Solids 355 (2009) 722.

2 RICHRSY R BT B H 5 AL E RS DBy E

KA A ABC UNHEE Z B (JURBEEE A, SFEEREL T B)

Lennard-Jones-Gauss (LJG) RT ¥ VEZHAWESFUIalb—rasili v, 2ot 1 0RO, HEE M.
HIAD 3 EHRMBHEGND Z L350 > T D[1,2]le H T ADREMHZONTHERSLEZ MR HILD NI > TN D
DT, FEREDA T = AL HFEMITARD Z LI L >T, WERHT T AREE LTHFET SHBICEND &R 5, 22
T, LIG KT vy v ERAOCTHBGER L 7T 2REIZE T 280 E O R E TR L, 2O, BETFM
BELRAS A 2 U, BHEICA OV APINIRRE & 02720 T <, AR L2IREBIC D 5 R OES) b RIRFICHH~R T, 2
DIFH>, WO B O EELBIECORI T OB 2 &2 VLT, BB A B L7z, ZORR, #REOBERICEWT 2
BPEOFEFIN R S, B R MEELRE SO BRI 1% stretched exponential B3 C7 4 v FTE 2 Z ENR0 o7,
Fio. BT AREIZEBWTE, BEOR TR LAV T—XICiih 5 & 5 2EBR, ROWRLRHO%Z TR S
HFNBIHIS T, ZOEMBREGE L < stretched exponential P C7 v FT& 5 FEEITE 22 D), & BT, fldh
{LDBEORLT- DB & Z ERA & ARIEAR TR~ 72, (RIRA IR 0B X BHIR SN TV D 72D, RETHIC#E g 23 4 pk
SINDEETRRONT, ZOMEBENROELFHTEZ Y, 2Lkt boEx N5, —FH. ®EMTI
=T (DD WIEENL ) ICHRERTE D & ZOBEZRE S TRAEIER L L T RFRR LI, fEdf b
M OMEERITIE & T T ARBIREOBMRE R~ &, AR TILRMA LIRS & 72 2Rk & T AEEBIRENZIE
—H+ 5, ZOMAIL. MO T ABEBWED Y I 2L —a VIFETHALN TS, T b, BARDHEmEA
=X LDFE LT AEBORIM L NOBRERD L LB END, 5%, LVFEMRTZEL TEOREH G
IZLTWVERZW,

[1] M. Engel and H.-R. Trebin, Phys. Rev. Lett. 98, 225505 (2007)
[2] T. Mizuguchi and T. Odagaki, Phys. Rev. E 79, 051501 (2009)

SIIR T OBIWERAIC BT S RS RE SR M
W sE, Eh B GROCARERT)

flhd Y 7~ & —ROEHEFRR & RIRRIC BTN F OGS HIRRIIIEREEETE LW T V=0 JBIg 21T, 20
&9 RIEAEIIC BT I 2, BN T OGS HIREORIER L, IZEEFCERT 5 B2 LN TE, ZHUL,
STETIE T OFERRIE - FETMIRG D BHE REE LIS IS L > THESIT 6D Y 7 b~ F —RITHT L TE LV AR
BT, TOXD RIEROBMRIZK LT, AT TEHNFETIab—ra ik, 7 v =r 7R TIERIEHEE T
DOREERRFMNRGNCAET D Z &2 A Uiz[1], AIBhE N AL & ST F B RIC R L, v 78y RERRk
T2, ZOREFEIRICEEINET T —0, FERTEIRESICIS IR ET T D,

I, 20X IR R HELT A OV TH, AT o7z, ZNETOIEMRTIX, VT v=v 74
oy a5 2D EEERIMSK AN afEFIRE ] (CREEMRH) OB TEx bh b & S TWe, & AN, fill, Tk
AT ZRWE, BBHEARO LA u P—ICBW T, mEERD 9D X0 EWRA 7 —v CRitE o E #5050 ofF
FEETFULER]L, ZOBMA7r—1LoOWE B2 53HE T, WEO—RREBIEINFNCARLELEND, e
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2 b= a AT X DA TR ONEL, 20X D R OFEE R < RRT 5 [3],

[1] A. Furukawa et al., Phys. Rev. Lett. 102 (2009) 016001.
[2] A. Furukawa and H. Tanaka, Nature 443 (2006) 434.
[3] A. Furukawa and H. Tanaka, submitted.

REET D 22T WD T 5 265
MR BE, CERONE FUEASERE)

H T AR ORK BIL (BN EDMARGELS 22 D0 W LMNCTHIETHDIMN, RIS R RIREVIFML LR,
Adam-Gibbs BEia<"E— FEGERR MCT) 21X L & LT, B> TR D VT U ABRZHIRBINTNDHR, KL
LTENDBELWONL oL T, ESNTELV TV AMOMAERFRT L L LRVORBRTHD, —FF T, #f
TG E SNTELETARICHEBR LU THD &, EROB - I 2 L—a VIFRIERIRERRRS LT — FYa —o X
RERONTETFNDLND, b INODOETT NV ERHWIERIFIEENGENCTWDEN, H T AGBORIIIESE Y Hi
TWb, ZORWIZT VA 7 AN—%ELBTIZE, BHRETAZEAL, HILWRADLT T AEBEERT L L
BENTZA D, BT, 1 DOREBRELE ORI T LM EMER T 2MEG7RET /L EB LT, H 7 AGEBEF%OHAE
EWRDLI L EEZ, BROIZIE, BEEOT AT RIZER Lic, AUvRAa7ReF, o AR AEER 2R
THRTHY, BRENT T U FI=—)OETLELTHMONTNS, BEETN VAT RIZBNT, STEIFEVI
alb—varb MCT IZKDMBHT&AT o7, ZOET /- THE, AR TBPBHERCR | & EIX S N8 30E 72 & oilaiy
HWAARIZFF I 22 B L 55— 77T, Stokes-Einstein BIOENSC, IEH D AT A —Z OERNE M2 b D Z
ERHALMNIIR ST, EHITHERR LT, ZOFRTIE MCT IZ L5 PRIDEEICSKET A L2 AL, Znbae
TORRIX, RBEN T AT 20O I1FEPIED T MCT 2R MEFFSZ L 2B T 5, KEEOR B —2>DRI1IZ
WEBELGZXDENVIEBEN T AT RZOMWEND, ZOREIE MCT OGS L COMREFE Ly, MCT
IXZNET, BEOXGY & BRI THMT 2 Z EBREE LB N TE e, L LAIEL, ¥Rt VIR
T5HZET, EBECZRITHR T MCT MR8 ZE2 R TRIEETAREET L2 L 2O TURLE,

[1] A.Ikeda and K. Miyazaki, submitted. (arXiv:1008.2597)

AR BT B BRI AL — RO
KEF SEdn, A B (GRAET)

WHE, BT ARSI T DB A0 — & 4 F 2 7 AOMINCEN D ATREME L L C, “BIRE—M ICER A
£FEoTWD, BIBRE L1344 T I 7 AEOGEIR & BV 2 A — 2T 2HR THY . T Rix
BAOL B W THEICA LGNS, BIIARE—MET 3 DORICE > THEMT bND 2R ¢, HEBEE & LU0HEH
Thetero C Do ZD I H S HE, MERIIBIFARY OIS L R 528 TH 5, T[] T, FERRRIC
MMZ T, BEIR Do T IR PARIREEIZ W, B — oz R, MEENEEMICRAbN, Znb 2 2DOERN
REERRFIER 1 Il X > CAF =L TE B Z LR &Nz, A

105 T=0.772 a
10° fa -':'-:g;;g : %T&i\ ﬁfé 1 00)%\ @ﬁﬁ"ﬂ?fﬂ*‘@@%ﬁ Thetero LCOb‘TEE
T=0306 @
o\ BE tn, FEL FA X2 A DL - EEURASHR & & b
2

WM ZBET 5 & EORMA 7 — 2R LTEY, BARY
VOB B & FHEAHT 2 & TH D, FHREE, RO A
- g T TeIETHHRREIZ DWW T, Fama EmAITRD Famb E7z,
16% 10° 107 w; 162 107 10? TSRS mzm‘_’r;n“ 16% 10° 10" T R E & RIS EIC L > TR — L TE 3 2
1 HEERIRR 2 : 5 theien LEmLT,

B 1\ HEEREFNIE] ©, OFFRREIR 2R3, e BN (5T

y

37



EINTDHE, T = IREAE L, EEERRERIIIRA TS, AR TR, 20X S dE= 2 — MRS BOR
BN 2 ZTITN D, K 2 1Tk, 8BRS —MoFmE 1, CAZF—/V UTiRE RS, FHaX LR R B (R
MMRIE ) ZHWTEHEEIT- 72 CUiR2]. [B]128R)., KT, FHERREOEZ e T, IFFARREDEEZ o TRL TV D,
X0, FRIREE, JEEERRIEICEE D 53, Hay S EERAROMICE CAr—U V ZBRBER Y SO Z ERS D,
o T, FmbEio, BEZECHBEER L FRRICHEEERRHEIC K > TORRELIETH D, Tk, BINAE—MHEoME
(R - BHRO7aMEET & 1) DEEIEFIRFREIC L > CORRED Z L E/R L TR Y, “effective temperature” D5 x J7 738}
AR —EIZOEHATEDL 2 E2RB LTV,

[1] R. Yamamoto and A. Onuki, Phys. Rev. E 58, 3515(1998).
[2] K. Kim and S. Saito, Phys. Rev. E 79, 060501(R) (2009); K. Kim and S. Saito, J. Chem. Phys. 133, 044511 (2010).
[3] H. Mizuno and R. Yamamoto, Phys. Rev. E 82, 030501(R) (2010); H. Mizuno and R. Yamamoto, (unpublished).

R FICBT B H 5 B T OB AR — DR
B Ak /it BERE A (BERHEIT., KPRIY

—RBENE R E S HIZHHIT D L RIEORFEEEZ A LD b, BIRO X S 220l X 2 3kl x 7247 7 2 REE
WAL E T D (T AfER) , T AR TIE, MBI RHEA BT 7 XA — 2 BSfRICITBI S e E FIT, R
LRSS 72 & OWIEREUIEMT OB K Z AT, 2F 0, H I ABBIZICE W THIBEIXIZE A EEL LWL EDS
T FATFT I ADOREBBBERECTND Z LT D, H T AEBOWERICFR S NI-EBHEEIC OV, RIZITH
ROV BRI FEE T, AT AR IO ST i b SR e R DO — 2 L ST A,

WA, AT AR\ T, 44+ 37 2AOFRE M @NAE M LRI TW D) BNRER S, T 7 2B 2
4% LT, EEAREAHS TS E LTEAMEE > TS, IBITHEIF, fiffb~D75 2 FL—3 g v OfiR L
LCHTAGENELTND E W) BT ANREEINZE, ZOHRIT  BRFEHTET VLI T, ¥k L %
ERZ a4 RIZBWT, BEFMRT 3L —2/MLT 2EE L BELZRMLL L9 LT 2MBERHAT L7 7 X
ML—a URRAEL, BT ABBBELTND Z ENGTEIFHREZHWERICL > TRESNTNSE, 22 TR
i, ERROE IR T TIA ML —ra UKL RN T AERWE THHEITICBWTHHEEL 2 20 &Rt Lz,
fTE TR E 5 ma FOENENOREFEL, ZOFHEEIURGFET 5L 2ARKEVICHLEDL LT, KROS5
BHNHT AT DDIEONCBRERTH D, £ 2 TRIE, H T AEBOR b AREM BN moy 10 e o
HIZB SN TWD EB X T2, BT OEENRFE T TH Y | Z ORI 2821213, maTE TR
FRHIESWTHBE T2 Z LA TH D, A TIE. BOTOHBRLET LV TH D Kremer-Grest €7 /L%
AL S TR SRR E ATV, AT REEB TS T/ U TV A FHEOESR, B X OB ARE —PE & OBhE 2 HH~7-,
AWFFE T BB R LTBLAAR v RERFEBIEE O TRy T OfEE 2 R LG, v — I AR m 0 75 7 A
ICHFEELTWD I EERA L, SHICINbOREL. U7 AGBICHE S BN AR —EoRIRTH D Z LRSI NI,
Fio, HEHCHBERBEEONTY =27 VAT LIZER, 26 OBLAfFIE Adam-Gibbs Hia CTHEIN TN D
R FRRC R C & B FIREME 2R LT,

[1] A. Angel, Science, 267 (1995) 1924.

[2] H. Tanaka, J. Chem. Phys., 111 (1999) 3163.

[3] H. Shintani et al., Nature Phys., 2 (2006) 200.
[4] K. Kremer et al., J. Chem. Phys., 92 (1990) 5057.
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FJE T TRRAIL ZZ W B EDKR. —VHDA BAFET 570 2 —
g J5ih (WHE - MEHIFSERAS)

T. Loerting % @ 7 /L — 7 BN #£"E L 7= VHDA(very high density
amorphous ice) DIFTE[1] &M D B 720, mEEIEME K (HDA) ZE/E T
THEMEE, £OREBEET T, — B9 T T ZTFMEIZ LY K&
BRI E R THHE L LT, MsEEimcBfR Lz g () &8
BICER L (R TEALT 4 v 788 N5, HDA OSENNEFER
12 &Y, HDA 12 b bBLG & Rk WA LBl s -2, —J7.
1.5GPa LA T OE/ T HDA %t bIREERT T =—/L L7z, £
L7 HDA OJEFNIHRT 2B LILHE D 2 H o2 {e L= [3],
Alalo FEERFERIEL, VHDA 1% HDA &z L7kEECH Y . HDA L[
CON—FICEENDZ EERBLTWD, fmme LT, 77K Ll L 1.5GPa

UL F OfElIZ 12 VHDA I3/77E L7 EE 2 B 5 (3], : 11mol%® LiCl AVIE & 2D H 5 A0
SRR & % KR L

Volume ¢m3

[1] T. Loerting et.al., Phys. Chem. Chem. Phys., 3 (2001) 5355, T. Loerting

et. al., Phys. Rev. Lett., 96 (2006) 025702, C.G. Salzmann et.al., Phys. Chem. Chem. Phys. 8 (2006) 386.
[2] Y. Suzuki and O. Mishima, J. Phys.: Condens. Matter, 21 (2009) 155105.
[3] Y. Suzuki and Y. Tominaga, J. Chem. Phys., 133 (2010) 164508.

kT HERMEGELIC X 2 A SRER TP OKRDY 1 FI VX

W BCAD [IE Sk BD Ju)il ZZ BD HAT 3k 6, U= EAD
CRRWPERT A, RUKREBEEE B, SRELREL €, JST-CRESTP)

HIBRZEHIHIZ B UiA® AV KT SV o L3R DS A I 7 R %

_ . - v RR-WNT Ru-WNT
AT EEHITNWD, ARFFETIIHIRZEM TR OKRD X A F I 7 A0 % # 11.4 = CrwNT ® CowWNT
RS DIZDIZA Y R—=TF ALY B Hh—R T ) Fa—T L3RR DHKED & HylosCu 37H0

ZAMESBESIRT DOKD F A F X 7 A% Pl FHERMERGELIC X e, Ay 112
TR BHI T BV T 7 AT UEESAKF (HedtoaCu - nHeO, n = 1.3, 2.1, ‘:; 1.0
3.7) LD B A X F Y — e EEAAKFY M-WNT, M = Co, Cr, Rh, 2o
Rw) Th 5, BEREHEOREE, HedtoaCu-3.7H20 1% 150, 260 K IcZ 2 S108
BT AR, —IRMEBBNREZ 5 Z B3 00o72[1], M- HE ML E
OFEE, —WHEBIRIEL, T HadtoaCu HOKICIZ AL 2 kL FARED 100
JEE) (Fast-Mode) & Z i1 L D —HIFREE 1 W EHGES) (Slow-Mode) 23 F1ET 5 3.2 34 36 38 40
SRR Mo, BEILTHOL & Fast-Mode ¥ —KiEE TH% L. Slow- T
Mode DEIGMEZ T2 2 Eb . 2 O—REEBITHALT OKASMFLN CHIFLBEICEHET 258 Th 5 2 L VRB Sz,
HadtoaCu-3.TH20 @ Fast-Mode # /KO HEEE) 4 BB ILHET /L & L, BIESES) 2 B8 L 72E7 L TR L,
M-WNT & L7 KIZOWT S RO 21T\, B NIRRT v=o X7 ey &R Lz, EOREE, #
FRZERNCEH CiAD BT KIT NIV 7 K E D BIEHAL =RV X =D/ NS 72D 2 ERXmhoTe,

[1] T. Yamada et al., J. Phys. Chem. B., 114 (2010) 8405.
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AV T Y HRELIKDH 5 2B N ORI TRMR
Ak B, R HESL. DB ERS GRTRET)

KITFFRLWEZRD, 2 OREMETRGARECLVBEICR L0, kool 0XB 28584052 LI L
W BEZASL T TIKO T T AR A BB T2 Z LIIRFRTH D, LNLBRRLEXIIA Y U ALK E S A
T2 L TRERRIE LT T ABBIREAZNE CE /2, ERHERIL. BOZEORE WIFLEELLEO R HEKIX Te=115 K
T, BEOEEBO/NS OVNEKIE Te=1656 K 7225 Z L AR LTWAD, 22 THEKD Te=165 K & W ) lIZ T £ TRE
BNLOIMEL LTELN—RIICEZ BN TWA KON T AEBIEE(T=136 K) X Vi35 0icEm<,. $£7-, 1.1 nm
VI IERIT/N S RFLEDREE L 72> T, WERICHE 2% — AN HE7
T 5 EEHE TR, ABFFETIE, VY B ITLIC A & — L IKIER
WREEANLTH T ZABBOWREEIT> T\ D, TORE, SV ZIREETY
T 2T BEMR T, Te B2 &) AT CRIUER &£ 5 2
L FLT, S TIERERME LT LE D A& 7 — Ul x < 0.2 OfEEL
TOMREIZK L, Te DA LR L, #iKTOH 7 AEBIEE 165
KIiZoRNEZLa2RLEZETH: O), Z0OLH7% Te O EHIZ, FiE
TR CIIRIEI TICKRBRHEE R Yy NV — I BRELLZZDTHELEERD

N5,

F7o, FHELHERICBW T, Ry hU—7 LBEOREE DA & RN
T 510, KE/BEOEBEERVZ T ROREADERSL, TO0F 0 0.5 1
ABBIRE HBIET A Z LR TE (D) [1]. X

[1] A. Nagoe et al., J. Phys.: Condens. Matter 22 365105 (2010).

LSRR IEIC K 2 TV b — ZKE RO RN, BIREN OIS K ORI K AT
WA i, By Kfn, 5H mfd)), B2 BE HER AR, JURE & CRIEKH)

FEKIRIR BT DIREEIC L DIRIED L H T AZEHLWETORTHAFT I AERALNIT D4, R FTHT A
KREETERT D7V 7 b —R% 5-94.6wt% D/KEIKICTREL L, 250C, 00C THBEFERAE LTV, WMEZL(MIT X DKk
MO T AZELWBICBT D7V T F—ZAKERDO T AT I 7 A[1]OF# & i %17 - 72,

FOREE, H T AEBIE XV A EEN AR AR TIEBREM OB S iz, H T ATEVIRIE TIEBREM L 20
AW o FEFDBL STz, o BEFIXIRIKO A 7 A EBR L, KT L 707 b= 01 ORI @SN H 53
DRER, BREMIXIKIBERIE CIEAKS T, 747 b—2ANTORFINLED, &mIEERKTIEAKD Johari-
Goldstein (JG)FEFITH D &5 27, o SBEFMOFEFIRERIT Y T A RIEIZIT-D < 12241 100s (TS e, IREEIMZ AV a
FERIODRERTREE I THEIN, P AEFIORERTRE (TR Lz, DF D | BREERANC AL VB REDEBE A L7,

RN S AT ANZE L ETOWEREEEREIMO A 1 = X 503, BEZELSETHE, BERTICHENT VY b=
T KRG FOFEANHEICEAT D2 FIC L VRO BRESES T 5, —F, BEZEIESGE, 747 K
— AT OBENEMT DI EICEV INVT F—AGFRTENREONDEIEFETINLVY b—AnTFRIEBLOKSTFED
WHRIEB N AIRRIC /R D & & 2T,

[1] N. Shinyashiki et al., J. Phys. Chem. B 2008, 112, 15470-15477
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TIRICHIE B RIZ BT B 2-step relaxation O Efu] AL JE

W R (ARBREES)

2 7o T ARERWE & FERIC R TR #2128 0T H 2-step
relaxation NEIEIN D, R TIL., HBEOEEOE{LE rigidity
matrix[1]% HAW TR L7z, Cage effect DI & % rigidity matrix OF75]
KCTERTLIENTE, g LEELZ, 1T Cage ITEENDHBEOEKIC
HBIFE L, ZOEMBENERTH D, Cage lZEEND MO 1005 10
DBFBARIZONTREINTND, 1 b _EETEML TS Z ENATEND,
MAXDEA 1 D Cage DFEFIMFRIEIZIE S . F DFEMO LA PRIk D —
BYE B OFEMA S EE I LTS Z ERNSN5, ZhE, RFTRICEIC Sy o2
U SNTWS ZEOMRORENET 5 2 L SEETHS, L) 2L T T e
FRTHDH, —FHT, FHEEKO—EREE OFEMT ¢ O—BEFE B OBEMICENTEITLTWD, Tk, MEHKoLx
7% Cage 13407 <, 2D 7= Cage 2> CTROBEENH ZBEREMT LI LE2RLTND, ZTI0b, RETHIC
B2 Pack SNVTWHMMEE | £ TROHENIETFEL TND Z LR ZEMEMOIRR TH D Z L3 and,

[1]J. E. Graver,2001, Counting on Frameworks (Math. Soc. Am.)

B A HEERE o-Agl, o-CuBr O IEFTHIBIEE O — F PR
THl R, K AGES BRI, BikEA)

FBA A B D T LR (0-Agl) DOFSEEEIT Cava 212X 0 1 A4 A 228 bee B b (2(a)-site) IZAfE L., Ag A A 1%
ZOREOME Y A~ (12(d)-site) IZHFANC DML TV HIHBETH DL Z EBMESNTWD[1], S HIZEHEDOHM
FEPFERIC LT Ag A A 03 12(d)-site DED Y D 48(j)-site [IZIEFAFEET 2 L THOMLTWB ERE STV B2,

Fx 1L OIERFBURT 22729 a-Agl OREBMEETT VA2 HE L, BEPEEHERICE S B REHE LT
ST, EHIZ, BALEH(CuBr) b Agl LR U222 & 005 a-CuBr i OW T H RERICRIE 21T 72,

HEADHERI D, a-Agl & a-CuBr DRELTIL Ag £ A & Cu A AU IFFNFH 0.102eV & 0.089eV DT R/LF —ZHf
STHEHMLTWDZ ERm0oTe, TOZRNAFX—%Ffo TAEIA 4 NTEB L TND I D, ZOZRAF—ENIE
FRMBEE O R L X —ThH D ETHITE D,

[1] R. dJ. Cava, F. Reidinger, and B. J. Wuensch, Solid State Commun. 24 (1977) 411.
[2] S. Hoshino, T. Sakuma and Y. Fujii, Solid State Commun. 22 (1977) 763.
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STEEHAE DRI Y — 2L EH T Ak & QBB DN T

HERRIRE A8 —. AnOF RBEAD AR R A (RIS BRERE T A)

(&

ABFETIZ, MAEVEOR A Z B D 72 [E R (FTERA) 23 & ORI~ 2 — i

A
UTENDNE 2 IRTEO DEM v =2 bL—v 3 ko TR~ [,2], A crumbling
AL, 5Ty CRIESTIR 6 D 2 DO/RT XX TREAHT 5, % v ';4_ "
HREWEEMBENDIL 25, B 112, Bix7 o i oBkE EdEE 6Lk /e
R Z N T L2 L R LD RAD T I/ SR D & o 2% o
ZTHATRERERT, M1 XY, 2 o DEEEL LT, RIIZ D2 E 0L
AT B2 BB, TIUL, TS H — BRI DI L BB B D, . 120
ol LTl T SIBBIICE 2 5 2 L 2 LT 5, BRI " eracking o nato
RKLH P HBELEE D o (KIFMEATRND & ZOME T — B BT 1 " x50
AR LB LI ER 5D 2 E BT, ST, T 7 & oo 304 o0 7

B EDRICY ¥ I 7B LU LI A=Y Y 7RISR AL h |

CITHENDAT— U U INTG R LD & M1 oflifid~ 22—

H—=TWDLEDPREINTBl, DI &b B A2 — PR DB M, RESMER MO E Y b
DREFIZLTEDY , 2 X > THIROBERI 28I X 5 S BEET 5720 LHEITE %,

1 BHEOT7 T 7 ZNKRIED O o il&iFE

(1] HEREEfh, B L3k 44 (2007) 212.
[2] K. Tsurusaki et al., Plasma and Fusion Research, 5 (2010) S2116.
[3] HERFIRM, AAYIFESKII RS TREQ010) FEEF 5 24aTG-5.

YA ZHORE N 2 5T RICHB T 2 REREN —F— PRGBS X 5 fti—
TS B CEIONIE (FURAE)

LE LB ANREZ B L, TR0 —F A F 7 2570103, Mt zlET 772 L —ya ol
AMRRAIRTH %, Kob-Anderson IEIKICIRF END 2 OTRMITIAEI 2 T 5 ATREWE T, v Ial—a L RET
ESTRBRTOS, 20 2 EARICBOT, KR LT 0P A KHAKRE LTOL &, 2 BAERT T2 b L—
Va v Eo®EEREZT LI D, T, PRI OFBKESIETE <AL N TV A EIA-KIEMAERICARS
NAHBHOHHTHD, ZHITEI VYA ZHORE W 2 RSB DAD—F A F 7 AFH A X 1 ITEWEE Lk
NRCHEFICSET R D L EZBND, B ITAERER 2 RORDRAT—F A F I 7 2%, @WAHIREDE— FiEASHH
FIWCIRNT L7o, 2 O8ER. 1 KHAS 0.4 0 2 FRAY TR I35\ T 5 K H BRI S SR 7 kB R 2 R4 5 55 A FLIH L 72,
L YA KA 0.314D L, B NEEAERA S DOBM TET 5 2 L 2B ki, ZIUT 2 RAORIEAD,
T FiEAHHODIEEEORARKENER THLEEZEL TS, ZOMELZEBELT, ZhETOT— RESHGENE L
TEEWL OLORBSICT 7o —F T DA HERH 5.
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WFEB O > 2 5 L8 A XK
Frefr B, AR 95 AL BBPE PRAK B (B TORSLRE, JUREL A, BHE m B LT B)

2 WIEDEFAHTFAZDONTENFMD) VI al—a L OBRERET S, ZOTTFAHTATIE, EERIMET
DJRTOBRE) & BRI T O 7 O3 o i o R EEER T, T2 B O T-% > TR Ul & ~8) < JiL7-0 i [FlIES)
DFLEICEEE RIZT L T D, RGN, 2 JEMTH D, 1 HRITRMD 4 FR 16 FhiTH~& MD #EHO
REPRT DOIHE, 2 OWFEREBER LIRS 2O Th D0, KEOBBEAC Y 7 A2 TIE AR ICB Ty
AT LY A RZLDEBRPEL D, WTIULBFIEBIO o 2% 2 T, 20X OBEZ RICNZ T, AT %1 XK
FORVYHEOHE/BEEZRE L2V OTHHD, BURITRORE IR U THRRITRLR D & ZHFHEE 20,

WIEEB O (EfL 3 BN R F08%E 7 7 A% — LI, ZD 7

52— R BT o Tm, REMERT BT, 7 A4 —DR& S 10000 00 =0 500,dt=12 ¢
ERTLIOTHLIN, ZOHEERE L THLINENIELRSH D, F 14000 -12212818%%,‘3,1322 &
2 E AT, AMOBREEESAEH LTS LS X500 ool reran .\ :
D L EXBNETHS, MRICIE 1 HRTHRP 4 FHTH RS Y
THY AT LA ZARFAHTH Y, 16 TR FRIC/ARD &, Lo 10000F l[sz:;g &
< BB D 2 — L SNIBR Y T A8 —DBEENTB LA goool .
Mo (RXER), 27— lid, 1 5056 4 HIZREIERT g’:xx:
By 14 5L, BUEAOWE 100 P THATOR bR | £
fihz 4 5L T 5, 2000 s':

ZOZEND 1 HRFRR 4 TRFR TR, BREBFERZ AY »000 ; a
HLLBHR L T ARnZ bbb, 2F Y, 1R FORE I~ fgixg
TYAT ADOKE SPH4 TR L ROVIE W & RY O 1 [ E B 5 0 .

IV b REL RoT LEoTWD EWVIFEwRAEONTZ, VAT A

ALEEMEOR KT T AKX — led
BUNS N R FEEEES AN L 0 K5 5 L5 T L S bho T, FHERFEMRORR? 7 (scaled)

REEREBNEICED7UtY L OH T AEB O
SOU Kalyan, & f&— (FIEKR)

JURVCORE T /S L0 EWOIRE Q93K) D H T RSBIEE T LT £ TREEE p THAIL, fREFFHEZ2 L
IZR—® BT293K ETHIRIELMBEEZ 1A 70 L, B\oHAY ZH]IE L1-, B OFIFHIX 4~0.06mK/s TH 5,
c Ty & B OBMRIL Bocexp(-EgfTy), (Eg = 2.005X10* K) & 72572, Eg iXMEMHERBOEE LR L F—DR 3HETH Y |
T AEBITITHMED 3 FOHENEEG L TWHDONE L
720N,
- WED S AC (T, B)=CUHMENKE/ T 7 ) — C (k)
B#E2D, T>Ty TOMEEAC £ L, AC (T, BJIAC DFF 7
ZRNCRT (B IX 2, 1, 0.5mK/s), WHIFHIAC (T, B)/AC 1L
DL, HTAREEA60K 13D TiXIZIEE vl o7, Z ok
BIE B WA T DIHENRIBANCEATIZY 7 PLTWD, Z
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Fig.1 Temperature dependence of (a) real and (b) imaginary parts of the complex linear expansion
coefficient and the complex heat capacity .
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CRITMER RS SEAEEREET AL SURAZR B)

Physical aging l3EMARHLTHL1-0, BIET I L > TRAZELIHENETLZ LT HAELLND, ZiLE
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THEEOMAERANRKREL 20, WRESHPESEIML TN EE X772, PVP #HEOKFE N PVP ORKECHH 7
T AN R THE—RIEREED L OIEH LT b B 2T,
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Te OBEEKAFNE L BRI WEE 2 RT[1,2), SV ERADHED1HE LT,
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TAGEBEAFT I AT L TED LI REBELEZ DNERDTD, R
AF L (PS) LRV 27 v AT L (P2CS) O E IR %2 RAAEREENITE
(DSC) & #EREAIE (DRS) 2 H LT~z ‘ ‘ ‘

DSC 1 & 0 JI5E L7z PS BE M T OB ORE KO R 2K 11 O mearere),
AT, K 1@) XV, HEEEORKTICL Y H T AEBEIRIMEIEM A~ 7 b, -0.1
SFEY PS BT T AEBIRE N ERBEEOK T & IR T 5 2 L2 -0.15 |
bbb, SHIZK 1)LV, &R CTEULE (250°C,12h) % i L 7= i@ i <
T T AR S L 7 BT A~RBIE L= 2 & 35, P2CS R co
DRS JEIZL YD, a-F A F I 7 ATk LCRBROFBERBIE SN TWD, BLE
DEFLT =— M LY, BEERICFEAET A2 REO2 0 NI A MMETR L,
IV IREENE AL L= 2 LICERT D EE X DBND,

bulk (a) Before annealing.
—0.15 || — 70rm |

Total Heat Flow (a.u.)

—— (b) ‘After aﬁnealiné.

Total Heat Flow (a.u.)
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[1] K. Fukao, Y. Miyamoto, Phys Rev E, 61, 1743 (2000). Temperature [°C]
[2] Yung P.Koh, G. B. Mckenna, and S. L. Simon, J. Polym Sci: Part B: Fig.1 Temperature dependence of the
Polym Phys, 44, 3518 (2006). total heat flow measured for stacked PS

thin films with various film thicknesses.
The measurements were done during
the heating process at a rate of 10
K/min.
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[1] H. Tanaka, J. Phys.:Condens. Matter 15, 703 (2003).
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20w/w%BSA KIEE CHIBVIEVEFHZ L 0 =200 7 A BB SN2 [1], D H 7 A 2 E8) & 7
EWZE VIO T 2ERARHEO B TH 5, WIEIEVEG L [ UREORE & %2 2mHz-1.8GHz TR
1% 80K-298K CTiHAHBEMEZIT o7, TR, EIL=ZDOFMABI Lz, £O=DOFFNI OV TRERIFERHIAY 100 £
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FIORETREAK, K, KR L72F R EORRMEBIRIT 2 Z LR MK, £o, ENULZ 20BN GRDTZTZ
ARSI \ZIREIRTFER R O N0 o7z, THUE, BAET D22 L2 X0, KO &3S FICHRM S 417z BSA KIEKRO
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[1] K. Kawai, T. Suzuki, and M. Oguni, Biophysical. J 90, 3272-3748 (2006). [2] N. Shinyashiki, W. Yamamoto, A.
Yokoyama, T. Yoshinari, S. Yagihara, R. Kita, K. L. Ngai, and S. Capaccioli, JJ. Phys Chem. B 113, 14448-14456
(2009).

A - AR DR GEEEC BT SRR E)
EH B, EY OB ROKARERT)
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[1] P.R. ten Wolde and D. Frenkel, Science 277, (1997) 1975.
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A A YL EREE OIR D BB TN AEAEN RS, Zhud, KB TEVBWER, 8% 5< KA A UICBE L7 #EE)
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BT L AOVTRITEISHT S A LN Z AT 57290F ) 1 > 7V ¥ FFOt A0k
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T AR LICIER A 2T ) B — U NI ETE 5 2 L 2 WE L TE 22, 3,
0.2 nm HIDRTAT v TRE T T AER LICEEETCE 2 &%, BT L
SULTONRE == TP, T/ ATV MEIZED ZRETIZARWE Fig.1 AFM image of 0.2 nm-atomically
WK T AREHOAIH O REME b RIE L2, AFETIE, BTFAT v 72471 stepped sapphire mold. (1x1um?)
LY T AT HBREE—LRELTHW, a2 g 7Y v FEEE(ED. B
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RMS HlE LiFE—HK Lz, SOIMER LR TAT v T H T A% 0T AR stepped glass substrate. (1x1um?)
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[1] M. Yoshimoto et al., Appl. Phys. Lett. 67 (1995) 2615, ##F55 3015261 (JST)
[2] Y. Akita et al., Jpn. J. Appl. Phys. 46 (2007) 1.342
[3] Y. Akita et al., Journal of Laser Micro / Nanoengineering 4 (2009) 202
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#%Mli : Collin Broholm

k& : Johns Hopkins University

®HE:

While no ideal model system has yet been identified, kagome related spin systems consistently show interesting
strongly correlated physics associated with frustration, weak connectivity, and quantum fluctuations. Here I
compare and contrast several different kagome systems as I review the corresponding neutron scattering
experiments.

The spin-3/2 systems SCGO and QS-ferrite, which do have quenched disorder, achieve a curious short range
ordered state of frozen antiferromagnetic clusters that support coherent linearly dispersive modes [1]. In NizV20s
buckling of the kagome lattice produces incommensurate long-range order with concomitant ferroelectricity [2]. In
Rb2CusSnFi12 dimerization yields a singlet ground state with excited state singlets and doublets due to DM
interactions [3]. In synthetic Herbert Smithite, which contains spin-1/2 copper on the vertices of an ideal kagome

lattice, we find lines of scattering in momentum space [4] consistent with expectations for de-confined spinons [5].
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The experiments expose a wide range of unconventional magnetism while protecting the mystique surrounding

the ground state of the ideal spin-1/2 kagome antiferromagnet.

[1] “Antiferromagnetic Fluctuations and Short Range Order in a Kagomé Lattice”, C. Broholm, et al., Phys. Rev.
Lett., 65, 3173 (1990).

[2] “Magnetically Driven Ferroelectric Order in NisV20s”, G. Lawes et al., Phys. Rev. Lett. 95, 087205 (2005).

[3] “Pinwheel valence-bond solid and triplet excitations in the two-dimensional deformed kagome lattice”, K. Matan,
et al., Nature Physics 6 865-9 (2010).

[4] Work done in collaboration with Tianheng Han, Joel S. Helton, Jose A. Rodriguez-Rivera, and Young S. Lee
(2011).

[6] “Fermionic Spin Excitations in Two- and Three-Dimensional Antiferromagnets,” Zhihao Hao and Oleg

Tchernyshyov, Phys. Rev. Lett. 103, 187203 (2009)
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Ferromagnetic superconductors, such as UGez and URhGe, have been extensively studied with emphasis on
relations between the superconductivity and the ferromagnetism. However, in spite of these efforts, there has been a
small number of direct evidence which suggests that these two are strongly related.
In this study, we discuss the pairing mechanism of superconductivity in a recently discovered ferromagnetic heavy
fermion system UCoGe.

With the help of NMR experimental data, we theoretically explain the experimentally observed unusual upper
critical fields, and find clear-cut evidence for the spin-fluctuation-mediated superconductivity with triplet pairing in

UCoGe. Some future studies and remaining problems will also be discussed.
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[1] T. Miyake et al., JPSJ 79, 044705 (2010).

[2] M. Aichhorn et al., PRB 82, 064504 (2010).
[3] T. Miyake et al., JPSJ79, 123713 (2010).
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FERE : Bt X J— : First principles band calculation + model Hamiltonian analysis on the lattice
structure sensitivity of the iron pnictide and cuprate superconductors
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In recent years, accelerating amount of study on correlated electron systems has been performed by taking into
account accurately the band structure obtained from first principles calculation.

As for unconventional superconductivity in correlated electron systems, although there remains some ambiguity
concerning the airing mechanism itself, theoretical studies on, e.g, lattice structure and/or element dependence with
certain reliability is now becoming possible.

In the present talk, we first show for the iron pnictide superconductors that by adopting a five orbital model that
takes into account all the Fe 3d bands, the strong lattice structure sensitivity of the Tc and the superconducting gap
observed experimentally can be understood within the spin fluctuation mediated pairing scenario.

It is also interesting to give a fresh look at the material dependence of Tc in the cuprates from the viewpoint of
constructing a model Hamiltonian from first principles.

In fact, we find that a slight change in the lattice structure leads to an important difference in the band structure,

thereby affecting superconductivity.
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[1] ¥aA#HE: Y. Kuramoto, H. Kusunose, A. Kiss, JPSJ 78 072001 (2009).
[2] H. Harima, K. Miyake, J. Flouquet, JPSJ 79 033705 (2010).

[3] K. Haule, G. Kotliar, Nature Phys. 5 796 (2009); EPL 89 57006 (2010).
[4] H. Kusunose and H. Harima, arXiv:1104.2374.
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FKHETI1X Wigner fEf GIZEED ~Y T AREO [~ZH| OBRIZE Y R LM FEET D720, FFRRIERELE
Rk AR, FRICIREE ST, EmE & OHEBIRITER T % Bragg-Cherenkov BELL, ~Z A0 HE TSRO T
decoupling BEB A Z 5, TN HOIMEHREIL, ¥ 1 W T ¥ 1V ERANDHZ & CTHMEICBIIITE 2 2512720 7%
LWA A= XAR LN E2572[2], £To, BTOREM@EULNALRNE S 72 lum BEDIEDOT ¥ XL TiE, BTFIN 1
Bl % % Z L2 Wigner f i ORRIREDREN T2 2 &5, BB ERMEZE L CH LN Loz, T Oy NER
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[1] H. Tkegami and K. Kono, Phys. Rev. Lett. 97, 165303 (2006).
[2] H. Tkegami et al., Phys. Rev. Lett. 102, 046807 (2009).

B 2 ) 27 =) - AU LADRTHER

HIRf : 2011 4¢ 6 H 29 HOK) Fi% 4 K~

i MTERR AR 6 B S5 5 23 —% (A615)
alhc AE

il BT LB TR

EHE:

HRAE - [BEEA~Y 7 A (He) ITWRFA B Z R OR — AR FRTH O . WHEMERIZBT D b EARN2WEO O E S
Thd, xld He #F/ A— MY A XOEMIZAL ZHDZ LT, BHEONY U AEALNALZWFH LWETBES
PDENDZ LR LTE R, ZOMETIE. [/ 27— ~U DL BRTWEE TRFHER] &0 E» D
ﬁﬁﬁé:kf\%ﬁ%%ﬁ%@%ﬁtﬁﬁf%éT EMEZ R U7z, BRI, )7 7 2P~ T A OBikEE

VEEJEINDBRESLE RS 2 SOBTEMAATHIOND Z &, @QEEEMOBETHERIZ, F—REHL TV
ﬁﬁf@%ré&wfﬁffmcﬁ E] OFBLLEEHICEEL TWDZE, S OICE@RHBE- R % < OFifH
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In ferromagnetic insulators, magnons are low-energy excitations, and form band structure. In an analogy with
electronic systems, band structure of magnons is accompanied with Berry curvature, and correspondingly we expect
Hall effect. We calculate transport properties of magnons such as thermal Hall conductivity by two methods, the

linear response theory and the semiclassical theory, and obtain identical results from the two methods.

The thermal Hall conductivity has correction terms compared with previous works. As a byproduct, we also
predict that the magnon wavepacket should undergo a self-rotational (cyclotron-like) motion, and should also have
an anomalous velocity along the edge of the system. These theoretical results apply not only to quantum-mechanical

exchange magnons but also to magnetostatic spin waves, e.g. in YIG. We show our numerical results on these

examples.

Reference
R. Matsumoto, S. Murakami, Phys. Rev. Lett. 106, 197202 (2011)

fiid : New Materials Lectures Neutron Scattering and Solid State Physics
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Mini Course on Neutron Scattering and Solid State Physics
Dates and location: ISSP A615

June 30(Thurs) 14 : 45~16 : 15,16 : 30~18 : 00

July 8(Fri) 8 : 30~10: 00, 10 : 15~11: 45

July 15(Fri) 8 : 30~10: 00, 10 : 15~11 : 45

July 22(Fri) 8 : 30~10: 00, 10 : 15~11 : 45,13 : 00~14 : 30

Purpose: Provide a solid foundation for understanding the results of neutron scattering experiments and planning
for the use of neutrons as one of a broad set of tools in solid-state physics.

Professor: Collin Broholm, Institute for Quantum Matter and Department of Physics and Astronomy, the Johns
Hopkins University. Also at the NIST Center for Neutron Research and a visiting fellow at the Institute for Solid
State Physics. (email: broholm@jhu.edu, phone: 4-7136-3357)

Syllabus: The course will consist of ten fifty-minute lectures with accompanying homework assignments.
1.0verview of Neutron Scattering in Solid State Physics
2.Basic definitions and formalism of scattering theory
3.Elastic neutron scattering

4.Inelastic neutron scattering
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5.Modern neutron sources and instrumentation

6.Polarized neutrons and spin echo techniques

7.Neutron reflectometry and small angle scattering

8.Magnetic structure determination

9.Understanding spin dynamics through inelastic neutron scattering

10.Past and recent influential neutron scattering experiments explained

fi8 : The seminar by Theory Div.. From entanglement entropy to entanglement spectrum:1+1D
CFT embedded in 2D valence bond solid
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e

We study the Affleck-Kennedy-Lieb-Tasaki (AKLT) model defined on two-dimensional symmetric graphs, whose
ground state is known to be in valence bond solid (VBS) order. The entranglement entropy of 2D VBS states can be
calculated from the reduced density matrix of the subsystem, defined on the boundary which separates two
symmetric parts of the lattice. We investigate both square lattice and hexagonal lattice with various sizes and
aspect-ratios. We show that the von Neumann entropies in our systems deviate (isless than) In 2 [1]- known result
for 1D AKLT model.

We further study the entanglement spectrum of VBS states. We show that the reduced density matrix of the
subsystem can be mapped into  “entanglement Hamiltonian” , the spectrum of which resembles that of Heisenberg
quantum spin chain. We observe that the low-energy entanglement spectrum of our 2D AKLT model reflects the
underlying

1+1D conformal field theory with the central charge ¢ = 1. We further investigate nested entanglement entropy

(NEE) of the system to confirm our conjecture. Finite size scaling results of NEE can be well fit by CFT prediction.

References
[1] H. Katsura, Naoki Kawashima, Anatol N. Kirillov, Vladimir E. Korepin, Shu Tanaka, J. Phys. A: Math. Theor.
43, 255303 (2010)
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